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EXECUTIVE SUMMARY 

The Waste Encapsulation and Storage Facility (WESF) is located in the 200 East Area adjacent to B Plant 
on the Hanford Site north of Richland, Washington. The current WESF mission is to receive and store the cesium 
and strontium capsules that were manufactured at WESF in a safe manner and in compliance with all applicable 
rules and regulations. The scope of WESF operations is currently limited to receipt, inspection, decontamination, 
storage, and surveillance of capsules in addition to facility maintenance activities. The capsules are expected to be 
stored at WESF until the year 2017, at which time they will have been transferred for ultimate disposition. 

The WESF facility was designed and constructed to process, encapsulate, and store the extracted long-lived 
radionuclides, % and "'Cs, from wastes generated during the chemical processing of defense fuel on the Hanford 
Site thus ensuring isolation of hazardous radioisotopes from the environment. The construction of WESF started in 
1971 and was completed in 1973. Some of the '"Cs capsules were leased by private irradiators or transferred to 
other programs. All leased capsules have been returned to WESF. Capwlcs ~ r a n . ; l i . r r d  t o  otlicr proyains  \ \ i l l  not 
be I-etiirned except for the se\eii powder and pellet 'I ype LV o\erpitcks dready  ztored at LVESF. 

The former WESF Safety Analysis Report (SAR) was not based on current WESF operations and was not in 
compliance with current mandated U S .  Department of Energy (DOE) Orders. An implementation plan (Knoll 

I 1992. M'a:oner 199.1. I lulren 199.1, I lanion 1991)) was prepared for the facility in response to DOE Orders 5480.21, 
UnreviewedSafety Questions, 5480.22, Technical Safety Requirements, and 5480.23, Nuclear Safety Analysis 
Reports. The implementation plan identified the need to prepare a Basis for Interim Operation (BIO) document, and 
interim controls and restrictions until the SAR and Technical Safety Requirements (TSR) could be upgraded in 
accordance with the new DOE orders. The BIO and interim controls will serve as the safety basis for the 
Unreviewed Safety Question (USQ) process as defined in DOE Order 5480.21 until a new SAR is developed, 
approved, and implemented. 

I 

The WESF BIO is a hybrid of DOE-STD-3009-94, Preparation Guide for U S  Departmenl ofEnergv 
Nonreactor Nuclear Facility Safety Analysis Reports (DOE 1994a) and DOE-STD-3011-94, Guidance for 
Preparation of DOE 5480.22 (TSR) and DOE 5480.23 (SAR) Implementation Plans (DOE 1994b). Although 
WESF prepared a BIO, specific key chapters were developed to DOE-STD-3009 (DOE 1994a) to replace the 
existing WESF accident analyses and facilitate development of the new WESF SAR. These key chapters include 
Chapter 2 "Facility Description," Chapter 3 "Hazard and Accident Analyses," and Chapter 4 "Safety Structures, 
Systems, and Components." Chapter 5 of the WESF B10 and the WESF Interim Operational Safety Requirements 
were developed to DOE 5480.22. 

Chapter 3 of the WESF BIO contains the hazards and accident analyses. In order to determine the level of 
analysis necessary for the WESF BIO, a final hazard categorization was performed as required by DOE Order 
5480.23 and in accordance with the guidance provided in DOE-STD-1027-92, Hazard Categorization and Accident 
Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports (DOE 1992). 
Chapter 3.0, Section 3.3.2.2, defines WESF as a Hazard Category 2 facility. 

Table 3-1 identifies the potential accidents associated with the operation of WESF. All identified accidents 
are prevented or mitigated below evaluation guidelines. l ' l ie guidelines used in the H I 0  from \V I  IC-CM-4-46 
.Sil/C/,,. . 4 m d , ~ s i , ~  I\/irnrru/ arc C O I I S ~ S I ~ I I ~  \\it11 cwrctit HNT-PRO-704 yuidelincs. The analyzed accident with the worst 
potential consequences is the loss of pool cell water. 

I 
The W S F  Interim Operational Safety Requirements, HNF-SD-WM-IOSR-001 (HNF 199Sc), were 

developed to implement those controls identified to prevent or mitigate accidents with unmitigated consequences 
above the onsite and offsite evaluation guidelines. The WESF IOSRs include IWO Limiting Condition5 for 
Operation (LCOs) and nine Administrative Controls (ACc). Thc t \ \ o  LCOs are l i ~ r  pool c e l l  n a i c r  lcve l  and K-3 
I I t l 'A  filter elt iciutic) tr.ititi:. The nine ACs are source inventory controls, pool cell water makeup, hydrogen 
prevention controls, heavy loads over pool cells, fire protection program, flammable gas controls. Pool Cell Area 
I<adi;irion Monitors. WIXI\.I I<adiaiinii blonitoriiig iiiid Ventin:. nnd W l X M  Post-Use Filling ut' Void Space.. 

I 
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Institutional safety programs also provide defense-in-depth barriers to accident conditions at WESF. A 
summary of the site institutional safety related controls and programs, which ensure the facility is maintained in a 
configuration that supports the defined safety envelope, is included in Chapter 6.0 of the WESF BIO. 

In conclusion, with the analyses contained in this WESF BIO and the controls established in the IOSRs, 
WESF can continue to operate in a safe manner. A fully compliant WESF SAR will be prepared in accordance with 

WESF BIO. 
I DOE Order 5480.23 and the guidelines in DOE-STD-3009-94 (DOE 1994a) in fiscal year 1002 to replace the 
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I 

1.0 INTRODUCTION 

CHAPT 1 SFCT 1 TIT1.F 

The Waste Encapsulation and Storage Facility (WESF) is located in the 200 East Area adjacent to B Plant 
on the Hanford Site north of Richland, Washington. The facility is currently used for interim underwater storage of 
cesium and strontium capsules produced during the separation of these elements at B Plant, a fission products 
separation facility. Interim controlled storage of the encapsulated cesium and strontium at WESF will be necessary 
until 2017. 

Since WESF will be in use for several years, a Basis for Interim Operation (BIO) and Intcrirn Operational 
Safety ReqiiireillentS (IOSRs) were prepared to effectively describe the safety basis for the near term. A Safety 
Analysis Report (SAR) and Technical Safety Requirements (TSR) will then be prepared in accordance with the 
DOE Orders 5480.23, Nuclear Safely Analysis Reparls, and 5480.22, Technical Safely Requiremenls, unless the 
current mission for WESF is shortened substantially. 

The DOE Order 5480.23 allows for a safety analysis to be prepared using a graded approach. The level of 
analyses and documentation for the facility must be commensurate with the magnitude of the hazards, the 
complexity of the facility andlor systems, and the stage of the facility life cycle. Since the ultimate goal is to 
prepare a SAR in accordance with DOE Order 5480.23, the BIO approach has been expanded to include several 
sections using the guidelines of DOE-STD-3009-94, Preparation Guide for US. Department afEnergv Nonreactor 
Nuclear Facilily Safety Analysis Reports (DOE 1994a). The content and format of DOE-STD-3009-94, Chapter 2, 
“Facility Description,” Chapter 3, “Hazard and Accident Analyses,” Chapter 4, “Safety Structures, Systems, and 
Components, and Chapter 5 ,  “Derivation of Technical Safety Requirements,” were used for the BIO to replace 
comparable chapters in WHC-CM-4-46, Section 8.0, “Interim Safety Basis” [Notc: tllc M’HC-CM-4-46 maiiual hos 
berii replaced with tlniiforil Site Procediires ( I  INF-PllO‘s) and there is I IO  longer ii procediire on prepai-in: I i i ter i in 
Ssl’ctb Barcs]. In addition, the generic institutional safety related controls and programs section discussed in 
Section 8, has been reformatted to include the guidelines of DOE-STD-3009-94 (DOE 1994a) for each program and 
combined into a single chapter, Chapter 6.0, “Safety Related Programs and Controls,” of this BIO. The remaining 
sections of the BIO observe the content and format guidelines of WHC-CM-4-46, Section 8.0, “Interim Safety 
Basis.” The IOSRS observe the old format and content guidelines of WHC-CM-4-46, Section 6.0, “Technical 
Safety Requirements” i v t i ic l i  >ire coi i i is te i i t  wil l1 the exibt ing I liliiford Site I’socediire. I I N t - P R O - 7 0 0 ,  %fi?l 

.Amdy,sis m</ Tedi.hiii~~d .%!/hj. X ~ ~ ~ ~ i i i ~ ~ ~ r ~ i ~ ~ i ~ I . ) .  The guidelines of DOE-STD-301 1-94, Guidance for Preparation of 
DOE 5480.22 (TSR) and DOE 5480.23 (SAR) Implementation Plans (DOE 1994b), identify a format and content 
for the preparation of a BIO. The WESF BIO is a hybrid of WHC-CM-4-46, Section 8.0, DOE-STD-3011-94 (DOE 
1994b), and DOE-STD-3009-94 (DOE 1994a) requirements. Table 1-1, identifies where DOE-STD-3011-94 (DOE 
1994a) required information is located in the WESF BIO. 

1.0 

Table 1-1. DOE-STD-3011-94 and WESF BIO Cross-Reference. 

I DOE-STD-3011-94 I WESF BIO 

1.1 I “Purpose” 

Current Mission 

Contribution to the Site Mission 

Past Relevant Operating History 

Status of the Existing Authorization Basis 

_._.. . ._. . 

Executive Summary I ES I I Executive Summary 

1.0 1.3 “Cunent Mission” 

1.0 1.4 “Contribution to the Site Mission” 

I .o 1.5 “Relevant Operating History” 

1.0 I .6 ‘“Existing Authorization Basis” 

heasons for the BIO 

Brief Facility Backaround 

1-1 
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DOE-SlT-3OI 1-94 WESF BIO 
CHAPT I SECT I TITLE 

1 I 1 

icility Description 

Brief Description of Facility 2.0' 2.4 
2.6 
2.1 
2.8 
2.9 

2.0' 2.3 

2.0' 2 3.1 
2.5 

4.0' 4.3 

Designed Mission 

Processes 

"Facility Structure" 
"Confinement Systems" 
'"Safety Support Systems" 
'"Utility Distribution" 
"Auxiliary Systems and Support Systems" 

"Facility Overview'' 

"Processing History" 
"Process Description" 

"Safety Systems, Structures, and Components" Primary SSCs 

3.0. 3.3.2.1 

elevant Operational History 

Any Significant Abnormal OccurrenceIAccidents 
&Compensatory Measures Planned or 
Implemented 

Summarize any Safety-Related Changes to 
Facility Condition Subsequent to Issuance to Last 
SAR Update 

Brief Description of Significant Safety-Related 
Findings from most recent ORR andor Inspection 
and Audit 

"Hazards Identification Resulls" (use of facility 
occurrence reports) 

3.0' 

3.0. 

3.3.2.3.1 "Planned Design and Operational Safety Improvements" 

3.4.2.X ... 3 '"Consequence Analysis" 
3.4.2.X ... 4 "Comparison to Guidelines" 

Briefly Discuss and Reference Facility 6.0 6.0 
Programmatic Approach to Safety Management 
for Workers and General Public 

Radioaclive and Hazardous Material Waste 6.0 6.3 

~ 

ifetv Manaeement 
"Safety Related Programs and Controls" ( I s t ,  Table 6-1) 

'"Radioactive and Hazardous Waste Management" 

Experimental Review 

Emergency Preparedness 

afety Analysis 

Discuss, Reference approach for Hazard 
Identification 

Discuss, Reference approach for Hazard 

Management 

Criticality Protection 

Radiation Protection 

Hazardous Material Protection 

Training 

Testing 

Surveillance 

Maintenance 

Conduct of Operations 

Configuration Management 

Quality Assurance 

Provisions for D&D 

NA NA Not Applicable. No experiments identified. If future 
experimenls are planned, USQ Program in-place. (New 0 
Significantly Modified Equipment - see Section 6.7.1, 
"Initial Testing") 

6.0 6.5 "Emergency Preparedness" 

3.0' 3.3.1 "Hazard Identification Methodology" 

3.0' 3.3.2.2 '"Hazard Categorization" 
Categorization 

Submit the Results of Safety Analysis (PHA) 
I 

3.0' 3.3 2 "Hazard Analysis Results" 



HNF-SD-WM-BIO-002 REV 1 

WE-STDJOI  1-94 

Provide a description of the Analytical Methods 
and Results 

Discuss impact ofpostulated accidents on workers 
and general public 

WESF BIO 
CHAPT SECT TITLE 

3.0' 3.4.1 "Methodology" 

3.0' 3.4.2.X ... 3 '"Consequence Analysis" 

3.4.2 "Design Basis Accidents" 

3.4.2.X ... 4 '"Comparison to Guidelines" 

Evaluate the potential (from postulated accidents) 
for contamination of the environment, 
particularly, those with significant insult and 
easily implemented changes to mitigate 

Identify and evaluate the dominant accident 
scenarios, including vulnerabilities, and describe 
controls, restrictions 

Identify systems functions and operator actions 
that have been accredited in the accident 

Describe the approach to derive estimates for 
credited system unavailabilities and operator error 
probabilities. 

Discuss the potential for administrative controls, 
compensatory or corrective measures, or 
restrictions to reduce the consequences or 
frequencies of the highest risk scenarios 

For lower risk scenarios, identify cost-eficctive or 
simple fixes for risk reduction and assess 
adequacy of existing safeguards. etc. 

3.0' 3.3.2.3.4 "Environmental Protection" 

3.0' 3.4.2.X Design Basis Accident 
3.4.2.X ... 5 

3.4.2.X ... 5 

"Summary of Safety SSCs and lOSR Controls" 

"Summary of Safety SSCs and IOSR Controls" 3.0' 

The BIO analyses did not take credit for frequency, cxcep 
in the DBE evaluation section of the B Plant endwall 
impacting A Cell. See Section 3.4.1, "Methodology." 

"Summary of  Safety SSCs and IOSR Controls" 

Discuss the controls in place that maintain the 
safety envelope of the facility: OSRs. restrictions 

"Defense-In-Depth" 

5.0' 5.3 "Interim Operational Safety Requirements Coverage" 
IOSRs Table 5-1 

3.0' 
4.0' 
5.0' 

IOSRs 

3.0' 

on operations, and administrative controls 

Identify the safety function, gradation of safety 
systems, operability requirements procedures, 
surveillances. and OSRs 

WESF Interim Operational Safety Requirements 

"Summary of Safety SSCs and IOSR Controls" 

'"Interim Operational Safety Requirements Coverage" 
Table 5-1 
WESF Interim Operational Safety Requirements 

3.4.2.X ... 5 

5.3 
4.3.X System Titles 

3.3.2.3.2 '"Defense-In-Depth" Identify any safeguards that are considered 
significant contributors from a defense-in-depth 
perspective 

7.0 I References 

The new safety documentation identifies hazards associated with the current capsule storage mission and 
quantitatively analyzes those hazards with the potential for exceeding predetermined dose consequences for the non- 
WESF facility worker and the public. In addition, accident consequences to the environment and the WESF facility 
worker are identified. Administrative and engineered controls are used to prevent or mitigate the risk associated 
with the hazards to the WESF and non-WESF facility worker, the public, and the environment. 

1.1 PURPOSE 

This document establishes a basis for interim operation for WESF in accordance with the requirements of 
WHC-CM-4-46, Safefy Analysis Manual, Sections 8.0, and 6.0 (eqi i ivalcnl  lo misting proccdurss HNF-PRO-700 
and I IN F-I'RO-704, Hiirm-d LinJ Accidenr Artc,(v.si,s /'roce.ss). 

The BIO and IOSRs provide the authorization basis to be used with the USQ process as defined in DOE 

I 
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I Order 5480.21, UnreviewedSaffy Questions, and I INt-l'1<0-002, Identi3ingand Resolving UnreviewedSafety 
Questions. The BIO and IOSRs are in compliance with the implementation plan (Wagoner 1994, Holten 1994, 

I WHC-SP-I 164. I Ianson 1999) for DOE Orders 5480.21.5480.22, and 5480.23. 

1.2 FACILITY BACKGROUND 

The WESF facility was designed and constructed for radioactive cesium and strontium processing, 
encapsulation, and capsule storage. The original role of the WESF waste management program was to process, 
encapsulate, and store the extracted long-lived radionuclides, %Sr and "'Cs, from wastes generated during the 
processing of defense fuel on the Hanford Site. The cesium and strontium feed materials used in WESF were 
separated from tank wastes and concentrated in B Plant before final processing in WESF. The products cesium 
chloride and strontium fluoride were doubly encapsulated and stored underwater in the WESF pool cells, where 
they remain today. Some of the encapsulated products were shipped offsite and either leased by private irradiators 
or transferred to other programs for removal of the product from the capsules. All leased capsules have been 
returned to WESF. Processing of the cesium and strontium feed materials was completed in 1983 and 1985, 
respectively. 

Shutdown of the cesium, strontium, and capsule handling processes involved equipment cleanout, 
equipment isolation or removal, jumper removal, nozzle blanking, and instrumentation deactivation for the hot cells. 
Only equipment and instruments that were required for cell maintenance and surveillance remained operational in 

the hot cells. Cleanup efforts included refurbishment of most of the hot cells' cerium windows. 

1.3 CURRENT MISSION 

The current WESF mission is to store the 1 larifol-d Site's iiivcntary ofcesium and strontium capsules in a 
safe manner and in compliance with all applicable rules and regulations. Sct' scclioii 2.2.2 h r  additional dclail 
r e p r d i i i S  the WESF mission. 

1.4 CONTRIBUTION TO THE SITE MISSION 

WESF is one component of the Hanford Site waste management program. The original role of WESF was 
to process, encapsulate, and store the extracted long-lived radionuclides, %and '"Cs, from wastes generated 
during the chemical processing of defense fuel produced on the Site. Today, safe storage of the encapsulated %r 
and "'Cs until final disposition is the only mission for the facility. 

1.5 RELEVANT OPERATING HISTORY 

The relevant operating history of WESF includes: past significant occurrences or accidents and 
compensatory measures; safety-related changes to the facility condition since the last safety analysis update; and 
any safety-related findings from recent inspections, audits, or analyses. 

WESF has not experienced an accidental release of hazardous material outside of the facility, since the start 
of operations. However, several operational events and unusual occurrences have occurred and are summarized in 
the following categories; capsule upsets, facility near-accident events, and unusual occuplences. 

A capsule upset was detected at WESF in the past. A leak in an outer capsule was discovered by operating 
personnel when the inner capsule failed to pass the inner capsule movement test and upon visual examination, was 
observed to be leaking steam from a series of microfissures in the area of the end cap weld. This capsule has been 
Ire-encapsulated i n  a 'l'ypc LV ovei-p;ick ;mil ~-cruriied to the &'l<St tk i l i ty  N it11 rucnty-t\ro otlier Type LV ovci-pack 
c:11mIcs Ibr s m r a ~ c  in tlic pool cclls. 

Facility near-accident events are those events which might resemble an accident condition, such as a fire, 
but which resulted in only operational consequences. These include: 

A,partial flood of a K-3 filter housing through the filter washdown system, which resulted in an operational 
upset to the K-3 system. 
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During the processing period when encapsulation of cesium and strontium was occurring in the hot cells, 
fires inside the hot cells were reported. Such fues were small and adequately controlled by movement of 
other combustibles away from the location ofthe fue. 

A hot cell was flooded when the processing water feed valve inside the hot cell was inadvertently left open. 
The water level in the hot cell reached approximately half way up the cerium window. 

Several unusual occurrences at WESF, including; spread of contamination, facility worker hazards 
(electrical, falls, etc.), equipment failures, operator and management errors, etc. are documented in the Occurrence 
Reporting and Processing System database. 

Several WESF modifications and upgrades Mere completed since the last update to the HIO, including; 
decoupling from B Plant, installahti oftlic pool cell closed-loop cooling system (CLCS), installation ofthe pool 
cell emergency ion exchange system (EMIX), and iiistillatiuii oftlie new low level liquid waste (1.I.I.W) system. 
The CLCS replaced the once through cooling system and reduced liquid effluent discharge. The pool cell EMIX 
system and I.I.1.W systeins replaced systenis that were dependent on B Plant. 

During the preparation o f  this safety basis document, analyses disclosed several areas of safety-related 
concerns. All concerns have been addressed with compensatory measures as necessar!.. 
were identified durins the a n n u a l  update. 

1.6 EXISTING AUTHORIZATION BASIS 

No n w  axas or concern 

An implementation plan (Knoll 1992) was prepared for the facility in response to DOE Orders 5480.21, 
5480.22, and 5480.23. The implementation plan identified the need to prepare a BIO and interim controls and 
restrictions until the SAR and TSRs could be upgraded in accordance with the new DOE orders. The 
implementation plan was transmitted to DOE, along with the other Hanford Site facility implementation plans, on 
October 28, 1992 and has since been approved (Wagoner 1994, Holten 1994. l~lansoii 1999). The W t S F  BIO and 
IOSRs ncrc  a p p r ~ v c d  and implcnicnlcd i i i  I'Y l9OX and will coi i t in i ic  to serve as the safety basis for the unreviewed 
safety question (USQ) process as defined in DOE Order 5480.21 until a SAR is developed, approved, and 
implemented. 

I 
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2.0 FACILITY DESCRIPTION 

This chapter provides a description of the Waste Encapsulation and Storage Facility (WESF) in accordance 
with DOE Order 5480.23 as amplified by DOE-STD-3009-94 (DOE 1994a). In addition to supplying an overall 
understanding of the facility, the facility description provides the basis for the assumptions made in the hazards and 
accident analysis (Chapter 3.0). 

In accordance with the precepts of the graded approach described in DOE 5480.23, the following topics are 
discussed in this chapter: 

Facility process (Section 2.5), 

Confinement systems (Section 2.6), 

Facility utilities (Section 2.8), 

Overview of the facility including history and mission (Section 2.3), 

Facility structure and design basis (Sections 2.2 and 2.4), 

Facility safety support systems (Section 2.7), 

Facility auxiliary systems and support buildings (Section 2.9). 

The systems, structures, and components (SSCs) and operational parameters identified in Chapter 3.0 as 
important to safety are discussed in a level of detail that is commensurate with their impact on safety. The SSCs and 
operational parameters not identified as important to safety in Chapter 3.0 are discussed only in sufficient detail to 
provide an overall understanding of the facility and its mission. 

2.1 INTRODUCTION 

I 

The 225-8 Building, is adjacent to the west end of B Plant, 221-8 Building, both of which are situated in 
the Hanford 200 East Area (see Figures 2- 1 and 2-2). The WESF facility consists of the 225-B Building and the 
following support buildings and systems: 

- 21 I-HA. Auxiliary Building 

?IS-H, Emergency Equipment Storage 

225-BA, K-1 Filter Building 

225-BB, K-3 Filter Pit 

225-BC, WESF Compressor Building 

225-BE, Maintenance Shop 

2?5-RF,  Utility t3uildinz 

TK-100, Low Level Waste Tank and Pit 

225-BD, WESF Waste Monitor and Sample Building 

22.5-HG. WESF Closed Loop Cooling Equipment Huilding 

2- 1 
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272-B, WESF Support Building 

272-BA. Auxiliary Building 

272-BB, Auxiliary Building 

282-8, Pump House 

282-BA, Pump House 

Diesel Generator 

TK-50 Pit 

296-B-10, K-l and K-3 Exhaust Stack 

294-B, Raw Water Backflow Preventer Building 

MO-3 12, Laundry Storage Trailer 
I 

The WESF facility and support buildings are shown in Figure 2-3. 

2.2 REQUIREMENTS 

Several codes and standards were used for the design of WESF and are listed in this section. Current codes 
and standards applicable 10 WESF are identified in the WESF standards/requirements identification document 
(SRID). The design codes, standards, regulations, and U.S. Department of Energy (DOE) orders that are pertinent 
to the structure, confinement systems, utility systems, and safety support systems with respect to the safety analysis 
are described in Chapter 4.0. 

The WESF facility was designed in the late 1960s. The facility structures were designed in accordance 
with the following codes and standards in effect at the time of design: 

Underwriters Laboratories, Inc. (Standards) 

Building Code for Reinforced Concrete (American Concrete Institute [ACI] 318-63) 

Specifications for the Design of Structural Steel (American Institute of Steel Construction [AISC] Manual) 

Hanford Standards Design Criteria (HWS-10,000 and HES lO.008) 

The Uniform Building Code (UBC), 1970 

American Standards Building Code for Masonry (Standards) 

National Fire Protection Association (Standards). 

2-2 



HNF-SD-WM-BIO-002 REV 1 

Figure 2-1. Hanford Site Map. 
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Figure 2-2. 200 East Area 
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Figure 2-3. WESF Site Plan. 
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The WESF facility was designed prior to the implementation of Slandur~ ArchitecturuI-Civil Design 
Criteria, Design Loa& for Facilities (SDC), SDC 4.1, Rev. 12, (DOE-RL 1993) [now HNT-PRO-097 O i ~ y i i i  
l>es;,yn i d  f ; v d i i ~ i r i m ~ ,  however this standard was used for comparison purposes in a review of natural phenomena 
(Wagenblast, et al. 1999). 

2.3 FACILITY OVERVIEW 

The WESF facility was designed and constructed k i  pi'occss. cncapsulatc. and store the  cxlracted long-lived 
rxiionuclides, ""Sr and "'Cb. frutii \vastes :enwired durins the cl iet i i ical  procesiiiis ofdefe~tii .  fue l  on the 1l;inford 
Site. The construction of WESF, 225-B Building, started in 1971 and was completed in 1973. Ccsiiini proccsqing 
\vas sliiir dow i  in October 19% a i id  strontium processitig \viis shut Ilo\\n i n  Jmuar? 1985. Final o v e d  process 
sliutdonn \\as accomplished i n  September 1 9 x 5 .  Shut d m  II Ibr the ces ium and stroiiliutii processes invoI\cd 
equipment c lea i io~~t .  qitipiiirnt isolation or removal. ,iiiniper ri.tiiowI, i i i i n l e  blanking. ceriiini windon 
Icliirbishmcnt. and iiisIruiiiciitatinti dcocti\aliori ihr  ~ l i c  Iiot cel ls.  Onl! uqiiiliiiictit and instniiiietils L I i a L  \\ere 
required for ce l l  i i i i l in tenmce and suweillance reni;iined operational in the Iiot cells. WESF cotitinties to  fore the 
Haiili)rd Sile's iiivenlory ol'ccsiiitii atid strotiliuiii ciipsiiIc\ i n  the pial cel ls.  

2.3.1 Processing History 

Using process technology developed by Pacific Northwest Laboratory (PNL), cesium and strontium 
encapsulation started in the fall of 1974. The cesium and strontium feed materials used in WESF were separated 
from tank wastes and concentrated in B Plant before final processing in WESF. The products cesium chloride and 
strontium fluoride were doubly encapsulated and stored underwater in the WESF pool cells. Some of the 
encapsulated products were shipped offsite. These capsules were either leased by private irradiators or transferred 
to other programs for removal of the product from the capsules. Processing and encapsulation of the cesium and 
strontium feed materials was completed in 1985. 

2.3.1.1 Strontium Encapsulation. 

The strontium encapsulation process used ccmicciilratccl strontium nitrate solution generated by B Plant. 
The solution pH was adjusted with sodium hydroxide and was then converted to a strontium fluoride precipitate by 
adding sodium fluoride. The precipitate was then filtered and washed to remove excess sodium and fluoride. The 
filtrate was fired at 1073 K (800 "C) for 8 hours in a sintering furnace to eliminate moisture and volatile 
components. The dried SrF, was then added into a stainless steel hastelloy inner capsule it1 iiicrctiic:IiIs and 
compacted after e:icIi iidditioii. A sintered metal disk to aid in helium leak checking was added to each inner 
capsule and the capsule was purged with helium. The capsule was then capped, welded, helium leak checked to 
verify integrity of the inner capsule weld, and decontaminated before insertion into a stainless steel outer capsule. 
The outer capsule cap was welded in place, and the weld was examined ultrasonically. The curie content of the 90Sr 
capsule was then determined using a calorimeter. After the curie content was determined, the capsule was placed in 
a pool cell storage rack. Approximately 37 MCi of %Sr were encapsulated between September 1974 and January 
1985, when the strontium encapsulation process was completed. The half-life of %r is 29 years. 

2.3.1.2 Cesium Encapsulation. 

I 

The cesium encapsulation process was started in 1974. The purified cesium carbonate solution generated 
by B Plant was converted to a cesium chloride solution by adding hydrochloric acid. The solution was then 
transferred to the evaporator-melter where the cesium chloride solution was evaporated to a dry salt. The salt was 
melted and transferred into stainless steel inner capsules. A sintered metal disk was added to each inner capsule, 
and the capsule was purged with helium. The capsule was then capped, welded, helium leak checked to verify the 
integrity of the inner capsule weld, and decontaminated before insertion into a stainless steel outer capsule. The 
outer capsule cap was welded in place, and the weld was examined ultrasonically. The curie content of the "'Cs 
capsule was then determined using a calorimeter. After the curie content was determined, the capsule was placed in 
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a pool cell storage rack. Approximately 86 MCi of '"Cs were encapsulated before the cesium encapsulation process 
was completed in October 1983. The half-life of "'Cs is 30 years. 

2.3.1.3 Pool Cells. 

During production, Pool Cell 1 served as a surveillance pool. One capsule from every fifth batch of cesium 
processed and one capsule from every tenth batch of strontium processed were stored in this pool for observation. 
The remaining capsules were stored in Pool Cells 3 through 6,  which normally had cover blocks in place except 
when the pool received capsules. 

2.3.1.4 Beneficial Capsule Use. 

A number of cesium capsules produced at WESF were leased to private enterprises for use as radiation 
I sources. All leased capsules have been returned to WESF. 

2.3.2 Current Mission 

The current WESF mission is to receive and store the cesium and strontium capsules that were 
manufactured at WESF in a safe manner and in compliance with all applicable rules and regulations. The scope of 
the WESF mission is currently limited to the following activities: ( 1 )  facility maintenance activities; (2) receipt, 
inspection, and decontamination (if necessary) of capsules; and (3) storage and surveillance of capsules. 

The WESF operations include niamtenai~ce 'mi\ itlei. decontamination of equipment and capsules, and 
surveillance of stored capsules. The capsules are expected to be stored at WESF until the year 2017, at which time 
they will be transferred for ultimate disposition. 

I 

The following activities are specifically excluded from the scope ofthis safety basis document: 

Cesium chloride or strontium fluoride salt retrieval, processing, or repackaging, 

Capsule experimentation or destructive testing, 

Facility transition to decontamination and decommissioning activities, 

Alternative modes of capsule disposal and storage, such as those evaluated in the WESF Hazards and 
Operability Study (HAZOP) (Siemer 1995), 

Capsule electropolishing, 

K-3 filter changeout. 

Wet storage of capsules in hot cells, 

Receipt of any capsule not meeting WESF capsule storage criteria (Section 2.5.3.1.1), 

2.4 FACILITY STRUCTURE AND FUNCTIONAL AREAS 

The 225-8 Building, WESF, consists of the following functional areas: 

Hot Cells 

Canyon 

Service Gallery 



HNF-SD-WM-BIO-002 REV 1 

Operating Gallery 

Aqueous Makeup (AMU) 

Transmitter Rooms 

HVACRoom 

Manipulator Repair Shop 

Pool Cell Area 

Pool Cell Monitoring Area 

Supervisory IKooni 

Truckport, 

Hot and Cold Manipulator Shops 

Support Area (offices and change rooms) 

The original project design of the 225-8 Building included a seismic design analysis and review 
I (cvnluaiioii ol'orisinal niinl\ KS is conlaiiicd i n  Wagenblast, et al. 1000). The previous onsite ArchitectEngineer, 

VITRO Engineering, conducted the necessary seismic analysis, wind load analysis, soil pressure analyses for 
retaining walls in the Pool Cells and K-3 Filter Pit, and hydrodynamic (seismic sloshing) analysis for the pool cells. 
Additional seismic discussion can be found in Chapters 3.0 and 4.0. 

2.4.1 225-B Building 

The 225-B Building is adjacent to and structurally independent of the existing B Plant (221-B Canyon 
Building) to the east (Wagenblast, et al. IWO). A 0.6-cm (U4-in.) expansion joint exists between the 225-8 
Building and the 221-B Building fiom the foundation to f l ie first flow slab. TIiu building is &vided into Ai-e;i I. 
Area 2 .  and Arca 3, sei' Figure 2-30. The 225-B Building is a two-story structure 48 m (157 ft) long by 30 m (97 ft) 
wide by 12 m (40 A) high at the outside dimensions. The first floor is 1300 m2 (14,000 ft2) and the second floor is 
600 m' (6,000 ft2). The ground elevation at this facility is about 213 m (700 ft) above sea level and is 
approximately 61 m (200 ft) above the underground water table. See Figures 2-4,2-5,2-6, and 2-7 for a schematic 
plan of the building. 

Area I is a one-story above grade reinforced masonry wall structure with a metal deck diaphragm roof 
supported on open-web steel joists and steel beams and includes the WESF Support Area, heating ventilating and air 
conditioning (HVAC) room, pool cell enhy airlock, and Pool Cell Monitoring Area. The foundation spread 
footings, grade slab, and masonry walls of the Support Area are separated from the rest of the structure and the 
221-B Building by a 0.6-cm (U4-in.) expansion joint. The roof deck joists and beams bear on masonry shear walls 
at the north and east, on the reinforced concrete wall enclosing the Operating Gallery (south), and on the 221-B 
Building at the south. Slotted holes in both the northhouth and the easvwest directions are provided in the bearing 
brackets on the Operating Gallery, Pool Cell Area, and the 221-8 walls to allow for a 5-cm (2-in.) seismic joint 
between the Support Area and HVAC Room roof and adjacent structures. The roof is structurally dependent on the 
adjacent structures for resisting both dead and live gravity loads (such as snow and ashfall). 
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Figure 2-3a. 225-B Area 1, Area 2 and Area 3. 
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Figure 2-4. 225-B, First Floor Plan. 
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Figure 2-5. 22543, Second Floor Plan. 
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Figure 2-6. East-West Sectional View. 
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Figure 2-7. North-South Sectional View 
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Area 2 is a two-story above grade structure with reinforced concrete roof and floor slabs supported by 
reinforced concrete shear walls in the section of the 225-B Building enclosing the Hot Cells, Canyon, Hot and Cold 
Manipulator Shops, Manipulator Repair Shop, Operating Gallery, Service Gallery, and AMU. High-density 
concrete shielding for the hot cells provides additional shear walls for resisting lateral loads on both the first and 

I second floors. The building foundation consists of continuous and spread footings at a depth of 1 . X - m  (6 ft) below 
the grade slab. The high-density concrete shielding for the hot cells walls has a separate foundation. The east end 
of the Hot Cell Area foundation spread footings, grade slab, and floor slab are separated from the 221-B Building by 
a 0.6-cm (U4-in.) expansion joint. A 5-cm (2-in.) gap, which serves as a seismic joint, extends along the wall from 
the floor slab to the roof which includes both first and second floors. A portion of the second floor cantilevers out 
over the Pool Cells. The above grade reinforced concrete shear walls and floor slabs including the portion 
cantilevered out, are separated from the section of the building that contains the Truckport and Pool Cells by a 5 cm 
(2 in.) gap. Thus, this section is shucturally independent of the adjacent sections of the 225-B Building for resisting 
lateral seismic loads, wind loads, and vertical gravity loads, including dead and live roof loads (such as snow and 
ashfall). 

Area 3 is a two-story structure in the section of the 225-B Building that contains the Truckport and Pool 
Cells. The fust-story pool cells are below grade. The reinforced concrete roof and pool cell floor slab at grade are 
supported by reinforced concrete shear walls. The above grade stmcture is independent of the adjacent structures 
for resisting lateral seismic and wind loads and vertical gravity loads including dead and live loads (such as snow 
and ashfall). To enhance the lateral load capacity during an earthquake, the below grade shucture (Le., the pool 

I cells) is structurally connected to the foundation supporting Aicn 1. 

2.4.2 Hot Cells 

The past chemical processing and encapsulation ofthe radioactive isotopes 9oSr and "'Cs was 
accomplished in hot cells equipped with remote manipulators. Removable high-density concrete cover blocks 
located on the floor of the canyon provide access to the hot cells. 

The Hot Cell Area is designed to a 0.25 gravity design basis earthquake (DBE) and exceeds the SDC 4.1, 
Rev. 12, (DOE-RL 1993), seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et 

I ai. IOOO). 

2.4.2.1 Windows. 

Lead-glass windows are provided for shielding and direct viewing into the cells from the Operating 
Gallery. The viewing windows are composed of 25 cm (IO in.) of 3.3-density glass (cell side) and 40 cm (15.6 in.) 
of 6.2-density glass. An oil barrier separates the glass sections. As a result of the radiation exposure through the 
lead glass windows, the window units become electrically charged. I I i i s  is licit iinpuit:uit tu ddil) activities hut 
nccds to bc nddrcswl durins \\ iiidou clinngc-out. These windows provide radiation shielding equivalent to 89 cm 
(35 in.) of high-density concrete. The soft lead-glass is protected by cerium-stabilized non-browning cover glass on 
the cell side and by plate glass on the Operating Gallery side. 

Horizontal seismic forces on the shielding windows are resisted by the friction developed by the lead shims 
and compacted lead wool surrounding them. The windows and frame are resistant to a 2.5 mlsZ(0.25 gravity) 

I earthquake (Wagenblast, et al. liJO)Y). 

2.4.2.2 Manipulators. 

The mechanical manipulators used in the hot cells are master-slave manipulators. The manipulator boot is 
a flexible sleeve protecting the slave end from contamination and providing an air barrier between the cell and the 
Operating Gallery. 

The A and G Cells each have wall ports for four manipulators and B through F Cells each have wall ports 
for two manipulators. The manipulators are installed or removed from the cells through the 25-cm (IO-in.) diameter 
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ports in the wall. An overhead monorail system with a trolley is mounted in the Operating Gallery for removing the 
manipulators from the hot cells and transporting them to the Hot and Cold Manipulator Shops for decontamination. 

2.4.2.3 Embedded Piping. 

Extensive process and service piping is embedded in the concrete walls of each hot cell. The pipes could 
connect the cells to each other as well as to the pipe trench, Transminer Rooms, AMU Area, Service Gallery, 

cells. 

2.4.2.4 Shielding Walls. 

I Operating Gallery. Maoipula~or Repair Shop, and Truckport. Spare piping is provided between all areas and the hot 

The north and south walls of all the hot cells and both east and west walls of A and G Cell are 89-cm 
I (35411.) thick, high-density (3,770 kg/m’ [235 Ib/ft’]) (Wagenblast, et al. 1099) reinforced concrete for personnel 

shielding. The A and G Cells also have an 89-cm (35-in.) high-density concrete shielding door for personnel entry 
from the Service Gallery. 

2.4.2.5 A Cell and A Cell Hood. 

A Cell contains the equipment required for handling high-level radioactive solid waste from the other hot 
cells. The inside dimensions of A Cell are 3 m (IO ft) wide by 2.5 m (8 ft) long by 4 m ( I3  ft 6 in.) high. The floor 
and walls are lined with 2-mm (14-gauge) type 304L stainless steel. The portion of A Cell adjacent to B Cell 
contains a 1.2-m (4-ft) by 2.5-m (8-A) by 1.2-m (4-ft) stainless steel hood for receiving the contaminated solid 
waste. A pass-through with doors is located between the A Cell hood and B Cell for passage of solid waste from 
other hot cells. This cell is equipped with a shielded personnel entry door accessible from the Service Gallery. A 
transfer drawer in the A Cell hood is accessible from the Service Gallery. 

A Cell is used for storage of208-L (55-gal) drums containing hot cell solid waste (Le,, solid waste 
combustibles such as plastic manipulator boots and cleanup swabs). A covered port that has an outer diameter of 
56-cm (22-in.) is located in the bottom of the hood for loading of solid waste into 208-L (%-gal) drums. The hood 
is equipped with ventilation and filtration equipment for maintaining a slight negative pressure within the hood 
relative to A Cell to control the spread of contamination, 

2.4.2.6 B Cell. 

B Cell contains some ofthe equipment that was used for the strontium wet-chemistry processing. The 
maximum inside dimensions of B Cell are 2.4 m (8 ft) wide by 2.4 m (8 ft) long by 4 m (12 ft IO in.) high. The rear 
half of the B Cell floor is elevated 56 cm (22 in.) and is 1.2 m (4 A) deep. The wall between B and C Cells is 5 1 cm 
(20 in.) thick and is constructed from reinforced structural concrete (2,400 kg/m’ [I50 lblft’]). The floor and lower 
portion ofthe walls are lined with 14-gauge 304L stainless steel. The unlined portions were originally coated with 
white radiation-resistant and corrosion-resistant paint. Two recesses in the rear elevated section of the cell floor are 
provided for placement ofthe strontium precipitation tank and the supernate holding tank. A 86-cm (34411.) wide 
by 137-cm (54-in.) high penetration through the interior wall between B Cell and C Cell is provided for placement 
ofthe strontium fluoride sintering furnace and the filtrate holding tank. A pass-through without doors is located 
between B and C Cells for passage of equipment and solid waste. 

2.4.2.7 C Cell. 

C Cell contains some of the equipment that was used for the strontium fluoride encapsulation process. The 
maximum inside dimensions of C Cell are 2.4 m (8 ft) wide by 2.4 m (8 ft) long by 4 m (12 ft IO in.) high. The rear 
half of the C Cell floor is elevated 56 cm (22 in.) and is 1 .2 m (4 A) deep. The wall between C and D Cells is 5 1 cm 
(20 in.) thick and is constructed from reinforced structural concrete (2,400 kg/m’ [I50 lb/ft’]). The floor and lower 
portion of the walls are lined with 14 gauge 304L stainless steel. The unlined portions were originally coated with 
white radiation-resistant and corrosion-resistant paint. A recess in the rear elevated section of the cell floor is 
provided for placement of the strontium fluoride compactor foundation and two shielded storage containers. A 
pass-through with doors is located between C and D Cells for passage of equipment and solid waste. 
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2.4.2.8 DIE Cell. 

D E  Cell contains some ofthe equipment that was used for the conversion and encapsulation ofthe cesium 
chloride. This double cell is 5.5  m (18 ft) wide by 2.4 m (8 ft) long by 4 m (12 A IO in.) high and is partitioned by a 
cell parapet wall that is 1.2 m (4 ft) by 2.4 m (8 ft) by 20 cm (8 in.) wide. The rear half ofthe D Cell portion ofthe 
floor is elevated 25 cm (IO in.) and is I .2 m (4 ft) deep. The wall between E and F cells is 5 1  cm (20 in.) thick and 
is constructed from reinforced structural concrete (2,400 kg/m' [ I50 lbift']). The floor and lower portion of the 
walls are lined with 14 gauge InconelTM'-600 alloy. The unlined portions were originally coated with white 
radiation-resistant and corrosion-resistant paint. A recess in the elevated section is provided for placement of the 
cesium converter tank. A pass-through with doors is located between E and F Cells for passage of equipment and 
solid waste. 

2.4.2.9 F Cell. 

F Cell contains some of the equipment that was used for the decontamination of the inner capsules. In 
addition, F Cell is also used for interim dry storage ofnon-conforming capsules which cannot be stored in the pool 
cells. The maximum inside dimensions of F Cell are 2.4 m (8 ft) wide by 2.4 m (8 ft) long by 4 m (12 ft IO in.) 
high. The rear portion of the cell floor is elevated 56 cm (22 in.) and is 50 cm (2 A) deep. The wall between F and 
G Cells is $9 cm (35 in.) thick and is constructed from high-density reinforced structural concrete (3,770 kg/m' 
[235 Ibift']). The floor and lower portion ofthe walls are lined with 14-gauge 304L stainless steel. The unlined 
portions were originally coated with white radiation-resistant and corrosion-resistant paint. A recess in the elevated 
portion ofthe cell floor is provided for the placement o f a  shielded capsule storage tank. The F Cell is equipped 
with a special transfer drawer that is accessible from the Service Gallery. A pass-through with doors is located 
between F and G Cells for passage of equipment and solid waste. 

2.4.2.10 C Cell. 

G Cell was originally the final encapsulation cell. The maximum inside dimensions are 4.8 m (16 ft) wide 
by 2.4 m (8 ft) long by 4.1 m (13 ft 6 in.) high. The floor and walls of G Cell are coated with white 
radiation-resistant and corrosion-resistant paint. This cell is equipped with a shielded personnel entry door and a 
transfer drawer, both of which are accessible from the Service Gallery (G Cell airlock). Normally G Cell contains 
very little contamination. The G Cell has a significant radiation source only when capsules are present. 
A penetration through the G Cell floor into Pool Cell 12 is provided for transferring the capsules between G Cell 
and the pool cells. A transfer cart is used to move capsules into or out of Pool Cell 12. 

2.4.2.11 Hot Pipe Trench. 

The hot pipe trench, is a concrete channel 1.5 m ( 5  A) wide by 0.6 m (2 A) in depth that contains the hot 
process feed piping and waste lines. It is located beneath the floor of the hot cells and extends from G Cell to the 
outside wall ofthe 221-B Building. At this location, the hot pipe trench is reduced to a 36-cm (14-in.) stainless steel 
pipe encasement that terminates in Cell 39 at B Plant. The hot pipe trench and encasement have a slope of IO mm 

I perm (118 in. per A) so that any leakage from process piping \I ould flow to the Cell 39 sump for detection. To 
provide the necessary radiation shielding, the walls of the hot pipe trench and encasement are constructed of 
high-density concrete and are lined with lead where required. B Plalu has lxcii isolakd l'rom \VEST and the piping 
in tlir hot pipe treiicli is no longer i i s d  

2.4.2.12 Hot Cell Ventilation. 

The K-3 ventilation system provides airflow through the hot cells. The airflow is a consequence of the 
primary radioactive confinement function ofthe K-3 system. The K-3 ventilation system is described in Section 
2.6.2.3. 

Air is supplied to each hot cell through one of two flow-controllable and high efficiency particulate air 
HEPA-filtered inlet ducts. The airflow is from the WESF Canyon through HEPA filters and flow control dampers 
located on the south side of the Canyon. The air enters close to the top of the cell and exits each cell through one of 
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two HEPA-filtered and flow-controllable exhaust ducts that are set vertically in the cell floor and extend 
approximately a meter (3.28 ft.) above the floor. The exhaust ducts lead to a common duct under the hot cells, 
which in turn leads to the final system HEPA filtration located in the K-3 filter housing located in the K-3 Filter Pit. 

The negative pressure in each hot cell is controlled by adjusting the flow control dampers in each hot cell 
inlet and outlet duct. The inlet dampers are adjusted by air-operated damper control motors. These inlet dampers 
may be operated in either the automatic or manual control mode. The outlet dampers are manually operated only. 

2.4.2.13 Hot Cell Water Detection and Removal. 

All liqiiid s o ~ ~ r c e s  to A Cell through E C ~ l l  have been removed. Air  driven piirnps have been installed in F 
Cell and ( i  Ccll to  transl'cr ail) accumulalcd water 10 TK-IOO. The air pump c o n ~ r o l i  arc located next tc? thc F Cell 
and G Cell windows. 

2.4.3 Canyon 

The 225-B Building Canyon is approximately 6.7 m (22 ft) wide by 3 I m (101 ft) long by 6 m (20 ft) deep. 
The walls ofthe Canyon are constructed from 46-cm (18-in.) thick reinforced structural concrete, except for the 

lower 4 m (I3 ft) of the north and east interior walls, which are 76 cm (30 in.) thick to provide radiation shielding 
for the adjacent AMU Area and Manipulator Repair Shop. 

The canyon is accessible from the AMU Area through a shielded personnel entry door and from the 
Service Gallery to a stairwell leading to the access hallway. Both access doors are contained in an air lock. An 
outside access door is also provided at the west end of the Canyon for an emergency exit only. 

Canyon operations can be viewed from the AMU Area and Manipulator Repair Shop through four 
windows in the interior walls of the Canyon. The windows are dry-type (no oil), lead-glass and provide the 
equivalent shielding of 76 cm (30 in.) structural concrete. 

The canyon provides access to the Hot Cells, Truckport and Pool Cell Area by means of removable 
high-density, stepped cover blocks. A 13,600-kg ( I  5-ton) capacity, remotely operated crane, capable of traveling 
the full length ofthe Canyon, removes the cover blocks and handles equipment. A decontamination and 
maintenance area for the crane is located at the east end of the Canyon. 

A remote-control television system mounted to the crane allows the crane operator to observe the 
movement of the crane hooks and the load using a television monitor located in the AMU Area. 

The Canyon is designed to a 0.25 gravity DBE and exceeds the SDC 4.1, Rev. 12, (DOE-RL 1993), 
I seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al. 1999). 

2.4.4 Service Gallery 

The Service Gallery is approximately 3 m (IO A) wide by 25 m (83 ft) long. It is used to service the hot 
cells from the rear side and contains some of the auxiliary cold (non-radioactive) process piping. Access to the hot 
cells from the Service Gallery is provided by transfer drawers (in A, F, and G Cells) and by personnel entry doors 
(in A and G Cells). Both personnel entry doors are located in air locks (A and G )  at each end of the Service Gallery. 
The Service Gallery may be accessed from the Truckport and the access hallway by remote electrically operated 

switches. 

Loads of filled laundry bags (some laundry bags contain contaminated clothing) and plastic sheets used to 
cover the floor during cleaning or maintenance work are temporarily stored in the Service Gallery. 

The Service Gallery is designed to a 0.25 gravity DBE and exceeds the SDC 4.1, Rev. 12, (DOE-RL 1993), 
I seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al. IWI). 
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2.4.5 Operating Gallery 

The Operating Gallery is approximately 6.7 m (22 ft) wide by 25 m (83 ft) long by 4.8 rn (I6 ft) high. The 
Operating Gallery is accessible from the Support Area, elevator, Cold Manipulator Shop, Pool Cell Area, and 
HVAC Room. Remote work in the cells is accomplished with master-slave manipulators operated from the 
Operating Gallery. The hot cell instrumentation control panels are located adjacent to the manipulator operating 
areas. In the event of a manipulator failure, the manipulator is pulled from the hot cell wall by an overhead trolley 
and moved to the Hot Manipulator Shop, which is located adjacent to and east of the Operating Gallery. 
Replacement manipulators are inserted into the cell using an overhead trolley. Lead-glass windows are provided for 
direct viewing of the interior of each hot cell at the Operating Gallery level. A non-shielding window for viewing 
the Pool Cell Area is located on the west wall. 

All areas of the Operating Gallery, except the Pool Cell Monitoring Area are designed to a 0.25 gravity 
DBE and exceed the SDC 4.1, Rev. 12, (DOE-RL 1993), seismic design criteria of 0.20 gravity DBE for safety class 

I seismic loads (Wagenblast, et al. 1999). The Pool Cell Monitoring Area structure is designed to UBC Seismic Zone 
2 and meets the SDC 4.1, Rev. 12, (DOE-RL 1993), seismic design criteria of UBC Seismic Zone 2 for safety 
significant seismic loads (Wagenblast, et al. I999). 

2.4.5.1 Supervisory Room. 

The supervisory control area occupies a 2 m (8 A) wide by 4.3 m (I4 ft) long by 4.8 m (I6 ft) high recess 
on the north wall of the Operating Gallery. This area contains the critical instrumentation for surveillance of the 
building. The Supervisory Control Area structure is designed to a 0.25 gravity DBE and exceeds the SDC 4.1, Rev. 
12, (DOE-RL 1993), seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al. 

I l999). 

2.4.5.2 Pool Cell Monitoring Area. 

The instrumentation for control and surveillance of the Pool Cell Area is located in a 3.6 m (12 ft) wide by 
7 m (23 ft) long by 4.8 m ( I6  ft) high room that is accessible from the Operating Gallery. Specific monitoring 
equipment is addressed in Sections 2.4.10.1 through 2.4.10.3. The Pool Cell Monitoring Area structure is designed 
to UBC Seismic Zone 2 and meets the SDC 4.1, Rev. 12, (DOE-RL 1993). seismic design criteria of UBC Seismic 

I Zone 2 for safety significant seismic loads (Wagenblast, et al. 1999). 

2.4.6 Aqueous Makeup Area 

The AMU is on the second floor of the 225-8 Building and contains several tanks that are no longer used, a 
manipulator storage area and a 3,785-L (1,000-gal) storage tank for deionized water. The AMU is an L-shaped area 
with maximum dimensions of23 m (75 ft) in the east-west direction and 14.0 m (46 A) in the north-south direction. 
This area is accessible from the first floor stairway, elevator, Manipulator Repair Shop, B Plant Operating Gallery, 
and outside access door. The AMU also contains a 3.7-m (12-ft) by 12.0-m (40-A) mezzanine that is located above 
the Transmitter Rooms and accessed by a staircase or ladder. The mezzanine contains several tanks that are no 
longer used and a 2,271-L (600-gal) tank for decontamination solution makeup. 

The canyon can be viewed from the AMU Area through two lead-glass windows. The canyon can be 
entered from the AMU Area by a shielded personnel entry door and air lock. 

The AMU Area is designed to a 0.25 gravity DBE and exceeds the SDC 4.1, Rev. 12, (DOE-PL 1993), 
I seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al. I OLI9). 

2.4.6.1 Transmitter Rooms 

Two Transmitter Rooms approximately 4.5 m (15 ft) wide by 3.3 m (1 I ft) long by 3 m (9 A) high are 
located beneath the AMU mezzanine on the second floor of the 225-B Building. They house inactive piping and 
instrumentation connected directly to the hot cells. Wlien W E S t  w a s  processinx. these Transmitter Rooms 
provided shielding and confinement in the event of a contaminated process solution drawback. These rooms 
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I currently provide no t i n c t i o n  

2.4.1 HVAC Room 

The HVAC Room is approximately 9 m (30 ft) wide by 11 m (35 ft) long by 3.6 m (12 A) high and located 
on the fust floor of the 225-B Building. The HVAC Room contains the ventilation supply equipment and the 
backup air dryer for the building except for the Pool Cell Area. An equipment door for maintenance and for access 
to the elevator is located on the north side of the building. The HVAC Room is also accessible from the elevator, 

I Operating Gallery, and Support Area. 

The HVAC Room is designed to UBC Seismic Zone 2 and meets the SDC 4.1, Rev. 12, (DOE-RL 1993), 
1 seismic design criteria of UBC Seismic Zone 2 for safety significant seismic loads (Wagenblast, et al. I OW). 

2.4.8 Hot and Cold Manipulator Shops 

The manipulator decontamination area is located on the east end of the first floor of the 225-B Building 
and is accessible from the Operating Gallery and the access hallway. The area is partitioned into two sections with a 
large access door contained in the partition, the Cold Manipulator Shop and Hot Manipulator Shop. These rooms 
a re4 .5m(15f t )by7 .6m(25  f t )by4.8m(16ft )and4.Sm(ISft )by6.1  m(20ft)by4.8m(16ft),respectively. 
Manipulators are moved into and out ofthese areas by an overhead trolley system. 

Loads of tilled laundry bags (some containing contaminated clothing) and plastic sheets, used to cover 
I equipment to prevent contamination during maintenance work, are temporarily stored in the Manipulator Shops. 

The Hot and Cold Manipulator Shops are designed to a 0.25 gravity DBE and exceed the SDC 4.1, Rev. 
12, (DOE-RL 1993), seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al 

I I909) 

2.4.9 Manipulator Repair Shop 

The Manipulator Repair Shop is 7.3 m (24 ft) wide by 15.8 m (52 ft) long by 6.1 m (20 A) high and is 
located on the second floor west of the AMU and north of the Canyon. It is accessible from the AMU and from a 
door to the roof. Decontaminated manipulators are placed on a transfer cart and taken by the elevator to the 
Manipulator Repair Shop. Spare manipulators may be stored in the Manipulator Shop or in the manipulator storage 
enclosure at the east end of the AMU. 

The Manipulator Repair Shop is designed to a 0.25 gravity DBE and exceeds the SDC 4.1, Rev. 12, (DOE- 
I RL 1993), seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al. 1999). 

2.4.10 Pool Cell Area 

The Pool Cell Area has 12 pool cells, which provide underwater storage for the strontium and cesium 
capsules. It is located on the west side of the 225-8 Building. 

Pool Cell 1 is 2.7 m (8 ft 9 in.) wide, 6.6 m (21 A 9 in.) long, and 5.5 m (18 ft) deep. Pool Cells 2 through 
11 are 1.3 m (4 ft 5 in,) wide, 6.6 m (21 ft 9 in.) long, and 5.5 m (18 ft) deep. Pool Cell 12 is I m (3 ft) wide by 
19.8 m (64 ft 11 in.) long by 4.7 m (15 ft 6 in.) deep. The south end of Pool Cell 12 contains a cask pit 1.3 m (4 ft 5 
in.) wide by 2.3 m (7 ft 5 in.) long by 5.5 m (18 ft) deep. A l l  pool cclk l iavc liilcrs constructed o r  I 6  gauge type 
304 stainless steel at  tlie sides and I4 gauge type 304 stnitiless b t w l  flooring. ‘ Irarisfer poim connect 1’001 Cells I 
t l i rou~l i  1 I IO I’ool Cell I?. A traiisl‘cr 1port is a ball v a l ~ c  (identilied as PC I?-PCX-I whcre X is the pool ce l l  
transfer pon) tliiit can be openell and closed to transfer capsules or water between each o f  the pool cells and I’voI 
Ccll 12. The 1r;insli-r porl i’i loca1c.J approsiin;tlel? I 111 ( 3  It) a h v c  l l le  pilo1 cell Iloiir. Altliough all pool Cells, 
escepr I’ouI Cell 13, are dcbigned foi. cover bluck iitst:illatiuii, cover blochs are not noi-mall? instnllrd on pool cel ls 
that 51ore c a p u l c s  IO prevent potetilial claiiiage to i l i c  capsules i lw 10 a cover block drop. Pool Cells X tliroiiSh I I 
do riot store c;ipsules aiid e:icIi Iiilve three 76-cnl (30 in.) th ick  coticrrte cover blocks installed. 1’001 Cell I has one 
76-cii i  ( 3 0  in.) covcr blocl i  installed. Cover blochs imny he inslnllcd 011 21 pool cc l l  containing capsuI~‘s i l l  respoiise 
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to an emergencq (e.3.. loss of capsule intcgrit! ), 1 . k  pool cell5 3150 ti;ive ii ni:iiiiteiiiiiice pliitform fhr perforinitig 
mi>intenaiicc on ~ l i c  pool c e l l  hmt cxcli.itiycr(s) and otlicr pool c e l l  s?s tems .  Tlic dcsiyn o f  the platform is such t1i:it 
ir cannor f i t  inro a pool cell regardless o f  orienrarioii. 

There are three personnel access doors (approximately 1 m by 2 m [3 ft by 7 ft]) in the Pool Cell Area. An 
access door to the Truckport is located on the south wall, an access door to the outside is located in the northeast 
comer, and an access door to the Operating Gallery through an airlock is located on the east wall. 

A motorized catwalk approximately 7.6 m (25 ft) by 1.2 m (4 ft) is located over the pools and can travel 
the full length of the Pool Cell Area. This catwalk provides access to each of the pool cells for capsule inspection, 
movement, and maintenance activities. 

A bridge crane with a 9,100-kg (IO-ton) capacity is used in the Pool Cell Area to move equipment as 
necessary. 

The Pool Cell Area structure, pool cell water removal lines (110 longer nctiw.). pool cell circulation lines, 
and load bearing components on the crane are designed to a 0.25 gravity DBE and exceed the SDC 4.1, Rev. 12, 
(DOE-RL 1993), seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al. 

I 

I 1999). 

2.4.10.1 Pool Cell Leak Detection System 

Each pool cell has a sloped leak collection system under the liner. Each system (fur I’uul Cell5 I - I I)  drains 
to a collection sump located in the pipe tunnel, to the west of each pool cell. Tlic liiicr Ibr Pool Cell 5 is hiionii 10 
have a verq iiiiiicir leak thur dritins t i1 the 1’001 Cell 5 collcctiun suirip. Pool Cell 12 has two sumps, one located to 
the east and 1111‘ othcr located to tl ic southwest o f  Pool Cell 12. The pipe tunnel consists ofthree sections, 2.3 m (7 
ft 6 in.) wide, 22 m (71 ft 6 in.) long and 3.7 m ( I  1 ft .< in.) deep; 1.1 m (3 ft 7 in.) wide, 7.2 m (23 f t  9 in.) long and 
3.7 m (11 II -3 in . )  deep; and 1 m (3 A) wide, 1.3 m (4 ft 4 in.) long, and 1.0 m (9 11 6 111.) deep. 

The collection system in Pool Cell I consists of a central trough running the length of the pool cell with IO 
troughs feeding the central trough from each side. A 2.5-cm (I-in.) drain line at the west end leads to the collection 
sump. The sumps are 5 I cm (20 in.) in diameter and 3 I cm (12 in.) deep, with the top of the sump 8 cm (3 in.) 
below the cell liner. A 2.5-cm (I-in.) line extending from 1 cm (1/2 in.) above the sump bottom to below the 
grating on the west side ofthe pool cell is used to remove any leak water from the sump. A 15-cm (6-in.) line 

conductivity probe used to detect water collected in the sump. The sump and lines are 304L stainless steel. 
I extending from 28 cm ( I  1 in.) above the sump bottom to above the Pool Cell Area trench floor houses a 

Pool Cells 2 through 1 1  each have a main collection trough iiear the iiortli side with IO feeder troughs 
Each sump is the same as the one described in Pool Cell 1. 

I 

One of the two sumps in Pool Cell 12 is located on the east side of the pool, approximately on the center 
line between Pool Cells 6 and 7. The pool cell has a single trough running 31 cm (12 in.) from the west wall. The 
north third and the middle third ofthe pool cell drain toward each other where the drain line to the sump is located. 
The 2.5-cm (1-in.) line for transferring water from the sump is in the wall between Pool Cells 6 and 7 and ends 
below the grating on the west side of the pool cells. The second sump is located south of Pool Cell I and west of 
the cask pit portion of Pool Cell 12. This sump collects water from the south third of the transfer aisle part of Pool 
Cell 12 and from a single trough in the cask pit part of Pool Cell 12. The transfer line also ends below the grating 
on the west side of Pool Cell I .  Cach o f t l i e~c  sumps lias a conductivity probe used to detcct \\ator collected in the 
sumps. The  nate i -  is reiiioved from the mnip 115iiig i t  portable pump. 

2.4.10.2 Pool Cell Water Removal and Circulation Lines. 

Each pool cell lins ai1 abandmxl 5-cm (2-in.) diameter stainless steel water removal pipe extending from 
an open end at I-cm (0.5-in.) above the pool cell floor. A simplified diagram of the water removal, or drain, line is 

I 
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shown in Figure 2-8. Each pipe penetrates the pool cell liner and wall into the pipe tunnel 90-cm ( 3 4 )  above the 
pool cell floor, extends horizontally 2.3-m (7.549, then vertically up 2.7-m ( 9 4 )  where it penetrates (cmhcdded) 
the pipe tunnel ceiling. Facti pool cell also has a 7.6-c111 (3-in) diameter stainlesb steel cii-culation line extending 
IYom 3 dislribution header approziinalely lO-cni(4-in) t iom the pool cell tloor. A siiiiplilicd tliqrain of  lhe 
circillilti~li line is shci\V11 i l l  Figure 2-8. Each pipe pellrtrarrs the poul cel l  liner and \m!I into tllr pipe tllllnrl 9O-cln 
(3-ti) abovc the pool cell kloor. e.\letitls IioriLonlnll) 00-c i i i  (3-li). I l ien vcrticall! iqi 7.7-ni (94'1) !\liere il pcnetrales 
( ~ l r r v r d )  the pipe tunnel crilins siid coniiects to the pool cel l  lieat exch:inser. 

2.4.11 Support Area 

The Support Area consists primarily of the Office Areas and two change rooms located in the 225-B 
building. 

2.4.12 Truckport  

The Truckport, located at the southwest comer on the first floor of the 225-8 Building, is approximately 
3.6 m (12 A) by 11 m (37 ft) by 4.5 m (I5 il). A personnel door and two truck doors (bifold and rollup) provide 
access from the outside. Interior access is available from doors in the Service Gallery and Pool Cell Area. An 
opening in the Canyon deck above the Truckport provides for movement of transport casks and solid waste burial 
containers. Cover blocks normally close this opening. 

The Truckport is designed to a 0.25 gravity DBE and exceeds the SDC 4.1, Rev. 12, (DOE-RL 1993), 
seismic design criteria of 0.20 gravity DBE for safety class seismic loads (Wagenblast, et al. 1999). 

2.5 PROCESS DESCRIPTION 

The current WESF mission is the receipt, inspection, and continued safe storage of the WESF 
manufactured cesium and strontium capsules. Although not a process, the receipt, inspection, and storage activities 
are described in this section because it represents the normal operation of the facility. 

2.5.1 Capsule Receipt 

Capsules are returned from outside facilities to WESF in casks approved by DOE and/or the Nuclear 
Regulatory Commission (NRC). Either the 23,000-kg (254011) capacity installed crane or an approved mobile crane 
offloads the cask onto the crane pad (between the 282-B and 282-BA Buildings). The cask is then placed in the 
Truckport with the transport vehicle or forklift. The cask is moved from the Truckport to G Cell by the Canyon 
crane. The Truckport and Hot Cells are accessed from the Canyon by means of removable cover blocks. In G Cell, 
the capsules are removed from the cask using the manipulators and in-cell hoist. After the capsules are removed 
from the cask, they are decontaminated, if necessary, and inspected. Capsule decontamination consists of a 
mechanical scrub tank supplied with decontamination solution (tri-sodium phosphate) and a rinse with deionized 
water. 

At lliis linic. all leased caprulcs l iave hccn rclurncd to the Ihcility. and WCSF is no1 expected In rcccivc any 
additiunal capsules. 

2.5.2 Capsule Inspection 

Retiiriied capsules that l i i ive iiot been overpacked are visually examined and then gauged using an outside 
diameter goho-go gauge to verify the outer capsule has not bulged. An inner capsule movement test is also 
performed to ensure the inner capsule has not bulged against the inside of the outer capsule. A smear test is 
performed to verify there is no radiological contamination present prior to transfer from G Cell to the pool cells. If 
the capsules pass the examination criteria, they are transferred through Pool Cell 12 to one of the pool cells for 
storage. If a capsule does not pass the inspection criteria, the capsule is either placed in G Cell capsule storage for 
further evaluation or stored in F Cell. 

I 
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Figure 2-8. Pool Cell Circulation and Drain Lines. 
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Figure 2-8% Isometric Drawing of Pool Cell Systems. 
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2.5.3 Capsule Storage 

2.5.3.1 Pool Cell Area. 

Capsules are transferred individually to the Pool Cell Area through a capsule chute between G Cell and 
Pool Cell 12. The capsule transfer chute is equipped with a trolley device for lowering the capsules into Pool Cell 

I 12. The capsule is moved down Pool Cell 12 with a tong, through the transfer port (see Figiire 7-81, to the assigned 
pool cell. 

The normal configuration of the transfer ports between Pool Cells 1 through I I and Pool Cell 12 is closed. 
However, there are several operations in which one or more of the transfer ports are opened. Upon completion of 

the operation, the transfer ports are returned to the closed position. These operations include the following, 

I . 
LCO actions. 

Capsule transfer into, out of, and between pool cells, 
pool cell cooling iipoii 105s ofIir;it cycIi;inger(s), 
Equalization of pool cell water levels, 

Pool Cells 1, 3,4 ,  5 , 6 ,  and 7 are currently used for capsule storage. Each of these pools is tillcd with 
water and contains three capsule storage racks. Capsules are placed in designated positions in the capsule rack with 
the end containing the alpha designation and serial number in the up position. Pool Cells 2 aiid 8 are also iioriiially 
fiilud \bit11 water and i isctl as diieldiiig  pool^. Pool Cells 0 ai id 10 smre coIIected v,a>ic \!aicr (e.g., steam 
condensate) froiii d ie  1'001 Cell Area fur s;iiiiplitig prior to batch discliar:e t o  t he  'I 'reiited t.ftlurnr Disposa t'ncilit!. 
(TEDTI 
hncwii as tlie txiist>s iii>le. i i  used tu tranhfer cap,iiie, he tueet i  pool cel l5 atid Ci Cell iiiid c u i  reniporat-ily store 
capsdes  ii ~ n c c c s ~ a i ~  

Rial C'cll I I (tiorii1:iIl) dr)) coiltailis the pool ce l l  \\ater q L i c i l i t )  ion c x c l i m ~ e  s>steiii, Pool CcII 12. alsn 

2.5.3.1.1 Capsule Design Criteria for Pool Cell Storage. 

Listed below are criteria that a capsule must meet before being placed in a WESF pool cell 

The capsule must be designed for long term storage in water (expected lifetime of facility). 

I 

I 

A helium leak was performed on the inner capsule C I ~  ' l ' ~ ~ x  \I' o\et-pech during production to verify 
containment integrity. 

Cesium capsules with an i i i i ier and outer capsiilc (uc lud ing Typc W overpack capsules) must pass an 
inner capsule movement test. 

The outer capsule o f  capsules \\ l i ich were theriiiiilly 
ring yaugc tcst to eiisiirc Lhwc is no capsulc s\\ellitig. 

The capsule is welded and has no mechanical joints. 

All welds have manufacturing records which document the weld conforms to applicable acceptance 
criteria. 

The capsule fits through the transfer chute on the transfer cart from G Cell to Pool Cell 12. 

The capsule fits through the transfer ports between Pool Cell 12 and any other pool cell 

I 

led (excluding Type W overpacks) can pass a 

I 

The capsule fits in the pool cell storage racks. 
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The capsule must be decontaminated to current Hanford site radiological release limits. 

The capsule must be marked with a unique and permanent identification number 

Capsule handling must be possible with existing equipment. 

I 2.3.3.1.1 Water Level Monitoring. 

The pool cells arc cquippcd n i t h  purge system. cliSl'crcntial pressiirc type \\atel' level  indicators and alariiis. 
'l'lie pool c e l l  water level is displayed in the 1'001 Cell Monitoring )\rea atljilcent to the Operating Gallery. 

2.5.3.1.3 Temperatore Monitoring. 

.The pool cells w e  equipped with water temperatilrc indic:itor:. and alarnis. ' l l i e  pool ce l l  teiiiperature i s  
di>pla?ed iii tl ic Pool Cell  bloniloring Area acljacenl lo thc Operating (iallery. 

2.5.3.1.4 Radiatioit Monitoring. 

See Scclion 2.7.3.2 (4rea Radiation klonilot-s), 2.7.3.3 (Ion Cuchanyc Radiation Monitors), and 2.7.3.5 
(1'001 Cell Beta bloiiitors) for details on the pool cel l  radiatiun monitoring systems. 

2.5.3.1.5 Pool Cell blest Exchanger. 

1.0 I ' K ~ I I O Y ~  the l ieat gene:l.iited by the c;ipsiil~s. Pool Cells I and i tliruugli 7 :ire ex11  equipped with a 
circulatioii pump that circulmcs the pool cell ~ . a t c r  contiouousl) (see Figure 2-8a). A siinplilicd cliagrani o f the  
c i rc i i l i i t i~n line i s  show1 in Figitre 2-8. .The circulated water piisses through a spiral lheilt exchanger for Pool Cells I 
and 3 tliroiifli 7 and is  rctiiriicd 10 thc [pool cel l  11) tlircc distributors 011 the Iinttnni ol'tlie po~>l ccll. Heat i s  rcmo\ed 
iisiiig the pool cel l  closed loop coi~liti: 5ystein u r  backup mce-tllrougli iraw water. 'I'lhe \\:iter in 1'001 Cel l  12 
circuhtcs c o r ~ t i n ~ ~ ~ i i i s i y  bct\\.ccn the opposilc eiicls hut docs 1101 piiss rlirouzli a tical exch;iii;cr. Dcionired uatcr i s  
added to the pool cel ls periodicall) to ni;iint;iin \\;iter l e w l  due to evaporation. 

Radiatioii tletecticii~ iii,triinientatioti is  p~-o\'ideiI ill r i ~ c l i  Ipiiiiip circi i l i i t iw stre:ini. ,\lrliough not required 
\\ater saunples could d s n  he  laken aiid nto~ii~orccl Sbr total Beta. conduclivity and pH. 

2.5.3.1.6 Puol Cell Watcr  Quality ion Eschangc Sjsteni. 

The !\titer l'roni Ponl Cells I and 3 through 7 i s  periodically diverted to a dc ion i~ ing  s)stelii. The water i s  
filtered prior to entering the ion-exchange colunin(s) conta in i~~g technical grade (strong acid-hydrogen forin. strong 
hase-h) droxide liirii1. low-chloridc) mixed-bed ion-exchange resin The dcionizing system removes impurities such 
as corrosion products. disiolved salts. chloride ions. and solid deb,-is. After purification. the stream is  returned 
directly to tlic saii ie pool cell. The conductivil) oftlie purilicd water stream i s  monitorecl lo determine when the 
ion-exchange resin in  the coIunin(s) needs to be repluced. Replacing the ion-exchange resin requires personnel to 
access tl ic cnluii i i ib. For personnel protcclion and ALARA.  an auLoinatic shut-ofl'valvc i s  located in  the 
ion-exchange discharge line to prevent radionctive water fronl t lowing through iind depositing nidioactive isotopes. 
The Seed and return lines ol'llie ion-cxchangc system a l s o  prnvidc a method Snr coiincctiiig the pool cells to each 

other. ' Ihe  circiilatioii pump on one or inore ofthe pool cel ls supplying water lllust be operationill to transfer the 
water to anotli?r pool ce l l  by this method. Due to l l ic d?sign o f t l i e  sqstcoi, a pool cell \vi l l i  na lc r  below 
approsiniatel) 356 c i i i  (140 in.) cannot supply another pool ce l l  with water using this nietliod. A simplified d i a g r w  
oSllie ion esclimgc sqslem i s  shown in  Tistirc 2-Sa. 

2.5.3.2 F Cel l  Capsule Storage. 

The F Cell i s  used to store capsules that do not meet storage pool criteria (2.5.3.1.1). In order to avoid the 
possibility of long-term corrosion associated with the higher temperatures o f  dry storage, analyses (WHC 1 9 9 6 ~ )  
have been performed to indicate the number of capsules that could be stored while maintaining acceptable 
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salt-capsule interface temperatures. The thermal analysis concluded that the number of capsules which equate to a 
total heat release of 4.5 kW, spaced a minimum of 20 cm (8 in.) apart and 20 cm (8 in.) from the floor, can be stored 
dry in F Cell with a ventilation flow of 570 L/min (250 ft'/min). If there is no ventilation flow or less than 
570 L/min (250 ft'/min), 1.8 kW can be stored dry in F Cell. 

2.5.4 Solid Radioactive Waste 

Solid waste generated at WESF is segregated into radioactive or nonradioactive categories. Radioactive 
waste is handled and disposed of as described in the following sections. 

Low-level radioactive waste is collected from areas throughout the facility and either pl;iced iiito a burial 
box os moved to the coinpacliblc coiicx hox and stored until shipped. Most of the material consists of gloves, paper, 
swipes, plastic, broken tools, etc. To avoid any potential for cross contamination, dirty laundry from the change 
room is bagged and stored separately from the radioactive wastes generated elsewhere in the facility. 

2.5.4.1 Routine Low-Level Radioactive Waste. 

Routine low-level radioactive waste originating from the hot cell consists of manipulator sleeves, swipes, 
metal pails, failed equipment, etc. The hot cell manipulators are used to place these small waste items into a pail 
that is then passed through adjacent, more contaminated cells leading to A Cell for final disposal. The \vaslc in A- 
Cell is pacLiged iiito 208.1. (55-gal) driitiis. ' I  n o  methods iirr ii\niliihle to re t i i o le  the \\iiste dsiim(s) fsoin LVESF. 
One method is the Chem-Nuclear Systems (Clicm-Niic) cash and the ( ~ I i c r  is thc Dcparmuiit olTraiispostation 
(1101') 7A Type A con? di tier. 

Cheiii-Nuc Cask. Up to two dsiit i is are reiiioved froiii A-Cell  by tlir c;in!oti c r a w  to one of three disposible hi$ 
inlcgily container (HIC) overpichi slagcil i n  the \\'T.ST caiiyuii. The sca led  H IC is placed iiiio ihc Cliciii-Nuc 
reiisible Ie.od-liiied srwl c d  staged uti a sullins p ldur t i i  iii t he  W t S t  'Iriickpmt. L i p  to t h e e  IIICs can be l ~ a d ~ d  
i i i  the Clicm-Nuc cash. 

T\pc A Conlaiiicr. I111 to l i b <  druiiis asc scii iovcd lroiii A Cell b) i l ic catiyon csmc  niid staged in a 4 li x 4 I t  k 8ii  
ply\\oud box loc:ited uti t l i r  canyon deck. ' I  he pl)\\ood  bo^ i )  t l i ~ i i  p l ~ i c d  inside the ~ C C I  j fr s 5 fr k fr l!pr A 
coiit;iincr and sliippcd. 

2.5.4.2 Non-Routine Low-Level Radioactive Waste. 

Removal of large items from WESF, such as hot cell equipment that cannot fit in a 208-L (55-gal) drum, is 
infrequent and requires special waste management procedures that are prepared in accordance with the requirements 
at the time of the waste removal activity. 

2.6 CONFINEMENT SYSTEMS 

The systems and controls that provide confinement of radioactive contamination within WESF are 
discussed in this section. The majority of the crsiiiiii alii1 strontiitiii radioactive material at WESF is confined in 
doubly encapsulated stainless steel capsules or Typc W orcrpacl<s. The contamination within the facility is the 
result of spills, residual material, and processing vessel heels produced during cesium chloride and strontium 
fluoride production and encapsulation. The majority of contamination is deposited within the hot cells and the K-3 
ventilation system ductwork. The material is confined by the structural shielding walls ofthe hot cells, the 
ventilation system ductwork, and the HEPA filters. 

2.6.1 Capsules 

This sccliuii \\ill dcscribc hoih  t l ic  WEST dotllil) cncalisulaccd capsulcs atid i l i c  Tbpc-W overpack 
capsules. 
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2.6.1.1 WESF Enrapsulnted Capsules. 

The strontium inner capsule and end caps are made of Hastelloy C-276 and the outer capsule and end caps 
are made of 316L stainless steel. Strontium fluoride was added to the inner capsule in increments and compacted 
after each addition. The dimensions of the inner capsule are 5.72 cm (2.25 inches) outside diameter by 48.39 cm 
(19.05 inches) long, including end caps, with a wall thickness of 0.305 cm (0.12 inches). Following the welding of 
the end cap and a helium leak test on the inner capsule, each capsule was welded into an outer capsule. The 
dimensions of the outer capsule are 6.67 cm (2.625 inches) outside diameter by 51.05 cm (20.1 inches) long, 
including end caps, with a wall thickness of 0.305 cm (0.12 inches). For a summary of the strontium encapsulation 
process refer to Section 2.3.1.1. 

The cesium inner and outer capsules and end caps are made of 3 16L stainless steel. Molten cesium 
chloride was cast into the inner capsule. Following the welding of the end cap and a helium leak test on the inner 
capsule, each capsule was welded into an outer capsule. The dimensions of the inner and outer capsules changed 
during WESF encapsulation. The outer diameter ofthe inner capsule was 5.72 cm (2.25 inches) and later increased 
to 6.48 cm (2.55 inches). The wall thickness of the inner capsule increased from 0.24 cm (0.095 inches) to 0.26 cm 
(0.103 inches) to 0.34 cm (0.136 inches). The length of the inner capsule always remained 50.16 cm (19.75 inches). 
The inner diameter of the outer capsule decreased from 6.1 1 cm (2.407 inches) to 6.06 cm (2.385 inches); the outer 

diameter is 6.67 cm (2.625 inches). The wall thickness of the outer capsule increased from 0.28 cm (0.109 inches) 
to 0.30 cm (0.1 19 inches) to 0.34 cm (0.136 inches). The length of the outer capsule always remained 52.77 cm 
(20.775 inches). For a summary of the cesium encapsulation process, refer to Section 2.3.1.2. 

2.6.1.2 Type-W 0wrp:icli C:;ipsiiles 

I 

.4ltliougli [ l ie origin;il capsi i les  \yere desiyied bpecitically f11i cuiitaiiiiiieiit o f the  c e h i i  cliloride in the 
rill coini i icrcial liriiis pciitimcd DOE to ohlain this iiialciiiil Ibi riidiiuion WESF s k ~ i s e  p i 0 1  cnvirwimciii. 

steriliiiitioii ufcoiiiiiit.rci:il ~ p r ~ i c i i i e t ~ .  Ce<iiitii cli lwide c;ipsiiles tutaliiig apprwiiiiarely ;S.OOO.OOO i ' i  " Cs \ \ere 
lcascd to llircc liriiis. 

.. 

A l l  but I 7  ofllic ccsiiiiii cli loiidc caj)sii lc> \\tic iciuriicil direcil? l o  WLSF I ' o I l m ~ i ~ ~ ~  scrvicc a l  the 
commercial iirxdiiitw>, ' I  he 1.3 ciilxiilcb i i ~ t  ~ - e t i i i t i e ~ I  iliiectly t u  LVESt were stureil i n  tiit. ,327 Huildiny oil the 
H a i i I h ~ l  site. I3veiilu;ill) thcsc I ?  capsules, i n  addition to three c a p w l c s  I'uriii LVLST, wcrc oicrpachsd \bit11 an 
arlditioii;il outer coiitiiiiiiiiriit tlesign;ired I'ype-\\. 111 i id i l i t io~i  t o  the I6 Wt:SF capsules being placed iii Type W 
overpachs. t h e w  n c i c  scvcii nddilional Type LV o\cipoch ccsiiiiii ciipsiilcs ]produced u l i ich cmilaiii rciniiaiits from 
desti-iicrive WESF capsule resting. liiusr puuder and pellets. two O a k  IRiclge 'I ype 4 cuiitiiiners. and  10 Nordion 
capsules. 

The Type-W owrpack  is a single capstile madc l ioi i i  3 16L slaiiilcss stccl cndcaps aud tubing \villi a 
niaximiiiii outside diameter of 8.35-c in  (3.2S-iii.). ii i i i i i i i i i i i i i  inside diameter of 7.48-cni (2.045-in.). and a iiiininiiiin 
Icnglh o fS .OI -cm (21.225.in.). 

2.6.2 Airborne Radioactive Contamination Confinement 

The WESF ventilation system is designed to produce airflow patterns that move air throughout the building 
from areas of lesser contamination to areas of greater contamination. Contaminated areas are maintained at a 
negative pressure with respect to the atmosphere. 

The HVAC system has four separate supply systems and three separate exhaust systems that service the 
major confinement areas in the 225-B Building. In accordance with DOE Order 6430.1A and Heating, Ventilating, 
and Air-conditioning Design Guide for Department of Energy Nuclear Facilities (ASHRAE 1993), WESF is 
divided into three confinement areas: primary, secondary, and tertiary confinement. The definition of the three 
confinement areas is provided by the ,A'otircwc,ioi, . \ I K / < ~ ~ W  .S(!/L)/). Uc,siXu C'riicviu w id  L.qilo.! ii'i'c S&I. CS.iI@ricl 
G U ; ~ ' ,  (1)OE (i 420. I - I ) .  Primary confinement is defined as follows: "Provides confinement of hazardous material 

2-27 



HNF-SD-Wh4-BIO-002 REV 1 

to the vicinity of its processing. This confinement is typically provided by piping, tanks, glove boxes, encapsulating 
material, and the like, along with any offgas systems that control effluent from within the primary confinement." 
The capsules are considered to be primaly confinement barriers. Secondary confinement is defined as follows: 
"Consists of a cell or enclosure surrounding the process material or equipment along with any associated ventilation 
exhaust systems from the enclosed area. Except in the case of areas housing glove-box operations, the area inside 
this barrier is usually unoccupied (e.g., Canyons, Hot Cells); it provides protection for operating personnel." 
Tertiary confinement is defined as follows: "Typically provided by walls, floor, roof, and associated ventilation 
exhaust systems of the facility It provides a final barrier against the release of hazardous material to the 
environment." 

2.6.2.1 K-1 HVAC Supply and Exhaust System. 

The K-1 HVAC system provides ventilation for secondary confinement areas such as the Operating and 
Service galleries and the Truckport. A simplified schematic flow diagram is shown in Figure 2-9. The system 
supplies 100% outside air. The supply air is filtered by 8% and 80% efficiency National Bureau of Standards 
(NBS) filters, heated or cooled appropriately, and distributed through a duct network to the areas shown on the 
airflow diagram. 

The K-1 exhaust system provides ventilation exhaust for the Pool Cell Area, Transminer Rooms, and 
Manipulator Repair Shop as well as for the areas supplied by the K-l supply system. The ventilation flow to the 
exhaust system removes hydrogen from the Pool Cell Area that is produced by radiolysis of the pool cell water. 
This flow-through of fresh air prevents the accumulation of hydrogen gas. 

Air balance control and isolation of the rooms is accomplished by dampers in all supply and exhaust ducts. 
The exhaust of the K-I system sequentially passes through a stage of 8% efficiency NBS filters, a stage of 35% 

NBS filters, and two stages of HEPA filters. One of two redundant fans exhausts the air from the filter banks. The 
I exhaust air then flows to the discharge stack. Standti) power is available to the K-l exhaust system as well as to the 

K-1 supply fan units. Failure of the online K-I exhaust fan (or an overload in the system) automatically initiates 
I action of the st:tiirlh! fan. 

The areas that are ventilated with the K-l system vary in contamination from very low to moderate. Of 
these areas. the Hot Manipulator Shop contains the highest contamination, with levels ranging up to several 

I thousand disintegrations per minute (dpm)/cm'. 

2.6.2.2 K-2 HVAC Supply and Exhaust System. 

The K-2 HVAC system provides ventilation for tertiary confinement areas such as the offices and the 
AMU, which are uncontaminated areas. The system supplies 100% outside air. The supply air is filtered by 8% and 
80% efficiency NBS filters, heated or cooled appropriately, and distributed through a duct network to the areas 
shown on the air flow diagram in Figure 2-9. 

Part ofthe K-2 ventilation supply is directed to the HVAC Room. Because the HVAC Room is considered 
to have no potential for contamination, the exhaust air from this source is released directly to the atmosphere 
through a centrifugal fan located on the roof of the 225-8 Building. 

The K-2 system also provides supply air to the two Transmitter Rooms. The supply air passes through 
HEPA filtration at the inlet to each room. Because the Transmitter Rooms are potentially contaminated, the exhaust 
from these two areas is passed through an additional single-stage HEPA filter before flowing into the K-l exhaust 
system upstream of the existing K-l HEPA filters. The remainder of the K-2 system, exhausts air from the Change 
Rooms, AMU, and assorted office spaces to the atmosphere. With the exception of the two Transmitter Rooms, the 
remainder of the K-2 system is not considered to provide source terms for the transfer of radioactivity to the 
environment. 
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2.6.2.3 K-3 HVAC Supply and Exhaust System. 

The WESF Hot Cells and the Canyon are primary confmement areas and are supplied and exhausted by the 
K-3 ventilation system. The supply air is filtered by 8% and 80% efficiency NBS filters, heated or cooled 
appropriately, and distributed through a duct network to the areas shown on the air flow diagram in Figure 2-10. 

The K-3 HVAC system supplies 100% outside air. All of the K-3 air supply flows into the Canyon. The 
air going to the Hot Cells from the Canyon is drawn through one stage of HEPA filters before it enters the bot cells. 
These HEPA filters are located in the Canyon. Each hot cell has two parallel inlet HEPA filters. I 

Each hot cell has two exhaust paths to a common duct. Each exhaust path has one stage of HEPA 
filtration. After passing through the exhaust filters, the effluent from the cells is combined with the Canyon exhaust 
stream and ducted to the fmal K-3 IHEI’A filters. Even tliougli I IEPA filters are used in several lociitions throughout 
tlie ti-3 s)stcni. only tlic final stagc L-3 lillcrs arc rcqtiired to be maiiilained and testsd as HEPA liltcrs. 

The final K-3 HCPA filters consist oftwo parallel filter housings as shown in Figure 2-10. Each filtration 
housing unit is located in a separate K-3 Filter Pit. Normally, one unit is operating and the other is on standby. 
Only one unit is required to be available to support the BIO hazards and accident analysis. Each filter housing 
contains a system of impingement vanes, moisture separators, heaters, a built-in sump, and two banks of six HEPA 
filters. This system is capable of handling large particulate loading if some contamination from the duct migrates 
toward the filter housings. 

I 

Each filter housing consists of three functional sections; the inlet plenum, the section containing the 
moisture separators and air heaters, and the filtration section as shown in Figure 2-1 1. The separatorheater section 
is partitioned from the bottom to near the top to direct airflow upward through the separators and heaters and 
prevent water from flowing into the HEPA section. The inlet plenum section of the housing contains a plenum 
spray system and water collection sump. Quick-discowects ;ire i iset l  to cwiiirct tlir filter ~pl-a) s!ztem to tlie water 
so~ircc. The K-3 filter housing sump is the low point ofthe K-3 HVAC system. The moisture separator, sump, and 
heaters would he used to accommodate the washdown of the K-3 duct. Thus, the sump u w l d  collect any water 
de-entrained during a duct washdown, and the subsequent rinsing of the inlet plenum, moisture separators, and the 
heaters. The sump is equipped with a water level monitor (air bubbler) and steam jets for water removal. The water 
level monitor consists of two rotometers supplied by 172 kPa (25 psi) instrument air and a high level alarm. The 
filtration section contains two, six-filter sections in series. Differential pressure monitors are in place to check the 
pressure drop across each bank of HEPA filters. 

The K-3 system contains two exhaust fans. Standby power is available to the K-3 exhaust system as well 
as to the K-3 supply fan units. Failure of the online K-3 exhaust fan (or loss of K-3 negative duct pressure in the 

I system) automatically initiates action of the standby fan. The exhaust from the K-3 filter is discharged to a stack 
common to the K-l and K-3 exhaust systems at WESF. 

I 

The K-3 underground exhaust duct and filter pit are designed to withstand a 0.25 gravity DBE which 
exceeds the SDC 4.1, Rev. 12, (DOE-RL 1993), design criteria of 0.20 gravity for safety class (Wagenblast, et al. 
1999). The K-3 filter housing is not seismically anchored within the pit (see Section 3.4.2.I.Z for results of Design 
Basis Earthquake analysis). 

2.6.2.4 K-4 HVAC Supply System. 

I 
The K-4 HVAC system supplies 100% outside air to the Pool Cell Area. The K-4 incoming air passes 

through one stage of 8% efficient and one stage of 35% efficient NBS filters. The air is also treated with 
appropriate heating and cooling by evaporative media cooling before it enters the centrifugal fan for dispersion to 
the K-4 system. The Pool Cell Area is exhausted through the K-l exhaust system, (see Figure 2-9). 
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Figure 2-9. K-1, K-2, & K-4 Ventilation. 
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Figure 2-10. K-3 Ventilation. 
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Figure 2-11. K-3 Filter Housing Elevation view. 
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2.6.2.5 Miscellaneous HVAC Systems. 

2.6.2.5.1 K-5 HVAC System. 

The K-5 HVAC system is a closed loop system that supplies cooling walcr for the 225-B Building K -  I .  K- 
2 ;ind I;-.; \entilation iiipply i i i i i t i  i n  tlir I IVAC rooni and l ias n o  potential for contaniinated ef f luent release. l’hr 
cooled dir is  t h c i i  distribiitcd 10 all arcas oE22jB except Cor l l i e  Pool Ccll Arca. 

2.6.2.5.2 K-6 HVAC System. 

The K-6 HVAC system ventilates the 225-B Compressor Building, which is separate from the 225-El 
Building and has no potential for a contaminated release. No source terms are identified, and no radiological 
treatment of this air is necessary 

2.6.3 Liquid Radioactive Waste Confinement 

Liquid radioactive waste streams generated at WESF are handled and disposed of as described in the 
following sections. 

2.6.3.1 Low-Level Waste Headers. 

The two low-level waste headers provided a collection system for liquid waste from the pool cells, the hot 
cells, and TK-100. .This systriii is now out of  servicr. 

2.6.3.2 Low-Level Liquid Waste Collection Tank. 

TK-100 is a 15.000-1. (+.00O-gal) stainless steel 1011 level waste collectiori tank contained in a reinforced 
concrete pit with cover blocks. Wa~er  culleclod iii TK- 100 is  transkrrcd 10 n tankcr truch ror disposal. The 
iiiii,jorit> of liquid waste effluents tha t  flow into the tank by gravity drain are from the following sources: . . . 

I .  

I .  

I *  

. . 

. . 

. . . . . . . 

AMU tanks and floor drains 
Personnel decontamination room sink and shower 
Transmitter Rooms 
Exhaust Stack drain 
K-l exhaust filter building floor drains 
K-3 Filter Pits 
K-3 tilter unit sumps 
Hot Manipulator Shop floor drains 
Canyon decontamination sink 
TK-50 pit Iloor drain 
Crane maintenance platform floor drain 
Operating Gallery floor drains 
Service Gallery floor drains 
Truckport drain 
Cold Manipulator Shop floor drain 
Canyon floor drains 
Manipulator Repair Shop floor drains. 

,Additional suiirces include water fi.orn F and G Cells. water collectetl i n  1’001 Cells 9 and 10 ( i f  
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I 2.6.3.3 Pool Cell I3:1rhii[i Cooling Water Discharge Line. 

Nomtal  pool cell cooling is provided througli :I closed loop systeiit (see sectioii 2.9.2). Ifthe closed loop 
coolin; systciii is un~i~oi1;111k. an alt t r i ia lc oticc-~ltr~~ugl~ cooling sys~ci i i  is a\oi la lMt usin2 rav water and IIw 
elistins p~j,ol c r l l  tieiit excliaitger,. I l ie  olice-tliroii:ti KI\Y \Later  s)stent d i s c h a r p  t o  the ‘Treated Elf luent Disposa 
l’acility (TEDF)  vili Litic [I. 

2.6.4 Radiation Confinement Provided by the Facility Structure 

2.6.4.1 Hot Cells. 

To provide radiation shielding, the north and south walls of all the hot cells and both east and west walls of 
A and G Cells are 89 cm (35 in.) thick, high-density 3,770 kgim’ (235 Iblft’) reinforced concrete for personnel 
shielding, The walls between B and C, C and D, and E and F Cells are 5 I cm (20 in.) thick and are constructed 
from reinforced structural 2,400 kdm’ (150 Iblft’) concrete. Shielded viewing windows are provided for 
observation of work being done remotely in the cells. 

2.6.4.2 Canyon. 

The walls of the Canyon are constructed from 46-cm (18-in.) thick reinforced structural concrete, except 
for the lower 4 m (13 ft) of the north and east interior walls, which are 76 cm (30 in.) thick to provide radiation 
shielding for the adjacent AMU and Manipulator Repair Shop Areas. High-density, concrete-stepped cover blocks 
for the Hot Cells, Truckport, and pool cells are also located on the floor of the canyon. 

2.6.4.3 Hot Pipe Trench. 

Tlic 1Lt.SF Iiot p ipe trei ic l i  \KI, iiwd t o  t i .ai ider wlutioiis het\veen H 1’I:iiit ;ind LL’ESF. Tl iese line5 have 
iio1 bwii uscd siiict LVCSr co~ i i p l c t c i l  c n c n ~ ~ s ~ ~ l i i ~ i ~ i ~ i  lpr<vxsscs in l 9 S 3 .  Tlic lints l i avc  beat c:ippt:d iii B Plan1 

2.6.4.4 Pool Cell Area. 

Water is maintained in active (containing capsules) pool cells as the primary radiation shield. During an 
emergency, concrete cover blocks 76 cm (30 in.) thick are available for installation on pool cells if needed. 

2.6.4.5 Transmitter Rooms. 

Two Transmitter Rooms are located in the AMU Area below the mezzanine. These rooms contain 
instrumentation connected to the 1io1 cell process vessels. These rooms provided area isolation in the event of a 
contaminated solution drawback through the instrumentation piping dur i i is  processing. Viis piping and 
iiistriiiticiitilli(rti l iar i i m v  b t c n  nhnndoiicd i n  plocc. 

2.6.4.6 Viewing Windows. 

Shielded windows in the Operating Gallery are designed to provide maximum in-cell viewing of work 
being conducted in the hot cells. The windows provide radiation shielding equivalent to 89 cm (35 in.) of 
high-density concrete, 25 cm (IO in.) of 3.3-density glass on the cell side and 40 cm (15.6 in.) of 6.2-density glass 
on the Operating Gallery side providing a total of 3.3 density meters (130 density in.) ofglass. An oil barrier 
separates the glass sections. 

Canyon crane operations can be observed through four viewing windows in the Canyon wall at the AMU 
level. The viewing windows provide the equivalent shielding of the adjacent 76-cm (30411.) structural concrete 
wall. These windows are dry (non-oil) type lead-glass shielding windows. 

2.7 SAFETY SUPPORT SYSTEMS 

The WESF safety support systems are the Fire Protection System and the Radiation Protection System. A 
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criticality control system is not required. 

2.7.1 Criticality Monitoring 

According to the Compliance Assessment and Implementation Plan for DOE Order 5480.24, Nuclear 
Criticality Safety, Statement of Non-Applicability, WESF is exempt from criticality control, since the facility 

I contains no fissile material. As identified I INF-1'130-334. C'ri/iw/i!i, S ~ f i q  &mw/ ~ ' , ~ / / ~ i ~ ~ , ~ ~ , ~ , , , / . ~ ,  WESF is also 
exempt from implementing a criticality management program, therefore, no further discussion of criticality is 
required. 

2.7.2 Fire Protection System 

The WESF fire protection provisions are designed for the particular building conshuction, occupational 
. usage, and potential hazards of each area. 

2.7.2.1 Building Construction. 

The building exterior and interior solid concrete walls and roof have an estimated fue resistance rating of at 
least 4 hours (UBC 1991, Section 43). Concrete construction of this type is classified as Type I(443) Fire-Resistive 
construction in accordance with NFPA 220 [I992 ed., paragraph 3-11, However, because portions ofthe structure 
consist of unprotected steel (e.g., truck port) the overall construction classification of the structure is Type I1 (000), 
unprotected, noncombustible. 

The interior walls of WESF are constructed of concrete (ncep t  lor t l ic Ipartiiioii t ict\vccn ilic Hot 
Pilanipiilaror Slioii aiid Culd Ilanipiilntor Shop. tlir pi r t i t imi  bet\ \eei i  t l ie Ahl lJ atid t l ie hlanipul;itor Repail- Shop. 
mil lhc Arm 1 p:irtilions). The floors are reinforced concrete slabs covered with vinyl tile in some locations. The 
walls are classified as Class A in accordance with NFPA Standard 255, Standard Method of Test of Surface Burning 
Characteristics of Building Materials (NFPA 1996). The floor is classified as a Class I interior floor finish in 
accordance with NFPA Standard 253, Standard Method of Test for Critical Radiant F l u  of Floor Covering Systems 
Using a Radiant Heat Energy Source (NFPA 1990). The interior finish complies with the criteria in the NFPA 
Standard 101, LifeSafep Code (NFPA 1994). 

2.7.2.2 Fire Detection Systems. 

Two kinds of fire detectors are used either alone or in combination in the 225-B Building: ( I )  
ionization-type elements responsive to products of combustion and, (2) fixed-temperature, rate-compensated 
elements. Electrical signals from the fire detectors are transmitted to a central fire alarm panel located in the main 
entrance corridor. The central panel will initiate an audible alarm system throughout the buildings. The alarm 
system can also be activated by flow alarm switches installed in the sprinkler system piping. The fue alarm signals 
are transmitted to the 200 Area central fire station. 

The fire detection and alarm system is capable of electronically supervising its own operation and 
providing trouble signals for loss of electrical power, open circuits, or other problems that could affect the operation 
of the system. The system also provides battery power for approximately 60 hours of operation upon loss of 
electrical power. 

2.7.2.3 Fire Sprinkter Systems. 

The Support Area. HVAC Room, Operating Gallery, Service Gallery. hlanipulator Shops. and AMU Area 
are protected with a wet pipe automatic sprinkler system that alarms, when activated, directly to the Hanford Fire 
Department (HFD). Portable fire extinguishers are located in the building in accordance with code practice. 

2.7.2.4 Hot Cell Fire Protection Systems. 

I 

F niid (3 cel ls  are equipped with a manually activated water spray system actuated from the Operating 
Gallery. The manual system consists of fixed and manipulator-directed spray nozzles. The spray ring for G Cell is 
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supplied by a I-cm (UZ-in.) raw water line from the WESF Service Gallery. F Cell is supplied from deionized 
I water. A heat detection system is provided in each hot cell which alarms within the building and directly to the 

HFD. 

The fuel loads are such that the structural integrity of the hot cells is not threatened by the fire scenarios 
without sprinkler activation. The severity of the potential fire is not of sufficient duration or intensity to cause 
damage to structural concrete around the Hot Cell or Canyon or to cause thermal damage to ventilation exhaust 
filters not located in the hot cell. The hot cells comply with NFPA 101 (1994) criteria for a building without 

I sprinkler protection. (Mertz 199%) 

2.7.2.5 Truckport  Fire Protection Systems. 

The Truckport area is equipped with an automatic wet-pipe sprinkler served from the sanitary water 
supply. When activated, the system provides an alarm within the building and directly to the HFD. 

The Truckport is coiislruckd linin 20-ciit 10 50-citi (8-it1 Io 12-iti) lliick coticrclc and the entire Canyon 
above the Truckport is constructed from 46-cm (1  %in.) thick reinforced high density concrete. The impact of an 
uncontrolled combustible liquid oil fire would be to damage the structure and equipment. It is certain that extensive 
damage would occur if the sprinkler system did not operate. Even though sprinkler protection would not be 
expected to extinguish the fire, the cooling effect of the sprinkler discharge is expected to reduce the intensity of the 
fire, limiting the damage to the structure and control the spread ofthe fire to other combustible items. It is expected 
that the overall integrity ofthe concrete structure would be maintained with minimal damage. A fire in the 

I Truckport would not structurally damage the Canyon. (Mertz 1998.) 

2.7.3 Radiation Detection Systems 

Radiation detection instrumentation is installed throughout the WESF facility for personnel protection and 
effluent monitoring. 

2.7.3.1 Airborne Contamination Sampling and Monitoring. 

Several different types of sampling and monitoring devices are used at WESF to ensure confinement of 
airborne radioactive contamination. 

2.7.3.1.1 Air Samplers. 

Air samplers sample the airstream or working area by drawing a metered flow of air through a filter. The 
filter is retrieved periodically and the radioactive content is measured after an appropriate delay time to permit the 
decay of naturally occurring isotopes. 

2.7.3.1.2 Air Sampler with Count-Rate Meter and Alarm. 

The K-l filter air samplers are provided with a radiation detection instrument that monitors the filter media 
and indicates the amount of beta-gamma radioactivity using a count-rate meter. The K-1 filter air samplers have 
been provided with an audible and visual alarm. 

2.7.3.1.3 Continuous Air Monitor. 

The CAMS have either local or remote sampling capabilities. Both the local and remote alarms are 
initiated if the betdgamma radioactivity of the air sample exceeds a predetermined value. All CAMS in WESF also 
have recorders which continuously record activity. 

2.7.3.1.4 Airborne Discharge Monitoring. 

A multi-nozzle sampler in the WESF stack performs constant flow sampling and monitoring with a CAM. 
A record sample is achieved with a fixed-head sampler coupled to a conventional gas flow meter which records the 
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total gas flow sampled so that concentration values can be determined. There is continuous monitoring of the air 
stream with both local and remote alarms as required for a nnjor stack. 

2.7.3.2 Area Radiation Monitors (ARMS). 

The ARMS are geiger-muller detectors which monitor for gamma radiation throughout the facility 
including the Pool Cell Area. 

2.7.3.3 Ion Exchange Radiation Monitors. 

The ion exchange radiation detector is located between the ion exchange resin beds in Pool Cell 11. This 
geiger-muller detector monitors for gamma radiation accumulated in the resin columns. Upon alarm, the ion 
exchange system is shut down to minimize radioactive material from accumulating on the resin columns. 

2.7.3.4 K-3 Filter Radiation Monitors. 

There are four independent detectors in the K-3 filter pits. The geiger-muller detectors are located adjacent 
to the east and west filter housing inlet sections and HEPA filter sections to detect and measure gamma radiation. 

2.7.3.5 Pool Cell Beta Monitors. 

Beta monitors are located in pool cells that store or could potentially store capsules (Pool Cell 12 currently 
has :I p i m a  moilitor instead). Each detector monitors a sample line from the circulation pump and passes it into a 
sample chamber composed of a cerium crystal and photomultiplier tube. The monitor is designed and calibrated to 
detect gross beta radiation in the pool cell water providing early indication of a capsule leak. A sinipliticd diagi-m 
olllic 1 p i 1  ccI I  bcta iiio~iitor sqstein is sliowii iii Figire 2-Sa. 

2.8 UTILITY DISTRIBUTION SYSTEMS 

2.8.1 Electrical Systems 

The Bonneville Power Administration grid supplies the Hanford electrical distribution loop that in turn 
supplies WESF. Three independent 230-kV sources are available to the loop, which is designed to allow for 
multiple component failure without irrecoverable power loss. From the 251-W substation, power is routed to WESF 
by overhead line C8-L7. See Figure 2-12 for a simplified diagram of the electrical system. The primary and 

I s t m d b y  power sources and the load transfers that occur between these two sources are discussed in the following 
sections. 

2.8.1.1 Primary Power Source. 

A 13.8-kV, three-phase, 60-Hz power line supplied from the existing 251-W substation provides normal 
power. Power at WESF is reduced to 480-V, which is distributed throughout the facility by unit substation C8-S26. 

Three motor control centers (MCC) are located in the HVAC Room of the 225-8 Building, and two MCCs 
are located in the 225-BC Compressor Building. 

2.8.1.2 Standhy Power Source. 

The WESF sttiridby electrical system consists of a 625-kVA diesel-driven generator and two 480-V 
automatic transfer switches (ATS). The generator provides a 480-V/277-V power source and is located in an 
outdoor skid-mounted enclosure located adjacent to the 225-BC Compressor Building. The engine is a 1,725-hp, 
12-cylinder, diesel. Fuel is provided to the engine from a nearby aboveground 4,000-L (1,000-gal) fuel tank. 

I 
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Figure 2-12. WESF Electrical Distribution 
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Upon loss of normal power to WESF, the generator will start after a time delay of approximately 6 
seconds. This delay prevents the generator from starting due to power transients on the grid. When the ATS senses 
the appropriate generator voltage and frequency, the ATS will transfer the load to generator power. This takes 
approximately 20 seconds after the loss of normal power. When normal power is restored, the ATS will retransfer 
the load to normal power after a short time delay of no more than 30 min. This time delay ensures the normal 
power source is stable prior to the retransfer. The generator will then automatically shut down after a cool-down 
period of approximately five minutes. 

2.8.1.3 Load Transfers. 

One of the three MCCs in the 225-8 Building provides normal service to loads not requiring standh) 
power. The other two MCCs in the 225-B Building serve critical loads and are supplied by the ATS from either the 
normal supply or the riniidby supply. Both MCCs in the 225-BC Compressor Building are connected to iioriiial and 
srandby power. Equipment served by the MCCs is restarted in a timed sequence after transfer to the diesel 
generator to prevent high starting currents from overloading the generator. Sequencing times range from 
approximately 15 to 60 seconds, depending on the components being energized, and are based on the time necessaty 
for the starting surges to level off. 

I 

I 

When the generator reaches operating voltage and frequency, the ATS transfers to scandh) power. As soon 
as the ATS has switched, K-l and K-3 exhaust fans, the vacuum pump, and the fixed loads (instrumentation power, 
stand-by lighting, etc.) are energized. Following an additional delay, an air compressor and the refrigeration 
equipment are started. Following a second delay, the refrigeration unit is started, and following a third delay, the 
pool cell circulation pumps are started 

Z.X.1.4 225-U(; C'loscd Lrrop Cooling S?stcrti Electric I'owcr 

I 

Noriiial po\\cr is ~iro~i&xl b) a .I3.S.kV tlircc phase.  OO-Hl pci\\cr l ine sup1'lic.d Iioiii the nittiiig 251-W 
substatiuii. I'ciuer at t l iz  c l ~ i s r t l  loop cooling sy i tc i i i  (CI.CS) ib disisibiiteil tlii-ougliwt the facility h! iiiotor control 
center ??5-B(;-MCC'- I 

Tlic CLCS skitiilb) p o w r  s~r len i  coii~ists i)J':i -375 IiVA tlie.scl i l r i v c ~ i  gciicrnwr arid oiie 480 b o l t  ATS. 
'I lie griieraior Ipro\'idcs ii 4x0 V L I I I  ~ W V W  x>i i rce and is loc:ited in it buildiri: : id j r i~e i i f  t i l  thildiri: 235-HG. LJpon 
loss o i  iiorinal p m v c r  IO [Ill: iacilily. t h e  gcncl.ator \\ill start aitcr a delay oiapprminiatcl~ li\ c sccondh. LVheii thc 
A'l  S w i i e s  [lie :ippropri;ite geiierator voltage 3iid t'reililenc).. the A I 'S \vi11 tfiinrt'er tlir Iilvtus c ~ i i t r c i l  center to 
gc~~cra tor  poncr .  Wlici i  iioriiial p w c r  is restored. l l i c  ATS wi l l  rclraiisicr the Iond 10 i l ie  norninl l p o ~ c r  rot~rcc 
follov iiiz a i l i i irt del:iy. I'liis delay :iswses that iioriiid posver is stable before trmsferritig the load. '11ie generator 
L i i l l  s l i i i ~  diwii Ibllo\ring a short cooI-do\yii pcriod. 

2.8.2 Compressed Air System 

Compressed air is primarily used for instrumentation and ventilation control. Compressed air for 225-B 
Building is supplied by two leased compressors located outside the northeast comer of the 225-BC Compressor 
Building. This compressed air system consists of two oil-free rotary compressors capable of providing 309 cfm of 
air at a gauge pressure of 690 kPa (100 psi). The compressors are normally operated with one unit in the lead 
position supplying all the facility air, and the second unit operates in the lag position and will activate ifthe lead 
unit fails or cannot maintain adequate air pressure. The compressors are connected to substation power and 
provided backup power by the standby diesel driven generator. 

Compressed air from the main header is passed through an air dryer and is distributed throughout the 
facility at a gauge pressure of 690 kPa (100 psi) and 172 kPa (25 psi). 
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2.8.3 Steam Supply and Distribution System 

Steam is primarily used for heating the 2 2 5 - 8  facility. Steaiii i s  also used t v  re i i iobe \\:iter fruni the K-3 
Filter pit and s icn i l i s  and lieiit the ~ri-soilii ini plinspliatc solillion iised Ibr iiianipula~or dccoiitaiiiiiintioii. Stcam i s  
supplied to the facility b? a diesel fired piickage boiler tliiit i s  located uti t l ie WVESF site and opel-ated I>!, Johnson 
Conlruls Inc. 

2.8.4 Water  Supply System 

The Columbia River provides water for the Hanford Site. River water is pumped from the 100 Area 
through underground export water piping to the 200 East Area for use at WESF. 

2.8.4.1 Export Water S)stenis 

Two altertiate piinipitig sui i rce~.  located iii the 100-H and 100-1) ~ i r m \ .  feed the Ehpurt M'kitri- System 
pipelines and probide a rcduiiilnnr s>s!cin as long as the pipelines remain iiit:icI. 

Three electric puiiips localcd at the I S  I -D Punip House in ihc 100-0 Area delivcr Colunibiii Kiver natcr  to 
the 9-1.600.000 I, (I.i.000.000 g1) 182-H t h p o r t  Water SyLteni Ileservoir. 'I I l e x  pumps l i av r  a ratril capacity of 
30.747 L/min [ 10.SOO gal min) per pump and a tntal puiiipiiig caplicit? ofZB3.000 L!miii (75.000 :ai,'niin). Thc 
182-H I'iinip l l o i i s e  coniaiiis four piinips each n i t h  22.7 12-I:iiiin (6.000-y:iI tiiiii) capacily and oiie piiii ip wit11 

11.352 L:tiiiii (3.lll)O-gal'niiii) capacit!. These piiiiil) \ \ a t c r  I h i  ilic rcscrboir i n l o  d i e  k p o r t  Water System 
distribution pipeline. 182-H i i I 5 0  h:i\ 1;wr diesel engiiir i l r ivet i  p i in ip.  e;icIi ~.iitcil :it I l..i32 I h i n  (-3.000 gal'niin). 
n l i i c l i  serve a \  haehiip piiiiiliitig i i i i i t i .  

Tlirec clcctric 1puiiip( located at I h i .  I S  I-[) Pump H i w c  iii tlic 100-D .Area d c l i ~ c r  Coluinhia Kivcr \ \atpi to 
the 50.781.178 I, ( !5.O(J0.000 ~ d l )  181-1) t.xp~w1 Watcr C;>steiii l<cxr \o i r .  'I'I?c\e punqn have ii rated cnpncity of 
49.2 10 L:iiiiii I 13.000 gnl ' i i i i i iJ ]per p i i i p  i m d  a t i i ln l  Iiuiiiliiii: q u c i t )  oi'79.000 +il iiiiii. The 1x2-D Pump Huuse 
cont;iiriz t i \e piinips ~i t e t l  ;it 7.171 I.' i i i i i i (b.oon :.il'niiti) lper lp i i i i i i .  'I I i e w  piiiiip \\;iter fi.0111 r l ie  rcsrr\i!ir in tu  the 
C\por t  M'atcr System d i ~ i h i i t i n i i  ~pipcl i i ic. 

The electric pumps iii llic 100-[) i\rca arc the iior~iiii l liacl,up s!slciii IO t he  100-0 Area pimps with tl ic 
auxiliary diesel puiiips a\ t l ie secoiid le\el backup rystciii. 

Export \!:iter froiii IOO-H or 100-1) A r ~ ; i  sites is  i i i i i i iped tlrriiugli 107-ciii (42-iii.! l i l i es  10 the I9l)I-Y Area 
At IOOI-Y, the l ines ~ i i c c I  aiid i l i \  idc into t \ v o  SO-cm (30-ii i .) l i l ies l l ial  arc tlicn routed 10 the 2001-Y Area. At 

2001-Y. tlir l i l i es  i i i ee t  a i i t l  tlirii i l iv ide one tin:il t ime.  Fro111 3'101 - Y .  rlierc are t \ \ u  6 l - c i i i  (2-I-in.) l i l ies riintiing to 
200I: and one 51-ci i i  (24-in.) liiic to 2OOW All \\atcr l i l ies arc pro~it lcd \ b i l l 1  \:ilvcs l l i a t  can be iircd L o  isolatc 
re5erviiirs ancVor pipslines to eiisi ire a soiircc oF\v;itel- to the viiriiius Iuc;iti(iiis. 

The Export Water Systeiii still-aye aiid pii i i ipi i iy systems are Iiiunitol-ed and controlled froin each 
poiiipliousc. Prcssurc and flow iielivercd to 200-E iitid 200-W are ccntrally monitorvtl from thv  2x3-W 
Cotitrol Rootii. 

2.8.4.2 Water  Distribution. 

The WESF water system consists of sanitary, deionized, raw, and the deep well systems as described in the 
following sections. 

I 2.8.4.1.1 Sanitary d e r  System. 

Sanitary (Potable) h'ater Ibr 200L iiiiil 2OOW i s  p r o d ~ ~ c c d  iii l l ic 283-\\' Water Filtration I'luiit. The 2x3-E 
Water FiltI;ition Pkiiit i s  cui-I-ently sliiit t l w  II aiid being iiiaiiitained iis :I i i iaiiiten:ince enierymcy backup for the 
ZX;-N' Watcr Fi l tmioi i  Plait.  1OOE and 2001V Saiiitnry Water Sbstcini  arc tied tozelhcr throu$ a 13-inch 
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distribution pipeline. 

Sanitar) Water for normal use in 20OW is stored in R 1.514. I65 I, (400,000 gal) underground clearwell 
sLsteiii consisting o f t u o  757,082 L (200.000 gal) cmicrcte tanks adjacent to i l ic 2S3-W biiilding. 2OOC Sanitar? 
Water is stored in a similar system adjacent to the 2s.;-E building. 

There are J Sanitary Water Systeni distribution pumps in 78.3-E and  in 2s;-LV. racl i  \\it11 3 capacity of 
1.000 galhiin. for tutal of8,OOO gl!min capacity. 

The Sanitnr) Water System in each a m  supplies a 4.162.400 L (I .100.000 gal) Euier~ency Saiiitar) W'ater 
reservoir (.283-EA iii 200E and 283-WA in  200W). In  the 2S2-t:C pumphouse there is  an hiiergenc) Sanitary 
Water System Pump (Fire Pump), will1 a 17.078 (4.500 gal) per i i i i i i i i tc capacit?. In the 283-h'C pitniphouse there 
i s  an Emergency Sanitai-y Water Systein f'unip (Fire l'ump) with a 15. 1361. (4.000 gal) per iminute capacity. N i e r e  
i s  a 378 L (I00 31) per i i i i i i i i te  Scncral service pump in each pumpliousc. 

The 2OOC and 2OOW Sanitar) Water ireatmetit, storagc atid pumping systems are centrail! monitored and 
coiitrolletl from the 283-\V Control Ilooin. 

~I he 200E Sanitai) Water Systeiti distribution piping i s  configured to provide dual delivery to the Southeast 
corner ofD-Plant complex. All  tlic lines are providi.d u i t l i  valves Lhat can hc u w i  in isolate sections of t l ic  
distribution system to ensure :I source o f  water in  the event o f  line problems. 

Sanitary water is used at WESF for drinking, toilet facilities, deionized water production, and a supply for 
the automatic fire suppression system. The sanitary water enters WESF from the north side o f  the facil i ty through -a 
5-cnt (?-in.) supply header which supplies water for drinking and toilet services in the office wing o f the  225-B 
Building and f&xl to the deionized wali'r system. This sy$lein also serves 3s a hackup uatcr sourcc l o  thc pool cel ls 
in t h e  event of :I loss of pool cel l  u%er accident. 

2.8.4.2.2 Deionized Water  System. 

Deionized water i s  generated for use at WESF with a deionized water system installed on the second floor 
of the AMU. There i s  also a 3,800-L (1,000-gal) storage tank (TK-210) in the AMU Area. 

Deionized water i s  used at WESF for several activities including niaLe-iip ofdecontaniinntion solutions 
and F Cell  fire suppression, but i s  primarily used to maintain the pool cell water level. The usage varies but 
averages approximately 3,800 L /wk (1,000 gal/wk). 

2.8.4.2.3 R a w  Water  System. 

The Export Water Systciii is piped directly into tlic Raw Water Sqstcm distribution s! sleiiis it1 200E and 
2OOW. ' l l iere are two booster piinips in  282-EC, each with a capacity o f  18,920 I.!min (5.000 galhiin), and two in  
283.WC. each with capacity of 11,352 Liiiiiii (3.000 galhi in). Thcse are stailed and run as s!stcm prcssurf and 
tlow demands dicrate. 

The Export Water Systetii also supplies the I 1.352.000 I. (3.000.000 pel )  Emergency I h v  Water reservoir 
in 2OOE (282-E) and one ofthc same size and type in 2OOW (282-M'). In thc 282-t  ptmiphousc there are 3 
Emergency Ran Water System f'umps (Fire Pumps). each with a 14.0001. (3.500 gal) per minute capacity. In the 
282-W pumphouse thcrc arc Z Cnicrgency Raw Water Systcm Pumps (Firc Pumps), each wilh a I I.352L (3,000 gal) 
per minute capacity. 'I'llere i s  a 1,2001. (300 gal) per minute general service p i m p  iii each pumphouse. 

' l ' l ie 200E and 20Ow t<aw Water storage and pumpin: systems are centrally imonitored and controlled from 
tlic 783-\h' C'onlrol R o o m  

The 2001: Raw Water Systcm distribulion piping is  conligurcd to prokids dual dcli\ery to the Southeast 
corner of H-l'laitt comple\. A l l  the lines iire provided with valves th:it can be used to isdate sections of the 
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distt-ibutioti bystein to eiibure a svurcc ofnatri-  i n  the r v r i i t  of line probletus. 

.I he 2OOE and 2OOLV kin Water Systems supply makeup uater to the 20OE and 2 O O W  Water Filtration 
Plants. 

Raw water is used at WESF as backup cooling for pool cell heat exchangers, air compressor after-coolers, 
and the hot cell fire fog suppression system. This s)htem also serves a b x k i i p  Mater source to the pool cells i n  the 
a c n t  o f n  l o s s  nl' pool cel l  \batcr accident. 

There arc. llircc sources ol' raw water to the 225-B Building-. One source enters at the northwest comer of 
the 225-8 Building through a 25-cm (IO-in.) header and is used for backup pool cell coolin:. The second line 
enters nil the west wall through a IO-cm (4-in.) hcadcr and i? used Iprimaril) for l i rc suppression of the cast and \\est 
'Transmitter Iloonis and Ci Cell. The  third source enters on the nortli side through a Ij-ctn (6-in.) header and 
supplies the Ihcilit! nutonintic tire suppression s) stcni. 

2.8.4.2.4 Deep Well Supply. 

Two diesel-driven backup well pumps identified as No. I (282-B) and No. 2 (282-BA) are located west of 
the 225-B Building at wells 299-E28-11 and 299-E28-15, respectively. In the event of loss ofthe raw water 
pressure to WESF, these pumps will be used to supply the minimum volume of raw water required for WESF pool 
cell cooling. This i!strtn al5o s e w s  ii Lwkup water source to tlir poo  cells i n  the event o f a  loss of pool cell wilter 
accident 

2.8.5 Communications Systems 

A commercially maintained telephone system provides phone service for the entire Hanford Site, including 
WESF. This commercially maintained telephone system provides a line for reporting emergency conditions to 
proper authorities. The number is 91 I .  This s>sletn can ~ i l s o  be used t o  tiinhi. ~tili,)ltliccliii.iit~ during normal and 
emergency conditions. 

2.9 AUXILIARY SYSTEMS AND SUPPORT BUILDINGS 

The support buildings and systems for WESF are as follows: . . . . . . . . . . . . . . I 

TK-100, Low Level Liquid Waste Tank and Pit 
225-U(;.  Clo\cd L.oop Cooling System 

225-BA, K-l Filter Building 
225-BB, K-3 Filter Pit 
225-BC, Compressor Building 
225-BD, Waste Monitor and Sample Building 
225-BE, Maintenance Shop 
296-8-10, K-l and K-3 Exhaust Stack 
282-B, Pump House 
282-BA, Pump House 
294-8, Raw Water Backflow Preventer Building 
225-8 Diesel Generator 
TK-50 Pit 

WESF 1'1)OI Cell Enlrrpellcq Io11 Escl1;lnge SyCtelll 

These support buildings and systems are described in the following sections (there arc additional 
Iniscellaiieoiis builditigb asiociatetl witli WESF which art. not drhcribed hew).  The plan location of each building 
with respect to the 225-B Building is shown in Figure 2-3. 
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2.9.1 TK-100, Low Level Liquid Waste Tank and Vault 

TK-100 is a collection tank located underground to the south of the 225-B Building and collects 
miscellaneous contaminated or potentially contaminated wastes from sources identified in section 2.6.3.2. 
Tank-100 is 2.7 m ('1 A) in diameter by 3 m (IO ft) deep and has an approximate capacity of 15,000 L (4.000 gal). 
The outside vault dimensions are 4.0 m (13 ft) by 4.0 m (13 A) by 5.2 m (17 ft) deep and is constructed of 30.0-cm 
(12-in.) thick reinforced concrete. The top of the vault is at grade level and removable cover blocks provide access 

I to the tank. The TK-100 vault contains a sump with level and alarm capabilities. The sump can be punipcd to the 
tank to remove accumulated liquid. 

Ihe  content) uf 'I I(- 100 tire trnnsferretl thi-ou2h lines lo~i i tecl in the 'Truckport to a tinher truck or 
lemporarq storage tanh lor l i n d  t r a i ~ s l w  10 Efllucni Trcalnlcnt Facility or Tanh Farms. Ilneccssary. the lo\\ level  
liquid nnste can he routed tl~rough a WESF Ion Fzch;inyr Module (see section 2.93) to reduce to ;imciiiiit of""Sr 
and'or '"Cs pricx LO dispowl. TI<-IO0 hiis Llie capahilit! to bc circulated aiti l  s m p l t d  prior to transler and [he lines 
can be flushed with deionized wiiter t'olowiny triinsfer. 

2.9.1 225-HC Pool Cell Closed Loop Cooling System 

'l.lie C l C S  ciscitl:ites \+titer froin the  outlet ot'the w e t  surface tluid coolers (LVStC's). thruugll the 1'001 
Cell Heat Exchongcrs, back to 1111' inlet o f l l i e  CVSFCs usin? t\ro -180 V, 100 HI', circulation punips connected i n  
p:iliillel and located in buildins 2 . i - H C i .  Only one punip is  reqliired to be in operation to supply the required flow. 
Three \VST:Cs ar t  Iprovidcd t o  tr i inskr lieat rcmu\ td t'runi the pool cell lieat c x c h a i i q ' s  l o  llic aunosphtrc. Each 
V, SFC cotibi,ts of coolin: coils. ;ui e t i c l o x ~ I  splii s) i tem. coding fati> and air dainpers. anti makeup atid cl ieinici~l 
addi l ioi i  s>sleni. Dui i i iS 110rn1al npcration ollc FC is s h c t c d  h r  "Pritiiory.'~ ciiie lor "Sxondar~,"  mid otic fbr 
"Sralldby." 

h i  eypiinsii>ii tiuih luc i i ted  i n  225-tKi rn:iirmiris s ) i t~ in  nater iitiwntor>. 'I lie 11or1n:iI source of makeup 
water i s  h e  site s x i i t a r ~  \\atcr \\liicli also wpplics the l>iiildiits ciiicrgcncy sI~o\vcr and c )c \~ash .  Rat\ na te r  i s  
provided to 225-HCi a i  a hackup supply to Sanitary Water. Chetnicnls are added to the systrtil via the clieinical 
addilioil system to rcducc corrwimi, cliiniiialc hiolo:ical grmvth \ \ i thi t i  the syslcin. atld coiilrol water pH. 

All dischargcs  iron^ l l ic CLCS arc routed 10 Lhesump tank located in 225-BG. The stimp is equipped 
with two discliarge punips. sainpler. and associated in'rti-iiiiientiltiuti. 'l'he disc1i;irge flow to 'I EDF i s  i i ionitol-rd for 
pH, conductivity. lcmpcrirtiirc aiid I l o b b  

2.9.3 WESF Pool Ccll Emct-gene) loti Exchungc System 

The M;'EST cmcrgency ion cxchangc (EMIX)  s! sleiii provides a nittliod l o  dcconlaninatc I l ic n a t c r  in thc 
pool cel ls in  the event of a capsule Ieok. Water fi-om the affected pool cell is circulated through a LVESF Ion 
Excl~anpe Module (WIXR.1) Ioci i~ed in  !lie truck port. and t he  purified \\atcr is returned to thc pool cell (sec Figure 
2-8a for simplified c l i xp in ) .  Ikinotely operated v;iIves and controls are installed to prrfonii this activity. 'The 
WEST: Proccss Moni lor  and Control System (\VPbICS) \\ill conlrol 1111' EMIX system and. in doing so. cotilrols thc 
routine circulation of pool ce l l  wiiter through the esi i t ing pool cel l  l ieat  esclinngers and water purifying ion 
exchange sqstcln, as well. 

The WIXMs. which arc used as par1 of tlic EMIX systcoi. arc portahlc. shielded, disposable ion cxchangc 
resin units designed tc reiniive ""Sr iiiid,'or "'Cs from il pucjl cel l  in the event uf  a leaking capsule or the low level 
liquid waste s) sIcni. Tltc WIXM consists ol'n s la i i i l ess  s lccl  ion txchangc column and support piping encascd in a 

~ reinforced ccmcrete shieldin2 block nieasuring 86 inclies by S6 iiiclies b\ 100 inches tall. M'llrn i n  use. the WIXM 
is loaded will1 ail organic ion txch:iiigC' resin ill a ralio to prevent ekccss loading. I t  i s  nuled herc I h a l  l l l e  WIXR.1 can 
a ~ w  be iised to r e n i o i e  ' Y r  :itid or ' "C 5 ' l r ~ m  . the IOU level  liqiiid w:iste cotitained in TK-IMJ Iprior to dibpusal. 
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I 2.9.4 225-BA, K-1 Filter Building 

The K-l Filter Building is located outside and directly south of the 225-B Building. A one-story above 
grade structure 12 m (39 ft) wide by 5.2 m (17 ft) long by 3.4 m (I 1 ft) high, the IC-I Filter Building has a 
reinforced concrete roof slab supported by reinforced concrete shear walls. The foundation is a continuous footing 
at 0.76 m (2.5 ft) below the grade slab. 

The 225-BA Building is structurally independent of the adjacent structures. The building was evaluated, 
and found adequate for a 1.23-mis' (0.125-g) OBE and a 2.5-mis' (0.25-g) DBE. The roofwas designed for dead 
loads plus a live load of 960 kPa (20 Ibift') (Wagenblast, et ai. 1999). 

2.9.5 225-BB, K-3 Filter Pit 

The K-3 Filter Pit is approximately 4.9 m (16 ft) wide by 1 I m (37 A) long by 3.3 m ( I  1 ft) deep and is 
constructed from 30-cm (12-in.) reinforced concrete and located south ofthe 225-8 Building. The top ofthe 
building is at grade elevation. The building is partitioned into 5 sections by reinforced concrete dividers. Each 
section is equipped with cover blocks for remotely replacing the filters. The foundation is a continuous reinforced 
concrete slab 3 m (10 A) below grade. The K-3 Filter Pit is structurally independent of the adjacent structures. 

The structure has been designed to survive a 2.5-m/s2 (0.25-g) DBE and extreme wind loads (Wagenblast, 
et al. 1999). The last section of the K-3 Filter Building is above ground. 

2.9.6 225-BC, Compressor Building 

The 225-BC Compressor Building is located north ofthe 225-8 Building. It contains the K-5 refrigeration 
I system and two air compressors liiir c i m i p r e s ~ ~ ~ r ~  asc no1 in h e n  ice). This building is 8.5 m (28 A) wide by 1 1  m 

(36 ft) long and is 3.6 m (12 ft) high at the eave, and it has a concrete footing and floor. The building is a 
I prefabricated steel, insulated, self-framing structure with a gable roof. An annex, 225-BI:. is located directly south 

ofthe 225-BC Building, which houses the compressed air system receiver tank and the primary dryer. A cooling 
tower is located outside of the 225-BC Building on an adjacent concrete foundation. 

1 2.9.7 225-BD, Waste Monitor and Sample Building 
The 225-BD Waste Monitor and Sample Building is located south ofthe 225-8 Building. The building 

supplies power, pneumatic air, and instrumentation for the operation ofthe K-I, K-3, and TK-100 systems and 
296-B-10 stack sampling system. 

2.9.8 225-BE, Maintenance Shop 

The 225-BE Maintenance Shop is located just north of MO-863. It houses the millwright and the pipefitter 

I 
shops. 

I 2.9.9 296-B-10, K-1 and K-3 Exhaust Stack atid Duct 

The cflluciic stnch liir buildins 225-B is a lrccstnndiiig slack, 23 ni (75 rtj hi& i b i t l i  a 1 . 1  rn (42 ill.) inside 
diameter. n i x k  froin glas\-tibt.r- reinfwxd polyestes resin: the hase of the stack i s  fastened to ;I steel base ring 
assenibly. The s w e l  hasc ring a',\ciiibly coiisist o l n  I .3 cni [I? in) th ick  plate solled inln a cyl indcr having a 1 . 1  111 

(44  i n . )  inside iliiiiiieter (11))  :iiid .5 111 (20 in.) higli; the c) litidel- is \veldeil to a 2 crn [.7/4 ill.) thick ring pliitc having 
an insick diameter 01 I, I iii (44 iii.) and an outside diameter o r  I .-I iii (5; in.). tlic cylinder aiid ring arc rcinCosced 
wit11 sixteen I c i n  (3'8 ill.) yishet plntes. 'I l ie base r ing ;~rse~iihl) i> anchored \ v i t h  sixteen 2.2  cni [ I  % in.) diameter 
I>? 0.4 111 (16 ill.) long m c h o s  Iholls cnibcililcd i n  n rcinl'orccd coiicsctc Ibtindation 2 111 (6  I t )  i n  diamelcr and 4.2 III 
[ I 4  ft) deep. 'I lie stach lis, t i \ < )  i i i i i i i i penetrations: a 0.8 t i i  (.io in.) penetratioii for the K- I and it 0.5 111 (20 in . )  
pcnctfiitioii Iiir 1hc K - 2  cdi;it~st duel coii i icclioiis, as we l l  as w \ c r a l  nthcr pcnctsntio~ir ransing Oc~\ \ce i i  2.5 cni ( I  
in.) aiid 0.4 i i i  ( I 5 i l l . )  iii cli;iiiieter for h t x k  sampliiig:. All priirtr.itions are eqllip]>t!d with \taidess steel flanges 
molded into 11ic stach. The 5l;ich is cqiiippc~l \\ill1 n ~pri i)  ring. drain. and ligliliiing arrestos. 
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The ti-: libcrglass duct. h a v i n s  a 0.5 iii (20 i i i . )  ID and 0.6 c m  (l:J in.) wall lliichiicss. coiinects the (1.5 m 
(20 in.) flanged stack opeiiins and  the K-3  eshiiiist fan asseiiihly to the !vest, l h e  K-.? duct is IS m (60 R )  long. 
with  6 supports cpaced at .I iii (IO li) cciitcrs. The K-I libcrylass diict. having a 0.8 111 ( 3 0  i i i . )  ID and 0.6 cn i  (b4  
in.) wa l l  thickness. connects the 0.8 ni (30 in.) tlrrnged stack opeiiiny a r i d  the K - l  esliaiist fan assembly 10 the e:~)t. 
The K - I  duct i s  3 111 (IO II) long and has one suppoi-t at the center. The liberglass ducts are connected to thc K - l  
and K-5  stainless steel t i n  outlet ducts that :ire coiinected to the fiins with f lex connccticin. 

A seisniic evaluation qunlities the stil i d  duct for w ~ . S F  D ~ W  load5 o f 3 . j  ni,s2(0.2.i gravity). 
(Wagenblast, et al.. Appendih G. IOOO). 

I 2.9.10 282-B and 282-BA Backup Well Pump Houses 

The diesel-driven backup well pumps are located in the 282-B and 282-BA Buildings to the southwest of 
the 225-8 Building. These pumps have capacities of 757 L h i n  (200 gaVmin) and 3,028 L h i n  (800 gaVmin) 
respectively. The fuel tanks are located inside concrete structures 3 m (IO A) west of the pump houses and are 
connected to the diesel engines by underground pipelines. 

2.9.1 I 294-B Raw Water  Backflow Preventer Building 

The 294-B raw water backflow preventer building is located in the southeast comer of the B PlandWESF 
complex. The building houses two 25-cm (IO-in.) backflow preventer assemblies that operate in parallel to prevent 
the possibility of radioactively contaminated water from migrating into the 200 E main raw water supply header. 

2.9.11 225-Il Diesel Generator 

The 225-B diesel generator is located in an outdoor skid-mounted enclosure adjacent to the 225-BC 
Compressor Building. The engine is a 1,725-hp, 12-cylinder diesel. Fuel is provided to the engine from a nearby, 
aboveground 4,000-L (1,000-gal) fuel tank. 

I 

2.9.13 TK-50 Pit 

The lanh  and pipiny locatcd in  l l ic TK-50 pit \\ere t'ciiiovcil duriny inslallalion oft l ie ncu WCSF LLLW 
project. 'I'he low level liquid \ a s t e  discharge lines froiii the l h t  cells and the 1'001 Cell Ar<a \\ere routed to I'K-IO0 
ilirough lhc TK-W pil. 



HNF-SD-WM-BIO-002 REV 1 

This page intentionally left blank. 

2-46 



HNF-SD-WM-BIO-002 REV 1 

3.0 HAZARD AND ACCIDENT ANALYSES 

3.1 INTRODUCTION AND SUMMARY 

3.1.1 Introduction 

This chapter documents the hazard and accident analyses performed for operation of the Waste Encapsulation and 
Storage Facility (WESF). The principal guidance documents used in the performance and preparation of the hazard and 
accident analyses were DOE-STD-3009-94 (DOE 1994a). DOE-STD-1027-92 (DOE 1992), and WHC-CM-4-46. The rigor of 
this chapter meets Hazard Category 2, which is the hazard category of WESF (Section 3.3.2.2). 

Located adjacent to B Plant in the 200 East Area of the Hanford Site, WESF is designed to receive, inspect, 
decontaminate, and store strontium and cesium capsules that were produced in past campaigns at WESF. The capsules were 
produced in WESF from 1974 to 1985 to reduce the quantity of ?Sr and "'Cs in liquid waste in underground tanks. The Yjr, 
in the form of strontium fluoride, and the '"Cs, in the form of cesium chloride, were doubly encapsulated in WESF hot cells 
and then stored underwater in WESF pool cells. Some of the cesium capsules were leased to private enterprises for use as 
radiation sources; a11 these capsules hal t :  been returned to WESF. Sixtccn or the ccsiuiii capsulcs liaie been placed into Type 
W overpacks due to the original capsule being damaged o s  swollen. 'l'liere are also seven adcliriunal Type W o \ e r p x h s  stored 
at WESF conlaining powder and pcllcls fsom former ces iu in  capsules. 

The primary product of this chapter is the identification of the systems, structures, and components (SSCs) and 
controls required for the safe operation of WESF. To this end, the hazard and accident analyses consist of performance of 
hazards identification, facility hazard categorization, hazards evaluation, and quantitative accident analysis. The hazards 
identification results incorporate bounding estimates of hazardous material and energy quantities, forms, and locations. The 
facility hazard categorization establishes the hazard category of WESF in accordance with DOE-STD-1027-92 (DOE 1992). 
The hazards evaluation places the identified hazards within the context of the facility processes, evaluates deviations from 
design intentions that might impact those hazards, and specifies controls based on the principles of defense-in-depth, worker 
safety, and environmental protection. The quantitative accident analysis rakes representative and unique deviations from the 
hazards evaluation, systematically analyzes potential accident sequences and consequences, and identifies any controls 
required to prevent or mitigate the accidents (Table 3-1). 

The facility SSCs are identified and described in Chapter 2.0, "Facility Description." Likewise, the operations 
identified in Chapter 2.0, Section 2.5, define the operational configuration used as the basis for the hazard and accident 
analyses. These operations include maintenance of the facility, capsule receipt, decontamination, inspection, storage, and 
surveillance. Excluded activities are destructive testing, electropolishing, K-3 filter changeout, decontamination and 
decommissioning activities, and wet storage of capsules in TK-FS in F Cell. Because these activities are not anticipated within 
the shon timeframe of this basis for interim operation (BIO) applicability, and because they may introduce additional risks to 
those evaluated here, they are not included as allowable activities. 

Throughout the hazard and accident analyses, the term "active pool cell" is used to refer to a pool cell in which 
capsules are stored. The term "inactive pool cell" is used to refer to pool cells that are not used for capsule storage. Although 
it does hot store capsules, an inactive pool cell may be used for other purposes, such as emergency water supply, shielding, 
monitoring, and support equipment storage. 

3.1.2 Summary 

The results documented in this hazards and accident analysis can be summarized by discussing each phase of the 
analysis: hazards identification, hazards evaluation, hazard category, and accident analysis. 

Hazards Identification. The hazards identification performed for WESF is documented in Sections 3.3.1.1 and 
3.3.2.1 for methodology and results, respectively. By far the most significant hazard identified at WESF is the approximately 
52 MCi of "'Cs and 23 MCi of WSr (not including daughter products) stored in the pool cells. This radioactive material is 
doubly encapsulated and stored under water, and has numerous controls and SSCs designed to ensure that it is properly 
controlled. Also a significant hazard, but to a lesser degree than the radioactive material in the pool cells, is radioactive 

3-1 



HNF-SD-WM-BIO-002 REV 1 

material in the hot cells and the K-3 exhaust duct. The radioactive material hazard in the hot cells is compounded by the 
presence of combustible materials. As with the pool cells, the radioactive material in the hot cells and exhaust duct have 
associated controls and SSCs designed to ensure that it is properly controlled. 

Hazards Evaluation. The hazards evaluation performed for WESF is documented in Sections 3.3.1.2 and 3.3.2.2 for 
methodology and results, respectively. The hazards evaluation tables themselves are documented in a supporting document 

I (Hc) 1999). For those hazards which could have significant consequences, the hazards evaluation provides the event risk rank 
for input into the accident selection process. The specific accidents selected for analysis are listed in Section 3.3.2.3.5. 

Hazard Category. WESF is a Hazard Category 2 facility based upon the quantity, form, and location of the 
radioactive material. The detailed discussion of hazard category is provided in Section 3.3.2.2. 

Accident Analysis. Several potential accidents were analyzed in this chapter and are summarized, along with 
appropriate protective measures, in Table 3-1. Table 3-1 presents each accident type, the particular accidents selected for 
analysis, the mitigated and unmitigated consequences of each accident, and the credited controls and SSCs. The table is 
organized to present the results for each accident type roughly in the order of worst consequences to least consequences, with 
the beyond design basis events listed last. 

The most significant event which could happen at WESF is a loss of pool cell water. An event sequence which 
results in a loss of pool cell water has associated direct radiation concerns as well as a release of radioactive material. Several 
such sequences were identified including: 

inadvertent pool drain, 

aircraft impact, 

heavy object drop (e.g., a cover block), 

drain or circulation line failure, 
failure to provide water makeup, 

beyond design basis earthquake, and 
hydrogen or flammable gas explosion impacting the Pool Cell Area structure. 

In addition to posing long-term water makeup problems, a seismic event could also have significant immediate 
consequences. The radioactive material from the hot cells and K-3 exhaust duct could be suspended and released through an 
unfiltered pathway because of lack of seismic anchors for the K-3 HEPA filters. Possible failure of the B Plant endwall could 
damage A Cell and result in a release of radioactive material through openings to the environment. The long-term hazard 
associated with a seismic event is the lack of seismically qualified water makeup systems. If all makeup systems failed, a 
water delivery system using tanker trucks would have to be initiated. 

The remaining potential events found to be significant, roughly in the order of lessening consequences, include loss 
of confinement events, facility fires, loss of containment events, and external events. As shown in Table 3-1, adequate 
measures are specified in the analysis to ensure that protective measures are taken against the identified vulnerabilities. 

Beyond design basis events are also analyzed. For natural phenomena, the beyond design basis event is bounded by 
the analysis for the seismic event. External events are specifically excluded from beyond design basis analysis per DOE-STD- 
3009-94 (DOE 1994a). For internal events (Le., all remaining events) the beyond design basis analysis requirements are 
satisfied by estimating the unmitigated dose consequences, which also serves the purpose of identifying safety class and safety 
significant functions. 

The safety analysis documented in this chapter is a comprehensive analysis of the potential upsets which could occur 
at WESF. Safety class and safety significant SSCs and 10SP.s have been identified to ensure that the capsules in the pool cells 
are maintained in a safe and controlled environment. Likewise, for the hot cells. K-3 exhaust duct, and M ESF loti EqchanXr 
Module (WIXM) .  controls have been established to ensure that there are no adverse impacts to the radioactive material present 
there. Overall, this set of SSCs and controls, defined by the analysis, ensures all identified hazards associated with WESF are 
adequately controlled. 

3-2 
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Table 3-1. Accident Analysis Results Summary. 

Accident Accidenls selected 
typelsection 

location 

Unmitigated doses 
onsitelalternate site 

boundary' (rem) 

Cell Water1 single pool cell 
3.4.2.7!.3.J 3 3 
\ole: KnpiJ I h s  
Iipooi cel l  

Uc!ond Ikrign 

Loss ofwater from all 
Pool Cells 

Direct consequences could 
lead to a loss of facility 
conwol and eventual loss 
of all pool cell water. 

Direct dose rate is 120 
r e h r  just outside 
facilityi" 

I.70019.2" 

Direct dose rate is 1,700 

Facility 
Explosiond 
1.4.2.5 

Vatural 
Phenomena/ 

remihrjurt oulside 
facility'" 

Hydrogen explosion in 
Pool Cell Area pool cells 

Flammable gas explosion 

See loss of water in all 

Initiator to loss of pool cell 
water 

\VISXI mplmion 7?!1J.l2 

0.2Sg earthquake See BDBA below 

High activity in TK-100 

Facility Fire/ 
3.4.2.3 

0.3015.0 E-04 

in Hut Cells Consequence model not 
developed; a hydrogen 
explosion in a hot cell is 
assumed to be 
unacceptable. 

I 

Mitigated doses 
onsitelalternate site 

boundary'(rem) 

Prevented 

Prevented 

Prevented 

4.810.45 
(stack) 

I910.47'*' 
(stack+A Cell) 

0.3916.6 E-04 

ker safety issue in 

I're\cnled 

2.814.8 E-03 

Credited controls and commitments 
(See Chapter 4 for SSCs and 

Chapter 5 for IOSRs) 

1. Safety class rapid loss ofwater detection system 
(10% un operability) 

2. Safety class emergency makeup water pipr 
3. Safety class Area 3 structure 
4. IOSR on single pool capsule heal output 
5. IOSR to maintain water level 
6. 10% restricting lib of heavy object, that could 

damage capsules, over active pool cells except in 
emergencies 

7 1 0 1 <  on C I I W ~ C I I C ~  n a l u  $ni.Awp SOIITCCI 

I .  iOSR to provide alternate ventilation within 9 days. 

1. OSR to prohibit flammable gas and highly volatile 
fuel use within the facility. 

1 1 0 \ 1 <  IO i~,>+l~~l l  \<)id .P:ICC iii w t d  L \ K M  nith 

2. Safety Class bridge crane, catwalk, and associated 

3 .  Safety Class drain line and circulation piping 
4. Safety Class K-3 Filter Pit structure 
5 .  Safety Class Area 3 structures 
6. Safety Class Stack and K-3 exhaust duct 

1. Safety Class K-3 HEPA fillen 
2. IOSR an K-3 HEPA filter inventory 

suppom 

I. IOSR on thermal inventory 
2. IOSR an structural surface to capsule distance 

1. LOSR an K-3 HEPA filter inventory 
2. lOSR on A Cell inventory 
3. 10% on packaged w s t e  in A Cell 
4. IOSR to prevent, detect and act on hot cell flood 

None 

1. IOSRon A Cell inventory 
2. IOSR to prevent, detect and act on hot cell flood 

1. Safety Class K-3 filter 
2. IOSR on A Cell inventory 
3. IOSR on 200 kg packaged solid waste in A Cell 
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Table 3-1. Accident Analysis Results Summary. 

76011.3 

Containment/ 
3.4.2.6 

Prevented 

I 

Initiator to loss of K-3 ventilation, and H, explosion 
in the Pool Cell Area. 

Initiator to several events including loss of  Pool 
Cell water. 

2,20019.8 NIA 

Direct dose rates would he 
similar to loss ofpool cell 

water accidents 

I 

See loss of K-3 ventilation and hydrogen explosion in 
the Pool Cell Area. 

DOE low-altitude overtlight restriction. 

Site area cmergency response plan. No qualified 
harriers by definition. 

3.4.2.2 (cont.) 

Basis Accidents/ 
3.4.3 

~ 

Accidents sclccted 

B-E hot cell fire 

F or G hot cel l  fire 

Truckpart fire 

Underwater capsule 
failure due to corrosion 

Underwater capsule 
failures due to load drop 
on CaDSUleS 

Loss of  electric power 

Adjacent facility accident 

Ground vehicle impact 

Aircraft impact 

Beyond design basis 
earthquake 

Unmitigated operational 
accidents 

Unmitigated doses Mitigated doses 
onsitelaltematc site onsitc/alternate site 

boundary' (rem) boundary' (rem) 

3310.056 
(with cover blocks) 

Direct consequenccs limited to worker safety only. 
However, rapid leaks could lead to loss of capsule 
access for rcveral years. 

lead to a loss of facility 
control and eventual loss 
ofpool cell water. 

Ilirccl CIW~I.IIIII.IICC\ noiilil he liiiiilcd 1,) n o r l t r  
%\kI! ",,I! 

See loss of K-3 flow (loss ofconfinement). H, 
accumulation in Pool Cell Are4 and loss ofwater in 
all pool cells. Loss ofelrctric power is an initiator 
to these events. 

Not applicable for selection of WESF controls. Pos! 
taken into consideration, 

Credited controls and commitmen& 
(SCC Chapter 4 for SSCs and 

Chapter 5 for IOSRs) 

I .  Safety Class K-3 filter 
2.  IOSR to control hot cell combustible material 
3. IOSR to have hot cell pass-throughs closed 
4.  IOSR on pluglcover block installation 

1. IOSR to prevent concurrent conditions of 
combustibles, exposed capsules, and open cells 

1. IOYI< limit nt25.100Ci '"'Sr o r I . l . 5 0 0  Vi "'CI iii 

2.  IOSR Truckport inventory controls 
3. IOSR limit o f  5 kCi 

1. Safety Significant ARMS 
2. Commitment to evaluate enhanced response 

\VIXbl 

or "'Cs i n  IIBW d r u m  

alternatives. 

1. Safety Class bridge crane, cahvalk, and associated 

2. IOSR restricting lifts o f  heavy object, that could 
SUppON 

damage capsules, Over active pool Cells except in 
emergencies 

I 1o\1< liniii d z I . z o i i  Ci ""hr vr ?I .SllO Ci "'C.S i s  

2 10W fi!r riiiliiiiihm niwitiirin$ ~ii'iir i i d  \\ 11hI 
i l ( I Y l 1  iix \cniing o i \ V I \ L I  to p w v c n i  

See loss of K-3 flow (loss o f  confinement), H, 
explosion in the Pool Cell Area, and loss ofwater from 
all pool cells. Loss ofelectric power i s  an initiator to 
these events. 

le impact resulting from failure ofB Plant endwall i s  

\ \ IS \ l  

I ) ,  <rprcnvi/,!l iC,l l  

"'Alternate Site B a u n d w  is defined in Section 3.4.1.3, 
"'WESF capsules are designed to survive the conditions o f a  fire, however, the status afthe capsules stored in F or G Cells is unknown. Conditions 

'('Direct dose rates are shown for various locations in Tables 3-33 and 3-35 for loss ofwater in one pool cell and al l  pool cells, respectively. 
'*'Committed doses incurred 2 days afler a loss ofwater over the first 8- and 24-h period for the onrite and alternate site boundary receptors, respectively 
"'Onsite evaluation guideline for lhis accident only i s  25 rem. 

conducive to a fire involving the capsules are avoided regardless o f  the consequences. 
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3.1.3 Plant Vulnerabilities 

One of the purposes of a BIO, which is not shared by a SAR, is the identification of any plant vulnerabilities and 
corresponding interim controls and commitments. At WESF only one such vulnerability existed: the possible inadvertent 
draining o f a  pool cell during recovery from a leaking capsule event. Tlic lhcility lias since r smwcd this vulnerability h) 
replacing the former "b led  and feed" systrni with the iirw WESF Eniergrncy luii Escliaiige Sysreni (EMIX). 

I 3.2 KEQUIKEMENTS 

The hazard and accident analyses in this chapter are prepared to comply with Nuclear Safety Analysis Reports, DOE 
Order 5480.23. Guidance in meeting the requirements in DOE Order 5480.23 is derived from Chapter 3.0, "Hazard and 
Accident Analysis", Preparation Guide for US. Department of Energv Nonreactor Nuclear Facility Safety Analysis Reports, 
DOE-STD-3009-94 (DOE 1994a). The Order also requires a facility hazard categorization with guidance drawn from Hazard 
Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports, 
DOE-STD-1027-92 (DOE 1992). In addition, general guidance is provided by Guidelinesfor Hazard Evaluafion Procedures 
(AIChE 1992), issued by the Center for Chemical Process Safety of the American Institute of Chemical Engineers. 

3.3 HAZARDS ANALYSIS 

3.3.1 Hazards Analysis Methodology 

3.3.1.1 Hazard Identification Methodology. 

The hazards identification methodology used for the hazards analysis consisted of determining the presence of 
hazardous materials and energy sources. Information from several sources was used. 

The hazardous materials, which include radioactive and non-radioactive toxic materials, were identified for WESF 
from several sources: a radioactive material inventory report, a WESF hazards and operability study (HAZOP), the M'IXtvl 
specific HAZOP. existing and past facility safety documentation, a fire hazards analysis (FHA) for the facility, reviews of the 
safety documentation for nearby facilities, facility occurrence reports, a facility walkdown, and a review of a hazardous 
material database maintained for the facility. The WESF HAZOP (Siemer 1995) serves to identify the existence of hazardous 
materials and their forms and locations. 'I he separate I IAZOI' fur the W X M  i w s  prrforiiied 21s pwr of the iiistdl:ition ufthr 
einergeiicy ion e\chaiigc system 31 \VEST and idctitilics Iiiirards spccilicnllq associated \ v i l l i  operation 01 t l ic WIXM. Existing 
and past facility safety documentation also provides an indication of areas of concern and ensures that hazards remaining from 
past operations are identified. An FHA for WESF (blertL IWX) was reviewed to ensure that all fire and explosion hazards had 
been identified and taken into account. The B Plant accident analysis in existence at the r i m ,  WHC-SD-WM-SARR-030, 
Rev. 0, (WHC 1996a) was reviewed to determine potential impacts accident conditions at B Plant might have on WESF. The 
new H Plant accident analysis ( I INF  1999) lias since been I-eviewrd for m y  additioniil impacts 011 LVESF. Facility occurrence 
reports for WESF were reviewed not only for the purposes of hazards evaluation but also to bring to light any hazardous 
material information, such as migration of contamination. The results obtained from the hazards identification effort are 
included in Section 3.3.2.1. The hazardous material database maintains records of non-radiological hazardous materials at the 
facility for the purpose of compliance with environmental protection requirements. 

I 
I 

Another source of information used in the hazards identification, and to a lesser degree the hazards evaluation, was 
the operating history of WESF. An extensive review of former operating practices, process parameters, and operating 
procedures was performed in an attempt to identify hazards which might still exist. The information used in this review is 
predominantly contained in four documents: 

Wasfe Encapsulafion and Storage facility - Cesium Line Standby/Surveillance, SD-WM-ER-014, Rev. 0 (Adams, 1984) 
e Safety Analysis Report Waste Encapsulation andstorage Facilities (Project HAP-631), ARH-1986 (Braden, 1971) 

Wasfe Encapsulation and Sforage Facility Overall Hof Cell Standby/Sureillance, SD-WM-ER-024, Rev. 0 (Carlstrom, 
1985a) 
Waste Encapsulation and Storage Facility Strontium Line Standby/Surveillance, SD-WM-ER-022, Rev. 0 (Carlstrom, 
1985b) 
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To augment the information contained in these documents, direct operational experience was available from at least 
one operator, who had been present when the facility was in a processing mode. This direct experience facilitated a better 
understanding of the operation history of WESF, especially during facility walk-throughs. 

In addition to identifying facility hazards, the HAZOP also serves to differentiate and provide an interface between 
worker safety issues and facility safety issues. Worker safety issues unique to WESF were documented in the HAZOP as they 
were identified and analyzed as necessary, however the majority of such issues are covered by other plant and WESF 
industrial health and safety measures and are not considered for quantitative analysis. Based on the results of the hazards 
evaluation, Section 3.3.2.3.3 contains a discussion pertaining to the SSCs and administrative controls necessary for the 
protection of the facility worker. Chapter 6.0 contains details pertaining to industrial health and safety programs (also called 
institutional safety programs) associated with WESF. 

3.3.1.2 Hazard Evaluation Methodology. 

Qualitative details of potential accident sequences were evaluated using the HAZOP methodology discussed in detail 
I in AIChE (1992). Later, frequencies and challenged safety barriers were also determined and are included in Hey (1999). The 

HAZOP method in general, which uses plant personnel to postulate deviations from normal operations and processes, is 
appropriate for WESF hazards evaluation because of its thoroughness and analytical rigor. The HAZOP technique focuses on 
the current state of equipment and processes that contain, or may contain, hazardous materials with the potential for adverse 
consequences to facility workers, onsite workers, and offsite individuals. For each deviation, the HAZOP provides a summary 
description of the scenario, the cause(s) of the deviation, the detection and mitigation feature@), and the estimated 
consequences. 

The WESF Ihc i l i t y  and M'1XR.I HAZOPs wcre performed with a team of individuals with relevant system and 
operational experience to conduct the study. The team identified hazards and potential accidents by examining the process 
flow paths and identifying important points in the process (called nodes). For each node, the important operating parameters 
(e.& temperature and pressure) were enumerated, and potential deviations from the normal values of these parameters were 
studied, including deviations from "structural integrity." Once the deviation was postulated, the team identified possible 
causes, methods of detection and mitigation, and qualitative consequences. The HAZOP process nodes, parameter deviations, 
possible causes, and qualitative consequences comprise the documentation of accident scenarios used for the hazards 

I 

I evaluation ( I  l ey  1999). 

In the HAZOPs, the potential unmitigated consequences of each deviation are addressed by focusing on airborne 
releases of radioactive or chemically toxic materials, or exposure to radiation fields. The consequence of each deviation was 
ranked by group consensus according to the following scheme. 

I 

No effect outside the facility confinement systems. This rank considers events that might interrupt operations 
but have no safety significance. 

Potential industrial injury, radiological dose consequences or chemical exposure to the facility worker, or 
limited environmental discharge of hazardous material outside the facility. This rank considers deviations that 
have safety implications for the facility worker but not for the onsite or offsite receptors. 

Potential significant radiological dose consequences or chemical exposure to the maximally exposed onsite 
individual outside the facility, or environmental discharge of hazardous material within the Hanford Site 
boundary. 

Potential significant radiological dose consequences or chemical exposure to the maximally exposed offsite 
individual, or environmental discharges of hazardous material outside the Hanford Site boundary or to the 
groundwater. 

Worker safety issues (SI deviations) are identified and qualitatively evaluated in the HAZOPb and addressed in 
Section 3.3.2.3.3 and Chapter 6.0 of this document. 

I 
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Accidents with potential onsite and offsite dose consequences (S2 and S3 deviations) underwent further evaluation 
I outside of the WEST: HAZOP (He? l( l~I0) by another plant team in order to assign deviation frequencies and identify 

I from the WESF HAZOP, were required for input into the accident selection process detailed in Section 3.3.2.3.5. 
challenged safety barriers. The challenged safety barriers and qualitative frequencies, along with the qualitative consequences 

The methodology used to identify the facility barriers consisted of a team discussion of the accident scenario 
I postulated in both the WFSF arid W I S M  HAZOPs to determine what engineered systems and administrative controls are in 

place to prevent or mitigate the accident. The following definitions were used in the identification of barriers. 

Scenario. The sequence of events that achieves the consequences of interest for the deviation from the 
designloperational intent of the process activity. 

m. The engineered features that act to prevent and/or mitigate the consequences of the scenario 

M. The administrative features that act to prevent and/or mitigate the consequences of the scenario. 

The methodology used to assign the frequency estimates is identical to the methodology used to assign the qualitative 
consequence estimates. The frequencies were obtained by team consensus, taking into account information gleaned from 
appropriate mitigating factors (safety barriers or systems), operating procedures and controls, and historical process upsets. 
Frequencies were categorized using the following ranking scheme. 

Events that are not expected to occur and are categorized as beyond extremely unlikely. The frequency range is 
less than 1.0 x 106/yr. 

Events that are not expected to occur within the lifetime of a typical facility and are categorized as extremely 
unlikely. The frequency range is 1.0 x 10-6/yr to 1.0 x 10-4/yr. 

Events that may occur during the lifetime of the facility and are categorized as unlikely. The frequency range is 
1 . 0 ~  1o4/yrto 1 . 0 ~  IOVyr. 

Events that are expected to occur one or more times during the lifetime of the facility and are categorized as 
anticipated. The frequency range is 1.0 x IO-'/yr to Vyr. 

- FI 

Q 

Typically, events with a frequency o f >  llyr are considered off-normal or operational events and are considered in the 
safety analysis only to the extent that they play a role in an accident sequence. 

The combination of the consequence and frequency assigned to each evaluated deviation results in a qualitative risk 
rank for that deviation. The risk rank allows the identified accident scenarios to be compared for the purpose of selecting 
bounding and unique accidents for quantitative analysis. The risk ranks are assigned using the matrix shown in Table 3-2 with 
the following definitions: 

Combinations of consequence and frequency that are of minor concern 

Combinations of consequence and frequency that are of moderate concern 

Combinations of consequence and frequency that are of major concern 

g 
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Table 3-2. Risk Rank Matrix. 

Location 

Pool cells 

A Cell 

F3 

F2 

FI 

Quantity Form 

52.05 MCi  "'Cs Cesium chloride, 
doubly encapsulated 

22.58 MCi  "Sr Strontium fluoride. 
doubly encaprularcd 

208-L (55-gal) steel I S  kCi %r 
or "'C1 drums of contaminated 

s2 

B Cell 

C Cell 

s3 

2 kCi "'Cs and 20 
kCi "Sr cesium chloride. 

Strontium nuaridc and 

contamination on 
equipmmt, waste, and 
rurlaces 

Strontium fluoride and 

contamination on 
equipment, waste. and 
surfacer 

2 kCi '"CE and 20 
kCi "Sr cesium chloridc, 

3.3.2 Hazard Analysis Results 

The results ofthe hazards analysis performed for WESF is contained in the following sub-sections. The results 
consist of the hazards identification, hazard classification, and hazards evaluation. The hazards evaluation in turn consists of 
planned design and operational safety improvements, defense in depth, worker safety, environmental protection, and accident 
selection. 

3.3.2.1 Hazard Identification Results. 

This section shows the results of the process used to identify the hazardous materials and energies at WESF as 
described in Section 3.3.1 . I .  The hazards identification effort found radioactive material hazards, direct radiation hazards, 
explosion hazards (hydrogen generation and flammable gas use), fire hazards, and kinetic energy hazards. The locations, 
quantities, and forms of the hazards identified for WESF are summarized in Table 3-3. 

Table 3-3. Hazard Identification Results for WESF. 

Hazard 

.adioactive 
iaterial 

I solid wastc I ~~ -- 

Smith 1995 

l I U l  19" 
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Location 

B/C Cell Furnace 

DE Cells 

F Cell 

Quantity Form Remarks 
40 kCi "Sr Strontium fluoride floor _. 

sweepings contained in 
4 boats and 2 waste 
pipes 

20 kCi "'Cs Cesium chloride, _. 
contamination on 
equipment, waste and 
surfaces 

Encapsulated cesium 
chloride in suspect or 

4.5 kW (i.e. 940 
kCi "'Cs) 

Since capsules storcd in F Cell 
u ~ ~ i l d  hc suspect, the first 

Hazard 

single capsules 

'irect Radiation 

oxic material 

confinement boundary i s  
considered to be F Cell. 
Minimum 20 cm (7.9 in.) 
capsule to surface distance. 

K-3 exhaust duct 5. I kCi "'Cs or 200 Cesium chloride and 
kCi "Sr strontium fluoride contamination in the duct i s  

The makeup of the 

K-3 filter 

Truckport 

WHC 1996c 

surface contamination unknown so two possible 
isotopic distributions are 
given. 

Bared on accident analysis 240 Ci "'Cs and Cesium chloride and 
18 kCi "Sr on each strontium fluoride assumption 

train contamination 

5 kCi of "'Cs or One 208-L (55-gal) ._ 
"Sr containcd in 

Ihot cell waste 
drum of contaminated 
solid waste from hot 

I Ci "'Cs and I Ci Contaminated _. 
"Sr in plastic bags combustibles 

( l l l l l l i>(S)  cel l .  

2 i . 2  hCi '"'51- 

31 .i hCi #'.C> 
imi&nln) iii 

S t i i i i i t i i i i i i  l lw r idc  I > V  'I /hi\ i s  I/>C l,ii<il :~i i i iwi i t  (>1 '"Sr 
OR c ~ < i i i i i i  cliliiwidu c i i ' ' . ( ' \  ;ind!zcd IO hr. Ioiiilcd 

CWO 1 1 ~  rcIin iii :I 4 n g k  
\UUl ( L h " , ,  hiziicr ~ l im  

WESF BIO 

Smith 1995 
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Location Quantity Form Remarks Ref. Hazard 

Sec section material and plastic 
3.4.2.3.1 forB-E 
Cells. F and G 
Cells contain none 
(except in-use 
manipulator boots) 
when capsules 
exposed and 
podcover block 
removed. 

:arcinogen 

liohazard 

Lsphyxiant 

'lammable material 

A M U  NeolubrTw 453.68 Dry 

cabinet 
flammable storage (1 lb) 

Leactive material 

M o s i v e  material 

A dry film conductive ._ 

pulls 
lubricwt used during wire 

ncompatible 
hemical reaction 
Nroducts 

:lectrical energy 

._ 

Pool ce l l  area 

K-3 filter housing 

TK-100 

'hermal energy 

.. ._ ._ N 0 " C  

.. Hydrogen Generated by radiolytic Siemer 1995 
decomposition ofwater 

.. Hydrogen Generated by radiolytic 
drcomposition ofwater i f lhe 
filter housing i s  flooded. 

Siemer 1995 

.. Hydrogen Same as K-3 filter housing. Siemer 1995 

.. I ._ I ._ I None I _. 

.- 

Hot cell windows 

Single pool cell 

All pools 

For G Cell 

Normal electrical .. ._ _. 
distribution 

._ Static electricity .. WESF BIO 

149 kW Thermal heat output See 3.4.2.7 for conditions l l C >  I~I'lO 
from capsules. includes bounded. 
gamma rays. 

403 kW 

4.5 kW See 3.4.2.4.2 for application. WHC 1996c 

Men 1998 

I None I .. ._ I 

used far welding, gasoline or 
propane might be present in 
the Truckport 
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Table 3-3. Hazard Identification Results for WESF. 

1 ron, MI. 

Hazard 

:-3 Filter Pit 

'K-100Vault 

'rWkp"'1 
W I Y M  ,c,%~~) 

_. 
._ 
.. 
.. 

inetic energy 

overhead 

9 cover blocks 

3 cover blocks 

Scc quantili?r iir 
r:idio:icti\c 
Iimeriiil> nhwc 

None 

None 

None 

None 
L 

ligh pressure 

.91 to 7.7 t ( l  IO 8.5 ._ Siemer 1995 
tons), Si-cm (20411.) 
thick structural 
concrete 

7.3 t ( 8  lons)each, 61- ._ Siemer 1995 
cm (24-in.) thick 
structural concrete 

('~iiiianiiiiiltcd u c l  resin .. Pri.ssuru hoililup due ln 
Ih)drogci, gcncnniwi ih  

cirntrnniixild WlSXl w s d  .- _. .. 
- .. .. 

I .- _. _. 

a s e n  

otential energy 

hccelerators 

:-ray machines 

- Product of Hu 

I .- I .. I .. 

193 w 

and 8-1 1 each cell (except 
Cell I has only I )  

each cell 

n b i n e d  cells 

2 cover blocks 

BUSS"'Cask 

6.35 t (7 tons) each, 76- ._ Siemer 1995 
cm (30-in.) thick, high 
density concrete 

10 to I3  t ( I  I to 14 
tons), 89-cm (35-in.) 
thick high density 
concrete 

9.5 to I3  t (10.5 to 14 .. Siemer 1995 
tons), 89-cm (3541.) 
thick high densily 
concrete 

8 to 11 t (9 to 12 tons), 
89-cm (35-in.) thick 
high density concrete 

13.6 t ( l 5  tons) _. Siemer 1995 

cylindrical cask, -1.52 .. Siemer 1995 
m (-5 A) in diameter 
and-2.13 m(-7 A) 
high, 16.8 t(18.5 tans) 

i.!liodricid u s h .  -2.1.; .. E I ) - ~ J l X J 5 2  
111 ( - 7  it) i n  tli:iiuclu 
alltl ~ ? ~ l > , l , l ' l . 4 l l ~  
lhigh. IC1 I (? I  1 ~ ' )  
tiill? i ~ x d c c l  n i l i )  h i \  

t lmii\ i n  l l i iuc Ill(. \ 

6.8 t(7.5 tons) .. Siemer 1995 

._ Siemer 1995 

__ Siemer 1995 
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Since beginning operations in the 197Os, WESF has not experienced an accidental release ofhazardous material 
outside of the facility. However, many operational events and unusual occurrences (described in anecdotal fashion, technical 
reports, and occurrence reports) can be summarized in the following categories; capsule upsets, facility near-accident events, 
and unusual occurrences. The following discussion is not intended to be an exhaustive documentation effonpertaining to the 
past upset conditions of the facility. It fulfills the requirements of DOE-STD-3009-94, which specifies the need to discuss 
major facility events so as to provide an insight into the nature of the types of events experienced at the facility. 

At present, the only direct experience with a leaking capsule comes from the Radiation Sterilizers, Inc. (RSI) facility 
in Decatur, Georgia (DOE 1990). The capsules in the Decatur facility were used for dry air operation-water storage 
irradiation. The capsules were frequently raised into the air for irradiator operations and then returned to a water pool when 
not in use. The temperature of the capsules would subsequently increase when raised into the air and decrease when placed 
back into the water. Thermal cycling is thought to be responsible for the single capsule failure and bulging of several other 
capsules in the same facility. The mechanism of thermal cycling and bulging is not expected to occur in the relatively static 
storage conditions at WESF. Therefore, the Decatur incident is not necessarily representative of the type of leaking capsule 
which might occur at WESF. 

A leak in an outer capsule was detected at WESF. This event was discovered by operating personnel when the inner 
capsule failed to pass the inner capsule movement test and upon visual examination, was observed to be leaking steam from a 

I series of microfissures in the area of the end cap weld. This capsule l ins since bwii  plnccd i n  a T>pc W overpach. 

Facility near-accident events are those events which might resemble an accident condition, such as a fire, but which 
resulted in only operational consequences. Such events include: 

A partial flood of a K-3 filter housing through the filter washdown system, which resulted in an operational upset to 
the K-3 system. 

During the processing period when encapsulation of cesium and strontium was occurring in the hot cells, fires inside 
the hot cells were reported. Such fires were small and adequately controlled by movement of other combustibles away 
from the location of the fire. This agrees with operational experience which involved elevated temperatures. 

A hot cell was flooded when the processing water feed valve inside the hot cell was inadvertently left open. The 
water level in the hot cell reached approximately half way up the cerium window. This also agrees with operational 
experience which involved the use of water to decontaminate inner and outer capsules. 

The final category of  facility events includes unusual occurrences which includes spread of contamination, facility 
worker hazards (electrical, falls, etc.), equipment failures, operator and management errors, etc. These occurrences are 
documented in the Occurrence Reporting and Processing System (ORPS) database maintained for all of the facilities in the 
DOE Complex, for events occurring after approximately 1990. 

The ORPS database was reviewed for events occurring at WESF and the results of that review are summarized in 
Table 3-4. The columns in the table show: I )  the root cause category which was used by the ORPS database to categorize 
each event, and 2) the consequence of the event. Most events did not result in any consequences, but several resulted in a 
minor spread of contamination or a spill of hazardous waste within the facility. The most prevalent root causes of minor 
contamination spread were defective or failed equipment, inattention to detail by facility workers, and violations of procedure 
by personnel. The most prevalent cause of hazardous waste spills were defective or failed equipment, inattention to detail by 
facility workers or errors by facility personnel. None of the events in the database resulted in a release of hazardous material 
outside the facility. 
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I I I 40 I 40 I I Contamination 

Root Cause 
Category 

Number of Occurrences in 
Consequence Category 

No Consequence Contamination(s) Hazardous 
Waste Spill(s) 

Total Number of 
Occurrences 

I 9 I Inadequate admin. control I 6 2 I 1 I 
Defective1 
failed part 

Inattention to detail 

36 6 6 48 

11 6 5 22 

Inadequate or defective 
design 

Violation of requirement or 
procedure 

Power loss 

Personnel error 

Contamination spread 

Inadequate or defective 
procedure 

Ambient condition I I I I I 

11 3 2 16 

1 6 7 

4 4 

13 2 6 21 

1 1 

IO 1 1 1  

work org.lplanning 
deficiency 

7 4 1 12 

I error in equipment or 
material selection 

I IO I 6 I I I 4 I Management error 

I Vandalisdsabotage I 1 I I I I I 
All of the hazards summarized in this section are used as input into the hazards evaluation, accident selection, and 

I accident analysis processes. This is done using the WESF HAZOP (Siemer 1995) and hazards evaluation (11q 1999). The 
HAZOP and hazards evaluation systematically examines the hazards in the context of their existence within the facility. 

By far the most significant hazards at WESF arise from the radioactive isotopes "'Cs and % that are contained in 
capsules in both the pool cells and possibly F and G Cells, and as contamination in the hot cells, K-3 exhaust duct, K-3 filters, 

I and Truckport (as low-level waste [LLW] or iii a conlaminated WIXM). The radioactive materials represent both dispersal 
(and subsequent dose) hazards and direct radiation hazards. The remaining hazards, such as fues and explosions, serve as 
energy sources which might disperse the radioactive materials. 

The inventory data report used to specify the location and quantity of the "'Cs and % is in Supporfing Calculufions 

the report were developed by facility personnel and represent a combination of maximum allowable inventories and estimated 
I undDocumenfufion for the WESF Busis for Inrerim Operation, HNF-SD-WM-TI-733 ( I  le) 1999). The values contained in 
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1 actual or maximum conditions. The inventories specified for the Truckport. thc WIXM. and the K-3 filters, shown in 
Table 3-3, are the expected maximum inventories for these areas. These values were selected based on the desire to provide an 
upper bound for the inventory under which the facility can effectively operate. The low-level contamination associated with 
the wastes stored in the Truckport is generated from manipulator shop activities, canyon clean-up activities, and routine 
facility maintenance. The contamination on the K-3 filters originates in the hot cells and the K-3 exhaust duct, with the 
maximum value based on accident analysis assumption. 

The inventories specified for the K-3 exhaust duct, the hot cells, and the pool cells are conservative estimates of the 
radioactive materials that are estimated to be actually present in those areas. These inventories are bounding because 
operations which might introduce additional contamination are no longer performed, such as encapsulation activities, and are 
outside the scope of this BIO. For the K-3 exhaust duct, the inventory data are based on records of dose rates taken in the 
exhaust duct, which is why two possible isotopic distributions are provided. This contamination is present from former 
processing activities in the hot cells. In the accident analysis, the distribution that would result in the greatest dose 
consequences is used. For the hot cells the inventory data represent estimates of residual contamination on equipment and 
surfaces within the hot cell, based on historical operations within each cell. For the pool cells, the accident analysis uses 
maximum storage conditions n l i i c h  includes all m u i t  capsules p r ~ d i i c e d  at WESF. .l.tie iiiwritor! iiiiiiiber used fbr  the 
cnpsiilc? hniiiids tlic additional scvcii poudcr and psIIcI Tlpc  LV ovcrpnck cnpsulcs wccibcd at  \VEST in 1098. This kind of 
analysis serves to bound the potential consequences of accidents and allows the facility greater flexibility in storage of the 
capsules. 

I 
Although predominantly used in the process of hazards evaluation, the WESF HAZOP, performed by plant personnel, 

is also helpful in the process of identifying facility hazards. Because the HAZOP systematically reviewed WESF operations 
for potential deviations from normal operating conditions, the hazards inherent in the facility operations and materials were 
identified. An example would be the identification of the potential, under some process deviations, to generate and 
accumulate hydrogen. 

Potential fire hazards have been identified and evaluated in the FHA performed for WESF (h1c.1.1~ I W S ) .  The results 
of the FHA identified significant combustible loadings in the facility Truckport area and hot cells that present fire hazards for 
dispersal of radioactive material. These hazards are carried forward in the hazards evaluation and accident analysis. 

I 

The kinetic energy hazards identified for WESF consist of the pool cell and canyon cranes, the various cover blocks 
I used in the facility, and the shipping casks used for l i ig l i -x~ iv i t !  solid waste and capsules. The pool cell and canyon cranes 

are large bridge cranes and would represent a significant force if one failed and fell into a hot cell (canyon crane) or apool cell 
(pool cell crane). The various cover blocks used in the facility are intended to provide both confinement of radioactive 
materials and radiation shielding. There are cover blocks on the hot cells, Truckport, K-3 Filter Pit, TK-100 pit, Pool Cell 
Area and inactive pool cells. Cover blocks were formerly in place over active pool cells, but an IOSR control is in place for 
moving a cover block over an active pool cell. There are two types of casks used in the facility, the waste cask for outgoing 

designed to provide significant shielding for their respective payloads and, as a result, pose significant drop hazards. All of 
these kinetic energy hazards are addressed in the hazards evaluation and accident analysis as appropriate. 

I shipments of the higli-xtivit> solid waste drums from A Cell and the BUSS cask for receipt of capsules. Both casks are 

The March 14, 1996 WESF OSHAEmergency Planning and Community Right-to-Know Act Inventory, Hazardous I Material Inventory Database was reviewed ( H q  lW9), for toxic materials stored in WESF that could potentially be released 
during an accident and expose the onsite and offsite individuals above the toxic chemical risk guidelines identified in 
WHC-CM-4-46, Section 7.0, "Risk" ( n o t b  coiit i i i i icd iii HNF-PRO-701).  Except for trisodium phosphate crystals (Na,PO,), 
W l X U  Amberlit& 01 I'iireliteO resin beods and a clay absorbent (Absorbs-lt') (MSDS No. 010179), the quantities of 
materials identified in the database for use in WESF are extremely low (;.e., 18.93 L [5  gal] offloor wax, 36.74 kg 181 Ib] of 
floor cleaner). Most of the materials are in use for general housekeeping purposes and are in quantities used for the typical 
household but are certainly not in greater quantities than found in institutions, e.g., schools, hospitals, hotelshnotels, etc. Only 
one material, Neolube', is not used for general housekeeping purposes and is reviewed along with trisodium phosphate (MSDS 

I 

'Absorbs-It is a trademark of Excel-Mineral company, I 1  1 S. La Patera Lane, Goleta, California, 931 17 

%eolube is a trademark of Huron Industries, Inc., P. 0. Box 610104, Port Huron, MI 48061. 
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I No. 042124), WIXM AmhcrlitcO or PuroliteO (MSDS N o .  15012: MSDS No. 29,905) resin bcads and Absorbs-It' in the 
following discussion. 

Trisodium phosphate is used as a decontamination agent in WESF. The dry material is a nonvolatile, noncombustible 
alkaline dust. The crystals are mixed with water and typically heated to form a 0.4 to 1 wt% solution. The trisodium 
phosphate vapor pressure from the 0.4 to 1 wt% solution would be negligible, and the solution would primarily be considered 
a potential skin and eye irritant with some potential for respiratory irritation should misting occur. There are no exposure 
limits for trisodium phosphate in either the American Conference of Governmental Industrial Hygienists (ACGIH 199 I )  or the 
National Institute of Occupational Safety and Health (NIOSH 1990). However, exposure to the dry dust would be limited to a 
3 mg/m' (respirable) 8-hour TWA (ACGIH-particulate not otherwise classified). A spill of this material would not result in 
detectable concentrations at 100 m (328 fi) or the Hanford Site boundary. 

The LVIXh4 resin is a sulfonated d i v i n ~ l b e n z ~ - I i c ' ~ t y r c ~ i c  copol! n i x  that is rliglitl> toxic and can rcst~lt in irritation to 
t l i r  eye5 and shin on contact. 'Ylie resin materi:iI is nut listed i n  40 CFR 302.4 :IS a hanil-duus si1bsr:ince and. rherefore. is not 
furthcr analyzed as a toxic siibstancc. (The physical propertics ofche reqiii niaterial arc, lio\vc\er, considered hi- t l icr  in [he 
analysis from the statidpoint o f  radioloziciil Iia7:irds.) 

Absorbs-It' is sedimentary opal clay used as a liquid absorbent. The material contains less than 10% crystalline silica 
(as quartz), and is nonvolatile and noncombustible. The exposure limit for quartz is 0.1 mg/m' (respirable) 8-hour TWA 
(ACGIH), and crystalline silica is considered a possible or reasonably anticipated carcinogen by the National Toxicological 
Program and the International Agency for Research on Cancer. There is some potential for exposure to employees using the 
material, but the material is non-toxic to the environment and a spill of this material would not result in detectable 
concentrations at 100 m (328 ft) or the Hanford Site Boundary. This material is directly analogous to common sand. 

Neolube' is a mixture of isopropanol and natural graphite used when pulling wires through electrical conduit. 
Employee exposure limits for the Neolube' ingredients are: graphite, 2 mg/m' (respirable) 8-hour TWA (ACGIH-TLV) and 
isopropanol, 400 ppm 8-hour TWA, 500 ppm STEL (ACGIH-TLV). The Neolube' is stored in the flammable cabinet in the 
AMU. The material does not pose a significant exposure hazard to employees using the material, and a spill of this material 
would not result in detectable concentrations at 100 m (328 ft) or the Hanford Site boundary. 

I 
Since t l ic orisinnl rclciisc oi'tlic L'.'LSI: BIO. the Ihcilit! lins aildcd lhc Pool Cell Clo!;c:tl Loop Coolin; s)steiii. 

221-HG. Cliriiiicals :ire added IO t l i i c  systriii to rediice corrosion (1)iariodic I)N300l. eliiiiinate binlogical ~ r c w t l i  wirliiii tlie 
sys lc i i i  (Spcctrus N X I  l(161, and balance pH (citric acid) as ncccscar). Noiic 01'tlicsc compouiids arc coiisidcred carcitiogciiic. 
none of these coriipouiid, are listed in 40 CFR 255  :is an eztreniely hi~nir~lous suhhkince. and onl) the potajsiuw hydroxide (a 
coiislitucnt o1'Di;inodic DNXO) is listed in 40 CI:R 307.4 a \  a l inzardws substniicc. Thcrc are no rcgulntcd cwrtiluctits 
present at OSIIA tliresholds and rhe CERCI.A!SAI<A reportahl? qunnrity of Iliandic D N i 0 0  due  t u  the pordssiiliii Iiylroxide i s  
2, 068 gallons and tlic lhcility only stores 180 gillwis. i l ' t hese cliciiiicals are accitlcntally nii.\cd (c.g.. railiirc ol't l ic 
cotitiiiners). they \vould iieutraliie each other bur \\auld i iv f  create an rhotheririic reactioii. For the,? reasons. additional 
analysis wi l l  not be pcrhrmed atid llic site'S~~cilily industrial saScty and clicniical mana~cn ic r l l  programs will  e~isurc worker 
safety is maintained. 

None ofthe chemicals at WESF pose a credible onsite, 100 m (328 A), offsite (Hanford boundary), or environmental 
risk based on the quantity of material and the dispersion properties due to the physical characteristics of the materials. The 
materials discussed in some detail above are not considered as having any significant exposure potential outside the immediate 
spill or work area, The potential for worker exposure to the materials is addressed in the institutional health and safety 
program identified in Chapter 6.0, Section 6.2, "Hazardous Material Protection." 

3.3.2.2 Hazard Categorization. 

This section gives the results of the final hazard categorization activity performed as required by DOE Order 5480.23 
and in accordance with the guidance provided in DOE-STD-1027-92 (DOE 1992). The preliminary hazard category assigned 
to WESF is Hazard Category 2 as transmitted to DOE (Reed 1994b). This is the most restrictive category that can be assigned 
to a DOE non-reactor nuclear facility by the Management and Operations Contractor. DOE-STD-1027-92 also reserves the 
right to designate facilities as Hazard Category 1 per the direction of the Cognizant Secretarial Officer (CSO) or designee. 
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DOE-STD-1027-92 states, “The final categorization is based on an ‘unmitigated release’ of available hazardous material. For 
the purposes of hazard categorization, ‘unmitigated’ is meant to consider material quantity, form, location, dispersibility and 
interaction with available energy sources, but not to consider safety features (e.& ventilation system, fire suppression, etc.) 
which would prevent or mitigate a release.” 

Other considerations made in this hazard assessment are ( I )  facility segmentation, (2) treatment of sealed sources, and 
(3) use of alternative release fractions. Each consideration is discussed below. 

Segmentation, Segmentation is used to avoid placing excessive requirements on simple or even trivial co-located 
I operations. The WESF facility is, for all practical purposes, independent ofthe shurdo\\n B Plant Ckil i t ! .  The WESF mission 

is one of interim storage. It no longer serves as a processing extension of the B Plant complex. The only interaction between 
the two facilities that increases hazards is the potential failure of the B Plant end wall. Its failure during a seismic event could 
damage portions ofthe WESF structure. The interaction has been evaluated in this BIO (see Section 3.4.2.1) and, although a 

I significant hazard, its potential consequences are within risk wdu;ition gliide1int.s. Other hazardous releases from B Plant, 
unrelated to WESF, were also evaluated for impact on WESF (see Section 3.4.2.2). Although B Plant accidents have the 
potential to disrupt WESF operations, none were found that would prevent WESF from canying out its mission of safe 
storage. 

B Plant deactivation activities should proceed without impacting the WESF safety basis. Therefore, the segmentation 
of WESF from B Plant for hazard categorization purposes is appropriate and beneficial. 

Three seismically independent structures make up WESF; however, many ofthe service systems are common. All 
three structures are vital to the WESF storage mission. At this time, no benefit is ascertained from further segmentation of 
WESF. 

Sealed Radioactive Sources. DOE-STD-1027-92 (DOE 1992) states “Sealed radioactive sources that are engineered 
to pass the special form testing specified by the US. Department of Transportation in 49 CFR 173.469 or testing specified by 
ANSI N43.6, ‘Sealed Radioactive Sources, Categorization,’ may be excluded from summation of a facility’s radioactive 
inventory.” Other documentation and source control requirements are also applicable. The WESF cesium capsules passed all 
Special Form tests and were qualified as Special Form in 1975 (Nogales 1992), but the sealed radioactive source exclusion will 
not be taken for the purpose of this hazard analysis for the following reasons. 

A WESF cesium capsule failed on June 1988 at a commercial irradiation facility, RSI, in Decatur, Georgia. Due to 
concerns for Special Form application to RSI capsules and the desire for expedient recovery, cesium capsules were 
shipped from the RSI facilities to WESF as Normal Form Material. These same concerns (i.e., the impact of thermal 
cycling on capsule integrity) remain outstanding for those capsules that were shipped Normal Form and would have to 
be addressed before Special Form requirements could he formally stated to be met. 

The loss of pool cell water event discussed in Section 3.4.2.7 identifies a way that the encapsulated material could be 
released. This condition is brought about by the storage configuration and heat buildup of several hundred capsules 
located within a confined volume. Active human intervention is required in order for this configuration to remain 
safe. Such a configuration does not meet the intent of DOE-STD-1027-92 (DOE 1992) for passively safe storage of 
hazardous material. 

Alternate Release Fractions. The release fractions used in deriving the radio-isotopic threshold criteria in DOE-STD- 
1027-92 (DOE 1992) were 1.0 x 10’and 1.0 x 10” for cesium and strontium, respectively. From an evaluation of the worst 
case, unmitigated accident sequence (i.e., the loss of pool cell water event discussed in Section 3.4.2.7), a similar release 
fraction of 3.0 x 10.’ results from the release of 1 I O  kg (out of a total of 3,546 kg) of cesium chloride over the f r s t  28 days of 
the release. (Total cesium capsule net mass is 1,328 capsules times 2.67 kg net mass per average cesium capsule [Hc) 1099l). 
Relative to the cesium chloride release, no significant strontium fluoride is released. DOE (1992) allows the threshold 

quantity to be adjusted by the ratio ofthe calculated release fraction to the default release fraction. Thus, the detailed analysis 
of Section 3.4.2.7 provides a basis for decreasing the threshold criteria for ”’Cs by a factor of three and excluding 
consideration of ”Sr from this event hazard. 
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WHC-CM-4-46 (\rliich has since h c w  rcplaccd !viLh HNT-PRO-704) provides the following expression for use in 
determining the fmal hazard categorization. 

I 
J Inventory at Risk of Isotope, 

Category 2 Threshold Quanti@ of Isotope, 
SUMofRatios = 

If the solution to this expression is greater than unity, the analyst is directed to document the facility as Hazard 
Category 2. 

The inventory at risk is the inventory that could become a source of a hazardous release in the event of an accident 
As shown in Section 3.4.2.7, considerable WESF inventory meets this definition. From Table 3-3 the inventory at risk is 
approximately 52 MCi of "'Cs. Substituting these values into the above expression with the appropriate adjustments to the 
DOE-STD-1027-92 (DOE 1992) threshold criteria (based on an alternate release fraction) yields: 

= 1,750. 52 MCi 13-Cs 
8 9 / 3  kCi I3-Cs 

Sum of Ratios = 

If the original DOE-STD-1027-92 threshold criteria (without adjustment for release fraction and exclusion of Sr-90) 
had been used, the following result, which is virtually the same, would be obtained 

= 1,630. 
23 MCi 90 Sr 
22 kCi 90Sr 

+ 52 MCi Cs 
89 kCi IJi Cs 

Sum of Ratios = 

Conclusion. The WESF radioactive inventory exceeds the DOE-STD-1027-92 (DOE 1992) threshold inventory for 
Hazard Category 2. Based on this comparison and the considerations noted above, a designation of Hazard Category 2 is 

I assigned to WESF 

The unmitigated consequences of the most severe accident sequence, evaluated in Section 3.4.2.7, indicates that the 
release of radioactive cesium chloride could begin approximately 2 days after water is lost in all pool cells. Such a release 
could result in a 50-yr committed dose to the maximum public receptor of slightly less than 100 mSv (IO rem) in the first 24 h. 
Furthermore, sufficient radioactive material and energy are available to continue releasing radioactive cesium chloride for 

several weeks. 

3.3.2.3 Hazard Evaluation Results. 

This section contains a summary of the results of the hazards evaluation effort performed for WESF. The hazards 
I evaluation results are shown in detail in a supporting document ( I  ley 1999). 

As discussed in Section 3.3.1.2, the hazards evaluation for WESF consisted oftwo primary efforts. The fust is the 
WESF HAZOP performed in 1994 and issued in 1995 (Siemer 1995). The HAZOP identifies and partially evaluates hazards 
and potential system and operating deviations that might result in adverse consequences. The second effort is shown in a 
supporting document (Hc:) 1090) and determines frequencies and challenged safety barriers for the purposes of the BIO. Thc 
W l X M  llA7.01' \vas completed i i l  a iinyle effort and \ \ as  incorporared into I ley( 1999). 

The results of the HAZOPs consisted of a number of postulated accident scenarios that were ranked by the HAZOP 
team members with respect to assigned consequences. The qualitative consensus estimates of the safety severity of the 
consequences were ranked as SO (operational issues), SI (worker safety issues), SZ (onsite consequences), and S 3  (offsite 
consequences). 

I 

Thew werc a total of336 deviations idcntilicd to have potential consequences associated w i t h  (he 27 HAZOP nodes 
shown in Table 3-5. Details on eiich there deviations including the assigned Consequence R a n k  (SO. SI or S 3 )  and Frei]uency 
Rank (F0. F l ,  or T3) arc contained in l~ablc  A - l  and A-2a in thc H q  ( I  990). In some cases, deviations of a parameter 
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associated with one node would cause another deviation of a parameter associated with a second node (e.& high flow through 
I a feed line node might cause a high level in the destination vessel). 'There were also swei-i l l  instances in the HAZOP where an 

accident scenario caused by a particular deviation has more than one consequence ranking (SI/S2 or S2/S3) depending on the 
state of associated equipment or process parameters. In some cases, the cause and consequences of a particular deviation at a 
node are identical to a deviation at another node. These are cross-referenced in the HAZOP tables and are not generally 
included in the count as separately ranked accident scenarios. 

There were several deviations postulated as having SO consequences (operational concerns only). These deviations, 
having been brought to the attention ofmanagement, are documented in a supporting document (Hcy IOYY). SO dcvi:?lions 
will not he evaluated h i t h e r .  

The SI deviations identified in the HAZOP studies hiwe been combined iind sutiiniari7ed in Table 3-6. The 
institutional safety programs that are designed to address worker safety issues at WESF are identified in Chapter 6.0, "Safety 
Management Programs." Identification in the HAZOP and summarization in this section, are sufficient to define the interface 
between safety analysis issues and worker safety issues for WESF. Therefore, SI deviations are not evaluated further. 

I 

The S2 deviations flaw hccn c a n ~ b i n ~ d  alii1 suiiiiiiarixd in Table 3-7. AI1 S2 deviations identified in the HAZOPs 
are included in the full hazards evaluation and accident selection processes, and Table 3-7 is provided only as a summary of 
the hazards evaluation results. 

I 

The S3 deviations Iinvc bccn conhinctl and suiniiiarimJ in Table 3-8. All S3 deviations are included in the full 
hazards evaluation and accident selection processes, and Table 3-8 is provided only as a summary of the hazards evaluation 
results. 

I 

In addition to the WESF HAZOP, a hazards evaluation identifying barriers to the postulated consequences and 
assigning frequencies to the deviations of interest was performed for WESF and is documented in Hey (1999). This effort 
used the HAZOP as the basis to further evaluate S2 and S3 deviations. The hazards evaluation results, shown in Hey (1999), 

I Table A-2,"l'able A-7a, are used in the accident selection process detailed in Hey (19991, Table A-3 'l'ablr /\-;a; and Section 
3.3.2.3.5 of this document. 

The risk rank; for each deviation is shown in Hey (1999), Table A-3 ;itid Tahlc A-3a. The risk rank is the primary 
input into the accident selection process. For deviations that were assigned a combination of consequence categories (Sl/SZ or 
S2/S3), the higher consequence category was assumed unless noted otherwise in the remarks column of Hey (1999), 

I 

I Table A-2'I'iihlt. A-21. 

3.3.2.3.1 Planned Design and Operational Safety Improvements. 

I Tliere are currentl) no significant design or operationill iinprovernent~ planned for WESF. 

3.3.2.3.2 Defense-In-Depth. 

This section discusses the results of the hazards identification and evaluation efforts for the purpose of evaluating the 
existence of defense-in-depth at WESF. Defense-in-depth is both a philosophy and a reference to "uncredited" barriers. The 
philosophy is that, when possible, reliance should not be placed on a single barrier to prevent unacceptable consequences. An 
"uncredited" barrier means that the SSC could act as a barrier to unacceptable consequences; however, it is not credited as 
safety significant or safety class. In practice, SSCs can be credited to control some, but possibly not all events. To present a 
consistent summary, Table 3-10 broadly includes any and all SSCs which could act as a barrier to unacceptable consequences. 
Reliance on them as safety class, safety significant, or merely defense-in-depth is also denoted along with their relationship to 

the accident analysis. 
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2 

3 

4 

Table 3-5. Nodes Analyzed in WESF HAZOP. 
1 I I W S F  Trttchport 

Cask Tratisporl Vehicle (Torklili or truck) 

13.6t(15-ton)crntte 

Shipping cask 

5 

6 

G-Cell capsule haiidlin@ area 

Hot cell manipulators 

7 Capsule t ra i iskr cart 

10 Capsule (ccsiutii or strontium) 

I2 

I; 

Water supply to pool cel ls 

Pool ce l l  ibater llon Ilirougli heat cxchanyx t o  ion-exchange bleed oi l  

14 

I 5  

CDL discliarzc 

Ion-cschange loop 

I 6  

I7  

3-19 
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Pool cel l  

Pool Cell Area 

I X  

IO 

Pipinz lrom pool ce l l  drain systcm 

Lo\r Icvcl \raste piping from hot ccl l  drniii to D Plant TK-39-1 (this s!stcm w a s  
deactivated in I')%) 

20 

21 

22 

23 

'K- 100 lo\\ level liquid waste sqstem 

Piping from H I'lnnt 'TK-100 to'l'ti-39.1 (this system was deactivated in 1998) 

208-1. ( j 5 - g l )  solid wtste drum from hot cel ls 

C'itrrently unused liot cells (A-E) 

24 

25 

K-.? supply from intake to cell (the K-3 system i s  used to represent "typical" 
~ V C I I I S  lroni al l  ventilation system) 

K-3 supply lo typical c e l l  

26 

27 

K-3 ~xl iaust  duct lo stack 

W1XP.I 
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Table 3-6. Summary of HAZOP S1 Deviations. 

acility System, smcture, component failure from 
atural phenomena 

lood ofTruckport 

.-I ventilation failurelupsets 

.-3 ventilation failurelupsets 

eaking capsule in Truckport or pool cell 

'ontamination released from outsiddinside of 
ask 

'ask seal failure 

'erium window (hot cells) failure 

lanipulator boot failure 

lot cel l  fire 

lot cell flood 

oss o f  pool cell water 

xtcrnal Contamination brought into facilily 

.elease o f  contaminated pool cel l  water (during 
anrfer to B Plant ( I 1  I'liinl linc ihw8it:wd i(i 
0"Sl )  

taste water backflow from B Plantj(l1 W:m liiw 
i i ic t iv :wd i n  1'14XI 

'K-100 flood, leak, or rupture 

K-I00 tire (leaked fuel from Truckport) 

Ion-routine maintenance for TI(-I00 

did waste container failure (explosion, firc 
:action, etc.) 

larardous materials entering facility from outside 

Hazardous MaterialRadiation Exposure 

Leaking capsule in Truckport or p a d  cell 

Fuel leak from truck or forkliR 

Carbon monoxide in Truckpan 

Facility system, structure. component failure from 
natural phenomena 

Cpark impact limiter ofigpar following tire 

Cerium window (hot cells) failure 

Manipulator boot failure 

G Cell door interlock failure 

Failure of transfer can during transfer 

Misuse o f  in-pool cell capsule handling 
:quipmen1 

Lorsilow level o f  pool ce l l  water 

Ian-exchange column failure, replacemmt, or 
maintenance 

Release o f  contaminated pool cell water (during 
Iranrfer to B Plant / I $  1'1.m Iinc, i o ; ~ ~ ~ l i % a i d  in 
I ' I ' J X ~ )  

Waste water backflow from B Plant113 i ' l i i i i l  l i ~ w  
i i u c t i \ t w ~ l  iii I W S I  

TK-100 flood, leak, or rupture 

TK-100 pump failure requiring non-routine 
maintenance 

Large quantities o f  cesiudrtrontium in 
TK-I00 

TK-100 fire (leaked fuel from Truckport) 

Non-routine maintenance for TK-I00 

Large radioactive inventory in solid waste 
container 

Solid waste container failure (explosion, fire, 
reaction, etc.) 

Accumulation ofwaste drums in occupied area 

Hazardous materials entering facility from outside 

\ \ l Y \ l  r i ipi i irc ii i I r u c l p i m  

ndustrial Concerns 

lot weather 

:old weather 

'ailure ofTruckport doors 

acility system, structure, component failure from 
atural phenomena 

Vind driven missile 

'ruck or forklift accident 

Ion-routinemaintenanceofcanyon (13.6 t [15- 
in]) crane 

:ask handling system ~tructural failure 

ligh temperature cask 

:elease o f  steam from high temperature cask 

:apsule handling equipment (in pool cell) 
ccident 

'001 cell crane (9 t [IO-ton]) accident 

:elease ofrteam in occupied area 

leavy solid waste container 

d i d  waste container failure (explosion, tire, 
:action, etc.) 
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Table 3-7. Summary of HAZOP S2 Deviations. 

Deviation 

Contamination spread from Truckport fire caused by leaking fuel from gasoline or diesel 
engine igniting radioactive waste 

~~ ~ 

Contamination spread from shipping cask damaged due to impact of misplaced cover block 

Cask damage due to placement on cover block rather than canyon floor. (Possibility of failing 
cover block because the structural strength is less than the canyon floor; cover block cannot 
support cask weight) 

Spread of contamination broken loose from K-3 exhaust system overwhelming the filter system 

Spread of contamination broken loose from K-3 exhaust system transfemed unmonitored to the 
environment through the 296-B-12 steam jet (K-3 w a n i  .is( Iias since b x n  ri.moved) 

Breach of capsule andlor pool cell leak caused by cover block drop into pool cell 

Spread of contamination after capsule structural failure due to high temperature caused by loss 
of pool water 

Spread of contamination after hydrogen explosion in hot cell due to increased radiolytic 
hydrogen concentration resulting from loss of cell ventilation 

Radiation dose from uncovered capsules caused by structural failure of pool cell allowing water 
to drain 

Large release from overheating of capsules in drained pool causing melting andlor multiple 
capsule failure 

Under cover block hydrogen explosion. (Not applicable since cover blocks have been 
removed) 

Contamination spread from hydrogen explosion in TK-100 due to transfer of excess strontium 
or cesium to tank (increasing radiolysis) 

Contamination spread due to leak of material from TK-100 to soil 

Increased direct radiation dose from TK-100 due to K-3 filter flush 

Contamination spread from fue in waste drum 

Contamination spread from chemical reaction in waste drum 

Release of contamination to the environment from K-3 filter due to flooding 

Contamination spread from fire in K-3 filter 

Contamination spread from fire in hot cell. 

I<elt.iise of t i t i e  spr;i> in 'l'i-uckpolr dw to LVlXtvl overpresswe 
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1 

2 

3 

4 

5 

6 

I 

8 

9 

Table 3-8. Summary of HAZOP S3 Deviations. 

Deviation 

Contamination spread from cask damage due to cover block drop 

Contamination spread from hydrogen explosion in hot cell due to 
increased radiolytic hydrogen concentration resulting from loss of 
cell ventilation 

Contamination spread from damage to filters (K-3 system) caused 
by water from cell flooding 

Contamination spread from hydrogen explosion in pool cell 

Contamination spread due to capsule structural failure due to loss of 
pool cell water and failure to replenish water 

Contamination spread due to K-3 filter fire 

Contamination spread due to fire in hot cell 

Contamination spread from damage to capsules caused by drop of 
heavy object. 

Cont;iminiition spread diie t u  d ~ t l n ~ r a t i ~ ~ i i . ' d t t ~ ~ i i ~ i t i ~ n  in  W l  Xh l  

- 

R I Devialims 

WESF IIALOI' 30 

WlXM HAZOP X 

Total 3s 

Table 3-9 summarizes the \VEST and LY1Xh.l spccilic hazard evaluation effort. The entries in Table 3-9 wcrc 
obtained from Table A-; and T:ible &;:I oF I le) ( I  9 W  ;uid represent the number ofdeviations in Table A-2 and Table A-2rt 
of Hcy (1999) which were assigned a particular combination of frequency and consequence. Tablc 3-2 of lhc  BIO 
demonstrates h o w  freqwiicy and coiiseqiieiice raiih rcsidt in  i i  ptirticulnl- r i k  rank. Note that the total number of deviations in 
Table 3-9 is not equal to the total number of deviations in Table A-2'Table A-Zo of t-IC! (IOOS). Several ofthe WESF HAZOP 
deviations were equivalent and were not counted multiple times in the risk rank summary 

K7 [IC\ illtiow 

40 

2 

42 

R.7 Dcvialions 

1 .> 

I 

2-1 
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Feature 

Diesel generator 

Table 3-10. Summary of SSCs Having B Safety Function. 

Defense-in-depth function Relevant Level of 
accidents protection 

Provide backup ptwcr 3.4.2.1 3.4.2.2 DD 

Structural confinement o f  residual contamination and 
capsules; shielding. 

Area 2 (hot Cell) StNCtUR 3.4.2.1 sc 
3.4.2.3 sc 
3.4.2.4 ws 

Pool cel l  watcrquaiity Limit liner and capsule corrosion; maintain visibility 3.4.2.6 3.4.2.7 DD 

I pool cel l  level instrumentation I Maintain capsule cooling and shielding I 3.4.2.7 I SC 

Pool cel l  level control Maintain capsule cooling and shielding 3.4.2.7 IDSR 

Area 3 (Pool Cell Area structure including pool 
ce l l  concrete walls and floor) 

Maintain capsule cooling and shielding I 

Pool cell liners 

I I 3.4.2.7 sc 

Maintain capsule cooling and shielding 3.4.2.7 DD 

1296-B stack and K-3 exhaust ducting I Provide for elevated release ofmaterial in eventofa DEE I 3.4.2.1 I SC 

Pool ce l l  leak detection sump Maintain capsule cooling and shielding 3.4.2.7 DD 

I pool cell temperature alarms I Maintain capsule cooling and shielding I 3.4.2.7 1 DD 

Capsule movement procedures Maintain capsule shielding NIA ws 

Area radiation monitoring in the Pool Cell Area Alarm for elevated dose rates in the Pool Cell Area 3.4.2.6 3.4.2.1 ss 

Pool cell heat load l im iu  

1;-3 Filter Pit structure 

Maintain capsule cooling and shielding 3.4.2.1 IOSR 

Protect filter housing from NPHs, shielding o f  K-3 3.4.2.1 sc I I Ws contamination 3.4.2.4 I 

Pool cell water circulation piping 

Pool cell normal water makeup 

Pool cell emergency water makeup 

Transfer ports normally closed 

Water in inactive pool cells 

I K-3 exhaust duct drain-line and dam I Prevent filter housing water accumulation I 3.4.2.4 I DD 

Retain pool cell water 3.4.2.7 sc 

Maintain capsule cooling and shielding; provide makeup 3.4.2.6 3.4.2.7 DD 
water for decontamination 

Provide long term emergency water source for capsule 3.4.2.7 sc 
cooling and shielding 

Provides assurance that loss ofwater in one pool cell docs 
not resuit in loss o f  water in other pool cel ls 

Provide short term seismically qualified water source for 3.4.2.1 DD 
capsule cooling and shielding 

3.4.2.7 DD 

K-3 filter housing sump and steam jet  Collect and remove filter housing water 3.4.2.4 DD 

3-23 

K-3 filter housing sump liquid detection Alarm for water in the filter housing, hydrogen dilution 3.4.2.4 DD 

K-3 filter housing sump liquid removal 
procedures 

K-3 filter inventory h i s  

Prevent hydrogen buildup. 3.4.2.4 DD 

Prevent safety class consequences from hydrogen explosion 3.4.2.4 IOSR 
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Feature Defense-in-depth function Relevant 
accidents 

Level of 
protection 

I Truckport low-level solid waste inventory limits 1 Limit releases from Truckport accidents 1 3.4.2.3 I IOSR 1 

('1ii.ni-hui. n a s l i .  cask 

BUSS cask 

Contamination and radiation field alarms I Truckport radiation surveys and detectors I 
Shielding far waste drums 3.4.2.3 ws 

Shielding, and containment for capsules (including fire and 3.4.2.3 DD 
impact protection) ws 

DD I I I ws 
3.4.2.3 

TK-100 walls and pit structure 

TR-100 level instrumentation 

Shielding and containment of contamination 3.4.2.4 EP 

Prevent overflow into K-3  system 3.4.2.4 DD 
ws 
EP 

K-1 and R 4  ventilation systems 

1 Pool cell storage racks 1 Control capsule storage configuration and protect liner 1 3.4.2.1 1 DD 1 
Dilution o f  fuel fumes in Truckport: prevent hydrogen 3.4.2.3 DD 
buildup in Pool Cell Area. provide cooling ofstructure i f  
watcr lost. 

3.4.2.4 
3.4.1.5 3.4.2.1 

208-L (55-gal) drums 

Hat cell capsule storage l imiu 

Capsules 

1 Stack radiation monitors 1 Monitor and alarm for contamination release 1 3.4.2.4 I DD I 
Confinement afsolid waste in A Cell 3.4.2.3 IOSR 

Thermal protection for safety class structure (IOSR): limits 3.4.2.4 IOSR 
capsule corrosion (DD) 

Primary containment barrier 3.4.2.6 3.4.2.1 DD 

Truckport fire detection and suppression system 

i S u k  ilii* tiru sq> l> (c \ , iw  s > s l c m  was  l imwl~ 
\\ hiit I h  hum ch;ingcd I,, 111) tluc 10 :I 
icdwtion iii diiii i i inwnlw! 1 

Vehicle maintenance and wasle cask movement 
procedures 

Procedures for transfer from TK-100 to lunhcr 
I r d  

1 Solid waste bags 1 Solid waste containment I 3.4.2.1 I WS I 
Protect C IIC~II-XLIC waste cask in the event offire 3.4.2.3 1111 

Minimize the possibility for a fire involving the waste cask 3.4.2.3 DD 

Prevent high radiation fields; prevent hydrogen buildup 3.4.2.4 WS 
EP 

flat cell fire detection and suppression system 

IRumicliuii CJII c.omhwiihiu~ in II - I '  CcII, 

Alarm and extinguish tire in F and G cells 

I )~wcnt  lliilurc ,,i h-3 111'P I i l l u  3.4.2.3 IOSK 

3.4.2.3 DD 

Restriction on combustibles in F and G Cells Precludes fire when capsules are present and pan 
plugdcover blocks arc open I I 

Maximum o f  200 kg of  combustibles in A Cell 

Plug ports and cover blocks must remain in place 
for B through E Cells 

Hot cell to hot cell pass-throughs (with doors) 
remain normally closed 

I DD I 
Minimize fire in A Cell 3.4.2.3 lOSR 

Minimize fire in B through E Cells 3.4.2.3 IOSR 
~ _ _ _ _ _ ~  

~ _ _ _ _ _ _ _  
Minimizes the possibility ofspread ofhot cel l  fire 3.4.2.3 IOSR 
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I Pool cell drain line Retention of pool cell water 3.4.2.7 sc 

Pool cell I RIIX system Pool cell decontamination 3.4.2.6 DD 

Electrical supply system redundancies Prevent loss of electric power due to single component 3.4.2.2 DD 
failures. 

Instrument air Essential plant support system (operates DOVs for water 3.4.2.6 3.4.2.7 DD 
makeup) 

K-3 system differential pressure monitors and Alarm for K-3 system upset 3.4.2.3 DD 
alarms 3.4.2.4 

K-3 ventilation system exhaust and supply 
interlocks 

K-3 system interlock with K-l and K-4 systems 

Interlock deactivates supply fan if exhaust fans fail; 
prevents pressurization of contaminated areas. 

Interlock deactivates the K-l and K-4 systems in the event 
of failure of the K-3 system; prevents ventilation air from 
pass between zones 

3.4.2.4 DD 

3.4.2.4 DD 

~ 

Feature 

K-3 HEPA filters 

Truckport housekeeping procedures 

Defense-in-depth function Relevant Level of 
accidents protection 

Confinement of contamination from hot cells and K-3 3 4 2 3  sc 
system 3 4 2 4  

Minimize loore combustibles 3 4 2 3  DD 

I Hot cell surveillance and water removal I Prevent hot cell flooding and hydrogen buildup I 3.4.2.4 I IOSR 

Hot Cell and Truckport cover block lit? 
procedures 

Prevent cover block drop 

Hot cell sumps with liquid detectors 

K-3 ventilation airflow 

Packaging requirements for waste drums 

TK-IO0 bubbler 

Pool cell cover block 

I DD I WS 

Prevent hot cell flooding and hydrogen buildup 3.4.2.4 DD 

Prevent hot cell and K-3 system hydrogen buildup; provide DD 
cooling in hot cells. 

Prevent hydrogen generation in waste drums 3.4.2.3 DD 
WS 

Control hydrogen buildup 3.4.2.4 DD 
ws 
EP 

Emergency shielding 3.4.2.6 3.4.2.7 DD 

3.4.2.4 

Heavy abject lifl restrictions 

Hot Cell slructures 

Truckport cover block 

Prevent a heavy object from failing into a pool cell 3.4.2.6 3.4.2.1 10% 

Shielding and confinement 3.4.2.3 ws 

Shielding and confinement NIA ws 

Altcrnate ventilation ofPool Cell Area ifthe K-1 
and K-4 systems inoperable 

Control of highly volatile liquid fuels and 
flammable eases 

Prevent hydrogen buildup in the Pool Cell Area 3.4.2.5 IOSR 

Prevent flammable gas explosion in the facility 3.4.2.5 IDSR 

Active ventilation ofall  areas of the facility I 3'4'2'5 I DD I Sweep away any flammable gases or fumes generated by 
spills or leaks during facility maintenance or modification 
activities 
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ALARA = as low a reasonably achievable 
DD = Defense-in-depth 
DOV = Diaphragm+perated valve 

EP = Environmental protection 
IOSR = Interim operational safety requirements 
NPH = Natural Phenomena Hazards 

SC = Safety class 
I ss = Safetysignificant 

WS = Worker safety 
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The following discussion focuses on each ofthe significant hazards addressed in Section 3.3.2.1, showing SSCs and 
administrative controls relied on to control the hazards. The predominant types of hazards identified and evaluated (from 
Table 3-3) were direct radiation, radioactive materials (includes thermal energies), combustiblelflammable materials, explosive 
materials, and kinetic energy. 

Radiation. Direct radiation hazards were identified in the Pool Cell Area, hot cells, K-3 Filter Pit, Truckport, TK-100 
pit, and areas where the loaded shipping casks may be located. 

For the Pool Cell Area, the radiation hazard stems from the cesium and strontium capsules located in active pool cells. 
Defense-in-depth for this hazard begins with the capsules themselves, which provide shielding for the beta radiation and 

containment for the radioactive material. The fxst barrier for the gamma radiation is the pool cell water and associated 
systems and controls. Also present are radiation monitors in the Pool Cell Area, the water circulation system, and the 
ion-exchange columns. All of these features are discussed below. 

Radiation produced by the encapsulated materials in the pool cells consists of beta and gamma radiation. The beta 
radiation will also interact with shielding materials (e.& capsules) to produce bremsstrahlung radiation, but there is no 
identified condition at WESF where bremsstrahlung radiation would play a significant role in dose rate estimates. On this 
basis bremsstrahlung radiation is not considered further. The beta radiation produced by the %Sr, wY (the daughter product of 
%), and the '"Cs is shielded by the inner and outer stainless steel capsules. Only in the event of a failed capsule, analyzed in 
the hazards evaluation and accident analysis, would the beta radiation not be shielded by the capsules. The gamma radiation, 
predominantly produced by '""'Ba (the daughter product of '"Cs), is not adequately shielded by the capsules. The water in the 
pool cells is used to provide the shielding for the gamma radiation. I f  rul'liciciit \\;iter d c p l i  ~ c r c  not inailable as sliiclcling, 
the Ie\el iiionitoriiig would aleit fticility persunriel to low pool ce l l  levels iiiid the i i re i i  radintioii iiioiiituriiig i n  the Pool Cell 
Area ~LNIICI act to a le i l  iiicility pcrsouncl 10 l l ic prcsciicc oIclc\alcd dose riilc,. 

Dccausc sonic orthe capsules inay he s l o w 1  iiciir 11ic \viiIls of the pool cclls. [ l ie \\;i~cr iii ~ h c  active pool cells and the 
pool ccl l  will d o  iiot pi-uvide sufiicieiit sliieliliiig to the side. ' I o  pi-ovidii iiilditiuiiiil shielding. \\:;iter is iiiaiiit:iineil iii iiiiictive 
pool cell> that arc acl.iaccnl IO acti \c pool cells. 

Several features maintain the water as shielding in the active pool cells 

The pool cell liners, and safety class drain piping and circulation system piping are relied on as the first boundary to 
contain the water in the pool cells. 

A sump with leak detection capabilities is provided for each pool cell to collect any water that may leak from a liner. 

The safety class pool cell concrete structures under the liners are the second boundary to contain the water in the pool 
cells. 

When capsules arc iniovcd w i t b  the hollo\b pool cel l  tong% the capsules arc no1 lilted any highcr t l ian necessary and the 
tongs are filled with water to prevent dose tu the fxilit? worker. 

The water level in each active pool cell is monitored and controlled via water level instrumentation. 

The water lost from the pool cells is replaced by water makeup systems. The primary (normal) water makeup system 
is deionized water, Alternate and emergency water makeup systems include the normal plant sanitary and raw water 
supplies, two deep wells that can feed the raw water supply loop for WESF, and external water sources. 

The water in each active pool cell is actively cooled by circulation through a heat exchange system. The cooling is 
performed to iiiiiiiitaiii water temperature. 

The quality of the pool cell water is maintained by the use of deionized water makeup (above) and periodic circulation 

I 
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through ion-exchange columns located in Pool Cell I I to reduce corrosion 

Radiation monitoring in Pool Cell Area, circulation system, and ion exchange columns 

Water transfer from pool cell to pool cell can be performed to provide short-term water supply and cooling 

Radiation monitors are located in the water circulation system and on the ion-exchange column intake. The 
circiikitioii system for each pool cell is designed to take water from the pool cell, cool it by passing it through a heat 
exchanger, then return it to the same pool cell. The circulation radiation monitors are designed to detect and alert facility 
personnel to the presence of radioactive material in the pool cell water. The ion-exchange columns in Pool Cell 11 are used to 
periodically clean the water in each pool cell by circulating it over ion exchange resin. The radiation monitors associated with 
the ion-exchange columns in Pool Cell 11 are intended to minimize the radioactive contamination retained on the resin in the 
event of  a leaking or  failed capsule in a pool cell. Pool Cell 1 I is maintained without water, and the current design does not 
allow changeout of the resin remotely. Therefore, an interlock between the radiation monitor and the column inlet valve is 
provided to automatically stop the flow on the outlet side of the columns'if elevated radiation levels are detected. 

I 

The hazards evaluation also identified a direct radiation hazard associated with the hot cells. This hazard is mitigated 
by walls, cover blocks, and lead-glass windows. The north and south walls of the hot cells, facing the Operating Gallery and 
the Service Gallery, respectively, are made of 89-cm- (35-in.-) thick, high-density concrete. The east and west walls o f A  and 
G Cells are also constructed of 89-cm- (35-in.-) thick. high density concrete so that manned entry may be made into A and G 
Cells. The hot cells each have stepped cover blocks constructed of 76-cm- (30-in.-) high-density concrete to provide shielding 
for the canyon (above the hot cells). The hot cell windows, designed to allow operators to view into the hot cells, are 
constructed of lead glass and provide the equivalent of 89-cm (35-in.) of high-density concrete. The windows have a 
protective cerium coverglass on the hot cell side and a protective plateglass on the Operating Gallery side. 

The hazards evaluation also found a direct radiation hazard which could be associated with the K-3 Filter Pit. 
Currently, little radioactive material is present in the K-3 filter housings, and it is not anticipated that the filters will ever 
become significantly contaminated in the future. lrtlir ti1tc.i-5 did l iecii i i ic. i i y i i i i c u i i l y  c,iiiiaiiiinart.d. they could br taken out 
o['scr\ icc ai id  scpliiccd. I icivc\cr. l i l l c r  cli.iii:cnul 1, c u m n i l !  1101 a l l o \ i c d  i i i ides t h i s  BIO. Filter radiation monitors would 
detect the presence of elevated dose rates, or if it were suspected that significant amounts of radioactive material were present 
on the K-3 filters, as low as reasonably achievable (ALARA) principles and practices would be used to control the direct 
radiation hazard. 

I 

The Truckport was also found to have a direct radiation hazard in the form of low-level solid radioactive wastes 
stored in plastic bags/wooden boxes or i n  ii  I m i t I d  U IXM. The features used to control this hazard are limits on the 
radioactive material inventories allowed for the WI  X M; radiation surveys for surface contamination on the bags; a continuous 
air monitor to detect airborne contamination; and an area radiation monitor to detect elevated dose rates. 

I 
The movement of lhigli-activit) solid waste from the facility and the receipt and subsequent movement ofcapsules to 

the pool cells also present direct radiation hazards. For the liigli-xli\ it! solid waste, the features associated with the hot cells 
provide the radiation shielding before the waste is removed from A Cell. Once the drum is lifted into the high iiilegily 
cont:iinrl- ( I  IIC) in the canyon, the I IIC provides sni i i t .  radiation shielding until the package is placrd i n  the Cliriii-Nuclear 
Sysiciiis Inc.(Chciii-Nuc) cask in the Truckport. The period of greatest dose rates occurs between the time the plug port in the 
largest of the two A Cell cover blocks is removed (to allow movement of the 208-L [%-gal] drum) and the time when the 

I waste driiiii is 1)laci.d iii 1111' HIC'. During this time, the radiation exiting vertically through the open port is shielded by the roof 
of the 225-B Building. 

For the transport of capsules, the beneficial uses shipping system (BUSS) cask is relied on to provide radiation 

I for G Cell are io place). Once the cask is i i i  G Cell, the cover blocks have been placed into position, and the BUSS cask 
shielding and additional confinement for the capsule(s) while it is in the Truckport, canyon, and G Cell (until the cover blocks 

opened, the radiation shielding features associated with the hot cells (specifically G Cell) are relied on to provide the necessary 
radiation shielding. Once the capsule has been lowered into Pool Cell 12 from G Cell, the water in Pool Cell 12, and then the 
other pool cells provide the necessary radiation shielding. 
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While in the Truckport, the direct radiation from the casks is controlled by the performance of surveys on the casks 
and the Truckport radiation monitors. Surface contamination surveys performed on the casks would detect a potential leak of 
radioactive material and subsequent elevated dose rates from the cask so that facility personnel could take appropriate actions. 
The radiation monitors would detect airborne contamination and elevated levels of direct radiation. 

The radiation hazard identified for TK-100 results from the potential to wash significant quantities of radioactive 
materials from the K-3 exhaust duct into the tank. TK-100 is located in a concrete-lined, below grade pit approximately 12 m 
(40 A) south of the 225-B Building. The I .i.000-12 (-1.000 gal) capacity tank is used to receive any low-level liquid wastes 
generated in WESF and transfer them to a tanker truck h r  disposal. Normal LLLW sent to the tank poses little direct radiation 
hazard. In the event that significant contamination is introduced to the tank, the tank walls and below grade construction in 
conjunction with the pit cover blocks, which are 61-cm- (24-in.-) thick structural concrete, are relied on to provide shielding 
until the waste can be transferred. 

For all areas and sources of direct radiation except TK-100 and theX-3 filter, the 225-B Building structure provides a 
final layer of radiation shielding. Also, many of the radiation hazard barriers discussed above rely on facility-wide support 
systems. The offsite electric power distribution system has redundant supply lines, switches and motor control centers, and a 

I backup diesel generator. Essential defense-in-depth electrical components include circulaiim pumps, exhaust and supply fans, 
radiation monitors, and pool cell instrumentation. 

Radioactive Material (includes thermal energy hazards). Radioactive material hazards were identified for the pool 
cells, hot cells, Truckport, TK-100, and the K-3 exhaust system. 

The radioactive material hazards identified for the pool cells consists of "'Cs and %. l l ic stainless steel capsules 
(both nur1ii:il and l y e  \V ca ix~i lzs )  are the first control relied on to contain the radioactive materials in the pool cells. The 
capsules are held in place vertically, in one layer, by storage racks on the bottom of the pool cell. The storage racks ensure 
that the capsules are stored in a controlled configuration. The capsules are maintained in the pool cells so that they are stored 
underwater at all times, which in addition to providing shielding, keeps the capsules cool. Those features that act to retain, 
maintain, cool, and add water to the pool cells are identified above in the discussion of the direct radiation hazard and are also 
applicable to the confinement of the radioactive material. 

The radiation monitors associated with the Pool Cell Area would detect the presence of radioactive materials that 
might have escaped confinement. Pool cell water contaminated by a leaking capsule can be transferred to a W k S F  ion 
ckchangc module i n  lhe TriichporL. 

A leaking capsule can be detected using the inner capsule movement test (see Section 3.4.2.6.1) and moved to G Cell 
according to the capsule transfer procedures. The 225-B Building structure is an additional means of confinement, as shown 

I in the loss of pool cell water accident analysis in Sections 3.4.2.7.1 and 3.4.3.3, which would substantially reduce the amount 
of radioactive material lost from the facility in such an event. The K-l filters are the final layers of confinement for the 
radioactive material stored in the pool cells. The K-1 exhaust and K-4 supply systems would act to keep the capsules cool in a 
loss of water event and would act to filter the air in the pool cell room in the event of a leaking capsule (and subsequent 
airborne contamination if the contamination is cesium chloride). The stack radiation monitors provide a means of detecting 
the presence of contamination that might have escaped all prior barriers and would alert facility personnel to the loss of 
confinement. 

The radioactive material present in the hot cells is in the form of contamination on equipment, solid waste, and 
interior surfaces. The hot cells in general are maintained at a negative pressure with respect to the canyon and to the Operating 
Gallery by the K-3 ventilation system, In-cell high-efficiency particulate air (HEPA) filters exist on the ventilation outlets in 
the hot cells. However, these filters are not regularly maintained or tested and cannot be relied on for providing confinement 
of the radioactive material in the hot cells. Since the hot cells are ventilated by the K-3 system, the K-3 HEPA filters ensure 
that any migration of contamination from the hot cells is controlled, The K-3 system differential pressure monitors and alarms 
act to detect and alarm in the event of an upset in the K-3 system. An interlock exists between the K-3 exhaust and supply 
fans so that failure of the exhaust fans results in deactivation of the supply fans, so that pressurization of the hot cells does not 
occur, Another interlock exists between the K-3 system and the K-l and K-4 systems, so that failure ofthe K-3 system 
deactivates the K-l and K-4 systems, preventing airflow from the hot cells to operating areas. The K-3 system represents two 
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stages of HEPA filtration within each of two filter housings that are in parallel (normally one filter housing is operating and 
the other is on standby). Additional controls that prevent the release of the radioactive materials from the hot cells are the hot 

1 cell sumps and associated liquid detectors and sump ptiiiip?. Any contamination that might bypass the in-cell and K-3 HEPA 
filters would be detected by the stack radiation monitors, which would alert facility personnel to the loss of confinement. 

A Cell is used to collect and store solid combustible wastes generated by cleaning other hot cells. The radioactively 
contaminated waste from the other cells is passed through connecting ports until it gets to the A Cell hood. There it is placed 
in 208-L (%-gal) drums and moved into A Cell until it can be shipped out of the facility. Thus, in addition to the confinement 
provided by the K-3 ventilation system, the radioactive material in A Cell is further confined by the 208-L (55-gal) drums. 

F Cell niid'or ( i  Cell is used to store suspect and known leaking capsules. Suspect capsules are those which for some 
reason have questionable integrity. These capsules, which may oiil! be singly encapsulated, are stored in the liot cells to avoid 
possible contamination of the pool cell water. These capsules are limited to I . 8  kW in total power (assuiiiing no \entilation) 
and are stored in a vertical and spaced (20 cm 17.9 in.] apart) array to allow for sufficient heat transfer to the surrounding heat 

I sinks (\VHC I906c). This limits the saltlcapsule interface temperature to minimize the potential for accelerated corrosion of 
the capsule wall. The K-3 ventilation system, in addition to providing the general confinement function identified for all hot 

I cells, also acts to cool the capsules in F ni id G Cells. Finally, the capsules themselves, although suspect, also act to prevent the 
dispersal of the radioactive materials. 

The radioactive material hazards identified for the Truckport area arise from the low-level solid wastes stored in the 
Truckport. tlic WIXM and the movement of the Chciii-Nuc waste cask and BUSS cask through the Truckport. The low-level 
solid waste is confined in plastic bags within the Truckport, while the liigli-acti\ it? solid waste in the Cliriii-Nuc waste cask is 
confined by the 208-L (55-gal) drums inside tlic HIC(?) irisidc the cask. In the BUSS cask, the capsules provide the primary 
confinement function with the cask itself providing additional confinement. In tlie LVINhl. ii staiiilrss $tee1 vessel ciiciixd iii 

tciiiCorccd coi icrete conlinc, the rxioactibe iiialeriiil. There i j  a150 ii iliermal Ii,i~asd aswcinted n i d i  l l ic  WlXLi duc t u  
radioactive decal. Cantrollin< the i i i i i ~ i i i i t  ot'~idio:icti\c iiiiitei-iiil allw\ ed to iicciiiiiiiliite i i i  tlir \ V l X M  coiitrols t h e  thermal 
I ia~ard. The additional features used to control these radioactive materials are the K-l filters, Truckport continuous air 
monitoring system and ARM, and surveys performed for surface contamination. 

TK-100 also storeh radioactive material. Potentially contaminated water, normally designated as LLI.W, is stored in 
TK-100 until it can be transferred to ;I I t i i iporaq Iioliliii; t:itih (11 latiher Ir ixh lixdisliosnl. Thc tniih i l se l l - i s  llic [iriinary 
i n e r l i i ~ d  for conti-olliiis tlie contmiiiiiiiird \\;iter. If the tank overt lowed or a fitting leaked, the contaminated water would be 
contained in the concrete pit. 

As with the contamination in the hot cells, migration of the radioactive material in the K-3 exhaust duct is controlled 
by the K-3 HEPA filters and by differential pressure monitors and alarms designed to protect those filters. The stack radiation 
monitors would detect any radioactive material that might bypass the K-3 filters. In addition, interlocks between the K-3 
exhaust and supply fans and between the K-3 system and the K-l and K-4 systems would prevent inadvertent migration of 
contamination within the facility. 

Comhustibleff lammable Materials. Combustibleiflammable materials are stored in various locations throughout 
WESF. The W S F  FHA, in addition to the hazards evaluation, indicates that the areas where combustibles/flammables might 
impact hazardous materials are the hot cells and Truckport. l l i c  LIIO l ire xciclenl aiial!scs ase cniisisteiit wit11 t l ie analyses 
perforiiied i n  the Wt.SF FIIA (Mcr17. IO'IS). 

The hot cells contain, or could potentially contain, solid combustibles in the form of manipulator boots, cleaning 
pads, plastics, etc. These combustibles represent an energy source that could adversely impact any radioactive materials in the 
hot cells. To control this hazard, there is the following series of defense-in-depth controls and SSCs for the hot cells. 

A Cell has the following controls and SSCs: 

- K-3 HEPA filters 
- 
- Limit of 200 kg (441 Ib) of solid combustible \+asti. 

Solid combustible \viistr in A Cell must be packaged (i.e., 208-L [ S g a l ]  drum or equivalent) I 
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B through E Cells have the following controls and SSCs: 

- K-3 HEPA filters 
- 
- 

Plug ports and cover blocks must remain in place at all times 
Cell pass-throughs with doors are closed at all times except during an ongoing operation, which requires one to 
be open 
ILirnit of IS  kg (37 Ib) for s d i d  tl.iiiisieiit combustible3 ( th is l i i i i i t  iili-ead) iiccoiints for  Iiot cell windou oil) - 

F and G Cells have the following controls and SSCs: 

- No combustibles (except for the in-use manipulator boot) are allowed in either hot cell when capsules are 
present and the co\erbloch is reiiio\e-d, except for capsules in the BUSS cask when the lid to the cask is still in 
place 

The Truckport is used to temporarily store low-level solid waste and is the location where the WIXM. Clieni-Nuc 
u a s t e  cask and the BUSS cask enter and exit the facility. The solid waste is stored in plastic bags and possibly wooden boxes 
and could represent a significant combustible loading. The BUSS cask, used to receive capsules at the facility, is designed to 
withstand severe fues, which bound the fires postulated at WESF (SNL 1991) and its payload would not be impacted by a fire 

I in the Truckport. The WESF Chein-Nuc cask, however, does not have the same design documentation as the BUSS cask, and 
its capability to withstand a fire in the Truckport is unknown. In addition to the solid waste in the Truckport, during Truckport 
activities a truck (diesel-powered) and diesel-powered forklift might be present. These sources of fuel increase the 
combustible material loading of the area. 

The features relied on in the Truckport to control fires are personnel actions and practices, the fire detection and 
suppression systems, the response of the Hanford Fire Department, and to a limited extent, the K-l ventilation system. Facility 
personnel minimize the loose combustibles in the Truckport through good housekeeping, so as to minimize the potential for 
a Truckport fire. In addition, operating procedures and vehicle maintenance, which reduces the likelihood of a fuel leak, 
reduce the possibility of a Truckport fire during Truckport activities. The Truckport fire suppression system is designed to 
automatically detect and activate in the event of a fire. Activation of the system would alert facility personnel and the Hanford 

I Fire Department (HFD). The WESF FHA ( M c r l ~  1008) shows that the fire suppression system in the Truckport is adequate to 
keep exposed surfaces, such as structural components and a cask, cool hut would not extinguish a fuel fire. 

ExDlosive Materials. The hazards evaluation identified the potential for the generation and accumulation of hydrogen 
gas (through radiolytic decomposition of water) in several locations in the facility. The Pool Cell Area, because of the 
capsules stored undenvater, is the only location where significant quantities of hydrogen are generated during normal 

accumulated, but not normally in quantities of any significance. 
I operations. The hot cells, K-3 filters, TK-100. and W'IXM might also be locations where hydrogen is generated and 

Hydrogen generation and accumulation in the Pool Cell Area have been analyzed in Liljegren and Terrones (1996) 
and are considered in the hazards evaluation and accident analysis. Hydrogen is generated in the pool cell water by the 
radiation from the capsules and moves from the water into the atmosphere of the Pool Cell Area. If the hydrogen were 
allowed to accumulate in the Pool Cell Area in flammable concentrations, a subsequent explosion could cause the failure of 
the Pool Cell Area structure. Such a structural failure represents a significant hazard to the integrity of the capsules and the 
pool cell liners, Fcatures normally relied upon to control nccui i iu la t io l~  ol'hqdrogcn il l  thc Pool Cell Area arc tllc l i - 1  and K-J 
veiitilatioii 5ysteii is or opening tlir inortli door i f  the \entilation .system is inopei-able. 

The potential for hydrogen generation and accumulation in a hot cell was identified in the hazards evaluation in I ley 
( lW9). Water is not normally used in the hot cells and has becn isolatcd to all  cells b u t  F and ( i  Cells.: The first control over 
this hazard is attained by an IOSR against water remaining or accumulating in the hot cells without ventilation. Periodic 

I surveillances ofthe hot cells support this control. F aiicl (i Cclls hnbc piimps to remove water from the hot cells. 

The higli-acti\ i t )  solid waste drums typically stored in A Cell were evaluated in He! ( l909) for potential buildup Of 
hydrogen. Packaging requirements for solid wastes preclude the addition of free liquids to a drum, reducing the possibility of 
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I generation ofsignificant quantities ofhydrogen. a i i t l  \\:iter h x s  bccii i so ln lcd  to A Cell. 

Generation and accumulation of hydrogen in the K-3 filter housings could occur following a flood of the filter 
housings. However, this is only a significant hazard if the source of the flood is a hot cell with subsequent flooding of the K-3 
exhaust duct and then the filter housing (see Section 3.4.2.4.3). There are numerous controls and SSCs that prevent hydrogen 
accumulation in a K-3 filter housing. Since the hazard is only realized in the event of a hot cell flood severe enough to block 
ventilation flow, a periodic surveillance of the hot cells would detect the event and allow facility personnel ample opportunity 

1 to respond (utily I- arid G Cell5 l i i i b e  pirtcritiiil i i a t r i so i i i ' c r s ) .  I f a  hot cell were to become flooded and subsequentlyrelease 
water to the K-3 exhaust duct, a 5-cm (2-in.) drain line with a 2.5-cm (1411.) dam would divert water to TK-100 before it 
entered the K-3 filter housing. If the drain were somehow blocked or bypassed and water entered the K-3 filter housing, the 
liquid detection, alarm, and removal systems would be available to detect the event and remove the water. If the facility did 
not want to remove the water, airflow through the filter housing, through normal ventilation or the liquid detection system (air 
bubbler), would ensure that any hydrogen generated could not accumulate. 

TK-I00 is t i ~ c c l  I O  scccivc Iou k b c l  liquid \ ~ a \ i c  li.m \\'I:SF. Hydrogen generation and accumulation in TK-100 
could occur if significant contamination were introduced into the tank and the K-3 ventilation (Le., the TK-100 bubbler) were 
lost. . As described above in the discussion ofdirect radiation hazards, TK-100 has the potential to receive the contamination 
present in the K-3 exhaust duct. This contamination could result in the generation of hydrogen in the tank, with subsequent 
ignition of the hydrogen and tank failure. The control of the contamination allowed in the tank, through control of water 
sources and knowledge of waste streams, is the first control for this event. Additiwinl controls tire the small but significant 
amount of ventilation provided by the TK-100 bubbler used for level indication niid timely transfer of the tank contents so that 
hydrogen does not have time to accumulate. 

I 

I I\cli-ugeii i -  r i l s i i  gcner.iti.d iii>idc ii Io,itled W 1 9 1  diic r ~ )  m i ~ i l y t i c  dcciriiil,ojitiaii oV\\: i tei .  A t i l r i w l  \ci i t  i i  
i i i ~ ~ a l l c d  (111 i l ic LVISkl to p r c ~ c i i i  o\.c.l-pri',s~i.l-iLali,~ii. IioucLcr. i h i i  \c i1 i  is i i c ~  ltiigc ciioii;li 
coiiceiitiiitiwi t'ioiii c.\cc.ciliiig the lo \ ier  flaii i i i i . ihil i t> l i i i i i r  oF. l" i l .  1'11 i i i i i i i i i i i7c rl ie potcnti.il c i i i i q i i e n c e i  iliie t i l  ii Ih!drugcn 
c\plobinii i n n  \\ IXihl. isiiitiw source5 nic i ioluicd :iii<l t l ic  l?cc i n l ~ i i i i c  iii !lie \\,lX\,l i i  I i I l cJ  \\illi iller! rcsiii. 

l p r ~ ~ c i i t  ( l i t  l i ~c lh~gc i i  

The hazards identification also found the possibility of accumulation of flammable gases (non-hydrogen) within the 
facility. Two general sources of flammable gases are highly volatile liquid fuels, such as gasoline, and gases contained in 
cylinders or tanks. The highly volatile liquid fuel is most likely to enter the facility in the form of a vehicle in the Truckport. 
The gas tanks or cylinders could be brought into any area of the facility for facility maintenance or modification. 

The WESF FHA (hleitz l W 8 )  found that the pressure increase associated with apropane explosion in the Truckport 
was sufficient to cause catastrophic structural failure. While the FHA calculation did not account for possible venting of 
combustion gases out of the Truckport doors, other areas do not have large vent pathways. The implications of the analysis 
are that a large flammable gas explosion in the facility could cause catastrophic structural failure, possibly impacting capsule 
storage and Hot Cell structural integrity. Sect ion  .i4.2.C.2 ciiiitiiiiis ai l  i i i ixlysis h r  ti Ipwsihlc tlainiiiahlr ::I, e\plmion. as we l l  
a\ LIW basis h s  11ic coii irols :ipplicJ to llainiiial>lc 37, v ~ i i  

I 

The primary barrier to a possible flammable gas explosion is the prohibition against bringing any such gases, or 
highly volatile fuels, into the facility. This prohibition includes gasoline, propane, and other flammable gases, such as 
acetylene. These materials are entirely banned from the facility in all quantities, and no activities involving these materials are 
allowed in the facility. To support the prohibition of materials into the facility, WESF personnel are trained in IOSR 
compliance and cognizant of the control. If a project or activity postulated use of such a material, WESF personnel would 
immediately be aware of the conflict and would take actions to ensure that the material is not brought into the facility. 

If the control against bringing flammable gases into the facility were to fail and flammable gases in tanks or cylinders 
were inadvertently brought into the facility, a secondary barrier is the standard industrial controls associated with flammable 
gases and flammable gas cylinders. Such controls include equipment inspections, leak tests, fire watches, and surveillances, as 
well as operator training requirements. In some cases, mechanical ventilation in addition to the normal area ventilation, must 
be used to prevent worker exposure to fumes. This mechanical ventilation would also tend to disperse any flammable gas 
fumes which might leak. 
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Kinetic energy. The hazards evaluation identified several kinetic energy hazards that are non-routine in nature. 
These hazards arise from the pool cell, hot cell, Truckport, and Pool Cell Area cover blocks; the pool cell and canyon cranes; 
the pool cell catwalk; the shipping casks used to transport waste drums and capsules; and manipulators. These objects 
represent a potential hazard to the confinement and containment of radioactive materials and direct radiation. 

The pool cell cover blocks are designed to rest on top of the pool cells, side-by-side, with three cover blocks over 
each pool cell. The cover blocks are stepped so they will not fall into the pool cell and so that they interlock with each other. 
The width and the length of the cover blocks is greater than the width of the pool cells, so that the only way for a cover block 
to fall into a pool cell is on edge. 

The pool cell cover blocks are lifted and moved within the Pool Cell Area by the pool cell crane. The crane and 
related SSCs undergo regular maintenance and inspection activities to ensure that it is in proper working order. The crane and 
cover blocks are both designed for a cover block lift and movement. A cover block lift is performed in accordance with 
DOE-RL (l995a), Hanford Site Hoisting and Rigging Manual. In addition, there is an administrative control that prevents 
moving a cover block over an active pool cell except in the case of an emergency. 

The hot cell, Truckport, and canyon cover blocks, except for the lifting bails, serve as an integral part of the canyon 
floor. There are two cover blocks on A, B, C, and F Cells, five on D and E Cells combined, four on G Cell, two on the 
Truckport, and one that allows access to the Pool Cell Area from the canyon. In general, the lifting and movement of a cover 
block in the canyon is very rare. The Truckport, A and G Cell cover blocks are the most frequently removed because of the 
necessity to bring the BUSS cask into G Cell through the Truckport and canyon and to remove packaged waste from A Cell. 

The cover blocks are lifted and moved within the canyon by the canyon crane. Both the crane and the cover blocks 
are designed for cover block lifts. The canyon crane and associated SSCs undergo regular maintenance to ensure that they are 
in proper working condition. A cover block lift in the canyon, like a pool cell cover block lift, is performed in accordance 
with DOE-RL (1995a). 

The shipping casks used in WESF operations are the WESF Cliriii-Nuc cask and the BUSS cask (SNL 1991). Both 
casks represent kinetic energy hazards of the same magnitude as the cover blocks discussed above. Both the canyon crane and 
shipping casks are designed for cask lifts. The BUSS cask has been evaluated and found to be sturdy enough to survive 
the impact of a dropped Truckport cover block (McCormick 1993). 

I 

3.3.2.3.3 Worker Safety. 

This section is intended to provide a general overview of the SSCs and administrative controls germane to worker 
safety, identify controls to ensure worker safety, and demonstrate that worker safety is an integral part of the overall facility 
safety, Where this discussion overlaps the discussion provided in Section 3.3.2.3.2, Defense-In-Depth, a summary of the 

I hazard and related facility feature(s) is provided, followed by a reference to Section 3.3.2.3.2. 

Additional programmatic and institutional controls applicable to the facility are discussed in Chapter 6; Safety 
Related Programs and Controls. 

To be consistent with the discussion in Section 3.3.2.3.2, the following discussion of worker safety is organized by 
type of hazard and then by specific hazards within the facility. The types of hazard addressed are direct radiation, radioactive 
materials, combustible/flammable materials, explosive materials, kinetic energy, and electrical hazards. 

Radiation. Direct radiation hazards were identified in the Pool Cell Area, hot cells, K-3 Filter Pit, Truckport, TK-100, 
and areas where loaded casks may be located. 

The most significant hazard present at WESF for the facility workers is the doubly encapsulated and stored 
underwater '"Cs and WSr capsules in the pool cells. The beta radiation is shielded by the capsules themselves, while the 
gamma radiation is shielded by water in the pool cells. In addition to shielding, the water also controls the temperature of the 
capsules. The support features relied on to retain the water in the pool cells consists of several SSCs and administrative 
controls. These features and controls are as follows: 
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Pool cell liners and safety class drain piping and circulatioti piping 

Under-liner sump and leak detection 

Pool cell structures 

Minimum water depth over capsules 

Water level monitors and alarms 

Water makeup systems 

Water temperature monitors and alarms 

Water cooling systems 

Minimum levels of water quality 

Radiation monitoring in the Pool Cell Area, in the circulation system, and on the ion exchange columns 

Cell-to-cell water transfer capability 

Maximum height that the capsules can be lifted from the bottom of the pool cell 

Inner capsule movement test. 

These features are intended to provide control of every aspect of the direct radiation hazard posed by the capsules. 
These features are also identified as relevant to defense-in-depth and discussed more fully in Section 3.3.2.3.2. 

The contamination in the hot cells also represents a radiation hazard for the facility worker. For the hot cells, 
radiation shielding is provided by the hot cell structures, including the windows and cover blocks. These features are 
discussed in Section 3.3.2.3.2. 

As the K-3 HEPA filters collect contamination that has migrated from the hot cells and K-3 exhaust duct, the direct 
radiation hazard associated with the K-3 filters increases. The features used to control the radiation are an administrative limit 
on the allowable radioactive material inventory associated with the filters, the below grade design of the K-3 filter pit, and the 
K-3 filter pit cover blocks. The inventory limit is based on the need to limit accident consequences, but also has the effect of 
limiting worker doses when the filters must be changed out. The K-3 filter pit design provides radiation shielding because it is 
below grade. The K-3 filter pit cover blocks are in place to provide shielding as well as to provide protection from weather. 
Section 3.3.2.3.2 provides additional discussion of the features used to control the radiation hazard associated with the K-3 
HEPA filters. 

The direct radiation hazard associated with the Truckport is from the collection of low-level solid waste in plastic 
bags and the WIXM. An administrative limit on the WIXM radioactive material inventories and 1111: rcquircmcnt lor radialion 
iiionitoring ensores that facility workers are protected from uncontrolled radiation exposure. Section 3.4.2.6.3 provides 
additional discussion. 

The movement of high-activity solid waste from the facility and the receipt and subsequent movement of capsules to 
the pool cells, also present direct radiation hazards to facility workers. For the Iiipli-activity solid waste typically removed 
from A Cell, the HIC's and Cliciii-Nuc cask is used to provide shielding. For the short duration that A Cell is open (the plug 
port), the canyon structure provides shielding for the radiation exiting A Cell vertically. 
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For the movement of capsules outside of F and G Cells and the pool cells, the BUSS cask is used to provide shielding. 
A more detailed discussion of these features is provided in Section 3.3.2.3.2. 

The radiation hazard potentially arising from TK-100 is the result of flushing the contamination from the K-3 exhaust 
duct into the tank. This potential hazard is controlled by the walls and below grade construction of.the tank in conjunction 
with the pit cover blocks. Knowledge of the tank contents, through tank instrumentation and control of water sources, and 
timely transfer of the contents also help control this hazard. This hazard and the facility features used to control it are 
discussed in more detail in Section 3.3.2.3.2. 

The 225-8 Building offers the final measure of shielding for all of the identified direct radiation sources, except those 
located outside of the building, such as the K-3 HEPA filter area and TK- 100. 

Radioactive Material. Radioactive material hazards were identified for the pool cells, hot cells, Truckport, TK-100, 
and the K-3 exhaust system. 

Each ot'lhc Cs and SI. capsiilcs i n  the pool cells (cxcludin: lhc Type \4: oucrpachc) consit1 ortwo stainless steel 
capsules, one inside the other. To enable the capsules to confme the radioactive material, the capsules are held in storage racks 
and the pool cell water and associated support systems and controls cool the capsules. In addition, the 225-B Building 
structure and the K-1 filters provide layers of confinement. A more detailed discussion on the mechanism by which these 
features provide control ofthe radioactive material in the pool cells is provided in Section 3.3.2.3.2. 

I 

The radioactive material in the hot cells is controlled by negative pressures created by the K-3 ventilation system, in- 
cell HEPA filtration of hot cell ventilation exhaust, manipulator boots, and the K-3 HEPA filters. In A Cell the radioactive 
material is further confined by the 208-L (55-gal) waste drums in which the waste is placed. For F Cell, which is used to 
store capsules, further control of the radioactive materials is provided by an administrative limit on the number and 
configuration of capsules, the action of the K-3 system to provide cooling for the capsules, and the capsules themselves. A 
more detailed discussion of the radioactive material confinement functions provided by the hot cells is provided in 
Section 3.3.2.3.2. 

Migration ofthe radioactive material out ofthe K-3 exhaust duct is controlled by the K-3 HEPA filters. This source 
of contamination has less significance for the facility worker because there is little potential for the material to migrate back 
into the facility areas. 

TK-100 pit is located away from the 225-8 Building structure, is below grade, and does not require routine 
maintenance. Under normal conditions, the levels of radioactive materials present in the tank are extremely low, and manned 
access to the tank has been allowed. Given that personnel access to TK-100 is non-routine, the accepted radiation work 
controls and surveys are sufficient to control the radioactive material hazards to facility workers. 

Combustible/Flammable Materials. Combustiblelflammable materials are stored in various locations throughout 
I WESF. The WESF FHA (Merlr IOOX) provides the analysis of the fire hazards at WESF. In addition, the potential for fire to 

impact the hazardous materials in WESF has been addressed in the hazards evaluation in Hey (1997), the defense-in-depth 
I discussions in Section 3.3.2.3.2, and the accident analysis in Section 3.4.2. Normal institutional controls pertaining to fire 

protection at WESF are sufficient to control this hazard from the standpoint of worker safety (see Chapter 6.0). 

ExRlosive Materials. The hazards evaluation identified the potential for the generation and accumulation of hydrogen 
gas (through radiolytic decomposition of water) in several locations in the facility. The Pool Cell Area, because of the 
capsules stored under water, is the only location where significant quantities of hydrogen is generated during normal 

I operations. Other areas, the hot cells, K-3 HEPA filter housings, TK-100, mid WlXM have the potential to generate hydrogen 
in the event of a flood. A hydrogen explosion in any of these areas could lead to adverse impacts to facility workers because 
of the energy of the explosion, the exposure of elevated dose rates, or the inhalation of airborne radioactive particles. 

The controls relied on to prevent and mitigate hydrogen explosions are addressed in the accident analysis for each 
area of the facility where this is a hazard. Section 3.4.2.5 addresses the Pool Cell Area; Section 3.4.2.4.3 addresses the K-3 
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filter housings; Section 3.4.2.4.4 addresses TK-100; and Section 3.4.2.4.5 addresses the hot cells; am1 SC'CIIOII 3 . 4 . 5 . 3  
addrwes the WIXM. 

The possibility of a flammable gas (non-hydrogen) explosion was also discovered in the hazards identification. 

I 
Highly volatile liquid fuels, or tanks and cylinders of flammable gases, could be associated with facility operations. Gasoline- 
and propane-powered vehicles, acetylene cylinders, and other sources of flammable gases might be associated with facility 
operations. The controls relied upon to prevent a flammable gas explosion are discussed in the accident analysis in 
Section 3.4.2.5.2. 

Kinetic Enerey. Kinetic energy has been identified in the hazards evaluation as a significant hazard because of its 
potential to disperse radioactive materials. From the standpoint of the worker safety, the kinetic energy hazards are bounded 
by those found in industry. 

3.3.2.3.4 Environmental Protection. 

This section summarizes the facility features that reduce the potential for large releases of hazardous (radioactive) 
materials to the environment. The discussion in this section relies on much ofthe discussion provided in Section 3.3.2.3.2. 
However, this section focuses only on the control of radioactive material with regard to the pathways for uncontrolled releases 
to the environment. In all cases, the features relied on to contain and control the radioactive materials are specified in Section 
3.3.2.3.2 and are not repeated in this section. 

The hazards evaluation in I It.! ( 1990) identifies several pathways for a release of radioactive materials to the 
environment. The pool cells, K-3 exhaust duct and filters, hot cells, and TK-100 were all identified as potentially contributing 
to a release to the environment. 

I 

By far the most significant source of radioactive material that could potentially be released to the environment is 
located in the pool cells. The pathways by which the radioactive material could enter the environment are airborne and water 
transport. The airborne pathway could be significant following a loss of pool cell water and subsequent capsule failure as a 
result of elevated temperatures. Groundwater contamination could result if radioactive material WNC released from one or 
more capsules and the water were to leak during transfer out of the facility or leak from the pool cell. A cover block drop 
might also provide a means for the contents of damaged capsules to leak through openings in the liner. Controls to prevent a 
cover block drop are based on the event evaluated in Section 3.4.2.6.2. A leak from a pool cell is prevented by those features 
discussed in Section 3.4.2.7. 

The radioactive materials present in the hot cells represent an airborne release hazard and, to a lesser degree, a hazard 
to the groundwater. Several mechanisms were identified in the hazards evaluation that could result in airborne dispersion of 
the material in the hot cells. The K-3 ventilation system would provide the motive force for the dispersion of any material in 
the hot cells that might become airborne. The material in the hot cells might reach the groundwater by a hot cell flood and 
subsequent washing of material into TK- 100 or the K-3 HEPA filters. Failure of the confinement features in these areas could 
then lead to a release of the contaminated water to the groundwater. 

The radioactive materials present in the K-3 exhaust duct and filter housings could be released through the same 
pathways as the material in the hot cells. The only exception would be the radioactive material on the filters themselves, 
which would not be subject to release to the groundwater. The K-3 HEPA filters are separated in the K-3 HEPA filter housing 
from the washdown system and the sump in such a way that no water flood of the filter media is possible. A release to the 
groundwater is possible if a leak developed in the filter housing sump or fittings and contaminated water leaked into the K-3 
Filter Pit. In that event the K-3 Filter Pit would also act as a barrier to the release of the radioactive material. 

A leak of the tank contents into the pit would be similar to a leak of contaminated water into the K-3 Filter Pit. 
However, the leak from TK-100 would have larger consequences and be more likely than a leak from a K-3 HEPA filter 
housing because of the larger capacity of the tank and its more frequent use for storage of contaminated water. The airborne 
release from TK-100 could take the form of a spray leak from the tank into the pit which has been analyzed in Section 
3.4.2.4.4. 
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3.3.2.3.5 Accident Selection. 

This section describes the method and results of the accident selection process. Althmigli iiot dcscribed i n  dctail 
belcnr. tlie accident selection process for tlie sepdrate W I X M  siifet) analysis \\;is iiientic:il to the O W  described i n  this section. 
Thc IhitLard c\aliiatiiin table is coiitained iii He) ( I Y W ) .  

3.3.2.3.5.1 Selection Methodology. 

A subset of accidents from the hazards evaluation in Section 3.3.2.3 and Hcy ( 1900) was selected for detailed 
analysis. Information in I Is\ ( 1999j, Table A-2, formed the basis for the selection process. It should be noted that Tables 3-6, 
3-7, and 3-8 are provided to summarize the results of the hazard evaluation but were not used in the accident selection process. 
Table A-3, I le) ( 1999) was used for the formal accident selection process. I 

To carry out the selection process, accidents from the hazards evaluation were grouped according to the physical 
I phenomena involved in the accident. These groupings are shown in the second and third columns of Table A-3 in Hcy (1990) 

labeled “category” and “type,” respectively. For accidents in the “internally initiated operational events” category of 
Table A-3, the initial accident selection was made within each type (e.& facility fire) by choosing the accident(s) with the 
highest risk rank. For accidents in the “natural phenomena” and “externally initiated manmade events” categories, all 
accidents within each category were treated as a single group for accident selection (Le,, accident types were not separated, 
and the highest risk rank accident(s) was selected from among all the accidents in that category). Most accidents were not 
selected because they did not represent the highest risk rank for that type and were not otherwise unique accidents. If the 
highest qualitative risk rank was found for two or more accidents in the same type, a judgment was made concerning which 
accident represents the higher risk within the qualitative risk rank. If, however, the accident selected is estimated to have 
lesser consequences than some other accident challenging the same barrier (but with the same or lower risk rank), the higher 
consequence accident is analyzed in addition to the original selection. This ensures that an accident with a potentially higher 
consequence but lower risk (among all accidents challenging a certain safety system or control) is not overlooked. As in the 
risk ranking performed in the hazards evaluation, only accidents with S2 or S3 consequences were considered. Furthermore, 
accidents with frequencies estimated by the hazard evaluation to be in the “FO” category (beyond extremely unlikely) were 
dropped from consideration in the accident selection. 

In some cases, it was found that a series of similar accidents (see ‘K-3 HEPA filter flood” or “loss of pool cell water” 
in the accident selection summary in Section 3.3.2.3.5.2) with the highest risk rank resulted in similar consequences. Since 
safety class and IOSR determination depends only on the consequences of the accident, all members of this set of similar 
accidents were included in the same accident analysis. This ensures that all relevant safety SSCs are accounted for in the 

I accident analysis. For example, several kinds of Truckport fires were evaluated in Hey ( I O O O j  and all were grouped as a 
single “Truckport fire” accident and bounded by the accident analysis. This helps to ensure that the controls necessary to 
prevent or mitigate the accident encompass all of the similar sequences identified. 

Exceptions to the accident selection scheme described above were made in two cases: in order to include accidents 
that have a unique impact on facility SSCs or administrative controls, and where lesser risk-ranked events may not be bounded 
by other events and have the potential to result in significant dose consequences. 

In summary, the accidents were selected within each category and type according to the following criteria: 

Highest risk rank 
Unique accident with potential for significant consequences, regardless of risk rank 
Unique accident that challenges a particular barrier and has the potential for significant consequences 
Unique accident that is not bounded by another accident and has the potential for significant consequences. 

3.3.2.3.5.2 Summary of Selected Accidents. 

As discussed previously, accidents were categorized into several types depending on the physical phenomena, 
barriers, and consequences involved. From each accident type a subset of accidents was selected for a more detailed 
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Accident typelsection 

1) Natural Phenomend3.4.2.1 

2) Externally Eventsl3.4.2.2 

evaluation, A summary of the accident@) chosen for each type is provided in Table 3-1 1 

Table 3-11. Summary of Accident Selection Results. 

Accidents selected 

0.25g DBE 

Loss of electric power 

3) Firel3.4.2.3 

4) Loss of ConfinemenV3.4.2.4 

I Accidents at adjacent facilities 

Truck impact 

Hot cell tire 

Truckpon fue 

High flow in K-3 ventilation system 

Loss of K-3 ventilation flow 

K-3 system water accumulation 

High activity in TK-100 

I Aircraft impact 

5 )  Facility Explosionsl3.4.2.5 

6) Loss of ContainmenV3.4.2.6 

Hydrogen accumulation in hot cells 

Flammable gas explosion 

Hydrogen explosion in pool cell area 

Undenvater capsule failure due to corrosion 

Underwater capsule failures due to drop impacts 

7) Loss ofPool Cell Water/3.4.2.7. 3 . 4 . X  

I<tipfiire of. WI X M  

Loss of water from a single pool cell 

I LOSS of water from all pool cells 

The categorization and interrelationship of the accident sequences chosen for detailed analysis is depicted in 
I Figure-3-1. The top row of rectangular boxes idcntilics the categories into which the accidents were grouped (accident types). 

Directly connected to the accident types are events in rectangular boxes, which illustrate the accidents chosen for analysis. 
Each accident is further defined by one or more ovals or hexagons. An oval represents a condition analyzed in the accident 
while a hexagon references an analysis elsewhere. The beyond design basis accidents (BDBAs) are the only exception to this 
format. 

The accident types are somewhat interdependent since the individual accidents may be causally connected. The 
various sequences of accident events found in the hazard evaluation are not uniquely resolvable using the typical categories of 
phenomena recommended by DOE (1994). For example an extended loss of ventilation flow in the K-3 system is classified as 
a loss of confinement event. If, however, the cause of the ventilation failure is due to the presence of water in the K-3 filter 
box, then hydrogen may accumulate in the filter box and cause an explosion. Such an event might be labeled as “loss of 
confinement” or “hydrogen explosion” (included as loss of confinement in this analysis). 
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A detailed narrative description of each accident type follows: 

Natural Phenomena. Accidents of this type are seismic events, high winds, wind-driven missiles, tornadoes, floods, 
snowfall, and ash fall up to, but not exceeding, design basis loads. Beyond design basis events are considered in Section 3.4.3. 
The effect of lightning is considered in the loss of electric power event discussed in Section 3.4.2.2. 

High winds of 145 kmh (90 mih)  were considered in the original design basis of WESF. The most recent study 
performed on the ability of WESF to withstand natural phenomena forces (Wagenblast, et al. 1999) indicates that the facility 
structure will easily withstand a high-wind event. Since the primary structure, the 225-B Building, will survive the effects of a 
high-wind event, no release of contamination is postulated. High winds could result in a loss of electrical power should the 
backup diesel generator fail to function. A loss of electrical power is evaluated in Section 3.4.2.2. 

The possibility of a wind-driven missile impacting WESF is not expected to result in significant consequences. The 
facility structure encloses all of the contamination present in the facility, except for the K-3 HEPA filter and TK-100 pits. The 

I facility and the cover blocks o\iei butti p i t ,  are capable ofwithstanding the design-basis missile impact defined in SDC 4.1, 
Rev. 11 (DOE-RL 1989). The WESF facility has no external tanks, waste storage pads, or other aboveground locations where 
contamination might be present. Therefore, wind-driven missiles are not a significant hazard for WESF. A wind-driven 
missile could result in a loss of electric power, which is evaluated in Section 3.4.2.2. 

Tornadoes represent a very low likelihood hazard to fac es at the Hanford Site and are exempt from the design 
basis of non-reactor nuclear facilities. As such, a tornado impacting WESF is a beyond design basis event and is bounded by 
the BDBE analyzed in Section 3.4.3. 

The flood event was evaluated in the B Plant accident analysis (WHC 1996a) and was found to have negligible risk of 
impacting facilities in the 200 Areas. 

Dead and live loads were considered in the original design basis of WESF. The primary facility structure, the 
225-8 Building, will survive the design basis combined snow and ashfall loading (Wagenblast, et al. 1999). Since the facility 
will survive these events, no release of contamination from WESF is postulated. B Plant load capacity is not known. Thus, 
this event is assumed in WHC (1996a) to result in a collapse the B Plant canyon roof. Its impact on WESF is discussed in 
Section 3.4.2.2. 

A 0.25g earthquake is evaluated in Section 3.4.2. I .  This event involves analyzing the facility-wide response to the 
design basis earthquake (DBE). All areas of the facility are evaluated for SSC failures, inventory response, and the resulting 
movement of contamination. In Hey (l999), Table A-3, this event was noted as a potential cause of multiple system failures 
including pool cell crane or catwalk drop in a pool cell, pool cell cover block drop, loss of pool cell water due to structural 
failure of the pool cell liner and walls, and failure of pool cell drain or circulation piping. Upon further examination 
(Wagenblast, et al. 1999), structural failures from the 0.25g earthquake were found to be prevented by design, except in the 
case of the K-3 filter housing-to-duct connections. B Plant interactions with WESF during and following a seismic event are 
also considered. The consequences of structural failure for loads exceeding the 0.25g DBE are evaluated in Section 3.4.3. 

External Events. Accidents of this type are manmade and external to WESF. Specific events include accidents at 
nearby facilities, loss of electric power (LOEP), aircraft crash, and ground vehicle accidents. Each of these events was 
evaluated for their adverse impact on WESF. 

The identification of accidents at nearby facilities and their potential impacts to WESF was aided by a review of the 
safety analysis documentation for the B Plant (WHC 1996a). Several events of interest are discussed in Section 3.4.2.2. 
Although some of these B Plant accidents were initiated by natural phenomena, the accident type is considered to be external 
with respect to WESF. 

Commercial airline flights and general aviation were evaluated in Muhlestein (1994). This type of aircraft crash into 
WESF is considered to be incredible based on this information. However, there is no means to justify the frequency of 
intentional overflights for other purposes. Therefore, an aircraft crash into WESF is addressed in Section 3.4.2.2. 
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A truck impacting the Truckport could result in minor contamination spread of solid waste stored inside the 
Truckport. This accident is considered bounded by the evaluation of a fire in the Truckport. In the Pool Cell Area, the 20-25 
cm (8-12 in.) solid concrete walls make significant damage to this area unlikely. Furthermore, no radioactive contamination is 
readily dispersable. The K-3 fans are located aboveground and could be impacted by a ground vehicle, rendering the K-3 fans 
inoperable. Loss of the K-3 fans is evaluated in Section 3.4.2.4. A loss of power, which could also be caused by a ground 
vehicle accident, is evaluated in Section 3.4.2.2. 

A backup diesel generator is located at WESF in the event of an LOEP to the facility. An LOEP could be the result 
of an external or natural phenomena event. Failure of the diesel generator to perform its function would impact several 
systems throughout the plant. As with the seismic event, the LOEP is modeled in terms of a facility-wide response to the 

I event. Some of the system failures are identified in Table A-3, I le> ( I9c)91, including failure of the K-l and K-3 ventilation 
systems. The LOEP scenario does not result in any direct dose consequences. However, it is an initiator to secondary failures 
that could result in releases. These are discussed in Section 3.4.2.2. 

Facility Fires. This accident type includes all possible fires identified in the hazards evaluation in I le) ( 1999). 
Hydrogen explosions are evaluated separately, either in Sections 3.4.2.5 or 3.4.2.4. All of the fires identified can be grouped 
into Truckport tires, hot cell fues, waste drum fire (A Cell), and K-3 HEPA filter fires. 

I 

I A Truckport fire addresses the possibility of a fire impacting solid waste and/or a shipping cask l o ~ d r d  LVlXhl in the 
Truckport area. This includes consideration of gasoline, diesel, and propane fuel, solid waste accumulation, solid waste 
drum(s), and the possibility of impacting capsules contained in a cask. These hazards are evaluated in Section 3 4.2.3. The 
possibility of an explosion resulting from propane or gasoline fumes is considered under Facility Explosions, Section 3.4.2.5. 

A fire in a hot cell is addressed in Section 3.4.2.3. This analysis considers the potential for a fire in all hot cells, 
including a waste drum fire. 

A K-3 HEPA filter fire was originally identified in the WESF HAZOP (Siemer 1995) as a possibility. On further 
I examination ( M i ' i t L  IWS) ,  the mechanism originally thought to cause this event (Le., hot cell fire) was found to generate 

insufficient heat to cause the K-3 HEPA filter to burn. However, other impacts, such as plugging of the K-3 HEPA filters, are 
considered. 

Loss of Confinement. Loss of confinement accidents refer mostly to K-3 ventilation system upsets. These include: 
loss of differential pressure control, extended loss of flow, higher than normal flow, high temperature, water in the system, and 
high radiation levels in the filter housing. Also included as a loss of confinement is high activity in TK-100. Many of these 
anomalies could be related, as discussed below. 

Loss of differential pressure control might occur due to flow path changes when doors are opened or cover blocks 
removed. Such an event could allow backflow from the hot cells to inhabited operating areas and eventually to the 
environment. Consequences would be limited to the facility worker. This accident was not considered for detailed analysis 
due to its low risk rank in the hazards evaluation. 

In addition to the consequences of loss of differential pressure, and depending on the number of capsules stored dry in 
F Cell, an extended loss of K-3 ventilation flow would result in an increased temperature in the hot cell, potentially 
challenging capsule integrity. The WESF HAZOP (Siemer 1995) indicated that a leaking capsule in F Cell is expected to pose 
no significant risk outside the facility. A thermal analysis, supporting the maximum number of capsules that could be safely 
stored in F Cell over a long period of time, is presented in Section 3.4.2.4. 

In order to ensure that the K-3 HEPA filter function is appropriately controlled, an accident scenario involving the 
resuspension of material currently contained in the K-3 ductwork is evaluated. Such a resuspension could be the result of a 
high flow condition in the K-3 ventilation system. This event was selected for consequence assessment despite its lesser risk 
rank due to the unique physical challenge to the K-3 system. Higher than normal flow might be caused by flow balance upsets 
such as inadvertent removal of a hot cell cover block, or two fans operating simultaneously. This accident is evaluated in 
Section 3.4.2.4. 
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The K-3 HEPA filter could be adversely effected due to high temperature gasses entering the ductwork from failure 
I of the chiller units, a hot cell fire. or a slcatn Ict11, duriii; sutnpjcl i i i l~ .  A hot cell fire was judged to be the most severe of the 

high-temperature events and is analyzed in Section 3.4.2.3. 

Water in the K-3 system presents several potential hazards. The event includes consideration for the following items 
from Table A-3 in H q  ( I  W9) :  actuation or leak of the fire suppression system, the deionized water used for decontamination 
wash in hot cells, actuation of the steam supply system with the steam jet valve open (ti-.? s t w m  jet I~ns sii icc heel1 rc~rioved), 
overflow from TK-100 from rain, spill into Truckport drain, K-3 HEPA filter flush, loss of tank level instrumentation, failure 
to calibrate level instrumentation correctly, and failure of the TK-100 pump. This accident is modeled as the entry ofwater 
into the K-3 ducting and either bypassing or overflowing TK-100. These conditions could cause higher than allowable 
radiation fields above the filter or pit cover blocks; and, if left unmitigated for several months, a buildup of hydrogen gas at 
either location. These events are evaluated in Section 3.4.2.4. TK-100 leaks were not considered for separate analysis because 
leaks from the tank will flood the TK-I00 pit, and a leak is bounded by the analysis ofhigh activity in TK-100, Section 
3.4.2.4.4. 

I 

A buildup of hydrogen gas and a potential for hydrogen explosion could exist in a hot cell containing radiation if 
water were present in combination with an ignition source and an extended loss of hot cell ventilation flow. The permanent 
draining of water from capsule storage tank TK-F5 in F Cell substantially reduced the potential for accumulation of hydrogen 
in a hot cell. Undenvater storage of capsules in a hot cell are specifically excluded from the scope of this document and are 
not analyzed. 

Facility ExDlosions. Facility explosions include possible flammable gas buildups in various locations in the facility. 
Specific analyses include possible propane, gasoline fume, and flammable gas cylinder explosions, as well as a possible 

I hydrogen explosion in the pool cell area. Potential hydrogen accumulation and explosion in the \YIXtvl. hot cells and in the 
K-3 filters is addressed in loss of confinement. 

Flammable gases (other than hydrogen) may be used or generated in the facility from the use of gasoline-powered 
trucks, propane-powered forklifts, and compressed gas cylinders. For the use of gasoline-powered trucks, the event analyzed 
addresses the possibility that a gasoline spill could generate an explosive gasoline-air mixture within the confines of the 
truckport The analysis also encompasses the use of compressed, flammable gases within the facility for such purposes as 
welding. 

This accident type also considers a hypothetical hydrogen explosion in the Pool Cell Area occurring after an extended 
outage (Le., IO days or more) of the K-l and K-4 ventilation systems. Although natural infiltration rates would make this 
event very unlikely, if not impossible, analysis with the proper basis in facility specific leakage areas and meteorological data 
has not been performed. This event does not directly cause a release of radioactive material, however, the structural damage 
potential identifies this event as an initiator for a loss of water in one or more capsule storage pools. The sequence is evaluated 
in Section 3.4.2.5. 

Loss of Containment. In this document, loss of containment refers to a breach of those components certified or 
commonly considered to be containment barriers. These are the WESF cesium chloride or strontium fluoride capsules, 
shipping casks, compressed gas bottles, 208-L (55-gal) waste drums, WlSkl. tanks and piping. Due to the special hazards of a 
loss of pool cell water, which might lead to capsule failures, these events are analyzed separately in Section 3.4.2.7, “Loss of 

I 
1 pool Cell Water”. 

A heavy object drop on a capsule or shipping cask in the hot cells (possibly due to a canyon crane failure or cover 
block drop) was considered in the hazard evaluation but was judged to have low risk rank and was not selected for analysis. 
Also, the BUSS cask is designed to survive such a drop with no failure ofthe capsules within. Capsules stored in F Cell are 
vulnerable, but such an event was not expected to generate large quantities of radioactive aerosols. In addition, the hot cell 
and canyon structure and the K-3 ventilation system were thought to provide adequate confinement of any radioactive aerosols 
generated. 

Since suspect or failed capsules are stored dry in F Cell, loss of capsule integrity in this location is not considered an 
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accident, since it is the intended purpose of the hot cell and ventilation system to serve as a confmement boundary in the 
absence of a containment. As discussed in Section 3.4.2.4, inventory and storage requirements are specified for F Cell 
capsules to minimize this challenge. On the other hand, a failed capsule in a storage pool is a distinct possibility and poses 
special problems for failed capsule identification and isolation. There are two potential mechanisms for underwater capsule 
failure. These are ( I )  failure due to internal corrosion, most likely involving a capsule that has already suffered some 
degradation since manufacture, and (2) mechanical failure due to impact. These are discussed further below. 

A capsule failure, possibly due to corrosion, is considered in Section 3.4.2.6. Since there is no basis with which to 
predict the characteristics of such a failure, a spectrum of leak rates is evaluated. It should be stressed, however, that the 
failure mechanism in Decatur, Georgia is thought to have been caused by thermal cycling (Le., thermal ratcheting), which is 
not the condition at WESF. Capsule leaks would pose no danger outside the facility but is evaluated in order to determine the 
importance of controls used to mitigate such an event. 

A heavy object drop into the pool cell could be the result of a cover block drop due to operator error or mechanical 
failure of the bridge crane. It could also be the result of catastrophic structural failure of the 225-B Building as discussed in 
Section 3.4.2.5 or fall of the motorized catwalk into the pool cell. Unlike a capsule failure due to corrosion, mechanical 
impact could result in the release of large quantities of radioactive salt to the pool in a relatively short time. The heavy object 
drop could also cause a liner puncture and contaminated water leakage into the pool cell sump system. The direct radiation 
hazard to the facility worker and the suspension of particulates from the contaminated water are both addressed by this 
accident in Section 3.4.2.6. 

Compressed gas bottles in the Pool Cell Area were also included in the hazard evaluation. The consequences of a 
rupture of one of these bottles was judged in the hazard evaluation to have low severity, bounded by the mechanical failure of 
a capsule due to cover block drop, and adequately covered by safety management controls. Note that this only addresses the 
potential physical impact caused by the cylinder. The possibility of flammable gases being released into the facility is 
addressed in Facility Explosions, Section 3.4.2.5. 

A rupture and leak of TK-100 was also considered in the hazard evaluation. Leaks from TK-100 would end up in the 
concrete pit and possibly the surrounding soil, potentially causing environmental contamination. Consequences from airborne 
radioactivity were also estimated by the hazard evaluation to be small, since release pathways from the pit are limited to 
construction joints and cover block mating joints. The consequences of such an event, however, is bounded by the analysis in 
Section 3.4.2.4.4. 

A 1-iiptiire o f a  Ju~i~Iud \\ l X h l  w;i> considered in ii s q x i t a t r  ha7.lird e!aliititi~iii. A r i ipt i isc ii i t l ir \ V I X \ l  c ~ n l d  result iii 
a spssad ol'rL,\iii and c o i i m i i i w d  \valcr itiiiilc tlic Triichpiir~ or oii!sidc ~ l i c  hciIi!>. C i i i i ~ c q ~ i c i i c c s  o l a  rclcasc o t r a d i o a c ~ i v c  
Imiltrrial froiii :I siipturrcl LVlXhl are addreshed i n  tlir sii;il>sis in Section 32 .4 .63 .  

A Cell stores 208-L (55-gal) drums containing contaminated waste. A drum failure could cause a spread of 
contamination inside the hot cell and might damage the cerium window between A Cell and the Operating Gallery. However, 
the hazard evaluation judged the consequences to be low severity, and the event is not considered for further analysis. 

Loss of Pool Cell Water. This accident type is specifically directed to those sequences that could lead to the total loss 
of water from one or mare active capsule storage pools. Initiators are heavy object drop, inadvertent pool drain, catastrophic 
failure of the pool cell retention structure, and extended loss of pool cooling and makeup. In addition to the loss of pool cell 

I water accident discussed in Section 3.4.2.7 and 3.4.3.3, other accident types that could lead to one of the above initiators are 
discussed in Sections 3.4.2.2, 3.4.2.5, and 3.4.3. 

Due to the differences in the initiators, the likelihood of occurrence, and the consequences, two loss of pool cell water 
accidents are considered. These are the loss of water from a single pool and the loss of water from all active pools. In terms 
of dose consequences, this accident type is the most severe of all the accidents analyzed for WESF. 

Beyond Design Basis Accidents. A final category for accident selection is beyond design basis accidents (BDBAS). 
DOE-STD-3009-94 (DOE 1994) does not require the evaluation of beyond design basis external events since the external 
event itself (e.g., aircraff impact) is usually beyond the design basis. Beyond design basis natural phenomena are considered to 
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be acts of nature having a larger magnitude and lower reNm frequency than their design basis counterparts. Thus, a wind 
greater than 245 k m h  (90 mih), roof loads of  greater than 0.96 kPa (20 Ib/Az) dead load plus live load, or seismic spectra 
more severe than the DBE are considered BDBAs for WESF. Of these events, a beyond design basis earthquake is selected as 
a bounding representation ofthe BDBAs. This is discussed in Section 3.4.3. 'l'lie rapid Ins of pool cell water accident caused 
b? I;iilurc ol ' t l ic  drain circulation l i i ie  in l l i e  pipc luiiiii'l has also becii added to  the BDBA scciioii d i h c  BIO. Sce Scction 
3 .-I .i 3. 

The purpose of the BDBA is threefold. First, it ensures that important risks are not disregarded by classifying them as 
"incredible." Second, it is a measure of the residual risk of facility operation and provides a basis for the selection of 
additional controls if their implementation would be relatively easy in comparison to the risk involved. Third, it is a bounding 
measure of the risk to the public, which is also discussed in Section 3.3.2.2. 

3.4 ACCIDENT ANALYSIS 

3.4.1 Methodology 

This section summarizes the methods used to quantify the consequences of the accidents selected in Section 3.3.2.3.5 
The methods addressed include development of the accident scenario, source term, and consequence estimate. In addition, the 

I application of rish w:il i i ; i t iw guiiklinrs is also discussed. 

In general, the quantitative analysis ofaccidents involves the investigation of both unmitigated and mitigated 
consequences in order to ascertain the importance of the facility barrier(s) challenged by the design basis accident (DBA). If 
the unmitigated accident consequences exceed the offsite and/or onsite r i h h  ~ ~ ; I I I I ; I ~ ~ O I ~  <iiidrlinc.s, then credir is taken for one 
or more facility harriers until the consequences drop below the r i A  c ~ n l u i i t i o i i  giiideliiics. Those barriers are then summarized 
for input into Chapter 4.0, "Safety, Systems, Structures, and Components," and Chapter 5.0, "Derivation of lnterim 
Operational Safety Requirements." The predominant exception to this methodology is the seismic event analysis where it is 
assumed that al l  structures and piping that are seismically qualified to levels equal to or greater than the seismic DBA levels, 
either by design or by later analysis, survive the seismic DBA. 

I 

The values selected for parameters in the quantitative analyses are consistently chosen as conservative values. This 
conservative approach provides bounding accident scenarios to define the envelope of facility operations and for the selection 
of controls. 

3.4.1.1 Accident Scenario Development Methodology. 

Each accident analysis begins with a qualitative discussion of the accident scenario. This includes basic information 
pertaining to the hazard (form, quantity, etc.), the location and process associated with the hazard, one or more initiating 
events and their relationships, and a step-by-step progression of the accident sequence, including facilityioperator actions, until 
the consequences of interest are reached. The scenario development establishes the groundwork for the source term and 
consequence models that follow. 

In order to maintain a proper perspective of the accident, an effort is made to discuss the many barriers that would 
have to fail in order for the event to progress. Not all such barriers are credited as the controlling SSC or administrative 
control but are rather defense-in-depth barriers discussed in the context of the scenario. The credited SSCs and controls are 
clearly identified by definitions of unmitigated and mitigated conditions for the accidents. 
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Accident type1 
Section location 

Vatural phenomenal 
3.4.2.1 

External 

3.4.1.2 Source Term Modeling Methodology. 

The source term models arise from the scenario development discussion. Using the inventory, the physical 
characteristics associated with each hazardous material, and any applicable environmental conditions, such as high temperature 
or high flow, the amount of each hazardous material which is made airborne at the site of the accident is estimated. The 
amount of each material made airborne is estimated by either an airborne release fraction (ARF) or an airborne release rate 
( A M )  from DOE-HDBK-3010-94 (Mishima 1994). 

The amount of each hazardous material initially made airborne is adjusted by the respirable fraction (RF) associated 
with the release mechanism being analyzed. The RF is the fraction of the material made airborne and considered to be readily 
inhalable, which is a particle size of IO pm aerodynamic equivalent diameter (AED) or less. Generally, the RF is applied at 
the same time as the ARF and A M ,  the combination of which is denoted in the form ARF:RF and ARRXF, respectively. All 
ARF, ARR, and RF values used in the accident analysis are shown in Table 3-12. 

The respirable amount made airborne at the accident location is multiplied by the leak path factor (LPF). The LPF 
takes into account any mechanisms that reduce the amount of material escaping the accident location and being released 
outside the facility. The LPF would take into account, for example, the plate-out of material as it passes through ventilation 
ducting and the effects of HEPA filtration. The LPFs used in the accident analysis are shown in Table 3-12. 

Applicable accident ARF:RF or LPF Basis 
ARR:RF 

0.25g Earthquake 1.0 E-03:I.0 1 .O 5.3.3.2.2' 

Loss of electric vower NIA 

Adjacent facility accident NIA 
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Accident type/ Applicable accident ARF:RF or 
Section location ARR:RF 

LPF Basis 

Facility 
Explosionsl3.4.2.5 

Loss of ' Containment/ 

1 I 
Hydrogen accumulation in hot NIA 
cells 

Flammable gas explosion NIA 

Hydrogen explosion in Pool NIA 
Cell Area 

Underwater capsule failure 1.4513. 1n.'I1: I .O@) NIA 
due to corrosion 

Orme 1981 

Water 
3.4.2.1 

3.4.2.6 

Loss of Pool Cell 
pool cell 

Loss of water from all pool 
cells 

Underwater capsule failures 
due to drop impact 

Loss of water from a sinrle NIA"' WHC 1996b 

'"Mishima (1994) 
@'Orme (1981) evaporative release fraction ( \ io i i ld qi ia tc  to 7.7C-06Ci'li aswining 3 iii;i\iinuni ccsiuiii . -. caps~ile ot h . 2  kCi). Actual dvsc consqi ic i ices !\err not calctilatd bzcaiisc. ofttie \cry )iiiall S U L I I ' C ~  t m i  

and 1011g rclciisc liiiic. 
"'Release for these accidents were not calculated using a fixed ARF, RF, and LPF. 
Note: Release fraction data in Mishima (1994) is typical for uranium and plutonium compounds. These 
compounds have greaterbulk densities so that lighter strontium or cesium compounds may become airborne 
more easily. However, this is offset by use of hounding ARF, RF, and LPF values. In addition, no release 
fraction data exists specifically for strontium and cesium compounds. 

3.4.1.3 Consequence Analysis Methodology. 

The consequence analysis combines the results of the source term, atmospheric dispersion, and International 
Commission on Radiological Protection (ICRP) reference man dose models to estimate radiological consequences to onsite 
and offsite individuals. 

The dispersion model accounts for the movement of each hazardous material from the facility to the location of the 
individual and is characterized by a Hanford Site-specific atmospheric dispersion coefficient (xIQ). The derivation of the xlQ 

I values used in the accident analysis is summarized here and is detailed in I l ek  ( l099). The xIQ is specific to the Hanford Site 
through the use of Hanford Site meteorological data documented in Schreckhise et al. (1993). 

The xIQ values calculated for the accident analysis represent conservative distances to receptors and extreme 
atmospheric conditions conducive for the transport of hazardous materials. The basic dispersion model used is the straight line 
continuous gaussian plume model as implemented in the GXQ computer code, with options to include the effects of plume 
meander, building wake, and elevated release height. 

The CXQ computer code, documented, validated, and verified in Hey (1995a and 1995b), was used to implement the 
basic gaussian plume model in addition to the corrections for plume meander, building wake, and elevated release height. The 
basic gaussian model calculated x/Q values for a point-source, ground-level release. The plume meander correction accounts 
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for the lateral (side-to-side) movement of the plume about its average centerline and is applicable when the release is 
approximately constant and has a duration of at least 1 hr. The building wake correction accounts for the dispersion of the 
plume in the turbulence on the downwind side of a structure. The inputs for the building wake correction are the smallest 
height and width dimensions of the structure. These are 23.5 m (77 ft) and 20.1 m (66 A), respectively, for the B PlanUWESF 
structure as taken from Chapter 2. The elevated release height accounts for releases through the 296-B-10 stack and is used 
only in the DBE analysis. The elevated release height is not used in the offsite calculations because the corrections at large 
receptor distances are not significant. 

For onsite calculations, 100 m (328 ft) is used as the distance to the onsite receptor. For each of 16 directions, a 
99.5% x/Q (meaning that the x/Q is exceeded only 0.5% of the time) is calculated along with a 95% site-wide xlQ (which 
considers all directions at the same time). The greatest of the 17 values is selected as the onsite x/Q. 

For offsite calculations, two Hanford Site boundary definitions are evaluated. These are the current Hanford Site 
boundary (Le., the fence line) and an alternate site boundary which is bounded by the near bank ofthe Columbia River to the 
north and east, the Wye barricade to the southwest, and Highway 240 to the west and south. The distances in each of 16 

I compass sectors are shown in Table 3-13 for both boundary definitions ( I  le) IW)). The 99.5% xiQ values are compared for 
each of the 16 directions with the greatest value selected as the offsite x/Q. Potential dose consequences are evaluated at both 
boundary definitions for each of the accidents quantified. In general, consequences at the alternate site boundary are 40% 
higher than at the fence line. 

The onsite and offsite xlQ values that are representative of the dispersion between the WESF release point and the 
receptor locations under various release conditions are shown in Table 3-14. The particular x/Q value used in an accident 
analysis is determined based on the physical phenomena associated with the accident. For example, in the loss of pool cell 
water accident, both plume meander and building wake are applicable because the facility structure is present and the release 
duration is constant and longer than I hr. For the hydrogen explosion in the K-3 Filter Pit, however, plume meander is not 
applicable because of the short duration of the release. For the stack release in the DBE, it is appropriate to use an elevated 
release model. 

The unit dose factors used in the accident analysis are taken from the assumptions and calculations document and 
I summarized here ( I  ley ISOO). They represent the 50-yr committed dose per unit curie of released material and are calculated 

from the information provided in Table 3-15. 

Note that the XIQS in Table 3-15 are corrected for building wake only, and are used for all analyses except loss of 
pool cell water and the stack release associated with the DBE analysis. For a loss of pool cell water, which results in a release 
over several days, it is appropriate to adjust the x/Q for plume meander and building wake as shown in Table 3-16. For this 
event it is also convenient to develop a dose per unit kg release since the release quantities are expressed in mass instead of 
activity. The average salt specific activity is taken from the WESF Encapsulation Database System (EDS) as discussed and 

I documented in I ley ( 1099). 

The average salt specific activity is the ratio ofthe total uncut capsule activity as of January I ,  1996 over the total net 
weight of uncut capsule contents, excluding fabricated metallic parts. The 50-yr committed dose per unit kilogram of average 
WESF cesium salt released is calculated from the information provided in Table 3-16. 

The final dose consequence is found by taking the sum of the dose consequences arising from each isotope. For each 
isotope, the dose consequence is calculated by multiplying the source term for the isotope and the dose per unit release 
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SE 

SSE 

according to the following equation 

D = Q C  

25.17 14.19 

2 I .OS 11.71 
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Sourcelreceptor description 

Ground level release, point 
source 

Ground level release with plume 
meander 

Ground level release with 
building wake 

meander and building wake 
Ground level release with plume 

Elevated release height 

Onsite 100-m X I Q  Fence-line XIQ Hwy-240, Wye barricade, 
(slm') Wm') and near river bank 

xIQ (s/ml) 

3.41 E-02 I .35 E-05 1.90 E-05 
( E l  ( E )  ("\V) 

1.13 E-02 1.13 E-05 1.52 E-05 
ICSC) it) ("\VI 

(E) (E)  i W )  

(E) (13) ( NN \\!) 

1.88 E-05 1.14 E-02 1.34 E-05 

8.55 E-03 1.13 E-05 1.52 E-05 

2.00 E-04 Not calculated Not calculated 

Table 3-1: 

worker 

Onsite 100-m 
worker elevated 
release height 

Alternate site i boundary 

I 
'Adjusted 

Committed I 
Isotope 

alation EDE per UI 
:ommined effective 
lose equivalent per 

unit intake 
mSvICi 
(rem1Ci) 

2.50 E+06 
(2.50 E+05) 

3.20 E+05 
(3.20 E+04) 

2.50 E+06 
(2.50 E+05) 

3.20 E+05 
(3.20 E+04) 

2.50 E + O ~  (2.50 
E-05) 

3.20 E+05 (3.20 
E+04) 

2.50 E+06 
(2.50 E+05) 

3.20 E+05 
(3.20 E+04) 

Curie Release c 

XIQ 
(s/m3)' 

1.34 E-05 

1.14 E-02 

2.00 E-04 

1.88 E-05 

r building wake, except onsite 100-m worker elevated re 

tespirahle "'Cr 
Ref. man 

breathing rate 
(m'is) 

3.3 E-04 

same 

same 

same 

ise height. 

i d  "Sr. 
Inhalation dose 
3er unit release 

mSvlCi 
(remICi) 

0.01 1 
(0.001 1) 

0.0014 
(0.00014) 

9.4 
(0.94) 

1.2 
(0.12) 

0.17 
(0.0 17) 

0.021 
(0.0021) 

(0.0016) 

0.0020 
(0.00020 

0.016 
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Receptor Committed Specific activity 

unif intake 

effective dose (Cfig) 
equivalent per 

mSviCi 
(remiCi) 

(3.2 E+04) 
Public 3.2 €+OS I .47 E+04 

Onsite 100-m Worker same same 

Alternating site same same 
b o u n d v  

Ref. man Inhalation dose 
(sim')' breathing rate per unit release 

xiQ 

(m'is) mSvkg 
( r e m k )  

1.13 E-05 3.3 E-04 I8 
(1.8) 

8.55 E-03 same 13,000 
( I  ,300) 

1.52 E-OS same 24 
(2.4) 

'Adjusted for building wake and plume meander 

Event frequency 
category 

Anticipated 

Unlikely 

Event frequency Onsite evaluation guidelines Offsite evaluation 
(yr-') as effective dose equivalent guidelines as effective 

dose equivalent 

> I  E-02 to 1 50 mSv ( 5  rem) 5 mSv (OS rem) 

>1 E-04 to 1 E-02 250 mSv (25 rem) S O  mSv ( 5  rem) 

Extremely unlikely 

The guidelines noted above are used for risk analysis in accordance with WHC-CM-4-46, Chapter 7.0, Rev. 4, for 
the determination of additional IOSRs which may not be related to SSCs. Therefore, for all accidents that use these values as 

category. 

3.4.1.5 Safety Class and IOSR Designation Methodology. 

I 
I risk ewlu:iriun :iiideliiii.s, the requirement to perform risk analyses has been met. All accidents in this B10 fall into this 

The accident analysis provides the basis for establishing safety significant and safety class SSCs and IOSRS, in 
I accordance with DOE-STD-3009-94 and Chapter 9.0 of WHC-CM-4-46. '1'1ie gLiideliiiei used in the H I 0  from \\ I IC-Cb1-I- 

> I  E-06 to I E-04 1,000 mSv(100 rem) 250 mSv (25 rem) 
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46 arc concisLen1 b v i t l i  current HNT-PRO-704 guideline$. Those accident consequences that exceed, or in some cases 
approach, the risk evduiltion guidelines listed above, will have identified the SSCs and administrative controls credited for 
mitigation or prevention. These SSCs and administrative controls will be summarized here along with the safety function they 
provide. A more detailed description of these barriers will be provided in Chapter 4.0, “Safety Class SSCs,” and Chapter 5.0, 
“Derivation of IOSRs.” 

3.4.2 Design Basis Accidents 

There is some confusion as to the definition of DBAs and how they apply to existing facilities. To avoid confusion 
with other definitions of DBA, a brief explanation is appropriate. The DOE-5480.23 (1992) attachment states that DBAs are 
“accidents that are utilized to provide the design parameters for release barriers and mitigating systems.’’ For an existing 
facility whose release barriers and mitigating systems are already designed, there is little value in deriving their design 
parameters. However, for an existing facility, there is value in establishing a safety basis for operation. In this sense, DBA is 
equivalent to safety basis accident, because it is used to (1) “identify” the existing controls that provide the necessary 
prevention, detection or mitigation of the accident, or (2) design new controls as appropriate to provide the necessary level of 
protection. 

Regardless of whether the accident is truly an accident (e&, earthquake) or was considered in facility design before 
construction (e& 0.25g ground acceleration), this document will use DOE-STD-3009-94 (DOE 1994) terminology and refer 
to all such evaluated events as DBAs. 

There are many accidents that could occur in a nuclear facility, but only a few of these accidents need to be analyzed 
in order to ensure adequate protection of the public and workers through a combination of engineered barriers and 
administrative controls. There are seven types of DBAs evaluated for WESF. One is labeled natural phenomena, one is 
labeled external events, and five are various types of operational events internal to WESF. Those events that represent unique, 
representative, and bounding challenges to barriers against releases are selected for a more detailed deterministic accident 
analysis. The goal of this accident analysis is to ( I )  identify the controlling barriers to hazardous releases, (2) determine the 
importance of those barriers, and (3) identify facility vulnerabilities for application of interim and future controls. 

The seven DBA types for WESF are identified in Table 3-1 I .  Several events are shown for each type. Detailed 
analyses are provided for the selected accidents. 

The evaluation of BDBAs is also required by DOE Order 5480.23. The BDBAs are either natural phenomena events 
having a return frequency less than design basis event or operational DBAs without the benefit of qualified engineered barriers 
and controls (Le., unmitigated). Because safety classification and IOSR assignment rely on unmitigated consequence 
estimates, operational BDBAs are covered in Section 3.4.2 for accident types 3 through 7 (Le., unmitigated operational 
accidents). The BDBA, for accident type 1 (natural phenomena), is considered in Section 3.4.3. Accident type 2 events 
(external events) are specifically excluded from BDBA by DOE-STD-3009-94, and therefore, are not examined. 

3.4.2.1 Natural Phenomena. 

This section provides the results of accident analyses for design basis natural phenomena events. DOE-STD-1027-92 
(DOE 1992) “design basis natural phenomena events include earthquakes, high winds, tornadoes, floods, etc. for which the 
facility has been (or should have been) designed.” Natural phenomena events having forces greater than those used in the 
design basis (for which the facility was not designed), are considered beyond design basis and are evaluated separately in 
Section 3.4.3 in accordance with the format provided by DOE-STD-3009-94 (DOE 1994). 

3.4.2.1.1 Survey Results. 

A survey was completed to appraise the ability of the 225-B Building WESF to resist DBE ground motions and other 
I NPH (Wagenblast, et al. 1 OW). The scope of this survey included a technical review of the original WESF seismic design 

analysis and review (Blume 1971a and 1971b). Reviews of other available design analyses, the construction drawings, and 
specifications were made. Inspections were conducted for the 225-B Building and pool cell structures and the systems and 
equipment required to operate the pool cells. Several engineering reports for inspections and repairs to the reinforced concrete 
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225-B Building and the hot cell floor liners were obtained and reviewed. The lateral force resisting systems for the WESF 
structures were determined. 

The configuration, anchorages, and lateral supports for the systems and equipment items were determined. 
Evaluations were made on the probability of NPH survival for WESF structures and systems, based on engineering judgments 
about whether the responses of the items could be expected to be within acceptable limits. 

The survey considered three natural phenomena events: ( 1 )  DBE ground motions, (2) design basis wind pressures and 
missiles, and (3) volcanic ashfall and snow loads combined. Tornadoes were not considered because they are not considered 
in the design basis for non-reactor nuclear facilities at the Hanford Site. The WESF structures and systems appraised by the 
survey are as follows: 

Structures 

- 225-B, Area 1 office and service area 
- 225-8, Area 2 hot cells 
- 225-B, Area 3 Pool Cell Area 
- 221-BA, K-1-1 filter Building 
- 225-88, K-3 Filter Pit 
- 
- 296-8, exhaust stack. 

221-B, B Plant canyon end wall 

Systems 

- Pool cell drain 
- 
- 
- 
- 
- Alternating current power backup 
- 
- K-1 and K-3 fans 
- 
- Pool cell powered catwalk. 

Pool cell deionized water addition 
Pool cell circii latioii and heat removal 
Hot cell and Operating Gallery fire protection 
K-3 HEPA filter and exhaust ducting 

Hot cell shielded viewing windows 

Bridge cranes and support systems 

The main conclusions of this survey are summarized as follows: 

Area 1 of the 225-B Building, with the heating, ventilating, and air conditioning (HVAC) room and most of the 
control and surveillance instrumentation for the pool cells was originally designed for a 0.12g operating basis 
earthquake. Therefore, Area 1 including equipment, exceeds the minimum uniform building code (UBC) seismic and 
wind provisions in SDC 4.1, Rev. 12 (Wagenblast, et al. 1W9) currently required for general use facilities. It is also 
likely, but not confirmed or credited during the DBE analysis, that Area I structure could survive the current Hanford 
Site DBE (0.20 g) (Wagenblast, et al. IO[W). 

Areas 2 and 3 of the 225-8 Building, the hot cells and storage pool cells, were originally designed for a 0.25g 
earthquake. Although the documentation that remains available is incomplete, it is believed that efforts to pursue a 
new and complete set of seismic analyses for the 225-B Building would be of limited value for the following reasons. 
First, based on the expert opinion of the structural engineers who performed the survey, there is a high likelihood that 
further comprehensive seismic analyses, if conducted, would successfully show these areas adequate for DBE 
requirements. Therefore, little real gain in facility safety would be realized. Second, the accident analysis results 
documented here indicate that the more significant vulnerabilities are associated with SSCs that are not qualified for 
NPH loads. Therefore, new seismic analyses will only confirm the results of existing analyses and do nothing to 
resolve the vulnerabilities of SSCs not designed for NPH loads. 
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The K-3 HEPA filter housings are unanchored in the K-3 filter pit. This allows them to be remotely changed with 
ease. However, the filters could be dislodged by seismic motions and the K-3 HEPA filters would not be available for 
filtration of the exhaust airflow from the K-3 system. 

The DBE seismic motions could intempt  the makeup deionized water for the pool cell and raw water to the 
I circulatioii system heat exchangers and the WESF tire protection system. 

The 221-B Building west end wall could be damaged by 0.25 g DBE motions and cause local structural damage to the 
east end of the 225-8 Building (Area 2, the hot cells). This is remote from the Pool Cell Area. 

All of the items listed above are factored into the accident analysis in this B10 

The scope of analysis in this section is to evaluate worst case consequences from natural phenomena forces up to, but 
not exceeding, design basis loads. All natural phenomena identified as adversely impacting WESF were examined in the 
hazards evaluation. 

NPHs at the Hanford Site are well known and documented. They include seismic events, high winds, wind-driven 
missiles, floods, snow fall, and ash fall. The flood event has been found to fall short of impacting facilities in the 200 Areas, 

I considering both local creek flooding and flooding of the major rivers of the area (I  INF 1998). The NPHs of high wind, snow 
and ash fall, and wind-driven missiles have minor impact compared to the hazards of an earthquake. However, these hazards 
could result in the loss of electrical power. Consequences of this event are evaluated under external events in Section 3.4.2.2. 
Seismic events are unique in that they could provide a means for common mode failure, including the loss of electrical power, 
while also providing energy for the release of hazardous material. No other natural phenomena event has such broad 
implications. For this reason, the seismic event is representative of the worst case NPHs and was selected for quantitative 
analysis and as the basis for safety controls. 

During the hazards survey process, 21 structural design modification recommendations, 1 structural evaluation 
recommendation, and 6 equipment design modification recommendations were discovered. Of the 21 structural 
recommendations, 16 had been completed and 5 were not necessary. The single recommendation for further evaluation, 
pertaining to a stack located on the Area 1 structure, was also not necessary. Of the 6 equipment design recommendations, 3 
were performed, 2 were not necessary because of equipment changes, and I was not incorporated. The equipment design 
modification not incorporated is the seismic anchoring of the K-3 filter housings. 

3.4.2.1.2 Design Basis Earthquake. 

Two design basis seismic events were considered in WESF design and construction. The first event, called the 
operating basis earthquake, has a peak ground acceleration of 0.12 g and was applied to the office and support areas of the 
225-B Building (i.e., Area I). The second event, called the safe shutdown earthquake, has a peak ground acceleration of 0.25 
g and was applied to those portions of the 22543 Building having a radiological confinement function, such as the hot cells and 
Pool Cell Area (i.e,, Areas 2 and 3, respectively). The seismic event analyzed in this section is the more severe safe shutdown 
earthquake and will be referred to as the DBE for the remainder ofthe WESF accident analyses. It is a conservative event with 

I respect to current requirements (Wagenblast, et at. IOW). 

A detailed discussion of the individual natural phenomenon that might impact WESF and the selection for 
quantitative analysis are provided in Section 3.3.2.3.5. For additional details regarding the treatment of design basis seismic, 

I wind, snow and ashfall loads, see Wagenblast, et al. (1009), Blume (1971a and 1971b), and VITRO (1970). 

3.4.2.1.2.1 Scenario Development. 

The purpose of this section is to evaluate the facility-wide response to the DBE, including reactions of facility SSCS 
and hazardous materials. 
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Unmitigated Condition. The unmitigated scenario is analyzed in Section 3.4.3. In this scenario all SSCs impacted by 
the earthquake are assumed to fail. The reader is referred to that section for a discussion of how the approach to the seismic 
event and external events differ from the other accidents considered. 

Mitigated Condition. In the mitigated scenario, certain structures and piping survive the earthquake and continue to 
function normally. The basis for assuming SSC failure or survival in the DBE is provided in the Natural Phenomenon Hazards 

SSC would survive the DBE, moderate likelihood that the SSC would survive the DBE, and low likelihood that the SSC would 
survive the DBE. 

1 Survey (NPHS) (Wagenblast, et al. 10iN). For each SSC, three basic results are given in the NPHS: high likelihood that the 

The DBE analysis for WESF considers two consequence categories: immediate and delayed. External impacts to 
WESF due to the interaction of the DBE with adjacent facilities is considered in Section 3.4.2.2. The immediate effects 
include WESF response to the DBE and the potential hazardous material releases resulting directly from the DBE. Delayed 
effects considers the degraded condition of WESF systems and the potential for subsequent releases if human intervention 
does not occur. 

Immediate Effects. In the analysis of immediate effects of the DBE, those SSCs that are designated in the NPHS as 
having a high likelihood for survival &e., seismically qualified) are assumed to survive the DBE. Survival of an SSC is 
defmed here as the ability of the SSC to perform its safety function and takes into consideration possible failures of other 
SSCs. All other SSCs, designated in the NPHS as having a low or moderate likelihood of survival, are assumed to fail in the 
DBE. 

The immediate effects of the DBE arise from the motion of the ground and subsequent motion and failure of facility 
I SSCs. The following SSCs are designed to survive the DBE (Wagenblast, et al. I409): 

Operating Gallery, hot cells, viewing windows, AMU, canyon bridge crane (including live load), and canyon 
stntctures 

Pool cells, Pool Cell Area, and Truckport structures 

Pool cell drain piping, pool cell crane (including live load), and pool cell catwalk 

Pool cell water circda1ioii and heat removal piping 

K-3 Filter Pit (not including the filter housings themselves) 

K-3 ducting all the way into the stack 

296 B exhaust stack 

K-1 filter building. 

The following SSCs are not designed for DBE loads and are assumed to fail in this analysis of the DBE: 

I 

. . . . . . . . . . 

Instrumentation, HVAC, and office area 

221-B Building end wall, the portion above the 225-B Building roof only 

Electrical backup power supply (diesel generator) 

Deionized water makeup system 

Raw water and deep well water feeds 

Hot cell and Operating Gallery fire suppression systems (pipe failure in office area) 

Hot cell and pool cell instrumentation adjacent to the Operating Gallery 

K-3 HEPA filter housing-to-duct connection 

Sanitary water supply 

Offsite electrical power supply. 
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Given the SSC responses listed above, it is easiest to summarize the immediate effects of the DBE by facility area and 
then by the reaction of the hazardous materials within those areas. The Operating Gallery, hot cells, and hot cell viewing 
windows are designed to survive the DBE. However, the process and pool cell instrumentation located in and adjacent to the 
Operating Gallery are assumed to fail in the DBE even though the structure associated with the Operating Gallery survives. In 
addition, failure of the 221-B end wall could result in structural damage to the canyon and Service Gallery, failure of the 
deionized water makeup piping, and possible structural damage to A Cell. 

The AMU, Service Gallery, canyon structure, canyon crane and all hot cell cover blocks, being associated with the 
hot cell StNCNre, are designed to survive the DBE. However, there does exist the potential for structural damage to the 
canyon from the failure of the B Plant end wall. Except for A Cell, it is assumed that all other cover blocks remain functional 
and in place during the DBE. 

The K-3 Filter Pit structure survives the DBE, but the filter housings themselves are not anchored in place and could 
I be displaced by seismic motions (Wagenblast, et al. lW9), causing the K-3 filters to be bypassed. Although offsite power and 

the backup diesel generator are not designed for DBE loads, electric power is conservatively assumed to remain intact to the 
K-3 fans, forcing airflow to sweep resuspended material in the hot cells and K-3 duct out through the 296-8 stack. The K-3 

I exhaust ducting and 296-B stack are also qualified for the DBE (Wagenblast et. al. 1999). No credit is given for the failure of 
the K-3 fans in limiting the release of materials made airborne in the hot cells and K-3 ducting. Radiation monitors that are 
located in the stack have not been qualified for DBE loads. Accordingly, no credit is taken for their monitoring function or for 
operator action to shut the ventilation system down. 

The K-1 filter building and ducting are designed to survive the DBE. However, the failure of the wall adjoining 
B Plant and WESF could result in an uncontrolled opening between the environment, the B Plant canyon, and areas ventilated 
by both the K-1 and K-3 ventilation systems. In this circumstance, the capability of the K-l system to continue to provide for 
habitability and effective ventilation of the Truckport, Operating Gallery, AMU, and the Pool Cell Area is unknown, even if 
backup electrical power were available and the exhaust fans continued to operate. 

The Pool Cell Area structure is designed for DBE loads. Thu c~ilcul:it ioiis coiiscrvali\ cl? x c o i i i i t  lbr tlic iticmiscd 
l0;iJs due to Ii~clrodyiiaiiiic srisiiiic forces (i .e. .  dosliiiig) oii the pool cel l  w:ills, No credit is t;iheii fbr tlie rigidit) tliiit tlie 
covcv hlochs \\auld afliinl. and rciiiovul of thc covcr hlocks l ia i  Llic cfi'ccl oircducins ieisiiiic loads. Additionally. iio credit is 
tii lceii for tlie ndditional restraitit fi.oni tlie ;ittiictieil foundation betweei i  tlie buildiiigi tiuusiiiz tlie c;itiyuri i i i i d  pool cells.. The 
pool cell bridge crane, bridge crane supports, catwalk, catwalk supports, drain piping (in the pipe tunnel), and the circii latioii 
system piping are also qualified for DBE loads (Wagenblast, et al. 1001)). The pool cell liner is not a structural member, is not 
exposed to earthquake loads, and would not fail in a DBE. The deionized water, sanitary water, raw water, and deep well 
water makeup are not designed for NPH loads and are assumed to fail in the DBE. Water initially in the pool cells is retained, 

1 but normal water makeup and cooling could be lost. Also, the K-1 ventilation system and circulation pumps could fail due to a 
loss of electric power, normally supplied offsite, but redundantly supplied by an unqualified backup diesel generator. The 
pool cell controls, located adjacent to the Operating Gallery, could be inaccessible due to failure of the office area structure 
(Le., Area 1). 

The Truckport, as part of the Pool Cell Area structure, is designed to survive the DBE. As described earlier, however, 
the Truckport might not be ventilated because of an upset in the K- 1 ventilation system. 

Although not qualified for DBE Loads, it is feasible that one or more detection or makeup systems would be available 
in the event of an earthquake. Several such systems are present including the level detection instrumentation, area radiation 
monitors, deionized water makeup, sanitary water makeup, and raw water makeup. In addition, WESF is among the top 
priorities for the Emergency Preparedness organization so that, if necessary, water may be trucked in from the nearest 
available water source, including the Columbia River. 

The immediate effects of the DBE on the hazardous materials in WESF result in the release from only two areas 
within the facility. The immediate release is from the suspension of solid radioactive materials in the hot cells and the K-3 
exhaust ducting. The radioactive material, "'Cs and 90Sr, in the hot cells is present as a result of contamination on equipment 
and stored solid waste, This contamination may become suspended as a result of the shock of the DBE and the structural 
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failure of A Cell, which although highly unlikely because of the 225-8 Building roof and the distance from the end wall to 
A Cell, is assumed to be impacted by the failure ofthe 221-B Building end wall. The 221-8 endwall is assumed to survive a 

present in the K-3 exhaust ducting downstream of the hot cells and would also be subject to the shock-vibration associated 
with the DBE. 

I 0.12 g seismic event (HNT 1948) but fail following the larger 0.25 g DBE associated with WESF. The same isotopes are 

The radioactive material in the Truckport and in capsules located in the pool cells, F Cell, and possibly in the BUSS 
cask in the Truckport, canyon, or G Cell, are not impacted by the immediate effects of the DBE. The Truckport survives the 

suspension of contamination. The structures confining the capsules, including the BUSS cask, the hot cells, the Truckport, the 
canyon, the pool cells, are also assumed to survive the DBE. Thus, the capsules are not impacted by falling objects and, in the 
absence of such an impact, the capsules are adequately protected from the DBE. 

I DBE and the packaging associated with the LLLW that might be present in the Truckport is sufficient to prevent the 

The inventory in the K-3 filter housings, present in the form of contamination on the interior surfaces and on the filter 
media, might be impacted by the DBE but would not be released to the environment. A certain quantity of the radioactive 
material could become airborne as a result of shocWvibration of the filter housing. Since the filter media inside the filter 
housing would not fail in the DBE, the worst-case consequences would arise from displacement of the filter housing itself with 
a subsequent breach ofthe inlet and outlet ducting. This breach could result in a bypass ofthe filter housing so that 
radioactive material resuspended in the hot cells or K-3 exhaust duct could bypass the K-3 filters. The radioactive material 
resuspended inside the filter housing, however, would not be subject to release because of a lack of motive force for removal 
of the airborne material from the filter housing. 

In summary, radioactive material may be released from WESF in two ways following the DBE. The first is from A 
Cell through openings caused by possible impacts from the failed 221-8 endwall. This release pathway requires a seismic 

I event of greater than 0.12 g, because the endwall is assumed to survive this lesser event (I-lSr I W S ) .  The second release path 
results from the bypassed K-3 filters. Since the K-3 exhaust ducting and 296-B stack have been shown to survive the DBE and 
no credit is given for failure ofthe K-3 exhaust fans, this is a rapid, elevated release. 

Delayed Effects. Designated emergency water sources outside the facility (Le., sanitary and raw water) are also 
vulnerable to failure in the DBE. Therefore, the DBE could result in failure of both normal and emergency means of 
providing makeup water. Elapsed time to uncover the capsules due to evaporative losses from the highest heat load pool cell 
would require at least 5 days (without cooling), and if the transfer ports were opened to at least eight pools, another 17 days 

I (Hc) IOSS). Nevertheless, human intervention is required to stop this chain of events. The loss of water from both a single 
pool cell and all active pool cells is analyzed in Section 3.4.2.7. Those consequences, which occur several days later, could be 
added to those discussed here if human intervention to restore a means of makeup water did not occur. The delayed 
consequences of the DBE are not addressed further here since the analysis in Section 3.4.2.7 is sufficient to establish the 
necessary controls. 

Maior Assumptions. The following assumptions were made in the scenario development. 

Various SSCs are assumed to survive the DBE (see the list in the scenario description above). 

The packaging associated with the LL1.W that might be present in the Truckport is sufficient to prevent the 
suspension of contamination. 

3.4.2.1.2.2 Source Term Analysis. 

I 

Unmitigated Condition. The unmitigated scenario source term is analyzed in Section 3.4.3.2 

Mitigated Condition. The source term arising from the DBE can be estimated by modeling the suspension of 
impacted hazardous material. The scenario development above identifies the radioactive contamination in the K-3 ventilation 
system and in certain hot cells as the only hazardous materials impacted by the immediate effects of the DBE. 

In general, the source term arising from the DBE is the product of the inventory at risk, ARF:RF value, and LPF 
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associated with the accident conditions. For the DBE there are two separate release paths determined in the scenario 
development, one through the 296-8 stack and the other through the failed A Cell structure. A separate source term must be 
calculated for each release path so that the elevated release through the stack can be distinguished from the ground-level 
release from A Cell. 

For the first release path, through the 296-B stack, the inventories in the affected hot cells and in the K-3 exhaust duct 
can be combined. The hot cells are ventilated by the K-3 system with air entering from the canyon area and exiting through 
the hot cell floors into a common hot cell exhaust duct, which in turn goes to the K-3 Filter Pit. The hot cells are separated 
from the downstream portions of the K-3 ventilation system by a HEPA filter on the hot cell ventilation outlet. These HEPA 
filters are not regularly tested or changed, and therefore, no credit is taken for them, The inventory which may be present in A 
Cell would not contribute to a release in this fashion because the waste packaging (%-gal drums) would preclude a release. 
The inventory in A Cell would only be subject to release if the A Cell structure failed 8s a result of an impact from the 22 I-B 
endwall, which is accounted for separately. 

Considering the release through the 296-8 stack, the inventory at risk for B through G Cells can be found from the 
inventory data presented in Table 3-3. The B and C Cells each contain 7.4 x IO" Bq (20 kCi) of WSr and 7.4 x IO" Bq (2 kCi) 
of "'Cs as contamination available for release on solid wastes, walls, and other exposed surfaces. The inventory in D and E 
Cells is 7.4 x 
IO" Bq (40 kCi) of "Sr in boats and waste pipes. The F and G Cell inventories would not be impacted by the DBE as 
discussed in the scenario development. The exact amount of contamination, and its distribution in B through E Cells, is 
unknown. Therefore, it is assumed that total inventory of the hot cells (B through E Cells) is at risk in the DBE. This results 
in an inventory at risk in the hot cells (B through E Cells) of 3.0 x 

Bq (20 kCi) of "'Cs as contamination similar to that in B and C Cells. The B/C Cell furnace contains 1.5 x 

Bq (80 kCi) of 90Sr and 8.9 x IO" Bq (24 kCi) of "'Cs. 

The inventory at risk in the K-3 exhaust duct is given in Table 3-3. Of the two isotopic distributions presented for 
contamination in the K-3 ducting, the 7.4 x IO" Bq (200 kCi) of 90Sr is conservatively assumed to be the inventory at risk. 

The inventory at risk in B through E Cells and the K-3 ducting may be combined, for a total of 1.0 x I O t 6  Bq (280 
kCi) of "Sr and 8.9 x LOI4 Bq (24 kCi) of '"Cs. The ARF:RF value for the hot cells and K-3 ducting, shown in Table 3-12, is 
1.0 x l0':l .O from Mishima (1994). Section 5.3.3.2.2 and represents the bounding value for shock-vibration of surface 
contamination on solid, non-brittle surfaces. The RF value of 1.0 is assumed based on the absence of data pertaining to the 
particle size distribution ofthe contamination. This value is conservative for WESF hot cell and K-3 exhaust duct 
contamination, which has been flooded previously. The resultant form of the contamination is a salt-like material adhering to 
the surface of the equipment and ducting. Because of the possible continued operation of the K-3 exhaust fans and bypass of 
the K-3 HEPA filters, the LPF value for the hot cells and K-3 ducting is assumed to he I .O, resulting in a source term released 
through the stack of 1.0 x 10" Bq (280 Ci) of "Sr and 8.9 x 10" Bq (24 Ci) of "'Cs. 

For the release from A Cell in the event that the 221-B endwall causes the failure ofthe A Cell structure, inventory is 
assumed to be impacted by failed structural components or cover blocks. Such impacts can be modeled by use of the same 
shockhibration ARF:RF as was used above for B through E Cells and the K-3 exhaust duct. This ARF:RF is 1 x 10~':l.O. The 

I inventory :it ri& in A Cell, which is present in the form of contaminated solids in 208-L (%-gal) drums, is -5.6 x IO" Bq (15 
kCi) of "'Cs, 90Sr, or a combination of both. Because of its greater inhalation unit dose, the entire inventory at risk is assumed 
to be 90Sr. The resulting source term from A Cell is 5.6 x IO" Bq (15 Ci). 

Maior Assumptions. The following assumptions were made in the preceding source term analysis. 

e The hot cell HEPA filters are assumed to provide no filtration. 

The total inventory of B through E Cells is at risk for a release through the 296-8 stack in the DBE. This results 
in an inventory at risk for this release path of 3.0 x IO" Bq (80 kCi) of "Sr and 8.9 x IO" Bq (24 kCi) of '"CS. 

The total inventory at risk in A Cell, and subject to release if the A Cell structure is damaged by failure of the 
221-8 endwall, is 5.6 x I O "  Bq (15 kCi) of%. 

The inventory at risk in the K-3 ducting is 7.4 x IO" Bq (200 kCi) ofw% 
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Release Isotope Source term 
Path (Ci) 

Stack "SI 280 

DCF 50-yr Committed 
mSviCi (remiCi) EDE 

mSv (rem) 

0.17 (0.017) 48 (4.8) onsite 

"'CS I 24 0.021 (0.0021) 

A Cell 1 "SI 15 9.4 (0.94) 140 (14) Onsite 100-m worker 

Stack' 

A Cell 

Stack* 

3.4.2.1.2.4 Comparison to Guidelines. 

The risk c~a l i ra l ion  yiilcliiics used for the DBE are taken from Section 3.4.1 and Table 3-17. Seismic studies 
performed for the Hanford Site indicate that a 0.25g peak acceleration seismic event has an annual return frequency on the 
order of 5.0 x IO4 y i '  (Tallman 1996). However, the K-3 HEPA filter housings are unanchored in the filter pit which could 

I cause them to be dislodged by seismic motions, thus causing a HEPA filter bypass (Wagenblast, et al. 1999). Due to the large 
uncertainty associated with any estimate of a seismic return frequency that could cause this failure, no credit is taken for 
frequency dependent risk evdi1:itiun g i d r l i t i e i  in the case of the release through the stack. Thus, the consequences associated 
with the release through the stack must be compared lo the ri& i '\iiluiliicui guidclitic> for an anticipated event (50 mSv [5 rem] 
onsite and 5 mSv [0.5 rem] offsite). 

I 

I 
The onsite dose consequence associated with the stack release is 48 mSv (4.8 rem), which is below the onsite 

"Sr 280 0.01 I (0.001 1) 3.1 (0.31) public 

"'CS 24 0.0014 (0.00014) 

"Sr 15 0.01 I (0.001 I )  0.17 (0.017)public 

"Sr 280 0.016 (0.0016) 4.5 (0.45) 
alternate 
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evaluation guideline of 50 mSv (5.0 rem). The offsite stack release results in 3.1 mSv (0.31 rem) to the offsite receptor which 
is below the offsite guideline of 5 mSv (0.5 rem). The stack release results in a dose of 4.5 mSv (0.45 rem) at the alternate site 
boundary. 

For the release from A Cell, however, a 0.12 g seismic event is required (HNT 1908). For the Hanford Site this 
corresponds to an event frequency of approximately 1 x IO" per year which falls into the range of an unlikely event 
( I  x 102/yr to 1 x 104/yr). Thus, for a seismic event large enough to cause a release from A Cell, the appropriate rish 
evaluation ;uideliiies for an unlikely event are (250 mSv [25 rem] onsite and 50 mSv [5 rem] offsite). 

I 

Given a seismic event large enough to cause structural failure ofthe 221-B endwall, the stack release must also be 
assumed to occur. Therefore, the stack release consequences must be combined with the A Cell release consequences for 
comparison to the ribk ebaliintion yidrlitlcs for an unlikely event. The onsite dose consequence is 188 mSv (18,s rem) which 
is below the onsite evaluation guideline of 250 mSv (25 rem). The offsite dose is 3.37 mSv (0.327 rem) which is below the 
offsite evaluation guideline of 50 mSv (5 rem). The dose at the alternate site boundary is 4.74 mSv (0.474 rem). 

3.4.2.1.2.5 Summary of Safety SSCs and IOSR Controls. 

Credited SSCs. Several SSCs are credited to survive the DBE because they are qualified for those loads. Those SSCs 
credited as surviving the DBE, qualified to survive the DBE, and whose failare results in exceeding the offsite rish evalualioii 
guidelines of 5 mSv (0.5 rem) are designated "safety class." Those SSCs credited as surviving the DBE, qualified to survive 
the DBE, and whose failure results in exceeding the onsite rirh f\aluatioii guiclelincs o f50  mSv ( 5  rem) are designated "safety 
significant." The basis for their failure consequence is provided in Section 3.4.3.2. These SSCs and their safety functions are 
as follows. 

Pool cell structure (Le., Area 3 in structural evaluation) 

Safety class function - To retain structural integrity of pool cell water retention and overhead structures in the 
event of design basis natural phenomena 

Pool cell bridge crane, catwalk, and associated support structures 

Safety class function - To maintain support of the bridge crane, maintain the bridge crane load, and maintain 
support of the catwalk in the event of design basis natural phenomena 

Pool cell drain and circulat io i i  piping I 
Safety class function - To retain pool cell water in the event of 0.25g DBE 

K-3 exhaust duct and 296-8-10 stack 

Safety significant function ~ To remain intact and retain structural integrity in the event of a 0.25 g DBE. This is 
applicable to the above-ground portion of the K-3 exhaust duct running from the exhaust fans to the stack. 
Although the duct and stack are required to fulfill a safety significant function, they are designated as safety class 
for three reasons: ( I )  they are qualified for safety class natural phenomena loads, (2) future changes to WESF 
design or mission might require them to be safety class, and (3) maintaining the them to safety class design 
standards provides a higher level of defense-in-depth. 

K-3 Filter Pit structure 

Safety significant function - To protect the K-3 HEPA filter housings from the kinetic energy hazard of a falling 
K-3 Filter Pit cover block under all design basis natural phenomena (see Section 3.4.3.2). Although this structure 
is only required to be designated safety significant, WESF will maintain it as a safety class structure for the 
following reasons: ( I )  it is qualified for safety class natural phenomena loads, (2) future changes to WESF design 
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or mission might require this structure to be safety class, and (3) maintaining the structure to safety class design 
standards provides a higher level of defense-in-depth. 

Operating Galleryicanyodhot cell structure (i.e., Area 2 in structural evaluation) 

Safety significant function - T o  confine the radioactive material inventory contained within the hot cells in the 
form of surface contamination, contaminated combustibles, and capsules in dry storage. This structure is also 
vulnerable to B Plant end wall interactions that could cause damage to A Cell and the K-l and K-3 ventilation 
systems. Although this structure is only required to be designated safety significant, WESF will maintain it as a 
safety class structure for the following reasons: ( I )  with the exception of B Plant end wall interactions, i t  is 
qualified for safety class natural phenomena loads, (2) future changes to WESF design or mission might require 
this structure to be safety class, (3) the structure performs an important confinement function, especially with 
respect to the protection of facility workers, and (4) maintaining the structure to safety class design standards 
provides a higher level of defense-in-depth. 

Credited IOSR Controls. 

None 

As stated earlier, the basis for the designation of the SSCs listed above arises from the unmitigated dose consequences 
calculated in Section 3.4.3. The sole exception is the K-3 exhaust duct and 296-8 stack for which no analysis is performed in 
Section 3.4.3. However, the proper designation for these SSCs can be gleaned from the dose consequences calculated above 
for the DBE. The DBE consequences do not credit the elevated release to the offsite (or alternate site boundary) receptor and 

I the resulting offsite doses are below r i 4  e \duar ie i i  ;hiidelities, Therefore, it can be concluded that the exhaust duct and stack 
do not fulfill a safety class function. However, noting the approximate order-of-magnitude increase in the unit dose factors 

] from a ground-level to an elevated release, it can be concluded that onsite ri \h e\alu.ition y i i l c l i i i e >  would be exceeded if 
credit were not given for the survival of the duct and stack. 

3.4.2.2 External Events. 

This accident type considers the possible effects of events which are man made but external to WESF, that could have 
an adverse impact on facility safety. These events include loss of electrical power (LOEP), aircraft accidents, vehicle 
accidents, and accidents at nearby facilities such as B Plant. A more detailed discussion ofthe accident selection process as it 
pertains to this accident type is presented in Section 3.3.2.3.5, Accident Selection. 

3.4.2.2.1 Loss of Electric Power. 

3.4.2.2.1.1 Scenario Development. 

This section analyzes a facility-wide LOEP accident. The qualitative event frequency assigned in the hazard 
evaluation process for this event was F2 (i.e., unlikely). The hazard evaluation identifies several consequences as a result of 
LOEP at WESF. They are as follows: 

Loss of ventilation airflow and subsequent pressure differentials in the hot cells, K-3 exhaust duct, and K-3 filter 
housings 

Loss of Pool Cell Area ventilation 

1 The loss of circtiliitioii cooling in pool cells 

Unmitieated Condition. Normal electric power to WESF is supplied through the 13.8-kV line from substation 251 W 
feeding the 200 Area to substation C8-S26. Substation C8-S26 supplies power to essential WESF circuits through motor 
control centers in the 225-8 and 225-BC Buildings. Additionally, there is a backup power diesel generator that automatically 
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picks up loads in case of a normal power failure. After a short delay, the systems supplied with power from the generator are: 
the K-1 and K-3 exhaust fans, a vacuum pump for the air monitors, fixed loads, (Le., instrument power and standby lighting), 
an air compressor for instrument air, components of the K-5 refrigeration system; the K-5 refrigeration unit itself; and the pool 

I cell cirulation pumps. The electrical distribution system for WESF is shown in Chapter 2.0, Figure 2-1 1. 

The LOEP is defined here as a loss of normal power to all essential motor control centers and failure of the backup 
diesel generator. Power loss to the motor control centers may occur due to failure of the overhead line to substation C8-S26 or 
multiple failures of feeders, transformers, or circuit breakers within the system. Failure of the backup diesel generator could 
occur due to failure of the generator to start or run on demand, or failure of the automatic switches (any system component) to 
bring backup power online. 

Facility support systems no longer available under LOEP conditions (including loss of the backup diesel generator) 
include the following: 

All ventilation supply and exhaust fans 

All pool cell water circulalinn cooling due to loss of power to circulatioii pumps 

All CAM alarms, beta monitors, weight factor instrumentation, etc, 

Upon failure of the HVAC systems, airborne contaminants in the hot cells, K-3 exhaust duct, and the K-3 filter 

I 

housings may migrate to other areas within the facility and potentially to the environment, However, this potential spread of 
contamination has been addressed in Section 3.4.2.4 under a loss of the K-3 ventilation system. 

Other concerns arising from a loss of electrical power come from a loss of services in the Pool Cell Area. In the Pool 
Cell Area there is the potential buildup of hydrogen, which is generated by radiolytic decomposition of the pool cell water. In 

I addition, the ability to remove heat from the pool cell water through the heat exchangers would be lost because the circulation 
pumps would be inoperable, and the operation of adding makeup water to the pool cells is made more difficult. 

Accident progressions for hydrogen accumulation and subsequent explosion in the Pool Cell Area are addressed in 
Section 3.4.2.5, and for loss of cooling and makeup water are addressed in Section 3.4.2.7. If a hydrogen explosion were to 
occur, then a loss of pool cell water could be experienced if structural debris fell into a pool cell, or a loss of the ability to 
provide normal makeup water could be experienced. If hydrogen accumulation did not result in an explosion, then heatup and 
evaporation of the pool cell water would result if the LOEP continued for a number of days. Accident progression would then 
be similar to the loss of cooling event described in Section 3.4.2.7, except that all alarms and monitors indicating the state of 
the pool cells would be disabled. The water level in the pool cells could be maintained in an extended LOEP event by 
using the normal deionized water makeup (through manual operation of valves). If deionized water was not available or 
insufficient, then any of the designated sources of makeup water could be used. 

The possibility of losing ventilation is addressed in Section 3.4.2.4. The discussion identifies the LOEP as an initiator 
to a loss of ventilation and indicates that there are no consequences for this event. 

Mitigated Condition. Mitigation is provided by the controls for a hydrogen explosion in the pool cell (Section 
3.4.2.5), loss of cooling and makeup water (Section 3.4.2.7), and loss of ventilation (Section 3.4.2.4). 

Maior Assumptions. The following assumptions were made in the scenario development. 

LOEP is defined as loss of normal power to all essential motor control centers and failure of the backup diesel 
generator. 

Assumptions for the scenario development are provided in loss of confinement, hydrogen explosion in the pool 
cell, and loss of pool cell water (Sections 3.4.2.4, 3.4.2.5, and 3.4.2.7, respectively). 

e 
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3.4.2.2.1.2 Source Term Analysis. 

Unmitiaated Condition, As discussed above, there are hvo possible source terms arising from a LOEP event. The 
first is the migration of radioactive materials from contaminated areas within the facility. This possibility addresses the loss of 
confinement in the hot cells, K-3 exhaust duct, and K-3 filter housings and is addressed in Section 3.4.2.4. The conclusion is 
that no significant consequences outside of the facility would occur. The second source term arises from possible loss of pool 
cell water from either a hydrogen explosion or a loss of makeup water and cooling. These possibilities are addressed in 
Section 3.4.2.5 for the hydrogen explosion and Section 3.4.2.7 for the loss of cooling and makeup water. 

Mitigated Condition. See the source term analysis for a hydrogen explosion in the pool cell and loss of pool cell 
water (Section 3.4.2.5). 

Maior AssumDtions. See the assumptions for a hydrogen explosion in the pool cell and loss of pool cell water 
(Section 3.4.2.5). 

3.4.2.2.1.3 Consequence Analysis. 

Unmitigated Condition. The consequences of a LOEP event fall into two categories: (1) impacts resulting from loss 
of confinement in contaminated areas and (2) impacts to capsule storage in the pool cells. 

As stated earlier in the accident analysis, the consequences of a loss of ventilation and subsequent loss of confinement 
is addressed in Section 3.4.2.4. That evaluation concludes that migration of contamination from !he effecred areas would 
result in localized consequences within the facility. In addition, for such migration to occur, the ventilation system would need 
to be inoperable for an extended period of time. 

Capsule storage in the Pool Cell Area would be effected by the LOEP event by loss of the K-l ventilation system and 
loss of pool cell water cooling capability. The loss of ventilation presents a hydrogen accumulation concern within the Pool 
Cell Area, which is addressed in Section 3.4.2.5. The loss of cooling for the pool cell water presents several concerns: rapid 
water loss from high-temperature evaporation and boiling, habitability of the Pool Cell Area because of lack of electrical 
services (Le., lighting and the temperatures and humidity from the hot pool cell water; and complications in the process of 
adding makeup water because of habitability problems in the Pool Cell Area and the increased demand for makeup water. 

Mitigated Condition. See !he consequence analysis for a hydrogen explosion in the pool cell and loss of pool cell 
water (Section 3.4.2.5). 

3.4.2.2.1.4 Comparison to Guidelines. 

Unmitiaated Condition. Of the two consequences identified for a LOEP event, only the unmitigated consequences of 
a loss of pool cell water, resulting from either a hydrogen explosion or loss of cooling and makeup, exceed either the onsite or 

I offsite risk ewiluation y i d e l i t i e s .  A hydrogen explosion in the Pool Cell Area is analyzed in Section 3.4.2.5. The loss of pool 
cell water due to failure to provide cooling and makeup is analyzed in Section 3.4.2.7.2. 

Mitiaated Condition. See the mitigated condition comparison for a hydrogen explosion in the pool cell and loss of 
pool cell water (Section 3.4.2.5). 

3.4.2.2.1.5 Summary of Safety SSCs and IOSR Controls. 

Based on the consequences of the LOEP event, the necessary SSCs and IOSR controls pertain to the desire to 
maintain water in the pool cells. To that end, the possibility of a hydrogen explosion in the Pool Cell Area and loss of cooling 
and makeup must be controlled. The controls used to prevent and mitigate the consequences of a LOEP event include those 
items used to prevent or mitigate a hydrogen explosion in the Pool Cell Area, and those items that ensure that makeup water is 
available during the LOEP. 
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Those controls designated as preventing a hydrogen explosion in the Pool Cell Area are discussed in Section 
3.4.2.5.5. Those controls are sufficient to prevent a hydrogen explosion in the Pool Cell Area that is initiated by a LOEP 
event. 

The controls necessary to ensure that the makeup water is available to the pool cells are specified in Section 3.4.2.7. 
Given the severe consequences of a loss of pool cell water, those controls are sufficient to provide makeup water to the pool 
cells in the event of an LOEP. 

3.4.2.2.2 Adjacent Facilities. 

This section evaluates the direct impact on WESF due to the possible release of hazardous materials and energies 
from nearby facilities. The closest, and by far the most significant, facility is B Plant. Accidents at B Plant are significant to 
WESF for two reasons. First, the release at B Plant could initiate a subsequent accident at WESF. Second, a release at B Plant 
could hamper recovery actions should WESF operating personnel be in the process of responding to a common cause event, 
(e.g., an earthquake or loss of offsite power). As in the case of natural phenomena events, WESF is prepared for such external 
and manmade hazards. Adjacent facility hazards were not originally considered in the WESF HAZOP but are considered in 
this BIO. 

3.4.2.2.2.1 Adjacent Facility Release from Seismic Event. 

This section addresses a potential impact to WESF recovery operations due to releases from B Plant facilities in the 
event of a 0.12g seismic event. Structural interactions between B Plant and WESF are discussed in Section 3.4.2.1. The 

I current B Plant safety documentation (HNr  199s) indicates that a mitigated dose commitment of several mSv (rem) is possible 
to the onsite (i.e., 100 m [328 A]) receptor due to various causes. It should be noted that the B Plant DBE of 0.12g is less 
severe than the 0.25g seismic event that is the accident analysis DBE for WESF. A BDBE for the B Plant is considered to be a 
seismic event having a horizontal ground acceleration greater than 0.209. Unmitigated doses for the B Plant BDBE are several 
mSv (rem) to the onsite receptor. 

In the event of a WESF DBE (Le,, 0.25g), an unavoidable release is possible from the K-3 HEPA filter system. The 
WESF post-DBE actions must focus on maintaining water level in the pool cells. The WESF water supply systems are already 
vulnerable to the WESF DBE. The radiological releases caused by mechanical resuspension from B Plant could cause the 
evacuation of WESF. However, this plume would be very brief and would not prevent entry of essential personnel back into 
WESF with the proper protective gear. 

3.4.2.2.2.2 Adjacent Facility Release from Snow and Ashfall. 

As discussed in Section 3.4.2.1, WESF was divided into three areas for structural design analysis. Area 1, the 
Support Area, was designed for a live load of 0.96 kPa (20 Ib/Az). Areas 2 and 3, the canyon and Pool Cell Areas, were 
designed for dead loads plus a live load of 0.96 kPa (20 IblA’). All three areas have a high probability of surviving a combined 
snow and volcanic ashfall loading. However, B Plant safety documrnt:irion (I INF 19‘1s) assumes a 221-B Building roof 
collapse in this event wliicli rcsults in a significant release and dose commitment to the onsite receptor. 

Several hours warning would be expected as the snow and ash must accumulate on B Plant roof over a period of time. 

I 
Additionally, if the 22 I-B Building roof did collapse, the resulting release would exist for only a brief period of time and 

would not prevent essential WESF operations such as maintaining pool cell water level. Therefore, no special controls with 
respect to this hazard are required. 

3.4.2.2.2.3 Adjacent Facility Release from Operational Accidents. 

Several “operational” accidents are postulated to occur in the B Plant accident analysis ( I  I h F  IWS).. None ofthese 
events leads to consequences that exceed onsite ri3h cvalti:ltioil ~ i i i d c l i i i c s .  The WESF mission is important and can lead to 
significant safety consequences if interrupted for a long period of time (Le., several days). However, none of the B Plant 
operational accidents mentioned above would prevent WESF essential operations. Therefore, no special controls, with respect 
to these hazards are required. 
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3.4.2.2.3 Aircraft Impact. 

The potential for an aircraft impact on WESF can be evaluated from analyses performed from other facilities. 
Muhlestein (1994) performed a frequency analysis for aircraft crashes into sites operated as part ofthe Multi-Function Waste 
Tank Facility (MWTF). That analysis encompasses civilian, military, and pesticideherbicide over-flights of MWTF sites, 
with the aircraft associated with traffic from all known local airports. The result ofthe analysis indicates that an aircraft 
impact into an MWTF site is beyond extremely unlikely (less than 1.0 x I O 6  yr.’). This conclusion is conservative with respect 
to WESF since the area occupied by the MWTF sites (0.04 km’ [0.015 mi’]) is much larger than the area occupied by WESF 
(0,001 km’ [O.OOOS mi’]) (see Chapter 2.0). However, this analysis is applicable only to commercial, military flights, and 
herbicideipesticide application parameters over which the DOE has only partial control of (width of flight corridors, military 
flight paths, etc.) and is dependent on a single year of flight data from nearby airfields. Due to the variability of the data used 
in the calculations, flight data was doubled in an effort to conservatively bound the event frequency. 

In addition to Muhlestein (1994), an unreviewed safety question screening was performed to evaluate the likelihood 
of a helicopter crash impacting the B Plant and WESF during over-flights for radiation detection. The results of the screening 
showed that the event frequency for this type of aircraft crash is also beyond extremely unlikely. However, this conclusion 
remains true only for approximately four such flights per year and neglects other over-flights. 

Based on the discussion above and the possibility of over-flights for purposes as yet unknown, it is difficult to 
substantiate either the credibility or incredibility (1.0 x 
consequences of such an event will be evaluated to provide a better understanding of overall risks to the facility. 

yr-I) of an aircraft impact at WESF. For that reason, the potential 

An aircraft crash into WESF could result in impacts to the radioactive materials present in the facility. The 
consequences of such an impact could be similar to those postulated to follow the BDBE analyzed in Section 3.4.3, except that 
facility damage should be more localized and Hanford Site resources more readily available. Although the aircraft could 
impact the K-3 and K-I filters, more severe consequences would be expected if the aircraft impacted the hot cells andior pool 
cells in the 225-B Building. By far the worst-case consequences would arise from failed building structural components or 
aircraft components causing the failure of one or more pool cells with subsequent loss of pool cell water in one or more pool 
cells. Such an impact could also result in a fire. On the basis of the consequences associated with a loss of pool cell water 
(Section 3.4.2.7.2), the airspace above WESF is declared a no-flight zone for local, low-level flights. 

3.4.2.2.4 Ground Vehicle Impact. 

The prospect of ground vehicular traffic accidents involving WESF were considered in the hazards evaluation. Those 
areas of the facility that are particularly vulnerable to vehicle traffic are the K-l and K-3 ventilation fans, the electrical 
distribution substation, and the Truckport. WHC-SD-TP-RF’T-02 1,  Rev. 0, HanfodSife Truck Accident Rate, 1990-1995, 
provides a quantitative analysis of the likelihood of truck accidents at the Hanford Site. While the report focuses on trucks 
carrying radioactive material shipments, all accidents resulting in personnel injury or death, or greater than a specified amount 
of property damage are considered in estimating the truck accident frequency. 

The truck accident rate report indicates that six truck accidents (non-fender benders) occurred at the Hanford Site 
from 1990 to 1995. Ofthese six, none involved a truck impact to a stationary object like a building. The truck accident rate is 
estimated to be less than 2.0 x 10.’ accidents per mile. While this analysis is not conducive to determining if a vehicle impact 
into WESF is either credible or incredible, it provides an insight into the relatively improbable nature of such an event. This 
value is conservative for application to hazards and safety analyses because many vehicle accidents may occur above the 
property damage threshold that do not result in impacts to vital facility SSCs. 

The consequences that could be expected from a vehicle impact into a facility area lead to a possible loss of electric 
power (Section 3.4.2.2.1), a loss ofK-3 ventilation (Section 3.4.2.4), a loss of K-1 ventilation (Section 3.4.2.5); and a loss of 
confinement in the Truckport (Section 3.4.2.3.2). 
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3.4.2.3 Facility Fires. 

This section includes consideration of all fires identified in the hazards evaluation in t le! ( 1999). These can be 
grouped into Truckport fires, hot cell fires, waste drum fire (A Cell), and K-3 HEPA filter fires. 

I 

The Truckport fire and a hot cell fire impacting the K-3 HEPA filters were selected for quantitative analysis. Due to 
the wide range in hazardous material inventory and physical configurations, hot cell fires are considered for all hot cells. The 
possibility of a K-3 HEPA filter fire is combined with the hot cell fire and is not called out for separate analysis. The 

detailed discussion of the accident selection process pertaining to this accident type is included in Section 3.3.2.3.5. 
I Truckport fire considers the LLWs stored there and the presence of the WESF 110[ ce l l  d iwi i i i  or ii lu;idrd M I X W  A more 

3.4.2.3.1 Hot Cell Fire. 

3.4.2.3.1.1 Scenario Development. 

The possibility of a facility fire involving the hot cells is identified in the hazards evaluation in H q  ( I  999) as having 
an F2 (Le., unlikely) frequency rank and an S3 (Le., public impact) severity rank. This results in a risk rank Of R3 (Le., events 
of major concern). To ensure that the accident analysis envelopes all potential consequences, the tire is modeled based on the 

Impacts to, and reactions of, the hot cell, canyon, and ventilation SSCs are also modeled. 

I 

I fire characteristics presented in the WESF FHA ( M C r t 7  1998) in conjunction with specific considerations for each cell. 

From the analysis of the worst case hot cell fire, the FHA concluded that no significant damage to the hot cell, 
canyon, or K-3 SSCs would occur. It also concluded that there would be no bum-through ofthe K-3 HEPA filter due to 
burning embers. The elevated temperatures associated with the fire could cause hilurc ol'the hot cell windows iiiid a ri'lcasc 
of tlic. oil inrv the cell. The only significant physical impact to facility SSCs arises from potential plugging of the K-3 HEPA 
filters by the smoke released from the tire. The potential for such plugging is addressed in this accident analysis. 

The analysis in this section addresses a potential hot cell fire in the following groups: A Cell, B through E Cells, and 
F and G Cells. 

A. A Cell contains radioactive solid wastes generated in other hot cells. The wastes are packaged in 208-L (55- 
gal) steel drums, which are staged in A Cell until they can be removed for disposal. Because of the 208-L (55-gal) drums, a 
fire involving this waste would have to be initiated by some phenomena inside a drum, such as ignition of flammable gases 
(produced as a result of degrading wastes) because of static electricity or mechanical spark. Since no combustibles (other than 
the in-use manipulator boot) are present in A Cell outside of 208-L (55-gal) drums, the electrical service to the hot cell and 
mechanical sparks outside of the drums could not initiate a fire that would impact the waste. 

If flammable gases were ignited inside the drum, the integrity of the drum could be significantly degraded, resulting 
in more complete oxidation and venting of combustion gasses. For the purposes of bounding the potential consequences, it is 
assumed that the entire contents of the drum are consumed in the fire. Also, for the same reason, it is assumed that the drum 
fire propagates to the other drums in the hot cell. This assumption also encompasses possible operating conditions in which 
the drums are not sealed or have their lids entirely removed. 

In the analysis of a fire in A Cell it is assumed that the plug port or one or both cover blocks has been removed and 
that the fire bums to completion. 

Unmitigated Condition. For the unmitigated scenario, the K-3 HEPA filters are assumed to fail leaving an open 
flowpath. This would result in smoke, combustion gases, and small amounts of airborne radioactive materials released from 
the cell, through the K-3 exhaust duct, through the active K-3 filter housing, and out of the facility. 

Mitigated Condition. For the mitigated scenario, the K-3 HEPA filters do not suffer structural failure. The release 
would be filtered until the K-3 HEPA filters became loaded with smoke. Then the release and fire would be limited because of 
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the lack of fuel and the lack of motive force for removal of the airborne radioactive material. The K-3 ventilation system 
response to this condition is discussed below. 

Maior Assumotions. The following assumptions were made in the A Cell scenario development: 

HEPAs fail in the unmitigated case leaving an open flowpath through the K-3 system 

HEPAs plug with smoke and ventilation flow stops in the mitigated case 

The fire propagates to consume combustibles in all waste drums stored in A Cell 

The plug port and cover blocks are removed 

B throueh E Cells. B through E Cells were used for strontium (B and C Cells) and cesium (D and E Cells) 
processing. The radioactive material is in the form of conmiiiiialcd lloor ?\\ccpin?s i n  bontz'pipc\. contamination on walls, 
cvnt;iniiniiti~ii on equipment, and limited amoiints ofcombustibles. The combustibles are predominantly plastics (neoprene 
manipulator boots, plastic sheeting, etc.) and cellulosics (rags and wood). 

I 
A fire could be initiated in one of B through E Cells by the electrical service to the hot cell or by mechanically 

generated sparks impacting the solid waste (with subsequent smoldering and then flaming combustion). A fire in B Cell could 
propagate to C Cell (and from C to B Cell) by an open pass-through connecting them. A fire in D Cell could likewise involve 
E Cell (and E to D Cell) because these hot cells are essentially one large cell. Therefore, BIC and D E  Cells are treated as 
single hot cells for the purposes of this analysis. 

Unmitieated Condition. If a fire were initiated in BIC or D E  Cells it is likely that the in-cell ventilation outlet HEPA 
filter would fail because of the high temperatures associated with the fire. Smoke, combustion gases, and airborne radioactive 
material would then be transported down the K-3 exhaust duct and into the active K-3 filter housing. Unmitigated, the 
airborne radioactive material would be released out of the facility through the stack. 

Mitigated Condition. For the mitigated scenario, the K-3 HEPA filters act to remove the radioactive material until 
they eventually became plugged due to smoke loading. The fire would be limited because of a lack of oxygen and a lack of 
motive force for removal of the airborne radioactive material. Because B through E Cells are not normally accessed through 
the plug ports or cover blocks, it is assumed in this analysis that they are in place during the fire. This mitigating feature limits 
combustion. 

Since it was found that the onsite risk e\ illwition siiidelint..; weir still exceeded after taking credit for the K-3 HEPA 
filters and the hot cell cover blocks being in place, a cniiliol \ \nc plnccd on tlic aiiioiiii~ ol'co!iibii~lihles n l l o \ ~ d  in  thc c d l s  to 
prevcnt plusgiiig o f t l i e  E;-.? filters. 

Maior AssumDtions. The following assumptions were made in the B through E Cell scenario development: 

A fire in B Cell propagates to C Cell (and vice-versa). Similarly a fire in D Cell propagates to E Cell (and vice- 
versa). 

The plug ports and cover blocks are in place 

HEPAs fail in the unmitigated case leaving an open flowpath through the K-3 system 

HEPAs plug with smoke and ventilation flow stops in the mitigated case. 

F and G Cells 

Unmitieated Condition. Cells F and G are used to store and handle cesium and strontium capsules. They do not 
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contain appreciable radioactive contamination outside of capsules and normally do not contain significant quantities of 
combustibles (except in-use manipulator boots). The capsules are resistant to fires as documented in Hammond (1975), 
Tingey (1985), and Washburn (1989). However, it is anticipated that suspect or known compromised capsules may be stored 
in F and G Cells and the capacity of these capsules to resist the effects of a fire is unknown. On this basis, an administrative 
control is required to prevent the concurrent conditions of capsules in the hot cell, loose combustibles in the hot cell, and hot 
cell cover block or plug removed. Since the BUSS cask has been shown to be able to withstand the effects of a severe fire 
(SNL 1991) this control does not apply to capsules contained within a secured BUSS cask. 

Mitigated Condition. No mitigated condition is analyzed due to the lack of combustibles and consequences discussed 
above. 

Maior AssumRtions. The following assumptions were made in the F/G Cell scenario development: 

The cells do not contain significant quantities of combustibles. 

Pass-through doors between A and B Cells, C and D Cells, and E and F Cells are normally closed. They may be 
opened for specific operations but are closed at the conclusion of the operation. 

K-3 Ventilation System Response to a Hot Cell Fire. Because of active ventilation, smoke generated in the fire would 
migrate to and load the K-3 HEPA filters through one of two pathways, depending on the location of the fire. For A Cell, the 
smoke would exit the hot cell directly into the K-3 exhaust duct beneath the cell and into the canyon through the open plug 
port or cover block. Both pathways lead to the K-3 filters. For BIC and DE Cells, the smoke would exit the cell through the 
K-3 exhaust duct beneath the cells and proceed directly to the K-3 filters. 

The WESF FHA indicates that an equivalent mass of 18k: otpolyslyrcne in addition LO tlic oil i n  N O  \vindo\is is 
required to effectively plug the K-3 HEPA filters. For the uiiiriiriqtrd case. t l ic K-.? I It.I’A filter5 :ii-c nrsiiiiird to plug. If the 
K-3 HEPA filters did not plug they would continue to perform their filtration function resulting in an insignificant release from 
the facility. 

If the filters in the active filter housing were to become sufficiently loaded such that the pressure in the duct upstream 
from the filters approaches atmospheric, a series of responses is triggered in the K-3 system. The pressure sensor in the K-3 
exhaust duct, just downsrream from G Cell, would initiate the following actions: 

Alarms in the Operating Gallery and supervisory panel would be activated 

The K-3 supply fan would be deactivated 

The second K-3 HEPA filter housing would be activated 

The K-1 exhaust fans would be deactivated, leading to deactivation of the K-I supply and K-4 fan (as the pressure in 
the K-l exhaust duct approaches atmospheric) 

The K-2 system would be deactivated 

The standby K-3 exhaust fan would be activated following a time delay. 

If the activation of the second filter housing and standby exhaust fan were to provide sufficient duct vacuum at the 
location of the pressure sensor, a time delay would be initiated, which, when completed, would return the second K-3 HEPA 
filter housing to its offline condition. This would cause a restart ofthe system response (except that the standby K-3 exhaust 
fan would already be running) and subsequent surging of the system until the filters in the second filter housing also became 
loaded with smoke. 

In this condition, when the HEPA filters become increasingly loaded, the pressure differential across the filters would 
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continue to increase up to the static fan shutoff pressure. The potential for filter failure in this condition can be determined by 
comparing known filter failure data to the maximum pressure differential across the filters. Mishima (1994), Section 5.4.2.2, 
indicates that high flow rate HEPA filters (greater than 28.32 m'/min [l ,OOO ftl/min]) failed in the range of 9 to 15.9 kPa 
(187.97 to 332.08 Ib/ft'). The maximum pressure that is realized across the filters can be found from an examination ofthe 
system operation and characteristics. The maximum static pressure ofthe exhaust fans is 7.7 kPa (160.82 Ib/ft2), which would 
be the pressure exerted on the filters if they were completely plugged (no flow). This pressure is below 9 kPa (187.97 Iblft'), 
the smallest pressure observed to cause filter failure, and thus the fans would not be expected to cause failure of the K-3 filters 
Backflow through the K-3 exhaust fans would limit the differential pressure across the filters to approximately the K-3 fan 
static pressure differential. In this condition the exhaust fans would be operating in a negative flow regime for which no flow 
and pressure data exists. However, inspection of the fan curves for the exhaust fans shows that for the relatively small 
backwards flow (approximately 10% of the normal forward flow) it is anticipated that little deviation would be realized from 
the maximum static pressure of 7.7 kPa (160.82 Ib/ft*). 

3.4.2.3.1.2 Source Term Analysis. 

The source term analysis is divided into models corresponding to the scenario development for A Cell and B/C 
plus D E  Cells. F and G Cells, as stated in the scenario development, are controlled such that a fire impacting the capsules 
stored there is not possible, and therefore, no source term analysis is performed for these cells. 

A Cell. A fire in A Cell is assumed to occur during an operation in which the plug port or a cover block has been 
removed so that an open flowpath exists between the canyon and the hot cell. The source term model for such an occurrence 
can be derived from the scenario development in Section 3.4.2.3.1.1, in conjunction with appropriate values for the radioactive 
inventory, ARF:RF, and LPF. 

Unmitieated Condition. The inventory used in the analysis for A Cell is the same for both the unmitigated and 
mitigated conditions. From Table 3-3 it is assumed that 5.6 x I O "  Bq (15 kCi) of either %r or "'Cs exists in A Cell. For the 
purposes of bounding the potential consequences, it is assumed that the maximum inventory of 3 r  is present in the hot cell 
("Sr has a greater unit dose than "'Cs). Although the cesium chloride has a greater volatility than the strontium fluoride at 
higher temperatures, the choice of release fraction bounds both compounds. 

The ARF:RF value used to estimate the source term is 5 x lO-':I.O from Mishima (1994), Section 5.2.1.1, for 
packaged wastes. This value is appropriate for wastes in 208-L (55-gal) drums and is used for both the unmitigated and 
mitigated conditions. 

The LPF varies from the unmitigated to the mitigated condition. For the unmitigated condition, the fire would go to 
completion with the smoke, combustion products, and airborne radioactive material exiting the facility through the K-3 
ventilation system. In this case the LPF is 1.0 and the resulting source term is the product of the inventory and ARF:RF, or 
2.8 x I O "  Bq (7.5 Ci) of "Sr. 

Mitigated Condition. For the mitigated condition, credit is taken for the confinement afforded by the canyon 
structure. The K-3 HEPA filters would become plugged from smoke, eliminating the primary motive force (the K-3 system) 
for the removal of the airborne radioactive material. With the cessation of ventilation airflow, the primary motive force for the 
release ofmaterial becomes the generation of hot combustion gasses within the facility. The most significant path for release 
of these gasses would be through the K-3 supply duct entering the canyon (after the gases enter the canyon through the 
opening). Less significant pathways would be from the hot cell to the Operating Gallery; from the canyon to the Truckport, 
AMU, Service Gallery, and Pool Cell Area, and from the canyon to the environment through an external personnel access 
door. To account for the releases from such paths, an analysis of the motive forces and flowpaths available is performed. 

Two types of releases would occur from the facility during and following such an event: a release because of internal 
facility pressurization caused by the fire, and migration of contamination caused by natural forces (e.g., wind). The latter is 
discussed in Section 3.4.2.4 and represents extremely low motive forces that would take long periods of time to develop. The 
former, however, would provide a significant motive force for the release of material in a relatively short period of time. 
Based on these considerations, the contribution of natural migration is assumed to be negligible and the release from an A Cell 
fire is based on the characteristics of the fire. 

3-70 



HNF-SD-WM-BIO-002 REV 1 

To determine the amount of airborne contamination released from the facility, it is assumed that the volume increase 
associated with the high temperature of the fire and the creation of combustion products causes a commensurate increase in 
pressure within the facility. This internal pressure is then relieved by venting the increased volume of gas from the facility. 

Ofthe various flowpaths from the facility, the ventilation inlet in the canyon is the most direct. All other flowpaths 
(e.g., the Ttuckport and Operating Gallery) require contamination to travel through at least two additional airspaces, and/or 
through very small openings before exiting the facility. Therefore, for the sake of conservatism, it is assumed that the hot 
combustion gases and airborne radioactive material enter the canyon through the open plug port or cover block, with the 
subsequent pressure increase vented through the ventilation inlet. 

The volume of the canyon can be found from the description provided in Chapter 2.0, Section 2.4. The canyon is 
6.7 m (22 ft) by 26 m (85 A) by 4.5 m (15 ft) resulting in a volume of 784 m'. Initially, the canyon is assumed to be at 40 "C 
(104 "F) and 1 a m ,  so that the density of the air is approximately 1 . I  x 10' p/m'. Thus, initially there is approximately 
8.6 x IO' g of air in the canyon, or 3.0 x IO' mol (using a molecular weight of 29). 

Following the fire, the increase in volume can be found from the increase in the moles of gases in the canyon and the 
increase in temperature in the canyon. The hot cell fire analysis in Revision I of the WESF FHA (hlrn7 1997) estimated the 
canyon temperature to be approximately 180 "C (356 "F) asstiiilin: a coiiibitstihlc loading of200 h; in  A Cull. The hot cell 
fue analysis in the current W S F  FHA Revision 2, (hlert7 1096) is based on a fire in C Cell iriste:id o f i t  Cell ; inJ  uses a 
d i i i e m  metliod oipcrinmiinS tlic lire nnal)sis. l r is icnd of assuming n comhustiblc loadiiig of 2u0 kg in  A Cell. illc analysis 
i i iodelrd scvel.:tl difirrent heat sclease rates froni 250 hW to 7.500 k\V. I l ie int'oriiiation iii Itevi,ion I of the Fl I:\ i i  still ialid 
and \\ill continue 10 hc used ns ii r c h w c e  in  this accident anal\sis. 

The number of moles of gases generated by the fire is more difficult to ascertain but can be found from the 
combustion reaction that constitutes the fire. 

The primary combustible constituents of the fire are plastics (neoprene manipulator boots) and cellulosics (cloth, 
wood, etc.). To determine the number of moles of combustion gases created during the fire, some arbitrary assumptions must 
be made. However, since the accident analysis must be bounding, the sensitivity of the results to these assumptions is 
examined and the important assumptions highlighted. The plastics are modeled using the chemical formula For neoprene, 
C,H,OCI,, and the cellulosics are modeled as cellulose with a chemical formula of C,H,,O,. Neoprene is used because it is the 
primary constituent of the manipulator boots and is conservative because it neglects any non-combustible tiller materials. To 
depict the overall reaction, the two chemical formulas can be combined with the assumption that one-halfofthe combustibles 
(by mass) is plastic and one-half is cellulose. An approximate effective chemical formula is then C,H,O,CI, resulting in an 
overall combustion reaction of 

2C7HsOjC[(s) i- 1501(&) + 14CO>(&) i- 8 HIO(&) i- 2HCl(&) 

For every 2 mol of combustibles consumed in the A Cell fire, approximately 15 mol of oxygen are also consumed 
and 24 mol of gases are produced. Thus, for every 2 mol of combustibles consumed in the fire, a net of 9 mol of gases are 
produced. Other elements in the combustion formula presented above would have a relatively minor impact on the moles of 
gas produced. 

It is assumed that 200 kg of combustibles are burned in the fire, which is slightly greater than the value used in the 

C,H,O,CI), yielding I .  I x IO' mol of combustibles. Following combustion, the resulting amount of gases entering into the 
canyon is 5.0 x 10' mol. The quantity of gases already in the canyon plus the quantity of gases entering the canyon from the 
fire is 3.0 x IO'+ 5.0 x IO'= 3.5 x 1O'mol. 

1 WESF FHA (Mertz 1998). The effective molecular weight of the combustibles is 177 gimol (the molecular weight of 

Given the increase in temperature and moles of gases, the increase in volume can be estimated by using the ideal gas 
law for the conditions before and following the fire: 
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where: 
P ,  = P2 = canyonpressure 

v, = initial volume of gases in canyon (784 m') 
V 2  = final effective volume of gasses in canyon (unknown) 

n, = initial gas moles in canyon ( 3 . 0 ~  IO' mot) 
n2 = final effective gas moles in canyon (3.5~ IO' mol) 

R = universalgas constant 
T, = initial temperature ofgases in canyon (313'K [4OoCJ) 

T2 = final temperature ofgases in canyon (450' K [180°CJ/rom FHA) 

The pressure is the same before and after the fire because the building will not retain pressure, and the universal gas 
constant is the same so that these parameters cancel. Solving the equation for V, and substituting the appropriate values 
yields. 

( 3 . 5 ~  10' rno1)(45O0 K) 
( 3 . 0 ~  10' mo1)(313OK) 

= (784 m') ( 

The total quantity of radioactive material made airborne in the A Cell fire is the same value as calculated for the 
source term in the unmitigated case above and is 2.8 x 10" Bq (7.5 Ci) of 90Sr. Assuming that the material is uniformly mixed 
and that all the material enters the canyon, the concentration of radioactive material in the 1,300 m1 volume is 2.2 x 10% Bqim' 
of %. 

'Ihe volumu ofgasus that muv elit the canyon (throush the K-3 supply duct) IS approkimstel) 516 m' (1.300 m' 
781 m'). The source term from the fxility is then 5 16 ni' times the concentration of radioxtive ni3terials. or 

Sour'.? T ~ m , A c ; l , ~ A ,  ~2 ( j 1 6  m') ( 2 . 2 ~  /OT7 
m 

= 1.1 x 10" Bq (3 .0 Ci) 

Maior AssumDtions. The following assumptions were made in the preceding A cell source term development: 

The radioactive inventory is 15 kCi ofw%. 

The ARF:RF value is 5 x 104:l.0 from Mishima (1994), Section 5.2.1.1 for packaged wastes. 

The LPF value is 1.0 for the unmitigated scenario corresponding to no HEPA filtration. 

For the mitigated scenario, natural migration of contamination is assumed to play a minor role compared to the 
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contamination spread caused by hot gases generated during the fire. 

The initial temperature of the canyon is 40 "C (IO4 OF). 

To calculate combustion gas generation, manipulator boots are assumed to be neoprene, C,H,OCI,, and the 
cellulosics are modeled as cellulose with a chemical formula of C,H,,O,. 

One-half of the combustibles (by mass) is plastic and one-half is cellulose. 

200 kg (441 Ib) of combustibles are burned in the fire (Mertz 199s). I 
Of the latter three assumptions, only the assumption of 200 kg (441 Ib) of combustibles had a significant impact on 

the results of the analysis. The assumptions concerning the types and percentages of combustibles are approximations which 
have very little influence on results ofthe calculations. 

BIC and D E  Cells 

Unmitigated Condition. An unmitigated fire initiated in either BIC or D E  Cells would follow the same progression 
of events as an unmitigated A Cell fire (assuming that the cover blocks and plug ports are in place but the filters have failed). 
The source term for such an event would be different, however, because of different inventory and ARF:RF values. 

The inventory in B/C Cell and furnace is given in Table 3-3 and is 3.0 x IO" Bq (80 kCi) of %r and 1.5 x I O c 4  Bq 
(4 kCi) of "'Cs. The inventory in D E  Cell is 7.4 x I O L 4  Bq (20 kCi) of '"Cs. Because %r has a greater unit dose 
consequence than "'Cs, the fire is assumed to occur in BIC Cell so as to bound the calculated dose consequences. 

Also, since the wastes in B/C and DIE Cells are unpackaged, the appropriate ARF:RF of 1 x I0~':l.O from Mishima 
(1994), Section 5.2.1.2 for the burning of uncontained, contaminated, largely cellulosic combustibles is used. This value can 
be compared with 6 x 1O':O.Ol for the heating of contaminated, non-combustible surfaces (Mishima 1994) which would be 
appropriate for modeling the release from walls, equipment, and other non-combustible surfaces. However, the distribution of 
the contamination within the hot cell is unknown, and for the sake ofconservatism, it is assumed that all of the contamination 
is present on the combustibles. The ARF:RF of 1 x 10~*:1.0 also bounds the release of cesium chloride, which has a greater 
volatility than the strontium fluoride at higher temperatures. 

The unmitigated source term for a fire in BIC Cell (which bounds DIE Cell) is the product of the inventory and the 
ARF:RF, or 3.0 x 10" Bq (800 Ci) of %r and 1.5 x I O t 2  Bq (40 Ci) of '"Cs. This source term would be released through the 
K-3 system and stack, assuming failure of the K-3 filters. 

Mitigated Condition. For the mitigated case, credit is taken for the K-3 HEPA filters and the normally installed plug 
ports and cover blocks on B through E Cells. In the early stages of the fue, the K-3 HEPA filters would act to filter any 
airborne radioactive materials, essentially eliminating a release outside of the facility. In the later stages of the fire, the filters 
would become loaded with smoke and the K-3 system would respond as discussed in the scenario development (resulting in 
cessation of ventilation airflow). With the loss of ventilation airflow and the absence of a significant influx of oxygen, the fire 
would halt flaming combustion at approximately 19% oxygen (by volume) and would smolder until the concentration of 
oxygen reached approximately 1 I% and then would be extinguished. This assumption is supported by the WESF FHA, which 
shows that for a fire in A Cell with the personnel access door closed and the cover blocks and plug ports in-place, the heat 

I release rate from the fire ceases after approximately 300 s (Mertz 199s). However, for the purposes of simplicity of 
calculation and conservatism, it is assumed that the fire proceeds to complete consumption of all available oxygen. 

The analysis below indicates that after taking credit for the K-3 HEPA filters and the in-place plug ports and cover 
blocks, the onsite dose consequences still exceed the appropriate risk evitluiitiun yiiidelinei. Therefore, an additional control is 
necessary to further mitigate or prevent the hot cell fire in B through E Cells. For that reason, a coiitrol is pl:icc.ilo~~ Lhc 
i l i n w i i t  ofcornbu>tihIe alli)wed t o  hr stored in  the l i d  CPIIS (including the oil i n  the hot cell wiiidou).  
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The methodology used to calculate the source term exiting the facility in the mitigated case is complicated by the 
necessity of modeling the release as it progresses from the hot cell to the canyon and finally to the environment. The 
methodology used for the BiC Cell fire is summarized in the following steps: 

I .  Estimate the quantity of airborne radioactive material entering the canyon from the hot cell, including the 
following: 

Estimate the quantity of airborne radioactive material exiting the canyon to the environment, including 
modeling the mixing of the canyon air and the gases exiting the hot cell which must account for the following: 

The resulting mixture temperature 

Account for the prevention of the release d u c  10 llic ctiiilrol o,fconibustiblc loadin$ the hot cells. 

The volume increase in the hot cell gases due to the temperature rise and production of combustion 
gases 
The concentration of radioactive material in the total volume of hot cell gases. 

2. 

The volume increase in the canyon due to elevated temperature and an increase in the quantity ofgases 
The concentration of airborne radioactive material in the canyon. 

I 3. 

No ARF:RF data could be found to distinguish between flaming and smoldering combustion, so it is assumed that the 
ARF:RF used for the unmitigated case applies to the mitigated case until the fire is extinguished at 11% oxygen. Further, 
since the distribution of the radioactive material in the hot cells is unknown, it is assumed that the entire inventory is impacted 
by the fire. The amount of contamination made airborne in the hot cell is then the product ofthe inventory and the ARF:RF 
(the same as the unmitigated case), or 3.0 x IO" Bq (800 Ci) of '% and 1.5 x IO'* Bq (40 Ci) of "'Cs. 

Unlike the unmitigated case, however, the only significant motive force for the removal of airborne radioactive 
materials is the high temperature in the hot cell and the creation of combustion products. The temperature in the hot cell is 
taken from the FHA for the A Cell fire case where the cell is closed (Le., plug, cover block, and personnel access door is in 
place). In that case, the FHA shows that the maximum temperature reached in the hot cell is approximately 400 "C (752 OF) 

I (Mertz 199s). 

The quantity of combustion gases created in the fire can be estimated using the same methodology as presented in the 
source term analysis for the A Cell fire. Instead of the combustibles acting as the limiting component of the fire, the available 
oxygen will limit the fire. From Chapter 2.0, Section 2.4, the internal dimensions of B and C Cells results in a total volume of 
44 m]. This volume of air is 4.8 x 1O'g of air (density of 1.1 x IO '  g/ml), or 1.7 x IO' mol (molecular weight of29). 
Assuming an ideal gas, the volume percent is equal to the mole percent so that the number of moles of oxygen initially in the 
cell is 21% of the total number of moles, or 357 mol of oxygen. As shown in the source term analysis for an A Cell fire, 24 
mol of combustion gases are produced for every 15 mol of oxygen consumed so that 357 mol of oxygen would produce a net 
of 571 mol of combustion products. 

As with the A Cell source term analysis above, the high temperature and additional gases can be accounted for by 
assuming that the additional volume of gases are vented through the path of least resistance. Given that the plug port and 
cover blocks are in place, the single largest flowpath from the hot cell is the K-3 ventilation inlet that leads to the canyon. The 
other possible flowpaths out of the hot cell are around the closed pass-throughs to other hot cells, manipulator penetrations into 
the Operating Gallery, and gaps around the cover blocks leading to the canyon. The K-3 exhaust system has already been 
assumed to be plugged so the release could not follow this path. In addition, it is conservative to assume that all the 
radioactive material exits the facility in the same path because this maximizes the calculated release. 

As in the case of the A Cell fire, the additional volume of gases generated as a result of the fire can be calculated 
using the ideal gas law, as was done for the A Cell fire. The ratio of the number of moles and temperature before and after the 
fire yields a V, of 
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(2271 moO(673 ' K) 
= ( 4 4  . ( (1,70Omo1/(313 " K )  

= 127m' 

Where: V ,  = initial gas volume E the hot cells (44 m') 
b'> = Jnal, effective volume ofgasses (unknown) 

n, = initial number of moles ofgases in the hot cells (I 700 mol) 
n2 = final effective number ofmoles ofgares (2271 mol) 

T2  = Jnal temperature ofgases in canyon (673 a K (400 'C]from FHA) 
T ,  = initio1 temperature ofthe hot cell gases (313 K [40 "C]) 

The concentration of radioactive materials in the generated volume can be calculated by assuming that all of the 
contamination made airborne (estimated above from the inventory and ARF:RF value) is well mixed in the generated volume. 
This is very conservative because some of the airborne material would have migrated in the K-3 exhaust system before 
plugging the K-3 HEPA filters. Because these factors are difficult to predict and a bounding analysis is desired, the total 
amount made airborne (3.0 x IO" Bq ofgoSr and 1.5 x I O "  Bq of "'Cs calculated above) results in a concentration of 
radioactive materials in the generated volume of 2.4 x I O "  Bq/m' of %r and 1.2 x IO" Bq/m' of "'Cs. 

The net volume exiting the hot cell into the canyon is 83 m' (I27 m1 - 44 m]), for a total release of radioactive 
material to the canyon of 2.0 x 10" Bq of % and 1.0 x IO" Bq of "'Cs (the product ofthe concentration and the net volume 
increase). 

Upon entering the canyon, the combustion products, smoke, and airborne radioactive materials would cause gases to 
exit the canyon in a manner similar to that described in the source term analysis for the A Cell fire. As was found in that 
analysis, gases in the canyon could easily exit through the K-3 supply duct to the environment. Because the driving force for 
the release from the canyon is small, the gases from the hot cell would have ample opportunity to mix with the canyon 
atmosphere. 

Because of the cooling of the gases from the hot cell, the volume increase in the canyon is less than the 83 m' 
calculated for the hot cell. The temperature resulting from mixing the gases together can be found (from any text on 
thermodynamics) by: 

P,,,Vce~iCp(Ti - TUU) = P e m m V m ~ ~ C p ( T - m - T i )  

where: 

p,,, = densip ofgases exiting hot cell 

(modeled as air at 400 C [752' F]) (0.52 kg / m3) 

= densip ofair in Canyon at 40°C (104OFJ ( I .  I kg/ m') PmF 
vCei, = volume dgases exiting hot cell (83 m') 

v,,,. = volume ofgases in Canyon (784 m') 

C, = heat capacity of gases (term cancels) 

T,  = final equilibrium temperature (K) 
T,,, = temperature ofgases exiting hof cell (673 K[752 F]) 

T ~ ~ , ~  = inilial temperature ofcanyon air (313 K [104O F]) 

Inserting the appropriate values and solving for Tf yields a final temperature in the canyon of 330 K ( I35 OF). The 
initial quantity of gases in the canyon is 3.0 x I O 4  mol (from the A Cell fire source term calculations) and the quantity of gases 
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produced by the fire is 571 mol (calculated above). 
The ideal gas law can be used to calculate the increase in volume in the canyon, as was done for the hot cell above. 

y> = y, . (") 
n, T J  

(3.06E+04mol)(330'K) 
(3.0 E +04 mol)(3/3 ' K) 

= (781 m') . 
= 840 m' 

The concentration is calculated by dividing the quantity of airborne radioactive material exiting the hot cell 
(2.0 x IO" Bq o f% and 1.0 x IO" Bq of "'Cs) by the total volume of 840 m'. This concentration is 2.4 x 10" Bq/m' of 90Sr 
and 1.2 x IO' Bq/m' of "7Cs. 

The source term exiting the facility can then be calculated as the product of the concentration of airborne radioactive 
material in the canyon by the volume increase in the canyon (840 m' - 784 m') of 56 m'. Thus, the source term from the 
facility in the mitigated condition is 1.3 x IO'* Bq (35 Ci) of "Sr and 6.7 x IO" Bq (1.8 Ci) of '"Cs. 

Giving consideration for tlic con1roI which limits t l ie amount o f  comhuslihlcs i n  iht cclls, illereby prsvcnting [he I<-3 
IIEl'A fi l ter fi-0111 pluggiiiz , the release of radioactive material is prevented. In this case, no dose consequences are calculated 
because the release is prevented. 

Maior ASSUmDtiOnS. The following assumptions were made in the preceding B through E Cell source term 
development: 

The LPF value is 1.0 for the unmitigated scenario corresponding to no HEPA filtration. 

For the mitigated scenario, natural migration of contamination is assumed to play a minor role compared to the 
contamination spread caused by hot gases generated during the fire. 

The initial temperature of the canyon is 40 "C (IO4 OF). 

The maximum temperature of the hot cell reaches 400 "C (752 OF) 

The inventory in BIC Cell is given in Table 3-3 and is 3.0 x IO" Bq (80 kCi) of 90Sr and 1.5 x IO" Bq (4 kCi) of 
"7Cs. 

A fire in BIC Cell bounds the consequences of a tire in DE Cell. 

For both the unmitigated and mitigated scenarios, the ARF:RF value of 1 x I 0 ' : l . O  was used from Mishima 
(l994), Section 5.2. I .2, for the burning of uncontained, contaminated, largely cellulosic combustibles). 

All of the contamination is present on the combustibles, thus maximizing the calculated release. 

For the mitigated case, credit is taken for normally installed plug ports and cover blocks on B through E Cells. 

For the mitigated case, complete consumption of all available oxygen is assumed. 

For the mitigated case, credit is taken for 1111' cmtrol ~rl'comhusliblc Im3ng i n  B illrough 11 Cells. I 
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Isotope Source term (Ci) DCF 
mSv/Ci (remiCi) 

90Sr 7.5 9.4 (0.94) 

"'CS _ _  1.2 (0.12) 

9% 7.5 0.01 1 (0.001 I )  

'"CS _ _  0.0014 (0.00014) 

7.5 0.016 (0.0016) 90Sr 

'"CS _ _  0.0020 (0.00020) 

3.4.2.3.1.3 Consequence Analysis. 

The consequence analysis is divided into the same groups as the source term analysis above. 

Unmitigated Condition. The unmitigated dose consequences arising from the A Cell fire can 
the source term by the dose conversion factors developed in Section 3.4.1.3 (see Table 3-19). 

50-yr Committed 
EDE 

mSv (rem) 

71 (7.1) onsite 
100-m worker 

0.083 (0.0083) 
public 

0.12 (0.012) 
alternate site boundary 

~ found by multiplying 

Mitigated Condition, The mitigated dose consequences arising from the A Cell fire can be found by multiplying the 
source term by the dose conversion factors developed in Section 3.4.1.3 (see Table 3-20). 

Table 3-19. Unmitigated A Cell Fire Event Dose Consequences. 

DCF = dose conversion factor. 

Table 3-20. Mitigated A Cell Fire Event Dose Consequences. 
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Isotope 

90Sr 

"'CS 

% 

"'CS 

WSr 

"'CS 

B/C and D E  Cells 

Unmitigated Condition. The unmitigated dose consequences arising from the B through E Cell fire can be found by 
multiplying the source term by the dose conversion factors developed in Section 3.4.1.3 (see Table 3-21). 

Mitigated Condition. The partially mitigated dose consequences (taking credit for the K-3 HEPA filters and the in- 
place plug ports and cover blocks) arising from the B through E Cell tire can be found by multiplying the source term by the 
dose conversion factors developed in Section 3.4.1.3 (see Table 3-22). 

Source term DCF 50-yr Committed 
(Ci) mSvICi (remiCi) EDE 

mSv (rem) 

800 9.4 (0.94) 7600 (760) onsite 
100-m worker 

40 1.2 (0.12) 

800 0.01 1 (0.001 I )  8.8 (0.88) 
public 

40 0.0014 (0.00014) 

800 0.016 (0.0016) 13 (1.3) 
alternate site boundary 

40 0.0020 (0.00020) 

Table 3-21. Unmitigated BIC Cell Fire Event Dose Consequences (Bounding Over D E  Cell). 

~ ~~~ 

Table 3-22. Mitigated with Coverblocks BIC Cell Fire Event Dose Conseauences (Bounding - 
Over D E  Cell). 

For the fully mitigated condition, which controls the combustible loading (including the window oil) to prevent 
plugging of the K-3 filters, the release is prevented and no dose consequences are calculated. 

In addition to the calculated onsite and offsite dose consequences, a hot cell tire could result in the spread of 
contamination within the facility. The analyses show that the worst case release would occur through the canyon, but other 
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pathways exist. A fire in A Cell could release contamination into the Service Gallery, while a fire in any of the hot cells could 
release contamination into the Operating Gallery through the manipulator penetrations. 

3.4.2.3.1.4 Comparison to Guidelines. 

Although the event frequency rank of unlikely (Le., F2), was assigned to this event in the hazards evaluation in Hey 
(1999) only well-defined initiating event frequencies may be used. Since the possible initiating event frequencies for this 
accident are not considered well-defined, no credit is taken for the reduced frequency of the scenario. 

A, 
Unmitieated Condition. The unmitigated consequences of a fire in A Cell, 71 mSv (7.1 rem) onsite and 0.08 mSv 

(0.008 rem) offsite (0.01 at the alternate site boundary), are above the onsite risk evalualion guidelines (50 mSv [ 5  rem]) but 
below the offsite risk e\aluation guidelines ( 5  mSv [0.5 rem]). 

Mitigated Condition. The mitigated dose consequences, having taken credit for the K-3 HEPA filters, are below both 

I 
the onsite and offsite dose guidelines. 

B/C and D E  Cells. 

Unmitieated Condition. The unmitigated consequences of a f r e  in B/C Cell (bounding D E  Cell), 7,600 mSv 
(760 rem) onsite and 8.8 mSv (0.88 rem) offsite (13 mSv [ 1.3 rem] at the alternate site boundary), are above both the onsite 

[ rish craluaiion guidclincs (50 mSv [5  rem]) and the offsite risL cba1u:ilion yuideliiics (5 mSv [0.5 rem]). 

Miticated Condition. The mitigated dose consequences of a fire in B/C Cell (bounding D E  Cell), having taken credit 
for the K-3 HEPA filters and the normally installed plug ports and cover blocks, are 330 mSv (33 rem) onsite and 0.41 mSv 
(0.041 rem) offsite (0.56 mSv [0.056 rem] at the alternate site Boundary). These consequences are above the onsite guideline 
but below the offsite guideline. Therefore, an additional control is required to further reduce the consequences of a hot cell 
fire in B through E Cells. 

'The addilinnal contrul i s  l l ic 18 kg l i i i i i t  pl:iccil on the cmnbiisliblc loacliii:: (coiixr\ali\cl> assunicJ to hc 
polyst)retlc) allowed i n  13 rhrougli E C.'ell5, ' I ' t i is l i i i i i t  W;IS drrerlnined as follo\\s: 

Volume of niiiirw oil i n  o n e  hot cell \vinclo\v is approximately I 
L)en\ily ol'niincral oil is 0.S71 ~'ciii '(MS13S 433015) 
'I here are 12 individual filters in I<-3 sysreni 
Mass oi'pol)siyrcnc requircd L o  plug otic individual lilter is 2-kg ( M e w  I W S )  
M a s s  ofwhite iiiiiiewl oil required to plug one individual filter is 5-kg (hleitr 199s) 

' I l i r se  conibustible limits will apply to tYC Cells cunibiiied and D'k. Cells combined since a fire can easily propagate 

IO 3 girllolls 

hct\$ccti llicsc cells. Tlicrc are two windows Ilicrclbrc i \ l i i c I i  could he sub ieckd  IO the lirc and Sail. In reality, i l  is very 
unlikel) fli:it tire i n  l3'C Cells or Il't. Cells could hi1 both windows. 

Mass ofininel-al oil in t\w windows i n  fVC Cells and I):t cells equals: 

( i , i t ,  wiixiuiv: ( 2  ,gu1)127,~5 ' , ~ I ~ ~ , ~ , ~ ' ~ I , / I I . , s ~ I  R : d ~ ( l  ~ ~ . ' I / J I I ( I ~ I  ~ 6 . b  /;s 

? ' M , I  wi>idoi\~.s: (6.6 k,vi/?l - 13 k,g 

Nuiitber of  tillers potentially plugged by  lie wiiiilw oil q u a l s :  

( 1 3  kg) 1 (.i h,v.T;lldr) - ?.6,/;Itcr.! 
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which / e m u  12filrer.v ~ 2 .6 / i / /<ry  L 0 . 4 / i / i L ~ i ~ . s  r.'wo;,iiqg 

Mass o f  polystyrene reqiiireci to plug reinaininp filters equals: 

( 9 . 4 , f i l i ~ r , ~ 1 ( 2  k,y,:fi/rer.i - 1 S . S  k g  

' I  he cuinbustible loodin2 i n  H C  C:clls and WE Cells n i i i5 t  reni;iin below IS  kg. 

3.4.2.3.1.5 Summary of Safety SSCs and IOSR Controls. 

Credited SSCs. 

K-3 HEPA filters. 

Safety Class Function - To maintain a barrier to the unrestricted release of radioactive material being swept into 
the K-3 system during a hot cell fire. The K-3 system is not expected or required to maintain 100% 
confinement because the HEPA filters would be expected to load up with ash and smoke particulates, 
eventually reducing ventilation flow. However, in the event the K-3 HEPA filters did plug up, they would be 
relied on to maintain a passive barrier to the unrestricted release of radioactive material out the 225-8 stack. It 
should be noted that the K-3 HEPA filters provide only a safety significant function in the event of a fire in A 
Cell. 

Credited IOSR Controls 

The radioactive material inventory in A Cell is limited to that presented in Table 3-3 

Solid wastes in A Cell are stored in packaging so that the selection ofthe ARF:RF value is not invalidated. 
Packaging must preclude the free flow of air up through the combustible material. An open 208-L (55-gal) steel 
drum is adequate. 

Because the analysis for A Cell depends on the quantity of combustibles present, a limit of 200 kg (44 1 Ib) of total 
combustibles is an initial condition. 

Cell-to-cell pass-throughs that have doors must remain closed except when an active operation requires that they be 
opened. 

The plug ports and cover blocks on B through E Cells must remain in-place when combustibles (other than in-use 
manipulator boots) are present in the cell(s). 

Thew is a combus~ible ~ I I F I C  liniit eqiiivalciit tn IS hs pol\si}rcne for B.'C Cells and D L Cclls [this number already 
~ I C C I ~ I I ~ ~ S  for the liot cell window oil]. I 
For F and G Cells, an IOSR control will prevent the concurrent conditions of capsules in the cell, combustibles in 
the cell, and cell cover block or plug removed. In-use manipulator boots on the manipulators are excepted. 
Capsules in the BUSS cask are excluded from this control when the cask lid is secure. 

3.4.2.3.2 Truckport  Fire. 

3.4.2.3.2.1 Scenario Development. 

The Truckport, located at the west end of the WESF building, provides confinement for cask and low-level solid 
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The WESF Cheni-Niic cask c111itiiiiiiii: A Ccll n x t e  d i i in is  o r  ;I p l l u u o d  wa\te bo\ (nhic l i  i s  liitcr pl:iced inside a 
cLccI box h r  shipinc~it) coiilniiiing A Ccl l  nastc drwiis could also be present during Truckport operations, but not at the same 
time as the BUSS cask (the facility can only handle one cask at a time). The Clierii-Nuc cask. u l i i c l i  can contain up to s i i  208- 
L (55-gal) drums. and the 1101 cc l l  \vasle box. \vhicli can coi i t i i i i i  i ip  to Iivc 2UX-L (55-gal) drtiiiis. ;ire used to transfer highly 
radioactive solid waste from the hot cells to an appropriate i1ispos:il area outside the WESF coii iplc\. The Cliciii-Nuc cask and 
t l i c  liot cell n x t c  lx)\ h a w  approved safety analysis reports for packaging, which allows onsite transfers from the WESF 
facility tu r i  disposal site (Planagoti 1997. Smith 1999). However, unlike the BUSS cask, the CIie~ii-Kuc cask and waste 1x1s 
may not be ahlc to withstand a fuel fire in the Truckport. On this basis, the possibility of involving the Cliciii-Nuc cask or t l ~ e  
waste box in a fuel fire is addressed in this accident analysis. 

A loaded LVIXM ma\ also be [ircseiir during 'Iruckport operations. but riot at the ~ a m e  tinie as the BUSS c a k  Cheni- 
Nuc c n A ,  or hot cell waste hox ( the  thcilit!, can handle onl? o w  at a h i e ) .  A W l X M  is used to rcniovc "'Cs or ""SI. from pool 
cell \v;iter i n  fhe om1 of a capsule leak or ti-oiii the lo\\ level liquid ~ a s t e  i f l l i s  conc?nti.alion i\ too liigli to allcnv dispus"1. 
The \4'lXbl has an approved s;ifcty anal>sis report lor pachasing b v l i i c l i  a l lo \ \s  oiisitc traiisi'crs to n disposal site (CImimenis 
I998) .  'Ihe ability o f t l ie  W I X M  tu wit l istui i l  ii f i re  i s  arldresseil in tliis accident anal>>is. ' Ihe  consrquences t o  the C\'IXM 
li.orii thc tirc nnal!zcd arc \cry conscrvnti\'c. The Truchporl lire o n a I ) m l  in  t l ic FHA (Mcrlz I W S i  assirincd Il l i l l  llicrc was 
f i iel froiii hotti a i o rk l i h  a n d  a truck loc;ired in the Trwhpon. LVitli the WIXbl in place. ;I forklift c i i i i l  truck c:innot physically 
lir inlo the Truckport. 

~ 
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Section 3.4.2.5, Facility Explosions), diesel or hydraulic fluid have similar energies of combustion and would yield similar 
consequences. 

For the purposes of the accident analysis, it is assumed that the worst case conditions from the FHA exist in the 
Truckport fire. This condition is with the roll-up doors open and the cover block from the Truckport to the canyon removed. 
Although the cover block and roll-up door are not opened simultaneously (operational restriction only) because of operational 
impacts to the K-3 ventilation system, it is possible that the roll-up door could be opened following initiation of the fire for the 
purposes of evacuation or access by the Hanford Fire Department. In addition, this condition allows substantial quantities of 
air to the fire, allows an unfiltered path from the Truckport, and results in impacts to the K-3 ventilation system. 

Unmitieated Condition. The unmitigated condition applies to the case where the suppression system, in addition to 
emergency response actions, fails to extinguish the Truckport fire, which is allowed to continue to its natural conclusion. The 
unmitigated condition for this operational event encompasses the requirements for BDBA analysis provided in Section 3.4.3. 

In the unmitigated condition, the Truckport fire and opening of the roll-up door would initiate several events 

As the roll-up door opens, the negative pressure maintained in the canyon would be lost initiating the following: a 
pressure sensor in the canyon would register the loss of negative pressure and deactivate the K-3 supply fan and 
the K-2 system, another pressure sensor in the canyon would further open the dampers in the canyon ventilation 
outlet duct which leads directly to the K-3 filter housings. 

The smoke entering the canyon from the Truckport could plug the HEPA filters on the hot cell ventilation inlets, 
effectively isolating the hot cells and K-3 exhaust duct leading from the hot cells. Because the exhaust duct 
leading from the canyon directly to the K-3 filter housings joins the exhaust duct from the hot cells before entering 
the filter housings, the K-3 exhaust fans would not be able to create sufficient vacuum in the hot cells to cause the 
failure of the plugged inlet HEPA filters. 

The smoke entering the canyon could also travel to the K-3 filter housings through the canyon exhaust duct (which 
leads directly to the housings) and begin to plug the K-3 HEPA filters. The K-3 system would respond as 
described in the hot cell fire analysis in Section 3.4.2.3.1, with the exception that the system would not “surge” as 
in the hot cell fire. That response of the system is to activate the second K-3 filter housing and the standby K-3 
exhaust fan. lf the K-3 supply fan, K-l exhaust fans, and K-2 system have not yet been deactivated, then they 
would be deactivated as the K-3 filter becomes increasingly plugged. Hoi \c \c r .  the filters would survive, resulting 
in a no-flow condition. 

Although the K-l exhaust fans cannot maintain a negative pressure in the Truckport when the roll-up door is open, 
any smoke that is drawn into the K-l exhaust system either before or after the door was opened would cause the 
K-l HEPA filters to plug. The ability of the K-l filters to withstand the pressure differential caused by the K-l 
exhaust fans is unknown and is not necessary to determine the accident progression because of the potential for an 
unfiltered release through the roll-up door. 

In summary, the Truckport fire is assumed to occur during MIX51 x t i \  i t ieb or shipment activities involving highly 
radioactive solid waste (WESF Clicm-l;iic cask o r  Iim cel l  n ; i \ ~ c  box), and the roll-up door is opened before, or during the fire 
The unmitigated condition further assumes that the fire suppression system in the Truckport is unavailable or fails. The 

potential releases include the 208-L (55-gal) drums of radioactive solid waste in the WESF Chcin-Nuc cask’lioi ccll n a i l c  bok 
or the cont:iiiiiiiiited resin f s w i  the LVIXLI. 1 he radioactive material in the hot cells and K-3 filter housings would not be 
impacted by a Truckport fire, even if the cover blocks between the canyon and the Truckport were removed. 

. .  Mitigated Condition. N o  i i i i i izn[cd coiiilili<m i( con~klcrcil Ti i icc  I l ic iiiiniiti+ilc(J scciinrio c o i i i q i c i i c c s  tall below 
the riih eb;i l i i ; i t iot i  S i i idr l i i i cs  ;I> d i ~ c L i ~ \ r d  helow. 

Maior AssumDtions. The following assumptions were made in the scenario development. 

The worst case conditions from the FHA exist in the Truckport fire. This condition is with the roll-up doors open 
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and the cover block from the Truckport to the canyon removed. 

The unmitigated condition assumes that the fire suppression system in the Truckport is unavailable or fails. 

3.4.2.3.2.2 Source Term Analysis. 

Given the scenario development above, only three sources of radioactive material could be potentially impacted by a 
Truckport fire: the 208-L (55-gal) drums of radioactive waste in the WESF C'heni-Nuc cask,hot cel l  \baste box, cesium and 
strontium capsule(s) in the BUSS cask, and a loaded WlXM. Each ofthese sources of radioactive material is addressed in the 
source term analysis in this section. 

Unmitigated Condition. One ot'thr possible sources of radioactive material in the Truckport is the 208-L (%-gal) 
drums of highly radioactive waste in the WESF Ciictii-Nuc cask o r  the pl! w n d  \ \ i is~c box. The waste i n  the driitiis is 
generated in the hot cells from cleaning, decontamination, or maintenance activities and typically moved into the A Cell hood, 
placed in a 208-L (%-gal) drum, and stored in A Cell. The Chciii-Nuc lioldr the !most driinis. six. m d  \\ill he uscd as thc 
huiinJinf ccmditioii for t l i i s  iin;ilysis. 'I $10 208-L (55-gal) drum.; ;ire loaded into utie ofthe l l lCs bt~irei l  i n  the W t : S t  ciinyon. 
Three tllCs arc 1o.ided itill) Lhc Clicm-Niic cask IOCRIC~ iii llic 'Truchport and removed lroiii ~ h c  l';aciliL! 

I 

TIit dr i rn is lrom the 1101 cells are _?OS-L (5i-gal) pol!di.vlene l i i icd druriis with lid bnils. Thc HlCs arc po1)cili) lenc 
niaicriiil i i iai iuf. icturd as nirdiuni s i 7 4  o\'crp;lcks fur htmdard driiiiis. I he cerritied shipping cimt:iiiier is the Cheiii-Nuc cask. 
The cnsh i s  a steel c>litidcr \ b i l h  oulsidc dinicnriolis 012.2 111 (7t'I 4 in.) thigh and 7.1 i i i  (7 li) in diameter with iiincr 
dimensions o f 2  11) (6 ft 8 in) h i $  a n d  2 iii ( 6  fi 5 in) \\ ide. A sr.iiiilcss steel inner wall is 5 e 2  weliled iilon: all sides atid ai i  

oiticr steel \ \al l  cncapsiiIa1c.s lead shielding. Given the temperatures of the Truckport fire postulated in the FHA, it is unknown 
if the cask would provide a sufficient thermal barrier for the solid waste in the 208-L (55-gal) drum. On this basis. and to 
houiid operations \\it11 tlic 1101 cel l  \\ii(tc b o .  it is assumed that the cask would not prevent the release from the waste drum in 
the event of a fire in the Truckport. 

The Truckport fire would cause the solid combustibles within the drum to hydrolyze in the absence of oxygen, 
causing a pressure increase within the drum and subsequent drum failure. The radioactive material in the drum would be 
subject to release by destruction of the solid waste substrate and venting of the generated gases. 

The inventory at risk in the 208-L (55-gal) drum can be found from the Clieii i-Niic cask S A W  (Flan:i::in 1097) to be 
0.70 k IO" Oil [ 2 , 6 4  hCi) of "'Cs, ?3r, or a combination of both. Tfic Chctii-Nitc i i ircri inr~ houii'ij ihc iiiwiitorj aI/oi\ed i n  
the l i c i t  ce l l  \\aste ho\: (Smitli. I W i j .  '1'0 be conservative in rhis i i i i i i l ys i i  d ie  iti\eriio> will be doubled to  I . S 5  I 10'' nq ( 5  

to be "Sr. 
Cr. '"'Sr. o r  it combination of biitli. Because of its greater inhalation unit dose, the entire inventory at risk is assumed 

The ARF:RF value used for the release from the 208-L (55-gal) drum is 5.0 x 10?1.0 from Mishima (1994), 
Section 5.2.1.1, for the burning of contaminated solid combustibles in packages. This value is very conservative for the 
release from the 208-L (55-gal) drum in the cask because ofthe nature of the experiments used to derive the value. The most 
substantial packaging used in the experiments consisted of plastic bags of combustibles inside of a cardboard box. The 
experimental procedure consisted of adding fuel to the package and igniting it so that the entire package was consumed in the 
fire. By comparison, the 208-L (55-gal) drum would not be consumed in the fire but would only vent the hydrolyzed gases 
into the cask, which would, in turn, release the gases to the Truckport where they would bum. 

The source term resulting from the 208-L (%-gal) drum is calculated by multiplying the inventory at risk and the 
I selected ARF:RF value. The resulting source term is 9.3 x I O ' "  R q  (3 .5  Ci)  of%. 

The BUSS cask is used for receipt of up to 16 capsules through the Truckport. This cask has approximately the same 
likelihood of being in the Truckport during a fuel fire as the waste cask, bul the design of the BUSS cask is substantially more 
robust. As discussed in the scenario development for this accident analysis, the radioactive materials in the BUSS cask would 
not be impacted by a fire in the Truckport. 

I 'l'lir liist pussible soitrcr u fn id iux t i be  iiiiitcriiil in the I'ruchpari i:. h e  LVIXM. A fir? in the  Truckport could llilvr a 

3-83 



HNF-SD-WM-910-002 REV 1 

3-84 



HNF-SD-WM-B10-002 REV 1 

2,700 Ci/in' which convcrls to 2.1 CiiL i f  all tlic conicnls of tlic leaking capsule escape aiid dissolve i n  the pool water. 
Section 2.4 .2 .3 .2  calculates the total volun~e of the WlXbl vessel of 312 L (including vent, inlet. ;ind outlet lines). For 
simpliciiy. and to bound the estimated coiiscqucnccs. ii is assumed that thc entire \oIunic of ihe W X M  vcsscl contains w a m  
(neglectin2 the volume of the resin and any gas voluiiie that inighr he present). 7'1ius. the bounding contaiiiiii~itii)ii at risk is 
thc produci L>% Ihc WlXhl volume and Ihc conccnlration of conlnminaiion, or apprcisini;itcly 3. I Y IO" Bq (840 Si). 

For the released swam. DOE-HDBK-i010-94 reports two possiblc rclciisc iiiotlcls. Thc first niotlcl rcprcsents the 
conditions inside the 1ie;ited vessel a s  an aquews  solution near or just at its boilins point where str:ini is being released, hut 
no vigorous boiling exists (no huhbles brcaking at tlic liquid surface). Thc second model is applicable to vigorous boiling 
with bubbles breaking at the Iiqtiid surficr, aiid IIX ;in ARF:RI; \:illtie ai)pn,siiiiatrly two orders of nlagnirudr greater than 
oiisc Without vigoruus boiling. Thc iirst modcl would bc applicable io the wnlcr prcscnl i n  i l ic resin malrix and ihc sccond 
model would be applicahle to any  uare r  which might be present i n  the void voluiiie ;ibo\-e the resin bed. Howjever. the 
depth of rcsin i n  [he W X M  could vary and so the voliinie of waicr f o r  which ~ h c  largcr ARF:RF \ a l w  is applicnhlc is 
unknown. To hound the possible release, the ARF:RF tiir vigorous boiling is applied to the entire volume of \vuter. The 
vigorous boiling ARF:RF is 2;10~2:l.0. rcsulrinf i n  a source lcrm of6.3 x IO"' 13q (1.7 Ci). 

The total unmitigated source term arising from the Truckport fire will either be the 208-L (55-gal) drumi of high- 
acti\ it) waste or t l ic  Li'IXbl (the BUSS cash would not contribute to the release during a Truckport fire) multiplied by the LPF 
for the event. The LPF for the event is assumed to 1.0 based on the possibility ofthe roll-up door ofthe Truckport being open. 
The resulting total source term is 0 .23  x IO"' Bq (1.5 Ci) of ?Sr li.or~i 1hc C l i ~ i i i - N i ~  cask or 6.3 x 10'" Bq ( I  .7 Ci) oI'"'Sr 

f iOl11 tile WIXM. 

Mitigated Condition. No inlitigated condition is cunsidered bi r ice the iitiiiiitiglrted sctiiario consequences tldll belo\+ 
llic risk cvaluaiioii yuidelincs as discusscd ~ x l ~ i w  

Maior AssumDtions. The following assumptions were made in the preceding source term analysis. 

I 
The LPF is assumed to be 1.0 because of the possibility that the ventilation flows might be interrupted and the 
Truckport door open. 

The inventory at risk in the 208-L (%-gal) drumi is I .% Y I O '  ' H q  ( 5  kCi) of 90Sr. 

l ie  in\;entur) a t  i-isl, i n  IIIC h ' l X h , ~  i!, 3 .  1 x 10'' Bq (840 Ci) of %. 

The ARF:RF value used for the release from the 208-L (55-gal) drum is 5.0 x 104:1.0 from Mishima (1994). 
Section 5.2.1.1 for the burning of contaminated solid combustibles in packages. 

3.4.2.3.2.3 Consequence Analysis. 

Unmitieated Condition. The unmitigated dose consequences arising from the Truckport tire can be found by 
I multiplying the source term by the dose conversion factors developed in Section 3.4.1.3 given in Table 3-23 and ' I  able 3-24. 
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Isotope 

%r 

WSr 

T r  

I 
I 
I 

Source term DCF 50-yr Committed EDE 
(Ci) mSv/Ci (rem/Ci) mSv (rem) 

3.5 9.4 (0.94) 3 5  (2.41 onsite 
100-m worker 

2 . 5  0.011 (0.0011) 0.02s ( l~ .0028)  
public 

2.5 0.016 (0.0016) 0.04 (0.004) 
alternate 

site boundary 

Isotope Source term DCF 
mSv/Ci (rem/Ci) 

9.4 (0.94) 

0.01 I (0.001 I) ‘ T r  I .7  I 

50-yr Committed EDE 
mSv (rem) 

l f l ( l . 6 )  
onsite 

100-m worker 
O.OI0 ((1.I1OIO) 

public 
0.016 (0.0016) I o 027 (n 1J027) 

I alternate 
site boundary 

3.4.2.3.2.4 Comparison to Guidelines. 

No credit is taken for the frequency of the initiating event of this accident because such a frequency is not well 
I known. Therefore, the ri?k cvaluiiiion guidcltncs used for this accident are those associated with the anticipated frequency 

range, 50 mSv (5 rem) onsite and 5 mSv (0.5 rem) offsite. 

Unmitigated Condition. The unmitigated onsite dose for t l i r  Cheni-Nuc is 24 mSv (2.4 rem) a n d  the dose for the 
WIXM is I 6 m S v  (1.6 rcm), both orwhich arc below the onsite rish cvaliiniioii guidclinc of50  mSv ( 5  rem). The unmitigated 
offsite dose for the Cheiii-Nuc is 2.8 x IO’mSv (2.8 x IO-’ rem) 14.0 s IV’mSv (4.0 x 10~: rem) for the alternate site 
boundary]and the dosc Ibr llic WIXM i s  
boundaryl, both of which are substantially below the offsite r i k  evaluation yiileliiie of 5 mSv (0.5 rem). 

x 10~’ niSv (1.0 s 1 0 ~ ’  reii i) [2.7 x I O ’ n i S v  (2 .7  > 1 O Y  rein) lor !he a l im~ate  site 

Mitigated Condition. No mitigated condition is considered since the unmitigated scenario consequences fall below the 
I rish evilluatioii g~iidclinc~. 

3.4.2.3.2.5 Summary of Safety SSCs and IOSR Controls. 

Credited SSCs. 

None 
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Credited IOSR Controls. 

Radioactive solid waste contained inside the WESF Chem-Nuc cask and \baste  boxes is limited to 1.85 x I O "  Bq 
(5 kCi) of 90Sr aiitllor "'Cs. 

To keep operations within the bounds of the analysis, the quantity of radioactive materials present in the WIXM 
assembly must be no greater than 25,200 Ci of %r or 31,500 Ci of "'Cs. For combinations of isotopes, where 
%Sr and "'Cs are present at the same time, it is noted that the method of controlling the inventories is by limiting 
the quantity of cation resin in the WIXM vessel. Limiting the resin places a physical limit on the inventory, and 
since %r is bounding over "'Cs, any combination where "'Cs takes the place of ?Sr is bounded by the case 
where all of the contamination is %r. 

I 

3.4.2.4 Loss of Confinement. 

This section considers the range of upset conditions associated with TK-100 and the K-3 ventilation system, which 
I are addressed in the hazards evaluation in He! I W 9 L  These conditions include high flow in the K-3 system ductwork, loss of 

K-3 ventilation flow, K-3 system water accumulation, failure of the K-3 filters, high activity in TK-100, and hot cell hydrogen 
accumulation. 

Ail of these conditions are evaluated quantitatively. Failure of the K-3 HEPA filters, in and of itself, is not 
considered by the hazards evaluation to have significant consequences outside of the facility. However, failure of the filters is 
considered in other accidents in two cases: where accident conditions are such that the filters would not survive the accident, 
and where the filters are relied on to mitigate the release so as to determine the importance of their function. A more detailed 
discussion of the accident selection process as it pertains to this accident type is provided in Section 3.3.2.3.5. 

Sections 3.4.2.4.3,3.4.2.4.4, and 3.4.2.4.5 all address the potential for the generation and accumulation of hydrogen 
in various areas of the facility. The models used in these analyses are similar in nature. To avoid unnecessary repetition, the 
first analysis where particular models are used shows the basis of the models, equations used, and appropriate references 
Later use of the models references this initial development but does not repeat it. 

3.4.2.4.1 High Flow in K-3 Ventilation System. 

3.4.2.4.1.1 Scenario Development. 

The hazards evaluation in I ley (. 19')')) indicates that a high-flow event in the K-3 ventilation system has a frequency 
rank of F2 (i.e., unlikely), with S2 (Le., onsite worker) consequences. The frequency rank was assigned based on the necessity 
that a flow rate high enough to dislodge significant quantities of contamination in the quantities postulated must be sustained. 
The resulting risk rank is R2 (events of moderate concern). This event is selected for quantitative analysis based on its unique 
challenge to the K-3 HEPA filters. 

I 

Under normal operations, one of the two K-3 ventilation system fans is operating at all times. If the pressure 
differential in any of the ventilated zones is unsatisfactory (Le,, duct pressure approaches atmospheric) due to failure ofthe 
online fan or overload of the system, the standby fan starts automatically. 

High airflow through the K-3 ventilation system could be caused by instrumentation failure, allowing multiple fans to 
run simultaneously, or could be a result of opening a flow path, such as the removal of the Truckport cover block (leading to 
the canyon) while the Truckport is open to environment. Although these transients have occurred in the past and the system is 
designed to accommodate the maximum flow, contamination in the exhaust duct could break loose under sustained high flow 
rates. 

Unmitigated Condition. The unmitigated condition considers the failure of the K-3 HEPA filters to mitigate the 
event. 
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Mitigated Condition. The mitigated case considers the success of the K-3 HEPA filters in mitigating the 
consequences of the event. The filters are shown to be able to survive the high-flow event in the source term analysis below 

Maior AssumDtions. The following assumptions were made in the scenario development: 

Both K-3 exhaust fans are operating 

Contamination in the exhaust duct breaks loose under sustained high flow rates 

The K-3 HEPA filters fail in the unmitigated scenario 

The K-3 HEPA filters function normally in the mitigated scenario. 

. 
3.4.2.4.1.2 Source Term Analysis. 

This event assumes sustained high flow rates in the K-3 ventilation system. The potential source term arising from 
this event can be estimated based on the facility SSC response and the radioactive materials impacted. 

The radioactive materials that could be impacted by the high flow event are the contamination present in the hot cells, 
K-3 exhaust duct, and K-3 HEPA filter housings. The contamination in the hot cells would not be susceptible to appreciable 
suspension because the size of the hot cells is such that even though the volumetric flow rate would be higher than normal, the 
velocity ofthe airflow parallel to the contaminated surfaces is low. Therefore, no significant source term would arise from the 
hot cells in a K-3 high flow event. 

The inventory in the K-3 exhaust duct is provided in Table 3-3. Two isotopic splits for the contamination in the duct 
Bq are provided. Since the isotopic split is uncertain, the contamination is conservatively assumed to be 100% "Sr [7.4 x 

(200 kCi)] because this yields the greatest dose consequences. 

The inventory in the K-3 filter housing may also be impacted by the high flow event. The resuspension of radioactive 
particles from the HEPA filters is bounded by the postulated resuspension of particles in the K-3 exhaust duct. Therefore, the 
inventory assumed to be present in the K-3 filter housing can be added to the inventory in the K-3 exhaust duct. From Table 
3-3 the inventory associated with the K-3 HEPA filter housing is 8.9 x IO'* Bq (240 Ci) "'Cs and 6.7 x 10l4 Bq (18 kCi) "Sr. 

The total inventory impacted by the high-flow event is the sum of the inventory in the K-3 exhaust duct and the K-3 
HEPA filter housing. This sum is 8.9 x IO" Bq (240 Ci) "'Cs and 8.1 x 10" Bq (218 kCi) "Sr. 

The resuspension of the inventory at risk is modeled below as the resuspension of particulates in a crosswind. Section 
5.3.4 of Mishima (1994) provides a lengthy discussion of the phenomenon of particulate resuspension from solid, unyielding, 
noncombustible surfaces under ventilation flow conditions. Reviews of the experimental data in this area indicate very small 
values of the resuspension rate. The conclusion is that this phenomenon is bounded by the values recommended for the 
resuspension of powders from a heterogeneous bed under ventilation flow conditions for which an ARRRF of4 x 10'/h:l.O is 
used. 

I t  is assumed that the high-flow condition lasts 48 hours before being corrected, resulting in an ARF:RF of 
1.9 x 10':I .O. This duration is chosen as an upper bound considering time to detect the high-flow condition and rectify its 
cause. 

Unmitigated Condition. The unmitigated source term, corresponding to no HEPA filtration (LPF = 1.0) can be found 
by multiplying the total inventory impacted by the ARF:RF. The resulting source term is 1.5 x I O "  Bq (414 Ci) of "Sr and 
1.7 x 10" Bq (0.46 Ci) of '"Cs. 

Mitigated Condition. The response of the K-3 HEPA filters to a high-flow event can be bounded by an analysis of 
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Isotope Source term (Ci) DCF 
mSv/Ci (rem/Ci) 

9 r  414 9.4 (0.94) 

'"CS 0.46 1.2 (0.12) 

90Sr 414 0.011 (0.0011) 

50-yr Committed EDE 
mSv (rem) 

3900 (390) 
onsite 100-m worker 

4.6 (0.46) 

"7CS 0.46 0.0014 (0.00014) 
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Table 3-26. Mitigated K-3 High Flow Event Dose Consequences. 

3.4.2.4.1.4 Comparison to Guidelines. 

No credit is given for reduced frequencies of the accident because the frequency of the initiating event is not well 
I defined. Therefore, the riA wilwtion giidrlines for the anticipated frequency range of 50 mSv ( 5  rem) onsite and 5 mSv (0.5 

rem) offsite are used in this analysis. 

Unmitieated Condition, The unmitigated onsite dose is 3,900 mSv (390 rem), which exceeds the onsite risk 
evaluatioii p i d e l i i i e s  of 50 mSv (5.0 rem). The unmitigated offsite dose is 4.6 mSv (0.46 rem), which approximately equals 
the offsite risk waltialioii g i d e l i i i c \  of 5 mSv (0.5 rem). The unmitigated offsite dose for the alternate site boundary is 
approximately 6.6 mSv (0.66 rem), which exceeds the offsite risk w d t i i l t i u i i  ;uicleliiirz. 

Mitieated Condition. The mitigated, K-3 HEPA filters, onsite dose is 3.9 mSv (0.39 rem), which is well below the 
o n s i k  rish c ~ d ~ i a t i ~ i i i  guideliiics of 50 mSv (5.0 rem). The offsite dose is 4.6 x I O ’  mSv (4.6 x I O 4  rem), which is well below 
the offsite risk ev:iIu:itiwi yii1clinc.s of 5.0 mSv (0.5 rem). Likewise, the offsite dose for the alternate site boundary, 6.0 x IO-’ 
mSv (6.6 x rem), is also well below the offsite risl, cva lua l io i i  guidelines of 5.0 mSv (0.5 rem). 

3.4.2.4.1.5 Summary of Safety SSCs and IOSR Controls. 

In reviewing the assumptions used to develop the accident analysis model, it can be seen that the dominant 
assumption is the performance of HEPA filtration during the event. All other assumptions, such as the release rate and 
duration of the high-flow condition, are unimportant to the conclusions of the analysis. For example, if the entire quantity of 
contamination in the exhaust duct [7.4 x 10” Bq (200 kCi)] were resuspended in the high-flow condition, the ARF were 
assumed to be 1.0, and the HEPA filtration functions as designed, the onsite dose would be 19 mSv (1.9 rem) and the offsite 
dose would be 2.2 x IO’mSv (2.2 x IO ”  rem) (3.1 x lO-’mSv [3.1 x I O ”  rem] at the alternate site boundary). These 

I consequences still fall helow the onsite and offsite [ish cbaltiatiiiii giiilcliiics and cannot be exceeded. Thus, regardless of the 
other assumptions made in the analysis, when the HEPA filters function as designed, sufficient mitigation for the high flow 
condition is attained. 

Credited SSCs. 

K-3 HEPAs filters 

Safety Class Function - To provide a combined filter efficiency of 99.9% in the event that radioactive particulates 
are resuspended from the hot cell andor  K-3 duct work during operational events such as a high-flow condition. 
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Credited IOSR Controls. 

3.4.2.4.2 Loss of K-3 Ventilation Flow. 

The K-3 HEPA filter housing inventory is no greater than 18 kCi of %r and 240 Ci of "'Cs. 

Loss of K-3 ventilation flow under accident conditions is identified and addressed in Sections 3.4.2.1, 3.4.2.2, 3.4.2.3, 
and 3.4.2.4.3. The analysis ofthose accidents addresses the failure ofthe K-3 ventilation system as it pertains to the particular 
accident phenomena. They do not address the general consequences associated with a loss of ventilation and potential 
subsequent migration of contamination. 

3.4.2.4.2.1 Scenario Development. 

K-3 ventilation could be lost as a result of several events identified in the hazards evaluation in He? ( IWO). In 
addition to those mentioned above, the following events were also identified as causing a loss of K-3 ventilation: 

I 

Breach in ducting 
Stack collapse. 

Supply air system failure (dampers or clogged filters) 
Exhaust system failure (fans, clogged filters, or dampers) 

Considering only the effects of a loss of K-3 ventilation and not the dominating effects of some ofthe initiating 
events (e& facility fires), these events are bounded by the F2 (it-. ,  unlikely) frequency category and an SI or S2 (i.e,, facility 

1 worker or onsite impact) consequence ranking (from Hcy IOOU). 

The loss of K-3 ventilation, by itself, could result in migration of contamination and a temperature increase in F Cell 
(capsule storage). A prolonged increase in capsule/salt interface temperature could result in accelerated corrosion of the 
capsule wall, but no release outside the facility would occur. Of more importance for F Cell is the protection of the safety 
class stmcture of the hot cell from degradation because of sustained high-thermal loads. 

Spread of Contamination, The spread of contamination in the event of a loss of K-3 ventilation was found in the 
hazards analysis to have consequences only within the facility. Since no appreciable contamination would exit the facility 
except at a very low rate over a long period of time, no source term or consequence analysis is performed. 

The loss of the K-3 ventilation system would result in a loss of air flow in the canyon, hot cells, and K-3 ducting. If 
the initiating event were not obvious, the no-flow condition would be detected by differential pressure monitors associated 
with the areas ventilated by the K-3 system (Le., the K-3 HEPA filter housings, canyon, and hot cells). Once ventilation flow 
is lost, the negative pressures maintained in those areas would be lost and the contamination present could migrate slowly into 
uncontaminated areas. 

Of all the ventilated areas, the hot cells, K-3 exhaust duct, and K-3 HEPA filter housings are the locations where a 
contamination spread might originate. Contamination from any of these areas could eventually migrate into the canyon, 
Operating Gallery, and Service Gallery. Contamination that enters the canyon could eventually migrate to other parts of the 
facility (e&, the Pool Cell Area and Truckport), through gaps and spaces around cover blocks, doors, etc. 

The primary motive forces that cause migration of contaminants include pressure differentials caused by wind and 
barometric pressure fluctuations around the facility, temperature differences between areas within the facility and the 
environment, and ventilation failures. Wind blowing across the stack and around the facility causes small pressure 
differentials and subsequent airflows from one area to another within the facility. Fluctuations in the barometric pressure 
could also result in pressure differentials between the facility and the environment. In addition, the temperature differences 
within the facility and the surrounding environment would add to the airflow caused by wind around the facility. Ventilation 
failures could result in migration of contamination in two cases: failure of the K-3 exhaust fans while the K-3 supply fan 
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continues operation, and failure o f  the K-3 system while the K-l and K-4 systems continue to operate. In either case, 
contamination could migrate between areas o f  the facility. 

The operation o f  other ventilation systems within the facility are interlocked to the K-3 system to prevent ventilation 
air from being drawn from contaminated areas into uncontaminated areas of the facility in the event of K-3 system shutdown. 
In addition, the K-3 exhaust fans are interlocked with the K-3 supply fan so that if the exhaust fans fail, the supply fan is 
deactivated. This interlock helps to prevent pressurization o f  contaminated areas. 

Given the limited pathways and relatively minor motive forces, the migration o f  contamination following a loss o f  
K-3 ventilation would result in very low consequences within the facility and would take substantial time to be realized. 

Storage o f  Capsules in F Cell. The HAZOP relied on as the basis for the hazards evaluation in I ley ( I999) indicates 
that a leaking capsule in F Cell has an S I  (Le., facility worker) consequence rank, which would not normally be considered for 
quantitative accident analysis. However, it is realized that leaking capsules are undesirable, even if safely stored in F Cell, and 
it i s  prudent to define the conditions by which capsules could be stored in  F Cell without unduly challenging their integrity or 
the integrity o f  the surrounding structure. 

I 

The capsules to be stored in F Cell would include known and suspected leakers, with F Cell providing out-of-pool- 
cell dry storage and confinement. The unrestricted storage of any number of capsules in F Cell could lead to high saltimetal 
interface temperatures and a potential for accelerated corrosion of the capsule wall. This section provides a conservative basis 
for an F Cell capsule storage configuration and inventory that limits the interface temperature. Calculated temperatures are 

I based on work documented in the thermal analysis report (WHC 1996~). Temperature limits are based on concerns for both 
capsule corrosion and concrete strength. The analysis also considers the possible loss of ventilation flow in F Cell. 

WHC-SD-WM-TI-771 (WHC 1996~)  presents a thermal analysis o f  dry capsule storage in the F Cell. The intent i s  to 
I determine if the predesignated capsule spacing I i i i  ii I.ICI\ ? ( I  ci i i  <>If [tic t1,iori can be used to store capsules in F Cell without 

exceeding a set o f  thermal limits. These limits are as follows: 

Long-term concrete temperatures should not exceed 66 "C (151 "F) generally and should not exceed 93 "C (199 
O F )  locally (ACI  1987). 

Under normal conditions, capsule interface temperature must not exceed 270 "C (518 O F ) ,  based on accelerated 
corrosion concerns. 

Under loss o f  ventilation conditions, capsule interface temperature must not exceed 450 "C (842 OF). 

Under loss o f  ventilation conditions, concrete surface temperatures should not exceed 177 'C (351 O F )  (ACI  1987). 

The Thermal limits are based on two considerations. First are accelerated corrosion concerns at the capsule cesium 
chloride-stainless steel interface, and second are standard temperature limits for concrete. 

The 270 OC ( 5  18 O F )  l imit comes from Bryan (1989) and i s  the lowest melting point o f  a mixture o f  cesium chloride 
and impurities, 3% FeCI,, studied. The 450 OC (842 O F )  l imit also comes from Bryan (1989) and is the test temperature 
(considered for geologic disposal o f  WESF capsules) for which inner-capsule through-wall corrosion was estimated to occur in 
15 to 21 yr. Bryan (1989) also acknowledges the many uncertainties associated with such predictions hut they provide a 
conservative basis for storage o f  capsules in F Cell. Therefore, the lower l imit i s  used here for normal storage conditions and 
the greater l imi t  is used for upset conditions (Le., ventilation failure). 

The temperature l imit for the concrete i s  used here to protect the hot cell structure. Since the structure i s  relied upon 
as the primary means of confinement and shielding, and is designated as safety class, i t  must be protected from thermal 
degradation. The temperature l imit o f  177 "C (351 O F )  ensures that the hot cell structure is not unduly challenged. 

I 1 l ic cuIiipu1cr c,idc used Ikir l l ic I l ic i i i i i i l  a t ia l> \ i+  \\:I\ clcr i \cd (j.oiii l l ic Modulnr Acciilcilt Aiiiil>$is I'ioy:im w'sion 4 
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(MIAAP4) (WHC IWhb) originall> created to aiiaIkLc tlicriiial-hqdraulic and rad~o~iuclide phciioiiieiia duriiig iiuclcar sc\crc 
accidents. The  MAAI'4 routine contiliiis esteiixively validnted I i m r  transfer. m a s  transfer. fluid t l ub .  and aerwol 'trace :as 
transport and deposition models. For the F Ccll thcrmal anal) tis (WHC lW6c) .  hlAAP4 pro\ idcd a room tnodel to calculate 
F Cell g s  space and heat sink teiiiperatiires. given ;I l i e x  i n p u t .  A capsule iiiodel. whicl i  pruvided this l ieat input to the F Cell 
g s  ~ p a c c  and lieat sinhs, was linked to the balance o l ' t l ie  hlAAI'4 code. The capsitlc model also ca lcu la tcd  c a p u l c   dl 
temper>iture and cesittni cliloride staiiiles i twl interface temperature based OII houiidiiry coiiditioiii iron1  lie Mi\AI'4 won1 
modcl. 

Assunling a 1101 ccll \entilatioii Ilou rate ol"_'SOcliii and using coiiductive aiid co~ i \ cc~ i i c  iiciit loss. tlic theriiiill 
analysis concluded that 21 ave~i:e capstiles (4.9 hLV) could be stored in a rack t Cell \\itlioiit e\cee&ng Ions teriii 
iciiipcralurc liiiiils for co~icrctc of 66 "C ge'ncrall) 2nd 9 3  "C locall}. C \ e n  under n loss ol'vcntikiiioii condilioii. thc 
teiiiperatiiiw \\oiild riot esceed the sliort-tcriii tciiipel.aturr l imit cif I77 "C foi- concrete. In  lieu ofiiiaiiitsiiiing a \entilation 
airllim o f250  c l i i i  tliroiigh !hi. cell. t l ic I l ieri i i i i l  load can be reducccl to 1.8 k V  to i y ic ra~c  w i t b i n  11ie anal)Lc'd conditions and 
nut exceed loiig term tenipesatuir limit). The  I .SkW d u e  \ \>is detrrniined i>y asuiiiiiig 110 cciii\ecti\e licit tri lnsfei- and using 
only cmid i i c t i \ c  lieii! t1.ansl'cr. 

Tlic cap'.illc intcr l .xc teiii])craturc..; \\ urc also calculated i n  the l l icr i i ial  analysis h i -  iioriii,iI opcraliiig coiiditioiis 
(veiitiliition airtlL)\v o f250  c h i )  a n d  accident coiiditiuns (loss of ventilation). ' l ' l ie avelage capsu le  interkice teiiipefiiture 
remains  \ \ e l l  lhelo\v t l ic 270 
I ' l ie tiiernial ;in:il) \ is  did sIio\v t!i:it iising \ v i w t  case n5siiniptions. if t!ie niaxiiiiiiiii lpower c:ipsiilr were plzicrd i n  thr  middle of 

the rack, tlic intcrlacc tcmpcralurc could lx as high as 2 W C .  This \ \oi i ld 1101 iic'ccssaril? indicate an) rcal accclcr;itcd 
corrosion. Iio\\e\er. because of tlir conserbatisiiis i t i  the i i i t r r h c e  criteria. 

l i i i i i t  during iioriiinl opcratin: condilions and onl? reache5 2iW'C dui-itig accident conditions. 

Maior Assumptions. 

Wind, barometric pressure changes, and temperature induced pressure differentials within the facility do not 
result in a significant spread of contamination outside the facility in the event of a loss of ventilation. 

For the storage of capsules in a hot cell, the temperature criteria are based on protection of the hot cell structure 
and on the capsuleisalt interface. 

3.4.2.4.2.2 Source Term Analysis. 

No release of airborne radioactive material is expected as a result of any failure experienced by capsules stored in any 
WESF hot cell. However, the surrounding hot cell structure is safety class owing to the potential consequences of their 
destruction as described in Section 3.4.3. Therefore, controls necessary to protect this structure from thermal and other types 
of degradation are prudent. 

3.4.2.4.2.3 Consequence Analysis. 

A loss of ventilation event, by itself, causes no consequences beyond those discussed above. Human habitation both 
onsite and offsite are not threatened by this event. 

3.4.2.4.2.4 Comparison to Guidelines. 

For the reasons discussed above, no comparison to guidelines is made 

3.4.2.4.2.5 Summary of Safety SSCs and IOSR Controls. 

The controls derived from this analysis are intended to protect capsule integrity and the hot cell structure. Protection 
of capsule integrity is a prudent and reasonable operational prerogative. The unintentional defeat of capsule integrity could be 
costly in terms of cleanup and maintenance. The capsule containment also provides an added barrier against the accidental 
release of dispersahle material and as such, should be considered defense-in-depth. It is not, however the credited barrier 
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against the uncontrolled release of hazardous material. This task is reserved for the WESF hot cell. The safety class function 
of the WESF hot cell must be protected against long-term degradation that unspecified and uncontrolled storage of capsules 
could cause. The following controls are based on the thermal analysis of storage of capsules within a hot cell as shown in 

I WHC-SD-WM-TI-771 (WHC 1 9 9 6 ~ )  and si i in i i iar i red in 3 .42 .4 .2  I .  The credited IOSR controls are designed to protect the 
hot cell structure and are based on no ventilation airflow through the hot cell. The additional defense in depth controls are 
designed to prevent accelerated corrosion of the capsules. 

Credited SSCs. None. The capsules are not credited as a barrier since the integrity of capsules stored in the hot cell is 
unknown. The hot cell structure was designated a safety class barrier in Section 3.4.2.4.1 and requires protection as indicated 
below. 

Credited IOSR Controls 

Total capsule stored wattage in any one hot cell is maintained at less than I .8 k\V assuii i lnz no I iLM ce l l  veiirilatioii 
or4.5 kW \\ i t l i  an airllon o13iC cliii. 

The col-responding "'Cs acti\ity for 4.5 IhW i s  041 hCi or 2.1 averape cchiiiiii capsules. Cdculalioiis indicate that  
the iiiiiximuni direct giiiiiiiiii-ray sl i i i ie iii ttir Ope~ i t i ng  Gallei.> \co i i ld  be less tliaii a 0.0.3 mR 'I1 ( I Iey l9991. This 
coiitl-01 eiisi ircs that the hot c e l l  structure I s  protected aiit l tliiit accclcratcd capsule corrosion docs not OCCLII-. 

Capsules are located a minimum of 20 cm (7.9 in.) from any hot cell structural surface. This control ensures that 
the hot cell structure is protected. 

Additional Defense-in-Depth. 

The following controls, also based on the thermal analysis, ensure that accelerated capsule corrosion does not occur. 
Since these controls protect capsule integrity, they contribute to defense-in-depth. 

Capsules are spaced a minimum of 20 cm (7.9 in.) apart. 

Capsules are supported 20 cm (7.9 in.) off the bottom, vertically oriented, with a free flowing air gap through the 
base. 

Maximum capsule power is less than 255 W (this corresponds to the maximum power uncut cesium capsule as of 
0 110 1196). 

I CapsiiIcs \+itti vcr) IiipIi po\\cr (greater thai i  220 W )  sliould iint be ~placcd i i i  the center ofthe storape rack. 

The capsules are of standard WESF design (Le., Type I, 2, or 3), either singly or doubly encapsulated 

The ventilation airflow through the hot cell is at least 250 cfm. 

3.4.2.4.3 K-3 System Water Accumulation. 

This scenario addresses the potential for inadvertent accumulation of water in the K-3 ventilation system. Potential 
consequences are a buildup of hydrogen gas, increased radiation exposure rates in the vicinity of the K-3 Filter Pit (radioactive 
material could be washed into the filter housing), and blockage of the K-3 airflow resulting in a loss of facility ventilation. 

The hazards evaluation in 1 ley ( I999) assigned an F2 (Le., unlikely) frequency of occurrence to this event. The 
frequency rank, combined with the S2 (Le., onsite impacts) consequence rank, results in a risk rank of R2 (i.e., moderate 
concern) for this accident. 

I 
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3.4.2.4.3.1 Scenario Development. 

This assessment examines the conditions necessary to generate and accumulate significant amounts of hydrogen in 
the hot cells. The time required to accumulate 4% by volume (which is the lower flammability limit [LFL] for hydrogen in 
air) is also estimated. 

The K-3 system provides ventilation for the WESF canyon and hot cells (see Section 2.6.1). The ventilation air fust 
enters the canyon and exits through the hot cells and through an exhaust duct directly to the K-3 HEPA filters. The ventilation 
air that passes through the hot cells flows into a common hot cell exhaust duct after passing through two banks of HEPA 
filters, one on the hot cell inlet and one on the hot cell outlet. The ventilation outlets for the hot cells are located in vertical 
ducting that penetrates the floor of each hot cell. The outlet HEPA filter is located at the top of each outlet duct with the filter 
about I m above the floor. Each outlet duct is connected to the common duct which is encased in concrete below the hot cells. 
The common duct receives filtered exhaust air from all of the hot cells and leads to the K-3 HEPA filters. Prior to entering 

the K-3 Filter Pit, the hot cell common duct is joined with the canyon outlet duct. The K-3 exhaust duct, after the point where 
canyon and hot cell exhaust ducts join, contains a drain line to TK-100 (also known as the TK-100 vent line) where any water 
in the K-3 exhaust duct normally drains. A 2.5-cm (I-in.) dam just downstream of the drain line provides a barrier in the 
ducting to prevent relatively small water flows from bypassing the drain and entering the active K-3 filter housing. 

The hazards evaluation in Hey ( 1000) identified several mechanisms by which water could inadvertently enter and 
flood the K-3 HEPA filter housing. The possible sources of water can be divided into three groups: hot cell water, TK-100 
water, and the K-3 filter washdown water. 

I 

Hot Cell Flood. U n k r  soiirccs I i i ivc hem isolatccl li-oin A hrough E Cclls. The sources ofwater to F Ccl l  arc 
deioniied w t e r .  fire suppression (also deionized u a t e r j  md tri-sudium pliosphatc ('I'SI') lines. Ti le  so~isces of \va tu  to Ci Cell 
:lie dcionizcd \ \ Z I I ~ I - ,  Iiw suppression (raw water) and TSP. Tlic tire suppression sbstci i i  h r  F iind (i C c l l i  ,ire s tpamtc  so that 
the system i n  iiiic. Iiot ce l l  can be activ;itrd without : ictkatiun in l l ie  other liot cell, 

If operativn;il controls associated with the sources of water failed, water could flood a hot cell, exceed the level of the 
ventilation bypass or outlet duct, and exit into the K-3 exhaust duct. Upon entering the K-3 exhaust duct, the water would 
travel until it reached the drain line leading to TK-100. At that point, the water would be diverted to the drain line, and 
subsequently, to TK-I 00 hy a 2.5-cm ( 1  -in.) dam just downstream from the drain line opening. If the drain line were plugged, 
TK-100 overflowing, or the water flow rate were sufficiently high, the 2.5-cm ( 1 4 . )  dam could be overwhelmed, and the 
water could proceed to the active K-3 HEPA filter housing sump. Potential causes of a plugged drain are objects carried by 
the water (from the duct or the hot cell) and blocking the drain opening, although in photographs of the duct interior, no debris 
were seen. In addition, overflow of TK-100 could occur if the tank were already full or nearly full such that the tank could not 
handle the capacity ofthe flood event. See Figure 3-2 for the isometric view ofthe K-3 exhaust ducting, K-3 filter pit, and 
TK- 100. 

I 

Once water begins to enter the active filter housing (see Figure 2-10), it would be collected in the filter housing sump 
where it would initiate alarms through the liquid detection system and could be subsequently transferred to TK-100 by the 
liquid removal system. The water detection system associated with the filter housing sump consists of an air bubbler and 
remote alarm systems. The injection of air to the filter housing through the bubbler system also acts to dilute any hydrogen 
that might be generated. 

If the source ofthe flood was controlled or the water drained into TK-100, the normal ventilation air passing through 
the filter housing would prevent the accumulation of any hydrogen that might be generated. The water in the filter housing 
sump could then be removed or allowed to evaporate depending on the quantityof water and operational expediency. 

If the source of water were not identified and controlled and the drain to TK-100 failed, the water level in the filter 
housing sump would continue to rise. Because of the filter housing design, a high water level in the sump would restrict and 
then halt airflow through the filter housing. As the airflow became increasingly restricted, the response of the K-3 ventilation 
system would be similar to that discussed in Section 3.4.2.3.1.1, Hot Cell Fire. As a part of that analysis it is assumed that the 
K-3-filters become plugged from smoke accumulation thereby restricting and then halting the airflow through the filter 
housing. In summary, the reduced airflow would cause the activation ofthe standby K-3 filter housing and exhaust fan while 
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Figure 3-2. Isometric View of K-3 Exhaust Ducting, K-3 Filter Pit, and TK-100 
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also shutting down the K-3, K-I, and K-4 supply fans and all other facility ventilation systems. By opening the standby filter 
housing, the K-3 system could temporarily restore sufficient airflow and system pressures, causing deactivation of the standby 
filter housing. Switching back to the flooded filter housing would cause a loss of system airflow again and reactivation of the 
standby filter housing. Thus, the K-3 ventilation would “surge” until the standby filter housing also became flooded (from 
water entering from the K-3 exhaust duct or backed up from the other filter housing). 

If the standby filter housing became flooded, the airflow through the K-3 system would be halted and the K-3 exhaust 
fans would be operating in a no-flow condition. 

Once the flood condition is detected (by the ventilation system responses) water can be removed from one or both 
filter housing sumps through the steam jet located there. The jet is designed to move water from the filter housing sump to 
TK-100 and can be operated by manually aligning valves. Reducing the water level in the sump would allow ventilation air to 
pass through the filter housing. 

If the sump jet is inoperable or if there is a simultaneous loss of general institutional control at the facility (i.e., 
facility personnel do nothing and allow the condition to persist indefinitely), hydrogen could begin to accumulate in one or 
both filter housings. The hydrogen would be produced as a result of radiolysis of water in the sump, with the energy coming 
from radioactive material potentially washed into the sump with the water and from radioactive material present on the filters. 
To bound the progression of events, it is assumed that one filter housing, containing the maximum possible radioactive 
material inventory dissolved in the water and present on the filters, is involved in the explosion. This maximizes the potential 
consequences and provides the bounding time required to achieve the lower flammability limit (LFL) inside the filter housing. 

TK-100 Overflow. TK-100 is used to collect and stage batches of potentially contaminated low-level liquid waste 
before transfer to a tanker truck for disposal. In addition to acting as the receiver tank for the K-3 exhaust duct drain line, 
TK-100 also receives water from numerous floor drains throughout the facility, including the Service Gallery and Truckport. 

If water diverted to TK-100 (not from the K-3 exhaust duct, which is addressed in the flood of a hot cell above) 
exceeded its storage capacity, the tank would overflow i i ito one or t i i o re  of t l i r  follow in^ p lac r :  I )  iliroit$i d ie  . i-ci i i  (?-in) 
sumi> l i i ic a n d  inlo lhc TK-100 pi t ,  2 )  through the 5-cm (2-in.) I<-3 duct drain line and into the K-3 exhaust duct. and o r  3 )  
tlirougli rlir j - c i i i  (2-i t i l  w i t  l int into rlir K - 3  t i l r u  Iioiisitig. No substantial amount ofcontamination would be washed into 
the filter housing li.uni an? oi‘tlicsc pnhs  sinw the water in  T l i - I00  docs not contain significant contamination. To prevent 
such a flood and allow facility personnel to halt the flow of water, the tank has level monitoring instrumentation and alarms to 
show the level of liquid in the tank and provide a high-level alarm should the liquid level exceed a specified value. 

If the TK-100 level monitors and alarms failed or if facility personnel could not identify and halt the flow of water 
1 into the tank, water could eventually back up into the the active K-3 filter housing. The progression of events from this point 

is identical to those described for the hot cell flood with two exceptions. The first exception is the complication of TK-100 
already being full so that water cannot be transferred out of the filter housing sump. Some of the contents of TK-100 would 
have to be transferred per normal operating procedures before draining the filter housing sumps. This complication is more 
than offset by the second exception, which is the greatly reduced radioactive material inventory assumed to be dissolved in the 
water. Since the TK-100 source of water is essentially uncontaminated, the energy available for radiolysis of water is greatly 
reduced resulting in a much longer time available for recovery. 

The possible overflow of TK-100 is developed here because it is a possible source of water entering the K-3 filter 
housings, and as such, must be evaluated. However, the source term analysis below, Section 3.4.2.4.3.2, demonstrates that 
insufficient radioactive material would be present in a flooded filter housing following this event to cause an appreciable 
generation rate of  hydrogen. Therefore, no mitigated or unmitigated conditions are developed for a possible TK- 100 overflow 
scenario. 

K-3 Filter Washdown System Activation. The filter washdown system in each of the K-3 filter housings is comprised 
of fixed-head spray nozzles above the pre-filter equipment in the filter housing. The system is designed to allow washing (for 
decontamination purposes) of the in-line heaters, moisture separators, and other exposed surfaces upstream of the HEPA 
filters. The water from the washdown system is collected in the K-3 filter housing sump and is separated from the filter media 
by a steel wall across the interior of the filter housing. The water from the washdown system never contacts the filter media. 
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When the washdown system is not in use, quick-disconnects and two valves are used to keep the filter housings 
isolated from the source of water. A filter washdown flood has already partially occurred in a 1994 event in which inadvertent 
alignment of the two valves (with the disconnects connected) caused one of the filter housings to become partially flooded. In 
that event, the K-3 system responded to the decreasing airflow as noted above and facility personnel were able to recover from 
the event before the complete cessation of airflow. The water was removed from the filter housing sump by the sump jet. 

In addition to the flood of the active filter housing, which would have a similar progression of events to that already 
described for the hot cell and TK-100 floods, the washdown system could also flood the inactive filter housing. This 
progression of events would not result in K-3 system upsets and thus would be more difficult to detect. If the inactive filter 
housing were inadvertently flooded, the liquid detector in the sump, and associated alarm systems, would alert facility 
personnel to the flooded condition. Facility personnel could then identify and isolate the source ofwater and remove the water 
from the filter housing. 
response to alarms) in conjunction with significant radioactive material on the filters, hydrogen could be generated and 
accumulated in the inactive filter housing. Given sufficient time the LFL concentration could be reached and the hydrogen 
ignited sometime later. 

If the liquid detector or alarms failed or there was a general loss of institutional control (Le., no 

The possible actuation of the filter washdown system is developed here because it is a possible source of water 
entering the K-3 filter housings, and as such, must be evaluated. However, the source term analysis below, Section 3.4.2.4.3.2, 
demonstrates that insufficient radioactive material would be present in a flooded filter housing following this event to cause an 
appreciable generation rate of hydrogen. Therefore, no mitigated or unmitigated conditions are developed for a possible filter 
washdown system flood scenario. 

Unmitieated Condition. The unmitigated condition for a K-3 filter flood scenario is based on the hot cell flood 
scenario discussed above. The scenarios for a TK-100 overflow and actuation of the filter washdown system were found to 
have insufficient hydrogen generation potential to be of concern (see Section 3.4.2.4.3.2). Therefore, the unmitigated 
condition assumes that control of a water source to a hot cell is lost, resulting in a flood of a hot cell, and highly contaminated 
water bypassing the exhaust duct drain line (to TK-100). In addition, ventilation airflow through the filter housing is assumed 
to be lost and the water in the filter housing is not detected or removed in time to prevent accumulation of hydrogen in 
concentrations greater the LFL. This hydrogen is then ignited within the filter housing resulting in direct impact to the 
radioactive material assumed to be present on the K-3 HEPA filters. 

Mitigated Condition, For the mitigated condition, it is assumed that sur\cillaiicc oitiic 1io1 ccllb h r  llnoding px\ciiIs 
ii ti>,ilriigw e\plobioi i  i i i  r l i r  K-.? t i l tc r~ .  It take, approxiiiiiitel> 7.; i l ; i>b to i iccuii iuli i tr 4” , ,  Iiydri~geii it1 the K-.; filtela 
hilo!\ itis a lliiod iii Ihc‘ Iiix cell,. Lacking the radioactive material potentially carried by a hot cell flood, a flood ofjusl lh? 
K-3 filter housing is not a hazardous condition (see Section 3.4.2.4.3.2). Therefore, the potential accumulation of hydrogen 
within a filter housing, and subsequent explosion hazard, is prevented. 

bfaior AssumDtions. The following assumptions were made in the scenario development: 

The hot cell ventilation bypass seals would not prevent water in the hot cells from entering the K-3 duct 

One filter housing, containing the maximum possible radioactive material inventory dissolved in the water and 
present on the filters, is involved in a hydrogen explosion as a result of the K-3 flooding event. One housing is 
assumed instead of both because this maximizes the calculated consequences while minimizing the time required 
to reach 4% hydrogen 

3.4.2.4.3.2 Source Term Analysis. 

The source term analysis is based on the three sources of water for a K-3 filter housing flood: a hot cell, TK-100, or 
the filter washdown system. The details of each source of water are discussed below to ascertain the bounding length of time 
to achieve the LFL concentration in the filter housing. In addition, the potential radioactive material source term released from 
a hydrogen explosion in a filter housing is calculated. 
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The general methodology for calculating the length of time required to reach 4% (by volume) of hydrogen in the 
volume of a filter housing is listed in the following steps: 

0 Estimate the ionizing energy given off from the radioactive materials present (this is calculated from the 
inventory present and any relevant physical characteristics, e.g., shielding) 

Calculate the rate at which hydrogen gas is produced from the absorbed energy (i.e., radiolysis) 

Given the rate of hydrogen generation and the volume to be filled, calculate the time required to reach 4% 
concentration. 

The ionization energy given off from the radioactive materials that could potentially be absorbed by the water is 
found from 

where: 
E T  = total ionization energy emission rate (eV / s) 

E ~ , , ~ ,  = energyfromjilters (eV /s) 

E ~ , , , , ~ ~  = energyfrom "'Cs in water ( e V / s )  
Ba in water (eV / s) = energyfrom 

The contribution from each particular source of ionization energy is estimated from the inventory by 

where: 
S, = source inventory of isotope i (Bq) 

x, = ionizing energy emitted by isotope i (e PJ 

The generation rate of the hydrogen, R H 2 ,  is then estimated the same as He) (1900) using I 
RH, = E T  F G C  

where: 
= total ionization energy emission rate (eV / s) 

F = energyfraction deposited in water (assumed 1.0) 
G = material H j  generation characferistic 

(0.45 molecules H I  per IOOeY) 
C = conversion factor (3.72 x 10" L / molecule H Z  [Hey 19961) 

The time required to reach 4% hydrogen is then calculated by 
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($1 time(4%) = (0.04) 

where: 

0 .04  = volumefiaciion of interesi (4%) 

V = f ree  volume offilfer box (L) 

Hot Cell Flood. The maximum amount of radioactive material that could possibly enter the filter housing in a hot cell flood is 
from a flood or washdown of the K-3 exhaust duct. The inwitor) from thr hot cclls is i ioi uscd in  IIijs anal},sis sincc bvatcr io 
A through E Cells has been isolated and  there is n o  appreciable iiwentol-y i n  F a r i d  G Cells outside of the capsules. The 
inventory data in Table 3-3 for the K-3 exhaust provides two possible mixtures of "Sr and 'I7Cs. In this accident, it is assumed 
that the contamination in the exhaust duct consists entirely of "'Cs, 1.9 x 1O"Bq ( 5  kCi) to maximize the amount of soluble 
radioactive material assumed to be carried into the filter housing. The only source of water entry into the K-3 exhaust duct is 
from a flood of a hot cell. This water source will not result in a fast-flowing, turbulent washing of the entire circumference of 
the duct. The water would form a shallow stream in the bottom of the duct and flow smoothly down its length. It is expected 
that very little, if any, strontium fluoride would be dislodged by this action. In addition, the contamination in the exhaust duct 
has experienced several years of continuous air passage and only the material that would dissolve in water would be expected 
to be washed away by a flood event. Therefore, the total amount of radioactive material assumed to be dissolved in the water 

I 

1 during a flood of the K-3 filter housing is I .0 A I D "  Bq (5 hCi) of '"Cs. 

In addition to the radioactive material dissolved in the water, the inventory assumed to be present on the K-3 HEPA 
filters could also add to the hydrogen generation rate. The contamination assumed to be present on the K-3 filters is assumed 
to be 8.9 x IO" Bq (240 Ci) of '"Cs and 6.7 x IO'+ Bq (18 kCi) of "Sr. This assumption is subject to inventory control for the 
K-3 filters. 

It is conservatively assumed that all of the energy from the material in the water, which includes the '"Cs and its 
daughter product "'"'Ba, is absorbed by the water. The energy from the material on the filter, however, is shielded except for 
the gamma energy from the "'"Ba. 

The peak decay energy for beta particles ("'Cs) is 0.552 MeVidis with the average decay energy one-third ofthe 
peak, or 0.184 MeVldis. The decay energy for the gamma particles is 0.662 MeVidis. Using these values and the inventory 
values stated above, the energies can be calculated as 

MeV 
= 5.9 x 10" - 

S 

Ec,,H20=(1.9 x10" B q ) .  0.184- [ 3 
MeV 

= 3.5 x 10" - 
S 

MeV =1.3 ~ 1 0 " -  
S 

I The total energy is I .7 x IOl4  MeV/s, or I .7 x IOzo eV/s. Thus, the generation rate of hydrogen is 
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L 
= 2 . 8 x / 0 5 -  

S 

The free volume of the filter housing is 4,417 L (156 fl') based on water in the sump up to the level of the ventilation 
duct inlet. To achieve 4% (volume) of hydrogen it would take 

2 . 8 ~ 1 0 ' -  
rime(&)= (0.04). 

= 73 days 

This simplistic hand calculation is conservative because it assumes that all of the hydrogen enters the filter housing 
whereas some of the hydrogen would exit through the K-3 duct leading both to and from the filter housing. In addition, the 
calculation does not account for the presence of oxygen, which is also generated, albeit at one-half the rate of the hydrogen. 

TK-100 Flood and Filter Washdown Svstem. The time required to reach 4% hydrogen in the filter housing for these 
sources of water is estimated using the same equations as shown above for the hot cell flood. Because neither of these sources 
of water would contain appreciable amounts of radioactive contamination, the energy available for radiolytic decomposition of 
water is much less than was assumed for a hot cell flood. 

The energy deposited in the water from the inventory on the K-3 HEPA filters, E,,,*,, is calculated above to be 
5.9 x IO" MeV/s, or 5.9 x 10'' eV/s. Since there is no contamination in the water, this energy is the total energy absorbed by 
the water for the purposes of generating hydrogen. This is a very conservative value because it assumes 100% of the gamma 
energy produced by the inventory goes to the water. This assumption is used for two reasons: ( I )  in the case of the hot cell 
flood (above), the value is negligible when compared to the other energy sources, and (2) in the case ofthe TK-100 and 
washdown system floods, its use demonstrates the very long time period available for detection and recovery (calculated 
below) even using such conservative values. 

With this energy, the generation rate in the filter housing for these two sources ofwater is bounded by 9.9 x IO" L/s. 
Using the same methodology (and same conservative assumptions) from the hot cell flood analysis (above), this generation 
rate results in a time to reach 4% hydrogen in the filter housing of 1.8 x 10' seconds, or 2,100 days (6 years). 

Unmitigated Condition. The unmitigated condition assumes that control of a source of water to a hot cell was lost 
and the secondary controls (e&. maintaining airflow through the filter housing) failed. In this condition it is postulated that 
hydrogen is produced by radiolysis of the highly contaminated water in the filter housing sump and then accumulated in the 
filter housing air space. If a hydrogen explosion were to occur within the filter housing, initiated by an energy source within 
the filter housing, such as from one of the in-line electrical heaters or static electricity, the potential exists for failure of the 
housing and filter media because of internal overpressurization. Two models from Mishima (1994) were considered for this 
event. The first was a shock event impacting the filter media. The second was a blast event impacting the filter media. The 
blast model was chosen due to its greaterconservatism. From Mishima (1994), Section 5.4.2.2, the hounding ARF:RF for a 
blast impact to a HEPA filter is 1 x 10z:l.O. 

Applying this release fraction to the inventory assumed to be on the HEPA filters, 8.9 x 10" Bq (240 Ci) of "'CS and 
6.7 x I O "  Bq ( I 8  kCi) of%, results in a source term of 8.9 x 10" Bq (2.4 Ci) of ""3 and 6.7 x I O t 2  Bq (180 Ci) of%. 
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The radioactive material from the exhaust duct, assumed to be dissolved in the water inside the filter housing sump, 
would not be released as a result of the explosion. The damper on the outlet ventilation duct would likely fail before a 
structural failure of the filter housing itself, so that no contaminated water would be released. This differs from the analysis of 
the potential hydrogen explosion in TK-100 (Section 3.4.2.4.4.2) where it is assumed that the pressure from the explosion is 
vented below the liquid level. Given the unknowns associated with the two analyses, the seeming discrepancy is explained by 
the desire to provide a bounding estimate of the potential consequences of each accident. In the case of TK-100, the bounding 
dose consequences arise from a tank failure and subsequent spray leak. In the case of the K-3 filter housing, the bounding 
dose consequences arise from the direct path to the environment (failed damper) in conjunction with a high-energy impact to 
the filter media (and "Sr). 

Mitieated Condition. The mitigated condition assumes that wr\cillliiicc of the hot cells for tloodins ii pert'oniie.d 
Barring a hot cell flood, water accumulation in a K-3 filter housing is not a hazardous condition. Thus, in the mitigated 

I 
I condition. a hydrogen explosion in a K-3 filter housing is prevented. 

The accident progressions for a TK-100 and for a filter washdown system flood are not carried further, and no 
controls are developed for them. Given the nature ofthe existing facility operations, described in Chapter 2.0, it is incredible 
that a filter housing at or near its maximum allowable contamination levels would sit idle for the long period of time required 
to generate a combustible mixture of hydrogen gas. Deliberate abandonment of a filter housing, because of operational or 
other considerations, is outside of the scope of this BIO. 

Maior Assumptions. The following assumptions were made in the preceding source term analysis: 

Contamination in the exhaust duct consists entirely of "'Cs, 1.9 x l0l4 Bq ( 5  kCi) and is washed into a K-3 filter 
housing 

The contamination present on the K-3 filters is assumed to be 8.9 x IO'* Bq (240 Ci) of "'Cs and 6.7 x 
(18 kCi)ofWSr 

For the hot cell flood scenario, all of the energy from the material in the water flooding the filter pit is absorbed by 
the water 

Bq 

All hydrogen generated remains in the filter housing 

The ARF:RF values of I x IO2: 1.0 for the unmitigated hot cell flood were chosen for a blast impact to a HEPA 
filter 

3.4.2.4.3.3 Consequence Analysis. 

The explosion is vented through the most direct and conservative route from the K-3 filter housing 

Unmitigated Condition. The unmitigated dose consequences arising from a hydrogen explosion in the K-3 filter 
housing can be found by multiplying the source term by the dose conversion factors developed in Section 3.4.1.3 and given in 
Table 3-27. 

Mitigated Condition. No consequences are generated by the mitigated hot cell flood scenario since the csplosion is 
prevented. Also, no mitigated scenario is required for the TK-100 and filter washdown flood scenarios since all conditions 
necessary for a combustion event were considered outside the scope of this 810 .  

I 

To provide a more complete assessment of potential effects of this inadvertent water accumulation in the K-3 HEPA 
filter housing, the gamma-ray shine from the i .(I h IO" I3q ( 5  kC-i) "'Cs assumed to be in the filter housing can be estimated. 
The unit exposure rate ( I  Icy . I O W )  of 5.0 x 10.' mFUhiCi would give an exposure rate of about 250mk.:li on the K-3 filter pit 
cover blocks. 
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Table 3-27. Unmitigated Dose Consequences from Hydrogen Explosion in the K-3 HEPA filter 
Housing. 

alternate site boundary 

3.4.2.4.3.4 Comparison to Guidelines. 

No credit is taken for a reduced frequency of the event because the frequency of the initiating event is not well 
I known. Therefore, the risk ewluation guidelines used in this analysis are those associated with the anticipated frequency 

range, 50 mSv (5.0 rem) onsite and 5 mSv ( O S  rem) offsite. 

Unmitieated Condition. The unmitigated onsite dose is 1,700 mSv (170 rem), which is above the onsite risk 
evaluation yideliiie of 50 mSv (5.0 rem). The unmitigated offsite dose is 2 mSv (0.20 rem), which is helow the offsite rkk 
cvnliiatioii pickliiic o f 5  mSv (0.5 rem). In addition, the offsite dose for the alternate site boundary definition is 2.8 mSv 
(0.28 rem), is also below the offsite risk evaluation guideline. 

Mitigated Condition. No consequences were generated by the mitigated condition 

3.4.2.4.3.5 Summary of Safety SSCs and IOSR Controls. 

Credited SSCs. None. The visible condition of water in a hot cell, a loss of K-3 ventilation, and the several days (73 
days) available before hydrogen accumulation becomes a concern, makes engineered barriers unnecessary. 

Credited IOSR Controls. 

I 
An initial condition in this analysis is the limiting inventory of 8.9 x IO" Bq (240 Ci) of "'Cs and 6.7 x 10" Bq 
(1 8 kCi) of WSr on either of the K-3 HEPA filter trains. The assumption is necessary to maintain unmitigated 
offsite dose consequences below safety class guidelines. 

An IOSR is needed to detect and take subsequent actions for flooding of a hot cell. This control consists of the 
following elements: 

- A periodic surveillance of all hot cells to detect possible water leaks into the hot cell. A surveillance 
interval of at least once per 60 days ensures that water accumulated in the K-3 filter housing would not 
result in a hydrogen concentration greater than 4%. 

On detection of water in a K-3 HEPA filter housing, ensure that I )  water did not originate from a hot 
cell, or 2) ventilation flow through the affected filter train is maintained, or 3) water from the filter 

- 
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I housing is removed within 60 days from the last surveillance. 

3.4.2.4.4 High Activity in TK-100. 

This scenario addresses the possibility of "'Cs and %r contamination accumulating in TK-100 and remaining for an 
extended period of time. The source of contamination could be water from the K-3 ductwork. Consequences are a buildup of 
hydrogen gas and a potential for increased radiation exposure rates in the vicinity ofthe TK-100 pit. 

The hazards evaluation in tlc) ( 1990) identifies a potential large accumulation of radioactive material in TK-100 as 
having a frequency rank of unlikely, F2 (i.e., unlikely), with a severity of S2 (Le., onsite worker). This frequency rank is 
based on the likelihood of flushing significant quantities of contamination into the tank and then failing to dispose of its 
contents for an extended period of time. The combination of severity and frequency ranks results in a risk rank of R2 (Le., 
moderate concern). 

I 

3.4.2.4.4.1 Scenario Development. 

Unmiticated Condition. Accumulation of contaminated liquid in TK-100 from the K-3 ductwork is possible in two 
ways: ( I )  liquid enters the K-3 exhaust duct and carries contamination into the 5-cm (2-in.)-diameter venudrain line to 
TK-100, and (2) liquid enters the exhaust duct and carries the contaminated material into the K-3 HEPA filter housing where it 

drain to TK-100. 
I is jetted from the sump into TK-100. In addition, liquid from any of 225-B Building areas drained by the LL1.W system will 

The liquid entering the K-3 duct as in the first instance above ( I )  would be coming from the hot cells. Such a flow 
could occur from the causes already discussed in Section 3.4.2.4.3.1 of the K-3 system water accumulation scenario 
development. The water from this source could have high activity as soluble "'Cs is assumed to be dissolved in the drainage. 
The liquid entering TK-100 as identified in the second instance above (2) would have the same activity expected as described 
in the first instance since it has the same origin. If the 5-cm (2-in.)- diameter ventidrain line is open and the water flow is 
sufficient to ovenvhelm the 2.5-cm (1-in.) dam in the duct, these events could occur simultaneously. Removal of this water 
would likely be in conjunction with water removal from a K-3 HEPA filter housing, and therefore, the high activity and the 
potential for hydrogen accumulation would be well known by facility personnel. The potential for significant activity going to 

I TK-100 is, however, slight in the case of the LLLW system since all of the locations draining to TK-100 have manned access 
and as such are not significantly contaminated. Section 2.6.2.2 lists all of the facility locations that drain to TK-100. 

Barriers to this event include those discussed in Section 3.4.2.4.3 in addition to a small (Le., 0.03 m'ih [ I  ft'ihl) but 
significant amount of ventilation flow provided by the level monitoring bubbler system within TK-100. TK-100 head space 
gas pressure is equalized through the 5-cm (2411.) vent line to the K-3 ductwork upstream of the HEPA filters. An additional 
control is provided by transfer of the contaminated water out of the tank in a timely fashion. 

Mitirated Condition. No mitigated condition is considered since the unmitigated scenario consequences fall below 
I the risk evilliiiition piiidelines as discussed below. 

Maior Assumutions. The following assumptions were made in the scenario development for the unmitigated 
condition: 

A gas explosion occurs 

3.4.2.4.4.2 Source Term Analysis. 

Hydrogen is generated in the tank 

The methodology used to model the generation and accumulation of hydrogen in TK-100 is similar to that used in 
Section 3.4.2.4.3.2. However, in the analysis for TK-100 diffusion through a 2-in. vent line is taken into consideration, 
whereas diffusion was not modeled in the K-3 analysis. The methodology for TK-100 is as follows: 
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?he energy absorbed by the water and subsequent generation rate of hydrogen are calculated in the same fashion as 
presented in Section 3.4.2.4.3.2 (K-3 analysis) 

Using the hydrogen generation rate and an estimated diffusion rate of hydrogen from the tank, the theoretical 
equilibrium concentration of hydrogen within the tank is estimated 

Using the theoretical equilibrium concentration of hydrogen within the tank, the time required to reach a 
concentration of 4% is calculated 

0 

The diffusion of hydrogen from the tank is calculated in a fashion similar to that used in Liljegren and Terrones 
(1996) for the K-1 duct leading from the Pool Cell Area. 

The equation used in that analysis is 

Q_,,, = DHI..C ($1 
where: 

Q,,,, = rate of diffusion (cm' / s) 

DH1,at, = difjusion coefficient for H2 in air 
(0.711 cm2 / s at 25" C [LiOegren> et. a1 19961) 

A = vent area normal to flow (cm') 
L = length of vent line to K - 3 exhaust duct (cm) 

The diffusion rate is then used as input into the equilibrium concentration calculation, which is also given by 
Liljegren and Terrones (1996) as: 

where : 
X H > -  -hydrogen volume fraction in Jlter housing 

R ~ ,  = generation rate of oxygen (Us) 
= 0.5 Of R H ,  

R, ,~  = generation rate of hydrogen (Us) 
Q,,, = hydrogen diffusion rate through vent (Us) 
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From Liljegren and Terrones (1996), the time required to reach a specified concentration when given the equilibrium 
concentration can be estimated by 

x ~ , ( I )  (x,,(o) - x H , . . ~ ~ ~ / )  e: + ~ ~ , . ~ ~ ~ j /  

where: 

xJt) = 0.04, volumefraction of interest 

xH1 (0) = 0, initial hydrogen concentration 

x ~ , , , , ~ ~  = calculated equilibrium concentration 

t = time (s) 
r = time constant 

where: 

vhrd = headspace in tank (L) 
RHI = hydrogen generation rate (L / s) 

Unmitipated Condition. Following the introduction of water into the K-3 exhaust duct , hydrogen could accumulate 
in TK-100. 

The total ionization energy, E, is identical to that calculated in Section 3.4.2.4.3.2 for the flood of the K-3 filter 
housing except for the energy contributed from the K-3 HEPA filters. The energy from the contamination in the water is 
-3.5 x IO"' MeVis (for the "'Cs) and I .3 x 10'" MeV/s (for the "'"Ba). This energy accounts for the entire K-3 exhaust duct 
inventoly, 1.9 x 10l4 Bq (5 kCi) of '"Cs. The total energy is then I .7 x I O G 4  MeV/s, or I . 7  x IOz0 eVis. 

Using the stated values for E ( I  .7 x IO" eVis), F (1,0), G (0.45 molecules H, per 100 eV), and C (3.72 x IO2'  
L/molecule H,), the rate of generation of hydrogen, R,,, is 3.8 x 10.' Lis. 

The diffusion ofthe hydrogen from TK-100 through the 5-cm (2-in.) drain line, Q,.,,, can be estimated from the 
diffusivity of hydrogen in air (0.71 1 cm% at 25 C), the cross-sectional area of the duct (20 cm'), and the length of the duct 
(approximately 3,000 cm). Using these values and the equation presented above, Qven, is 4.7 x IO' cm3/s, or 4.7 x L/s. 

Substituting the values of the hydrogen generation rate and diffusion rate into the equilibrium concentration equation, 
and using Ro> = 0.5 RH2 , yields an equilibrium concentration of 

4.7 x f 
2.8 x 10' 4 

= 60% 

Given the sequence of events required to lead to this equilibrium concentration and sufficient time, it is possible that 
the hydrogen could accumulate in the headspace of the tank in concentrations greater than the lower flammable limit of4%. 
To determine the time required to reach a 4% concentration of hydrogen, the values for the time constant, T, and the 
equilibrium concentration are substituted into the time equation shown above. Of the parameters associated with the time 
equation, the only unknown value is the free volume in the tank, V,,,. V,,,, is assumed to be one-quarter of the volume of the 
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tank, or 2.8 kL (750 gal). ?his volume is used as a conservative value because it minimizes the time required to reach the 
lower flammable limit but still allows sufficient hydrogen to cause damage to the tank if ignited. Substituting these values into 
the time equation above and solving for t  yields 

= 48 days 

Thus, if the entire K-3 exhaust duct inventor) were dissolved and carried into TK-100 and the tank bubbler system 
were inoperable, it would take approximately 48 days to reach 4% of hydrogen in one-quarter of the tank volume. 

If a 4% concentration of hydrogen is attained in the tank, an ignition source capable of igniting the mixture is not 
readily apparent. There are no intrusive activities performed in the tank, and the pump associated with transfers ofthe tank 
contents is located outside the tank. It is conceivable that static electricity or a lightning strike could cause ignition of the 
hydrogen. However, these ignition sources have diminishing likelihoods. 

The release mechanism associated with a TK-100 explosion can best be modeled as venting of a pressurized vessel. 
If the hydrogen were ignited, the resulting combustion would be an explosion with subsequent increase in pressure, but would 
not have the shock wave characteristics associated with a detonation. The increase in pressure could lead to failure of the tank 
and release of contaminated water into the pit. The most conservative approach to modeling such releases is to treat it as a 
pressurized spray leak because this results in the greatest estimates of airborne releases. 

There is a noted difference in the release mechanism modeled for the hydrogen explosion in the K-3 filter housing, 
Section 3.4.2.4.3.2, and the release mechanism just postulated for a hydrogen explosion in TK-100. This difference is because 
of the desire to provide a bounding estimate of the potential consequences associated with the event under analysis. For the 
K-3 filter housing explosion, the maximum impact to the filter media (and assumed contaminant loading) provided the greatest 
dose consequences and was the most likely failure mechanism. For the TK-100 explosion, while not the most likely failure 
mechanism, the rupture below the liquid level and hypothetical spray leak comprise the bounding release mechanism which 
could be experienced by the contents of the tank. 

Based on the graded approach, which dictates that the rigor and detail of an analysis be based upon the magnitude of 
the potential consequences, sophisticated modeling of the spray leak is not performed. Instead, a bounding ARF:RF of 1 x 10. 
?I.O from Mishima (1994), Section 3.2.2.3.1, is used. This ARF:RF is taken from data on the droplets formed from 
commercial spray nozzles. This model is extremely conservative for the TK-100 explosion because it assumes that the entire 
contents of the tank are sprayed from the leak at high pressures. In reality, if the explosion were to happen at all, it would 
likely rupture the tank above the liquid level and result in a spill in the pit with little detectable contamination spread outside of 
the pit. 

The application of  this ARF:RF to the radioactive material assumed to be present in the tank, 1.9 x IO" Bq (5.1 kCi) 
I of "'Cs from the K-3 exhaust duct, results in a source term of I .9 x 10" Bq (0.5 Ci) of "'Cs (the "'"Ba daughter product is 

accounted for in the dose calculations). No credit is taken for the pit providing confinement of the release material resulting in 
an LPF of 1 .O. 
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I lnn~ i t i r?a tec l  Condition The calculated onsite dose of 0.6 mSv (0.06 rem) is well below the onsite risl, evalualioii guiileline of 
50 mSv (5.0 rem) and the calculated offsite dose of 7.0 x 10.’ mSv (7.0 x 10.‘ rem) is well below the offsite risk e\aluatioii 
guideline of 5 mSv (0.5 rem). In addition, the dose at the alternate site boundary is I .O x IO’ mSv ( I  .O x IO4 rem), which is 
also well below the offsite risk c.\aluatioii giidelinr. 

X.1iti-atc.d Condition. No iiiitigiited condition is considered since the unniitigated sceii;irio conseilueiices fall helo\\ the risk 
cva lua l i~ in  SLiidcliiieC as discussed bcl i i i t .  

3.4.2.4.4.5 Summary of Safety SSCs and IOSR Controls. 

Given the extremely conservative nature of the accident analysis in conjunction with dose consequences below the 
I most conservative risk wiluation yidelinrs, no safety class SSCs, safety significant SSCs, or IOSR controls are necessary to 

prevent or mitigate a hydrogen explosion in TK-100. The potential worker safety and environmental impacts arising from 
high activity in TK-100 is accounted for in the institutional controls governing the operation of the WESF facility (see 
Chapter 6.0). 

3.4.2.4.5 Hydrogen Accumulation in Hot  Cells. 

This assessment examines the conditions necessary to generate and accumulate significant amounts of hydrogen in 
the hot cells. The time required to accumulate 4% by volume (which is the LFL for hydrogen in air) is also estimated in order 
to estimate the response time necessary to prevent the occurrence. 

The hazards evaluation in tlq ( lOO9) assigned an FI (Le., extremely unlikely) frequency of occurrence to this event. 
The frequency rank, combined with the S2 (Le,, onsite impacts) consequence rank, results in a risk rank of RI &e., minor 

concern) for this accident. 

I 

The methodology used to calculate the time required to reach 4% hydrogen in the hot cells is identical to that 
presented in Section 3.4.2.4.4.2 for TK-100. The equations developed in that section are not derived again here for the hot 
cells analysis. 

3.4.2.4.5.1 Scenario Development. 

Unmitieated Condition 

Conditions Pertaining to All Hot Cells. In order for hydrogen to accumulate to a concentration of4% (the LFL for 
hydrogen in air) within a hot cell, three conditions must be met: ( I )  the cell must contain ionizing radiation for radiolysis to 
occur, (2) water must be added to the hot cell and remain for the duration ofthe event, and (3) ventilation airflow through the 
hot cell must cease for the duration of the event. 

The radioactive material inventory for each hot cell is given in Table 3-3. The second requirement to generate and 
accumulate hydrogen in a hot cell is the addition of water to the cell. Water sourccs are only available to F and Ci Cclls. There 
are three possible sources of water in these hot cells. They are fue suppression water, deionized water feeds, and XI’ lines. 
Each of these sources of water is discussed in detail in the analysis for water accumulation in a K-3 filter housing, Section 
3.4.2.4.3.1. 

I 
The third requirement to generate and accumulate hydrogen in a hot cell is to halt ventilation airflow through the cell. 

The normal ventilation airflow to each hot cell is from the canyon through two HEPA filtered and dampered inlet ducts 
(usually only one in operation at a time) that enter the cells through the wall near the ceiling of the cell. Each cell has two 
HEPA filtered and dampered exhaust ducts (usually only one in operation at a time) that exit the cell through the floor, with 
the exhaust ducts rising vertically from the cell floor approximately 1 m. 
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A loss of ventilation could occur in three ways. 

The K-3 ventilation system could be in a general no-flow configuration that is independent of inadvertent and 
undetected water flow into a hot cell. Such a general system shutdown could be from such causes as truck impact 
of the system exhaust fans, loss of electrical power, or other failure of critical components. Such a general system 
shutdown would not be unnoticed and has no operational relation to cell water usage. 

The second way that the ventilation flow to an individual cell could be stopped is by manually closing of the 
dampers on either the inlet or exhaust ducts to the cell. The inlet dampers are motor operated while the exhaust 
dampers are manually operated by means of a key type rod that is connected to the damper control shaft by 
insertion into the cell wall and rotation by hand. This no-flow condition, as with the general K-3 system no-flow 
condition, has no connection with inadvertent water introduction and subsequent water retention necessary for 
potential hydrogen accumulation. 

The third way that ventilation airflow could be stopped relates to the inadvertent water introduction and retention 
within a hot cell. In this scenario, water could be inadvertently introduced through the opening of both the cell 
process water supply shutoff valves (in the hot cell and in the Service Gallery). In conjunction with this 
inadvertent water introduction the water would have to flow unnoticed, even though there is a leak detection sump 
and alarm in each cell, and accumulate to a depth a depth of about I m and start to overflow through the exhaust 
duct filters. Introduction of water that overflows the outlet vent path could, depending on the flow rate, also cause 
water to flow into the K-3 HEPA filter housing. Unabated, the flow into the K-3 HEPA filter housing could 
block flow in both of the K-3 HEPA filter housings as described in Section 3.4.2.4.3.1 and could be the cause of a 
no-flow condition in the K-3 ventilation system. 

Hvdroeen Accumulation in A t l i rwz l i  E Cell,. I lirre :ire no w t c r  w i r c e 5  :i\al. ible to A i l i rwgl i  t: Cells, rhcrciore. 
i io Iurtlicr malysis is rcqiiirsil h r  t l i cw lioi cc11s. 

Hvdroven Accumulation in F Cell. While use of water in F Cell i5 i i i i l i k c l ~ ,  the potential storage of 24 capsules 
makes F Cell the hot cell that would reach 4% hydrogen in the shortest time, if the maximum allowed inventory were present. 

F Cell contains very little contamination as an activity source for hydrogen generation. The activity for hydrogen generation is 
I that of the 24 capsules assumed to have the average loading per capsule of 39.2 kCi '"Cs per capsule (tlq IWj), which 

because of shielding effects of encapsulation, reduces somewhat the energy emitted to the water. The energy emitted by 
capsules and absorbed by the water in the storage pools was estimated by Hc) ( 109~9) and that estimate is conservatively used 
to represent the ratio for the F Cell case. The value in I IC) ( 1999) is 0.148 MeV absorbed by the water for each 0.662 MeV 
photon. The following values were used in the time estimate calculations. 

I 

Activity encapsulated = 3.48 x Bq (9.4 x IO' Ci) 
Absorbed energy of activity 
Hydrogen generation rate, R,, 

Equilibrium fraction of H,, xH2 
Volume of air in F Cell, V,,,, 
T = 1 .1  x IO'S 

= 5.15 x 10" eVis 
= 8.61 x IO4 Lis 
=2.21 x 10-4LiS 
= 0.57 
= 16,000 L 

Diffusion rate, Q,,., 

B) a sitiiplc coiivcrsioii o t u i i i t s .  tlic cncrgy rate cotitribtition ,>ftI lc '.''CY is 
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The subrcqucnt hydrogen gencration rate RH, i s  calculated a? l'ollo/~s: 

L 
= 8.61 x IF'- 

S 

The diffiision of  t l ie hydrogen from tlie liot cell thsoufh the inlrt  duct leading tu tlir caiiyoii is estiniated firorn the diffiisivity of 
the hydrogen, tlie d i u  cross-scctional area. and Ihc duct length Tlie ducl leading from the canyon to tl ic c e l l  is 15 c i i i  ( 6  in.) 
in diameter and aboiir 572 ci i i  (325 in.) in length. 'l'lir f i l ter riiedia i 5  assunicd IO provide no resistance to the diffiision of t l ie  
lhydroqcii from the l i l tcr housing. The spccilic difliision rate i s  

e,.,= [ 0.711- cf]*[-] 
cm' 

= 2.21x 10- - 
S 

G i v e n  I l l i s  high cq~ii l ibr ium concciitratioii, i t  i s  pssililc t l i a i  tlic Iiydroger could iicciiiiiiilatc iii the cell(s) in  concentrations 
greater tlian the l . t l .  of.l?u. 

For the tii i i? equation, the values of RH2 and XH2,e4ui, h a w  already bee11 cn lcu ln ld  and arc 8.61 x IO-' L!s and 0.57 

(57%). rcs]xctivcly. x,,(t) i s  the coiicciitratioii ol'intercst. 496. u l i i ch  is  the lower llaniniablc l imit of hydrogen. xH,(o) i s  

the initiiil concentration of hydrogen in the cell. which is 7,erii. .The vol i i i i ie of r l ie cell. V,,,, (16,000 I.). i s  calculated frorii t l ie 
D or C Ccll dimciisions that are 7.4 111 (8 rt) by 2.4 11) (8  f t )  hy 4 in (12 It I O  in.). The ce l l  i s  assunled to be llooded to a depth 
of I?? ci i i  (48 in.) based on the appsoyiniare height abo\,r the tloor oft l ie ventiliitiuii oiitlrt (the \Later level could iiot get 
higher). Substituting these valui's into the t i i i ic constant and t ime  cquatioiis and solviiig for I yields. 
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= 9 days I 
The time to reach 4% hydrogen in F Cell using these values is approximately 9 days. 

Hydrogen Accumulation in G Cell. G Cell is normally an uncontaminated cell used for capsule decontamination, 
temporary storage of capsules and transfer activities. Flooding of the cell is not possible due to the presence of a floor 
penetration, which is a chute leading into Pool Cell 12 (the transfer aisle). Decontamination solution (i.e., TSP solution or 

I deionized water) is used in a single pass through the scrubber and does not remain in the cell. Kadiolytic decomposition of 
water is not considered further. 

Mitigated Condition. Water in the affected hot cell will be removed before a flammable gas mixture can be 
generated, thereby preventing a gas combustion. 

Major AssumDtions. The following assumptions were made in the scenario development: 

The cell in question is assumed to be flooded to the depth of the ventilation outlet ducts 

The fraction of gamma-ray energy deposited in the water flooding F Cell is 0.148 MeV for each 0.662 MeV photon 

The activity encapsulated in F Cell does not exceed 3.48 x 10l6 Bq (9.4 x IO' Ci) "'Cs 

3.4.2.4.5.2 Source Term Analysis. 

Unmitigated Condition. F Cell has been analyzed to store as many as 24 capsules without causing thermal 
degradation to the hot cell structure. The capsules stored in F Cell could be defective such that their containment function is 
no longer relied upon, hence their isolation and storage in F Cell. 

A hydrogen explosion in a hot cell could potentially damage the hot cell structure, lift the cover block, fail the 
shielded window, fail the manipulator boot and seal, and release radioactive material into occupied areas of the facility. 
Although capsules stored in F Cell are suspect leakers, a hydrogen combustion event in the cell would not significantly impact 

basis of worker safety and defense-in-depth, easily implementable IOSR controls are developed below to preclude the 
possibility of accumulating hydrogen in a hot cell. 

I the '"Cs or %?r inside the capsules. I iowever. a loss of shielding in F Cell has worker safety implications. Therefore, on the 

Mitigated Condition. No mitigated source term analysis was developed for this accident, see the discussion above 

3.4.2.4.5.3 Consequence Analysis. 

Unmitigated Condition. No unmitigated consequence analysis is provided for this event. See source term discussion. 

Mitigated Condition. No mitigated consequence analysis was necessary for this accident since a gas combustion is 
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prevented by the controls discussed below. 

I 3.4.2.4.5.4 Comparison to Guidelines. No comparison is provided for this event. 

3.4.2.4.5.5 Summary of Safety SSCs and IOSR Controls. 

Although no consequences are expected outside the facility for this event, for the purposes of worker safety and 
defense-in-depth, easily implementable IOSR controls are developed in this section to preclude a hydrogen explosion in a hot 
cell. 

Credited SSCs. None. The visible condition of water in a hot cell, a loss Of K-3 ventilation, and the several days 
available before hydrogen accumulation becomes a concern, makes engineered barriers unnecessary. 

Credited IOSR Controls 

An IOSR is needed to detect and take subsequent actions for flooding of a hot cell. This control consists of the 
following elements: 

A periodic surveillance of F Cell to detect possible water leaks into the hot cell. A surveillance interval of at least 
once per 9 days ensures that water accumulated in F Cell would not result in a hydrogen concentration greater than 
4%. 

I 

3.4.2.5 Facility Explosions. 

This section discusses the potential for explosions within the facility. This includes consideration of welding gases, 

analysis excludes those events already discussed in Sections 3.4.2.4 relating to hydrogen accumulating in the K-3 ventilation 
system, hot cells, and TK-100. 

1 gasoline fumes, propane, and hydrogen generation in the pool cell area as nell ils r i le W I X M  lorilretl i r i  rite Vi-wkpoti. This 

This accident type, Facility Explosions, is not taken directly from the hazards evaluation documented in I ley ( I  999). 
In the hazards evaluation, the accident type considered was hydrogen deflagration. After completion of the hazards 
evaluation, however, it became evident that a more general type of explosion event was possible because ofthe periodic or 
operationally desired use of flammable gases and highly volatile fuels. Such uses might include a propane-powered forklifl or 
welding operations associated with a facility modification. Therefore, the accident type Hydrogen Deflagration was expanded 
to include potential explosions from all flammable gases. 

I 

3.4.2.5.1 Hydrogen Explosion in the Pool Cell Area. 

This section analyzes a hydrogen explosion event in the Pool Cell Area. 

3.4.2.5.1.1 Scenario Development. 

The hazard evaluation identified a hydrogen combustion in the Pool Cell Area due to failure of the Pool Cell Area 
ventilation as a frequency F2 (Le., unlikely) and severity S3 (Le., public). The severity rank is assigned because of the 
potential for facility structural damage from the combustion event leading to capsule or pool cell structural damage and 
subsequent loss of pool cell water. The resulting risk rank for this accident is R3 (items of major concern). 

Radiolysis of water in the pool cells generates hydrogen during normal operation (I  le), 1999). With ventilation 
supplying and exhausting air in the Pool Cell Area, approximately 140 ml/min (5,000 ftl/min) (He) IOOO), it has been shown 
wit0 ciilciilati,ms :iiid i ictuii l  s ~ i i i i p l e s  that the maximum hydrogen concentration, which occurs at the surface of the pool cell 
water, is substantially less than 1% (Liljegren and Tenones 1996). Therefore, accumulation of hydrogen and subsequent 
combustion in the Pool Cell Area is not possible unless the K-1 and K-4 ventilation systems fail or are not operating. 
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UnmitiFated Condition. lhe hbcli-ogen :eiieratioii rate iii t l ic P w l  Ccll Area war calculated 10 be 5 clh (Hcy 1999). A 
\ d u e  of12.05 hlCi "'Cs ( s w  I-ahle 3 - 3 )  !vas used iii  tlie calcul i l f ionj s ince only tlir gnninia emitted tkoni ' :-Ha contribiitrs 
sigiiilicaiitly LO the iuiiiLing radiation escaping the capsulc. The contribulioii froiii ""Sr or its dauglitcr pruduct iz icgligiblc. 

Using a li)di-ogen geiicrntion raic 01'5 clli and l l i c  li)llouing equation. a graph was devclopcd i n  Liljcgreii a n d  
lelTones (1996) ~ l i i c l i  identitied the leligth uf t ln ie reqilircii to ilCclliiiil~ate 4"; Ii!,drogeii wit11 b e i i t i l a t i o n  inupcrable ;ind the 
P o o  Ccl l  Area iioi-tli door both opeti atid chized. 

where : 

,yHJ(t) = 0.04. volume fraction of interest 

x,,(O) = 0, initial hydrogen concentration 

x ~ , , ~ ~ , ,  = calculated equilibrium concentration 

t =time (s) 
r = time conslanr 

where : 
ywmr= roomvolume (L) 

Rxi = hydrogen generation rate (LIS) 

l i ' thc \cntilation sbstciii fail5 and  thil I'cwl Cell \ri.a iior~li door (3111' ['I i't']) \ ~ c r c  opciicd. llic tiydiogcii 
uinceiiti-;itioii woiild iiut iicciiiiiiiliite nho\  c I"'". 

l f the ventilation system fails iiiiil tlie P i id  Ccll Are.:! iiortli door (2m' 121 i t ' l )  iwrc closed, it uuuld  rrqiiired at least 
226 hours (9 days) to ncci i i i iulnit  a flammable concentration of hydrogen in the Pool Cell Area. Thc model did not account 
for the natural ventilation caused by barometric pressure changes and pressure differentials across the building as a result of 

inlet fail closed if the exhaust system fails. 
I wind or infiltration. Thc natural draft from the exhaust ventilation stack would be limited because the dampers on the K-1 

In the past, cover blocks were placed over pool cells for shielding, and there was a possibility of excess hydrogen 
buildup in a localized area between the cover blocks and the surface of the pool cell water. However, cover blocks are 
presently removed from al l  active cells, and Liljegren and Terrones (1996) shows that without cover blocks in place, natural 
convective forces within the pool cell will prevent a localized region of high hydrogen concentration above the surface of the 
pool cells during an extended loss of ventilation. Personnel could reduce the buildup of hydrogen in the Pool Cell Area to 
acceptable levels by opening Ihc Pool Cell Area nortli door during a ventilation failure. 

Nevertheless, assuming that a flammable concentration does build up and ignite after a number of days without 

I 
ventilation, the walls and ceiling of the Pool Cell Area may collapse from pressurization caused by the combustion products or 

1 the shock wave created by a detonation (tvlci-tr IOOS). There are several penetrations in the Pool Cell Area walls and ceiling to 
provide blow-down pathways that would lessen the severity of a pressurization event: (I) four inlet ducts for the K-4 
ventilation system, (2) three steel doors, (3) the K-l exhaust duct, (4) the window to the Operating Gallery, and ( 5 )  the seismic 
joint between the canyon and Pool Cell Area and the Service Gallery and the Pool Cell Area (structural areas 2 and 3). 

I However, no credit is taken for these penetrations in the FHA (b1~1.t~ lO9S).  A detonation in the Pool Cell Area is v u )  
unlikely due to the low energy ignition sources and open geometry of the area. Potential ignition sources in the Pool Cell Area 

1 are the circulatioii pump motors, electrical switches associated with monitoring devices or automatic valves, and the K-1 and 
K-4 fan motors. If ignition occurs in the exhaust or inlet ventilation ducts (from restart of fans or mechanical sparks from the 
movement of dampers), the combustion event is more likely to progress to a detonation because the narrow duct geometry 
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would tend to enhance the propagation of the flame front. Operations personnel entering the Pool Cell Area might cause an 
ignition source from static or mechanical sparks, but these are relatively minor energy sources and unlikely to proceed to 
detonation. 

If the walls and ceiling of the Pool Cell Area do not collapse, there is still a possibility that more limited damage will 
I occur and essential piping or equipment in the Pool Cell Area will fail, especially if a detonation occurs (hlert7 IUOS). If 

several heat exchangers or associated piping were damaged, the accident could progress in a manner similar to the loss of 
water accident described in Section 3.4.2.7.2. The difference between the general loss of cooling capability described in 
Section 3.4.2.7.2 and the loss of cooling following a hydrogen explosion is that recovery of cooling following the hydrogen 
explosion may be hampered because of equipment failures. However, once the pool cells begin to heat up from loss of 
cooling, the risk of further hydrogen combustion would be diminished by the addition of moisture to the pool cell air. There is 
also a possibility that the pool cell crane could be dislodged from its support rail due to movement of the area walls. If so, 
accident progression from the point of crane failure could proceed in a manner similar to the object droplimpact accident 
discussed in Section 3.4.2.6.2. 

If the building does collapse, large structural members could fall into the pool cells, damaging capsules and possibly 
the pool cell liner and underlying structure. Further accident progression from this point would be similar to the falling object 
accident discussed in Section 3.4.2.6.2 and the loss ofpool cell water in Section 3.4.2.7.2 with the exception of the failure of 
the building structure allowing free heat exchange and aerosol release to the atmosphere. 

Mitigated Condition. Following a loss of the Pool Cell Area ventilation, gas combustion is prevented by restoring 
active or passive ventilation before a flammable gas mixture can be generated. 

Maior Assumptions. The following assumptions were made in the scenario development (also, see the major 
assumptions in the source term subsections for the sudden capsule failure analysis, Section 3.4.2.6.2, and the loss of all pool 
cell water analysis, Section 3.4.2.7.2): 

Normal ventilation flow in the Pool Cell Area is approximately 140 m'imin (5,000 ft'imin) 

In the event of ventilation failure, there is no natural draft or air leakage in the Pool Cell Area for the unmitigated 
scenario 

No cover blocks are placed over active pool cells 

An ignition source is present in the Pool Cell Area 

A gas combustion w i l l  conscl-vntivcly rcsuh in a dclonalion !\Ilich will cause the walls and ceiling to collapse for 
the unmitigated event 

The maximum inventory in the Pool Cell Area is 52.05 MCi of '"Cs. The gamma energy deposited in the water 
by the 1'7"Ba (daughter product of 'I7Cs) is the only ionizing radiation energy not shielded by the capsules. 

I 

3.4.2.5.1.2 Source Term Analysis. 

Unmitieated Condition. For a hydrogen explosion in the Pool Cell Area, two basic release mechanisms have been 
identified. The failed structural components following the explosion could result in capsule failure or loss of pool cell water. 
The analysis of a sudden capsule failure, including consideration for failed building structural components, is contained in 
Section 3.4.2.6.2. The analysis of a loss of all pool cell water without ventilation is contained in Section 3.4.2.7.2. 

The source term for the loss of all pool cell water (no ventilation) is calculated based on maximizing the possible 
consequences of such an accident. The calculations assume survival of the building structure so that heat transfer from the 
capsules is limited for some time after the accident. If the building fails or a flow path to the environment is opened early in 
the accident, the temperatures of the capsules, and subsequent consequences, are greatly reduced. Therefore, the source term 
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calculated in the loss of all pool water accident analysis bounds a hydrogen explosion in the Pool Cell Area. 

The source term for capsule rupture due to drop impact is provided in Section 3.4.2.6.2. This source term is based on 
the direct radiation and minor airborne contamination associated with elevated cesium chloride concentration in a pool cell. 

Mitigated Condition, No source term is calculated for the mitigated condition, since a gas combustion is prevented by 
the restoration of ventilation. 

Maior Assumvtions. See the major assumptions in the source term subsections for the sudden capsule failure analysis 
(Section 3.4.2.6.2) and the loss of all pool cell water analysis (Section 3.4.2.7.2). 

3.4.2.5.1.3 Consequence Analysis. 

Unmitigated Condition. The consequences ofthis accident are bounded by the consequences calculated in the loss of 
all pool cell water (without ventilation) analysis, Section 3.4.2.7.2 for the case where pool cell water andlor cooling is lost. 
The consequences of rupturing capsules in a pool cell are analyzed in Section 3.4.2.6.2. 

Mitieated Condition. No consequences are calculated for the mitigated condition, since a gas combustion is 
prevented by the restoration of ventilation. 

3.4.2.5.1.4 Comparison to Guidelines. 

Unmitigated Condition, As shown in Section 3.4.2.7.2, the unmitigated consequences associated with the loss of all 
I pool cell water (without ventilation) exceeds both the onsite and offsite rihk c ~ ~ i I i i : i t i ~ m  y ide l i neh .  For the case of sudden 

capsule failure, as from failed building structural components, no comparison to guidelines is made because the loss of pool 
cell water in the same event already drives the requirement to have safety class SSCs and IOSR controls. 

Mitigated Condition, No comparison is made since no consequences are generated by the mitigated condition 

3.4.2.5.1.5 Summary of Safety SSCs and IOSR Controls. 

Credited SSCs. None. The obvious condition of a Pool Cell Area ventilation failure, and the several days available 
before hydrogen accumulation becomes a concern, makes engineered barriers unnecessary. The risk is easily mitigated by the 
controls credited below. 

Credited IOSR Controls, 

The controls necessary to prevent a hydrogen explosion in the Pool Cell Area are predicated upon providing 
adequate ventilation for the area. Liljegren and Terrones (1996) have shown that opening a single personnel 
access door to the environment (located in the north wall of the Pool Cell Area) within 9 days following the loss 
of ventilation is sufficient to preclude the accumulation of hydrogen. While this action would open an area 
considered as having possible contamination to the environment, the ventilation system is assumed to be 
inoperable so that the area has already lost its confinement function. 

3.4.2.5.2 Flammable Gas Explosions. 

This section addresses the possibility of a flammable gas explosion (other than hydrogen) in all areas of the facility. 
Based on potential impacts to the pool cell area structure and subsequent loss of water, all scenarios identified in this section 
are assigned an S3 (Le., public) severity rank. The frequency rank of F2 (Le., unlikely) is assigned based on the small number 
of welding and truckport operations performed at WESF. The resulting risk rank for these scenarios is R3 (Le., items of major 
concern). 

The flammable gases explicitly considered in this analysis include acetylene, propane, and gasoline fumes; however, 
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the analysis is prepared such that it is bounding for all flammable gases which may be brought into the facility. 

3.4.2.5.2.1 Scenario Development. 

The possibility of a flammable gas explosion (non-hydrogen) in the facility can be divided into two cases: highly 
volatile liquid fuels and flammable gas cylinders. 

The first case, highly volatile liquid fuels, relates to the Truckport area only. During normal operations any trucks 
associated with Truckport operations are diesel-powered. However, facility operations may find it expedient to use a gasoline- 
powered truck. A spill of gasoline may result in a flammable gas hazard not realized with the use of diesel fuel. In addition, a 
diesel-powered forklift is used in normal Truckport operations, but a propane-powered forklift is an optional backup to the 
diesel forklift. 

The second case, related to the use of flammable gas cylinders, applies to all areas of the facility, including the 
Truckport. Such cylinders may be used for facility maintenance and modification activities, such as welding. 

Unmitigated Condition. For the highly volatile fuels which may be used in the Truckport, the unmitigated condition 
would consist of a fuel leak or spill, generation of flammable gases, and subsequent explosion. Any resulting fire in the 
Truckport would be bounded by the analysis provided in Section 3.4.2.3.2. 

For the case involving flammable gas cylinders, the unmitigated condition would be gas leaking from the cylinder or 
the cylinder failing catastrophically. The gas would then be ignited resulting in an explosion. 

For all flammable gas explosion scenarios, the bounding consequences would result from the pressure increase 
associated with the explosion. The actual pressure resulting from an explosion is dependent on the geometry of the area, 
quantity of gas, vent pathways, possibility of detonation, and other factors. The WESF FHA provides a simplistic calculation 

explosion gases through the rollup and folding doors, shows that the potential pressure increase would cause failure of the 
Truckport structure. From this analysis it can be assumed that a flammable gas explosion in any area of the facility could 
cause significant structural damage. In addition, an explosion in virtually any area of the facility has the potential to impact 
the Hot Cell and Pool Cell Area structures which contain the only radioactive materials vulnerable to this event. For example, 
an explosion in the Operating Gallery could directly impact the Hot Cell structure and the adjoining Pool Cell Area wall. 

1 for a propane explosion in the Truckport area (Ll iv i /  IWS). That calculation, which does not consider venting of the 

The responses of the structural areas of the facility to an explosion are unknown. Impacts to the hot cells could result 
in cover block failure, loss of structural integrity, and subsequent suspension of radioactive material, as well as a loss of 
shielding. Structural failure in the Pool Cell Area could result in a heavy object drop into an active pool cell and possible 
capsule impacts and loss of pool cell water. A more detailed discussion of the ramifications of an explosion in the Pool Cell 
Area can be found in Section 3.4.2.5.1.1, the scenario development for a hydrogen explosion in the Pool Cell Area. Heavy 
object drops in the facility are discussed in Section 3.4.2.6, Loss of Containment. 

Mitieated Condition. As stated above, an explosion in the facility would have unknown impacts to facility structures. 
Because of the possibility of impacts to the Pool Cell Area and hot cells, the mitigated condition takes credit for a control 

which restricts all highly volatile fuels and flammable gases from the facility. 

3.4.2.5.2.2 Source term. 

Unmitigated Condition. As discussed in the scenario development, the bounding consequences associated with a 
flammable gas explosion are possible impacts to capsules and loss of pool cell water (heavy object drop into a pool cell) and 
structural failure of the hot cells. 

The source term arising from a loss of pool cell water is calculated in Section 3.4.2.5.7. The source term arising from 
structural failure ofthe hot cells can be found in Section 3.4.2.1.2, Design Basis Earthquake for A through E Cells and 
Section 3.4.3.2, Beyond Design Basis Earthquake for F Cell. The earthquake source term analyses are applicable to a 
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flammable gas explosion because both types of events model structural failure of the hot cells and physical shocWvibration of 
the radioactive materials. 

Because these source terms are so large and result in obviously unacceptable consequences, no additional analysis is 
provided to show the combined hot cell and pool cell source terms. In addition, a heavy object drop onto the hot cells is 
bounded by the consequences associated with a heavy object drop in the Pool Cell Area. 

In addition; to the possible source term arising from heavy object drops, another source term would also arise if the 
explosion resulted in a fire in the Truckport or Hot Cells. These potential source terms would he bounded by the facility fire 
analyses in Section 3.4.2.3. 

I 

Mitieated Condition. Since a flammable gas explosion is prevented in the mitigated condition, there is no source 
term. 

3.4.2.5.2.3 Consequence Analysis. 

Unmitieated Condition. The dose consequences for the unmitigated condition can be found in Section 3.4.2.7 for the 
loss of pool cell water and Sections 3.4.2.1.2 and 3.4.3.2 for the hot cells. Although the hot cell consequences are not 
explicitly presented for the DBE in Section 3.4.2.1.2, the consequences associated with a loss ofpool cell water are 

I overwhelming. Since the consequences are clearly beyond any risk evaluiltioii Suidelines, no further analysis of a 
hypothetical release from the hot cells is performed. 

Mitigated Conditions. There are no consequences arising from the mitigated condition because the explosion is 
prevented. 

3.4.2.5.2.4 Comparison to Guidelines. 

Unmitigated Condition. The consequences calculated for a loss of pool cell water (Section 3.4.2.7) are clearly above 
I all risk cvnluntioii gii idclit ics. Because the consequences associated with a loss ofpool cell water are dominating, no explicit 

comparison to guidelines is made for the potential release from the hot cells. 

Mitigated Condition. Because the consequences are prevented, no comparison to guidelines is made for the mitigated 
condition. 

3.4.2.5.2.5 Summary of Safety SSCs and IOSR Controls. 

The control specified in this analysis, and defined below, is intended to be an interim measure because of the 
necessity of welding and cutting as part of facility maintenance and modification activities. Further analysis of the explosion 
hazard posed by the use of flammable gases will be performed and, based on the results of that analysis, this control will be re- 
evaluated and modified, as appropriate. 

Credited SSCs. None. 

Credited IOSR Controls. 

Flammable gases, such as propane and acetylene, and highly volatile fuels, including gasoline but excluding diesel 
fuel, are not allowed anywhere in the facility at any time. 

I 3.4.2.5.3 \YISRI E\[)losioii, 

I 3.4.2.5.3. I Scenario Dwclopnicnt. 

I As thc rctiii iii n WlXM hccoincs ioadcd with rndioncrivc nintc'rinl. i l ic ioiii/.iny rndi:ilion r c u l t s  i n  radiolysis of thc 
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rcsiniwatcr and produces hydrogen and oxygen gases. lf hydrogen wcrc to accuinulatc insidc the W l X M  vcsscl i n  quantities 
of 4 percent volume or more, tlie Iiydriigeu ciin hecume Heiitmahle and eventually det<iiiable I c(intinues to iiicre;ise. Such 
a combustion event could result in rhc release of contaminatcd rcsiii and water. This event bounds a spray release iroii i  use 

For such accident conditions to exist. the W I X M  ~ e s s e l  w d d  be drained (.allowing a \aid volume for the hydrogen 
to accuniulxc) and likely wwiild bc iintlcrgoiiig preparation fur transport. The resin material would be uatcr-soaked with rlic 
hydrogen ori9iniiring from the \\:iter rrapped within the resiti bed. Hydi-ogen noi i ld then accuiiiii1:ite i n  the he:id spiicr o f  the 
vcsscl abo\c tlic resin bed. The G v d u c  is defined as the number of niolcculcs formed or disassociated pcr 100 cV energy 
absorbed. The G v;ilues used to (letermine the hydrogen seneration rate in the LV1X;R.I w r e  based mi a nioisture content of 
5 5 % .  The fully-swllcn. clcwntuscd rcf in Iias 55.58% water coi!tcnt. (HNF. 19Y8tl) 

I n  ortlcs for thc hytlrogcn to isnite. an eiierg! source would havc ro bc prcscnl in  the \\'IXM. This could 
potentiiilly be provided by ii st:itic cliargr inside tlie vessel or possibly by a spark iiitroduced iiito the hydrogen~coiitiiiiiing 
vent o s  in le t  pipe front some outside activity (e.#.. a worker's tool). The w(mt ciise woiild hc igoirioii of the hydrogen at the 
end U T  the inlet pipe bccausc tlie llaine front could propagate down tlic inlct iipc. traiisitiuii iixo a tickmilion. ciiter Lhc 
WlXM md iiiipilct rhe resin bed with the inaxiniuiii force. The deronntion pressure pulse \vauld imp:icr rhe resiii/\vvater 
surface and  rebound upward. possibly rupiuriiig the WlXM assembly and cjcctiiis sonic resin, riitlioactivc niatcrial. :ind 
wiier into the Truckport. 

111 xldirion IO the releiise froni the explosioii, the resiniwater remaining in the WIXM after [he explosioii could heat 
up, resulting in  dcconiposition or  burning of some rcsjii. This possibility is adtlrcs.scd i n  Ihc fol l iwi i~g sourcc tcrni aiialysis 
secrion. 

3.4.1.5.3.2 Source Terin Analysis. 

I r  is known that hydnigeii gas will be p e r a t e d  inside rhe WIXM t Ciiiitiiins h u h  radioactive material and water. 
Tu asccrtaiii i f  the hydrofen cii i i ld potentiall) build u p  to Ilammoblc coiiccntriiiioiis i n  a rcasoiinhlc period of i inic (4% 

liydrogeii is the loa.er t1;iinmahility liniiti. [lie hydrogen co~icen~r:~~ioi i  :I$ ;I fiinctiiin of t i i i i e  ciin l ie  nudel led. 

The diff~isiiirt of Ilydnige~i frwti [lie U'IXh.1 i s  calculnred i n  it fiisliiwi siiiiiliir IO tililt used i n  3.4.2.4.4 f<ir the K-I 
duct Icridiiig from the Pool Cell A r m .  The basic cquxio i is  iisetl to mudcl 
below. The rqii;iiion used iii Sectioii 3.4.2.44.2 to estiiiiate the rille 11f (1 

Ipoti'iitial hydsogen acciiiiiulaiion arc pruscnied 
ion of hydrogen out (if a vent is 

where: 
Q- = rate ofdfision (cn? / s) 

DH+j, = drfision coefficientfor H2 in air 
(0.711 cm'/s at25"C[Liljegren, Terrones 19961) 

A = venf area normal topow (cm') 
L = length of venf line (cm) 

For the WIXM, the tliffiisiviry of hydrogen is 0.71 1 cni'is at 25 ' C .  the cross-sectional area of the vent (nominal 
0.5 in. schedule 40 steel pipe lias :in intrriiiil di:imetrr of 0.622 in.) is 2.0 tin'. and [lie length of the vent pipe is 
:ipproximntcly 55 in. (140 cin). 

1 Tlic rate oidifl'usion out of the WlXM vucit line i s  
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cm' = O . O l -  
S 

L 
= I . O X l g ' -  

S 

This diffusion rille i s  Illen usKd ;is itlpur into the uliiilihritini cotIcentrxioti calcul;irion, Ivhich is a l s o  given by 
Secuot1 3.1.2.4.4.2 as: 

where: 
xH1 = hydrogen volumefraction in WLYM 

RoJ = generation rate of oxygen (L /s) 
= 0.50f RH, 

RH2 = generation rate of hydrogen (L / s) 
Q,,,, = hydrogen di f f i ion rate through vent (L / s) 

= 64% 

where: 
xH,(tj = 0.04, volumefraction of interest 

x,,(O) = 0, initial hydrogen concentration 

x , , , ~ , , ~ ~  = calculated equilibrium concentration 

t = time (s) 
r = time constant 
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where: 
vhPl = headspace in WHM(L) 

RH1 = hydrogen generation rate (L / s) 

For the WlXbl. the voluine in the head space of the vessel could vary because there is tio administrative cotitrol oil 
the hcighl of resin loatled into ill? YCSSCI. Thus, the volume could bc nearly as Iargc as [lie cniirc vessel or very small. For 
die purposes (if r l i i s  calculati~~ii. which i s  to determine if  tlatnittable c~~iceiitratiotis (if liytlrogett could be reached i n  ii 
credible period of time. the anticipated WlXM operating condilions are assumed. 

The total volutiic of the WIXM vessel is approsiinaicly equal to a cylinder wid1 Lhe same dimcnsions. The vcsscl is 
a 44 in.  lotig iioiiiiiial 2 1  in .  diaiiieter schedule I O  pipe:. wirh nomiii;il 24 in. (schedule I O  stainless steel) rounded pipe caps 
011 thc top and bottom. Nominal 24 in.  pipe of this nature has a wall thickness 010.25 in. Treating the vessel as a cylinder 
(the actual volutiie is slightly less because of the rounded top and bottom ends), the total volume of the vessel is 
approximately 312 L. 

The planned operations using the WlXM that result iii tlie spccified hydrogen generation rate are associated with a 
resin depth of 35 in. it1 the vessel. This depth of resin would occupy :ipproxitn;itely 80': of the \'esse1 volume (3.5 inM3.5 
in), or  2.50 L. Tlic remaining volunie of thc vessel is 60 L. which is assuincd to bc the volume available within the vcsscl to 
accuiiiu1:ite hydrogeii. Using this volume into the time equ:irion above yields 

= 1 . 5 ~  1 0 ' s  

= 4.1 hours 

Thus, it is possible, under the inaxiniitiii design 1o;id of radioactive tilaterial, to obtain t1nnini:ible concentrarions in 
ihc WIXM in relatively short periods of time. 

Since i t  is possible to obtain flammable hydrogen concentriitiotis inside the W I X M ,  two source terms arc calculated 
for ii possible hydrogen detla~r.:irion~explosion. the unntitigared source tertii and rhz inirigatrd source term. Each of these 
source t e r m  is comprised or two components, the release of  resin (and adhering contaniinatiotY) aiid the release of water 
(and dissolved conramination). 

All of tlir releases are inodeled using data atid approaches froiii DOE-HDBt;-3010-94. The handbook indicates that 
for explosions, a bounding ARF:RF of  I .O titiics thc TNT equivalence o f t l i e  explosion (in kg) is bounding i f  a inass ratio 
( M R )  [if I is assuiiied The blK is defined as tlie ratio of the tiiiiss iiiipacred by the esplosion (rehin/w;iter) to  the force of 
the clplosion (nicasurctl as TNT cquivalencc). T h e  handhook draws the conclusion on thc bounding nature of this ARF:RF 
based on experiinrntnl evidence in which dry 1iowtlers were subject to detonation forces. 
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Assuming an  MR o i  1 niodcls the irclcasc r rom thc explosion by assumiiig tliat the material rcleascd is equal to the 
TNT equivalent mass o i  tlie explosion. and that a11 the iiiaterial i s  comprised of respirable particles. The DOE handbook 
indicates that I b i s  assumption provitlcs greater ARF:RF values over the case \\licrc larger quarititics of material arc assumed 
to become airborne bur with lower respirable iracrions 

To calculate the ARF:RF. the TNT k i l o g r m  equivdeiice o f  the I iyd rog~ i i  explosion must he calculated. For [lie 

el. For [lie mitigated event, an 
uninitigated evcnt, 110 controls arc postulated on tlie W X M  operations. Thus. tlic free volume and contamination inside the 
WIXM c:in be varied :ind any free water c k i i w d  wirliout filii112 the void sp:ice i n  die L 

administrative control i s  credited \\ih i i l l ~ n s  tliu void space in thc vesscl as piiri o i  [lie draining operation. Eliminating or 
drastically reducing the void space in  [lie v e s s ~ l  reduces the calcul;ited hounding consequences lielow risk evaluation 
guidelines. 

Uniniiieatctl Source Tcrni. Since i l ie  source term increases with the amount o f  hydrogen i i iwlvcd i n  the explosion, 
the entire volunie ot the WIXM vrssel and t l ie  inlet pipe is r~ssunied 1 0  cotititin hydrogen gas in the uiiniitig;ited event. This 
assumption overpredicts the aiiioiinl of liydroycn involved, antl is iiot physically possible, but adcqoatcly bounds the 
esfiniiitioii of the e x p l o s i w  force. As st:iied iil the sceii i ir io developnie~it. tlir volume of the inlet pipe i)  used hecause i t  i s  
Iarycr than tlic vent linc, thus iiiaxinii/ing the explosive potciiti;il. 

The tulal volume o f  II ic WlXhl vessel is calculalcd above 3s .?I? L.  and thc voIuiIic of the in let  pipc can be iound 
from the facility' drawings. The Iei igh o i  the pipe i s  npproxi~n;irely 5 5 . 2 5  i n . ,  aiid the pipe is I .j-iii. noniin;il. scliedule 40 
steel. Schedule 40. iiominal I . 5 - i ~  stccl pipe lias an  internal diameter of 1.61 in.. resulting in a volume o i t h e  inlet pipe o f  
108 it? (1.8 L). Thus, [lie ni:ixiiiitiin possible volunir involved in  rhe explosion is 314 L. 

To esrinixte the n i i w  of I iy lrogcn iiivcilveil, i t  i s  iissuiiied t l i i i t  the entire voliiiiie of tlie \\'lXbl arid out let  pipe ;ire 
I'illcd with a stoicliionietric mixtiirc o i  h y c l r o y i  and o~ygc i i .  The :issumption n C  a soicliioinctric ctincciitrntion i s  highly 
coiisei-v;itive co i i s idc r in~  diffusion o i  h y d r o y i  tliroupli the w i t  line. tlie initial presence of inert grise, (Le., nirrogeil~. ;ind 
the generalion 01. water v a p o r  iso111 tlic rcsin bcd. .A stoicliionictric niixtiirc o i  l i ? d r o g x  and ox!;cii i s  2i7 Ii!drogcn and 113 
osygcii. resulting i n  :I voluii ic o i  hydrogeii o f  

Maximum Possible Hydrogen Volume = - (3 14 L )  

=210L  
(:I 

The density of hyilrogeii ;it rooin tetiipes:it~~re iind ii i i i io\plieric pressure is 0.0899 g/L. resultin: i n  ;I ni;ixiiiiuni in:iss ~i 
hytlrogcn of  

MaximumMass ofHydrogen = ( 2 1 0 L )  (0 .0899g)  

= 18.9g 
= O.OI9kg 

L 

NUREG-1320 (NUREG. 1988) indicates t l i i i t  the TNT rqiiivalency o i  hydrugen iitvolvxl i n  a vapor cloud explosion 
is approxiinatcly 28.7 k_e TNTi hg H1. hasctl on a heat o i  detonation oI'TKT o i  4,187 hJikg and low heat value of hydrogen 
[li 120 M J I ~ ; ~ .  'rillis. a i i i i i s s  of hydrogen ~f 0.019 kg i s  e ~ p i ~ i  10 o . ~  kg TUT. 

The source terni from the explosion c:ui 1)e estim;ited from the cwitributiolis of the water antl the resin. Assuiiiiiig 
an M R  or I, tlic i ~ t a l  mast ol'iiialcrial rclcnsed i s  cquid to tlic TNT cquivalcncc, resulting in :I total mass rcleased oTO.55 kg 
of  res in  mil w t e r  (~ ind  
bulk resin voIu~i ic is approxirnntcly 40% air antl 611% resin bcatls. Ii i s  : iswined tliat the air i s  dicplacctl by water when the 
WlXM i s  1il;iced i n t i i  operat i~ i i i  s o  that 10%, of tlie in:iterial ~iiade ;iirborne i s  colir:iinin;iteiI w:iter (0.22 k g ) ,  and 60% i s  
conlaniinatcd resin (0.3.3 kg). 

.ncisted r;idioactive inaterial). The W l X M  SARP I HYF. I99Xd) indicates rhnt  prior 10 use. the 
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The maxiniuni contamiliation of the water is calculated in Section 2.4.2.2.2 as 2.6 CilL. The density of water at 
rooni temperature and atmospheric pressure is approximately 1.0 kglL so that the source lcrni from the witcr i s  

= 0.57CiSr-90 

The WlXM SARP (NNF,  1998~1) indicates that tlie aniciunl of resin mixture rcqiiircd tu remove 20.000 Ci of '"SI 
results in  a weight of  387 Ih (176 kg). To pruvide an ;itlequate bauiitl of p(irential iiper;irions, rlir number (if curies is 
incrc;isetl by 26";. to 3.200 Ci. ns discussed in Section 2.4.2. 1.5. To b o u n d  the opcriiting coiitliiions wi th  i l i i s  aiinlyses. i t  
is ashuiiird that 75.200 Ci c m  be (lepositrd on 100 kg of resin mixrurc (conrri~l led via :in .4ilu1i1iistr~itii~r Coiiirol). This 
rcsulis in a niaxiinum iiiiii activit) of (25.200 Ci)/(lOO kg) = 252 Ci%g of resin. Thus. Lhc sousce term from the resin i s  

Source Term = (0.33 kg) 252 - ( 3 
= 75.6CiSr-90 

The total source term from the explosi~in is tlieii 76.2 Ci  of "'Sr. 

To hrrive at this source term i t  \vas nssumed th:it the entire \,olimie of the W I X M  vessel was available to 
accuiiiuliiie h!dropcn, neplcciiiis ~ l i c  volunic t;ikeii up by tlic rcsin and waicr. In rcalit! , tlic ( 'RCID~S affcciing tlic source 
te r i i i  liiivr coinpetin: effect\. An iiicre:isc. in  the volume of hydrogeii increnses tlie explosive fordes, hut decre;ises [lie 
soiircc lcrm available for rclcasc. Increasing l l ic resin and water voluiiics (which dccrmscs tlic frcc vulumc) not i id  tend to 
iiicreiise the materi;iI :it risk. hut decre;isc the explosive effect. Accordins to  rhe source term model used, the maximuin 
s~)urcc term occurs when total niass of the malcrial ;it risk is cquol to tlie TNT cquiviilcni mass  of thc  hydrogen (Le, ,  t l icrc is 
just  enough resin ;mtl wirer to he coii ipletely rcle:ised by the explosion). This iiiaximizes the ehp los iw  forcr :rnd maxiniizes 
tlic niatcriiil at risk. To :iscertain i f  use of l l ic ent i re WIXhl vessel voluiiic [or hydrogen accumulation i s  overly coiiscrvalivc 
for the unmitig;ited case, [lie volume occiipied by the ni:iterial :it risk c;in he esiilii:ited. The miiss of warer releiisetl i i i  tlie 
iii;iximuiii explosion was cs t im i t cd  to be 0.22 k: and the mass ol'resin rclc;iscd uvis t.3.3 hg. :\ssuniing tl iat ~ h c s c  \ x r c  the 
tot:iI m s s e s  of material in the WlXM vessel, they would occupy ;I volume 11i 0.22 1. for the water and 0.28 L foi. the resin 
(assumill: a rcsin density of I. 17 kg/Ll. Tlicrcforc, [ l ie t i i la l  voluinc occupied 111. the resin and water would be 0.50 L, 
which is negligihle coinpared to the to r i i l  WIXM vessel volume of 3 12 L (calculdted earlier in this source term analysis). 
Idcally, thc volunic of [lie rcsin and water coultl then bc siibtmcted from tlic free voluine and a new rcsin and water mass 
cnlculnted. This iterative calculation could he repeated u r i l i l  the exact b;ilance between resin and w i r e r  mass :ind frec 
volume is achieved. Howcbcr. the small volume occupicd by tlic rclcasnblc niass 1.0.5 L) compared t o  312 L vcsscI volunic 
indicates rh;ir the use of the entire WlSM vessel volume for hydrogen ;vcumularion wwld  only sli$itly exceed the possible 
worst-case configuratioii. 

11 is also possible tlini the explosion coiild raise tlic Icniperaturc of tlic resin remainins in the WlXM. causing a 
resin fire. T o  nscertiiiii if this is i i  hazard, the iiinouiit of energy released by rl ie explosion can he estinisted. 

The sceiiario development for this iiccideiit indicated that following the explosion, the resin and w;iter rsmnining in 
the WlXM v e s ~ c l  could he heated, u4iicIi could Icad to dccomposition or burning of tlic resin. Tu dctcrminu i f  this is 3 
lxlzaril. t l ie energy released by the explosion ciiii bc compared r o  the energy required 10 e\'aporate water. The Iiiaxinillm 
cncrg) o f  the explosion postul;iicd in this analysis is ;issociatcd with 0.019 kg of hydrogen. Using the low heal valuc f o r  
hydrogen of 170,000 kJkg iis ~ i v e n  in  NUKEC-1320 ( N U R E G ,  1988), rhu energy of the rele:ise is 2,280 k J .  Before the 
rcsin temperature could bc raiscd to ipniiion tcmpcratures, any water pi-cscnt iiiiisl be hcntcd and then vaporiietl. A WlXM 
coiitiiining IC10 kg (h:ised 011 Administrative Control 2.5.2) of fully-swollen. drJined resin contiiiiiS appI'(lxi i i i~Ie~y 55 L of 
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water (HNF.  1998d). Ignoring the energy required io  hen1 the walcr, lhc lalent hcnl of vaporimtion of water i s  
approximately 2,440 kJikg, so that 2,280 kJ would vaporize 0.93 kg (0.93 L) of water. This calculation assumes that a l l  of 
1he cncrgy of  the cxplosion i s  absorbed by tllc rcsiii,'w;itcr malrin. This quantity of water being Laporized would rcsvlt in 
negligible quantities of resin beiiig exposed IO elev:ired teinpzrarures :ind potentially heated to cnmhustion. Therefore, no 
source term i s  estimated froni the resin runiaining in the \VIXhl rhllowlng the cxplosion c v c ~ i ~ .  

b1iii:akxI Source Term. To dcwminc l l i c  soiircc tcsii i  for Ihc mitigated case, t l ie cifccts of an adminisuativc 
corirrol associared with lnxlins the WlXM with rc j i i i  iire niodeled. The ;idrniriistrntive control credited i s  the reqiiirettient to 
f i l l  the space abovc the resin bctl with an u i i c i~~ i l i tm i~~~ i tc t l .  incrl mawrial after WlXM operations h a w  bccn tcrininnwd. The 
inert niareri:il i s  added as ;I slurry ;is parr ( i f  ihr (lr;iinins process wherehy tlie l iuk free wiiter i \  renio\t.d from the LVlXlM 
Enough inert material i s  added tn  lill the space above the hcd 10 !he c ~ t c n t  possible. 

I f  hydrogen were gcncrated within the WlXXl following addition or ~ l i c  i1ici.t material, only four possible volumes 
exist where the hydrogen might accuiiiiiliite iil t1;inini;ihle coIiceiilraIiOns: the vent line, tlie inlet line, a possible smnll  gap at 
thc top of i l i c  WIXM vcsscl. and tlic outlci line. 

Any hydrogen which rnixht COIIL'CI in I1;tniiiinblc coiiccnlralions in  thc upper portions or the LVIXh1 assciiihly (the 
vent line. the in le t  line, and ii possible e;tp iit the r q )  n f  the vessel) woiild not iiiipncr signifkin[ qu:inrities of r x l i o x r i v e  
maicrial i f  combusted. Tlic vcnl and i i i lc i  lines coiinccl to lhc WlXlLl vcsse1 at the top so that an) combustion of hydrosen 
yas i n  the lines would impact residual surface coi i t~i i i i i i i~i t i i i i i  on the iiiterior of h e  lines, iiiid [lie inert material on top of the 
rcsin bcd. The lcvcl of contamination in the Iiiic5. rcniaining from contact with conlainination in  rhc watcr. docs not pose a 
significant iii;tteri;tl at risk. Likewibe. the inerr iii;iteri:il on the top of the resin bed i s  uiiCOiif~iniiii;ited. so that the poteii[i:il 
release i s  negligible. 

Thc outlci pipe conics 0111 or tlic U'lXhl 1sLv i i  lhc bouoni or  the resin bed. \vhcrc :in iiicrl nlatcrial cannot be plnccd. 
Tliiis, rl ie coimmiiiated resin would s t i l l  lie i n  direct COIII : IC~ \I i r l i  on). Iiydro&!en acciiniitl;iring in the outlet pipe. Isii i t ion of 

hydro~cii  i n  i l ic outlet pipc is (he wor+c:i\c scenario f ~ i r  the fully n i i t i g c d  cvc~i t .  

The v ~ ~ l u n i c  of Ihc outlet pip'.' is cscciitiiillj lhc s;iiitc ;is tlic inlet pip'.'. u l i ic l i  i s  calculated aI)o\c as 1.8 L. Usin: 
this voliiiiie i i t  tlie source model deve1opt.d firr  the t i i i i i i i t i ~ : i t d  case rrsults in  it source terni as In1lou.s. 

'The ~OIUIIIC of hydrogen is  

Hydrogenvolume= - I 8 L  

=1 .2L  
(:I ( .  

'The resulting III;LSS o f  hydrogcn is 

Muss ofHydrugen = (1 .2L)  (0.0899g) 

= 0.108g 

= 1 . 0 8 ~  IO' kg 

L 

The TNT equivalent inass i s  

TNT Equivalent Mass = (1.08 x 10.' kg H: 

= 0,0031 kg TNT I 
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Isotopc 

yr 

""SI- 

'mi. 

I Thc sourcc term from rlic watel is 

Source ten11 DC F 50-yr Coinmined 
(Ci) mSv!Ci (I-cinCi) EDE 

mSv (rem) 

0.37 9.4 (0.w) 1.4 (0.44) 

0.47 0.0 I I (om I I) 0.ooj (o.nnnj) 

0.17 0.016 io.nnio) 0.007 in.0007) 

onsitr lnn-ni worker 

piiblic 

aIttI-nxc site houiidnry 

Ci 

WaterSource Term = (0.0031 kg) (0.40) 

= 0.0032 CiSr-90 I 
Thc source rcrni from the resin is 

Resin Source Term = (0.0031 kg) (0.60) (252 E) 
= 0.47 Ci Sr -90 

Thus, thc fully mitipntcd sourcc term is 0.47 Ci of *'SI 

3.4.2.5.3.3 Cotiscqiiciice Aiinlysis. 

Unmitieatcd Co~iscciucnccs. The unmitigated dosc conscqueiicc can be found by milltiplying the source tcrm by thc 
dose coiiversioii factors developed in Seciion 3.4.1.3 (see Table 3 - 2 8 ~ 1 ) .  

Mitic;ited Consrquences. The unmirigared t l m e  ~(iiisrqoenct: can he found by multiplying [lie source ieriii by the 
dosc conversioii kictors clcvclopcd in Scclion 3.4.1.3 (scc Table 3-28bJ. 

Tiihle 3.28~1. Unmi t ign tcd  Dose Conscqoenccs froni W I X h l  E\plosiorl 

- -  

a lwnate  site boundary 
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3.4.2.5.3.A C:omparison to C;aidelines. 

The niost ~(inservii~ive onsite eviiluiirion guideline (if 5 rem n n l  the most con\ei-viirive offsite evnluarion guideline of 
0.5 rein is used. 

Unmiiisaicd Conscquenccs. The unmilignted source Icriii is 7 6 . 2  Ci o f % ,  rcsuliiiig i n  a dose to tlic onsiic 
receptor of 720 iriSv (72 rem). :Itid ;I dose to the offsire receptor of0.X rnSv (0.08 rem) with ai airernatc boundary offsite 
dose of I . 2  niSu (0.  12 rem). The onsitc ilosc conscqucncc cxccctls Ihc risk c\alun~ioii ~uidclincs but ihc ofisiic dose 
co~iseqllellczs i l re ~ r l l  below Ilir risk rva~u;lri~in guidelill~s. 

b1itie;ired Conseipiences. The fully rnitig;ired SOUI-ce ter111 is 0.47 Ci n f  '*'Sr, rrculring in ;I dose 10 the onsife 
receptor of 3.4 niSv (0.41 rem). atid n dose io llic (i~lisite rcccptnr of 5.0 x 10-3 niSv (5.0,IO~' rcm) with an alternate 
boundary offsiic close of 7 x IO-.? mSv (7.0,IO~' rein). Both ihc onsite atid offsiic dose conscquciiccs arc well below risk 
cvalua1ion giiidclincs. 

3.1.2.5.3.5 Summar! of  Safct? SSCs and IOSR CniItroIs. 

The analysis 01' tlic unnii~i~iicil co~iscqu~'nccs of l l i i s  cvcnt iileniificd tlic need to h a w  a conlrol io prewnl  or  
mitig:ire rhe dose to  rhe o~isite receptor. Prevrnrioli or mitig;irion of this eve111 is a snfrry siy~ific;int fi~ncrion. 

I Credited SSCs. 

I None 

Crcdired IOSR C~introls. 

WlXLl o1ier:irioiis n1iist b? c ~ i i i r r ~ i l l e d  i i i  [ l ie followin$ tasl i io i i :  prior IO. o r  in j);irf of dr;iiniiig rile hulk water 
froin tlic W I X M ,  an i ~ ~ i c ~ ~ i ~ a i n i i i ~ i ~ e i l .  incrt so l id  ninterinl m u s t  lbc ;idded SL) as to fil l the frcc ~ u l u ~ i i c  above the 
rehit1 lied lo tlis e x t ~ i i t  possible. 'The type of inerr iii:iirri:il iiiitl die procedure fbr  adding i t  i i i i i s t  ciinsider rhe 
pliy;icnl propcrlics of ihc resin bed i i i id incri niiilcrinl (wet packing. tot;iI 111;155e5, rc/:iti~c dcnsilics. clc.) so Ilia1 
no ;ippreciahle void voliiiiie exisis o r  is created :it some point in rl ie furure in rhe WIXM vessel 

3.4.2.6 Loss of Containment. 

This section considers all of the loss of containment accidents identified in the hazards evaluation in I ley ( I  999). 
Included in these events are underwater capsule failure due to corrosion, underwater capsule failures due to drop impact, a leak 
from the pool cell sump, a leak in TK-100, canyon crane failure, cover block drop in a hot cell and failure of a 208-L (%-gal) 

I 

I waste drum in A Cell. This section also c o n s i d e n  the WlXhl loss (11 contaiiiiiiciil accidwt. 

Of these events, underwater capsule failure due to comosion and underwater capsule failures due to drop impact are 
selected for quantitative analysis. A leak in the pool cell sump was considered to have low risk because of relatively small 
consequences combined with a small frequency. A leak in TK-100, failure of a 208-L (55-gal) waste drum in A Cell, canyon 
crane failures or a cover block drop into F Cell were likewise found to be low consequence, low risk events. A more detailed 
discussion on the accident selection process as it pertains to this accident type is provided in Section 3.3.2.3.5. 

3.4.2.6.1 Underwater Capsule Failure. 

3.4.2.6.1.1 Scenario Development. 

The hazards evaluation in 11c) ( I W ~ ) J  identifies and qualitatively evaluates several different causes for a loss of 
containment of a strontium or cesium capsule in a pool cell. All causes resulted in an S2 (Le., onsite worker) consequence 
ranking and either an F2 (i.e., unlikely) or F3 (Le., anticipated) likelihood ranking, resulting in either an RI or R2 risk rank, 

I 
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respectively. 

In the absence of stress and in the mild storage pool environment maintained at WESF, corrosion induced failure of a 
strontium or cesium capsule would be a slow and progressive event. Essentially all of the strontium capsules, and 
approximately 40% of the cesium capsules stored at WESF have remained at the facility since manufacture and have been 
stored underwater at relatively cnnstant ambient temperature. These capsules have never experienced conditions outside their 
design limits and present little risk of failure. The balance of capsules have at one time been stored and used at various 
laboratories and irradiation facilities around the country. Some of these capsules have been exposed to conditions which 
exceeded their design with respect to thermal cycling. Although not showing any evidence of degradation, their operating 
history would place them in a category of higher risk of failure. Via the EDS and a unique identifier on the top of each outer 
capsule, WESF management has knowledge and keeps track of the exact location and associated history of every capsule 
stored at WESF. 

Unmitigated Condition. The capsule failure analyses assumes that the capsule involved is a cesium capsule located in 
any one of the active storage pools. Cesium chloride is assumed instead of strontium fluoride for the sake of conservatism. 
Cesium chloride is very soluble in water, with detectable subsequent airborne concentrations, while strontium fluoride is very 
insoluble and would not be expected to migrate from the pool cell. In addition, "'Cs has a significantly greater direct radiation 
dose rate than 90Sr, resulting in greater consequences. In all cases, using a strontium capsule in this analysis would result in 
lower consequences. 

Capsule corrosion is thought to be the most likely mechanism for a single capsule failure. The details of accident 
progression for a leaking capsule are heavily dependent on the time development of the capsule's structural failure and the 
resulting time dependence of the cesium leak rate. The physical mechanisms of corrosion and dissolution of cesium into the 
pool cell water are complex and have not been studied in depth. 

At present, the only direct experience with a leaking capsule comes from the Radiation Sterilizers, Inc. (RSI) facility 
in Decatur, Georgia (DOE 1990). The capsules in the Decatur facility were used for dry air operation-water storage 
irradiation. The capsules were frequently raised into the air for irradiator operations and then returned to a water pool when 
not in use. The temperature of the capsules would subsequently increase when raised into the air and decrease when placed 
back into the water. Thermal cycling is thought to be responsible for the single capsule failure and bulging of several other 
capsules in the same facility. Over the course of this incident, the leak rate from the capsule was predominantly 50 &i/h until 
approximately 4 months after the leak was detected, at which time it went up to a peak rate of 600 &ilh. Over the next 
several days following the peak, the rate decreased and stabilized at 150 &ih. 

The mechanism ofthermal cycling and bulging is not expected to occur in the relatively static storage conditions at 
WESF (see further comments in the discussion of inner capsule movement test below). Therefore, the Decatur incident is not 
necessarily representative of WESF leaks nor should it be taken to bound possible leaks at WESF. 

The time necessary to dissolve the entire contents of a cesium capsule could be considerable. In order to evaluate the 
effectiveness of controls, it is assumed that a corrosion leak begins and cesium dissolves into the pool cell water at a constant 
rate until the capsule contents are completely dissolved. Such an accident progression might be envisioned as resulting from 
microfissures or a pinhole in the capsule wall or weld that is formed at a certain time and is thereafter static and unchanged. 
(Note, this is probably not realistic since any corrosion-induced crack or weld failure would become progressively worse with 
time, especially for small leak rates resulting in a capsule that leaks for years before completely dissolving.) As a result of the 
crack, water then seeps into the capsule and contacts the cesium chloride salt within (the inner capsule may have failed 
previously). The salt dissolves until the water is saturated and diffuses through the small defect in the capsule into the 
essentially zero concentration environment of the pool cell water. As long as water within the capsule remains saturated with 
salt, diffusion through the static crack will be time-independent. Since cesium chloride dissolves readily in water, it is 
assumed here that any water in the capsule would remain saturated for all leak rates considered. The results of this model are 
provided in Table 3-29. 

Mitigated Condition 

I Radioactive material from a leaking capsule would be carried through the pool cell c iw i i l a l i o i l  and heat exchange 
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system. The frs t  sign of contamination would likely come from either periodic water samples drawn from the pool cells or the I inline beta monitors in the circdiltioii system. The water samples are sent to an analytical laboratory where it is tested for, 
among other things, the presence of contaminants. The inline beta monitors are designed to detect the presence of beta 
radiation emitted by %r and "'Cs. The inline beta monitors are very sensitive and capable of detecting low concentrations of 
radioactive contamination such that no hazard is present to a worker entering the Pool Cell Area. Which of these two 
monitoring systems first detects the contamination depends on the time of leak initiation and the leak rate. The length oftime 
at which certain activity concentrations and dose rate fields would be observable is shown in Table 3-29 as a function of leak 
rate. 

The time periods in Table 3-29 represent minimum values. No correction is made for the effects of cesium decay 
(with the exception that certain dose rates are not possible for small leaks due to decay). For large leak rates, the exact timing 
of the in situ concentration is uncertain since it depends on the details of the flow patterns and diffusion in the pool cells that 
occur on timescales of minutes. 

Maximum capsule 
fully dissolved (Le., 
1,500 pCi/ml) 

Table 3-29. Example WESF Cesium Capsule Leak Scenarios."' 

Leak rate (Cih) 

Beyond facility lifetime 

0.00005 0.0006 

Event 

of 1.0 E-3 gCi/mL 

1 month 

Dose rate I m 
(3.3 ft) above pool 
surface is 100 m R h  
(i.e., 0.32 pCi/mI)(') 

26 yr 

facility 
lifetime 

0.01 

4 h  

2 days 

1.5 months 

21 min min 

4 days 

-r I months 

100 

min 

min 

min 

I h  

7 days 

I month 

"'Elapsed time calculated assuming a 9,330-gal pool with no decontamination and constant curie per hour leak rate. 
"This is the approximate localion ofthe A R M  located on the west wall ofthe capsule storage area (i.e., 18 A nonh ofPool Cell 5 centerline 
and 6 A above floor). Chme (1981) indicates I pCi/rnL = I mRih at this location. 

'"Based on p. 139 oforme (1981) which indicates an exposure rate 018.8 mR/hr would result, I m above the center o f a  pool containing I Ci 
of dissolved Cs-137. 

in the event of failure or discontinuance of water testing and failure of the inline beta monitors, ARMs would 
detect elevated dose rates in the Pool Cell Area. The ARMs, two located on the east wall and one located on the west wall of 
the Pool Cell Area, are designed to detect the presence of gamma and beta radiation. 

The radiation monitor associated with the ion-exchange columns in Pool Cell I I also present an opportunity to detect 
contamination in an active pool cell. The water in each active pool cell is periodically sent through the ion-exchange columns 
to remove impurities in the water. The columns have a radiation monitor to alert facility personnel to the presence and 
possible buildup of radioactive materials on the ion-exchange resin. 
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In the event that all of these detection mechanisms fail, the presence of "'Cs could eventually be detected by 
personnel radiation monitoring devices and by radiation monitors associated with the K-l filters. Cesium chloride in water has 
been known to lead to a spread of contamination by suspension of the cesium chloride in air. In the Decatur incident, '"Cs 
contamination was found on personnel and facility equipment outside of the Pool Cell Area (DOE 1990). At WESF, all 
personnel entering the facility are required to exit through one of the radiation monitoring devices located at the facility exits, 
ensuring that a spread of contamination would be detected. In addition, the K-l filters have radiation monitors that would 
detect airborne radioactive material that may accumulate there. 

Inadvertent storage of a compromised capsule, one that is received at WESF in a degraded condition such that it is 
more susceptible to failure, is minimized by capsule receipt tests. The two primary tests are a ring gauge test and an ICM test. 
Further description and capability of the ICM test is included in the sections below. The ring gauge test is performed by 

passing the capsule through a ring of known size to detect possible deformities in the outer capsule. Failing either of  these 
tests results in the capsule being labeled as suspect. Suspect capsules are either isolated in Pool Cell 1 or placed in dry storage 
in F Cell. 

Once detected, the hazards of a capsule leak can be controlled by any combination of three methods: 
di.cniitamiiialion ol'pool cell \va!cr usins !hi, \VIXh4, placement of cover blocks, and isolation of the leaking capsule. 
Placement of cover blocks over the affected pool cell would serve to control radiation fields in the pool cell area and allow 
continued access to the area. Isolation of the capsule includes performance of the ICM test (discussed in detail below) and 
removal of  the capsule to G Cell. 

If [lie detection mechanisms were to fail, two predominant concerns are apparent. The first is possible elevated dose 
rates to facility workers. The second is the inaccessibility ofthe pool cell area. The worker safety concerns are addressed in 
the analysis below. The inaccessibility of the pool cell area, however, is not a safety concern because it does not impact the 
ability of facility personnel to maintain the pool cell water levels. For an extended period of time the facility could be 
operated from outside the pool cell area by using normal deionized water makeup. If no actions were taken to recover, 
eventually normal water makeup could be lost due to lack of maintenance of SSCs within the pool cell area. In that case, the 
water levels in the pool cell could still be maintained indefinitely by adding water through the emergency fill pipe. Such 
deliberate long term abandonment of the safe storage mission is not within the scope of this 810 and is not addressed further. 

I 

The mitigated scenario takes credit for the ARMS to detect elevated levels of radiation and alert facility personnel 
prior to unacceptable worker doses. Although a number of other SSCs and programmatic controls are available and contribute 
to defense-in-depth, none are required to prevent unacceptable dose consequences to the facility worker, onsite worker, or the 
public. 

ICM Test. The ICM test is used at WESF to identify a failed capsule. To perform this test, operators stand over the 
affected pool cell on the catwalk and clamp a set of tongs with a long tubular handle to the capsule being tested. The capsule 
is quickly raised and lowered above its normal position in the rack. For a normal capsule, the operator should be able to feel 
the inner capsule impact the bottom of the outer capsule after being displaced during the downward acceleration. If the inner 
capsule is swollen such that the inner capsule cannot slide within the outer capsule, then the inner capsule movement will not 
be felt, Also, if water is present in the annular space between the inner and outer capsule, the impact will be "sluggish" 
compared to a normal capsule. If either symptom is independently observed by two operators during the ICM test, operators 
are instructed to remove the capsule to G Cell. 

There is some historical experience with ICM testing for capsule abnormalities related to failure in addition to the 
leaking capsule (Capsule 1502) at RSI discussed above. After the contamination event at RSI, ring gauge tests, ICM tests, and 
visual inspections were performed on all capsules at both RSI facilities in Decatur, Georgia, and Westerville, Ohio. Twelve 
capsules failed the ICM test and were removed for further testing. These capsules were confirmed by gamma scanning to have 
experienced inner capsule bulging and, in some cases, outer capsule bulging as well. Gamma scanning revealed that several of 
the bulged capsules also experienced salt compaction (reduction of the void space within the salt and increase in density). 
Gardner and Oakley (1989) concluded that the likely cause of capsule bulging and the failure of Capsule 1502 was salt 
compaction and expansion due to the repeated thermal cycling experienced by the capsules in use at RSI. The above evidence 
suggests that the ICM test would successfully locate a capsule that failed due to inner capsule bulging. 
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In the static storage conditions at WESF, capsules would not experience thermal cycling and bulging. Gardner and 
Oakley (1989) also observed that any capsules that had experienced thermal cycling and were subsequently placed in static 
storage conditions did not become more bulged. The capsule storage environment at WESF is a stable storage condition. All 
capsules stored underwater at WESF have successfully passed the ring gauge and ICM test. 

A pre-existing flaw or corrosion-induced failure of a capsule might be possible at WESF. A weld failure has already 
occurred (1993) in the outer capsule of Capsule 1592 stored at WESF. During a routine ICM test of capsules at WESF, it was 
found that Capsule 1592 did not impact normally, and it was removed from storage for further examination. Visual 
examination revealed microfissures in the area of the weld on one end of the capsule from which steam was escaping due to 
the elevated capsule temperaNre while in dry storage. Apparently water had seeped into the annular space between the inner 
and outer capsule causing the capsule to impact abnormally. While the inner capsule did not fail and no contamination was 
released, the event provides evidence that the ICM test could detect a failed outer capsule, 

Considering the potential cesium chloride contamination made airborne above the pool cell, this pathway is an 
insignificant hazard as discussed in Section 3.4.2.6.2. 

Maior Assumutions. The following assumptions were made in the scenario development. 

3.4.2.6.1.2 Source Term Analysis. 

The leaking capsule is a cesium capsule. 

The rate at which activity leaks from a failed capsule is constant. 

For the mitigated scenario, the facility worker is protected by the ARMS in the pool cell area. 

As this event produces no significant airborne releases (see Section 3.4.2.6.2), a source term analysis is not 
performed. 

3.4.2.6.1.3 Consequence Analysis. 

Unmitigated Condition. This section provides a bounding consequence estimate for the total dissolution of the 
maximum uncut cesium capsule. This scenario, by itself, has no consequences outside the facility and would not normally be 
included in a quantitative accident analysis. However, the dose consequences to facility workers and the potential for a 
leaking capsule to hamper operations because of increased dose rates in the Pool Cell Area are important considerations. 

The unmitigated consequences of the leaking capsule scenario are shown in Figure 3-3. The values calculated are 
based on the source term of 53.2 kCi released to the pool cell water containing 9,330 gal of water and an exposure rate value 
of 8.8 mRh/Ci of '"Cs dissolved in the pool (Orme 1981). This dose rate is associated with a point 1 m (3.3 ft) above the 
center of the pool cell without a cover block in place. Other areas of high local dose rates, such as near the pool cell water 

I cii-cukitioii piping or the ion-exchange columns (assuming the contaminated water is sent through the columns) may also be 
present but are not calculated. 

The exposure rate could be as high as 470 R h  directly above the affected pool cell if the entire contents of a 53.2-kCi 
maximum cesium capsule dissolved completely. It is not likely that this condition could be reached through a corrosion 
process because the environmental conditions within the WESF pool cells are mild and the stainless steel capsule material is 
highly resistant to corrosion. However, it is instructive to evaluate the bounding consequences in order to gain an appreciation 
for the hazards involved and the importance of mitigative features. The dose rates at various other locations of interest are 
shown in Figure 3-3, assuming the affected cell is Pool Cell 5. These values were taken from page 144, Figure 5 of Orme 
(1981), with dose rates scaled down to represent a pool containing 53.2 kCi of "'Cs. 

As will be discussed in Section 3.4.2.6.2, doses through the inhalation pathway are insignificant, even for a fully 
dissolved cesium capsule. 

Mitizated Condition. For the mitigated scenario, unacceptable doses to facility workers are prevented by the ARMS. 
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Figure 3-3. Eye Level Dose Map of Pool Cell Area with 53.2 kCi "'Cs Dissolved in Pool Cell 5 
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3.4.2.6.1.4 Comparison to Guidelines. 

Unmitigated Condition. This analysis examined the potential localized dose fields that could arise from a failed 
capsule in a pool cell. No direct onsite or offsite consequences are expected from this event. 

Mitieated Condition. See Unmitigated Condition above 

3.4.2.6.1.5 Summary of Safety SSCs and IOSR Controls. 

Although the immediate dose consequences of this event are very small outside the facility, uncorrected, a leaking 
capsule could lead to high gamma-ray dose fields above the pools, or require the placement and maintenance of cover blocks 
over the affected pool for an extended period. 

The worst case above pool exposure rate from a fully dissolved capsule is 470 Rih. An undetected dose field of this 
magnitude could result in a prompt (as opposed to latent cancer) worker fatality after an hour exposure or more. SSCs relied 
on to provide this detection function must be classified as safety significant. 

Inner capsule status, WESF salt makeup, the effect of impurities on saltimetal comosion phenomena, and concerns 
with capsule end cap welds are not understood well enough to provide a technically justifiable limit on a potential leak rate or 
size. Therefore, it is prudent to develop before hand, WESF response and design capability necessary to mitigate such an 
event. WESF has the capability to respond to both 90Sr and "'Cs capsule leaks. 

Although the elevated dose rates in the pool cell area would hamper operations, the safe storage ofthe capsules is not 
jeopardized because water makeup can be provided remotely. Only maintenance of the SSCs in the pool cell area would 
suffer, and water makeup could still he performed even in the event of failure ofthese SSCs. In addition, such a progression 
of events would take years to develop and would have to be a deliberate decision to take no actions to recover. As discussed 
in the scenario development for the unmitigated condition, such decisions and actions are outside the scope of this BIO. 

Credited SSCs 

I At a minimum two puol cel l  area railiiiriiiii iiiuriitors must be operable. 

Safety Significant Basis - The potential dose field in the Pool Cell Area from a fully dissolved cesium capsule 
could be fatal to a facility worker if exposed for I hour or more. The a m  radiation iiioiiimrs provide WESF 
workers with the necessary warning to take protective actions. 

I 

Credited IOSR Controls 

None. 

3.4.2.6.2 Underwater Capsule Failures Due to Drop Impacts. 

As of this writing, no reasonable basis has been identified for limiting the number of damaged capsules possible in a 
drop accident. Therefore, consequences are quantified for the single most active cesium capsule (i.e., 53.2 kCi). This is not to 
say that the consequences reported here are in any way limiting. But, based on the high dose fields and low airborne 
concentrations of a single underwater capsule failure, it should be evident that worker doses and accident recovery is the 
primary concern and not the immediate effects to onsite workers or the public. Since the consequences of failing to recover 
from this accident could eventually present a hazard to onsite workers and the public (if multiple capsules are ruptured), this 
accident is considered here in order to aid in the development of those controls. 

Regardless of the success of accident recovery, this accident also presents a potential environmental concern with the 
unlikely leakage of contaminated water to the ground. No attempt is made here to perform ground transport studies or to 
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quantify doses through this pathway. It is simply acknowledged that there is a potential for environmental damage and that 
such damage is unacceptable. Further quantification for the sake of developing controls should not be necessary. No further 
discussion on this subject is made. 

3.4.2.6.2.1 Scenario Development. 

The frequency of a heavy object drop in a pool cell is given in the hazards evaluation as unlikely, frequency rank F2, 
for each of the objects that could result in capsule damage. The frequency rank combined with the S2 (i.e., onsite worker) 
consequence for capsule leakage in a pool cell results in a risk rank of R2 (i.e., moderate concern). 

Unmitigated Condition. A drop and resulting impact of a heavy object is a mechanism that could result in 
simultaneous damage to several capsules. This event has the potential to lead to a very rapid increase in the concentration of 
radioactive material in a pool cell. It also has the potential to simultaneously damage the pool cell liner and structure and 
cause a leak of contaminated water to the ground, which in turn could lead to capsules being uncovered. 

An object drop into a pool cell could lead to the following consequences: 

A breach of the pool cell liner and structure 

Mechanical damage to one or more capsules 

Damage to the pool cell heat exchanger and circuhtioii piping 

Flooding of the Pool Cell Area due to raw water leaking from a damaged heat exchanger. 

I 

A breach of the pool cell liner and possible damage to the pool cell floor structure are discussed in Section 3.4.2.7.1 
as a potential means for water leakage out of the pool cell. The response of the pool cell floor structure to a cover block drop 
has not been quantified. Additionally, the integrity of the pool sump confinement boundary is not a known or testable feature. 
As a result of these uncertainties, a cover block drop could lead to pool cell leakage. 

It is not known, nor has an attempt been made, to quantify the number of capsules that might suffer mechanical 
damage as a result of a drop impact. However, it can be shown by the calculation of the resulting dose field from a single 
cesium capsule failure and subsequent dissolution of its contents, the magnitude of the consequences. The dose field and the 
number of capsule contents released are related in a linear fashion. 

An additional concern with the drop accident is the potential for damage to the heat exchanger and Circulatioii piping 
located in the pool cell. The consequences of damage to the heat exchanger could lead to ( I )  disruption of portable ion- 
exchanger operation, which takes suction immediately downstream of this piping, and (2) flooding of the Pool Cell Area due 
to a breach in heat exchanger raw water lines. 

I 

The objects that pose a potential drop hazard identified in the hazards evaluation are the pool cell crane, the 
motorized catwalk, the pool cell cover blocks, and the Pool Cell Area structural components following an explosion in the 
facility, All overhead structures, including the bridge crane and motorized catwalk, are designed to withstand the 0.25g DBE 
(Section 3.4.2.1). The possible means by which a drop impacting the pool cells could occur are as follows: 

Falling shuctural members following an explosion in the facility 

Falling structural members following an aircraR impact 

Falling structural members following a BDBE 

Heavy object drop (e.g.,cover block, bridge crane failure, catwalk overload) 

3-133 



HNF-SD-WM-BIO-002 REV 1 

The first three initiating events are discussed in Sections 3.4.2.5,3.4.2.2, and 3.4.3, respectively. The consequences 
discussed below are applicable to all four initiators, but are not necessarily the only consequences. The referenced sections 
should be referred to for a complete understanding of the event consequence. 

Pool cell cover blocks were formerly installed over all active pool cells to provide shielding and limited confinement 
in the event of loss of pool cell water. They also prevent falling objects from entering a pool cell. Because of concerns over 
dropping a cover block, they were removed from active pool cells. Inactive pool cells are allowed to have cover blocks in 
place. Active pool cells may have cover blocks replaced under certain emergency conditions. 

The hoisting of a cover block over an active pool cell would imply either a failure of an administrative control or an 
emergency condition necessitating cover block placement. A second failure of the hoist system would also have to occur in 
order to have a potential drop. Since the cover blocks are necessarily wider than the pool cell, capsule impact may yet be 
prevented by the rigidity ofthe cover block. No structural steel is provided in the lip of the cover block, which rests upon the 
pool cell wall. 

A capsule failure resulting from an object drop would release radioactive salt into the pool cell water. In addition to 
the high energy gamma-ray from the "'"Ba daughter product, cesium chloride salt is far more soluble than strontium fluoride 
and is the overriding concern. The dose rates associated with such a release could be sufficient to prevent personnel entry into 
the Operating Gallery or Pool Cell Area. Controls necessary to mitigate this event must consider this environment. The 
failure of recovery actions leads to the consequences discussed in Section 3.4.2.7. I, 

Mitieated Condition. The mitigated scenario assumes that the movement of cover blocks over active cells is 
prevented by administrative controls, thereby eliminating the possibility of a cover block drop. Also, StNcNral failure ofthe 
crane or catwalk is prevented by controls that require structural components of these items to be qualified for all design basis 
loads. In the mitigated scenario, capsule damage is prevented by these controls. 

Major AssumDtions. The following assumptions were made in the scenario development: 

Pool cell concrete floor and sump will not act as a containment barrier for water leaking from a ruptured liner. 

For the mitigated scenario, controls exist to prevent a cover block drop or structural failure ofthe pool cell crane or 
catwalk. 

3.4.2.6.2.2 Source Term Analysis. 

Unmitigated Condition. From the discussion above, the only causes for a sudden capsule failure are object drops into 
an active pool cell. These same object drops have also been identified as a means to breach the pool cell liner and potentially 
cause leakage of pool cell water. For the source term resulting from a loss of pool cell water, the reader should refer to 
Section 3.4.2.7.1. The unique gamma-ray and airborne source terms associated with the dissolution o f a  single cesium capsule 
are considered below. 

This analysis assumes that the capsule involved is a cesium capsule located in active storage Pool Cell 5. Pool Cell 5 
is centrally located and the dose fields reported are conservative with respect to the rest of the pools. Cesium chloride is 
assumed instead ofstrontium fluoride for the sake ofconservatism. Cesium chloride solubility is 4.5 to 6.8 times more soluble 
in water than table salt (i.e,, at 0 and 100 "C [212 O F ] ,  respectively) while strontium fluoride is very insoluble and would not be 
expected to migrate from the pool cell. A single pool cell contains sufficient water to easily dissolve the entire encapsulated 
cesium chloride inventory. In addition, the "'Cs daughter product "'"Ba has a significantly greater direct radiation dose rate 
than "Sr, resulting in greater direct dose rates. In all cases, using a strontium capsule in this analysis would result in lower 
consequences. 

This case is modeled as the sudden underwater failure ofthe single highest activity cesium capsule manufactured at 
WESF, which is yet in existence as of January 1, 1996. The release of the entire contents of the maximum cesium chloride 

intervening actions are possible to halt the release. In addition, the cesium chloride is assumed to immediately form a uniform 
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mixture in the pool cell and in the pool circitlalioti system. This assumption should be valid for the condition where the 
circulatioii pump is running, and conservative for a stagnant pool condition where the higher concentration salt water would 
initially seek the lower levels in the pool cell. 

I 
The contamination in the pool cell can be expected to lead to small quantities of cesium chloride made airborne in the 

Pool Cell Area. Orme (1981) indicates that entrainment of '"Cs from a contaminated pool can be characterized by an 
entrainment rate fraction (ERF), which is governed by the evaporation of water from the pool. The ERF is the fraction made 
airborne ofthe total amount of dissolved contamination in the pool cell. The airborne release rate from the pool cell can be 
found by multiplying, the ERF by the total amount of '"Cs dissolved in the pool. When the cover blocks are removed, Orme 
(1981) calculated an ERF of 1.45 x 10.'' h', assuming a bulk water temperature of 50 "C (122 OF). 

Using the ERF of 1.45 x h' (Orme 1981), the airborne release rate associated with 53.2 kCi of "'Cs dissolved in 
a pool cell is approximately 2.5 x 10' Bqih (7.7 x I O 6  Ca), or 7.9 x I O '  Bqis (2.1 x IO9 Ciis). With an approximate flow rate 
through the Pool Cell Area of approximately 140 m'lmin (5,000 ft'/min), this results in an average concentration in the Pool 
Cell Area of 34 Bq/m' (9.2 x Ci/m'). 

Mitigated Condition. The mitigated condition takes credit for the prevention of a heavy object drop into a pool cell. 

Maior Assumotions. The following assumptions were made in the preceding source term analysis: 

Leaking capsule is a cesium chloride capsule in Pool Cell 5 .  

The entrainment rate fraction for cesium dissolved in a pool cell is 1.45 x 10" h', assuming a bulk watei 
temperature of 50 "C (122 OF). 

The ventilation flow rate is approximately 140 m'/min (5,000 ft'imin) 

3.4.2.6.2.3 Consequence Analysis. 

Unmitigated Condition. The direct radiation dose rate associated with a pool cell contaminated with the contents of 
the maximum capsule, 53.2 kCi of "'Cs, can be found using the same exposure rate as above from Orme (1981). That value is 
8.8 mRh/Ci leaked into the pool, for a total exposure rate at 1 rn (3.3 A) above the center ofthe pool ofapproximately 
470 R/h. 

The dose consequences associated with the airborne contamination are not calculated because of the very small 
source term and long release time. The insignificant nature of the dose consequences associated with the release of airborne 
contamination can be illustrated by calculating the length of time required to reach an onsite dose of 50 mSv (5.0 rem), which 
is the onsite evaluation guideline. The exposure time, t,, can be determined by 

D 
Q R L C  

I .  = 

p' 

where: 
D = dose of interest (rem) 
Q = release rate (Ci / s) 

R = reference man breathing rate (m' / s) 
x / Q = atmospheric dispersion coefficient (s / m') 

C = dose per  unit curie inhaled (rem/ Ci) 

I The dose of interest is 50 mSv (5.0 rem) (the onsite risk evaluation ~u id t l incs) ,  the release rate is 2.1 x Cvs, 
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(calculated above), the breathing rate is 3.3 x I O d  m'/s (Section 3.4.1.3), the x/Q is 1.13 x 10'slm3 (Section 3.4.1.3), and the 
unit dose for '"Cs is 3.2 x lo5 mSvlCi (3.2 x IO'rem/Ci) (Section 3.4.1.3). Substituting these values in the equation above 
yields 

5 rem 

S m Ci 

= 2 . 0 E i l O s  

I 630yr 

Thus, in order to reach the onsite risk c~al t ia i iwi  gi~idcli~ics this release would have to occur unmitigated for 
approximately 630 yr. This calculation does not account for the natural decay of the '"Cs, which has a half-life of 30.17 yr, 
nor does it account for filtration in the K-1 system. 

I 

The dose field at various locations in and around WESF resulting from the dissolutioo of the maximum cesium 
capsule is provided in Figure 3-3. 

Mitieated Condition. No mitigated consequences are analyzed since the drop accident is prevented in the mitigated 
condition. 

3.4.2.6.2.4 Comparison to Guidelines. 

Unmitieated Condition. As stated at the beginning ofthis accident scenario, no hasis is available which would limit 
the number of capsules damaged in a drop accident. However, it can be seen from the low airborne concentrations and dose 
fields outside the facility, and the high dose fields inside the facility, that the overriding concern is accident recovery. Failing 
to recover from this accident could eventually lead to the more serious consequences of a loss of pool water as discussed in 
Section 3.4.2.7. Therefore, the controls identified to prevent or mitigate this accident should be considered in light ofthe more 
serious consequences. Furthermore, any recovery actions should consider the adverse environment that this accident could 
cause. The dose fields estimated above are not necessarily limited to those of a single capsule as reported. 

DOE-STD-3009-94 (DOE 1994) also requires the consideration of adverse environmental impact. A cover block 
drop could potentially cause such an impact by causing both capsule leakage and leakage of contaminated water to the soil. 
Although a significant dose from this pathway would take many years to develop, the magnitude of the environmental damage 
and risk to ground water sources is large. 

Mitieated Condition. No comparison is made since the mitigated scenario has no consequences. 

3.4.2.6.2.5 Summary of Safety SSCs and IOSR Controls. 

Credited SSCs 

0 Bridge crane, catwalk and associated support structures. 

Safety Class Function - Must be capable of carrying design loads under al l  conditions 

Credited IOSR Controls 

IOSR protected control prevents, except in the case of an emergency response, the lifting of heavy objects over 
active pool cells that have the potential to damage capsules or the pool cell liner. 
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3.4.2.6.3 WIXM Loss of Containment 
I I 3.42.6.3. I Scenario Development. 

Th is  accident analysis addresses a loss of W l X M  containment. The WlXM ion eschange columii i s  completely 
encased in reinforced concrete oil a l l  sides which is at bast 3 I inches thick. It is very unlikely that the WIXM can bc ruptured. 
however, to bound operations, i t  i s  assumed that the WlXhl  is hreeclied and results in  a release of the contents. In the soiirce 
teriii and consequence analyses. the release ~iiechanisnis arc modelcd sucli tlint a l l  of the evsnts are bounded. 

Events idcniitied which could possibly rupture the WlXM include earthquake. vehicular collision, and rupture due tu 
o\,erpressitri%ation from hydrogen buildup. The WlXM i s  contained in  reinforced concrete and is a large inonolithic structure 
fmd-not prone to tipping caused bq a scismic event or vehicle impact. Vchiclc impacts would also be of  very slow speed and 
nut l ikely to damage the WIXM striicture at all. 

I f  the W l X M  were not vented (Le.. vent line misatkenly capped), the generation ofhydrogen within the WIXM could 
evcntuall) cattse an overpressurization. Due to the pressure buildup and the potentially bigh temperatures generated inside the 
WIXM. the water remainins in  the WlXhl could flash to strani once the pressure is  released. This could cause release o f  resin 
i i iater ia l  and f lying projectiles (if.. cap and'or rod inserted in  inlet and outlct l i nes )  which could cause injury IO the Facility 
worker. 

1-liese events have similar release niecliatiistiis in that they resiilt in  failure o f  the WIXM containment boundary and 
spill or cjcction ofniatcrial into the Truckport. 

3.4.2.6.3.2 Sourcc T c r m  Analysis. 

The resin bcails arc similar iii siLc to sand. The top ol'thc resin bed is appro\imately 81 in. offthe ground giving 11ie 
resin bofticient potential energy tu spil l mitu the Truckport fluor (assuniiny the sfriictiire \vas breached). The wet resin \\:uuld 
bu limited in  i i iovci i ic i i l  oncc i t  exits the WlXbl and \\auld have too much mass to become airborne:. As stated in the hazards 
eviiluatiun, the cotitainination on the resin is  sthiect to release only i t i  the event of biirrtirig of the rcsiii or sevrrr shock flint 
pul\crizcs thc resin bcads (such as ai l  esplosion). Thus. a spil l ofthe WIXM coiiteiits rwu ld  not result in  a respirablc relcase 
from the resiii. 

A >pil l o f  niaterial followed b> impact o f  the W l X h l  assembly or ;I vehicle wuuld not resiilt in a significant quantity 
of crushed resin or a rclcasc of significanl airborne contamination. Esposurc ol'tlic unsliieldcd resin material, howcvcr. would 
result in  an increase in  direct radiation levels in  the Truckpun. 

- 1  
For the H I 0  WlXM accident analyses. a radiological source trim greater than the uperatins l imit w a s  desired in  order 

to bound operations. The heat load SssiiiiiFlI f o r t h ~ h e r n i a l  analysis (l9>, W) i s  ZGYO greater than one-fourth thc niasii i iui i i  
struntiurn capsule (I 53W) [see Section 3.4.2.;,2]. Therefore, to bo\llnd dpyrating conditions, the suiirce term of 25.200 Ci  " S r  
or 31.500 C i  "'Cs \vas used for al l  accident analyses. This equates Io&h greater than thc SARP opcraling limits of 10,000 C i  L3 

""Sr or 25.000 Ci  "'Cs. The facility implementin$ procedures comply with the SARP limits: the H I 0  limits were developed tu 
bound I'acility operations. 

I 3.4.2.6.3.3 Conscqucncc Anal) sis. 

The airborne rulcasc of contamination from a spill of the WlXM contents is ncgl i~ ib le ,  as discussed in the scenario 
develupnient. 'l'herefure, inhalation dose is not of concern. 

T h e  SAIIP c;ilcul;ited the doje rate fur 20,000 C i  of'"'Sr. ' fhe niiwii i iuni potential direct radiation dose rille from 
SI, Y v a s  calculated as I.Olxl(J' reniihr (wliole bud?) h r  bvta and 5 . 5  renilir for gmnra  at 3 in i n  Section 134.7.5 oftlie %, ../"I . 

WIXM SAI<P(IINF, 1998d). 
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These beta!ganima dose rates are associated with the WIXM design loadins of70.000 Ci  of""Sr. T o  provide a 
bounding case. the quantities o f  radioactive material i s  increased by 269; to 25.100 Ci  of%. Increasing the inventories by 
26% results in an equivalcnt increase in the estimated dose rates. Thus. the dosc rates arc 1.3 1x10' rsni'hr (\\hole body) for 
beta and 6.6 r e n h r  for gamma. 

The direct dose rate for a resin spill containing 25.000 C i  (design load) or 3 1.500 C i  (26"o  higher than design load) o f  
"'Cs was not calculated. however. because "'Cs i s  primarily ganinia, i t  can be intuitivcly concludsd that this typc' o rsp i l l  
would also result in a significant dose to the worker. 

D u e  to the W l X M  design and operational controls. i t  is very unlikely that i t  \ b i l l  complercly rupture and spil l its 
contents. However, to protect the worker. radiation nionitoring capab 
for worker protection to prevent overpressuriration o f  the WIXM. 

cs nil1 be required. A \ m t  l i ne  \ b i l l  also be required 

3.4.2.6.3.4 Comparison to Guidelines. 

The iniost conservative onsite evduatioii guideline i s  5 rem and the iiiost conservative offsite evaluation guideline i s  
0.5 rem due to inhalation ofradioloSical contaniinatinn. Noitlicr of these guidelines esplicitly applies to direct radiatioii doses. 
however. soinc qualitative judpemetits can be made. The direct dose rare associated witt i the "Sr. whether the design load or 
26% increasc, clcarly impacts worker safety. The direct dose associated with the ""3, whether the design load or the269.b 
increase. would also represent a significant threat to worker silfety. 

3.4.2.6.3.5 Sumntary of Safety SSCs i ind IOSR Controls. 

Credited SSCs. 

None. 

Credited IOSR Controls 

To keep operiitiotis within the bounds ofthe an:iIysis. the quantiry ofradioactive niat?rials present in  the W I X M  
assembly i i ius t  be  110 greater t l ia i i  25.200 C i  of""Sr or 3 I . j00 C i  of "'Cs. For conibinations o f  isotopes. wherl: "Sr 
and "'Cs are present at the same l ime.  it is  noted th;tt [lie nierliod o fcont ro l l i t i~  the i n v e n t o k  is b?; l imiting the 
quantit) of cation resin in  the \VlXbl vesscl. Limiting the resin places a pli)sical limit on the iiiventor:.. and since 
'"'Sr i s  bounding over '."Cs, an? combination where "'Cs takes die place o f %  i s  bounded by the case where a11 of 
the cnnmii i iat ion is  '%. 

Anytime a WIXM is conlaminated with "'Cs andior "Sr, radiation monitoring capahililics inust be present. Such 
nionitoring niust alilmi locally to alert persoiinel o f  elevated radiation levels if the W I M M  breached 

A vent line is  also required fbr the W I X M  to prevent Overpress~triZation. 

3.4.2.7 Loss of Pool Cel l  Water. 

This  accident type i s  specifically directed to those sequences that could lead to the total loss of water f rom one or 
I more active pools cells, as identified in the hazards evaluation in Hey (1999). Initiators are: heavy object drop, failure to add 

I necessary and sufficient to prevent capsule failure. 
makeup water with or without a loss o f  cooling, and inadvertent pool drain. T h e  maintenance of capsule water cover i s  

I 3.4.2.7.0 Scenario Development. 

Unmitieated Condition. Each pool cell i s  designed for independent monitoring and cooling. Makeup and draw down 
are also controlled by valving to affect one pool at a time. The initiators listed above would not be expected t o  effect the 

I 
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integrity of another pool. In this evaluation, it is assumed that other systems servicing other pools remain intact. For this 
reason, the pool cooling systems for unaffected pools are assumed to remain functional for the duration of the event. Also, 
water level in each of these other pools is assumed to remain at their nominal levels. This is done for both simplicity and to 
evaluate the thermal and source term consequences of draining a single pool, independent of consequences from other pools 

Pool Cell Liner Leak Due to Corrosion. The pool cell liner is constructed of 16-gauge type 304 stainless steel at the 
sides and 14-gauge type 304 stainless steel flooring. This material is highly resistant to corrosion, especially at the 
temperatures and pressures of the WESF pool cells. If corrosion did occur, it would require an extended period of degraded 
pool cell water quality. Water is routed through the ion-exchange columns on a regular basis, and degraded water quality will 

I not go undetected unless controls to iiiunitw the pool cell water also fail. 

If a small leak in a pool cell liner developed, water would leak into the corresponding sump. Each pool cell sump is 
an independent closed system with a capacity of approximately 257 L (6s gal) including the capacity of the sump standpipes 
( I d  detector l ines) up to the 396 cm (156 in.) level ( I  I q  lW9). This is equivalent to 2.5 cm (I in.) ofwater level in Pool 
Cells 2 through 11. A conductivity probe is provided in each sump for indication of water accumulation. A water level drop 
of more than 2.5 cm (1 in.) would require a breach in the concrete pool structure or tlir I w h  detector line. Concrete around the 
drain line and c i rcu ldo i i  pipe penetrations was poured in place, precluding significant leakage into the pipe tunnel through 
penetrations. 'Vir I c A  detector l i l ies we seisniicall) qi ial i t ic i l  to ii \L'k:$F I)HE (M :igeiiblasr, et al. l999). 

Pool Cell Liner Leak Due to Obiect Drodlmuact. One possible mechanism for causing a high leak rate is to drop 

I failure such as that discussed in Sections 3.4.2.5 and 3.4.3. Wagenblast, et al. ( I  O W )  concluded that none of the overhead 
something heavy into the pool cell. Two potential initiators for this event are a crane lift accident or a catastrophic structural 

structures and components such as the 225-B roof, cover blocks (when installed), bridge crane, or catwalk, had the potential 
for failing under design basis loads. 

One object heavy enough to cause this event and readily available is a pool cell cover block. Pool cell cover blocks 
are 76-cm- (30-in.-) thick and weigh 6,600 to 6,800 kg (14,500 to 15,000 Ib). A drop could easily cause a puncture or rip in 
the liner. The possibility of a breach in the 53-cm- (2 I-in.-) thick concrete floor beneath the pool cells or of a pre-existing leak 
path through the floor structure requires this event to be considered a potential leak initiator. 

A unique aspect ofthis accident is the potential high radiation field that would quickly result from catastrophic 
capsule failure. Unfortunately, it is not possible to determine beforehand how many capsules will fail, but the severity of the 
event can be gauged from a single cesium capsule failure and the dissolution of 100% of the salt contents (Le., 53.2 kCi 
maximum). As discussed in Section 3.4.2.6.2.3, the direct radiation exposure rate 1 m (3.3 ft) above a pool cell would be 470 
Rih. Therefore, potential damage to the pool cell water retention structure caused by a cover block drop could quickly 
preclude manned entry into the Pool Cell Area. Section 3.4.2.6.2 contains additional discussions of drop accidents, their 
causes and consequences. The potential for contaminated water leakage is also considered there. 

Inadvertent Draining. T l i c  l i i l l o \ v i i i ~  pathways exist by which a pool cell could be inadvertently drained. These are 
(1) through the circul~itioii cross connect, iiiiil (2) through the transfer port valves and transfer aisle. The following paragraphs 
discuss these drain pathways. 

I 
(I) The inadvertent draining of water from an active pool cell could occur through the cross connect to the ion- 

exchange system located in Pool Cell 1 I .  Normally a stream of 11 L/min (3 gal/min) is diverted from the heat exchanger 
return line to the purification system. After purification the stream is returned directly to the pool cell. A valve alignment 
error could divert this flow to another pool cell or ' I  k- IO0 durilig tihe of tlir e i i i e r x r i i q  ion s\change s)>tenl. Since the flow 
to the ion-exchange column is diverted from the circulation line, the water level ofthe pool cell could in01 be reduced to less 
than the 350 cm (138 in.) level because this is the level ofthe circi~li~tiiiii [XIIII~ inlet. A water level drop of2.S cm ( 1  in.) in 
Pool Cells 2 through 1 1  is equivalent to a water volume of 60 gal. Thus, it would take 6 hours for the level to drop from the 
nominal value of approximately 396 cm (156 in.) to the 350-cm (138-in.) level. 

(2) I he second pathway for partially draining a pool cell is through the transfer aisle. A normal means of water 
addition to a pool cell is through transfer aisle equalization. This is accomplished by opening the transfer port valve for the 
desired pool cell and adding water to the transfer aisle. If the transfer port to an empty pool cell were also opened, all three 

I 
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pools would equalize to a water level of 254 cm (100 in.). This assumes that the transfer aisle \\:is ori$iiiall> at 254 cm 
( IO0 in.) and the active pool cell i u s  originally at 330 cm (130 in.). A further decrease in water level is not possible without 
additional errors or failures. In this analysis and in the hazards evaluation in tlq 1 I(JW1, it is assumed that the facility 
configuration is for all of the transfer ports to be normally closed. The transfer ports are assumed to be open only for 
predefined operations or as part of an emergency action. 

Failure to Add Makeup Water. The WESF operating experience indicates < I  to 6 in. per week evaporative losses 
1 from a pool cell are normal, depending on ambient conditions that control cooling water temperature on the tube side of the 

heat exchanger. Should pool cooling be lost, the bulk boiling temperature assuming worst case capsule configuration could be 
reached in no less than 1 1  hours (Hey 1999). The rate of level drop at this point would be a maximum of 2.5 c m h  ( I  idh) or 

I 4 Limin (1 gaymin). Thk i i  illu~trolcii iii F i y r c  3-4. These estimates are based on an initial pool temperature of 50°C (122"F), 
a pool level of 130 in. and a thermal pool heat generation of 149 kW, and neglects conduction to the ground or adjacent pools. 
Potential causes of heat removal failure are as follows: 

Low water level. 

Circulation pump or motor mechanical failure, instrument failure, loss of instrument air 
Loss of raw water cooling, loss of electrical power to the circulation pumps 

The first failure mechanisms are unlikely to result in a total loss of heat removal capability from all pools since each 
pool has its own circulation system. The exception is a loss of instrument air, which would result in a low water level reading 
for all pool cells and, in turn, cause the circulation pumps to be shut off. The second set of failure mechanisms could result 
from a seismic event since neither the raw water source nor electrical power supplied to WESF is qualified for seismic loads. 
However, the existence of a diesel driven raw water pump and a backup diesel generator make their failure less likely. A low 
water level in a pool cell could also cause a loss of cooling if the water level were to drop below the setpoint of an interlock or 
the inlet for the circulation system. The interlock would act to deactivate the circulation pump to protect it from damage. 

The total thermal output of all uncut cesium chloride and strontium fluoride capsules as of January 1, 1996, is 403 
kW ifhis ~ i l l u c  bui i i ic l i  the I! pc Li '  mcrp,ich capwli... hroii:lit t o  L\'k:St: ii i 1098). Without pool cooling, a conservative 
estimate ofthe evaporative loss associated with this thermal power is npprmiiiiC>ti.l) I I L/min (3 galimin). Therefore, the 
emergency makeup requirement is minimal and could easily be supplied by the flow rate from a standard garden hose or one 

I 
I tanker truck per day. In this case, polciitial emergency SOLIICC\ of water addition are as follows: 

Sanitary water addition from fire hydrant 
Raw water addition from fire hydrant 
Opening the transfer port valve between the active pool and the transfer aisle 
Tanker truck (0111) appliczible fur loss cifpoul cell coijliiig: inof applicable f iv  ii wpiil loss of pool cell \ i i i w ) ,  

The first three are vulnerable to seismic failure since, like the deionized water system (see Section 3.4.2.l), neither 

I 

the sanitary or raw water sources are seismically qualified. However, it is feasible that one or both systems could remain 
functional following a seismic event. In addition, the pool cells provide a source of water that is qualified for seismic loads up 
to the 0.2Sg DBE. If makeup water and pool cooling were lost for an extended period, opening the transfer port valves of Pool 
CKIIS I through 8 would lower the evaporation loss to 0.8 cmih (0.22 inh)  and triplc the response time available to restore 
water makeup capability and the time at which capsule water coverage would be lost. I1 Pool Cclh I and 3 tliruugh 7 transfer 
port ~ i i l v r s  wei-e opeiied. tl ie ebiiporiit ioii IIU iioiilil he I .O ci i i  'lir (O..?Y iii'lii-) 1 I le) l9'19 1. This is illustrated in Figure 3-4. 

In either case, several days are available for placement of cover blocks. This action would limit the dose fields in and 
around the Pool Cell Area to acceptable levels for implementation of recovery actions. The direct gamma-ray exposure rate 
from I15 uncovered cesium capsules beneath cover blocks would be in the range of 5 mR/h (Hey 1999). 

From the discussions provided above, a credible means for the pools cells to experience evaporation without pool 
cooling in conjunction with a simultaneous loss of normal and emergency makeup water systems, is a seismic event. With the 
exception of the water retained in the pool cells themselves, no seismically qualified water supply is available to WESF. 
However, the success of alternative water supplies (tanker truck, new well, etc.) or repair of failed water supplies is made more 
likely when more time is available for recovery. Time is afforded by the use of the limited supply of water retained in the pool 
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cells, all of which are seismically qualified, and the capability to place cover blocks over the pool cells to ensure facility access 
is not prevented in the short term. The success of the recovery actions is dependent on the time available and the preparations 

I made. From Figure 3-4, it should be evident that at least 2 and possibly X days are available to place the cover blocks over the 
Pool Cells. All structures and bridge cranes necessary to support cover block placement are seismically qualified, but 
electrical power is not. This short term action would extend the recovery period from a minimum of 5 days and, depending on 
the pool cell water supply, to as many as 22 days (Hey 1999). Restoration of makeup water within this time frame is adequate 
to prevent capsule damage. 

Figure 3-4. Capsule Storage Pool Water Level Versus Evaporation Time 
(Single Pool with 149 kW, Siu Pools \\ itli 403 hW, Eight Pools with 403 kW) I 
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1'001 Cell I h i n  I.ine (or  Circiilntion I h e )  Failure. t a c h  pool ce l l  is  provided \\it11 a 5-ciii (?-in-) diameter. schedule 
IOS stainless steel. \baler rcii iobal p i p  (drain line) cktcndiiis froni an opcii end at 1.3-cin (I? in.) above the pool cc l l  Iloor. 
rhrou:li t l ie pool cel l  liner and wnll into the pipe tunnel. and t h r u u ~ h  tlie pipe tunnel ceilins into tlie pipe trench to a t1:inZe 
connection al 15 cin ( 6  ill.) belo\\ t l ie Pool Cell Area Iloor gratin?. Each water rcnio\al pipe penetrates 11ic pool cel l  liiicr and 
wl l  into the pipe t i innel  at ai1 r l e w t i o r i  of91 cin (36 in.) above the p o d  cell tlooi-. extends Iioriroiirnlly 2.3 in (7.5 ft) to the 
exterior wall. thcn \wt ic i i / I !  i ip 2.7 111 ( 9  I t )  \\hi're i t  petictratcs thc pipe t i innel ceilin?. Each pool ci'll i s  a lso providcd with a 
7.6-cin (3-in) diameter circiiliitioii line t h a t  penetrates t l ie puol ce l l  liner and \\all into the pipe ti i i inrl ;it ;in elrvatiuri o f 9 1  c m  
(36 in.) above !lie pool cel l  lloos. extends liorimit;iIl> 01 c i i i  ( j  ri). t l ici i verticall? lip 2.7 111 ( 9  Ut) \ \ l iere i t  pcnetratch (sIc.e\'cd) 
the pipe tui i i ie l  ceiling. If t l ie poul ce l l  drain or circiiI:itioii line were to riipriire in the pipe tiiniirl. tlir pool cell i i c i i i l t l  be in 
.jcop:ird) of drain in^ Io. i i ist helo\\ the 9 l -cn i  (36-in.) Ii'vcI (centerline o f 5  c i i i  [?-in.] pipe is  at 91 c i i i  [36 in.]). 

Rcvisioii U o t t l i c  WESF DIO accident analyses used e\isling niiclr'ar indiistr! tlat:i and coiiscrvatiiely dctcriiiiiicd Ihe 
frequeiic) of a pipe Ieah iii the pipe tuniiel to be I ..i x IO-.'/! r aiid ii pipe break to be 4.4 I 1O':yr (I le! 1999). I t  has since been 
dcleriiiincd that t h i s  data \\.ah Ibr piping uiidcr dy ia i i i ic  loadin: and i s  not applicable t o  l l ic uniiscd drain litii 's and Ion-  
lpressurr circiiI:ition l ine5 in the pipc t i innel .  

'I here is  currently no credible i i ieans identitied to filii tlir dl-liiii and circiilatioii l i l i es  in the pipe tiinnel. 'l'liese lilies 
arc stainless ste'el and are o f a l l  \ \cldcd c i ~ t i s t r i ~ c t i o ~ ~ :  tlicre are 110 opcratimis perlimned in i l ie  pipe tiinnel which cciiilil 
physically inipact the lilies: only deionized \v;ifer has been ~ised in these lines: video pictiires rake11 in 199.5 showed i io 
cvideiice of  water Icahing i t i  the pipe tuiiiicl: and these lines ha \e  been evaluated in Wagenblast, et al. (1999)) and found in he 
srrilcturaliy cnpiiblr of\v i thstnndin~ I ) H E  I~xid) $1 ithoilt rxceeiliiif alluwable stress levels. 

I h e  10 t l ie signiticitnt cotiseqoeiices :issoci:ited with t l i i s  e\ent (bee Suctiuii 3.4.3.3)). I.iriiitiiig Condition for 0per:itioi 
(LCO) 3.1 "Pool Cell Lcw l "  and Adiiiiiiistratii,c Control (AC) 5.X "Pool Cull Water bI:ihciip" ucrc i lcvelupcd and salecy class 
SSCs were identitied ii\  tiiitiZative features. E1,e.n tliuugli t l i r rc  is currently i io credible initiator t o  rliis event and the ;iccident 
an;tl)sis ha; bwii  i i iovcd t i l  the Bcyoiid Dc<igii Rmis  Accidci i t  sr'cliui (Section 3.4.;). thc controls \\ i l l  be tnniiiiaiiicd i i i i t i l  
addition;il evaliiiitioii is perfiirtiied diirii is i l i e  i iext  I\ 1'4F t310 i i l d i t e .  

Mitieated Condition. The mitigated condition assumes that any loss o f  pool cell water is prevented or  mitigated such 
that the capsule cooling function o f  the pool cell water is maintained at all times. Certain initiators discussed above in the 
unmitigated scenario may be prevented by controls. Other loss o f  water events may be mitigated by detection and addition o f  
water before the accident can develop into a complete loss o f  pool cell water. 

Maior Assumptions. The following assumptions were made in the scenario development: 

In the case o f  liner failure, the concrete pool cell structure provides a containment barrier against water loss. 

Pool cells, other than the cell losing water, continue to function normally throughout the accident. 

Transfer ports between the pool cells and the transfer aisle are only opened for predefined operations and 
emergency actions. They are kept closed at al l  other times. 

The tutal thermnl oiitpiit of a l l  reii1:iininy i i i i c i i t  cesiiiiii aiid strciiitiuiii capsules a s  of 01 01/06 is  40.3 k W  (I ley 
lW9) [tliis valuc hoi t l ic l ;  t l ic  T?pc LV ovcrpnck capiulcs brought t u  C\'EST iii IOOS]. 

The rapid loss of pool cell \inter accidciit c a i w d  h\ draiii l i w  h i l u r e  i s  still being iiwd as lhc lmundiiig accident 
analysis f i x  Iu55 of pool ce l l  \v:iter, 

3.4.2.7.0.2 Source Term Analysis. 

Unmitizated Condition. 'I l ie rapid loss  ufpool  c e l l  \\:iter :iccideiit caii\rd I>> ilr;iin line t i i l i i re is st i l l  beitig iiscd as 
Ilk! bo i i i i d i i i ~  accidcii l  analysis l o r n  loss  olpool  c e l l  water cvuiit. Scr' DDBr\. Sect ions 3.4.3.2. I .2 (sitisle pool cell) aiid 
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I ;,4,j.3.?.? (all p o o ~  ccik). for  unniitigatcd source term ana1:sis associated w i th  a rapid loss o l ' p o o ~  cell water 

Mitigated Condition. ' I h e  rapid loss of pool cel l  \vater accident cn~iscd by drain l ine h i lure is  s t i l l  being used a s  t l ie 
tmiitiding accident analysis for a l v s s  o i p o o l  ce l l  ivatcr evcnt. See BDBA. Section, 3.4.3.3.1.2 (single pool cel l )  and 
;.4,?.2,?,2 (all pool cells). for mitiSireJ xii irce teim analysis associnted &ith a rapid loss of pool ce l l  \ r ~ t e r .  

Maior Assumvtions. 'The rapid lois of pool cell water :iccideiit c i i i i s r i l  by drain l i i ie  h i lure i s  s t i l l  being used as the 
bounding accitl?:Lit analysis Ibr a loss ol~pool cc l l  water event. Sei. UDB.4. Sccticxis 3.4.3.3. I . 2  (single pool cell) am1 
3.42.2.2.2 (all pool cells). for timjor assiiniptions associated \vitli :I rapid loss  of pool cell  water. 

3.4.2.7.0.3 Consequence Analysis. 

Unmitigated Condition. I he rapid loss ofpool ce l l  \.\;iter accident caused 11). drain line falure i> sti l l  bein: used as t l ie 
bounding accident analysis l i ~ r  a loss of pool ccll  water event. See BDBA. Sections 3.4.3.3.1.3 (sitiglc pool c e l l )  and 
i.J.2.?.2.3 (all pool cells). for untnitignted conseqwrice an;ilysis iissociatrd with :I rapid loss  ufpool  ce l l  water 

Mitigated Condition. The rapid loss  ofpool cell wateraccidciit causcd 135, draiii l i i ic Ihilurc is s t i l l  bcitig used as the 
boitnding accident analysis fix ii loss of pool cel l  wnter event. See H D H A .  Sections 3.4.3.3. I ..3 (single pool cel l )  and 
3.4.2.2.2.3 (a l l  pool cel ls). io r  iiiiti+ntcd cotiseqiiciice analysis assnci:ited with a rapid loss of pool cel l  wntcr. 

3.4.2.7.0.4 Comparison to Guidelines. 

Unmitigated Condition. T i c  rapid loss ol'pool ce l l  nkitcr accident causcd by draiii l i i i c  i i i lure is  s t i l l  being used a i  the 
l x i~ t i i d i l i ~  :Iccidetit andysis for il Ioss of pool c e l l  water event. See RI)H:\. Sections .>.4,3.3,I.J (single pool cell) and 
3.4.2.2.2.4 ( a l l  pool ccll?). h r  coniparisw ol 'ui i ini t igted closi: conscqi ic i iccs IO Siiidcliiics associa~ed ~ i t h  a rapid loss of pool 
ce l l  \\:iter. 

Mitirated Condition. 'I l ie  rapid loss o f  pool ce l l  barer accident cattsed by drdin line fi i i l i tre i s  st i l l  being used as t h e  
botitidin: accident a i i a l )% is  Sor a loss o i p o o l  cel l  \viiter n c n t .  Scc UDBA, SccLiniir 3.4..3..3. I .J (single pool cel l1 and 
3.4.2.2.2.4 (all povl cells). for coiiiparisnii ofi i i i t igated dose cotiseqiieiices to guidelines associated \vitli a rapid loss  o f  pool 
cel l  \bal i : r .  

3.4.2.7.0.5 Summary of Safety SSCs and IOSR Controls. 

The Ibllou ii ig controls arc dcliiiecl Sor the bounding rapid loss  v i  pool cel l  \rater cvcnt described in Suction 3.4.:.3 
Even tlioit@ tlicse controls are based on t i  HI)HA. they bound all otlier loss of pool ce l l  water accidents identified in  this 
scctioti and arc ihcrelbre iiicludcd liere. These coiilrols w i l l  be iiiaintained unti l lurtlier evaluation is perfosnied i n  the ncx1 
H I 0  updnte. 

Credited SSCs l 
e k i p i d  water loss  detectius system (i.e.. level instrunirtitatioii and ARMS) 

Safety Cluss Function - 'l ' l ie rapid water loss derecrion 3ystein is a requit-ed engitieerrd barrier nredetl to prevelit 
conipIc~c loss  ofpool ce l l  water in h e   veti it oSa draiti liiic or circulatioii line Sailtire in the pipe tunnel. Its 
safety class function is to al:trin uti detection of  rapid loss  o f \vnter  froni the  pool cel l  to iiiitiate einersency 
response actioiii. Leve l  instrurncntatioii and ARMS act togcthci- as a rcdundnnl and divcrsc Incans of alarming 
on drrectinti o f a  rapid loss  of water. Seismic qwilitk.atinii is iiot reqitii-ed sitice the  syitein i s  nut required to 
rcspoiid to the DBE. Eiiviroiinicntal conilitioiis in  the I'ool Cell Area during this evcnt arc l l ic s3iiIe >is I l l O s C  

during nvrtni i l  operatin: condition>. 

I 
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. Cniergenc) inahcup lill pipe:. 

Safct) Class Function -To allow w t e r  to bc added to thc pool ccl ls remotcl) i i i  tlic e'reiit ofa rapid loss ol'pool 
cell uiitrr without exposing response personnel to a dose of  greater than 50 niSv (5  rein). 

. Area 3 biructure .  

Safety C l a s  Function - 1'0 retitin water over the c;~p~ules  so that rd i i i t i on  tieldr m d  capsule temperatui-es are 
limited to safe storazc conditions. 

Crcdited IOSR Controls. 

Conlrol o f n  singlc \'.'EST storagc pool c a p w l e  tlitriiial inventory bclmv l.+Y k W  is r q u i r c d  to rcmain i\ itliin thc 
a n d y e d  condition. 

'The requireiiient to rniiiiitain sufficient water over the capsoles stored i i i  pool cells requires an  IOSR control 

Except in the case of eiiiergenc! rehponie. the lifting of l ie i i~y ol>jects over active pool cells that h a ~ e  t l ie potential 
l o  d a n i q c  capsules is prohibited. 

3.4.3 Beyond Design Basis Accidents 

3.4.3.1 Introduction. 

DOE 5480.23 requires the evaluation of accidents beyond the design basis. 

Each of the events evaluated in Section 3.4.2 necessarily involves an unmitigated scenario and consequence 
assessment. This analysis provides at least the consequence portion of the BDBA analysis. The accidents considered there are 
as follows: 

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

DBE 
LOEP 
Hot cell fire (plus impact on the K-3 ventilation system) 

Excessive flow in the K-3 ventilation system 
Loss of K-3 ventilation (including impacts to capsules in F Cell) 
Hydrogen explosion in the K-3 HEPA filter housing 
Hydrogen explosion in TK-I 00 
Hydrogen explosion in the Pool Cell Area 
Flammable gas explosion in the facility 
Capsule failure in a pool cell 
Loss of pool cell water. 

Truckport fire 

Of the three basic types of events, natural phenomena, external, and operational, all of the accidents listed above, 
except for the DBE and LOEP, are considered operational accidents. The analysis of operational accidents in Section 3.4.2 
already considers the more severe consequences from equipment failures, and, according to DOE-STD-3009-94 (1994), 
consideration of such unmitigated accidents is sufficient for the BDBA analysis for operational events. DOE-STD-3009-94, 
Section 3.4.3, provides the example of an analysis of a DBA taking credit for HEPA filters, assuming the filters would survive 
the accident condition postulated, while the corresponding BDBA does not take credit for the HEPA filters. Thus, since the 
analyses of operational events in Section 3.4.2 consider unmitigated source terms and consequences, the corresponding BDBA 
analyses have already been performed. For each operational accident, see the appropriate subsection in Section 3.4.2 to find a 
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discussion of unmitigated consequences. 

The DBE and LOEP events are treated differently than operational events. External events are specifically excluded 
from BDBA analysis by DOE-STD-3009-94. Natural phenomena are not excluded, and the DBE analysis in Section 3.4.2.1.1 
does not consider consequences BDBE, and thus, does not include the BDBA analysis as the operational events did. This 
section considers the facility response and potential consequences of a BDBE. Additionally, post accident, or accident 
recovery issues are addressed relating to an extended loss of water from one or more pool cells. 

3.4.3.2 Beyond Design Basis Earthquake. 

The BDBE analyzed here utilizes new analysis in combination with source terms and consequences already 
calculated. The new analysis accounts for the failure of the F Cell structure and subsequent impact to capsules stored there, 
and the potential for dropping a cover block into the K-3 filter pit. The analyses referenced for source terms and consequences 
are from Sections 3.4.2.1.1 and 3.4.2.7.2. The BDBE herein has the same format and content ofthe accident analyses in 
Section 3.4.2, excluding the comparison to guidelines and summary of SSCs and IOSRs subsections. 

In general, it will not be assumed in the BDBE analysis that failure of an SSC or administrative control will provide 
prevention or mitigation of potential accident consequences. This is the same principle used in the development of the DBA 
analyses. 

3.4.3.2.1 Scenario Development. 

The analysis of the DBE in Section 3.4.2.1.1 evaluates facility response based on survivability of SSCs to DBE loads. 
The BDBE is similar with the exception that SSCs designed to survive the DBE now fail in whatever configuration causes the 

greatest consequence. 

For the purposes of the analysis, the likelihood of the BDBE can be found from the design of the facility and the 
seismic hazard curves for the Hanford Site. Specifically, Areas 2 and 3 of WESF were designed for a seismic event having a 

I peak ground acceleration of 0.25g (Wagenblast, et al. I1)W), which according to Tallman (1996) corresponds to an annual 
frequency of 5.0 x yr-'. This frequency is in the range of "unlikely" (frequency rank of F2 in the hazards evaluation), 
which results in a risk rank of R3 (Le., major concern) when combined with the S3 severity (i.e., impacts to the public). 

Most of the facility areas are designed to maintain their integrity following the DBE. For the BDBE, the assumption 
is made that all SSCs react in the failure mode, which results in the greatest dose consequences. No postulated failure, other 
than the presence of structural debris, is assumed to prevent the release of radioactive material. 

Failure of the hot cells would result in exposure of the interior of the cells to the environment. Migration of 
contamination through openings in the hot cell and Operating Gallery structures, in addition to elevated direct radiation dose 
rates, would be expected. Any capsules stored in F Cell would be impacted by structural debris or a cell cover block and 
would add to the spread of contamination and direct radiation doses. It is not expected that the capsules will significantly 
increase in temperature because of restrictions in the airflow from failed structural components. Similar confined 
circumstances are present, without undue temperature increase, when up to 16 capsules are transported in the BUSS cask, 
which affords no ventilation. 

Failure of the 225-8 Building structure could cause the confinement failure of the Truckport area. Failure of the 
I Truckport structure may impact any solid waste stored there, as well as any shipments in progress. The LL1.W stored in bags 

or wooden boxes, however, would produce a negligible spread of contamination compared to the possible releases elsewhere 
in the facility. For shipping activities which might be in progress during the BDBE, the WESF waste cask may not withstand 
the failed structure and is assumed to fail, releasing its contents, The BUSS cask, because of its designed capabilities (SNL 
1991) is sufficient to withstand the impacts of the failed structure. 

Failure of the canyon confinement, in and of itself, would not result in a significant spread of contamination. 
However, the canyon failure would present a flow path to the environment for the radioactive materials contained in the hot 
cells under the canyon. 
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The K-3 ventilation exhaust system is assumed to be effected in a fashion similar to that postulated in the DBE 
analysis. Contamination in the exhaust duct is suspended and carried out the ventilation system through the exhaust flowpath. 
In addition, the K-3 HEPA filters are assumed to be impacted by one or more failed cover blocks, adding to the source term 

and opening a direct flowpath from the filter pit to the environment. 

In the Pool Cell Area, the BDBE could result in effects similar to those postulated in the hydrogen explosion in the 
Pool Cell Area event in Section 3.4.2.5.3. The BDBE could cause the complete failure of the roof panels and structural 
supports resulting in substantial impacts and mechanical failure of several capsules. However, as shown in the loss of pool cell 
water accident analysis, the effects of failure of the structure may be cooling of exposed capsules by allowing natural 
convective heat removal from the capsules. As general principle, it will not be assumed that failure of an SSC or 
administrative control will mitigate potential accident consequences, so it is assumed that the Pool Cell Area structure survives 
the BDBE and provides a temporary confinement function. The pool cell liners and underlying concrete foundations fail, so 
that all pool cell water is lost in a short period of time. All cooling and makeup water is likewise lost, and because of the rapid 
loss of all pool cell water and subsequent high dose rates, no makeup water from an external source can be added to the pool 
cells. The subsequent events pertaining to capsule heatup resemble the loss of all pool cell water event discussed in Section 

I 3.4.33. 

While not qualified for DBE loads, it is feasible that one or more detection or makeup systems would be available in 
the event of an earthquake. Several such systems are present including the level detection instrumentation, area radiation 
monitors, deionized water makeup, sanitary water makeup, and raw water makeup. 

The remaining areas of WESF, the office, AMU, manipulator shops, etc., could also be expected to fail in the BDBE. 
These areas contain only small quantities of hazardous materials, however, and would cause little spread of contamination. 

It could also be expected that all utilities and support systems are lost in the BDBE. This includes raw, sanitary, and 
deionized water, electrical power (including the backup diesel generator), instrument air, control instrumentation, and radiation 
monitoring and alarms. 

Maior AssumDtions. 

All facility SSCs and support services fail in the BDBE in whatever configuration provides the worst-case 
consequences (i.e., the failure of an SSC is not credited for preventing or mitigating the potential consequences of 
the BDBE). 

3.4.3.2.2 Source Term. 

The source term arising from the BDBE can be estimated as the combination ofthe source terms from the DBE, loss 
of all pool cell water, impacts to capsules in F Cell, and cover block impacts to the K-3 filters. 

The source term calculated for the DBE in Section 3.4.2.1.2.2 is the combination of the release through the stack (B 
through E Cells plus the K-3 exhaust duct) and the release from A Cell. In the DBE analysis, the stack release was treated 
separately from the A Cell release because the 296-B stack was shown to survive the DBE. For the BDBE, however, the stack 
does not survive and the releases postulated for A through E Cells can be combined for a total source term of 9.5 x I 0l2 Bq 
(260 Ci) of 90Sr and 8.9 x IO" Bq (24 Ci) of "'Cs. The source term from A through E Cells would be the same for the BDBE 
as for the DBE because of similar physical phenomena. Both model shocWvibration of the radioactive material. The BDBE 
postulates a greater level of structural damage, but the ARF:RF used in the analysis encompasses impacts from such structural 
damage. 

The source term arising from the loss of all pool cell water would not arise immediately following the BDBE. 
Although the pool cell water would be lost immediately, the capsules require time to heat up to temperatures where failures 
would be expected and molten cesium chloride released. In addition, the source term following heat up of the capsules is 
developed in Section 3.4.2.7.2 as a mass release rate, with calculations showing the release after 24 hours for the offsite 
receptor and 8 hours for the onsite receptor. The source term arising from a loss of all pool cell water following the BDBE, 
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therefore, is presented in the same fashion. This source term is 1.3 kg of cesium chloride salt released to the onsite receptor 
I and 3.8 kg of cesium chloride salt released to the offsite receptor (see Section 3.4.3.3). 

The source term arising from the potential impact to the capsules stored in F Cell can be estimated in the same fashion 
as the source term for the DBE. Although in the DBE the capsules were assumed to survive the shocklvibration, in the BDBE 
the capsule could be failed by physical impacts from cell structural components and/or cover blocks. The resulting impact to 
the capsules can be modeled with the same shockhibration ARF:RF as was used in the DBE, 1 x lO-’:l.O. The material in 
capsules, however, is similar to a monolithic structure with significant cohesive forces between particles which must be 
overcome by the force of the postulated impacts. Mishima (1994) reduces the RF from a value of 1.0 to 0.1 for cases where 
“clumps/piles” of contamination exist and deagglomeration of the powder must occur to make respirable particles 
(Section 4.4.3.3.1 of Mishima [1994]). This is applicable to the material in the capsules in F Cell, and so with an RF of 0.1 the 
total release fraction of respirable material is 1 x IO-‘. The inventory in 24 capsules (with an average of 1.5 x 10l2 Bq [39.2 
kCi] per capsule) is 3.48 x 10l6 Bq (941 kCi) of 1’7Cs per capsule for a source term of 3.48 x 10l2 Bq (94.1 Ci). 

The source term arising from the cover block drop into the K-3 filter pit can be modeled as an impaction stress on an 
unenclosed (failed filter housing) HEPA filter as given in Section 5.4.4.2 of Mishima (1994). The appropriate ARF:RF value 
is 1 x 1O”:l.O and the inventory (assuming that only one ofthe filters is loaded with radioactive material) is 8.9 x 10” Bq 
(240 Ci) of ‘I7Cs and 6.7 x IO“ Bq (18 kCi) of 9oSr. The resulting source term from the impact to the K-3 filters is 
8.9 x IO” Bq (2.4 Ci) of ‘”Cs and 6.7 x I O t 2  Bq (I80 Ci) of9%. Only one filter box is assumed to be loaded in this analysis 
because the only source ofcontamination is from the hot cells and K-3 exhaust duct. Both ofthese sources have already been 
accounted for in the BDBE and it is bounding to assume that a K-3 HEPA filter is present at its maximum allowed loading 
without decreasing the inventories in the hot cells and the K-3 exhaust duct. 

The total source term from the BDBE is the summation of the source terms above, or 4.5 x IO’* Bq (121 Ci) of ”“2s 
and 1.6 x 10” Bq (435 Ci) of % in addition to 1.3 kg of cesium chloride exposure to the onsite receptor and 3.8 kg of cesium 
chloride exposure to the offsite receptor. 

3.4.3.2.3 Consequence Analysis. 

The dose consequences arising from the BDBE are the combination of the dose consequences arising from the source 
I terms developed above. Table5 3-36 iiiid 3-37  show the source terms from the previous section and the subsequent onsite and 

offsite dose consequences. The source term for the loss of pool cell water is reported for an 8-hr period for the onsite receptor 
I exposure and for a 24-hr period for the offsite receptor exposure (Scc i iun 3 .4 .3 .31 .  
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Table 3-36. Beyond Design Basis Earthquake Onsite 100-m Worker Dose Consequences 

DCF 

9.4 mSv/Ci 
(0.94 rem/Ci) 

1.2 mSv/Ci 
(0.12 rem/Ci) 

1.2 mSv/Ci 
(0.12 rem/Ci) 

9.4 mSv/Ci 

1.2 mSv/Ci 
(0.12 rem/Ci) 

13,000 mSvikg 

(0.94 rem/Ci) 

(1,300 remkg) 

N/A 

Release mechanism 

DBE source term 

Failed hot cell structure crushing stored cesium 
capsules 

Failed K-3 Filter Pit structure and cover block 
impact on filter housing 

Thermally failed cesium capsules (release over 8 h 
period two days into event) 

Direct gamma-ray shine from empty pools (4 Rih 
over 8 h period) 

Total onsite dose ( I  00 m I 

50-yr EDE 
mSv (rem) 

2,500 
(250) 

I10 
(11) 

1,700 
(170) 

17,000 
(1,700) 

320 
(32) 

22,000 
(2,200) 

Source term 

Source term 

260 Ci "Sr 
24 Ci "'Cs 

DCF 

94.1 Ci "'Cs 

180 Ci "Sr 
2.4 Ci "'Cs 

1.3 kg 

5 5  MCi 

8 ft] receptor) 

Table 3-31. Beyond Design Basis Earthquake Alternate Site Boundary Dose Consequences. 

Release mechanism 

IBE source term 

ailed hot cell structure crushing stored cesium 
3psules 

ailed K-3 Filter Pit structure and cover block 
npact on filter housing 

hermally failed cesium capsules (release over 
I-h period 2 days into event) 

Total offsite 

24 Ci "'Cs (0.0016 rem/Ci) 

94.1 Ci "'Cs 

I80 Ci "Sr 
2.4 Ci "'Cs 

3.8 kg 

0.0020 mSv/Ci 
(0.00020 rem/Ci) 

0.0020 mSv/Ci 
(0.00020 remiCi) 

0.016 mSv/Ci 
(0.0016 rem/Ci) 
0.0020 mSv/Ci 

(0.00020 rem/Ci) 

24 mSv'kg 
(2.4 remkg) 

e 

Alternate site 
boundary 50-yr 

EDE 
mSv (rem) 

4.2 
(0.42) 

0.19 
(0.019) 

2.0 
(0.29) 

91 
(9.1) 

98 (9.8) 

The dose at the alternate site boundary described in Section 3.4.1.3 would be 99 mSv (9.9 rem) 

3-148 



HNF-SD-WM-B10-002 REV 1 

3.4.3.3 Rapid Loss of Pool Cell Watcr. 

Rapid I u s  ofpool cell \%rilsr causcd b) a break in Ihc drain line (or circulation line) located in the pipe IUIIIICI has 
been classitied as a H D H h .  I~lo\vevei-. until fiinhrr unalysis i s  performed. this accident ii still considered the bounding loss of 
pool ce l l  \+atcr event and coiilrcils ha\c been idcnlitied to mitigate!pre\'ciit this accident. 

3.4.3.3.1 Loss of Watcr from 11 Single Pool Cell 

3.4.3.3.1. I Scenario Dcvelapmcnt 

Each pool ce l l  i s  provided with a 5 -c l i i  ( 2 k - I  diameter. schedule IOS stainless steel, water removal pipe (drain line) 
extendins frow im open end at I..i-crn (I '2  i l l . )  above the pool ce l l  tloor, through the pool c e l l  liner and wall into the pipe 
lunnel ,  and through the pipe tunnel ccilin: into the pipc trench to a Ilauge coiiiicciioii at I S  cni (6 in.) bcloiv the Pool Cell Area 
f l o w  grating. Each water ren iowl  pipe penetr:ites the pool cell liner and w:ill into the pipe iunnel at an elevatioii o f 9  I c i i i  (36 
in.) abovc !lit. pool cel l  lioor, cxtciids hor imnlal l )  2.3 111 (7.5 f0 10 IIic ~ 'xter ior  wall. tticii rcrlicall> up 2.7 in ( 9  li) wlicrc il 
penetrates the pipe t i i n i ~ e l  ceiling. h c h  pool ce l l  i s  also pruvided tvitli a 7.6-cm ( j - i n )  dianietei- cii-culatioii line that penetrates 
tlic pool ce l l  liiicr and u a l l  into t l i$ pipe tuiiiicl at an elewt io i i  of91  c i i i  (36 iii.) a b m e  the pool ce l l  Iloor, extends lhol.i~ontally 
91 ci i i  (3 ft). then verticnlly iip 2.7 111 (9 f t)  \\ l iere it penetrates (sleeved) the pipe tunnel ceiling. ' l ' l ie dr;iin and circuliition lines 
in the pipe t i i i i i ie l  are of a l l  w l d e d  coiistructioii 

K l h c  drain or  circiilalioii line were to rupture abovc l l ic  pipe tunnel ceilin:, the pool c e l l  uould not be in jcopardy of 
h i n i n g  as the pipe ruptiise \vould be nbove the noiiiinal bvater level  in the pool cell. I f tl ie pool ce l l  drain or circiilation line 
b e r e  10 riiplure in Il ic p ipe liiniicl. ~ h c  pool ce l l  would be in jcopardy ofdraining dm\n 10 jus1 hclnw l l ic 01-cm (36-in.) li.\,ei 
since the 5 cni (2-in.) pipe centerline is at 91 cni (.36 in.). 'The drain line \\auld offit- the least resiwiice IO Sravit) tlo\\ due to 
a sparger disrribiitor on l l ic circiilatiiiii l i i ic. 

A complete break of l l ic  5 c n i  (Z-iii.) drain l ine at ils lowest k \ c l  outside (tic pool c e l l  could drain the poul down to 
the 9 l - cn i  (.36-iii.I level in ii little a\er  I hiiilr ( I Iq 1999). l'l1el-e is also the possibility that  the se\ered end of the pipe could 
dcllccl dorrn\varcl. rcsulliiig in a siplion draiii ol'thc poi11 ccll to a kvel Iowcr tIi:iii 1111' 9 - c n 1  (-76.iii.) I c ~ l .  The caiisc of t l ie  
tlo\vin\ard deflection could be the force asocinted u i t l i  the pipe fiii lwe iind water t lo\r.  but cou ld  iiot be froin impact because 
of ( l ie lacl, of  i im-quali l ied Cs o ~ e r  the pipe. The possible dcllcelion that inigli! occur at pipe failure has been addressed in 
Wagmblast, et. :II. (1997). The mixi i i i i i in tletlectioil would be approxiniately 0.69 cni (0.27 in.). nh ich is ne:ligible. 111 

approximaicl) 20 i i i inulcs. 11ie exposure liclcl RI l l ic operatin? deck h c l  and in dirccl v icu o f ~ l i c  capsules could be mi the 
ui-der of 100 IWi. ' I l i i i s .  i f  \could not he posbible for an operator to upen the transfer port \a lve in tlir transfer aisle at t h i s  

poiiil. Iniiiall? l h c  llun ralc w ~ i u l d  he ahwi t  757 Liinin (200 gal miii), w l i i c l i  i5  currcnll? in cxcc'i> ofllie tlcioniLcd n a w r  
makeup systeiii capability. Once at the ')I cni (36-in.) level, these \\oiild be s l i ~ h r l y  less t l i i i i i  20 c i i i  (8  in.) o fwa tes  shielding 
abotc llie c a p ~ l e r ,  coiiiplicaliiig reco~  cry rlclions hccntisc ol'elcvatcd radialion lields (scc Tnblc 3-32) .  Oncc !lie 91 CIII 

(36-in.) IWKI is reuclied. fiintier level drop \\auld occur diir to evapo1ation. Evaporative Iosse~ could be as l i i fh as 2.5 crnili ( I  
in!h). 

No mechanism Ibr siiiiiiltaiicous hilure  of tiiulliple drain l i l i es  has hcen idenliiied. Barriers to th is  event are drain 
line piping integi ty.  level alamis.  and tiniely liuiiiiiii intervention to terniinate the leak. 

Mitisated Condition. 'I'lie mitigated condition assiinies that a rapid loss of pool ce l l  \wler is niitigated by derectioli 
and \baler additioii such that the capsule c o d i n ?  function of ~ l i c  pool cell water is  iiiniiitained at a l l  times. 

An ciiiergencq lill pipc i b  installed through l l ic iiurth \\all of WEST. This pipe has a standard lis< hosc co~incclor 
SIICJI that a t ise Ihose could be used fo add \viiterto the ti-ansfer :lisle (Cell 12) \\-ithour the necessity of openins the 1'001 Cell 
Area 1iorl11 door. This capnb i l i l y  pm\,idcs SOIIIL! nddiIio!ial bcni'lil i n  !l ie shicldiiig al'l'ordcd I?} l h i '  iiorth building wal l  and 
roof. t Iu\veves. the nortli door. lociitrtl n i t l i i n  0.j  111 ( I  h) of  the tire hose coiiiiectur, probides i i i i i i i i i ial shielding froni 
i incovcrcd capsules. The gamnia-ray dose laic ill the localion ol ' t l ic l i re  hose c ~ n i i e c t ~ r  cou ld  be i n  the range o f Z 0 0 -  1.200 
niSvih (20-1 20 re~n'li) (I ley I')W). depending on tl ie wiitei- level in the pool cel l  at t l ie time the Iiose cuiiiiectioii i s  ~iiade.. 
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I hlaior Assunivtions. 'I' l ie followin? assuniptions \\ ere ni:ide in the sceiiario developmelit: 
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:\ pool loaded with 7 I 5  cesium capulcs,  tlic inaxiiiiiiin number ph!sically possible in l l i e  current rach design. Tile 
thei-mal an;il!sis i s  consrr\ative b)' a margin of lO".o. 'fhe release swrce  term resiilts of  tl ie thermal i inal>sis repon 
(WHC lW6h) should lie increased hy  4OYh to account lor l l ic larger nuiiihcr of ces ium copsulcs. 

The ~licriiinl aiialysis bounds a l l  conditions \+liere I 4 9  h W  or Ips'. i y  generated i n  h e  $lorngi. pml. Stnragc of 
siyniticaiirly ~ i i v r e  than 169 slrontiii i i i capsules i n  a sinsle pool liils tlir potriiti:il to eucecd t l i i 5  t l ieri i i i i l  l i i i i i t .  ' 

Source Tern1 An:ilvsis. I'wo f i i lu re iiiechaiiisnis ?\ere cws ide red  fur high teriiperarui-e clialleiiges ti1 \\)Est capsules: 
(I) failure due to stress caused by Ihcriiiill e\pmsion ni'tlic calt and ( 2 )  iiilwial corrusioii. The corrosinu iiiodc.1 iiwd in [ l i e  
thermal analysis repon (LVIIC I996b) provides an e\treii iel) coriserv:itibe failure criteriwi. Hr):iil ( I9SU) states three I-easoiis 
Cor this: ( I) the data poiiits \\ere sclcc~i.d to s h o w  i i iaxi i i i i i i i i  corrosion. (2) the i i i tcrhce temperature ilccrcases o \c r  t i i i i e  alons 
Tvitli decreasing capsule decay heat. and ( 3 )  the corrosion rate should c1ecre:rie u \ e r  t ime  a c  tlie conceiitratici i i  of rei icrmts 
decreases ( ic, impurities arc cni isi i i i icd d u r i i i ~  the cn~.rosiixi procc'.';). Also. l l i e  c : ip i I c  surface tclnpcralure i i i o d e l  lakes iii1o 
iiccouiit radial conduction. but n u t  ni:il \tiria~ions. and iiverd:tles the t r i i i pex t i i r e  iit the u eahest Ipoints i n  [ l ie inner and ii i i ter 
capsules  he top and houoiii). 

As n l i irtllcr s i t i ip l i l ical io~~ to tlic su~ircc terti i  analysis. i t  was noled hii ll ic c:ipxiIc ironsiclit tciuyznilurc rcspouse 
that  2 dabs \$ere reqiiii-ed for the i i ia i i i i i i i i i i  ceiiterline ces ium sidt tenipefiitiire to e~ceecled 700 "C ( 1.292 OF). t r w i  the data 
presented i n  He>( IOOO) aiid M'HC (I996h). no significaiit releases \\auld be c\pcclcil in this sliorl t i i i ic l'raiiie. Al icr  2 days. 
capsule fiiilures ciiuld begin to occur diie t o  stress i-upture arid 1:iter b) currusio11. 'I l ie  rate o f  cwrosiuii \+;is iniodeled b) way 
ofan Arrlienius plol (Snsmor et al. 198s). Failure \vas a s s i i n i x l  t o  occur i f t l i c  corrosion could exceed l l ic capsulc w a l l  
t l i icLiiess in less t l i i i i i  I O  cki>s. \V:iIl thickiiess was 1niiiiiiii7ed b!~ taking into consideratinli the thinnest sectioiis :it the  tup ai id  

bottom o f t l ie  catxulci.  
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Scenario description Estinwtcd release 
to c'n\ irotiriiciit 

( l \ . I IC IWbb)  (kg) 

;,? E-07 N o  H V A C  but i i i i i i i i i ia l  
build in^ leahaye ( W t  IC 
1 " h .  Case 3 )  

Absolute upper boiind 
consquc i i cc  (WHC I996h. 
Case 4 stuck on fi lter) 

I ,? E-n.7 

Ilelcase period Iki t io o f 7  I 5  t o  494 Adjusted SoLIrce 
(\VHC l996l i)  cesium capsule:.; term (hg'lij 

7 8  days I .-I 6.7 13-10 

I .: day3 I .4 5.4 E-06 

sccnnrio 
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oose Consequence to the Public and Onsire Workers. Two dose pathnays dominate the hazard to anyone within a 
feu liundscd ii ictcrs of  WESF during th is  eveiit. The lirst aiid Inrgcst i s  the direct golnma-ra) shini: and backscaitcs (ioni tlic 
WESF structure and atinosphrre. T l i i s  hazard would occur immediately on loss of shielding water. Aiialysrs dociiniented in 
Hey( 1999) indicate that thc dose rate duc to the direct :amnia-say shiiic at a rcccpros 100 111 (328 li) froiii the iicarcst WESF 
outside wall  woi i ld be 20 niSv'h ( 2  rcm4i). Ilirect shine to  the iie:ireht public receptor would be i i is iy i t icant in conip:isison to 
the potctit ial inhalo~ion dnsc. 

The second dose p'itliway is throuali inlialaiiou ofairbnrnc mtlioactive pxticiiltites. Tliis liamrd could begin to c\ist 
2 da>s afws an unniitigated poul dryour. 111 comp:irison to the direct shine it i s  ii niitior liil7ald tu aiiyoiie locateil within a 100 
111 (32s 1'0 ol 'he facility. For aii oll'sitc receptor i t  is  the only signilicant dose paihwa\ .  

Dose coiiscqiiciicL's t'soni ~ l i c  t \vo pathways of direct shine and irilialatioii are considered. A plumc submcssioii dnsc i s  
iiot calculiited sii ice it is  i iot sigiiific:int in coiiiparison to the itiliiilatioii dose. ' l ' l ie woist case rele;ise i s  5.4 x 1lY kS'h. Since 
thih scc1iario involves a c ~ i i t i i i u n ~ i ~  sliiiic aiid, after 2 days, a continuous rclcasc nfsminiictive tiiatcsial, some assuinption fnr 
(iul.:ition of espowi-e i n t i s t  be i i iade in order to calculiite a tota dose. A rrasoiial>le expusure duration o f 8  houi-s fkr tlir. oiisitr 
receptor aiid 24 Iioiirs Ibr i l ic piiblic receptor i s  clioscii (scc Table 3.3 I). 

From a comparison ol'the two dose pathways. i t  is obvious that the direct shiilc i s  Ihr iiiori: hazardous to neasby 
wurhcrs thnn any itilialation hward. ' lhc dose at the alternxc site bouiidwy docI-ibcd in Section 3.4.1.3 \vould be 3.1 Y 10~' 
mSv (3.1 s rein) aiid thererore, would iiot chaiigc tl ic coiiclusion arrived at  froin thi? anallsis. 

Dose Field at K c c o w r y  Locations. Dose licld cstiiiiiiles (docuinentcd in Hc? [ I  SW] at basinus Iocaiioiis iii and 
;~rouiid LVESF) rliiit could lhiiiiipa recovery iictivitieb iirr priwided iii Table 3-.32. 

Table 3-31. Uniiiltigated Single Pool Water Loss Eber i t  Coilsequence. 
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Table 3-32. Dose Fields Within atid Near WESF (Pool Cell 7 with 715 Crhiom Capsules or 31 MCi "'Cs) 

Condition I .sic;itioti I lose rate Ilefercnce 
mS6 11 [rciii ' l i) 

Nominal water level o f396  c t i i  
(156 in.) 

Water L c v d  at 279 cm 

Watsr L e v d  at I63 c m  (61 in.) 

(I I 0  in.) 

h'ater b e l  at91 ciii(36 io.) 
[i.r.. at drain line prnetr;jtioii 
level)  
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5.5 ni [ I S  f t j  Cher center of pool 
ce l l  Il0,lU (4.4 ~ - 0 6 )  Mic r i i s I i i c lP  

5.5 n i ( l X  l t )O~c rCcn tc ro l 'Poo l  0.57  
Cell FlOOr (0.057) 

5.5  111 ( I S  I t )  O \er  Ccntcr 01' Pool 4.700 
Cell t l O O r  (470) 

4.4 E-05 Ilcy(11)09) App. H 

.Airloch Door 13 Hey( 1009) App. B 

5.5 111 ( I S  i t i O ~ e l - C c n ~ ~ r o i ' P o o l  4'~0.000 Hcy(  ISOO) App. B 
( 1 3 )  8h1730-KEI 1-96-0 I 

Cell Fluor (JO.Olj0) ~ M ~ . ; ~ - K E I  1-96-0.; 

Airlock I)oor 2.600 
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txuosure Conseqtience tu Eauipnieiit. I'lilstic iiisulatioii is the most susceptible niaterial in the I'ouI Cell Area to 
radiation damage. A tlireshold or5.0 x I O "  rad is siben in  l l ic Reactor Handbook (B l imi rd  1967). There i s  iothiiig iii the pool 
that could be hanned. and the dose rate of 1.200,OOO niS\:ti (12t).OOO rem 11) directly above a dr) pool would indicate 
electrical insulation iii direct vie\\ ol 'the uncowxcd capsule5 (such as the c a t u  nlk motor) could SUI'\ ive ihr  approliiiiaicl) 2 
days. Coinponrnts not in direct \iew o f  the c;ipsules would he subject to backscatter doses uff the wi l ing.  I Ioss  f ioi i i  this 
scattered radiatioii \\auld hc a coiiplc orordcrs ofnia$nitudc lower than tlic direct coiitribution. Coiidcnsation from water 
rele;i~erl froin rapid pool ce l l  eval.'uration'boiliiif could cause electrical cunipmientb to f:til. 

hliticated Condition. N o  conseqiiences are analyzed for the mi t ip ted  scen:irio since capsiile daixige is prevented b? 
the controls discussed below 

3.4.3.3.1.J Coiilparison to (;tiidcliiics. 

IJiimiti-atcd Condition. Unmitigated close conscquciices fo r  tlic lirst 3 0  d q  s ofthe n e n i  arc iar h e h  [l ie risk 
evaluatioii y i d r l i n e s  used for the public. 0 1 1  tlir other hand. oiisite uoi-ker doses ciin quickly exceed the risk eviiluatioii 
guidcliiics for sak ty  s ig i l i can i  SSCs. cveii at 100 iii ( 3 2 8  li). The sceiixio also has tlic potmtiol Cur leading into the niorc 
severe coilsequences o f a  loss of \vater  fi-oni t i l l  active pools. Safety class ieilr11ri.s and IOSI< controls are required t o  prevent 
these iiiore severe conscqiieiices. 

Miticnted Condition. N o  comparison is  iiiade l'or l l i c  miti$atcd conditioii since there arc iio consequences. 

3.4.3.3.1.1 Siiiiiiiiary ol'Safel) SSCs nod 10SR Cootrols. 

Controls arc  cnnipilccl iii Section 3.4.2.7. I .j 

3.4.3.3.2 Loss o f  W a t c r  froin All I'ool Cclls. 

3.4.3.3.2.1 Scenario Drvclopinciit. 

Thi? scction analyLes accidciiIs Ilia( \\crc identilied iii t l ie lhamrds cvaltiatioii, Section 3.3.2.3, as rcsiilti i iy iii a total 
I m s  oEu:iter in all pool cells. ' l ' l ie potential ciiiises aiial)zcd here ai-e l o s s  of water in ii b i i i s l e  pool ce l l  and catastrophic pool 
ce l l  striiciural lailurs. Thrcc iiiitiators lnr c:itastropliic pOiJl ce l l  stri ictusdl f:iiltirc arc a BDDC. oircrali impact. and explosion iii 
the facility. 

Ilniniticated Condition. The  iol luwil ig pal-ngraphs describe in detail the i in in i t iy ted scenarios lcadi iy to total loss o f  
al l  pool cell ivater. 

Loss of Water iii a Sii icle Pool Ccll 

As discussed in Section 3.4.3.3. I, t l i e  rapid l oss  oI'\!w~cr l'rom a single pool ~ c l l  creates I';ital dose l i c l t ls  wiihin thc  
1'001 Cell Area and :i field of approsiiiiately 120 IVti iii i i i iediatrly outside the 775-H structure. Dose fields in 
the Operating Gallcry have not been calc i i la~ed. hiit arc pwsuincd to prvveiit continued hahitation. Currently tlicrc i s  110 
control which could he relied iipon to terminate thib event oiice capsules liiive been iincovered. Thus.  fticilit) control i s  
c f i c c t i d y  lost. 

Continued prosrcssion ol'the event 1c;ids to gradual evaporative l o s s  water in the remaining pool cells and 
tl ieri i ial ly induced P'iiliire of 1incovere.d capsii lez. Even tliouSli relativel) little iii t l ie way of airborne rcle:ises would be 
c~pcc tcd  li.oni cnpsiilcs initinll> lailcil iii l l ic single pnnl.  the loss  ofi'acility control rcquircs that t h i s  cve i i l  he  cnnsidcrcd as aii 

iriiriiitor t o  the niore m ~ r r  c o n i e i l i i e i i c e ~  o f  l o b s  of'uittrr from all pool ccll'. 

Corastrouhic 1'001 Cell Str!ictiiral Failure. Seisiiiic ;iiialysib ofthe 225-H Huildin_r w a s  performed by  Hlulile (197 I) 
and  rcvicwcd hy Wagenblast, et ai. ( lcJ(J9). This analysis provides Ihc basis lix qiialilication o f t l ie  pool ce l l  sIriicture 10 the 
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Scenario description 

With 1-10 ni'!tniti ( 5 . m  i t i t i i i i i j  untiiicrcd 
I IVAC flow (M'I IC 1996b. Case 2 stuck on filter) 

No HVAC hut  lar:? buildiii: lc:il,agc (WHC 
1996b. Case I d I iii'opening) 

N o  HVAC but s i i ia l l  buildin: l e a h n y  (WHC 
l996b. Case I \v'0.02 in' aliening) 

No HVAC hut tiiodcriltc buildins leaha:c (\VHC 
I996h. Case I \v/ 0. I 111' opeitin:) 

iiicrcasc tl ic m o u n t  01 tiatul-al co i ivcct i \c  coolins and ION cr the salt bapor prcssurc. The worst case cvnluatcd was a moderate 
building leakage area rqit ivi~let i t  to a 0.1 ni'[ I ft') opening i n  both the roofand a side \call. I<esults for al l  four sceti:irioj are 
provided Table 3 - 3 3  

tsriinared releiise Kclease period Soiirce terni (h3li1 
10 envirotitnciit 

( h g j  

I .<I c-02 1; da)s 6. I E-05 

2 .4  L+OO 2 8  clays 3.6 E-03 

6.6 C+OI 211 days I .o E-0 I 

1 . 1  E+O? 2s da>s I .6 E-O I 

The capsulc 511mgc cotiligiration assuincd in  h i 5  mal!  s is  co i i s is tcd  o i  I .:7X cc5iiitn cnpsi i lcs and 600 stroiitiuni 
c~II3sllles. 

'The riit:il k i t  genei.atioti decayed to .lanuar) I. 1996 i s  40.3 hM' 

Capsule f:iilure h) corrosioti !\ab :issittned to occitr if corrosioii e ~ c e e d e d  rl ie t i i i t i i i i i i t t i i  capsule wal l  thickness 

111 comparison to the cesiiiin chloride. negligible itroiitii ini fluoride would he trleiiied. 

Cehiitin ciipsitlei fttiling due to corrohiuti or stress (fi-iiiii salt eyp:tnsiun) were ossuti ied tu releiise 2.9 hg o f  salt. 
This i s  tlic iivcra:c tic1 ucigl i t  ol'c\isiiiiy_ uncut ccsiitiii capsules. 

The iititiiili:aicd co i i scq i tc t iw  cctitiiatc tiihcs tio credit for I lVAC H O N .  cooling, or H t P A  liliratiou. 

St i i i i l l  Ic.nkay_c arcas arc t i i d e l c d  siicl i t l iat tlic Ihilditiy_ docs iiot p r c w r i L c  l'or i l ic uniiiiiiy_nmi scctiwio 

The 1raticll.r ports bet!bccti tlic pool cells and i l ic transkr aislc arc norinall! closcd cxccpt :is part 11l':i prcdcliiicd 
operation or iiti eiiiergency response action 
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3.4.3.3.2.3 Consequence Asalpis.  

Uninitieated Coiidirioil. As 111 tl ie loss ofs i i ix le pool consequence assessment. two dose pathways dominate the 
hazard to anyoiic. wii l i i i i  a feu liuiidrcd ~ i i c te rs  of WESF during th is  c\ciii. Tlic direct gamma-ra) shine and hticLscattcr froiii 
the Wt.St' 5tructilre and iirlilospherr ucluki occlls immediatel~ LIII fuss u f  5ilirlding \barer. /\nalysrs ducurilentrd ill I ley ( 1999) 
indicate that the dose rate due to i11c direct ganima-fii! shine at a receptor 100 111 (32s ft) troin i l i e  iii'arest Lb'ESF outsick wall 
\\-auld be -10 niSv ' l i  ( 4  reiii!li), Direct shine to the nearest public receptor w w l d  be insigniticsnt in coinparison to the potentid 
irlhaliilion dose. 

An iiilinlation dose patli\vaq could begin to c i i s t  2 da*s after l l ie  loss o f \ ~ a l c r  c v c i ~ t .  Thi i  pathway has the potcnti:il 
tu oversliadov t l ie direct shine dose tci all potential receptors. to r  an offsire Ieceptor it i s  the onl) significant dose pnthuay. 

Dose coii5eqiieiIces froin the t ~ o  patli\vays o f  direct shine and iiilialiirioii are cuiisidered :I plume rubmersiuii dose i s  
not calculated since it i s  i iut signilicant in coinparison to tl ic iiilialatioii dose. From Table 3-33, the norst  case release is  0. I 6  
hg'li. Since th is  scciiario invoI\es a cwtii iuuub sliine and. after 3 daqs. LI cwitiiiiious releiise of radioxr ive ni:iteri;il. soi i ie 
assuniptjon ful duratiori ofc.xposiire iniis1 b t  i i iai lc in  ori1c.r l o  calculntc. a tot;11 closc. A rmioiiahlc c.xpowrc rli~rii~ioii  of S 
hours for the onsite receptor and 24 Iiuurs for the public receptor i s  used. ' I 'h i i  results in ;I t ~ t : i l  r r le i ise o f  I ..? hg to the onsite 
receptor and 3 .3  kg to tlie ut le rcccptor. Thi. resultin: co i isequencc.~ arc. prcseiitcd in Table 3-34. 

Tablc 3-34. Uiiaiitigatcd All  Pool Water Loss E w i t  Conscquciicc. 

.I l ie dose at the alterliate site boundarv described iii Secrioii 3.4. I .3 \\auld be 92 niSv (9.2 reii i) arid would iiot chanire 
any coiicliisioii arrived at froin th i s  analysis 

Dusc. Field at Rccoverv Locationr. The dose l ield csliniater at var ious  Iucatioiis in aiid around WEST that cuuld 
l i m p e r  recovery activities are s h i w r i  in .I'able 3-35 (!ley 1999). 

ExDosure Coiiseriiiencr to EouiLmient. The  exposure coiisequence to equipinent would not be s ig i t icant l )  different 
tlinii that nnnlyzecl for a sin$e poi11 loss of\vater cveiit. 

M i t i ~ a t c d  Condition. The mitigated scenario l ias 110 coiisc.quciiccs sii icc capsule damage i s  prwcntcd hy l l i c  c01Il1'oIs 
in Section i .4.2.7. l . j .  
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Tnhle 3-35. Dose Field, Wit l i i i i  and Wwir WESF ( A l l  Pool\ I h i n e d  55 h lC i  "-Cs). 

Condition 

)ry pool 

( 3 )  ' I  h i 5  ci i lc i i l i i t io i i  did ~ i o t  i iccoi i i i t  f k  tlir x l t - ~ l i i e l ~ l i i i ~  p r o \  ided b) the c:ip>iile iii-ray i ind appcass conser\;itiw 
by a 1;1cror o i  i 1 0  I 11. 

3.4.3.3.2.4 Conip:irison to (;riidelines. 

1iiiniirizatt.d Condition Froin [lie coiiseqiieiices estiinated :ihove, it is clear tliiit both oilsite and offsite risk 
cvaluatioii guidclir1i.s could tic c\cccdcd i f t \ a [ c r  li.oiii a11 pool cel ls \\cue 1 0 ~ 1 .  A iiiorc conservative calculatioii or lonzer 
exposure durations would not cliaiigr til is coi ic lusioi i .  'I'lie coi i i i i i r i i i rnt bouiidar! i'l not quali f i rd to withstand the 
clivii-oiiiiiciital condil ions his cvcni ciiiiscs. Tlicrciixc. iiiiiigation o1 c o n s c q ~ ~ c n c c t  ~ m c c  11ic capsulcs arc  inc covered is not an 
option and the w e n t  i i i i i s t  be  p r ~ ~ i t e d .  Safety cI:iss SSc's iind IOSR controls iirr necessar) tu  prevent the loss of water cover 
OYer t l l C  capsulcs. 

hlili%atcd Condition. N o  coiiipari!,on is l i i i i i lc sincc t l icrc arc ino conscquc~iccs. 

3.4.3.3.2.5 Soniniaq of  Safct? SSCs and IOSR Conti-ols. 

Coiitrols arc ciiiiipilcd in  Section .3,4.2.7. I .i 

3.4.3.1 Post Loss of Pool Cell Water Accident Concerns. 

The question of whether or not to add water to a pool after capsules have been uncovered for a period of time was 
also addressed in the thermal analysis report (WHC 1996b). The particular concerns addressed were: ( I )  the potential for 

3-160 



HNF-SD-WM-BIO-002 REV 1 

thermal stresses causing new capsule failures, (2) molten salt-water interactions potentially damaging capsules or the pool, or 
increasing the source term by mechanical aerosol generation, (3) water reacting with cesium chloride to create new trace 
species that exacerbate the source term, and (4) contaminated water leakage through failed confinement boundaries. Items 2. 
3, and 4 are relevant only if capsule failures have occurred, but Item 1 is relevant anytime a pool cell is drained. 

The WESF capsule thermal shock tests (Kenna 1982) can be compared to the calculated surface temperatures 
provided in the thermal analysis report (WHC 1996b). To meet ANSI N542 Class 6 requirements, a test capsule was heated to 
800 "C (1472'F) and rapidly cooled to 20 "C (68 OF), ten times. The test capsule maintained its integrity and exceeded the 
ANSI N542 Class 6 requirement (one thermal shock of 800 "C to 20 "C [I472 "F to 68  OF]). This thermal shock loading 
appears to bound the conditions evaluated here since none of the capsule surface temperatures ever approach 800 "C 

I (1472O2F). 

In summary, the rack average temperatures show that capsule failure due to the thermal shock of water addition 
should not be a concern. The thermal shock used in WESF capsule test conditions described above greatly exceeds the 
thermal shock that water addition into a drained pool cell might create. The conclusion from this evaluation is that; although a 
few capsules may suffer further degradation from the addition of water, the majority of capsules will benefit from the cooling 
and avert failure. 

Molten salt-water interactions present new concerns such as vapor explosions. This issue is relevant only after 
capsule failure. It is not relevant ifaccident management actions take place with a day or  so after pool cell drainage. Rack 
average temperature plots presented in the thermal analysis report (WHC 1996b) show that during the first few days after 
drainage, capsule surface temperatures will not be high enough to cause failures. 

Vapor explosions generate vapor at a rate faster than the surrounding medium can accommodate acoustically or 
inertially. Experiments have demonstrated that vapor explosions (steam explosions in this instance) can occur if a cold fluid is 
poured into hot fluid, or vice versa. Hohmann (1979 and 1982) observed steam explosions when water was poured on an 8 cm 
deep layer of molten thermite. The many steam explosion observations in the literature suggest that pouring water onto molten 
cesium chloride presents similar concerns. A steam explosion on the pool cell floor could potentially damage the intact 
capsules or the pool cell liner, and disperse cesium chloride into airborne particles. 

For Cases 3 and 4, the rack average temperature and temperature of the salt on the floor are well below the melting 
point of cesium chloride. Even if the effect of impurities lowering the cesium chloride melting point is taken into account, the 
salt on the floor has little likelihood ofthoroughly mixing with incoming water. 

Steam and cesium chloride can react to form cesium hydroxide and hydrochloric acid: 
CsCl + H,O &SOH + HCI 

Hydrochloric acid is extremely corrosive and dangerous, but it is not a radiological concern. Only prolonged 
exposure to hydrochloric acid would have any significant deleterious effects on the SSCs in the pool cell area. Cesium 
hydroxide is much more volatile than cesium chloride and creates a new source term concern. 

In summary, quenching cesium chloride debris might produce cesium hydroxide and hydrochloric acid, both of which 
exacerbate the accident. Heat transfer calculations in the thermal analysis report (WHC 1996b) show, however, that the 
production would be transitory. Potential cesium hydroxide and hydrochloric acid production should not deter accident 
management schemes to quench cesium chloride debris as long as a sufficient water supply is available. The only stipulation 
is that adding small amounts of water without ever quenching the salt could cause sustained cesium hydroxide generation. 
Accident management schemes can avoid this situation by verifying sufficient flow rates into the pool cell(s) 

Leakage from a failed pool cell can transport cesium chloride from WESF to the soil. Cesium chloride is three times 
more soluble than table salt and water leaking from the failed cell can take cesium chloride along with it. Accident 
management schemes must weigh the relative benefits of preventing airborne releases against the drawbacks of contaminating 
the underlying soil, This issue is not considered here in further detail, but is the sole concern that would prevent water 
addition after capsule failures. 
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4.0 SAFETY STRUCTURES, SYSTEMS, AND COMPONENTS 

The purpose of this chapter is to provide details on the Waste Encapsulation Storage Facility (WESF) structures, 
systems, and components (SSCs) that are necessary to satisfy the evaluation guidelines, provide defense-in-depth, or contribute 
to worker safety or facility control as identified in Chapter 3.0 "Hazard and Accident Analyses." 

4.1 INTRODUCTION 

The WESF facility has been designated a Hazard Category 2 nuclear facility, and may be expected to have the potential 
for an accident resulting in significant onsite consequences and may also have offsite consequences. Hazard Category 2 
facilities usually have associated safety-significant designated SSCs to provide protection to the 100-m (328-ft) onsite 
individual and as appropriate, safety-class designated SSCs to provide protection to the offsite public. Generally, safety-class 
SSCs require more formality in establishing hnctional requirements and performance criteria than safety-significant SSCs due 
to their public protection function. 

During the hazards and accident analysis process documented in Chapter 3.0, each accident section concludes with a 
summary of safety SSCs and an Interim Operational Safety Report (IOSR) Controls subsection. These subsections provide the 
basis for this chapter. A summary of the accident analysis results, including the designated safety-class and safety-significant 
SSCs, is exhibited in Table 3-1. 

Safety class and safety significant SSCs are defined in this section. Safety-class SSCs prevent or mitigate releases to 
the public that would otherwise exceed the offsite radiological evaluation guidelines, or prevent accidental nuclear criticality. 
SnSciy-siSiiilicaii[ SSCs prevent or mitigate relcascs o f  radiological iiiatcriols to onsitc worlxrs a t i d  knit clieiiiicals to tlic 
off5ite public niid oiisitr norhers.  ' I ' l i is iricliides barrirrh t h a t  arr,jiidgrcl to stihstantially contribtttr to defense-in-depth 
iiidepcndeiit o fq i ia i i t i to i ivc  analysis. Snfcty rigiiilicaiii also dcscribcr \\iirI,cr safci? SSCs ilia! proiecl the Ikcilit? \\orher Srom 
serious injiiry due t o  Iiiimrdb not controllril b) institiitiori;il sifet).  progat i~s .  'Ihe criteria for as i i g i i i p  ;I safety cI:iss and siifer) 
bifniticatit SSCs is  coii iaii icd it1 t lNT-PRO-704.  

The safety-class and safety-significant SSCs identified are compiled in the facility safety equipment list (SEL) [Cox?. 
I 909 1. 

4.2 REQUIREMENTS 

I 
This section identifies the design codes, standards, regulations, and DOE Orders that are required specifically for this 

chapter to establish the safety basis of WESF. 

Hanford Plant Standards SDC 4.1, Rev. 12 (1993) 

DOE Order 5480.7A 

DOE Order 6430.1A 

National Fire Protection Association (199 I )  

Uniform Building Code (1991) 

4.3 SAFETY SYSTEMS, STRUCTURES, AND COMPONENTS 

The following is addressed in this chapter for each safety-class or safety-significant designated SSC identified in 
Chapter 3.0 to prevent or mitigate a hazard or accident: 

Identification of the safety SSC and related accident 
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Description of the safety SSC safety function 

Description of the safety SSC and how it performs its safety function 

Identification of the functional requirements necessaly for the safety SSC to perform its safety function 

Identification of the performance criteria necessary to provide reasonable assurance that the functional requirements 
will be met 

Identification of assumptions needing IOSR coverage. 

The WESF safety-class and safety-significant SSCs discussions are assembled in this chapter in the following manner 
with reference to the Chapter 3.0 accident-specific section in parentheses: 

4.3. I WESF Structures and Systems 
(3.4.2.1.2 Design Basis Earthquake) 
(3.4.2.6.2 Underwater Capsule Failures Due to Drop Impacts) 
(3.4.2.7 Loss of Pool Cell Water) 

4.3.2 K-3 HEPA Filter System 
(3.4.2.3.1 Hot Cell Fire - A Cell) 
(3.4.2.3.1 Hot Cell Fire - B through E Cells) 
(3.4.2.4.1 High Flow in K-3 Ventilation System) 

4.33  Pool Cell Area ARMS 
(3.4.2.6.1 Underwater Capsule Failure Due to Corrosion) 

I 

I 4.3.4 Pool Cell Water Loss Detection System 
(3.4.2.7 Loss of Pool Cell Water) 

4.3.5 Pool Cell Emergency Makeup Water System 
(3.4.2.7 Loss of Pool Cell Water) 

The safety-class and safety-significant SSCs for the accidents will be addressed in the order of the analyses in Chapter 
3.0 for ease of identification. A list of the combined safety-class and safety-significant SSCs and a summary of the above 
information is shown in Table 4-1. 

4.3.1 WESF Structures and Systems 

Section 3.4.2.1.2 “Design Basis Earthquake,” identifies the Area 3 structure; pool cell bridge crane, catwalk, and 
associated support structures; and the pool cell drain and circulation piping as safety-class SSCs. Section 3.4.2.1.2, also 
identifies the K-3 filter pit structure, the 296-8 stack, and the Area 2 structure as safety-significant SSCs. Section 3.4.2.6.2 
“Underwater Capsule Failures Due to Drop Impacts,” identifies the pool cell bridge crane, catwalk, and associated support 
structures as a safety-class SSC. Section 3.4.2.7 “Loss of Pool Cell Water,” identifies the Area 3 Structure as a safety-class 
ssc. 
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I Accident Safety Structures, Systems, &! Safety Function Functional Requirements Rclatrd IOSR Controls 

Section) 
(Chapter 3.0 Components 

Description SC SS 

NATURAL PHENOMENA (3.4.2.1) 

Design Basis Area 3 Structure 
EaRhquake 
(3.4.2.1.2) 

I 

EXTERNAL EVENTS (3.4.2.2) - 

Hot Cell Fire - 
A Cell 
(3.4.2.3.1) 

Hot Cell f i re  - B- 
E Cells 
(3.4.2.3.1) 

Crane, Cahvalk, and 
Associated Suppon 

Pool Cell Drain and 
Circulation Piping 

296-8 Stack 

K-3 HEPA Fillers 

K-3 HEPA Filters X 

for a seismic event havinl 
a peak horizontal ground 
acceleration of 2.5 Wsl 
(0.25 gravity) to provide 
confinement for water- 
stored "'Cs and % 
capsules andlor 
contamination 

To retain structural 
integrity after the 
plugging of the HEPA by 
smoke and debris to 

I 
Retain structural integrity under the -The K-3 HEPA filter system will 
environmental conditions of a 
400 'C (752 -F) hot cell fire 

remain intact when subjected to a h  
cell fire 
.Testing of the K-3 HEPA filter is 

To meet original WESF DBE 
ritcria: 
?e& ground acceleration of 2.5 
Us' (0.25 gravity) 
lamping up IO 5% 

See Hot Cell Fire - A 
Cell, in this Table 

ISR design features (see section 
6 )  

See Hot Cell Fire - A  Cell, in this 
Table Table 

See Hot Cell Fire ~ A Cell, in this 

No safety-class or safety-significant SSCS required I 

I 
High Flow in K-3 K-3 HEPA Filters 
Ventilation filtereffciencyof99.9% pm(1 I.Spin.)particlesofan -Testing of the K-3 HEPA filter 
System to prevent or mitigate the approved test aerosol system is current. 
(3.4.2.4.1) release of radioactive - Minimum 99.9% efficient. 

X To provide a combined Remove at least 99.9 percent of 0.3 -The K-3 HEPA filters are in place 

material. 

- 
X 

provide a passive barrier 
(confinement) to the 
unrestricted release of 
radioactive material 
resulting from a fire i n  the 
hot cellfsl 

current 
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Functional Requiremenls 
(Chapter 3.0 Components 

Section) 

1kI:ttcd IOSR Controls 

WROGEN EXPLOSION IN THE POOL CELL AREA (3.4.2.5) - 

o safety-class or safety-significant SSCs required 

X To alarm the presence o f  - A t  a minimum, two ARMS must 
elevated radiation levels be operable 
in the Pool Cell Area and -Provide an audible and visual 
evacuate facility alarm both locally and remotely 
personnel from the Pod upon detection of radiation in the 
Cell Area Pool Cell Area exceeding a preset 

l W C l  

OSS OF CONTAINMENT(3.4.2.6) 

'ue to Corrosion 

- A t  a minimum two ARMS are 
operable 
-Testing oflhe Pool Cell Area 
ARMS i s  current 
.Alarm will result upon system loss 
of power 

1.4.2.6.1) 

To detect the rapid loss of 
water from the pool cells 
and alarm the condition to 
initiate a response to 
prevent total 10s of pool 
ce l l  water 

OSS OF POOL CELL WATER (3.4.: 

(level 

-Have an operable level -The pool cell water loss detection 
monitoring system for Pool Cells I- system i s  operable 
8 and I 2  -Testing ofthe pool cell water los! 
-Provide an audible and visual detection system i s  current and in 
alarm for the level monitoring accordance with IOSR requirements 
system upon detection ofwater -Alarms wil l result upon loss Of 

loss excceding a preset level power or compressed air to the 
- A t  aminimum, one operable s)stem 
ARM 
- Provide an audible and visual 
alarm both locally and remotely for 
the ARM upon detection of 
radiation in the Pool Cell Area 

Pool Cell 
Emergency Make"] -T- Water I ill I' i tIC 

1'0 provide an 
unobstructed mth  for 

-Provide an unobstructed path for 
water to Pool Cell I 2  I -Two independent Sources of 

emergency makeup water are 
water delivery to the pool 
cells to prevent total loss 
of Pool Cell water 

-Be able to connect with a standard available 
fire hose -Transfer p o N  and air vents into 

Pool Cell 12 from Pool Cells 9, I O ,  
and I I are closed 
- Water addition occurs at a 
minimum flow rate of 570 Limin 
(150 gd/min) 
. The capacity of the emergency 
makeup water supply is a minimum 
of 310,000 L (83,000 gal) 
. \ i i  VCIII\ iiilu I'ooi c d  I 2  l'hwi 

;x,i,c pm'l d I \  4 ~ a l l  rci,>:1111 "pvn 

See Design Basis 
Eanhquake in this Table 

See Design Basis Eanhquake in 
this Table 

See Design Basis Earthquake in this 
Table 

SC = SafetyClass 
SS = Safety Significant 
HEPA = High Efficiency Air Particulate 
DBE = Design Basis Earthquake 
OBE = Operating Basis Emhquake 
IOSR = Interim Operational Safety Requirement 
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It is noted here that the Area 2 structure performs a safety-significant function in response to natural phenomena 
hazards (Section 3.4.2.1.2), but is qualified and will be declared a safety-class SSC, not because of prevention or mitigation of 
offsite dose consequences, but for the following reasons: 

With the exception of vulnerability to B Plant endwall collapse, the Area 2 structure is qualified for safety class 
seismic loads (Wagenblast, et al., 1999). Collapse of the B Plant endwall will not result in offsite consequences. 

Future WESF design or mission changes may require the Area 2 structure to be designated as safety class 

The Area 2 safety-class structure provides an important confinement function with respect to facility workers 

Maintaining the Area 2 structure safety class provides defense-in-depth. 

I 

0 

The K-3 filter pit structure and 296-8- IO stack also perform a safety-significant function in response to natural 
phenomena hazards (Section 3.4.2.1.2), but are qualified and will be declared a safety-class SSC, not because of prevention or 
mitigation of offsite dose consequences, but for the following reasons: 

Future WESF design or mission changes may require the K-3 filter pit structure or stack to be designated as safety 
class. 

The K-3 filter pit structure provides an important confinement function with respect to facility workers. 

Maintaining the K-3 filter pit structure and 296-B-10 stack safety class provides defense-in-depth. 

4.3.1.1 Safety Function. 

The safety function of the safety class Area 3 structure, the safety class pool cell bridge crane, catwalk, and associated 
support structures, the safety class pool cell drain and circulation piping, the safety class K-3 filter pit structure, and the safety 
class Area 2 structure is: 

To retain structural integrity for a WESF design basis earthquake (DBE) having apeak horizontal ground acceleration 
of 2.5 m/s2 (0.25 gravity) to provide confinement for water-stored ”’Cs and %r capsules and/or contamination to 
prevent dose consequences in excess of the offsite evaluation guidelines. 

(Section 3.4.2.1.2 “Design Basis Earthquake”) 
(Section 3.4.2.6.2 “Underwater Capsule Failures Due to Drop Impacts”) 
(Section 3.4.2.7 “Loss of Pool Cell Water”) 

4.3.1.2 Safety Description 

Area 3 Structure: The Area 3 is a two-story structure. The first story pool cells are below grade. The reinforced concrete roof 
and pool cell floor slab at grade are supported by reinforced concrete shear walls. The foundation consists of a reinforced 
concrete mat on undisturbed soil at approximately 4.9 m (16 ft) below grade and soil retaining shear walls. The concrete 
foundation for the pool cells is 0.53 m (21 in.) thick; for the pipe trench, 0.46 m (18 in.) thick; and for the transfer aisle is 0.89 
m (35 in.) thick. The Area 2 and Area 3 foundations are continuous and structurally connected at all common edges below 
grade. The Area 3 above grade shear walls and roof are separated from Area 2 by a 5.1-cm (2-in.) (seismic)joint. Thus, the 
Area 3 above grade structure is independent of the adjacent structures for resisting lateral seismic and wind loads and vertical 
gravity loads including dead, live, snow, and ashfall. The Area 3 below grade structure (Pool Cell Area) is structurally 
connected to the Area 2 foundation. This will enhance the lateral load capacity for resisting earthquake motions. The Area 3 

1 Structure has been designed to survive the 2.5 m/s’(0.25 gravity) WESF DBE. (Wagenblast, et al., 199‘)) 

Pool Cell Bridge Crane. Catwalk. and Associated SUODO~~S:  In Area 3, a 9. I t (IO t) overhead crane is located above the pool 
cells. The electric powered catwalk on rails, also in Area 3 at the deck level, spans the pool cells. The fundamental 
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components for the crane are the crane bridge, trolley, hoist, rail girders, and the lifted load. These components are configured 
and equipped with devices to prevent unrestrained movements of the cranes and derailing if strong seismic motions occur. The 
crane is original WESF construction and seismic design efforts were conducted for the crane support systems. These systems 
were evaluated, and additional confirming seismic analyses for the crane supports are provided in a recent evaluation 

I (Wagenblast, et al., 1990). Design analyses were conducted for the rail girders and their anchored supports. These design 
analyses presumed a 13.6 metric t (15 t) capacity Area 3 pool cell crane. Horizontal and vertical impact loads based on the 
UBC (1991) seismic provisions were included for seismic design. The lifted load was considered to contribute to the 
horizontal loads. The investigating engineers conducted additional seismic analyses that c o n f m  that the 9.1 metric t ( I O  t) 
crane support system is adequate for the DBE forces. Seismic experts conclude that the pool cell bridge crane and support 

I systems will survive the 2.5 mls’(0.25 gravity) WESF DBE. (Wagenblast, et al., 1999) 

The catwalk, designed and constructed in 1994, is a bridge-crane-like structure designed for a live load of 36.6 p/cm’ 
(75 Iblft’). The catwalk is stable due to having a low center of gravity and a wide wheel base. The catwalk drive gears restrain 
movement and the wheels are flanged to prevent derailing if strong earthquake motions occur. The engineers conclude that the 
catwalk and associated supports will survive the 2.5 mls’ (0.25 gravity) WESF DBE. (Wagenblast, et al., 1997) 

Pool Cell Drain and Circulation PiDinc Each pool cell is provided with a 5.1-cm (2-in.) diameter, stainless steel ahaiidoned 
water removal pipe (draiii I i i i c l  Each drain hi‘ penetrates the pool cell liner and wall into the pipe tunnel at an elevation of 0.9 
m (3 ft) above the pool cell floor, extends horizontally 2.3 m (7.5 ft) to the exterior wall, then vertically up 2.7 m (9 ft) where it 
penetrates the pipe tunnel ceiling. The dl-niii Iiw in the pipe tunnel is all welded pipe having no valves or flange connections. 
If the df i i i i i  linr were to rupture in the pipe tunnel, the pool cell would be in jeopardy of draining down to the 0.9 m (3 ft) level. 
If the water removal pipe were to rupture above the pipe tunnel ceiling, the pool cell would not be in jeopardy of draining 

since the pipe rupture would he above the water level in the pool cell. A conservative seismic evaluation qualifies the water 
removal pipes for DBE loads and therefore, they will survive the 2.5 mls’ (0.25 gravity) WESF DBE. (Wagenblast, et al., 

I 1999) 

Each pool cell containing capsules has a water circulation system. The pool cell circulation system pumps heated water 
out of the top of the pool cells, circulates it through the heat exchangers, and re-injects the cooled water through distribution 
pipes in the bottom of the pool cells. The heat exchanger secondary or cooling system consists of circulated raw water. There 
are 7.6-cm (3411.) diameter stainless steel circulation water pipes from the pumps to the distribution pipes. Each 7.6-cm (3411.) 
circulation pipe route penetrates the pipe tunnel ceiling at the center of the tunnel and drops vertically 2.7 rn (9 ft) to 0.9 m 
(3 ft) above the floor. Then, the pipe route extends horizontally 1.2 m (4 ft) to a distribution pipe embedded in the cell wall. 
Similar to the pool cell drain line discussed above, the circulation pipe in the pipe tunnel is all welded pipe having no valves or 
flange connections. A conservative seismic evaluation qualities the pipes for DBE loads. therefore, they will survive the 
2.5 mls’ (0.25 gravity) WESF DBE. (Wagenblast, et al., 199‘J) 

K-3 Filter Pit: The 225-BB, K-3 filter building, is an I 1  m by 3.3 m by 4.9 m (37 f t  by 1 1  ft by 16 ft) reinforced concrete 
structure. The building is a one-story below grade retaining wall structure or pit with five cells, four of which open at the 
ground surface and one which opens I .83 m (6 ft) above the ground surface. The tops of the cells are normally closed with 
cover blocks. The foundation is a continuous reinforced concrete slab 3 m (IO ft) below grade. The K-3 filter pit is 
structurally independent of the adjacent structures. The 225-BB Building, K-3 filter pit design qualifies for the 2.5 mls’(0.25 

1 gravity) WESF DBE. (Wagenblast, et SI., 1990) 

296-B-10 Stack and Duct: The effluent stack for building 225-8 is a freestanding stack, 23 m (75 ft) high with a 1.1 m (42 in.) 
inside diameter, made from glass-fiber-reinforced polyester resin; the base of the stack is fastened to a steel base ring 
assembly. The steel base ring assembly consists of a 1.3 cm (1/2 in.) thick plate rolled into a cylinder having a 1. I m (44 in.) 
inside diameter (ID) and .5 m (20 in.) high; the cylinder is welded to a 2 cm (3l4 in.) thick ring plate having an inside diameter 
of 1.1 m (44 in.) and an outside diameter of 1.4 m (53 in.), the cylinder and ring are reinforced u,ith sixteen I cm (318 in.) 
gusset plates. The base ring assembly is anchored with sixteen 3.2 cm (I % in.) diameter by 0.4 m (16 in.) long anchor bolts 
embedded in a reinforced concrete foundation 2 m (6 ft) in diameter and 4.3 m (14 ft) deep. The stack has two main 
penetrations: a 0.8 m (30 in.) penetration for the K-l and a 0.5 m (20 in.) penetration for the K-3 exhaust duct connections, as 
well as several other penetrations ranging between 2.5 cm ( I  in.) and 0.4 m (15 in.) in diameter. All penetrations are equipped 
with stainless steel flanges molded into the stack. 
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A fiberglass duct having a 0.5 m (20 in.) ID and 0.6 cm (1/4 in.) wall thickness connects the 0.5 m (20 in.) flanged 
stack opening and the K-3 exhaust fan assembly to the west; the duct is 18 m (60 ft) long, with 6 supports spaced at 3 m (IO ft) 
centers. The 0.8 m (30 in.) flanged stack opening is connected to the K-l exhaust fan assembly to the east with a 0.8 m (30 
in.) ID, 0.6 cm (1/4 in.) wall thickness, and 3 m (IO ft) long fiberglass duct; the 0.8 m (30 in.) duct has one support at the 
center. The fiberglass ducts are connected to the K-l and K-3 stainless steel fan outlet ducts that are connected to the fans with 
flex connection. A conservative seismic evaluation qualifies the stack and duct for DBE loads and therefore, they will survive 

1 the 2.5 m/sZ (0.25 gravity) WESF DBE. (Wagenblast, et al., Appendix G, 1999) 

Area 2 Structure: The Area 2 is a two-story above grade structure with a reinforced concrete roof and floor slabs supported by 
reinforced concrete shear walls. The high-density concrete shielding hot cells provide additional shear walls for resisting 
lateral loads on both the first and second floors. The building foundation consists of continuous and spread footings at a depth 
of 1.83 m (6 ft) below the grade slab, bearing on compacted fill. The high-density concrete shielding hot cells have a separate 
foundation, a continuous base mat slab on compacted fill, 1.83 m (6 ft) below the grade slab. The east end of the foundation 
spread footings, grade slab, and floor slab of Area 2 are separated from the 221-B Building by a 0.6-cm (0.25-in.) expansion 
joint. The walls and roof of Area 2 are separated from the 221-8 Building by a 5.1-cm (2-in.) gap identified on the design 
drawings as a seismic joint. The 5.1-cm (2-in.) gap, or seismic joint, allows relative motion between the structures without 
load transfer and prevents impact or seismic pounding. Therefore, Area 2 is structurally independent of the adjacent structures 
for resisting lateral seismic loads. Seismic analyses for the 221-8 Building showed that inelastic stresses will develop in the 
canyon walls at relatively low north-south seismic accelerations or motions. The unreinforced infill end-wall panels would be 
forced to comply with the 221-B Building transverse, north-south, deflections. The resulting large diagonal shear forces could 
fail and collapse the panels. Only the portion of the west end infill wall panel that extends above the 225-B Building roof 
elevation has the potential to do significant local structural damage to the 225-8 Building. The pool cells would be unaffected 
structurally by a collapse of the 221-B Building end wall. The shielding view windows in the hot cell walls do not appreciably 
weaken the walls. Horizontal seismic forces on the shielding windows are resisted by the friction developed by the lead shims 
and compacted lead wool surrounding them. The Area 2 Structure has been designed and qualified to survive the 2.5 m/s2 

I (0.25 gravity) WESF DBE. (Wagenblast, et al., 1990) 

4.3.1.3 Functional Requirements. 

Area 2 structure, Area 3 structure, K-3 filter pit, 296-8-10 stack, pool cell bridge crane, catwalk, and associated 
supports, and the pool cell drain and circulation piping shall meet the following minimum parameters: 

Damping up to 5% 

4.3.1.4 System Evaluation. 

Peak ground acceleration of 2.5 mls’ (0.25 gravity) 

Area 3 structure, pool cell bridge crane, catwalk, and associated support structures, pool cell drain and circulation 
piping, K-3 filter pit structure, stack, exhaust duct, and the Area 2 structure are constructed and designed to survive a WESF 

I DBE (Wagenblast, et al., 1999). 

4.3.1.5 IOSR Controls. 

The seismic qualifications of the Area 3 structure, pool cell bridge crane, catwalk, and associated support structures, 
pool cell drain and circulation piping, K-3 filter pit structure, stack, exhaust duct, and the Area 2 structure to a 2.5 m/s’ (0.25 
gravity) WESF DBE are included as IOSR Design Features (see Section 5.6). 

4.3.2 K-3 HEPA Filter 

Section 3.4.2.3.1 “Hot Cell Fire” for A Cell, identifies the K-3 HEPA filter system as a safety-significant SSC. Section 
3.4.2.3.1 “Hot Cell Fire” for B-E Cells and section 3.4.2.4.1 “High Flow in K-3 Ventilation System,” identify the K-3 HEPA 
filter as a safety-class SSC. 
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4.3.2.1 Safety Function. 

The safety function of the safety class K-3 HEPA Filter is: 

To retain structural integrity after the plugging of the HEPA by smoke and debris to provide a passive barrier 
(confinement) to the unrestricted release of radioactive material [resulting from a fire in the hot cell(s)] to prevent 
dose consequences in excess of the onsite and offsite evaluation guidelines. 
(Section 3.4.2.3.1 “A Hot Cell Fire” - SS) 
(Section 3.4.2.3.1 “B through E Hot Cell Fire” - safety class) 

To provide a combined filter efficiency of 99.9% to prevent or mitigate the release of radioactive material to 
prevent dose consequences in excess of the onsite and offsite evaluation guidelines. 
(Section 3.4.2.4.1 “High Flow in K-3 Ventilation System” - safety class) 

4.3.2.2 Safety Description. 

The K-3 exhaust system consists of two parallel filter housings. One is operating and the other is on standby (under 
normal operation, only one filter system is online). Each filter housing contains two stages of HEPA filtration in series, with 
six standard HEPA filters units (0.61 m by 0.61 m [2 ft by 2 A]) per stage, see Figure 2-1 1. Only the HEPA filter is discussed 
in this section as either a safety-class or safety-significant SSC. 

The HEPA filter is fabricated from a fibrous medium having a particle removal efficiency of at least 99.95% for 0.3- 
pm (1 1 .S-pin.) particles of an approved test aerosol which exceeds the requirement of 99.9%. The fibrous material is mounted 
and sealed to a frame and the frame provides sealing faces for installation of the filter element into a mounting enclosure. To 
perform periodic efficiency testing, several taps are used for injection and sampling of an approved tested aerosol. 

The HEPA filters are also designed to retain structural integrity during a hot cell fire of400 “C (752 OF). 

4.3.2.3 Functional Requirements. 

The K-3 HEPA filter shall meet the following criteria: 

Retain structural integrity under the environmental conditions of a hot cell fire of400 “C (752 OF) (in Hot Cell) 
(Section 3.4.2.3.1 “A Hot Cell Fire”- SS) 
(Section 3.4.2.3.1 “B through E Hot Cell Fire” ~ safety class) 

Remove at least 99.9 percent of 0.3-pm (1 l,S-pin.) particles of an approved test aerosol. 
(Section 3.4.2.4.1 “High Flow in K-3 Ventilation System” - safety class) 

4.3.2.4 System Evaluation. 

The K-3 HEPA filter system is designed to ASMEIANSI-509, and tested to ASME/ANSI-510, which requires removal 
of at least 99.95 percent of approved test aerosol particles with particle size having a median diameter less than 1 pm (-in.). 
The testing requirements for the K-3 HEPA filter system are more demanding than the accident analysis requirements to 
provide HEPA filtration of at least 99.9 percent of 0.3-pm ( I  I .&pin.) particles of an approved test aerosol. At the time of its 
installation and annually thereafter, the K-3 HEPA filters are subjected to an aerosol injection test to verify its operability. 

The gas temperatures resulting from the hot cell fire will not breach the K-3 HEPA filters, but the amount of fuel 
burned could clog the filters. (Mertz 1998) 
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4.3.2.5 IOSR Controls. 

The implied and stated assumptions of Section 3.4.2.3.1 “Hot Cell Fire” - A Cell, and Section 3.4.2.3.1 “Hot Cell Fire” 
- B through E Cells, are: 

The K-3 HEPA filters will remain intact when subjected tn a hot cell fire 

Testing of the K-3 HEPA filter system is current (Le., it was tested with an approved aerosol at the time of its 
installation, and it has been tested annually thereafter). 

The implied and stated assumptions of Section 3.4.2.4.1 “High Flow in K-3 Ventilation System,” are: 

The K-3 HEPA filters are in place 

Testing of the K-3 HEPA filter system is current (Le., it was tested with an approved aerosol at the time of its 
installation, and it has been tested annually thereafter) 

The K-3 HEPA filters will be tested annually and removes at least 99.9 percent of 0.3-pm (1 1 .%pin.) particles of an 
approved test aerosol. 

I 4.3.3 Pool Cell Area Radiation Monitors (ARMs) 

Section 3.4.2.6.1 “Underwater Capsule Failure Due to Comsion,” identifies the ARMs as a safety-significant SSC. 
[Note:  I Iiere SCC, perforiii :I safety class f i i nc t io i i  in conjuiictioii \bit11 the pool cel l  level  inionitoriiig SSCs to mitiyare the 
Rapid Loss 0 1  I’ool Ccll Watcr Accidciii (scc section 4.3.4). l l i c  flncilii) iniairitaiiir ill< highes sak t )  class cl;tssilication on all 
pool cel l  ARRls.1 

I 4.3.3.1 Safety Function. 

I The safety hnction ofthe safety significant ARMs fur  [ l ie capsule failkire ;iccidciit is: 

I ‘The A R M s  probide WESF workers with tlir necrssiii-) n;irning to t a k e  protecti\e iictioiis. Thc poteiiti;il dose field 
iii i l i e  Pool Ccl l  Area li-mi a liilly dissolved ccs i i i i i i  c i ipw lc  could hc latnl to a Ihcilit) workcr ifesposcil for I h o u r  
or iiiore. (Section 3.4.2.6.1 “Underwater Capsule Failure Due to Corrosion”) 

I 4.3.3.2 Safety Description. 

There are three ARMs located in the Pool Cell Area, two located on the east wall and one located on the west wall, set 
to alarm upon detection of elevated gamma and beta radiation levels in the Pool Cell Area. At a minimum, two ARMs must be 
operable to detect elevated radiation levels and notify facility personnel to evacuate the Pool Cell Area. The ARMS have local 
audible and visual alarms. 

I 
I 4.3.3.3 Functional Requirements. 

The Pool Cell ARMs shall comply with the following: 

At a minimum, I \ L O  Pool Cell Area ARMs must be operable (Section 3.4.2.6.1 “Underwater Capsule Failure Due 
to Corrosion”) 

Provide a local audible and visual alarm upon detection of elevated radiation levels in the Pool Cell Area 
exceeding a preset level (see Section 3.4.2.6. I “Underwater Capsule Failure Due to Corrosion”). 

I 

I 
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I 4.3.3.4 System Evaluation. 

The Pool Cell ARMS and alarms are adequate for their assigned safety function. Upon detecting elevated radiation 
levels in the Pool Cell Area, an audible and visual alarm will be generated locally. Facility personnel will respond to the alarm 
and evacuate the Pool Cell Area. Upon verifying a high radiation condition, facility personnel will proceed with appropriate 
action for recovering a failed capsule (assumed worst-case scenario for this safety function). Recovery actions from a leaking 

I capsule may consist of pool cell water decontamination and isolation ofthe leaking capsule. 

I 4.3.3.5 IOSR Controls. 

I 
I 
I 4.3.4 Pool Cell Water Loss Detection System 

The implied and stated assumptions of Section 3.4.2.6. I “Under\vnrcr C;ipsuIe Vailure” are: 

. ‘l.!vc Pool Cell Area ARMS must be operable !v l i i le  personnel are located in the Pool Cell , Iwa 

Section 3.4.2.7 “Loss of Pool Cell Water,” identifies the pool cell rapid water loss detection system (level monitoring 
and ARM systems) as a safety-class SSC. [Notc: Tlic pool cel l  A R M S  also pcrl‘orni il saki! sigiilicanr function t o  niitigtc Lhc 
Capsule Failure Accident (see section 4..3.3). The facilit! ni3int:iins tlir hi$ier sufety cl i iss classiticntiun on all pool cel l  
ARMS.] 

I 4.3.4.1 Safety Function. 

The safety function of the safety class pool cell Water Loss Detection System (pool ccll level monitoring and ARM 
systems) is: 

I 

To detect the rapid loss of water from the pool cells and alarm the condition to initiate a response that prevents 
total loss of pool cell water. This function is to prevent loss of facility control and mitigate resulting onsite, offsite, 
and facility worker dose consequences in excess ofthe evaluation guidelines. 
(Section 3.4.2.7 “Loss of Pool Cell Water”) 

I 4.3.4.2 Safety Description. 

The pool cell Water Loss Detection System consists ofthe pool cell level monitoring systems and the pool cell ARM 
system. The pool cell level monitoring systems and the pool cell ARM system together perform a redundant and diverse 
means of alarming upon detection of a rapid loss of pool cell water. Pool cell weight factor level monitoring and both local 
and remote alarms are provided for Pool Cells I through 8 and 12. The level indicators are located in the Operating Gallery 
and have both audible and visual alarms. There are three ARMS located in the Pool Cell Area, two located on the east wall and 
one located on the west wall, to detect the presence of elevated radiation levels in the Pool Cell Area. At a minimum, one 
ARM must be operable to alarm elevated radiation levels and notify facility personnel of a rapid water loss. The ARMS have 
audible and visual alarms both locally and remotely. 

I 4.3.4.3 Functional Requirements. 

The pool cell water loss detection system shall comply with the following: 

Have an operable water loss detection system for Pool Cells 1 through 8 and 12 (Section 3.4.2.7 “Loss of Pool Cell 
Water”) 

Provide an audible and visual alarm both locally and remotely for the water loss detection system upon detection 
of water loss exceeding a preset level (Section 3.4.2.7 “Loss of Pool Cell Water”). 
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I 4.3.4.4 System Evaluation. 

The pool cell water loss detection system consists of the pool cell water level monitoring system and the pool cell area 
ARMs. The system is required to perform the safety class function of alerting facility personnel in the event of a rapid loss of 
water in an active pool cell. 

The pool cell water loss detection system was originally designed and procured when the facility was first planned and 
built. It met the appropriate design and procurement standards when first installed, and all maintenance and upgrades to the 
system have also met appropriate industrial standards. The testing performed on the system includes operability testing, 
surveillance, calibration, and preventative maintenance. A review of past calibration and testing data indicate that the 
instrumentation is normally within defined tolerances and have routinely passed functional tests. 

The single failure criterion and system redundancy are satisfied with the pool cell level monitoring system, however, 
because this system was not designed to current safety class criteria, the Pool Cell Area ARMs are also included as part of the 
rapid water loss detection system. 

The water level monitoring system visually displays the water level in each active pool cell and provides alarms if the 
water level falls below a specified value or the system fails. The water levels are periodically checked and recorded so that 
trending data may be gathered which might provide an indication of system malfunction. The A M s  detect the presence of 
high gamma radiation fields in the Pool Cell Area. In the event of a rapid loss of pool cell water, the radiation field in the Pool 
Cell Area would increase causing the ARMs to alarm. 

The combination ofthese two sub-systems, the level monitoring system and the ARMs, provides the overall system 
redundancy and satisfies the single failure criterion. A loss of electric power to the facility is the only failure mode which has 
been identified that would render both the level monitoring system and the ARMs inoperable at the same time. The level 
monitoring system will initiate an alarm on the WESF process monitoring and control system upon a loss of power to the 
system or facility which will allow compensatory actions to be instituted. An alarm will also result upon a loss of compressed 
(instrument) air or component failure. 

The environment in the pool cell area and control area (adjacent to the operating gallery) during normal operations, 
system shutdown, and system testing are designed for human habitation and pose no hazards to the system. No accident or 
upset condition has been identified that would generate an environment which would cause the system to fail when called upon 
(the system is not required to be operable following a seismic event). There are only two identified abnormal conditions that 
would result in environmental conditions which could challenge the system. These conditions are inadvertent introduction of 
steam into the Pool Cell Area or high temperature and high humidity following an extended loss ofpool cell cooling. It has 
been demonstrated through past events that the instrumentation can survive this type of condition. 

Regarding the reliability of the systems, significant guidance exists on the use of commercial grade items to fulfill 
I safety class functions in commercial reactors and non-reactor, nuclear facilities ( I  INk-PRO-26S and EPRI-5652). Of all the 

methods for accepting commercial grade items as sufficient to fulfill a safety class function, the examination of the 
documented past performance of the system is relevant to the water loss detection system. Both sub-systems, the water level 
monitoring system and the ARMs, have an operating record of greater than 20 years and have been maintained in accordance 
with relevant industrial standards. A review of Occurrence Reports over the last few years (since 1991) and interviews with 
facility personnel indicate there is no record of any failure of the level monitoring or ARM systems. 

The water level monitoring system is bubbler system based on proven technology and has been modified only to the 
extent necessary to provide modem (digital) readout capabilities. It is a reliable system designed with internal component 
redundancy and alarmed failsafe modes. The ARMs are also based on proven technology and have been very reliable during 
the operating history of the facility. Unlike the level monitoring system, which will alarm upon a loss of electrical power to 
the facility or the entire system, the ARM system will not alarm if power is lost to the entire system. 

On the basis of this evaluation, the rapid water loss detection system is adequate to fulfill its intended purpose 
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I 4.3.4.5 IOSR Controls. 

The implied and stated assumptions of Section 3.4.2.7 “Loss of Pool Cell Water” are: 

The pool cell water loss detection system is operable (pool cell level monitoring system, one pool cell ARM 
system, and all associated alarms) 

Testing of the pool cell water loss detection system is current and in accordance with IOSR requirements 

Alarms will result upon loss of power or compressed air to the system@) 

1 4.3.5 Pool Cell Emergency Makeup Water Fill Pipc 

Section 3.4.2.7.2 “Loss of Water From All Pool Cells,” identifies the Pool Cell Emergency Makeup Water Fill Pips as a 
safety class SSC. ‘Iliese is ;I related IOSR Adtiiinisrr;itive C w r o  (,IC 5.8) which 5uppoits th i s  requiremetit by iiiaintriining 
t w o  water iourccs available. 

I 4.3.5.1 Safety Function. 

I The safety function of the safety class Pool Cell Emergency Makeup Water Fill Pipc is: 

To allon \ \ a k r  IO be added 10 l l ic  pool ccIIs reiiio[cl! 10 maintain water over the capsules in the event of a rapid 
loss of pool cell water, and to restore pool cell water level in active pool cells (containing capsules) to 3.3 m (130 
in.) without exposing response personnel to a dose ofgreater than 5 rem (Section 3.4.2.7.2 “Loss of Water From 
All Pool Cells”). 

I 4.3.5.2 Safety Description. 

I 

The Pool Cell Emergency Makeup Water System consists of a wfety cI;is\ f i l l  pipe installed through the north wall of 
the 225-B Building and the supply used to provide makeup water coiilvollcil h w g h  IOSR Adiiiiiiiwaii\c Coiicrol i\C 5 3 .  

The fill pipe has a standard fire hose connector so a fire hose can be connected from the outside ofthe building to 
provide sanitary or raw water to Pool Cell 12 and ultimately the remaining pool cells. .I l ie writer tn rrtlwvs rlirciufh the air 
dilution pori.; hel\vccn Pool Cell 12 and thc ollicr pool CCIIS atid ulliiiinccly l i l l s  thc pool cel l  lociii: \batcr. Evciitudl) the waicr 
Irvel \ \ i l l  eqiialize brtiveeii the pool c r l l  lcniiig \vater ;iiiti tlir pipe r i i i i i i e l .  The fi l l  pipe is not required to meet single failure 
criteria since it is a passive component. 

Water for the emergency fi l l  system is provided through one of several independent general service water sources 
located near WESF. The water supply is connected to the fill pipe by use of standard fire fighting hoses brought to the facility 
by the response of the Hanford Fire Department (HFD). The HFD trucks are required by law to carry several hundred feet of 
several hose sizes, including 2.5-in and 4-in hoses. If necessary, the flow from the hydrants can also be increased by the 
pumps located on the HFD truck. 

1 4.3.5.3 Functional Requirements. 

I The xi1;‘1! cltiss pool cell emergency water lill pipe shall meet the following minimum parameters. 

Tlic siipporliiig ~ e n c r a l  scwicc pool ce l l  ciiicu$i.iic? ~ a l c r  smirccs c<ontrdlcC 1 9  Adiiiitiislralivc Control AC 5 . S  Sha l l  

inert the folluwiiig ni in i i i i i i t i i  parnnirtrrs. 

I w o  wiirces o f n a t e r  a\ i t i la l i le 

6.4 cm (2.5 in.) diameter f i l l  pipe from exterior of pool cell area to Pool Cell 12 
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Upon reaching 3.3 m (130 in.) in all active pool cells, the action ofthe emergency fill system is complete and the 

Water volume available 310,000 L (83,000 gal) 

Water flow rate of 570 Llmin (150 galimin). 

system can be deactivated. Any source of water makeup can then be used to raise the levels of the active pool cells above the 
3.3 m (130 in.) level, as necessary. In addition, during the time that the affected pool cell is being filled to the 3.3 m (130 in.) 
level, the strength of the radiation fields in and near the pool cell area will diminish rapidly. As soon as the dose rates drop to 
acceptable levels (even if the affected pool cell level has not reached the 3.3 m [I30 in.] level), personnel may enter the pool 
cell area or control room to provide additional means of water makeup (e.g., opening the transfer ports). 

I 4.3.5.4 System Evaluation. 

Fire Hose and Connection. The Pool Cell Water Loss Detection System acts to alert facility personnel to the condition of a 
I rapid loss of pool cell water. In the calculations (He) 1990) that provide the hasis for the functional requirements it was 

assumed that the fust hour of the event would be response time before water would begin entering Pool Cell 12. Facility 
personnel would require time to react to the alarm and make notification to the HFD. This is estimated to take 15 min based 
on the desire to confirm the alarm and then call for the HFD. The HFD response time to WESF is estimated to he 
approximately 5 min with an additional 5 min to make the necessary hose connections and begin adding water to Pool Cell 12. 
The total time elapsed would then be 25 min, which is within the 1 hour response time used in the LCO 3.1.1 (HNF 1997). 

I FillPioe. The fill pipe is a 6.4-cm (2.5-in) diameter pipe running from Pool Cell 12 through the north wall of the Pool Cell 
Area to a location just west of the personnel access door in the north wall. The total length is less than 2 m (7 ft) The pipe has 
no plugs or valves except for a dust cover over a standard fire hose connection on the outside end of the pipe. The standard 
fire hose connection conforms to NFPA requirements such that a fire hose of any size from the HFD would function with the 
system. Since the fil l  pipe is a passive component it is not required to fulfill the single-failure criteria for safety class items. At 
a flow rate of 570 Limin (150 gal/min) the fil l  pipe would produce minimal pressure drop and therefore, cause negligible 
reduction in flow capacity from any ofthe water supplies evaluated below. 

Raw Water Supply. A raw water fire hydrant is located noil l i  of the 225-B building and is fed from the 282-E reservoir. The 
gauge pressure is approximately 700 kPa (100 psi). The 180-m (600 A) of fire hose ~ i s c d  in h e  ciilciilatioiis is adequate to 
connect the raw water fire hydrant to the emergency fill pipe. Fluid flow analysis ( I  le? 1990) indicates that this water supply 
would provide a minimum of 1,100 L/min (290 gal/min) of raw water to Pool Cell 12 with essentially unlimited capacity. This 
exceeds the functional requirements identified above. 

Sanitary Water Supplv. Sanitary water is produced in the 283-E filter plant which filters and chlorinates raw water and 
maintains a 1.5 million L (400,000 gal) supply in an underground clear well system containing two 760,000 L (200,000 gal) 
concrete tanks. A sanitary water fire hydrant is located northeast of the 225-B building. The gauge pressure is approximately 
550 kPa (80 psi). The assumed 90-m (300 ft) of fire hose is adequate to connect the sanitary water fire hydrant to the 

I emergency fil l  pipe. Fluid flow analysis ( I  ley 1999) indicates that this water supply would provide a minimum of 1,300 L h i n  
(353 gal/min) of sanitary water to Pool Cell 12 with a capacity in excess of 3 10,000 L (83,000 gal). This exceeds the 
functional requirements identified above. 

Deep Well Supplv. Two diesel-driven deep well pumps identified as # I  (282-8) and #2 (282-BA) are located west of225-B at 
wells 299-E28-11 and 299-E28-15, respectively. They provide an alternate and redundant emergency makeup water supply to 
the emergency fi l l  pipe. The assumed 90-m (300 ft) of fire hose is adequate to connect the deep well water supply to the 

(220 galimin) of raw water to Pool Cell 12 with essentially unlimited capacity. This exceeds the functional requirements 
identified above. 

I emergency f i l l  pipe. Fluid flow analysis (He) IWO) indicates that this water supply would provide a minimum of 830 Limin 

1 4.3.5.5 IOSR Controls. 

The following assumptions require control in an IOSR (See Chapter 5): 
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Two independent sources of emergency makeup water are available 

Transfer ports and air vents into Pool Cell 12 from Pool Cells 9, IO and I I are closed 

Water addition occurs at a minimum flow rate of 570 L h i n  (150 galimin) 

The capacity of the emergency makeup water supply is a minimum of 3 10,000 L (83,000 gal). 
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5.0 DERIVATION OF INTERIM OPERATIONAL SAFETY REQUIREMENTS 

5.1 INTRODUCTION 

The required preventive and mitigative features determined to be essential in Chapter 3.0, “Hazard and Accident 
Analyses,” and from the designation of safety class and safety significant features in Chapter 4.0, “Safety Structures, Systems, 
and Components,” are identified in this chapter. Information necessary for preparing the separate Interim Operational Safety 
Requirement (IOSR) document (HNF-SD-WM-IOSR-001, Waste Encapsulation and Storage Faci/ity Interim Operational 

I Safety Requiremenfs [HNF 1998~1) required by DOE Order 5480.22, Technical Safety Requirements, is also provided in this 
chapter. 

The IOSRs define acceptable conditions, safe boundaries, and management or administrative controls that ensure safe 
operation of a nuclear facility and reduce the potential risk to the public and onsite workers from uncontrolled releases of 
radioactive material or from radiation exposures caused by inadvertent criticality (DOE Order 5480.22). Releases of 
nonradioactive hazardous material are addressed in Section 5.3.9. 

This chapter consists of summaries and references to pertinent sections of the BIO that describe design and 
administrative control features needed to prevent or mitigate the consequences of an accident. The Safety Limits (SLs), 
Limiting Control Settings (LCSs), Limiting Conditions for Operation (LCOs), Surveillance Requirements (SRs), 
Administrative Controls (ACs), and Design Features form the basis of the IOSR document and provide the logical link 
between the IOSRs and the BIO. 

As discussed in Chapter 3.0, a hazard categorization process assessed the WESF radioactive material inventory and 
determined that WESF is Hazard Category 2. The IOSRs were developed based on the graded approach applied to the hazard 
and accident analyses and the Hazard Category 2 designation. 

Products of this chapter include the following: 

Qualitative and quantitative IOSR selection criteria 

A table that links the hazard and accident analyses, the safety structures, systems, and components (SSCs), and the 
IOSRs 

A table that provides cross-references to other BIO chapters 

Operational modes that designate distinguishable facility configurations and operational conditions 

Derivation of minimum staffing levels for each operational mode 

A list of Design Features not covered by the IOSRs 

Identification of IOSR interfaces with other Hanford Site facilities and the controls. 

5.2 REQUIREMENTS 

The primary requirements specific for this chapter, the hazard and accident analyses, and the IOSR document are 
included in the following documents: 

DOE Order 5480.22, Technical Safety Requirements 

WHC-SP- 1 164, Westinghouse Hanford Company Sufi@ Anahsis Reports and Technicat Saf ty  Requiremenls 
Upgrade Program (replaced by w r r m a l  letter t‘D1 i-9955S94Al<?. I I lmwi 19991) I 
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5.3 INTERIM OPERATIONAL SAFETY REQUIREMENTS COVERAGE 

Corresponding accident analyses discussed in Chapter 3.0 and SSCs identified in Chapter 4.0 as needing IOSR 
coverage are listed in Table 5-1. The IOSRs required for public safety, significant defense-in-depth, significant worker safety, 
and maintaining radiological consequences below risk evaluation guidelines are identified as SLs, LCSs, LCOs, ACs, or 
Design Features. Requirements and detailed guidance for selecting the IOSRs are provided in WHC-CM-4-46, Safety Analysis 

I Manual, [ W l  IC-Cbl-4-46 ha> since beeii replaced i v i th  I INF-1’1<0-700 and IINF-I’I<O-70J/ and are summarized in Sections 
5.3.1 through 5.3.10. 

Selection of IOSR control options is based on practicality and ease of implementation. Consideration is given to ( I )  
equipment reliability, availability, and maintainability and (2) human factors. 

5.3.1 Safety Limits 

The SLs are limits on process variables (e.g., temperature, pressure) associated with those physical barriers (e&, tanks, 
piping), generally passive, that are necessary for the intended facility function. Exceeding SLs could directly cause the failure 
of one or more of the barriers that prevent the uncontrolled release of radioactive material. The limits are stated in measurable 
units such as degrees Celsius and are placed on primary barriers closest to the material source. The SLs, if absolutely 
necessary, are reserved for a small set of safety requirements to which the facility is committed to protect the integrity of the 
primary barriers. 

Applying the quantitative criteria discussed in Section 5.3.10, SLs are those limits required to maintain radiological 
consequences to the offsite public below risk evaluation guidelines. 

5.3.2 Limiting Control Settings 

The LCSs are setpoints on safety systems that control process variables to prevent exceeding SLs. The specific 
setpoints are chosen such that if exceeded, sufficient time is available to automatically or manually correct the condition before 
exceeding SLs. 

The LCSs are combined with their respective LCOs (discussed in Section 5.3.3) with all setpoints and requirements 
contained within the LCOs. By combining the LCSs with the LCOs, the LCS setpoint (within limits) becomes part of the 
operability of the system. Furthermore, safety is enhanced by placing the applicability, actions, and surveillances for a system 
in a single location and the complexity of the IOSR document is reduced. 

5.3.3 Limiting Conditions for Operation 

The LCOs are the lowest functional capability or performance level of SSCs (and their support systems) required for 
normal, safe operation of the facility. The LCOs are based on keeping the SSCs operable or on maintaining conditions within 
specified limits. The LCOs are prepared for those SSCs that are identified in the accident analyses as preventing or mitigating 
accidents or transient events that involve the assumed failure of, or present a challenge to, the integrity of a physical barrier 
that prevents the uncontrolled release of radioactive material. The LCOs are established only for those mitigative SSCs that 
are part of the primary success path of an accident sequence analysis (i.e., the assumed sequence of events that leads to the 
conclusion of an accident for which the risk is judged to be acceptable). 

Applying the quantitative criteria discussed in Section 5.3. I O ,  LCOs are established for those preventive and mitigative 
SSCs or conditions required to maintain radiological consequences to the offsite public and onsite workers below risk 
evaluation guidelines 

5.3.4 Surveillance Requirements 

The SRs are requirements relating to testing, calibration, or inspection of SSCs or conditions. The SRs provide 
assurance that the necessary quality of SSCs is maintained; the facility operation will be within the SLs; and the LCSs and the 
LCOs will be met. 
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5.3.5 Administrative Controls 

The ACs are the provisions relating to organization and management, procedures, record keeping, reviews, audits, and 
specific program requirements for risk reduction necessary to ensure safe operation of the facility. The IOSRs (Le., SLs, LCSs, 
LCOs, and ACs) establish administrative requirements that ensure IOSR requirements are met in the operation of the facility 
and the procedures that are followed should an IOSR not be met. The ACs are normally written at the program level and 
contain key program elements, as applicable. The ACs are established ( I )  if a safety function is best satisfied by a program 
instead of a hardware system, (2) if control of a condition is not measured in real-time or near to real-time, (3) if control of a 
condition is not under the immediate control of the operator, (4) if a condition does not require immediate action and sufficient 
recovery time exists to permit mitigating action, or ( 5 )  if a condition requires an evaluation based on prevalent conditions. The 
ACs do not require action statements or surveillances. The SRs necessary to demonstrate compliance with an AC and the 
actions taken should an AC requirement not be met are performed according to administrative procedures. 

Applying the quantitative criteria discussed in Section 5.3.10, ACs are established for those programs required to 
maintain radiological consequences to the offsite public and onsite workers below risk evaluation guidelines. 

5.3.6 Design Features 

Design Features are those features not covered elsewhere in the IOSRs and that, if altered or modified, would have a 
significant effect on safety. Design Features are normally permanently built-in features that do not require, or infrequently 
require, maintenance or surveillance and are normally not subject to change by operations personnel. The categories of Design 
Features to be addressed in accordance with DOE Order 5480.22 include the following: 

Vital passive components such as piping, vessels, supports, confinement structures, and containers 

Configuration and physical arrangement of the facility where safety is a concern including site characteristics such 
as the locations of public access roads, collocated facilities, facility area boundaries, site boundaries, and distances 
to the nearest residences 

Building materials, if the safe operation of the facility depends on any component being constructed of a particular 
material. 

Changes to Design Features are considered significant modifications. The unreviewed safety question process ensures 
that changes to Design Features are appropriately analyzed and controlled so that they do not adversely affect safe operation of 
the facility. 

5.3.7 Significant Defense-in-Depth 

Defense-in-depth is a fundamental approach to hazard control at WESF and is important in determining the safety basis 
in general. The IOSRs are major contributors to the concept, which includes multiple independent safety provisions, none of 
which is relied on exclusively for either accident prevention or mitigation. Safety provisions refer to both hardware systems 
and integrated safety management programs that ensure control and discipline of operations for added prevention. Defense-in- 
depth is reflected in the lOSRs in the form of a hierarchy of limits and controls described in the following paragraphs. 

- The LCOs keep the SSCs operable or maintain conditions within specified limits to prevent or mitigate 
radiological consequences to the public and onsite workers to below risk evaluation guidelines. The SRs are tests, calibrations, 
or inspections designed to help ensure an acceptable level of availability and performance of SSCs and detect deficiencies 
before they can cause or contribute to accidents. The ACs assumed in the accident analyses to prevent or mitigate radiological 
consequences to the public and onsite workers below risk evaluation guidelines support the LCOs, maintain the nuclear safety 
basis as described in the analyses, and ensure compliance with the IOSRs. Taken together, the LCOs, SRs, and ACs are 
directed toward maintaining operational parameters within normal bounds, and constitute the basic, first level of defense-in- 
depth. Safety management programs at WESF, which are already covered by other orders and regulations, support the 
defense-in-depth concept and are discussed in Chapter 6.0, “Safety Related Programs and Controls.” 
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!g& - The LCSs and SLs come into play under abnormal or accident conditions in which automatic or manual 
responses are required before SLs are challenged. An LCS setpoint is part of the operability of a system and, therefore, is 
combined with the associated LCO. The SLs inherently provide both defense-in-depth and worker safety by protecting the 
primary physical barrier for the control of radioactive material. 

Level3 - Preventive and mitigative Design Features provide protection of the public and workers even if the first two 
levels fail. Important Design Features at WESF not covered by the IOSRs are listed in Section 5.6. 

5.3.8 Significant Worker Safety 

Worker safety at WESF is part of the first level of defense-in-depth discussed in Section 5.3.7, and is covered by 
integrated safety management programs. These programs (discussed in Chapter 6.0) reduce the likelihood and potential 
impacts of events, and are covered by their respective regulatory and contractual systems of basic requirements. Therefore, 
these programs are not repeated as AC programs in the IOSR document. The DOE Order 5480.22 requires the IOSR 
document to include AC programs for nuclear criticality safety (not applicable to WESF), organization and management 
(including minimum staffing), and occurrence reporting. 

An IOSR may be required if the hazard and accident analyses identify significant worker safety hazards. Significant 
worker safety hazards involve significant worker exposure, immediate worker fatalities or the hospitalization of multiple 
workers for hazards that are not already controlled through institutional safety programs that govern standard occupational and 
health standards. 

5.3.9 Nonradioactive Hazards 

An IOSR may be required for nonradioactive hazards as defined in DOE Order 5480.22. 

5.3.10 Maintain Consequences Below Evaluation Guidelines 

The review of the hazard and accident analyses to determine whether IOSRs are required uses the risk evaluation 
guidelines presented in Chapter 3.0. If the "unmitigated" release of available radioactive material from a credible accident 
exceeds the offsite or onsite risk evaluation guidelines, IOSRs are required. 

A listing of IOSRs required to maintain radiological consequences below risk evaluation guidelines is provided in 
Table 5-1. 

5.4 DERIVATION OF FACILITY MODES 

5.4.1 Operational Modes 

The operational modes for WESF are derived from the hazard and accident analyses and are used ( I )  to determine LCO 
applicability, (2) to determine AC program applicability, (3) to distinguish facility operational conditions, (4) to determine 
minimum staffing requirements, and ( 5 )  to provide an instant facility status report. The modes provide a convenient way of 
ensuring availability of all pertinent safety hnctions during relevant facility configurations, as assumed in the analyses. The 
mode status of WESF is documented and maintained current according to administrative procedures. The modes suggested by 
DOE Order 5480.22 are generally not applicable for WESF because the WESF mission is the safe storage of cesium and 
strontium capsules instead of processing waste. Mode definitions for WESF are provided below. 

Operation Cesium and strontium capsules are being stored. Receipt, inspection, and decontamination of the 
capsules are authorized. Routine operational, surveillance, and maintenance activities are authorized 

Cesium and strontium capsules are being stored. An abnormal facility condition in which only certain 
restricted activities defined in a recovery plan are authorized. 

Restricted 
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5.4.2 Minimum Stamng Levels 

The minimum staffmg in the Operation Mode is one qualified, responsible operator, one support person (backup), and 
one On-Call Building Emergency Director (OBED). The qualified, responsible operator is trained in facility-specific operating 
procedures (through an approved training program) that implement ( I )  LCO requirements, (2) LCO action statements 
(conditions, required actions, and completion times), (3) Surveillance Requirements and frequencies, (4) AC programs, 
( 5 )  emergency and alarm responses, and (6) occurrence notification and reporting requirements. The responsible operator is 
required to be aware of and responsible for the facility status and systems condition and control at all times. 

All immediate and short term required actions specified in the LCO action statements can be performed by one 
responsible operator. One responsible operator can immediately add water to the pool cells or valve in appropriate backup 
water according to operating procedures should the level drop below LCO limits. One responsible operator can also perform 
other compensatory measures as required in the LCO action statements if systems are discovered to be inoperable. 

Frequent Surveillances (e& operator rounds) performed by operators can be performed by one responsible operator 
within the specified frequencies. The responsible operator is not given duties or operations that could interfere with the 
completion of these surveillances. Less frequent Surveillances (e.& system testing) performed by support personnel are 
adequately planned and scheduled to ensure that the specified frequencies are met. 

The support person serves as a backup to the responsible operator and is only required to be responsible to make 
notifications if the responsible operator is unable in the event of an abnormal or emergency situation. The support person is 
trained (through an approved training program) in emergency and alarm responses, and occurrence notification and reporting 
requirements. 

The On-Call Buildins E i i i c q c i i q  Dirccior (OBED) is required to be on-call at all times to assist the responsible 
operator with any emergency response conditions, to assist with system operability determinations or provide IOSR 

I interpretations, as necessary. The OBEL) is trained (through an approved training program) in the IOSR document, in 
emergency and alarm responses, and occurrence notification and reporting requirements. 

I 

The minimum staffing in the Restricted Mode will be defined in the recovery plan that will be prepared if WESF is 
placed in this mode. Circumstances leading to placing WESF in the Restricted Mode and the necessary recovery activities 
could vary widely. Minimum staffing can not be predetermined and therefore, will be based on the prevalent facility 
conditions. 

5.5 INTERIM OPERATIONAL SAFETY REQUIREMENT DERIVATION 

The derivation of the IOSRs required to ensure safe operation of WESF is based on the hazard and accident analyses in 
Chapter 3.0, the SSC evaluations in Chapter 4.0, topics required by DOE Order 5480.22, and the contractor’s policy on IOSRS 

1 (WHC-CM-4-46 w a s  used lo dcvelop tlic WESF IOSKs mid l ias siiicc been rcplaccd \t  iili HNT-PRO-700 ai id HNT-PRO-704]). 
The analyses in Chapter 3.0 conclude that implementation of LCOs, SRs, and ACs is required to protect accident analyses 

assumptions and to maintain radiological consequences to the offsite public and onsite workers below risk evaluation 
guidelines. The list of required IOSRs and summary derivation bases are provided in Table 5-1. Expanded bases for the LCOs 

I are provided in HNF-SD-WM-IOSR-001 (HNF 199Xc), Appendix A, “Bases.” 

5.5.1 Applicable Hazards 

See Table 5-1 

5.5.1.1 Limiting Conditions for Operation 

See Table 5-1 

5.5.1.2 Surveillance Requirements 

See Table 5-1. 
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5.5.1.3 Administrative Controls 

See Table 5-1 and Table 5-2. 

5.6 DESIGN FEATURES 

Design Features for WESF that, if altered or modified, would have a significant effect on safe operation are listed 
below. Selection of the Design Features is based on the criteria in DOE Order 5480.22 as discussed in Section 5.3.6. 
Descriptions of these Design Features are provided in Chapter 2.0, “Facility Description.” The safety functions of Design 
Features credited in the accident analyses and listed in Table 5-1 are provided in Chapter 4.0. 

There are no Design Features identified for the WESF support fac 
21 I-BA. Auxiliary Building 

2Z5-BA. K-I  Tiltcr Builrling 
3 5 - H C .  U E S F  Compressor Huildirig 

225-Ht .  hlairitenance Shop 
2?5-BT, Utility Building 

272-0 ,  WESF Supporl Builditis 
277-H.4. Aiixiliar> Huildiiig 
272-BO. Aiixiliary Building 
182-H.  I’iinip I l o i i se  
2x2-BA.. Punip Housc 

Ditscl (;cncr:itor . ‘I’K-50 I’it 

2 18-H. Eiiirigency F.qiiipinent Storage 

22j-BD. WEST Waslc Monilor and Samplc Building 

235-HCi, WESF Closed Loop Coolin: Eqiiipiiient Huildint: 

294-H. R a n  Wdter Hnchtlow I’reventer Huilding 

MO-3 12, Lnuiidri Storage Trnilcr 

Based on the criteria for Design Features in DOE Order 5480.22, passive features only for environmental protection are 
not listed. Environmental features are, however, discussed in Chapter 3.0, Section 3.3.2.3.4 and listed in Table 3.3.2.3-5. 
Radioactive and hazardous waste management control features are discussed in Chapter 6.0. Design Features for WESF 
include the following. 

225-B Building 

Design Features for the 225-B Building include the following 

The Area 2 structures (see Section 4.3.1 for the list) retain structural integrity for a design basis earthquake to 
provide confinement of airborne radioactive material (see Section 3.4.2.1.2). They also provide shielding from 
radioactive material. 

The Area 3 structures (see Section 4.3.1 for the list) retain structural integrity for a design basis earthquake to 
provide water retention for the cesium and strontium capsules (see Sections 3.4.2.1.2 and 3.4.2.7.2). 

The 296-B stack and the exhaust duct between the fans and stack retain structural integrity for a design basis 
earthquake to prevent a ground level release ofradioactive material (see Section 3.4.2.1.2). 

The pool cell drain line and circulation piping retain structural integrity for a design basis earthquake to provide 
water retention for the cesium and strontium capsules (see Section 3.4.2.1.2). 

The pool cell bridge crane, catwalk, and associated support structures retain structural integrity for a design basis 
earthquake to preclude mechanical damage to the cesium and strontium capsules from a heavy load drop into 
active pool cells (see Sections 3.4.2.1.2 and 3.4.2.6.2). 
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The cesium and strontium capsules are double-encapsulated (cxciudins Tkpc W ovcrpack capsules), welded, and 
constructed of stainless steel material for primary containment. The double-encapsulation also provides shielding 
from beta radiation. Water in the pool cells provides shielding from the gamma radiation. 

An emergency fil l  standpipe is connected to Pool Cell 12 to provide long-term emergency capability to add pool 
cell makeup water in the event of loss of water and high radiation in and near the pool cells, without manned entry 
into the facility (see Section 3.4.2.7.2). 

Personnel entry doors, made of high density concrete, are provided at several locations in the Hot Cell Area and 
Canyon Area to provide shielding from radioactive material. 

Air locks are provided at several locations and function as an interface to control ventilation zone pressures for 
contamination control. 

Lead-glass viewing windows are provided in the interior walls of the Canyon for observing Canyon operations 
from the Aqueous Makeup Area. Lead-glass viewing windows, incorporating a cerium coverglass, are provided 
for observing hot cell operations from the Operating Gallery. These viewing windows provide shielding from 
radioactive material. 

Concrete cover blocks are installed in the hot cells and truckport to provide confinement and shielding from 
radioactive material. 

The Beneficial Uses Shipping System (BUSS) cask provides confinement for capsules (including fire and impact 
protection) and shielding from radioactive material. 

I 

Exhaust Ventilation Svstems 

Design Features for the K-l and K-3 ventilation systems include the following. 

The K-3 Filter Pit structure is below ground to provide shielding from radioactive material. The stmcture, 
including concrete cover blocks, retains structural integrity for a design basis earthquake to provide confinement of 
airborne radioactive material (see Section 3.4.2.1.2). 

The K-3 HEPA filters provide confinement of airborne radioactive material (see Sections 3.4.2.3.1 and 3.4.2.4.1). 

The 296-B stack and the exhaust duct between the fans and the stack prevent a ground release of radioactive 
material during a design basis earthquake (see Section 3.4.2.1.2). 

TK-100 

The TK-100 pit structure is below ground to provide shielding from radioactive material. The structure, including 
concrete cover blocks, also provides confinement of radioactive material. 

5.7 INTERFACES WITH IOSRS FROM OTHER FACILITIES 

Physical and administrative interfaces with other Hanford Site facilities exist that affect the WESF safety basis. The 
facilities, interfaces, and controls are discussed below. 

5.7.1 Utilities. 

This interface involves the reliance of WESF on the Utilities Division to supply emergency raw water and sanitary 
water for the WESF pool cells. Water is supplied to WESF through the 200 Area Water Distribution System. 

The IOSR control established at WESF is as follows: 
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The purpose of this control is to ensure that adequate supplies of pool cell water makeup are available to keep the 

IOSR AC program entitled "Pool Cell Water Makeup." 

cesium and strontium capsules in the pool cells covered with water. Raw water and sanitary water are designated water 
makeup sources because of their capability to deliver the necessary volume of water to satisfy the safety function of keeping 
the capsules covered. 

5.7.2 8 Plaot. 

WESF has  coiiiniitlcd to cvalunti' an) USQ screcning or dcgadatioti data rcceivcd i'roin the Environmental Restoration 
Contractor on tlir t3 I'liiiit end nail to i ixcr ta i i i  i fthere is any impact on tlir WESF seisniic iinal!si,. 

Analyzed 
Accident 

(from Chapter 
3.0) 

Hazard Safety Structures, Systems, and Interim Operational Derivation Basis 
(from Chapter 3.0) Cornpanenu Safety Requirement 

(from Chapter 4.0) 
Description sc ss 

1.1 

Boundinx hazardous 
- 
K-3 filler bypass and 
radiological release 
from material 
resuspended in K-3 
exhaust duct. 

Initiator to Section 
3.4.2.7 

EXTERNAL EVENTS (Section 3.4.2.2) 

Loss of 
Electric Power 
(Scction 
3.4.2.2.1) 

Adjacent 
Facilities 
(Section 
3.4.2.2.2) 

Bounding hazardous - 
Buildup of hydrogen 
in room 

Initiator to Sections 
3.4.2.4.2,3.4.2.5,and 
3.4.2.1 

Area 2 structures: 
See Sectian4.3.1 far 
list of structures 
(Design Features) 
Area 3 s f r~~ lu res :  
See Section 4.3.1 for 
list of structures 
(Design Features) 
K-3 Filter Pit 
structure (Design 
Feature) 
296-8 stack and 
exhaust duct bctween 
the fans and stack 
(Design Feature) 
Bridge crane, 
catwalk, and 
associated support 
StNEtUreS 
(Design Fcatures) 
Pod  cell drain and 
recirculation piping 
(Design Features) 

None 

__ 
X 

X 

X 

X 

X 

X 

- 

T 
N& 

lone 

See Sections 
3.4.2.4.2,3.4.2.5, 
and3.4.2.7 

None 

3esien Features 

?REVENTWE: See Section 5.6, Design Features 

None 

None 
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:AGILITY FIRES 

Table 5-1. Hazard and Accident Analyses; Safety Structures, S: 
Requirement Cros! 

(Section 3.4.2.3) 

Analyzed 
Accident 

:from Chapter 
3.0) 

hircrafl Impact 
Section 
.4.2.2.3) 

(from Chapter 
Description 

.lone 

rione ;round 
iehicle Impact 
Section 
:.4.2.2.4) 

4.0) 
sc ss 

None None 
i.1 

None None 

Hazard 
(from Chapter 3.0) 

Boundine. hazardous 

Potential for pool cell 
damage; loss of 
contamination control 

Initiator to several 
events including 
Section 3.4.2.7 

Boundine hazardous 

Loss of contamination 
control; buildup of 
hydrogen in Pool Cell 
Area: potential for 
p o d  cell damage 

Initiator to Sections 
3.4.2.4.2 and3.4.2.5 

401 Cell Fire 
Section 
1.4.2.3.1) 

Bounding hazardous 

Major radiological 
:ondition 

.elease from hat cells 

K-3 HEPA filter 
iystem 

ems and Components; and Interim Operational Safety 
Leference. 

Interim Operational 
Safety Requirement 

rlone 

See Sections 
1.4.2.4.2and3.4.2.5 

LC 5.7 Source 
"W"t0Iy 
bntrols 

C 5.12 Fire 
rotection Pro 

Derivation Basis 

'lone 

V0"C 

Administrative Controls 
AC 5.7 -PREVENTIVE: The AC program 
protects accident analyses inventories and 
assumptions required for WESF to remain within 
the analyzcd bounds. The program in general 
protects radioactive material and thermal (heat 
load) inventories and assumptions for the hot cells 
pool cells, Truckpon, capsules, and K-3 HEPA 
filter s)stem. The inventories and assumptions are 
in Table 3-3. "Hazard Identification Results for 
WESF." 

The specific assumptions protected by the 
program for this accident are: 
- A  Cell radioactive material inventory and 

combustible waste limit 
-Solid waste packaging control (precludes free 

flow of air) 

AC 5.12- PREVENTIVE/MITIGATIVE: The A( 
program includes specific key elernens as pail of 
the overall fire protection program for WESF. 
These elements ensure 1) hot cell to hot cell p a s  
throughs with doors remain normally closed, 2) 
pomlcover blocks in place on Cells 9-E when 
combustibles present, and 3) no combustibles in 
Cells F & G when capsules are exposed and 
podcover blocks are removed. 
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Table 5-1. Hazard and Accident Analyses; Safety Structures, Systems and Components; and Interim Operational Safety 
Requirement Cross-Reference. 

(from Chapter 4.0) 
Descriotion I sc I ss 

Analyzed Hazard 
Accident I (from Chaoter 3.0) ~. 

I (from Chapter 
3.0) I 

Yon< 
(Section condition 
3.4.2.3.2) Radiological release 

from Truckport 

None YWK AC 5.7Source Administrative Controls 
AC 5.7- PREVENTIVE See Section 3.4.2.3.1 Inventory Controls 

L 
LOSS OF CONFINEMENT (Section 3.4.: 

High Flow in 
K-3 Ventilation 
System 
(Section 
3.4.2.4.1) 

LOSS Of K-3 
Ventilation 
Flow 
(Section 
3.4.2.4.2) 

K-3 System 
Water Accum. 
(Section 
3.4.2.4.3) 

contamination in K.3 
exhaust duct 

Boundine, hazardous - 
Loss of radiological 
confinement 

Higher temperature in 
hot cell used to store 
dry capsules 

Bounding hazardous 

Hydrogen buildup in 
filter housing. High 
radiation field above 
cover black. 

- 

Safety Structures, Systems, and 
Comoonenls 

Interim Operational Derivation Basis 
Safew Rcauircmcnt 

I I 1.1 I I 

above for general derivation basis. The specific 
assumptions protected by the program for this 
accident are: 
-Solid waste radioactive material inventory in the 

- WESF hot cell waste cask radioactive material 
inventory 

Truckport 

(-3 HEPA filter 
:ystem 

~ 

rlonc 

dnne 

- 

AC 5.7Sourc 

Conlrols 
AC 5.1 I K-3 HEPA 
Filter System 
Efficiency 

AC 5.7 Source 
Invcntory Controls 

AC 8.1 Source 
Inventory Controls 

AC 5.9 Hydrogen 
Prevention Controls 

Administrative Controls 
AC 5.7. PREVENTIVE: See Section 3.4.2.3.1 
above for general derivation basis. The specific 
asrumotion orotectcd bv the Drosram for this . .  . . _  
accident is: 
-The K-3 HEPA filter inventory. 

AC 5.1 I -MITIGATIVE: The AC program 
requires a nominal particulate removal efficiency 
of 99.90% for each K-3 HEPA filter system which 
is a credited assumption in the accident analysis. 
The HEPA filter system is required to be 
efficiency tested at least annually in accordance 
with industry standards 

Administrative Controls 
AC 8.7 -PREVENTIVE: See Section 3.4.2.3.1 
above for general derivation basis. The specific 
assumptions protected by the program for thin 
accident are: 
. Heat load of stored capsules in F or G Cell 
- Hot cell structural surface to capsule distance 

minimum of20 cm. 

The heat load of stored capsules in F or G cell 
protects the integrity of the safety class hot cell 
structure and against accelerated corrosion o f  the 
capsules. The hot cell surface to capsule 
minimum distance assumption protects the 
structural integrity of the safety class hot cell 
StNCtUTe. 

Adminirlrative Controls 
AC 5.7 -PREVENTIVE: See Section 3.4.2.3.1 
above for general derivation basis. The specific 
assumptions protected by the program for this 
accident are: 
- A  Cell radioactive material inventory 
- Solid waste packaging COIIVOIS (precludes water 

-The K-3 HEPA filter inventory 

AC 5.9 -PREVENTIVE: See Section 3.4.2.4.5 
below for hydrogen control in the hot cells. 
Controls are imposed to dctcil flooding i n  a hot 
cell o i ~ d  whxcliwit admission afwater into the I;- 
3 filler housing. 

infiltration) 
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Table 5-1. Hazard and Accident Analyses; Safety Structures, S: 
Requirement Cros! 

Analyzed 
Accident 

(from Chapter 1 3.0) 

High Activity 
in Tank 100 
(Section 
3.4.2.4.4) 

Hydrogen 
Accumulation t- in Hot Cells 
(Section 
3.4.2.4.5) 

Explosion 
(Section 
3.4.2.5) 

'I 

Hazard 
(from Chapter3.0) 

Boundine hazardous 

Hydrogen buildup in 
TK-100 

High radiation field 
above cover blocks 

Bounding hazardous 

Hydrogen 
accumulation in hot 
cells. 

Initiator to Section 
3.4.2.4.3 

- 

Bounding hazardous 

Flammable gas 
explosion and facility 
StNCtUTal failure. 

Initiator to Section 
3.4.2.7 

I LOSS OF CONTAINMENT (Section 3.4.2.6) 

Capsule Failure 
Vue to 
Corrosion 
(Section 
3.4.2.6.1) 

Capsule 
Failures Due to 
Drop Impacts 

3.4.2.6.2) 

Boundine hazardous 

pool cell water 
contamination with 
radiation dose to 
facility workers 

Bounding hazardous 

Heavy object drop 
resulting in capsule 
andlor pool cell 
damage with radiation 
dose to facility 
workers 

Initiator to Section 
3.4.2.7.2 

Safety Structure 
Compc 

(from Chr 
Description 

None 

None 

Area Radiation 
Monitors (ARMS) 

Bridge crane, 
catwalk, and 
associated suppon 
structures 
(Design Features) 

Its 
r4.0) 

sc 
- 

- 
None 

- 
X 

terns and Components; and Interim Operational Safety 
aeference. 

Interim Operational 
Safety Requirement 

None 

AC 5.7 Source 
Inventory Controls 

AC 5.9 Hydrogen 
Prevention 
Controls 

AC 5.14 
Flammable Gas 
Controls 

AC5.15 PoolCell 
Area Radiation 
Monitors 

AC 5.10 Heavy 
Loads Over Pool 
Cells 

Derivation Basis 

Administrative Controls 
AC 5.7 -PREVENTIVE: See Section 3.4.2.3.1 
above for general derivation baris. The specific 
assumptions protected by the program for this 
accident is: 
- A  and F Cell radioactive material inventory 
 solid waste packaging contToIs (precludes water 

infiltration ) 

AC 5.9 - PREVENTIVE: The AC program 
preventr hydrogen buildup in the hot cells by 
periodically verifying there is no water leakage in 
the hot cells and Controlling use ofwater in the hot 
cells. lfwater is visible, then either airflow must 
be established, or uii tur >h:dl hi. runo \ i . i l  i t i i l i i n  U 
li.iji u ' 1 , ~  ~ c ~ i t i c a i ~ ~  

AJolinlirrlr I C  ~ ' ,~" tCd lS  
AC 5 14- I'RCV1:N'I IVE The AC prevmts the 
use and storage of flammable gases, such 85 
propane and acetylene, and highly volalile fuels, 
including gasoline but excluding diesel fuel, in the 
2 2 - I l  facility at any time. 

Administrative Controls 
AC 5.10 -MITIGATIVE: The AC program .~ 
requires two radiation monitors in the Pool Cell 
Area so that protective actions can be taken far 
significant facility worker safety. A capsule leak 
could result in the release ofradioactive material 
into the pool cell water and significant radiation 
le~cls  in the Pool Cell Area. 

Administrative Controls 
AC 5.10. PREVENTIVE: The AC program 
requires controls on the installation and movement 
of E O V C ~  blocks ( t i i i l i ' r~  q i i i r c d  Ibr rccmcr! 
i ic l io i i )  and other heavy loads over active pool 
cells to prevent potential damage to the capsules. 

Desien Features 
PREVENTIVE: See Section 5.6, Design Features 

I 

5-1 1 



HNF-SD-WM-BIO-002 REV I 

Table 5-1. Hazard and Accident Analyses; Safety Structures, Systems and Components; and Interim Operational Safety 
Requirement Cross-Reference. 

I I I I 
Analyzed 
Accident 

(from Chapter 
3.0) 

Safety Structures. Systems, and 

(from Chapter 4.0) 
(from Chapter 3.0) Componenls 

Description 

Interim Operational 
Safety Requircment 

Derivation Basis 

-0SS OF POOL CELL WATER (Section 3.4.2.7) 

a) IOSRcontn 

3oundine hazardous 

'otential for capsule 
md Pool Cell Area 
itructwal failure due to 
iigh temperature 
,Siemer 1995 Table B- 
I, item 99) 

;elected for significant 
\C Administrative Control 

ARM Area Radiation Monitor 

Nater loss detection 
ystcm: 

Water level  
monitoring system 

ARM system 

\rea 3 structures: 
iee Section 4.3.1 for 
ist o f  structures 
Design Features) 

imergency f i l l  
tandpipe and 
onnectcd piping 
Design Feature) 

me-in-depth (discuss 

- 

- 
in Seci 

LCO 
SR 

DBA design basis accident USQ 
HEPA High-Etliciency Particulate Air (filler) WESF 
IOSR Interim Operational Safety Requirement 

LCO3.1.1 Pool 
Cell Water Lars 
Detection System 

SR3.1.1.1 Verify 
operability of 
water level 
monitors 

SR3.1.1.2 Perform 
functional test of 
water level  
monitors 

SR3.1.1.3 Perform 
calibration of 
water lrvel 
monitors r ooerabiliN o f  

SR3.1.1.4 Verify 

functional test o f  I ARMS 
SR 3.1 .I .6 Perform 

calibration o f  
ARMS 

AC 5.7 Source 
Inventory Controls 

AC 5.8 Pool Cell 
Water Makeup 

AC 5.10 Heavy 
Loads Over Pool 
Cells 

Limitine Conditions For Operation 
LCO3.1.1 -PREVENTIVE: TheLCO 
establisher water level and operability 
requirements for the pool cell water loss detection 
system (Icvel monitors and ARMS) to ensure the 
system will function ar required. The water level 
monitoring system and the ARM system act 
together as a redundant and diverse means o f  
alarming upon detection ofrapid loss ofpool cell 
water to initiate emergency response actions to 
prevent loss o f  institutional control and potential 
capsule heatuplfailure. The LCO includes 
SuNd!anCe requirements to ensure operability o f  
the systems and compensatory measures ifthe 
systems are inoperable. See separate IOSR 
document (HNF-SD-WM-IOSR-00 I), Appendix 
A, "Baser" for an expanded bases derivation. 

above for general derivation basis. The specific 
assumption protected by the program far this 
accident is: 
-Heat load a f a  single pool cel l  

The heat load o f a  single pool cell primarily 
protects the integrity ofthe capsules and 
secondarily protects the integrity ofthe safety 
class pool cel l  water retention structure. 

AC 5.8 -PREVENTIVE: The AC program 
ensures at least tt io afthe three designated 
emergency pool ce l l  water makeup sources are 
available at a11 times to maintain shielding water 
over the capsules to prevent capsule heatup and 
ensure continued safe storage o f  the capsules. 
Raw water, sanitary water, and WESF-operated 
dcep wells are the three designated water sources 
because oftheir capability to deliver the required 
volume ofwater to keep the capsules covered. 

AC 5. IO. PREVENTIVE: The AC program 
requircr controls on the installation and movement 
of cover blocks ( w h h  reqLiiicI1 Ibr ruumcr! 
iw i iw \ i  and other heavy loads over active pool 
cells to prevent potential damage to the pool cel l  

. -  . .  
Limiting Condition for Operation 
Surveillance Requirement 
unreviewed safety question 
Wastr Encapsulation and Storage Facilit) 
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Table 5-2. BIO Chapter and Administrative Control IOSR Cross-Reference. 

AC 5.5 - Occurrence Reponing 
AC 5 6 - Organizalion 

(a) The IOSR Administrative Controls in this table arc those provisions relating to organization and management, reponing, and health and safety 
programs for risk reduction necessary to the operational safety of WESF. 

BIO Basis for Interim Operation 
IOSR Interim Operational Safety Requirement 
WESF Waste Encapsulation and Storage Facility 
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6.0 SAFETY RELATED PROGRAMS AND CONTROLS 

This chapter provides an overview of the Institutional Safety Programs and Configuration Control System in place at 
WESF to ensure the safe operation of the facility. The safety related programs and controls at WESF are organized into the 
following major areas: 

Radiation Protection 
Hazardous Material Protection 
Radioactive and Hazardous Waste Management 
Operational Safety 
Emergency Preparedness 
Procedures and Training 
Initial Testing, In-service Surveillance, and Maintenance 
Quality Assurance 
Management Organization and Institutional Safety Provisions. 

The M t.W StandardsRequirements Identification Document (SKUD), WHC-SD-MP-SND-007, Rev. 0, (Oldtield 
ZJO(I) sets forth the Environmental, Safety and Health (ES&H) standards and requirements that WESF is required to satisfy 
The WESF facility is exempt from criticality control according to the Compliance Assessment and Implementation Plan, 
Statement of Non-Applicability for WESF transmitted in the Transmittal oflmplementafion Plunfor DOE Order 5480.24, 
Nuclear Critical@ Safe@ (Reed 1994a). . 

I 
, \  list of ‘ t l ie  I’i-i>,ject Iianthrd M;iiiagenicii[ Contwt  (I’lIblCj site iiliplenientin: ~procedurcs oryaiii7,ed b!. categor! (e.:, 

Kndi,liion Pri~icci ioi i~.  Ciiv i runi i icntal  r h i c c i i c m  C’onlipialion bvl;uiii~ciiiciil. c ~ c . )  i \  p u v i c l u l  o i i  [ l ie IHntiibril Sile I i i t ranci 
( h t t p  :ipsqlO I ,i-l.:(?v p l i p i i ! p r o c e . d ~ i s r s ’ i n ~ l ~ ~ . ~ i ~ ~ ) ~ .  ‘I lie% procediire> wil l  be reieri’ed t u  a\  I INF-I’UOs tlirousliwt th ih  ch.iptw, 

6.1 RADIATION PROTECTION 

Section 6.1 summarizes the essential features of the radiation protection program as it relates to worker radiological 
safety at WESF. The WESF radiation protection program is designed and implemented to provide a radiologically safe work 
place for occupational radiological workers, other facility personnel, and visitors. Additionally, the radiation protection 
program at WESF supports the mitigation of potential accidents described in Chapter 3.0, “Hazard and Accident Analyses.” 

Radiation protection requirements are provided in the I-INI:-PROs; iI1c I’HMC Kniliolosiinl Control M; i t i~ ia l  (Hl i r -  
5 172 J: .ind WESF procedures . 

6.1.1 Radiation Protection Program and Organization 

The radiation protection program is administered and coordinated at the i l l  IMC level in order to promote consistency in 
requirements management, implementation, and to maximize the usefulness in sharing developed applications between 
Hanford facilities. WESF maintains an active role in decisions relevant to policy matters and implementation details for 
WESF. 

I 

WESF Radiological Control (RadCon) personnel provide technical support for implementation of occupational 
radiation protection policies and requirements into daily operations at the WESF. 

6.1.2 As Low As Reasonably Achievable Policy and Program 

The comprehensive site and WESF ALARA policy is to minimize human and environmental exposures to radiological 
or hazardous conditions. The program describes responsib 
as the radiation control specialists. Requirements are described for reporting, recording and implementing ALARA into the 
facility operational activities and training. Each person has specific responsibilities related to achieving and maintaining 
ALARA goals, appropriate forjob categories and facility objectives. 

es for management, facility staff and facility support staff such 
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6.1.3 Radiological Protection Training 

Standing or long term radiological protection training requirements for personnel working at or near WESF is provided 
through the Hanford Site training program. The program includes a multi-layered Radiation Protection Training Program that 
provides a level of training that corresponds to an individual’s classification as well as the individual’s specific work 
assignments. Additional radiological training on facility specific requirements (facility radiological orientations) are 
administered at WESF. 

Training is provided to employees with a level of information commensurate with the employee’s job assignment and 
anticipated hazard level of exposure. Basic radiation protection policies, risks and radiation protection applications such as 
radiological postings, emergency procedures and use of dosimeters are addressed. Supervisors and managers are required to 
complete training commensurate with their responsibilities and work scope. More detailed training is provided to radiological 
workers and radiological control technicians and the related management. The training addresses applied radiological work 
situations typical for various hazard levels of radiological areas. 

Continuing training requirements are tracked for each occupational radiological worker assigned to or visiting WESF, 
at intervals that are assigned to specific training courses. Records are maintained, in particular for those individuals who are 
required to achieve and maintain occupational radiological worker qualifications. 

6.1.4 Radiation Exposure Control 

The Radiation Exposure Administrative Control Levels are established below the regulatory limits to administratively 
control and help reduce individual and collective radiation dose. These control levels are multi-tiered with increasing levels of 
authority required to approve higher administrative control levels or planned special exposures. Procedural requirements for 
summing internal and external radiation exposures are implemented at WESF, by procurement of centralized dosimetry 
services, standards, and procedures. 

Radiation exposure control at WESF is managed on a daily basis through the implementation of the radiological review 
process for technical work documents such as operational and maintenance procedures, and work packages for work to be 
completed in radiological areas. The reviews are conducted by the cognizant facility staff members and assigned radiation 
control staffwho are responsible for supporting the completion of the work assignment. 

Radiological areas at WESF are posted with radiological notifications and radiation work permits are issued at WESF 
according to the WESF radiation protection program. 

Access control requirements at WESF are implemented by the Access Control Entry System (ACES) computer based 
system, which allows verification of critical qualifications prior to radiological area entry authorization, in order to control 
access to radiological areas. Dosimetry, individual dose tracking, training, personnel protective equipment including 
respiratory protection equipment, and other key control parameters critical for occupational radiation protection 
implementation are monitored and administered at WESF by the ACES station operator. 

Visitors and vendors are required to have appropriate training before entering WESF 

6.1.5 Radiological Monitoring, Instrumentation, and Record Keeping 

Radiological monitoring devices and radiological protection instrumentation are provided throughout WESF. Chapter 
2.0, Facility Descriprion, provides a description of the monitoring devices and radiological protection instrumentation. 
Chapters 3.0, “Hazards and Accident Analysis,” 4.0, “Safety Structures, Systems, and Components,” and 5.0, “Derivation of 
Interim Operational Safety Requirements,” discuss monitoring devices and protection instrumentation that is important for 
mitigating and/or preventing the analyzed accidents. 

Occupational radiological monitoring devices at WESF are generally categorized as fixed (stationary) or portable. The 
fixed monitoring systems and devices are generally limited to applications within building confines of WESF. The portable 
monitoringdevices are used to monitor both occupational radiological conditions \i i t l l i i l  lhi‘ l i icili!) iiiiil iiiiiii<<li:itcl> I >iii-roiiiiiliiig h i  t ’acil i l !. 
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Fixed radiological monitoring devices at WESF that are used to support the occupational radiation protection program 
(or to support facility safety) include the following types: area monitoring systems (direct radiation monitor application) and 
personnel contamination self-survey stations (frisking booths). Portable radiological monitoring devices at WESF that are 
used to support the occupational radiation protection program include a variety of hand held instrumentation, such as ion 
chambers, contamination friskers, and air monitoring equipment. 

Independent near-facility monitoring, external to the facility, is also conducted by others within the company, to verify 
and confirm the impacts of WESF operations. 

The WESF program includes record keeping of occupational radiation protection program measurements. 

6.2 HAZARDOUS MATERIAL PROTECTION 

This section describes the essential elements ofthe Hazardous Material Protection program as it relates to the operation 
of WESF. Hazardous material protection for WESF is obtained through implementation of site and facility specific industrial 

environment from exposure to hazardous materials. 
I hygiene. industrial safety, a i i d  c t i ~  iroiiiiictital cliciii icnl ninnoyi.nic.ii1 programs. The goal is to protect workers and the 

Hazardous substances or materials referred to in this section are those nonradioactive materials that pose a hazard to 
workers or to the public because oftheir chemical properties. The hazardous materials at WESF are identified in Table 3-3.  

6.2.1 Hazardous Material Protection and Organization 

A sitewide hazardous materials safety program is chartered to accomplish the following: 

Develop and administer industrial health and safety programs and requirements 

Perform independent reviews of activities and documents having potential industrial safety or hygiene implications 

Support facilities safety personnel with safety and health expertise 

Monitor hazardous material and fire safety conditions across the site 

Share information with all the facilities 

WESF retains an industrial cnlcl) profcssioii:il wlio ciiordiiialcs \\ itli the Wastc Manaycmciit Pmjcct  industrial 
hygienist to cover activities involving hazardous material. Responsibilities include evaluating potential facility hazards, 
identifying appropriate monitoring procedures to ensure compliance with all pertinent exposure limits, and ensuring that areas 
with such hazards are properly posted and that access is controlled appropriately. 

The WESF organization fulfills its responsibilities tbr safe operalion o f the  ticilit). by maintaining and coordinating 
ALARA and safety awareness programs to minimize hazards exposure, increase health and safety awareness, alert personnel to 

1 known hazards, and recognize positive safety performance. See Section 6.1.2, for additional discussion of the WESF ALARA 
program. 

6.2.2 Hazardous Material Training 

I 

Safety training is provided to all WESF employees commensurate with the sitewide training program. The training 
program consists of courses in general safety awareness, nuclear safety, and courses dealing with hazardous materials and 
waste. 

Employees who routinely work with hazardous chemicals or materials or who may contact hazardous material during a 
foreseeable emergency, receive general classroom training (Le., hazard communication and waste management awareness 
training) as  well as  facility- orjob-specific hazard training. Facility- orjob-related hazard training is provided by the manager, 
supervisor, safety trainer, or other qualified individual. Employees receive on-the-job, area-specific training for the chemical 
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hazards they work with or that are present in their work area 

6.2.3 Hazardous Material Monitoring 

The WESF hazardous material monitoring program meets the requirements for toxic chemical release reporting and 
hazardous chemical inventories reporting. The hazardous material inventory is updated monthly. This information is provided 
to a computerized database system that automates sitewide hazardous chemical inventory gathering and reporting. The 
database includes information about storage location, product name, manufacturer, chemical constituents, physical state, 
container description, and total quantity for all chemical products stored in facilities that maintain an inventory of hazardous 
chemicals. 

6.2.4 Hazardous Material Instrumentation 

Hazardous material instrumentation for nonradiological hazardous material is not required at the WESF 

6.2.5 Hazardous Material Exposure Control, Record Keeping, and Communication 

Records of worker toxicological material exposure, including the results of lab analyses from personal monitoring, are 
I kept by T H  induili-in1 lh\yicnc ~ p r o i y i i ~ i \  i i i  1111' HniiIi>d iiidu<lrinl li>:iciic tlaial%iw. 

A written facility specific Hazard Communication Program (HazCom) has been implemented and is maintained for 
the work areas in the WESF facility. The HazCom and waste management awareness training introduces workers to federal 
laws governing chemical safety in the workplace. 

The WESF respiratory protection program requires that the use of respiratory protection be planned in advance of an 
activity to protect employees against the inhalation of harmful air contaminants and against oxygen deficient atmospheres. 
Only respirators approved by the National Institute for Occupational Safety and Health and/or the Mine Safety and Health 
Administration are used. Employees are medically screened, fit-tested, and trained before using respirators. Respirator and 

I cartridge selection for non-radiological hazards is performed by iiii industrial hygienist. An independent annual appraisal of 
the respiratory protection program is conducted to assess compliance with DOE-mandated standards. 

Material Safety Data Sheets (MSDSs) are available for all chemicals used and stored at WESF 

6.2.6 Occupational Chemical Exposure 

Requirements rcgmiiis occupational exposure to chemicals are addressed in the company controlled ~pn~ceiiiiiez 
(HNF-PROs), and the American Conference of Governmental Industrial Hygienists Threshold Limit Values [ACGIH-TLVS]). 
These standards define management and personnel requirements and responsibilities for safe handling of these chemicals, 

including information on training, safe handling, concentration and contamination limits, medical surveillance programs, 
personal protective equipment and emergency procedures. 

6.3 RADIOACTIVE AND HAZARDOUS WASTE MANAGEMENT 

I 

This section provides a general overview of the radioactive and hazardous waste management program in place at 
WESF. 

6.3.1 Radioactive and Hazardous Waste Management Program and Organization 

Administrative procedures have been established in (111: t l X l ~ - P l ~ (  )? for all facilities on the Hanford Site to follow in 
managing their radioactive and hazardous waste. 

I 

WESF has developed appropriate operating procedures and training programs for its solid waste management program 
so that it meets the requirements dictated by all applicable regulations and requirements. All waste generated at WESF is 
inspected, handled and packaged in accordance with these established procedures. 
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6.3.2 Radioactive and Hazardous Waste Streams and Sources 

The WESF waste sources and streams are described in greater detail in Sections 2.4 and 2.6, 

WESF personnel generate routine quantities of solid low-level radioactive waste during radiological work in the WESF 
hot cells, as well as other contaminated areas in and around the facility. This waste is collected and transferred to an 
appropriate disposal facility. 

WESF iilso generates radioactive liquid waste from the hot cells and d i e r  potentially cuiitaiiiii:ited iireiis iii WESF, 
This waste is c o l l e c ~ d  iii "II<-100. transferred to a lanker Iruch. mid i c i i i o w d  l i m  i l l2  licilil> for iiliiiiiaie disposal. 

6.4 OPERATIONAL SAFETY 

This section summarizes the WESF conduct of operations, configuration management, and fire protection programs. 

6.4.1 Conduct of Operations 

(itiidaiicc h r  coi i i luc i  ofoper;ilionr a1 WESF is provi&xl 0 )  DOL' Order i-ISO. IO. ~ ' , > i i ' / i w ~  , { 0 / i w c , / i , , , i ~  / < q u i r e i i i c i ~ / . ~  

j,'u />OE t <iciIiiic.\: I lNF-PRCJ-6W. C'otidiici o/ O/iL,i.~i/i,m\ l'oliq : x i d  i k  I it) inipleiiieiiting iiiiiiiiial, FSI'-Wt:SF-002, bb"i.w 
~ i i ~ , ~ , / , . s i i / ~ i l i ~ , i i  (iiid . S ~ , J I , ~ I ~ < ,  F<fc,i/il.r ( ' o i i d i i c ~ l  o/Oprdioi i .s.  The q v c i  lic p r ~ m i l i w : .  cli:!ptcr. alii1 s2Clioii 11131 iiliplcnienls cacli 
pwt oft l ie I Y cliiiptei-s of [ l i e  I)OE Order are defined iii the  Conduct of(Ipwation, ;\pplic:!bility hlatrix (Olgiiin 1999). 

Development and implementation of the conduct of operations program a> n ell a b  iiiuniroi-in: aid :I 
pulbriii:iiice is the responsibility of the WESF oryiiiLdiioii. 
and maintaining the facility in a safe and efficient manner within the framework of the conduct of operations program. 

The WESF conduct of operations program provides effective implementation and control of operating activities 
through the establishment and communication of written standards and goals in operations; through the performance and 
communication of periodic inspections, audits, reviews, investigations and self-assessments of operating performance; and by 
establishing a process for enforcing personnel accountability for performance. 

The WESF employees are responsible for managing, operating, 

Shift routines, operations turnover, control area activities, aspects of unique operations or processes, and operating 
practices (including response to emergencies) are specified and communicated to facility personnel. 

Communications to personnel at locations other than within WESF is performed by pager, phone, or over the public 
address system. All areas have adequate coverage for alarms ensuring that employees are notified in case of an emergency. 

Procedures are documented and implemented for independent verification, control of equipment and system status, 
lockouts and tagouts, equipment and piping labeling, and log keeping and recording of operational activities. A system is in 
place for communicating timely orders to operations personnel. 

Additional skill development is provided to facility personnel through operator aid postings, required reading 
notifications, and on-shift training when required. 

6.4.2 Configuration Management 

Configuration management is a process for establishing and maintaining consistency of [ l i e  facility's performance, 
functional, and physical attributes with its requirements, design, and operational documentation. The Unreviewed Safety 
Question Process is used to ensure the facility configuration remains within safety basis requirements. 

6.4.2.1 Operating Configuration. 

I 

Operating configuration is maintaining awareness of the current status of the facility's operating systems. Operating 
configuration control is achieved through a system of operating procedures, lockouthagout procedures, communication, work 
management,techniques, and accurate status accounting of variances. 
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6.4.2.2 Design Configuration. 

Design modifications are controlled by I INF-I’KO\ an11 fdc i l i t j  prucedtires, using Engineering Change Notices (ECNs). 
Work management documentation and other support documentation provide the controls to ensure the plant design 

configuration is maintained according to requirements and acceptable engineering practices. 

I 

Design configuration changes must be reflected in operating, maintenance, and surveillance procedures, and operations 
and maintenance training. Other considerations are safety analysis documents and safety SSC changes. This ensures minimal 
impact to facility operation due to design changes. 

6.4.2.3 Critical Interfaces. 

Critical interfaces occur wherever the work management system interfaces with other systems or when work is 
performed in a facility by persons who are not part of the work force normally assigned to the facility (non-plant work force). 
Significant work may require an operations readiness review. 

Critical interfaces with the work management system include, but are not limited to: 

The engineering design document control system 

Various permits and lockouthagout systems 

Non-plant forces work, such as sub-contractor and service organizations. 

6.4.2.4 Engineering Design Interface. 

Engineering design interface with work management requires the design work to he completed before work acceptance. 
This ensures the design work has been completed according to specified instructions and drawings. Upon completion, the 
equipment is tested to ensure it operates within design parameters. If testing is unsatisfactory, the design will require review 
and changes to the system or parameters made for acceptance. 

6.4.2.5 Maintenance History. 

An equipment maintenance history and vendor information program provides historical information for maintenance 
planning and supports maintenance and performance trending analysis. A maintenance history also supports maintenance 
activity planning, upgrade programs, equipment performance and reliability. 

6.4.2.6 Performance Indicators, 

Performance Indicators are used to assess results and evaluate methods for continuous process improvement and are 
mandated by DOE directives. These management tools provide visual indication on the work management process 
effectiveness. The work management system shall provide the ability to use performance indicators that characterize the 
performance of the work management system. 

6.4.3 Fire Hazards Analysis 

A fire hazard analysis (FHA) has been prepared for WESF (Mertz 1998) and was used to develop accident analyses 
described in Chapter 3.0. The FHA describes the tire hazards present in WESF; the potential extent of fire damage; the impact 
of candidate fires on the process, employees, and public safety; and the effectiveness of WESF fire protection. The accident 
analyses provides radiological dose consequences to the onsite worker and offsite population for fire-related accidents. 

6.4.3.1 Fire Hazards. The fire protection program is designed to protect against andlor provide direction for responding to 
those potential fire hazards identified in the WESF FHA and the accident analysis in Chapter 3.0. The potential fire hazards 
have been identified as follows: 

I 
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Ignition ofcombustible materials in one or more hot cells (Section 3.4.2.3.1) 

Ignition of fuel from a truck and/or forklift in the Truckport or Truckport transfer area (Section 3.4.2.3.2) 

Facility explosions due to flammable gas and hydrogen concentration buildup, explosion, and subsequent fire in the 
Pool Cells (Section 3.4.2.5) 

Hydrogen concentration buildup, explosion, and subsequent fire in Tank TK-100 (Section 3.4.2.4.4) 

Hydrogen concentration buildup, explosion, and subsequent fire in the K-3 filters (Section 3.4.2.4.3) 

Hydrogen concentration buildup, explosion, and subsequent fire in the hot cells (Section 3.4.2.4.5). 

6.4.3.2 Fire Protection Program and Organization. 

The Fire I’rotectioii l’suymi ib IPI lblC-\vide ai id iiibol\es r l l i p o ~ ~ e e s  i i i  e\ery  1’1 IXlC ctmilxiii!, I l i e  responsibilities OF 
cacti orgiii~alioii  arc idcnii l icd iii i l l? HNF-PRO\  aiid s i i i i imar iLcd Iicrc. 

Tlic FDH l i idiistrinl Salcty and Fisc Protcclion ( ISXLY-TP) oryiiization cstahlislicc ai id iiilcrprci\ lirc protcctioii 
(including l.iie Safet? Code niid Niltioilill t.lectrical Codes) policie. 
proicetion pso:i.nm proccdiircs. IS 
and appro\ es eiriiiptions:ecliii\ale 

taiid,irds and reqiiiseiiieiit~, :iiid iiiiiint;iins t l ie 1’1 IMC tire 
also sene ;  as the PHLlC lccliiiical coniocl  li>s lisc psoix i i tv i  rc:uliiii~~n% ai id rc\ Lens 

Ieviiiriwi requests iron1 tire protection mn&ird\ iiiid reqiiirmienrs. 

T h e  S i l bc i i l i l r i l c~~ l r  Fire l’s~iteclioli l~:li~iiieers ( FI’Es) piisticipiiie ill desigii i l l id d ~ ~ c ~ i l i i c i i i  re\ io\$ ro assess coii ipiiancr 
\vil l i  lire proteciioii rcquircincni j  a i i i l  pcrl‘oriii lirc proieciioii lkilii) zisscssi i ic i i t~.  rPCs psw idc tciliiiical supporl io project 
wgani7iiticms to assist is i f l i  i,iii~leiiienr~iti~~ii of tlie t3re I’rotecticr progluiii i d  assist l i i ie  ni;iii:i:eiiiciit \\ irli tire invcsrigiitionr. 
rcsoIii~ioii 01’ Iirc s!siciii tliscrcpiicics aiid pIcp:il.aiioo ~ ~ S c ~ c i i i ~ ~ i i ~ ~ i i s ~ c ~ ~ i i i ~ ~ a l c i i ~ ) ~ i l c v i ~ i ~ i ~ ~ i i  I c q i i c ~ ~ ~ .  

The tliiiifhrcl Fisc [kpi ir i i i icnl (HFD)  is rcspmsib lc  lor lire >ystciii iii,pcclioii ‘ i c s i i n ~ ’ i i i ~ i i i i i e i i a i i c c  aiitl repair activiiics 
of f ire suppscssioii >).stein,. I i ~ i 7 : d o i 1 s  iiiiltei-iiil response and wi i t rd ,  tire ;ind life safety periii ittiiig. re>pimrory qitipiiient 
servicing u id  niaiiitcnaiicc. ciiicr:ciicy rcscuc aiitl i i icdical S ~ S ~ ~ ~ I I I L C  [or i h c  Htiiili>ril S i l t .  aiid adiiiiiii\iciing l l i c  tire prcvenlioii 
pi-ogi-am. T h e  IIFI) i i i i i i i i  f i re  s t i l i i o i i  ii Iiicated ber\\eeii the 200 t.iisr iind 200 West ,\rea>. l.he dcI’,istiiiciii is b i a f f c d  oii ii 
?J-hr, 7-d;l) ha i s .  

6.4.3.3 Combustible Loading Control. 

The WESF management ensures that the use of combustible materials is properly controlled and conforms to ALARA 
requirements. The combustible loading quantities are provided in Chapter 3.0, Table 3-3 under Flammable Material. 

1 Table 6-1 provides a summary of combustible material type and location. 

Table 6- I .  Waste Encapsulation Storage Facility Combustible Material Type. 

LOCATlON TYPE 

Tank TK-100, K-3 filters, hot cells, and 
Pool Cells 

Hot cells 

Hazardous material is not permitted in areas routinely accessed by personnel and is stored in containers that comply 
with the applicable fire protection standards. Accumulations of combustible materials are limited to the quantity required for 
current needs and they are separated from ignition sources. A ventilation system helps to protect against the accumulation 
of hydrogen in the K-3 filters, and the Pool Cell Area. An IOSR control has been developed to prevent the addition of 
flammable gases, such as propane and acetylene, and highly volatile fuels, including gasoline but excluding diesel, in the 
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facility to protect against explosions. 

6.4.3.4 Fire Fighting Capabilities. 

The fire protection system and fire fighting capability at WESF are described in additional detail in the WESF FHA 
I (Mertz 1998) and Chapter 2.0. 

The Columbia River provides the source ofwater for the Hanford Site by the export water system. WESF is served by 
several fire hydrants within 60.96 m (200 ft) of the facility. Direct access to the building for the fire department apparatus is 
provided. However, if an area is radiologically contaminated, containment cannot be maintained if hoseline access is required. 

Portions of the 225-B Building are protected with an automatic wet-pipe sprinkler. When activated, the system 
provides an alarm within the building and directly to the HFD. 

Portable fire extinguishers are located throughout WESF. Smoke and heat detectors are located in portions of the 
I facility as described in the FHA (Mertz 199s). 

Manual pull fire alarms are provided at every exit, which activate local WESF alarms and alarms in the HFD 
dispatching office which is manned continuously. There is an auxiliary annunciator panel outside the dispatcher's office that 
indicates alarms for WESF fire zones and detector zones. 

The WESF employees are provided training in fire notification and response and appropriate use of fire extinguishers. 
The WESF procedure requires the staff to activate the building fire alarm system, immediately evacuate the building, and 
report to a designated assembly area. 

6.4.3.5 Fire Fighting Readiness Assurance. 

Fire fighting readiness assurance is implemented through the HFD Protection Program with primary responsibility 
residing with the HFD organization. 

The HFD performs inspection, testing and maintenance of all fire alarms, and fire suppression and response equipment, 
and fire suppression systems for WESF. The HFD maintains records of all the inspection, testing, and maintenance activities 
that are performed. Records are also maintained on system deactivations and reactivations. The HFD is responsible for 
developing and maintaining inspection, testing, and maintenance schedules and for providing required work control. 
Schedules are coordinated with WESF. When requested, the HFD performs fire watch services for the WESF. 

6.5 EMERGENCY PREPAREDNESS 

This section provides a summary of the emergency preparedness and response functions including summaries of the 
major features of the programmatic commitment to the safety basis. 

6.5.1 Summary of Facility Hazards 

Postulated accidents are analyzed in Chapter 3.0 to identify dose consequences to the onsite worker and the offsite 
general population. The primary operational hazards of concern are: ( 1 )  the loss of water over the capsules in the Pool Cells 
and the resulting direct radiation doses and (2) the consequences of a fire and/or explosion, which would result in unacceptable 
dose consequences from dispersion of contaminated particulates and in some accident scenarios could lead to loss of Pool Cell 
water over the capsules as well. Other hazards ofconcern are natural phenomena (e.& earthquakes), and incidents involving 
breaching of facility ventilation systems. Dose consequences for the analyzed accidents are provided in Chapter 3.0, 
Table 3-1 .  
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6.5.2 Summary nf Emergency Preparedness Planning Program 

6.5.2.1 Emergency Response Organization. 

The DOE maintains the option to assume overall management, direction, and control of any Hanford Site emergency. 
The Hanford Site emergency response organization has been developed to allow the site contractors to continue their 
management and operational roles in the event of an emergency. 

The Hanford Site emergency response organization comprises two components. The first component consists of 
Hanford Site contractor response personnel and emergency management teams with the responsibility for responding to and 
mitigating an emergency on the Hanford Site. The second component consists of the DOE emergency management team that 
has the responsibility to oversee the onsite response, assess the offsite impacts, and interface with offsite agencies and the 
public. 

The WESF emergency preparedness program is developed, implemented and maintained in coordination with the 
Hanford Site emergency response organization. The program requires the identification of a Building Emergency Director 
(BED) and designated alternates. The BED or alternates have overall responsibility for implementing the WESF emergency 
response plan. The BEDS have the authority to commit all necessary resources (both equipment and personnel) to respond to 
any emergency. ( h e r i i l l  ebeiit scene e i i r i . rp i cy  responw nil1 hi. d i rect r i l  b\ the l t icit leiir Cotriiii:iiiJci-. ' I  he Incidrot 
Coniiiiniidcr is x s i ? t c d  hy rl ic BED tint1 niiy ~ t l i c r  dcsi;ntitcd coiiiii1:iiiiI >>51ciii j icrwniiel or hicilii) eiiicrzcnq r q > t m i c  
or:aiririiriuii iircinhers. 

The objective of the emergency preparedness program is to deal effectively with an event, whether it is an unusual 
occurrence (which may affect and require notification of only onsite personnel), or an emergency (which may impact and 
require offsite notification [i.e., alert, site area emergency, general emergency]). 

An operational emergency is one of three categories of emergencies. Operational emergencies are significant 
accidents, incidents, events, or natural phenomena that seriously degrade the safety or security of DOE facilities. There are 
three emergency event classes: alert, site area emergency, and general emergency. 

An Alert represents events that are in progress or have occurred that involve an actual or a potential substantial 
degradation of the level of safety at a facility. Any environmental releases of hazardous materials are expected to 
be limited to fractions of the appropriate protective action guideline. In an alert, the Hanford Site emergency 
response organization will activate all onsite affected emergency centers and initiate mitigation of the severity of 
the occurrence or its consequences. Continuous assessments and communications are carried on with all public 
entities and the pertinent DOE authorities. 

A site area emergency represents events that are in progress or have occurred that involve actual or likely major 
failure(s) of facility safety or safeguards systems needed for the protection of onsite personnel, the public health 
and safety, the environment, or national security. Any environmental releases of hazardous materials are expected 
to exceed the appropriate protective action guideline. In a site area emergency, the Hanford Site emergency 
response organization activates the response centers and other emergency assets to provide continuous assessment 
of information for Hanford Site contractor and DOE decision makers, offsite authorities, and other appropriate 
entities. 

A general emergency represents events that are in progress or have occurred that involve actual or imminent 
catastrophic failure of facility safety systems with potential for loss of confinement integrity, catastrophic 
degradation of facility protection systems, or catastrophic failure in safety or protection systems threatening the 
integrity of a weapon or test device, which could lead to substantial offsite impacts. Any environmental releases of 
hazardous materials can reasonably be expected to exceed the appropriate protective action guideline (10 mSv [ I  
rem]) or emergency response planning guidelines (ERPG-2) exposure levels at or beyond the Hanford Site 
boundary. In a general emergency, the Hanford Site emergency response organization activates the response 
centers and other emergency assets to provide continuous assessment of information and communications with 
public and DOE authorities and to mitigate the severity of the actual or potential consequences. 
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6.5.2.2 Assessment Actions. 

An emergency response i s  activated when the BED has determined that a radiological or hazardous release, fire, or 
explosion that could threaten human health or the environment has occurred at the facility. An incident requiring evacuation 
of personnel or the summoning o f  emergency response units w i l l  not necessarily indicate that the plan has been activated. 

T h e  emergency response plan is implemented whenever the BED determines that the severity o f  the incident is or w i l l  
be a potential to endanger human health or the environment. The WESF organization implements the emergency response 
plan through specific implementing procedures identified for each postulated incident. 

The BED must assess each incident to determine the response necessary to protect personnel, the facility, and the 
environment. If assistance from patrol, fire, or ambulance units is required, the Hanford emergency response number (91 1) i s  

1 used to contact the Patrol Operations Center and request the desired assistance. 

The initial response for any emergency is to protect the health and safety o f  persons in the immediate area. 
Identification o f  released radiological or hazardous material is essential to determine appropriate protective actions. 
Containment, treatment, and disposal assessment are secondary responses. 

The WESF assessment approach provides a description o f  generic incident responses, describes the process for 
assessing and identifying the hazardous materials andior dangerous waste, and describes the process for categorizing and 
classifying an incident. 

Consequence assessments evaluate and interpret radiological or other hazardous materials measurements or other 
information during a declared emergency to provide a basis for decision making. The Unified Dose Assessment Center has the 
primary responsibility for overall onsite and offsite consequence assessment for the Hanford Site. 

6.5.2.3 Notification. 

The DOE and site contractor w i l l  respond to al l  emergencies within the Hanford Site boundary. The DOE and i ts  
contractors have established arrangements to coordinate responses to emergencies. The DOE identifies the planning and 
responsibilities for notification and interface with other organizations for an emergency or other incident at the Hanford Site. 
The DOE has established a number of coordination agreements, or memoranda o f  understanding, with various agencies to 
ensure proper response resource availability for incidents involving the Hanford Site. The DOE has also established interface 
understandings with other federal, tribal, state, local and private organizations. 

Notification ofan emergency event may be initiated by a WESF staffperson who becomes aware o f a  condition that 
may affect operations. In some instances the automatic or manual actuation o f a  facility alarm might be the alerting 
mechanism. If an alarm is not the initiating action, a staff person calls 91 I or 373-3800 and provides hisher name, the nature 
of the emergency, and exact location o f  the emergency. The DOE wi l l  notify outside agencies and organizations as necessary. 

6.5.2.4 Emergency Facilities and Equipment. 

The WESF alarm system is designed to alarm in a specific alarming format that identifies the type o f  response that is 
required from the employees (e.g., evacuate, take cover). 
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TYPE 

Public Address System 

Hanford Site standard emergency 
signals 

Crash Alarm Telephone System 

Two-way radios 

Cellular phones 

I 
I 

LOCATION CAPABILITY 

Key locations Internal Communication 

Throughout the WESF complex Emergency notification to personnel 

WCSF Opcrniions Biiic Emergency notification to personnel 

Key personnel Internal communications 

External communications I On-call manager't3t:E 

Type 

r m  

Respirators 
I 

Location Capability 

Key locations in the WESF complex 

225-8 SWP lobby 

Personnel contamination protection 

Airborne contamination protection 
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6.5.2.7 Recovery and Reentry. 

A WESF operations recovery plan is developed when necessary. A recovery plan is needed following an event when 
further risk could be introduced to personnel, the facility, or the environment through recovery actions andor  to maximize the 
preservation of evidence. Depending on the magnitude ofthe event and the effort required to recover from it, recovery 
planning may involve personnel from DOE and other contractors. If a recovery plan is required, it is reviewed by appropriate 
personnel and approved by management before facility restart. Restart of operations is performed in accordance with the 
approved plan. 

For emergencies not involving activation ofthe KL Emergency Opcra l in i i~  Center, the WESF BED ensures that 
conditions are restored to normal before operations are resumed. If the Hanford Site emergency organization was activated 
and the emergency required evacuation from a facility and/or the Hanford Site, the actions that follow fall into three processes 
when the emergency has been stabilized. These three processes or activities are emergency event termination, reentry, and 
recovery. 

I 

The emergency can be officially terminated when the event has been stabilized and onsite and protective actions have 
been implemented. Termination occurs after all the applicable criteria has been met and concurrence between the event 
contractor and DOE has been obtained. Notification of termination of an event is made to all relevant onsite entities as well as 
DOE Headquarters and relevant state, county, and offsite agencies. 

Reentry is the act of reentering an evacuated area for the purpose of performing emergency activities or to assess 
facility damage for the purpose of determining if the emergency can be terminated and/or for determining the extent of 
required recovery activities. Reentry can be performed at any time before termination of the emergency and during recovery 
activities. 

Upon termination of the emergency event, plans are developed to return the affected facility and surrounding areas to 
normal. Upon completion of the initial reentry team assessment and evaluation activities, the emergency director will 
designate a manager of recovery operations. The manager of recovery operations will assess the extent of recovery operations 
necessary and determine the organization needed to implement those operations. Recovering actions include a formal 
investigation and report. 

6.6 PROCEDURES AND TRAINING 

The WESF procedures are designed to support the safe operation of the WESF facility and support the mitigation 
and/or prevention of the accidents analyzed in Chapter 3.0. 

6.6.1 Procedure Program 

A program has been implemented at WESF for developing and maintaining oprl-atin:. i i i a i i i t e i i i i i i ce  aiid ;id~iiiiii.;tr.itive 
procedures that apply to technical work activities directly affecting the operating or design configuration and/or operability or 
accuracy of the structures, systems, equipment or components. 

I 

The WESF procedures include, but are not limited to the following: 

Normal operating procedures 

Planned nonroutine operating procedures 

Alarm response procedures 

Emergency response procedures 

Radiological control procedures 

Maintenance procedures 

Fire protection procedures 

Surveillance procedures 
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Test procedures 

C'alihraticw and tcstiiig procedure> 

Adiniiiistrati\t. supp(irf proccdurci 

Development and maintenance of the procedures are provided through identification of new activities, periodic reviews 
of current procedures, and field-identified changes to existing procedures. Responsibility for the implementation of the 
procedure program resides with the WESF team and to the individual team member assigned specifically to safety-related 
SSCs and/or to an operations activity. A structured review and approval process is used by the WESF organization for 
completing new procedures and for revising or upgrading procedures. 

6.6.2 Training Program 

The WESF training program specifies education, experience, and training requirements for personnel; and the records 
system necessary to document that each individual has and maintains the necessary skills to perform their assignments safely, 
accurately, and efficiently. 

On-shift and classroom training is provided in the following areas as appropriate to an employee's assigned duties: 

Fire protection training 

Quality assurance training 

The WESF training program provides a method of documenting and maintaining records of an individual's training 

Training on safety class and safety significant systems, structures and components (SSC) 

Conduct of normal, abnormal, and emergency operations 

Radiation and hazardous material protection training 

Surveillance, testing, and maintenance training 

Emergency preparedness training including drill programs 

Interim operational safety requirements (IOSR) training 

Unreviewed Safety Question (USQ) training. 

through the use of qualification cards and/or training completion records. 

Development, maintenance, and modification of training materials and content are controlled through the 
implementation of change control procedures covering training programs and methodology. 

6.7 INITIAL TESTING, IN-SERVICE SURVEILLANCE, AND MAINTENANCE 

The testing, in-service surveillance, and maintenance programs and procedures are designed and implemented to 
support the mitigation of and/or prevention of the accidents analyzed in Chapter 3.0. The detailed programmatic requirements 

I are provided in the H N F - P R o ,  i i i i d  t t i c i l i l y  Tpxil ic  p r ~ c ~ l ~ i r c s .  

6.7.1 Initial Testing 

The initial testing program ensures operability of facility modifications prior to service and ensures that adequate 
testing is conducted to support facility safety management, If a new system or a significant modification to an existing system 
is installed, the site program and procedure for operational readiness reviews or readiness assessments will be implemented 
prior to the startup or restart of the facility. 
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Testing is planned, controlled, and documented within the readiness process. Upon approval of the readiness review, 
testing is initiated and completed. The content of the test program is determined by the size, complexity and technical risk 
associated with the test. The test document may include but is not limited to: 

Administration of safety requirements 

Describing measurement and test equipment calibration requirements 

Identification, training, and qualification requirements for test personnel 

Facility identification, status, and condition requirements 

Controls for nonconforming items and retest requirements. 

Upon identification and training of the test team and execution of the test, the program requires documented review and 
analysis of the written test results to verify the acceptability of the test SSCs. 

6.7.2 In-Service Surveillance and Maintenance Program 

The WESF in-service surveillance and maintenance program relies primarily on an automated recall system for 
identifying, changing, reporting and closing out in-service surveillance and maintenance activities. The recall system is a 
computerized automated database processing system that includes a module designated “preventive maintenance and 
surveillance,’’ In particular, the recall system identifies surveillance and maintenance activity requirements related to the 
WESF IOSRs. The IOSR surveillance intervals and maintenance requirements are identified and entered into the recall 
system. 

Information is entered into the recall system through a system-specific form that is completed by appropriate WESF 
staff, All technical changes require approval of the system engineer. Reports are generated on a regularly scheduled basis and 
work is planned in advance. Upon completion of the surveillanceimaintenance, the recall system is updated to contain 
evidence ofthe completed activity. 

6.8 QUALITY ASSURANCE 

The quality policies implemented at WESF apply to all activities that affect the safe and reliable operation and 
maintenance of the storage facility. 

The WESF management coordinates the development and implementation of strategic plans and quality policies. The 
WESF management is responsible for ensuring that WESF resources are organized to achieve the quality assurance policies. 

1 Implementation of the quality assurance policies is supported by all Ipuwii ic l  at WESF. 

( ) i i ; t l i t>  a<\~t ra i icc  r c ~ ~ i i i s c i i i c i i t ~  iiwc documented through the quality policies and supporting quality documents. The 
activities that affect quality are prescribed by such documents as project management plans and program plans, plant operating 
procedures, work packages, and instructions or drawings. Records that provide documented evidence of achieved quality and 

I 

I conformance of activities to requirements and specifications i iw iii:iitifiiiiiccl. 

The WESF q i i ~ i l i t ~  : i ~ ~ i i i ’ ~ i i i c c  Im:i-:iin establishes the policy and responsibility to conduct independent assessments. 
The independent assessment is used to advise and inform management of the implementation and adequacy of the quality 
systems. The assessments are conducted in the form of audits, assessments, inspections and surveillances. Quality 
improvements are identified as a result of the review and assessment programs. 

I 

Design process control is established for the WESF quality system and provides responsibilities and requirements for 
controlling the design of SSCs. 

The WESF procurement policy establishes requirements and responsibilities for ensuring that purchased items and 
services conform to design requirements and perform according to specifications. Inspection and acceptance testing 
requirements are provided in the quality management system for WESF. The program establishes policies, responsib 
requirements for inspecting and testing incoming, in-process, and finished items, services, and processes and for documenting 
the result of those inspections and tests. 
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6.9 MANAGEMENT ORGANIZATION AND INSTITUTIONAL SAFETY PROVISIONS 

The requirements for management organization and institutional safety provisions are provided in t'xil i t )  prncedures 
ai id  HNF-PRO>. 

6.9.1 Organizational Structure, Responsibilities, and Interfaces 

The safety culture i s  achieved through the integration of safety into every operation. Each member of WESF is  
accountable for safety performance and is  responsible for ensuring compliance with established procedures, practices, and 
planning documents. The Industrial Health and Safety Program is  designed to protect the safety, health, and well-being o f  

required to operate the facility in compliance with appropriate federal, DOE, state, and local statutes, regulations, orders and 
contractual obligations. 

I employees by anticipating, identifying, evaluating, and controlling hazards in the workplace. The WESF iw:aiii7ati(iii i s  

The site contractor is responsible for and supports DOE by supplying technical direction, cost and schedule 
management, control, integration, quality assurance, applied technology, safety/regulatory compliance support, operations 
activities, and the Management of Procurement of Government-Furnished Equipment for WESF activities. 

V iESt '  is ii pwt oftlie Fluiii- I laiifi,rd Waste Maiia:enicni I'ruject iind tlic WI-SF I'ri>jecr h I . i i i a y  I-eporrs t o  the Vice 
Prcsidciit o f t l i c  LVask I\~lanagcmcii1 Project. The \\'ESF orgnnimtioii consists or~l ic  L\!ESF Pr0;cct Managcr, a Projec~ Support 
hliinayer. iin Engiiierriiig h1:ina:t.r. ;I Fxil i ty 0prr~ i t in i is 'R l ; i inre i ia i ic r  Mana:er 3 t i J  :I l<;ididogk.il Conrl.ol'Iiidiisti-ia1 Safety 
blaiiager. Tlic l'r+cl Supporl y o u p  providc5 siipport in tlic :ireas oilraiiiiii;. lhiid$ct, :iiid Ion: i i i in pliiiiiiin:: t l i c  Engineering 
yoi ip  pro\ ides tecl i i i ic i i l  eiigiiiceriii: and safer) bii i i i  wpport :  flir O p e r , i t i o i i ~ ' ~ l i i i i i t c i i ~ i i c e  grou~> i \  rcipuiisiblr tbr t i le &i!.-to- 
dah opi'ratinn iind iii;iiiitciiniicc oi'thc ik i l i t )  : :iiid tlic R;iiliological Ciitifrol 'liidiiscrial Satbl! group pru\ ides I-adiolo:ical 
coiitrol i i i i i l  ii1diistri;il iiit'et) slipport. 

Other organizations outside the WESF facility provide safety related support to the WESF operation. This support 
I includes the following: pc rU<wiiiiig safety analysis and risk assessments for the facilities including radiological dose 

consequence analyses and shielding analyses; interpreting DOE orders and developing guidance for compliance with 
applicable regulatory requirements; providing guidance, direction, assessments and audits o f  facility-specific quality assurance 
programs and program implementation. 

Personnel qualification requirements for employees are based on their qualifications and ability to perform the duties 
and fulfill the responsibilities of the position. The candidate evaluation includes a total review of the prospective employee's 
background, including, but not limited to, education, skills, and experience. Minimum staffing levels are defined by the 
management for the WESF team for operational, engineering, and support staffing levels. 

Personnel participate in regular safety and health awareness meetings and on-the-job training. Employee participation 
in the safety program includes participation on safety committees and task teams, conducting safety inspections, and analyzing 
routine hazards in each step of a job andlor a process. Employees are involved in preparing or identifying safe work practices 
or controls to eliminate or reduce exposure, developing or revising sitewide safety and health rules, training (see Section 6.6) 
both current and newly hired employees, supporting the safety culture by providing programs at safety and health meetings, 
and participating in accidenuincident investigations. 

6.9.2 Safety Management Policies and Programs 

Waste Management Project (\\ \ I I ' )  iiiiplenieiits die I'roject I laiifkil l i i tegratcd Fii\ ir<wiiieilt, Saiety sild I l%iltli 
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00-ABD-076 

Department of Energy 
Richland Operations Office 

P.O. Box 550 
Richland, Washington 99352 

SEP 2 9 2000 

Mr. R. D. Hanson, President 
Fluor Hanford, Inc. 
Richland, Washington 99352 

Dear Mr. Hanson: 

CONTRACT NO. DE-AC06-96RL13200 - WASTE ENCAPSULATION AND STORAGE 
FACILITY (WESF) BASIS FOR Ih'TERIM OPERATION (BIO) 

This is in response to your letter to me dated August 25, 2000, same subject, which submitted 
Revision 1 of the WESF BIO and Interim Operational Safety Requirements. 

RL has reviewed the submitted documents and concluded that they are acceptable. RL hereby 
approves these documents subject to the conditions contained i n  the attached Safety Evaluation 
Report (SER). This SER supercedes all previous SERs and becomes the new SER ofrecord. 
Please note this in the next revision to the facility Authorization Agreement. 

Ifyou have any questions or comments, please contact me, or your staffmay contact 
Jim McCracken, Authorization Basis Division, at (509) 376-4360. 

ABD:JJM 

Attachment 

Sincerely, 

Keith A. Klein 
Manager 

cc wlattach: 
B. A. Austin, FHI 
L. I. Covey, FHI 
E. S .  Aromi, WMH 
D. R. Ellingson, W H  
C. J. Wolfe, WMH 
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Septcrnbcr 2000 

EXECUTIVE SUMiVIARY 

me US. Depamnent of Energy (DOE) Richland Operations Office (RL) has rcvicwed the Waste 
Encapsulation and Storage Facility (WESF) Basis for Interim Operation (BIO), HNF.SD.\VI\.f-BIO.002, 
Revision I ,  dated July 2000, and Interim Operational Safety Rcquircmenb (IOSR), HNF-SD-Wf-IOSR- 
001, Revision I ,  dated July 2000, and determined that'they meet DOE Order rcquiremcntr and Standards 
guidance and are acccptablc to RL. 

The WESF BIO documents the results of the safcty analysis that evaluates and establishes the adequacy of 
the WESF storage pools and associated supporl S[NCNICS and systems to safely stoic, handle, and move the 
encapsulated sourccs stored there. The BIO also establishes the envelope within which opcrations can 
continue to be performed safely. Storage at WESF has a rclatively long-term duration that will conclude 
with the removal of the stored capsules from WESF for subsequent processing and disposal. 

For the analyzed mission, WESF is a Hazard Category 2 facility. The major facility hazards include thc 
radiological and hazardous materids contained in the capsules. natural phenomena (wind, lightning. 
seismic activity, etc.). man-made activiiy (aircraft crashes, vchicle accidenu. personnel errors, ctc.), and the 
typical hazards associated with an industrial facility. The WESF hazards arc unique due to the quantity of 
radioactivc and other hazardous materials present and the proximity to workers and the environment. 

The currently approved BIO, as well as proposed Revision I .  i s  a hybrid document which partially meets 
the requirements of DOE 5480.23 and the guidance provided in DOE-STD-3009-94, "Preparation Guide 
for US. Depamnent of Energy Nonreactor Nuclear Facility Safety Analysis Reports." At the time of the 
approval of Rcvision 0 of the documents, the expectation \vxs that a SAR would be prepared in accordance 
with the rsquirements of DOE 5450.23 and the IOSRs revised lo meet thc rcquisemcnls for Technical 
Safety Requirements as specified in DOE 5380.22 by the end of Fiscal Year 2000. Due to funding issues, 
Revision I of the BIO states that the upgrades of the BIO and IOSRs will bc delayed until Fiscal Year 
2002. 

The BIO examines various accident scenarios. All BIO postulated accidents are calculated lo have 
consequences that are below the onsite and offsite release limits and evaluation guidelines. These design 
basis accidents include: 

Natural Phenomena, including thc Design Basis Earthquake; 
External Events, including Loss of Electrical Powcr and Vehicle Impacts; 
Facility Fires in the Hot Cells and Truckport; 
Loss of Confinement; 
Faciliiy Explosions; 
Loss of Containment; and 
Loss of Pool Cell Water. 

This Safety Evaluation Report (SER) w a s  prepared following the guidance of DOE-STD-I 104.96, Reviov 
nmi Approvnl ofNonrencfor Focilig So/eg Annlyris Rrporfx. 

The WESF accidents as analyzed in the BIO are conservatively developed. Mitigated consequences for 
analyzed accidents are below DOE and Fluor Hanford, Inc. criteria. Bascd on the resulc) of the review as 
summarized within this SER. the RL Review Tcam recommends approval of the WESF BIO, Revision 1, 
and WESF IOSRs, Revision I ,  subject to the following conditions: 

The contractor shall incorporate into the next annual  update of the BIO revised acd updated 
aircraft accident scenarios. 
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The contractor shall complete an evaluation of alternative means of mitigation of the tunnel pipe 
bre& scenarios, and coordinate the evaluation with RL prior to incorporation inta the next annual 
update of the BIO. 

The contractor shall incorporate into h e  next annual update of the BIO an updated organizational 
description of the facility and its management that addresses major programmatic responsibilities 
described and credited for safety and protection of the environment. 
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1.0 IKTRODLCTION 

By letter dated August 25,2000, Fluor Hanford, Inc. (FHI) submined for U.S. Dcpamnent ofEnergy 
(DOE) Richland Operations Oflice (RL) review and approval the fallowing Authorization Basis 
documents pertaining lo the Wastc Encapsulation and Storage Facility (WESF): 

Basis for Interim Operation. WHC-SD-WIM-BIO-OO~, Revision I ;  and 
Interim Operational Safety Rcquircmcnts. HNF-SD-Sh'F-IOSR-001, Revision 1 

The purpose of this Safety Evaluation Report (SER) is to documcnt the RL revicw of the Authorization 
Basis documents and provide a basis for approval of the documents. The WESF BIO and IOSR document 
had been previously approved by DOE, and this SER addresses BIO Revision 1 and IOSR Revision 1. 
This SER supercedes all previous SERs issued for WESF. 

2.0 REVIEW PROCESS 

FHI submitted proposed BIO Revision I and IOSR Rcvision I l o  RL as updates to the previously approved 
documents on March 15. 1999 (Reference 1). An RL Review Team was formed following h e  RL 
reorganization in October 1999 to rcvicw thc submittals. Thc updated BIO incorporatcd changes which 
had been submitted to RL as part of the 1998 and I999 Unreviewed Safety Question summary reports 
(References 4 and 5 ) .  Tkhc documents were reviewed by the Revicw Team, and review comments provided 
informally to FHI. Resolution of all comments was documented in a lune 26,2000 letter (Reference 3), 
which included as an attachment copies of Review Comment Records signed by Review Team members to 
indicate agrcement with comment resolution. The original submittals were then reviscd to incorporate the 
comment resolutions and resubmitted on August 25.2000 (Reference 2). 

The review was a comprehensive evaluation of Revision I of the WESF BIO and the associated lOSRs 
The current BIO Review Team's cfforts focuscd on ensuring that the BIO and IOSRs: 

are in compliance with appropriate rcsulations. DOE Orders, RL instructions or that any deviations arc 
recognized and documented; 

cover the scope of WESF activities sufficiently. or, altcrnalively, properly idcntify interfaces with 
items not included; 

identify and properly address important safery-related technical issues in sufficient detail to permit 
identification of acceptable controls; 

present and support information in a manner that allows the WESF BIO and IOSRs l o  be modified 
using the Engineering ChangeNoticc and the Unreviewcd Safety Question (USQ) processes to update 
the Authorization Basis in response to facility changes; and 

received an appropriate technical review by the Cont~actor 

' . 

The cunently approved BIO, as well as proposed Revision 1, is a hybrid documcnt which partially mCetS 
the requirements of DOE 5480.23 and the guidance provided in DOE-STD-3009-94, "Preparation Guide 
for U.S. Department of Energy Nomeactor Nuclear Facility Safety Analysis Reports." Spccificalb. 
Chapters 2, "Facility Description," Chapter 3. "Hazard and Accident Analysis," and Chapter 4. "Safety 
Strxcturcs, Systems, and Components," were prcpared using the guidelines ofDOE-S~D-3009.  Chapter 5 
of the BIO, "Derivation ofTechnical Safety Requirements," and the IOSRs were based on DOE 5480.22. 
At the lime ofthe approval of Revision 0 of  the docummts, the cxpcctation was that a SAR would be 
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prepared in accordance with t h e  requircments of DOE 5480.23 and the IOSRs rcviscd to ncct the 
requirements for Tcchnical Safety Requircmcnts as specified in DOE 5480.22 by the cnd of Fiscal Year 
2000. Due to funding issues, Revision I of the BIO states that the upgrades of the BIO a2d IOSRs will be 
dclaycd until Fiscal Year 2002. 

The proposed Authorization Basis Documents were reviewed against criteria contained in the following: 

DOE-STD-3009-94, "Prcparation Guide for US. Department of Energy K O N C ~ C ~ O I  h'uclear Facility 
Safety Analysis Reports." 

DOE-STD-3011-94, "Guidance for Preparation of DOE 5480.22 (TSR) and DOE 5480.23 (SAR) 
Implementation Plans," and 

DOE-STD-1027-92, "Hazard Catcgorization and Accident Analysis Techniques for Complrmce With 
DOE Order 5180.23, Nuclear Safety Analysis Reports." 

* 

Finally, this Safety Evaluation Rcpon was prepared using the guidance provided in DOE-STD-I 104-96, 
"Review and Approval of Nomeactor Nuclear Facility Safety Analysis Reports." 

3.0 BASE IXFORAIATION 

The WESF is located in the northern portion ofthe 200 East Area adjacent to B Plant. T h e  WESF, built in 
the early 1970s, was designed and constructed to process, cncapsulate, and store long-livcd cesium and 
strontium radionuclides extracted from wastes generated during the chemical processing of defcnsc fuel at 
Hanford. The facility consists of a large basin subdivided into separate pools for interim underwater 
storage of capsules containing radioactive cesium and strontium, and the hot cclls where the processing and 
encapsulation was pcrformed using remote manipulators. Hot Cells A-E are being taken out ofservice, 
whilc Hot Cells F and G will remain active. 

?he currcnt WESF mission involvcs continuing storage of the capsules, facility maintenance activities, 
receipt, inspection and decontamination ofcapsules, and on-going surveillance of stored capsules. No 
repackaging or other opening of stored capsules is authorized. K-3 HEPA filter changcout is nor analyzed 
nor authorized. NO welding or introduction of  any other flammable gases into the facility is authorized. 

The WESF building consists of three major areas. Area I of the WESF is a one-story structure which 
houses support facilities, including the heating. ventilating and air conditioning systcm and the Pool Cell 
Monitoring Area. Area 2 is a two-story structure which contains lhc hot cells and a canyon which provides 
access to the hot cells, the pool cells, and the Truckport. Area 3 is a hvo-story shcnire which contains the 
pool cells and thc Truckport. 

In  general, the WESF B10 contains sufficient background material and fundamental information to support 
the document. Sufficient base information is present in the BIO to support the review of the technical 
aspects including the hazards and accidcnt analyses, designation of Safety Suucturcs, Systems, and 
Components (SSC), derivation of IOSRs and programmatic control ovcr WESF activities. However, the 
Review Team notes that thc information presented could be condensed and edited for clariy in many 
places, and recommends that additional figures and drawings be provided to supplement thc text in future 
revisions to facilitate understanding of the facility and its current operation, Redundant information and 
repeated methodology descriptions could be eliminated and the total length of the text reduced to make the 
BIO more user-friendly. 
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4.0 HAZARD AND ACClDENT ANALYSES 

4.1 Overviea 

Thc principal purpose of a hazard analysis is to systcmatically identify hazards, accident potentials. and 
prcvcntive and mitigative features fluough a comprehcnsivc process of hazard identification and evaluation. 
As stated in DOE-STD-3009. hazard and accident analysis covers the topics of hazard identification. 
facility hazard classification, hazard evaluation, and accident analysis. Items to be addresscd in the hazard 
and accidcnt analysis include lhc foilom'ng: 

. 

These topics are discussed in more detail below. 

4.2 Facility Classificalion 

To develop the source term associated with the capsules stored at WESF, the Connactor considered that the 
capsules contain all of the activity originally packaged without accounting for decay beyond 1995. Other 
bounding estimates of accumuiatcd contamination on building surfaces and ventilation system components 
arc uscd to cstimate impacts from accidents involving those systems. 

The estimates of the total Cesium-137 and Strontium-90 inventories stored in b e  WESF pool cells are 52 
and 23 million curies, respcctivcly. These values are well in excess of the Hazard Category 2 threshold 
values contained in DOE-STD-I 027-92. WESF is therefore categorized as B Hazard Category 2 nuclear 
facility. 

4.3 Hazard Analysis 

The WESF hazard cvaluation is a shuctured and systcmatic examination of fhc WESF and associated 
support S t N C N r C S  and systcms using standard industry hazard evaluation techniques. The hazards analysis 
includes identification of the hazards associated with WESF design. proccsscs, and operations. Hazards are 
defined as Material At Risk (MAR) with a potential adversc effect on people or the environment and 
energy sourccs that could contribute to the uncontrolled release of that material. 

MAR includes both chcmicaVtoxicologica1 and radiological species and location of the material. The 
material may be relcased in an uncontrolled rnanncr if sufficient energy is deposited in the vicinity of the 
MAR. At WESF, MAR includes the ccsium and strontium stored in capsules, and miscellaneous materials 
associated with Basin operations such as ion exchangc resins and chemicals such as hydraulic fluids and 
lubricating oils in facility cquipment. 

Hazards were identified using a variety of tcchniques. including reviews of WESF safety documents and 
cxisting analyscs. operating cxpericnce at WESF nnd other DOE facilitics, experiences of current and 
former WESF personnel, and by using standard checklists for MAR and cnergy sources. 

Description of the methodology used for the hazard and accident analyscs; 
Identification of hazardous materials and cnergy sources present by type, quantity, form. and location; 
Facility hazard classification in accorhncc with DOE-STD-1027-92; 
Identification of the spcchum ofpotcntial accidents at thc facility and idcntificatioa ofDcsign Basis 
Accidcnts (DBAs) to be assessed further; and 
Accident analysis of DBAs, including estimation of sourcc terms and consequences. 

Pagc90flS 
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The hazard evaluations were bascd on the hazard identification results. WESF dcsign, and operations, test, 
and maintenance activilics. Waste storage and transfer operatioru within WESF were analyzed by 
evaluating the operating systems. The analyzed operations and maintenance activities wcrc comprehensive 
and accurately represented WESF operations. 

Tnc BIO Review Team evaluated the WESF hazards analysis, associated development, and underlying 
assumptions and methodology. After verifying the incorporation of improvements suggested during 
Review Team meetings, the Review Team accepts the WESF hazards analyses. 

4.4 Accident Analysis 

Hazardous conditions identified during the hazard evaluation were used to select accidents for detailed 
quantitative analysis. The accidents, which were selected to be represcntativc, provide an cnvclopc of 
accident conditions on which WESF operations can be evaluated. The postulatcd accidents represent a 
variety of accident scenarios that involve differcnt types and quantities of MAR. These DBAs include: 

Natural Phenomena, including the Design Basis Earthquake (0.25g); 

External Events, including loss of power, ground vehicle impacts, affccts from ndjaccnt facilities, 
and aircraft impacts; 

Facility Fires, in Hot Cells or the Truckport; 

Loss of Confinement, through ventilation system failures; 

Facility Explosions, from flammable gas accumulations; 

Loss of Containment, from capsule or WlXM failures; and 

Loss of Pool Cell Water. from unspecified leakagc. 

' Ihe fmal set of accidents evaluated in Chapter 3 of the WESF BIO included those considered "beyond the 
design basis." 

Table 3-1 of the BIO providcs a summary of the accidents selected for analysis, the mitigated and 
unmitigatcd conscqucnces of each accident, and the credited SSCs and IOSR conhols. All DBAs havc 
mitigated consequences bclow the Risk Evaluation Guidelines contained in HNF-PRO-704, "Hazard and 
Accident Analysis Process." These guidelines are summarized in Table 3-17 of the BIO. 

The Review Team concludes that the contractor had performed an  adequate hazard and accident analysis, 
and agrees with the conclusions reached by the conhactor. However, the Review Tcam notes that thc 
freament ofaircraft impacts is not consistent with current RL policy. Because the probability of this type 
of accident is low, conditional approval of the BIO is granted with the provision that the aircrafl accident 
scenarios be revised and updated for incorporation into the next annual revision. 

In addition, Rcvision 0 of the BIO committed the facility to completion of an  evaluation of alrernativc 
means of mitigation of the tunnel pipe break scenarios since thcy could result in rapid loss of pool cell 
water. This evaluation has not been completed. The Review Team considers the commitment h p o n m t  
from a defense-in-depth standpoint, and recommends that completion of the evaluation prior to the ncxt 
annual  update of the BIO be made a condition of approval. 
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5. SAFETY STRUCTURES, SYSTEMS, AND COMPO.YENTS 

BIO Section 4.0 provided a brief summary of thc controls sclection proccss that led to idcntification of 
Safety Class and Safety Significant SSCs. Per the WESF BIO. Safety Class SSCs prevent or mitigate 
relcases to the public that would othcnvisc cxcecd the offsitc radiological rclcase limit of0.5 rem 
Committed Effcctive Dose Equivalent. SSCs that support the safcty function of a Safety Class SSC arc 
also Safety Class. 

As dcfincd in the BIO. Safety Significant SSCs prcvent or mitigate releases of radiological matcrials to 
onsite workers to below onsite evaluation guidelines. and toxicological materials to the offsite public and 
onsite workers lo bclorv onsite and offsite evaluation guidelines. Safcry Significant SSCs also include 
thorc safcty SSCs that protcct the facility worker from serious injury. SSCs which support the safety 
function o f a  Safety Significant SSC arc also Safety Significant. 

Defense-in-Depth, as a fundamental safety philosophy. has an cxtensivc historical prcccdcnt in nuclcar 
safcty. Defensc-in-Depth builds in multiple layers of defense against a rclcase of hazardous materials so 
that no single control is completely essential. To compensate for potential human and mechanical failures, 
Defense-in-Depth relies on scveral layers of prolection with successive banicrs to prevent the release of 
hazardous material to the cnvironmcnl, 

The Safety SSCs identified for WESF based on the accident analysis pcrformcd arc shown on Table 3-10 of 
the BIO. Thc tablc includes SSCs identified as Safety Class, Safety Significant, and Defense-in-Depth. 
The SSC identified as Safety Class arc as follows: the Arc8 2 (hot cell) shuchxe; pool cell level 
instrumentation; thc Area 3 (pool cell) stmcrUre; the 296-8 stack and K-3 cxhaust ducting: thc pool cell 
water circulation piping; pool ccll cmcrgency water makeup; pool cell area radiation monitoring; the K-3 
Filter Pit structure; the K-3 HEPA filters; the pool cell drain line; and the bridgc crane, cahvalk. and 
associated supports. 

Based on its review, the Reviciv Team concludes that: - the safety SSCs identified and described in the BlOflOSRs arc consistent with thc losic presented in 
the hazards and accident analysis; 

safety functions for safety SSCs are defincd consistently with the bases derivcd from the hazards and 
accident analyses; 

functional rcquircrncnts and systcm evaluations are derived from the safety function and provide 
evidence that the safcty functions can be performed; and 

the relationship of SSCs and IOSR development is identified. . 
6.0 DERIVATION OF INTERIhI OPERATIONAL SAFETY REQUIREXmNTS 

6.1 Overview 

IOSRs define acceptablc conditions, safc boundxies, and administrative controls that ensure safe operation / .  

of a nuclear facility. Through their implementation. IOSRs also reducc the potential risk to the public and 
onsite workers from uncontrolled relcascs of radiological or toxicological materials or from exposures 
caused by an inadvertent criticality. 

Page 1 I of 15 

A- I4  



HNF-SD-WM-BIO-002 REV 1 

U.S. DEPARTtvlENT OF ENERGY 
RICHLAND OPERATIONS OFFICE 

SAFETY EVALUATION REPORT FOR 
Waste Encapsulation and Storage Facility 

September 2000 

The WESF IOSR controls are considered necessary and sufficient for public safety, significant worker 
safety, and for maintaining radiological and toxicological consequences below release limits and evaluation 
guidelines. IOSR level controls are defined in DOE Ordcrs as Safety Limits (SLS). Limit Control Settings 
(LCSs). Limiting Conditions of Operation (LCOs). Administrative Controls (ACs). and dcsign features. 

6.2 Safety Llmlts 

There are no SLs for WESF. The uncontrolled release of radioactive material is prevented by maintaining 
water in pools which have limited leakage potential, and by equipping the hot cell vcntilation system with 
HEPA filters. The limited leakagc potential allows sufficient time for automatic or visual detection and 
provision of makeup capability from alternate sources. 

6.3 Llmlting Control Settings 

Because no SL was identified, based on analyzed accidents. an LCS was not included in Ihc IOSR set. 
LCSs are setpoints or triggcr points on safety systems that control process variables to prcvcnt cxcccding 
an SL. The LCS may be combined with an LCO. T h e  combination establishes the LCS sctpoint as part of 
systcm operability. 

6.4 Limiting Conditions lor Opcration 

Accidents or hxzards, exceeding offsite release limits and evaluation guidelines but not mccting the SL or 
LCS criteria, arc candidates for LCOs or ACs. 

An AC is sclcctcd instead of an LCO if the control is bener managed by a program. LCOs are used to 
define the functional capability or performance level of Safety SSC required for normal operation. The 
Contractoh control selection process is consistent with the guidance in DOE-STD-3009-94, Preporalion 
Gwide for US. Deporlmenr of Energy Nonreaclor Nidenr Fucility Safety Analysis Reports. Spccific 
ActionslActivities reviewed include parameter measurements, control of field conditions. response actions, 
survcillances, and prior control methods. Following this gcneral guidance, LCOs are provided for the 
following: 

. K-3 HEPA filter efficiency. 

The safety function of the pool cell water loss detection system is to d e n  the operator at the SM of a rapid 
watcr loss situation so that appropriate actions (e&, bcgin water makeup) can be taken bcfore loss of 
institutional control occurs due to an adverse and inacccssible environment. LCO 3.1 establishes 
requirements for maintenance of minimum water levels in the pool cclls, and for provision of watcr loss 
detection capability consisting of  watcr level and arca radiation monitoring systcms. LCO 3 2 requires that 
a HEPA filter with a paniculate removal efficiency of at least 99.9% be provided for thc K.1 ventilation 
system, which services the hot cclls. 

Pool cell water loss detection system; and 

6.5 Administrative Controls 

In addition, the IOSR set provides 17 ACs which follow the control selection methodology. The ACs 
identify the provisions relating to administration and managcmcnt, procedures, record kccping, revicws, 
audits, and specific program requircmcnls for risk rcductions nccessary to ensure safc opcrations of the 
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WESF and associatcd structures and systems. Section 5.0 of !hc IOSR documcnt addresses thc following: . 
. . . 
. . 
. 
. . 
. 
. 
. 
. 
. . . 
. 

Purpose (AC 5.1); 

Cootractor Responsibility (AC 5.2); 

Compliance (AC 5.3); 

Interim Operational Safety Requircmcnt Violations (AC 5.4); 

Occurrcncc Reporting (AC 5.5): 

Organization (AC 5.6); 

Sourcc lnvcntoty Controls (AC 5.7); 

Pool Cell Water Makcup (AC 5.8); 

Hydrogen Prcvcntion Controls (AC 5.9); 

Heavy Loads Ovcr Pool Cells (AC 5.10); 

K-3 HEPA Filter System Efficiency (AC 5.1 I); 

Fire Protection Program (AC 5.12); 

Pool Cell Stcam Jet Operation Controls (AC 5.13); 

Flammable Gas Controls (AC 5.14): 

Pool Ccll Area Radiation Monitors (AC 5.15); 

WIXM Radiation Monitoring and Vcnting (AC 5.16); and 

WIXM Post-Use Filling of Void Spacc (AC 5.17). 

6.6 Design Features 

Safcty SSCs P I C  defined as dcsign features rather than LCOs or ACs whcn the safety function is to maintain 
spcciftc dcsign criteria as assumed or implied within the safety analysis, Design fcaturcs arc considered 
IOSR level controls and arc managed with appropriatc configuration and engineering conhol proccsscs. 

If a design fcature was altercd or modified, it would havc a significant impact on safety. Design features 
arc normally permanently built-in fcaturcs that do not rcquirc, or infrcqucntly rcquirc. maintenance or 
surveillance and are not normally subject to change by ficld pcrsonncl. Dcsign fcatures includc vital 
passive components such as piping, vessels, supports, confincmcnt structurcs, and containers. WESF 
design fcatures includc the following: basin shucturc, basin drain valves, basin supcrstruchue, and transfer 
bay bridge cranes. 

6.1 IOSR Conclusions 
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The RL Review Team directed, and the Contractor made, the necessary changes to the WESF IOSR 
document. The Review Team therefore concludes that Section 5 of the BIO and the IOSR document 
provide adequate bases for deriving the lOSRs which arc consistent with the hazard and accident analyses 
and the description of Safety SSC contained in Scctions 3 and 4 of the BIO. 

7.0 PROGRAMMATIC CONTROLS 

Programmatic Control encompasses the elements of institutional program and facility mmagcment 
practices that are necessary to ensure safe operations based on the assumptions of the hazards aod accident 
analyses. Programmatic Control is a product of the hazards and accident analyscs, designation of SSCs, 
and derivation of IOSRs. 

Programmatic Controls are maintaincd as part of the Integrated Safety Management System (ISMS) to 
minimize the risks to the public, onsite workers. and facility workers, and to ensure the safe operation of 
WESF and associated SSCs. A number of key program elemenrs support WESF Programmatic Conuols 
Thc key elements arc included in AC 5.1  I. 

Section 6.5 of this SER outlined the suite of Adminiskative Control Programs required to preserve the 
assumptions of the hazards and accident analysis. The ACs preserve requisite assumptions, and ensure that 
equipment and programs are available as assumed in the accident analysis. In addition, Section 6 of the 
BIO addresses additional programmatic controls such as radiation safety, radioactive and hazardous waste 
management, operational safety, emergency prcparedncss, procedures and training. and quality assurance. 

Based on its review of BIO Rcvision I ,  the Rcvicw Team concludes that: 

T h e  major programs needed to provide programmatic safety are identified; 

The basic provisions of the identified programs are noted, and referenccs to facility or site program 
documentation are provided. 

The Review Team did note that while the BIO contained gsneral discussions of organizalion~l 
responsibilities, dctailcd information was not provided. The Rcview Team concludes that. because of the 
importance of the concepts of coinmand and control and clear channels of communication and designation 
of authority and responsibility, a condition be incorporated into this approval requiring tha l  the ncxt 
revision of the BIO contain an updated organizational description of the facility and its management that 
addresses major programmatic responsibilities described and credited for safety and protection of the 
environment. 

8. CONCLUSION 

The Review Team has concluded that the revised 8 1 0  and IOSR documents are acceptablc, and 
recommend approval of these documents as the Authorization Basis for WESF subject to the following 
conditions: 

I ,  The contractor shall incorporate into the next annual update of the BIO revised and updakd aircraft 
accident scenarios. 

The conuactor shall complete an evaluation of alternative means of mitigation of the tunnel pipe break 
scenarios, and coordinate the evaluation with RL prior to incorporation into the next annual update of 
the BIO. 

2. 

Page I4 of I5 



HNF-SD-WM-BIO-002 REV 1 

U.S. DEPARTMENT OF ENERGY 
RICHLAND OPERATIONS OFFICE 

SAFETY EVALUATION REPORT FOR 
Waste Encapsulation and Storage Facility 

September 2000 

3. The contractor shall incorporate into the ncxl annual update of the BIO an updated organizational 
dcscription of the facility and its management that addresses major programmatic responsibilities 
described and credited for safety and protection of the environment. 
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documents subject to the conditions contained in the anached Safety Evaluation Rcpon (SER). This SER 
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