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8.0 PRELIMINARY CLASSIFICATION OF SYSTEMS,
COMPONENTS, AND STRUCTURES

A preliminary Safety Class Evaluation (SCE) was performed to identify safety (safety class
and safety significant) Systems, Structures, and Components (SSCs). The safety classifications were
designated in accordance with the requirements and criteria of WHC-CM-4-46. Safety Analysis
Manual. The safety classifications of individual components of the K Basin 1dge offload process,
including Sludge Transportation System and Sludge Transfer Station, are presented in this chapter.
The safety classifications of tank SSCs are addressed in tank farm safety documentation.

Safety classifications are defined as follows (taken from WHC-CM-4-46):

. Safety Class (SC) s p t or e releases to the public that would otherwise
exceed the offsite radiological risk guiaennes, or prevent an accidental nuclear criticality.

o Safety Significant (SS) SSCs prevent or mitigate releases of radiological materials to onsite
workers and toxic chemicals to the offsite public and onsite workers. SS also describes
worker safety SSCs that protect the facility worker from serious injury due to other industrial
hazards.

° Defense-in-Depth is the strategy in which successive barriers are provided to prevent and
mitigate uncontrolled releases of radioactive or hazardous chemical materials; defense-in-depth
SSCs are those qualitatively deemed to contribute substantially to the reduction of risk or
which support a safety SC or SS function.

The safety classifications for the individual components were established based on the design
basis accident analyses presented in Chapter 7. The accident frequencies calculated in Chapter 7 were
used to characterize the frequencies of accidents during K Basin sludge offload operations.
Consequences were also estimated in Chapter 7 using unit dose values (radiological and toxicological)
that were calculated using sludge inventory data derived from Makenas et al. (1996) and Lodwick
(1997). These unit doses were used to calculate the consequences of releases resulting from the
occurrence of the accident scenarios.

Table 8.1, the summary of the safety class evaluation, is divided into two sections. The first
section addresses the safety SSCs for the Sludge Receiving Station to be constructed adjacent to
AW-105 and the second addresses the offload features of the Sludge Tran ortation System. For the
sludge offload process, the primary lines were designated as safety class. [his includes the primary
(or inner) pipe for the aboveground transfer line at the tank farm and the primary line of the flexible
hose that connects the Sludge Transportation System to the Sludge Receiving Station. The safety
function of these systems is to provide liquid confinement during offload operations. This system was
designated as safety class because undetected failure of the primary pipe (spray leak and pipe
rupture/pool release) with failure of the secondary pipe will exceed onsite and offsite risk guidelines.

The secondary (outer) piping subsystems on the Sludge Receiving Station and flexible hose
were designated as defense in depth. The safety function provided by these subsystems is to confine
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could lead to worker exposures during decontamination and cleanup after a leak. This would not be
consistent with ALARA principles. ‘

The unmitigated consequences of a spray leak from failed or malfunctioning connectors on
either end of the flexible hose and the valve connectors (jumpers) in the pump pit were found to be
above onsite a1 offsite exposure guidelines. The safety function provided by the flexible hose
connectors is to contain liquid waste materials during offload operations. Failure of e of these
components could lead to a spray release that exceeds offsite and onsite exposure guidelines. This is
somewhat different than the connectors in the pump pit discussed below because the flexible hose and
connectors would be located above ground; there is no pump pit and cover block to mitigate a spray
release from the connectors. Therefore, the hose connectors were designated safety ss SSCs.

If a glove bag or oth ° ° ~~—~=~-—-—" -—~‘em over the connectors is to be provic * the connectors
may be desig as placement of the leak confinement system over the
connectors before a transter takes piace may be designated as safety class, similar to the placement of
the AW-105 pump pit cover. This is the most likely configuration for the offload system and was the
configuration assumed in the mitigated spray leak accident analysis.

The safety function of the AW-105 pump pit cover block is to provide confinement of
airborne particulate should a release occur in the pump pit. The pump pit cover block was found to
be an important barrier to a potential spray leak caused by failed or malfunctioning connectors in the
pit. Onsite and offsite exposure guidelines would be exceeded if the cover block is not in place.
Therefore, placement of the cover block during the transfers is safety class. This does not affect the
design of the cover block, but the confinement must be in place during transfers. If 1e cover block
is in place, the consequences are below both onsite and offsite exposure gu :lines. The jumpers in
the pump pit were designated as defense in depth because their failure, with the cover block in place,
could lead to worker exposures during decontamination and cleanup of the pump pit. This would not
be consistent with ALARA principals.

The safety function of the shielding material (earthen berm or concrete half-shells) placed over
the aboveground portions of the receiving station piping is to reduce the radiation ¢ e rate emitted
from the transfer lines to allowable levels and to suppress spray leaks from the transfer pipes and
connectors. Failure of this component would not lead to a radiological release but could result in
excessive radiation exposures to tank farm operators involved in the transfi . Since certain classes
of events (e.g., seismic events) could lead to simultaneous failure of both inner and outer lines, such
failures result in doses that exceed onsite but not offsite guidelines. However, certain classes of
events could lead to simultaneous failure of the shielding structures and transfer lines. Such failures
(spray leak) were shown previously to result in doses that exceed onsite and offsite guidelines.
Consequently, the shielding material was designated as safety class. This designation would also
apply to temporary shielding placed over the flexible hose during transfers; i.e., credit was taken in

¢ accident analysis for suppression of spray leaks by the portable shielding.

Failure of the spill retention basin would not result in a release of material unless both the
primary and secondary containment systems also fail. The safety function of the spill retention basin
is to provide confinement of potential radioactive spills from the flexible transfer line, transportation
system, and connectors. Failure of the spill retention basin in combinatic with a leak or rupture of
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9.0 SAFETY MANAGEMENT SYSTEM

This chapter presents the information on the safety management system that supports the safe
operation of Tank Waste Remediation System (TWRS) facilities and the activities associated with the
transfer of K Basin sludge from a shipping container to a storage tank in the Hanford Site’s tank
farms. This chapter also identifies the requirements for developing safety management programs and
the documents that implement those programs.

TWRS is committed to safety management programs that ensure the following:
. Safe storage and trz “er of radioactive and hazardous materials,

° Protection of facility workers from exposure to  “oactive and hazardous m: ials and
indur 1 hazards,

. Protection of the public and environment from releases of radioactive and hazardous material.

The safety management programs comprise a broad range of safety-related activities from
radiation and hazardous material protection to disciplined conduct of operations. Developing and
maintaining the authorization basis documents and associated safety basis documents are essential to
safety management. TWRS has recently implemented improvements in the authorization basis process
that includes both organizational changes and configuration control changes (see Section 9.13).

Another important part of the TWRS safety management is provided in WHC-SD-WE-HAP-
002, Tank Farm Health and Safety Plan, which addresses routine operations performed at the tank
farms, establishes procedures, and provides general guidelines to minimize health and safety risks to
t facility workers and other onsite workers. Measures to protection of some of the safety controls
identified during the safety analysis process is also identified in WHC-SD-WE-HAP-002.

A sludge transportation system is being designed at this time. A Safety Analysis Report for
Packaging (SARP) will be prepared in the future to discuss the safety aspects of the transportation
system in accor nce with DOE Order 5480.3, Safety Requirements for the Packaging and
Transportation of Hazardous Materials, Hazardous Substances, and Hazardous Wastes.

A brief description of each safety management program, applicable requirements, and
implementing documents is provided in this chapter. These programs are not independent of each
other. In many cases, implementation of one program is through the application of the other
programs (e.g., conduct of operations is implem 'd through work contr  procedures, and
training). Implementation of all of these programs ensures the protection of ~ : workers, the public,
and the environment.

9.1 STANDARDS/REQUIREMENTS IDENTIFICATION DOCUMENT

The standards and requirements applicable to the K Basin sludge transfer facilities and
operations are the same as those governing the facilities and activities at the Tank Farms.
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As Low as easonable Achievable (ALARA) goals
Radiation worker training

Radiation exposure control

Radiological monitoring

General employee radiation training.

TWRS radiation protection is implemented through sitewide programs identified in the
following documents:

L HSRCM-1, Hanford Site Radiological Control Manual (1995)

i WHC 1-4-14, Applied Radiological ~— urols (1996)

° WF ~ IP-0718, Health Physics Procedures (1993)

° WHC-IP-0842, TWRS Administration (1996)

L WHC-IP-1043, WHC Occupational ALARA Program (1995)

. WHC-SD-WE-HAP-002, Tank Farm Health and Safety Plan (1995)

° WHC-SP-1145, WHC Radiation Protection Program Implementation of Title 10 Code of
Federal Regulations Part 835 (1995).

The Tank Farms Transition Project administers the Radiological Protection and Contamination
Control Program for TWRS. The Tank Farm Transition Project administration is also responsible for
establishing radiological protection standards and procedures; providing independent review and
evaluation of the program. Further, the project administration conducts radiological and dosimetry
support; develops and implements training; and coordinates the ALARA program.

9.4 HAZARDOUS MATERIAL PROTECTION

The Hanford Site Industrial Hygiene Program is designed to protect all workers from
hazardous exposures to physical, chemical, and biological agents. The program provides the basis for
an effective industrial hygiene program that preserves worker health and well being following
DOE 5480.4, Environmental Protection, Safety, and Health Protection Standards, and DOE 5480.10,
Contractor Industrial Hygiene Program. These DOE orders implement 29 CFR 1910, "Occupational
Safety and Health Standards,” and 29 CFR 1926, "Safety and Health Regulations for Construction. "
Current procedures are documented in WHC-CM-1-11 and WHC-CM-4-40, the industrial hygiene
manuals. The Industrial Hygiene Program is administered by Tank Farms Transition Project.
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9.6 TESTI 5,! RVEILLANCE, AND MAIN...NANCE

Initial testing, in-service surveillance, and maintenance programs associated with the transfer
and storage of K Basin sludge ensure the integrity and operability of safety SSCs.

The initial testing program includes program for all safety SSCs. The program requires
development of testing procedures and the review, evaluation, and approval of testing results. Testing
programs within the initial testing program are specified as quality assurance requirements in WHC-
CM-4-2, Quality Assurance Manual.

In-service surveillance and inspections at TWRS are based on DOE 4330.4B, Maintenance
Management Program. Program requir —nts include periodic inspections to ensure that proper
c« “tions, cleanliness, and housekeeping are maintained to support safe and reliable facility
o] i

Surveillance requirements have been established for safety-class and safety-significant SSCs.
These requirements provide assurance that the necessary quality of SSCs is maintained and that the
limiting conditions for operation are being met. Some of the monitoring systems that have
surveillance requirements are temperature, waste-level, tank vapor space pressure, and leak detection.

The TWRS maintenance program meets the requirements of DOE 4330.4B. Compliance with
this order is documented in WHC-SP-850, Maintenance Implementation Plan for Waste Tank
Maintenance and Production Management. Major maintenance programs include the following:

° Preventive maintenance

Spare parts control
Maintenance history
Corrective maintenance
Maintenance training
Measuring and test equipment.

Requirements for the maintenance program reflect the relative importance of facility SSCs for
protection of workers, the public, and the environment.

9.7 OPERATIONAL SAFETY

Operational safety addresses a variety of programs, including conduct of operations, fire
protection, occurrence reporting, unreviewed safety questions (USQs), and operational readiness
review programs.

The requirements for the operational safety are contained in the following documents:

. DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, 7/9/90 (change 1:
5/18/92)

° DOE 5480.7A, Fire Protection (1993)
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° DOE 5480.21, Unreviewed Safety Questions

° DOE-STD-3006-93, Planning and Conduct of Operational Readiness Reviews (ORR)(1993)
° DOE 5000.3B, Occurrence Reporting and Processing of Operations Information

° DOE 5480.31, Startup and Restart of Facilities Operational Readiness Review and Readiness
Assessments, 9/15/93.

The implementation guidance of these requirements is provided in WHC-IP-0842. Volume I,
Administration, of WHC-IP-0842, TWRS Administration, provides implementation guidance for
Operational Readiness Review and the TWRS Fire Protection Progi

Volume II, Operations, of WHC-IP-0842, TWRS Administration, provides additional
implementation guidance for operations at VRS facilities for such topics as: Management of
respiratory protection ¢ rols 1 excavation permits, Access Control, and * - Conduct of

o)

WHC-CM-1-5, Standard Operating Practices, establishes requirements for WHC conduct of
operations and is supplemented by the Westinghouse Electric Corporation’s GOBU "Conduct of
Operations” manual. The manual covers all WHC projects, programs, activities, and facilities, unless
exceptions are indicted in the individual procedures.

WHC-CM-4-41, Fire Protection Program Manual, provide employees who are not fire
protection professionals with the information on fulfilling fire protection requirements.

9.8 TRAINING AND PRC IDURES

The purpose of the training program is to provide training that supports workers in
accomplishing assignments in a safe and effective manner. TWRS’ commitment to safe operation
of the facility is demonstrated by procedures and training that sz~ “y the following U.S. Department
of Energy (DOE) requirements:

. DOE 4330.4B, Maintenance Management Program (1994)
° DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 (1992)

° DOE 5480.20A, Personnel Selection, Qualification, Training, and Staffing Requirements at
DOE Reactor and Non-Reactor Facilities (1994).

Procedure development and control processes are based on WHC-CM-3-5, Document Control
and Records Management Manual, Section 12.5, Technical Procedure Standard. This standard
provides the minimum requirements for identification of need, preparation, review, approval, change,
revision, use, and periodic review of Hanford Site procedures.

Administrative procedures have been developed to comply with WHC-CM-3-5, Section 12.5
which defines minimum technical procedure development and use requirements. These practices
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ensure safe operations by requiring strict adherence to operating procedures, Technical Safety
Requirements. and sound operating practices. Company policy and administrative procedures further
require com; ance with operating, maintenance, emergency, and alarm response procedures.

The TWRS training organization has developed training programs that are consistent with the
:quirements contained in DOE 5480.20A and WHC-CM-2-15, Training Standards.

The ¢ ractor’s training program described in WHC-IP-0842, TWRS Administration, provides
detailed information implementation guidance for operations and maintenance/production control of
the facilities and the training of the personnel.

9.9 HUMAN FACTORS

The nsic ation of the abi y of the operator to reliably and safely operate T\.._3 facilities
is integrated into the processes that guide the engineering and « _ :rating functions at TWRS. e
TWRS Engineering and Tank Farm Transition Projects organizations are responsible for the
implementation of human factors.

TWRS Engineering utilizes the Safety Management System (SMS) to ensure that human
factors is considered in the design or modification of TWRS facilities and equipment. The SMS
requires that the TWRS Design Authority include human factors considerations in the development of
the functional requirements and technical criteria that guide the design activities. The SMS also
evaluates the human factor aspects of the operator in the prevention and mitigation of accidents. The
Safety and Licensing organization considers the effect of human performance on the safety and
reliability of operations. These considerations are reflected in the development of safety documents
such as the ISB, the FSAR, the IOSRs, and the TSRs.

The consideration of human factors in the operation of the facility is the responsibility of line
management in the Tank Farms Transition Project. The managers are assisted in this task by
organizations that address operations safety. These organizations include units responsible for
industrial hygiene, maintenance, procedures, and training. Each of these organi: ions has established
processes that consider human factors through the analysis of operator tasks, the use of lessons
learned, and the involvement of the operator in developing instruction n erial used in the operation
of the facility.

9.10 QUALITY ASSURANCE

Requirements for systematically implementing a quality assurance program, specified in 10
CFR 830.120, "Quality Assurance” and DOE 5700.6C, Quality Assurance, are established in
WHC-CM4-2. '

Activities affecting quality, safety, or reliability of TWRS operations, products, and services
are performed following documented and approved procedures appropriate for the task. The TWRS
procedure manuals are used to ensure that quality assurance requirements are systematically
implemented. Procedures are provided in the contractor’s quality assurance program for the
following functions and processes:
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10.0 ITEMS REQUIRING FURTHER RESOLUTION

There are a number of technical issues involving the offloading and storage of K Basin sludge
in DST AW-105, ranging from the preconceptual nature of the design of the Sludge Transportation
System to the uncertainties in the chemical and physical properties of the \ ‘ious sludge materials.
These “unknowns” tend to result in large uncertainties in the safety analyses. Many of these
uncertainties are addressed in the preliminary safety assessment through the use of “bounding”
assumptions that were intended to result in conservative risk estimates. Use of bounding assumptions
where large uncertainties exist leads to assurance that the risks would not | greater than the risks
estimated in this document; however, it also tends to lead to implementation of strict controls on K
Basin sludge offloading and storage activities which may or may not be needed. Therefore, resolution
of the items listed below would most likely reduce uncertainties about the sludge offloading and
storage activities and may lead to less-restrictive, and less-costly control strategies.

10.1 SLUDGE CHEMICAL AND PHYSICAL PROPERTIES

There are a number of uncertainties about the chemical and physical properties of K Basin
sludge materials that require resolution before approval to ship and store the material in the tank
farms can be obtained. An ongoing sludge characterization program is attempting to resolve these
issues. In addition, tank farm waste compatibility issues, dealing with the chemical compatibility and
stability of commingled K Basin sludge and AW-105 tank wastes, must also be addressed.

The original key assumption regarding the sludge was that no treatment, other an chemical
adjustments such as adjusting the pH and addition of nitrate and nitrite to meet tank farm corrosion
specifications, would be performed at K Basins to specifically address pyrophoric chemical reactions
or hydrogen gas generation and accumulation. This implies that the chemical compatibility of K
Basin sludge and AW-105 wastes can be favorably demonstrated without requiring treatment of the
sludge materials.

More specific assumptions that require resolution, further analysis, and/or experimental
studies are listed below:

o Mixing studies with actual AW-105 wastes and K Basin sludge materials are required to
verify waste compatibility.

. Waste compatibility assessments of KE canister and fuel wash sludges and all KW Basin
sludges are required to confirm the asssumption that these sludges are compatible with AW-
105 waste.

o An independent technical review is needed to verify assumptions made about the chemical
forms of toxic analytes and gaseous combustion products.

o Characterization of the radionuclide and toxic chemical composition of K East canister and
fuel wash sludges and all KW Basin sludges is needed to reduce uncertainties about the
consequence results.
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sludge, including flammable gas generation and retention and pyrophoric chemical reactions. Final
resolution of the criticality safety requirements for storage of K Basin sludge will have to be
considered in future revisions to this safety assessment.
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APPENDIX A
GENERAL DESIGN REQUIREMENTS

This appendix presents a listing of regulations, DOE Orders, and requirements applicable to
the design and safety analysis of the K Basin sludge transfer systems. A concise compilation of
TWRS-specific federal, state, and local laws, regulations, permit conditions, industry consensus
codes, standards, and good business practices is provided in WHC-SD-MP-SRID-001, Rev 1, High
Level Waste Storage Tank Farms/242-A Evaporator Standards/Requirements Identification Document.
This document is currently being implemented and any required changes to TWRS programs,
particularly environment, safety, and health and safeguards and security functional areas, are being
identified. Changes required to incorporate K Basin sludge offload and storage activities will be
incorporated at a later date. Note that this appendix foi s on TWRS-related requirements because
the Sludge Receiving Station and DST AW-105 are, or will be, ., RS f ties. The Sludge
Transportation - stem will be designed, fabr  ed, and operated under s  ar: s of requiren ts,
‘which have been incorporated into this appendix where applicable.

The ! lowing sections present the requirements that are applicable to each major section of
the safety asséssment, as defined in DOE Order 5480.23 and DOE-STD-3009-94. Separate sections
are provided for each major chapter in the outline provided in the DOE Standard.

A.1  SITE CHARACTERISTICS REQUIREMENTS

The following are current standards, regulations, and DOE orders that establish the
requirements r Hanford Site characterization in support of safety analysis and design. Additional
requirements may be imposed on new facilities and facility modifications to meet DOE safety
requirements:

° DOE 5480.28, Natural Phenomena Hazards Mitigation (1993)"
° DOE 6430.1A, General Design Criteria (1989)"

L4 DOE-STD-1020-94, Natural Phenomena Hazards Design and Evaluation Criteria for
Department of Energy Facilities (1994)

® DOE-STD-1021-93, Natural Phenomena Hazards Performance Categorization
Guidelines for Structures, Systems, and Components (1993)

° DOE-STD-1022-94, Natural Phenomena Hazards Site Characterization Criteria
(1994)

L DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria (1995)

! Although DOE 5480.28 and DOE 6430.1A have been rescinded recently, the
contractor is obligated by the existing contract to meet the requirements in these
orders.
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] DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for
Compliance With DOE Order 5480.23, Nuclear Safety Analysis Reports (1992).

° DOE-STD-3009-94, Preparation Guide for U.S. DOE Nonreactor Nuclear Facility
Safety Analysis Reports (1994).

A.4 SAFETY SYSTEM, STRUCTURE, AND COMPONENT REQUIREMENTS

The following documents present the primary criteria for the design, analysis, and designation
of safety systems, structures, and components (SSCs):

° DOE 5480.23, Nuclear Safety Analysis Reports (1992).
] DOE 6430.1A, General Design Criteria (1989)"

° DOE-STD-1021-94, Natural Phenomena Hazards Performance Categorization
Guidelines for Structures, Systems, and Components (Change 1)

A.5 TECHNICAL SAFETY "“’)UIREMENTS

The primary requirements for preparation of the hazard and accident analyses and the TSR
document are included in the following documents:

° DOE 5480.22, Technical Safety Requirements (1992).
] DOE 5480.23, Nuclear Safety Analysis Reports (1992).
A.6 CRITICAL] Y REQUIREMENTS

The following design codes, federal regulations, DOE orders, and standards were used to
establish the foundation for criticality safety of TWRS facilities and the Sludg Transportation System:

° 10 CFR 71, "Packaging of Radioactive Material for Transport" (1995)

® 49 CFR 171-179, "Transportation” (1995)

o DOE 5480.24, Nuclear Criticality Safety (1992)

° DOE 5480.23, Nuclear Safety Analysis Reports (1994).

° As cited and modified by DOE 5480.24, 1992, Nuclear Criticality Safety,
U.S. Department of Energy, Washington, D.C. Note: Canceled by DOE O 420.1.
Compliance with DOE 5480.24 is required until the Contracting Officer directs

compliance with DOE O 420.1 or provides other direction to terminate compliance
with DOE 5480.24:
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- ANSI/ANS-8.1-1983, Nuclear Criticality Safety in Operations with Fissionable
Materials Outside Reactors (1983)

- ANSI/ANS-8.3-1986, Criticality Accident Alarm System (1986)

- ANSI/ANS-8.7-1975, Guide for Nuclear Criticality Safety in the Storage of Fissile
Materials (1975)

- ANSI/ANS-8.19-1984, Administrative Practices for Nuclear Criticality Safety (1984).

A.7  RADIATION PROTECTION REQUIREMENTS
The foliowing documents form the philosophical and legal bases for the radiation protection
program at Hanford facilities, including TWRS, Spent Nuclear Fuel, and transportation and
packaging. ’
10 CFR 8 = "Occupational R ™ tion Protection,” (1993).

° DOE/EH-0256T, Radiological Control Manual, (1994).

o HSRCM-1, Hanford Site Radiological Control Manual, Rev. 2, (1994).

o DOE 5400.1, General Environmental Protection Program, (1990).

L DOE 5400.5, Radiation Protection of the Public and the Environment, (1990).

In addition to these principal documents, the following documents affect parts of the radiation
protection program:

® DOE 5480.18B, Accreditation of Performance-Based Training for Category A
Reactors and Nuclear Facilities, (1991)

L DOE 5480.20, Personnel Selection, Qualification, Training, and Staffing
Requirements at DOE Reactor and Non-Reactor Nuclear Facilities, (1994)

L DOE 5480.4, Environmental Protection, Safety, and Health Protection Standards,
(1993)°

® 20 CFR 1910, "Occupational Safety and Health Standards,"” (1996)

L 40 CFR 61, "National Emission Standards for Hazardous Air Pollutants,” (1996)

3 This order has been canceled and replaced by DOE 0 440.1. Compliance with DOE
5480.4 is required by the WHC contract and is, therefore, the applicable requirement
for the TWRS safety basis.
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The radiological training program at Hanford complies with the requirements stated in
10 CFR 835 and its implementation guide G-10 CFR 835/J1-Rev. 1, DOE 5480.18B, and DOE
5480.20. The training program also meets the requirements of the DOE training program
management manuals (DOE/EH-0258T-1, General Employee Radiological Training and Radzologzcal
Worker Training; DOE 1992b, Radiological Control Technician Training) and the DOE training
accreditation program manual (DOE 1991, Training and Accreditation Program Manual). The
training program is structured so that every employee receives the training necessary to safely
perform their work but not extraneous training. The quality of the radiological protection training
program is assured by the guidance of the radiological control organization through their oversight
function. Worker qualification records are maintained by the contractor’s training records
organization. This section provides an overview of the radiological training program while section
A.12 "Procedures 1 Training" of this apendix describes the management aspects of the training
program.

The site-wide an | Training Pro; consists of courr inger alsa ya ‘el
nuclear safety, and hazardous materials and waste. The radiological protection training program
includes information on general and specific aspects of radiation safety including: minimization of
radiation exposures through the use of time, distance and shielding; radiation health effects; and
radiation dose limits. The Safety Training Program includes a multitiered radiation protection
training program which provides a level of training commensurate with the individual’s radiological
worker status and specific work assignment. Training requirements and the methods used to develop
training programs are discussed in the TWRS FSAR, Chapter 12.

A.8 HAZARDOUS MATERIAL PROTECTION REQUI™™™ “"NTS
Applicable design codes, standards, regulations, and DOE orders r :vant to this chapter and
required for establishing the safety basis of TWRS facilities are listed in this section. These DOE
orders implement 29 CFR 1910, "Occupational Safety and Health Standards,” and 29 CFR 1926,
"Safety and Health Regulations for Construction.”
o DOE 3790.1B, Federal Employee Occupational Safety and Health Program (1993)

L DOE 5480.1B, Environmental, Safety, and Health Program for DOE Operations,
Change 5 (1993)*

L DOE 5480.4, Environmenfal Protection, Safety, and Health Protection Standards,
Change 4 (1993)°

' Paragraph 5o canceled by DOE 5480.21 of December 24, 1991; entire order canceled
by DOE N .251.4. Compliance with DOE 5480.1B required until directed by
Contracting Officer to terminate compliance.

5 Attachment 2 Paragraphs 2c, 2d(2)-(3), 2e(1)-(8) canceled by DOE O 440.1;
Attachment 3 Paragraphs 2c, 2d(2)-(3), 2e(1)-(7) canceled by DOE O 440.1.
Compliance with DOE 5480.4 required until the Contracting Officer directs
compliance with DOE O 440.1 or provides other direction to terminate compliance
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o Solid wastes:
40 CFR 260, "H@dom Waste Management System: General" (1995)
40 CFR 261, "Identification and Listing of Hazardous Waste" (1995)
40 CFR 262, "Standards Applicable to Generators of Hazardous Waste” (1995)
40 CFR 263, "Standards Applicable to Transporters of Hazardous Waste" (1995)

40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Treatment,
Storage, and Disposal Facilities” (1995)

40 CFR 265, "Interim Status Standards of Owners and Operators of Hazardous Waste
Treatment, Storage, and Disposal ~ cilitie: (1995)

40 CFR 266, "Standards for the Management of Specific Hazardous Wastes and
Specific Types of Hazardous Waste Management Facilities" (1995)

40 CFR 268, "Land Disposal Restrictions” (1995)
40 CFR 279, "Standards for the Management of Used Oil" (1995)
DOE 5820.2A, Radioactive Waste Management (1988) |
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1994)
WAC 173-303, "Dangerous Waste Regulations” (1995)
o Hazardous materials:
40 CFR 370, "Hazardous Chemical Reporting: Community Right-To-Know" (1995)

40 CFR 372, "Toxic Chemical Release Reporting: Community Right-To-Know"
(1995)

40 CFR 761, "Polychlorinated Biphenyls (PCBs) Manufacturing, 1 cessing,
Distribution in Commerce, and Use Prohibitions” (1995)

40 C R 763, "Asbestos" (1995)
° Water quality:

Consent Order DE-91INM-177 (see WHC-CM-7-5, Appendix E [1996])

| K Basin Sludge Safety Assessment ‘ A7 May 30, 1997



Rev. B

DOE 5400.1, General Environmental Protection Program, Change 1 (1990)"°

DOE 5400.5, Radiation Protection of the Public and the Environment, Change 2
(1993)

WAC 173-200, "Water Quality Standards for Ground Waters of the State of
Washington" (1995)

WAC 173-216, "State Waste Discharge Permit Program" (1995)
WAC 173-218, "Underground Injection Control Program" (1995)
L Air quality:
40 CFR 60, "Protection of Environment" (1995)
40 CFR 61, "National Emissions € * * for F dous Air Pollutants" (1995)
WAC 173-400, "General Regulations for Air Pollution Sources" (1995)
WAC 173-460, "Controls for New Sources of Toxic Air Pollutants” (1995)

WAC 173480, "Ambient Air Quality Standards and Emission Limits for
Radionuclides” (1995)

WAC 246, "Department of Health" (1995)

® Spill reporting:
40 CFR 302, "Designation, Reportable Quantities, and Notification" (1995)
WAC 173-303, "Dangerous Waste Regulations” (1995)

. Transportation:

49 CFR 171, Subchapter C — Hazardous Materials Regulations, "General
Information, Regulations, and Definitions" (1995)

49 CFR 172, "Hazardous Material Table, Special Provisions, Hazardous Materials
Communications, Emergency Response Information, and Training Requirements”
(1995)

10 Chapter II, Paragraphs 2b, 4b, and 4c and Chapter III, Paragraphs 2d and 3b,
canceled by DOE O 231.1. Compliance requ1red until directed by Contracting
Officer to terminate compliance.
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49 CFR 173, "Shippers — General Requirements for Shipments and Packagings"
(1995)

DOE 1540.2, Hazardous Material Packaging for Transport - Administrative
Procedures, Change 1 (1988)'!

DOE 5480.3, Safety Requirements for the Packaging and Transportation of Hazardous
Materials, Hazardous Substances, and Hazardous Wastes (1985)"

Hanford Facility RCRA Permit, Dangerous Waste Portion.

A.10 INITIAL TESTING, IN-"""VICE SURY™ " " ANCE, AND MAINTENANCE

Initial testing, in-s¢ ice surveillance, and maintenance policies and prog | edin
y assessment are - ulated by the follow ; DOE or

this si

DOE 4330.4B, Maintenance Management Program (1994)"
DOE 4700.1, Project Management System, Change 1 (1992)

DOE 5480. 19, Conduct of Operations Requirements for DOE Facilities, Change 1
(1992)

DOE 5480.23, Nuclear Safety Analysis Reports, Change 1 (1994)
DOE 5480.31, Startup and Restart of Nuclear Facilities (1993)"

DOE-76-45/1, Occupancy/Use Readiness Manual (1992).

1

12

13

14

Canceled by DOE O 460.1 and DOE O 460.2. Compliance required until
DOE 0 460.1 or DOE O 460.2 is for compliance or other Contracting Officer
directing to cancel.

Paragraph 2e canceled by DOE O 231.1; entire order canceled by DOE O 460.1 and
DOE N 251.4. Compliance required until DOE O 460.1 is for compliance or other
Contracting Officer direction to cancel.

DOE 4330.4B and DOE 4700.1 will be phased out/canceled upon meeting
implementation conditions of DOE O 430.1, Life-Cycle Asset Management (1995).

DOE 5480.31 canceled by DOE N 251.4, Cancellation g) irectives. Compliance
with DOE 5480.31 is required until the Contracting Officer provides direction to
terminate compliance.
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° 10 CFR 830, "Nuclear Safety Management" (1994)
o DOE 5000.3B, Occurrence Reporting and Processing of Operations Information (1993)"
L DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 (1990)

o DOE 5480.20A, Personnel Selection, Qualifications, Training, and Staffing Requirements at
DOE Reactors and Nonreactor Nuclear Facilities (1991)

L DOE 5480.23, Nuclear Safety Analysis Reports, Change 1 (1994)

] DOE 6430.1A, Generai  sign Criteria, Section 1300-12, "H Factors Engineering"
(1989)' :

®  HSRCM-1, Hanford Site Radiological ntrol Manual (1994).
A.14 QUALITY ASSURANCE REQUIREMENTS

10 CFR 830.120 is the source document for the contractor Quality Assurance Program
(QAP). WHC-SP-1131, Westinghouse Hanford Company Quality Assurance Program and
Implementation Plan, Implementation of Title 10 Code of Federal Regulations Part 830.120, details
the contractor QAP and the measures taken to comply with 10 CFR 830.120. WHC-SP-1131 has
been issued by the contractor and approved by the DOE. Appendix A of WHC-SP-1131 contains
details of unique, TWRS-specific features and implementation shortcomings that are part of the
implementation plan. A standards/requirements identification document (S/RID) produced for each
TWRS facility lists specific codes, standards, and requirements used to implement the contractor
QAP. These TWRS S/RIDs are subsets of the company-level S/RIDs set.

A.15 EMERGENCY PREPAREDNESS REQUIREME... .,
The llowing DOE orders, regulations, standards, and codes contain specific emergency

preparedness requirements that establish the safety basis for the tank farm facilities, including the
DST AW-105 and Sludge Receiving Station, as well as the Sludge Transportation System.

15 DOE 5000.3B, Occurrence Reporting and Processing of Operations Information,
Change 1 (1993) was canceled May 10, 1996. Subsequent references will be to DOE
0O 231.1.

16 Non-safety-related portions of DOE 6430.1A will be phased out or canceled when

implementation conditions of DOE O 430.1 are met; portions related to nuclear safety
for mreactor nuclear facilities will be canceled by DOE O 420.1. Compliance with
DOE 6430.1A is required until directed by U.S. Department of Energy, Richland
Operations Office; to comply with DOE O 430.1 and DOE O 420.1. Contract
modification is required when DOE 6430.1A is canceled.
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10 CFR 835, "Radiation Protection” (1993)
29 CFR 1910, "Occupational Safety and Health Standards" (1995)

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous
Waste Treatment, Storage, and Disposal Facilities for EPA Solid Wastes" (1995)

40 CFR 302, "Designation Reportable Quantities, and Notification; EPA/Superfund,
Emergency Planning, and Community Right-To-Know Programs” (1995)

40 CFR 355, "Emergency Planning and Notification; EPA/Superfund, Emergency
Planning, and Community Right-To-Know Programs” (1995)

WAC 173-303, "Dangerous Waste Regulations” (1995)

WAC 296-62, "Occupational Health Standards—Safety Standards for Carcinogens”
(1995)

DOE O 232.1, Environment, Safety, and Health Reporting (1995)"

DOE 5480.10, Contractor Indﬁstrial Hygiene Program, Change 3 (1985)

DOE 5480.11, Radiation Protection for Occupational Workers, Change 3 (1992)'®
DOE 5482.1B, Environment, Safety, and Health Appraisal Program, Change 1 (1991)
DOE 5500.1B, Emergency Management System, Change 1 (1992)"

DOE 5500.2B, Emergency Categories, Classes, and Notification and Reporting
Requirements, Change 1 (1992)®

DOE O 151.1, Comprehensive Emergency Management System (1995).

17

18

19

20

DOE 5000.3B, Occurrence Reporting and Processing of Operations Information, Change
1 (1993) was canceled May 10, 1996. Subsequent references will be to DOE O 231.1.

Canceled by DOE N 441.1 and DOE N 251.4. Compliance with DOE 5480.11 is
required until the Contracting Officer directs compliance with DOE N 441.1 and
DOE N 251.4 or provides other direction to terminate compliance with DOE 5480.11.

Entire order canceled by DOE O 151.1, Change 1. Compliance with DOE 5500.1B is
required until directed by DOE-RL to comply with DOE O 151.1.

Entire order canceled by DOE O 151.1, Change 1. Compliance with DOE 5500.1B is
required until directed by DOE-RL to comply with DOE O 151.1.
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o HSRCM-1, Hanford Site Radiological Control Manual (1994).
A.16 DECONTAMINATION AND DECOMMISSIONING REQUIREMENTS
The current regulatory basis for Decontamination and Decommissioning (D&D) activities is
being developed. DOE plans to address D&D requirements for existing facilities in greater technical
detail in the future. The following requirements are representative of those currently in place for
D&D activities.
L DOE 5400.5, Radiation Protection of the Public and the Environment (1993)

] ~JE 5820.2A, Radioactive Waste Management, Chapter V, "Decommissioning of
Radioactively Contaminated Facilities" (1988)

° ! w ' wvironmental Pol _+ of1 )
®  Resource Conservation and Recovery Act of 1976

° WAC 173-303, "Dangerous Waste Regulations," Washingt. Administrative Code
(1995).

A.17 MANAGEMENT, ORGANIZATIONAL, AND INSTITUTIONAL SAFETY PROGRAM
REQUIREMENTS

This section lists the requirements specific to this chapter and pertinent to the safety analysis.
The following federal regulations and DOE orders are required for establishing the management,
organizational, and institutional aspects of the safety basis for TWRS facilities and operations:
L 10 CFR 830, "Nuclear Safety Management" (1994)

o G-830.120-Rev. 0, Implementation Guide for Use with 10 CFR Part 830.120, Quality
Assurance (1994)

L LID 232.1, Occurrence Reporting and Processing of Operations Information (1996)

o DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1
(1992)

L DOE 5480.21, Unreviewed Safety Questions (1991)
L DOE 5480.22, Technical Safety Requirements, Change 2 (1996)
o 'OE 5480.23, Nuclear Safety Analysis Reports, Change 1 (1994)

L RLP 5480.23, Review and Approval of Nuclear Safety Analysis Reports, (1996).
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APPE. .LIX B

SUMMARY OF OCCURRENCES
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Table B.2. Tank Farm Events, Off-Normal and Critiques. (4 zets)

Date

Event #

Event Type

Event Description

3-18-96

WHC-TANKFARM-1996-026

ON

Unauthorized low flying helicopters performing acrial ra  logical surveys over 241-A, AW, AX, AY, AZ,

and C farms.

CAM - Continuous air monitor

DACS -

DCRT - double-containment receiver tank
HEPA - high-efficiency particular air
ICF KH - ICF Kaiser Hanford Company

LCO -
LEL -
LFL -
LOW -

NFPA - National Fire Prevention Association
ON - Off-normal

0O0S - Out of service

WHC - Westinghouse Hanford Company
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APPENDIX C
PRELIMINARY HAZARDS ANALYSIS TABLES

This appendix presents the PHA tables developed for this assessment. The PHA forms the

basis for the identification of accident scenarios and subsequent selection of evaluation-basis accident
scenarios. The PHA is presented in four tables: Table C.1 presents the PHA for receipt and onsite
transport of the K Basin sludge shipping container at the AW tank farm; Table C.2 is for the
connection and transfer operations at tank AW-105; and the PHA for storage activities is presented in
Table C.3. Note that 1ble C.3 is divided i1  f~ sub-sections: Table C.3a addresses hazards
associated with the storage tank structures and contents; Table C.3b add 's the AW tank farm
ventilation system: Table C.3¢ addresses the central pump pit, sluice pit, and other dome

penetrati 2 : 73 W s piping, the annulus pump pit, and leak detection pit.

The PHA identifies a number of accident scenarios and provides preliminary estimates of their

frequencies and consequences. In some cases, such as the natural phenomena and extrinsic hazard
preliminary evaluation (Chapter 5), frequency and consequence data are presented that form the basis
for assigning particular scenarios to their respective frequency and consequence categories. For other
scenarios, engineering judgement and the analyst’s experience with similar systems and components
formed the basis for the qualitative assessment of scenario frequencies and consequences. Each
scenaro was assigned to a frequency category shown in Table C.1 and a consequence category shown
in Table C.2. Some rules of thumb were followed in making these judgements, as des: bed below:

Frequency Assignments

1. No ¢ lit was taken for operation of active mitigation and prevention features, such as
exhaust fans, pump shut-offs, etc.

2. Credit was taken for the presence of passive barriers, such as the integrity of e tank liners,
shipping container containment vessel, ventilation ductwork, etc.

3. Administrative barriers, such as sludge acceptance criteria, operating procedures, training,

etc., were assumed to fail.

Consequence Category Assignments

1.

Scenarios resulting in pressurized releases (explosions, fires, etc.) of K Basin sludge were
assigned to Category 1 as the energy of the release was judged to be sufficient to reach offsite
receptors.

Scenarios resulting in non-pressurized releases of K Basin sludge were assigned to Category
2, as were, in general, vapor and liquid releases.

Occupational exposures above limits were assigned to category 3. Direct tposures to
excessive radiation levels were judged to be insignificant outside the tank rm.

K Basin Sludge Safety Assessment. C.1 May 30, 1997






Table C.1. PHA for Receipt and Onsite Transport at AW Tank Farm

(See Section 2.2 for definitions)

CONSE-

PREVE TON/MITIGATION
HAZARD | PHENOMENA CAUSES %’(SJE QUENCES
OCC. | SEV. ENGINEER {INISTRATIVE
Acceleration/ Sludge + 1 Al. Truck collision F3 Y S3 Container tiedown, ! Vehicle spotter,
Deceleration container container structural container tiedown
dislodged and A2. Severe driving error F3 Y S3 integrity, crash procedure, driver
breached barriers, mark qualification, speed ‘
A3. Liquid sloshing F3 Y S3 roadway limit : Fl
Other object(s) A4. Truck collision F2 Y SO Crash barriers, F2
dislodged marked roadwv
AS. Driving error F3 Y SO F2
Contamination Exposure from A6. Externally F3 N Si None Health physics Fl
sludge container | contaminated container inspections at K Basin
contents received and tank farm
A7. Tank farm chemicals | Fl N Si Container material Tank farm chemical Fl
corrode container storage requirements,
routine inspection,
expeditious scheduling
of sludge transfer
Exposure from A8. Tank farm surface F3 N Si None F2
tank farm contamination
contents f



















CONSE-

PREVENTION/MITIGATION SCENARIO
HAZARD | PHENOMENA CAUSES g:g(s;: QUENCES FRE-
OCC. | SEV. | ENGINEERING | ADMINISTRATIVE | QUENCY

AS2. Flood (including Fl Y $3 Tank farm Fo
dam burst), heavy rain, elevation, surface
hail drainage
AS3. High wind R S3 Container tiec F2

structural inte
A54, Snowfall or ashfall F2 S3 Fo
(heavy loading) |
ASS. Brush fire R Y s3 Tank faimm loc  on Tank farm operating Fl |

away from procedures, fire

combustible t  h, services

container thermal

resistance
AS6. Aircraft impact F2 Y S3 None I Ban on aircraft FO

flyovers II

























Table C.3a. PHA for Storage Operations - Tank Structure And Contents

CONSEQ. PREVENTION/MITIGATION
HAZARD PHENOMENA CAUSES CAUSE SCEN.
FREQ. |OCCU.|SEV.|ENGINEERING|  ADMINISTRATIVE FRE.
|
hemical Reaction |Breach of tank C.1 Exothermic reactions WF3 Y S3 IDouble-barrier Waste compatability program, JF1
integrity, Finvolving incompatible waste, imum discharge pressure into
xothermic energy [pyrophoric reaction F;::
release
(C.2 Paraffinic, organic F2 Y S3 {Double-barrier Fl
[materials in sludge |
(C.3 Mistransfer (wrong E‘ 1 Y S3 arked roadway; F1
1receiver tank) k indicator; off
loading station
orrosion Breach of tank C.4 Tank corrosion F1 N §2 [Double-barrier; F1
integrity, internal Iaccelemed by sludge ‘ leak detection
equipment failure
.5 Equipment (i.e. sludge [F1 N S2 F1
distributor, piping, HVAC,
tc.) corrosion accelerated by
sludge
"Electrical and Power [Loss of power to lLoss of HVAC (see “HVAC system”™ PHA)
Source Failure ssential
equipment, loss of {C.6 Loss of instrumentation, {F2 N S1 ({Electrical design; toutine inspection and maintenance JF2
controt controls, alarms mergency diesel
enerator; double-
C.7 Loss of sludge F2 N S1  |barrier F2
distributor I
.8 Electrical fault in F2 N S1 F2
electric-driven equipment
Explosion Breach of tank WFI Y S$3 |Double-barrier; t FO

integrity (i.e., tank
linear, tank dome,
etc.) highly
energetic release

involving pyrophoric

C.9 Exothermic reactions
Lnatcrials in sludge

ventilation system













CONSEQ. PREVE N/MITIGATION
HAZARD PHENOMENA CAUSES CAUSE SCEN.
FREQ. |OCCU.|SEV. ENGINEERINGl ADMINISTRATIVE FRE.
.36 External pressure from |F1 Y S2 FO
ground creep and movement
(e.g., truck, crane, other
lequipment)
IC.37 Tank dome overburden |FO S2 ome loading surveys by TFSE. FO
.38 External dropped F1 Y S2 Fros farm heavy loading restrictions §FO
uipment
oxicity External or C.39 Toxic materials in |{F3 N S1 [Double-barrier; farm Health and Safety Plan |F3
internal exposure |sludge, vapors (e.g. ventilation system
o excessive levels onia)
of hazardous
chemicals
Vibration and Noise |Repeated rapid IC.40 Tank wall failure F1 N S2 EDoublc-ban'ier ine inspection and maintenance jF1
movement from  |Jthrough equipment vibration
:xternal sources
IC.41 Nearby workers !FZ N S2 F1
operating heavy equipment,
machinery
riticality Breach of tank >.42 Chemical reactions F1 Y S2 |Tank is subcritical > -0842. Administrative FO
resulting from tan _e.g., Precipitation, land over moderates ol of fissile material inventory; II
pressurization, extraction, or dissolution of >-SD-WM-SARR-001, Braun
thermal shock to |materials within the tank) ; WHC-SD-CSQ-20363, Rogers
the tank wall or , criticality safety program
tank dome, rols not yet determined) P
[physical stress to c.43 Evaporation or [F1 Y | 82 FO i
the tank wall or  |condensation of materials
tank dome. within the tank, sludge
Personnel exposure{distribution in unfavorable .
o high dose rates |geometry, incorrect K Basin
sludge analysis.

























CONSEQ. PREV TIO! WITIGATION
HAZARD PHENOMENA CAUSES CAUSE SCENA.
FREQ. OCCU.{SEV.| ENGINEERI ADMINISTRATIVE FREQ.
Vibration and Repeated rapid D.50 Fatigue failure of F1 R Y §2  tedundant syster [Routine inspection and Fi
Noise movement from ventilation equipment resulting @esign specificationgmaintenance
internal or external {from excessive vibration, etc.
sources
D.51 System failure through [Fl Y S2 |[Design ne inspection and Fl1
ransfer equipment vibration specification; enance

transfer equipm
isolated from
HVAC equipm

Impact and Shock

Structural impact |D.52 Vehicular collision with
bove grade ventilation
system/component

See

“Structural Dan ilure” hazards







CONSEQ. PRE" MON/MITIGATION
HAZARD PHENOMENA CAUSES CAUSE
FREQ. LOCCU. SEV.| ENGINEERING rADMINISTRATIVE
Leakage (vapor) [Release of hazardous [E.10 Riser gasket IFl Y S1 [Radiation monitt g NHC-IP-0842, Waste tanks
irborne or gaseous |degradation tank vapor head iceladministration, Health
aterial - ] ~—maintains negative Physics Technician survey
E.11 Riser or pump pit rm Y S1 jpressure; Venti 1 [procedures and radiation
pening for equipment system. work permit for opening

installation or removal

E.12 Riser left open due to |F3 Y S1

human error

E.13 Infiltration through IF1 N S1

pump pit drain lines

E.14 Infiltration through  [F2 N S1

leak detection pit drains

E.15 Infiltration through F3 Y S1 I

instrument opening

E.16 Infiltration through the [F3 N | s F3

central pump pit to annulus

pump pit cross-connection

line '
Leakage (liquid) [Release of liquid IE.l7 Sludge leakage to pit |F2 Y S1 |Leak detection; ank farm operating F1

draining system Iprocedures
|
|E.18 Cover block left open 3 Y S2 ‘over block operating F2
rocedures
| |

Pressure - High |Integrity impact E.19 Riser failure from tank IFl Y S2 |Ventilation sy n Air balance control FO

pressurization (vapor or :

liquid)

E.20 Pit failure from tank  [F1 Yy | s2 ' IF1

pressurization













CONSEQ.

B

PREV] TION/MITIGATION
HAZARD PHENOMENA CAUSES CAUSE SCENA.
FREQ. |OCCU. |SEV.|ENGINEERING ADMINISTRATIVE FREQ.
Vibration and Noise |Repeated rapid 1 outine maintenance and FFl

movement from
xternal sources

I‘l-:l.23 Pipes and pit failure

rough transfer vibration

ontainment

N S1 Frimary

ispection

1



Rev. B

API™DIX D

HAZARDC s ____ AL ) QU ! ASS vk

K Basin Sludge Safety Assessment May 30, 1997



ONSITE RECEPTOR

Unit Release
Onsite Receptor
All Frequencies

Onsite
Onsite

Type
Steady state
Puff

Duration
> 35s
< 35s

Fraction of Risk Guideline, Steady-state release

Anticipated

Corrosives, Irritants

Ammonia (NH3)

Barium (Ba metal)
Chromium (Cr+ 3 metal)
Sodium hydroxide (NaOH)
TOC

Sum of Fractions

Allowable release
Units

Toxics

Berylium (Be metal)
Cadmium (Cd metal)
Copper (Cu metal)
Selenium (Se metal)
Thallium (T1 metal)
Uranium (U metal)
Polychlorinated Biphenyls

Sum of Fractions

Allowable release
Units

2.61E01

8.54E-01
7.52E+00
7.62E401
4.57E03

8.48E+01

1.2E02

4.54E+01
3.94E+00
3.23E+00
1.93E+01
2.60E+01
4.37E+03
2.03E-02

4.42E+03

2.3E-04

Unlikely

1.31E-02

4.21E-02
3.80E-01
3.81E+00
9.14E-04

4.25E+00

2.4E-01
Liters per second

1.09E+01
7.88E-01

1.94E+00
9.64E+00
3.90E+00
4.37E+02
1.22E-02

4.52E+02

2.2E-03
Liters per second

Fraction of Risk Guideline, Puff release

EU

5.22E-03

1.69E-02
1.52E-01
1.52E+00
2.74E-04

1.70E+00

5.9E-01

2.72E+00
7.88E-02
3.87E-01
1.93E+00
3.90E-01
2.18E+02
6.10E-03

2.21E+02

4.5E-03

X/Q

3.41E-02 s/m3

9.85E-03 per m3

Anticipated

7.54E-02

2.47E-01
2.17E+00
2.20E+01
1.32E-03

2.45E+01

4.1E-02

1.31E+01
1.14E+00
9.32E-01

5.57TE+00
7.52E+00
1.26E+03
5.87E-03

1.28E+03

7.8E-04

Unlikely

3.77E-03

1.22E-02
1.10E-01
1.10E+00
2.64E-04

1.23E+00

8.2E01
Liters

3.15E+00
2.28E-
5.59E-01
2 7RE+00
1 E+00
1.26E+02
3.52E-03

1.3 +02

7.7E-03
Liters

EU

1.51E-03

4.88E-03
4.38E-02
4.40E-01
7.92E-05

4.90E-01

2.0E+00

7.87E-01
2.28E02
1.12E01
5.57E-01
1.13E-01
6.31E+01
1.76E-03

6.39E+01

1.6E-02




OFFSITE RECEPTOR

Unit Release
Offsite receptor
All Frequencies

Offsite
Offsite

Type

Steady state

Puff

Duration
> 420 s
< 420 s

_/Q .
2.83E-05 s/m3
1. 3-07 per m3

Corrosives, Irritants

Ammonia (NH3)

Barium (Ba metal)
Chromium (Cr+ 3 metal)
Sodium hydroxide (NaOH)
TOC

Sum of Fractions

Allowable release
Units

Toxics

Berylium (Be metal)
Cadmium (Cd metal)
Copper (Cu metal)
Selenium (Se metal)
Thallium (T1 metal)
Uranium (U metal)
Polychiorinated Biphenyls

Sum of Fractions

Allowable release
Units

Fraction of Risk Guideline, Steady-state release

Anticipated

2.17E04
9.64E-03
3.25E-02
6.32E-02
4.55E-06

1.06E01

9.5E+00

1.13E-01
1.31E01
8.04E-03
1.60E-02
6.48E-02
1.81E+01
5.06E-05

1.82E+01

5.5E02

Unlikely

2.17E-04
7.09E-04
6.24E-03
6.32E-02
3.79E-06

7.04E-02

1.4E+01
Liters per second

3.77E02
3.27E-03
2.68E-03
1.60E-02
2.16E-02
3.62E+00
1.69E-05

3.67E+00

2.7E-01
Liters per second

EU

1.08E-05
3.49E-05
3.15E-04
3.16E-03
7.58E-07

3.52E03

2.8E+02

' 9.04E-03

6.54E-04
1.61E-03
8.00E-03
3.24E-03
3.62E-01
1.01E-05

3.75E-01

2.7E+00

Fraction of Risk Guideline, Puff release

Anticipated

8.73E07

3.
1.:
2.!
1.

05
o4
04
08

4.25E-04

2.4E+03

4.55E-04

5.

04

3.24E-05
6.45F-05

2.¢

04

7.30F-02

2.0

07

7.34E-02

1.4E+01

Unlikely

8.73E-07
2.86E-06
2.52E-05
2.55E-04
1.53E-08

2.84E-04

3.5E+03
Liters

1.52E-04
1.32E-05
1.08E-05
6.45E-05
8.70E-05
1.46E-02
6.79E-08

1.48E-02

6.8E+01
Liters

EU

4.36E-08
1.41E-07
1.27E-06
1.27E-05
3.06E-09

1.42E-05

7.0E+04

3.64E-05
2.63E-06
6.47E-06
3.22E-05
1.31E-05
1.46E-03
4.08E-08

1.51E-03

6.6E+02
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APPENDIX E
HVAC SYSTEM FAULT TREE ANALYSIS

- This appendix provides and documents the results of an assessment of the reliability of the
active ventilation system installed at tank AW-105. Fault tree analysis was used to estimate the
reliability of the HVAC system.

Figures E.1 and E.2 illustrate the 241-AW HVAC system. These drawings were derived
from informaiton in Section 3.3 and formed the basis for estimating the probability of failure of the
HVAC system.

The level of detail included in the fault tree was '~ ":ed by the avai’-*’lity of detailed
sy = ndes 1 and operating information. The system models v :develo, ° using the
following sources of uuormation:

Existing Westinghouse Hanford Company safety studies,

System schematics and operating procedures provided by WHC,
Verbal information from WHC cognizant engineers and technicians,
Published sources of data for component reliabilities, and
Engineering judgment.

SR W=

Figure E.3, sheets 1 to 4, shows the fault tree developed to model the 241-AW ventilation
system. Failure of the ventilation system to maintain the tank pressure below established limits is
modeled as an AND gate, named "VEN", with inputs from: 1) monitor/control systems failure and 2)
ventilation system failure. Failure of the monitor/control systems (modeled as an OR gate, named
VENT7) may result from equipment failure, alarm systems failure, loss of power or operator fails to
respond.

Ventilation system failure is modeled as an OR gate, named "VEN1" with inputs from air
inlet system failure and exhauster system failure. F ™ ire of the air inlet system (modeled as an OR
gate, named “VENI11") may result from filters failure/plugged, valves failure/plugged, vacuum
breaker failure, air flow controller failure, and/or human errors. Failure of the exhauster system is
modeled as an OR gate "VEN12" with 2 inputs, moisture separator paths failure a1 exhauster path
failure. As mentioned in the system description section, there are 2 moisture separator paths in
parallel, one named “K1-1-1" and the other named “K1-1-2". Hence failure of the moisture separator
paths is modeled as an AND gate, named "VEN22". Failure of these paths may result from valves
failure, moisture separator failure, exhauster failure and/or unavailable due to maintenance. There
are 2 trains of the exhauter, K1-1 and K1-2, designed to perform in parallel. Exhauter subsystem
failure is modeled as an AND gate, named "VEN23" with input from K1-1 and K1-2 subsystems
failure. These systems may be failed by valves failure, heater failure, HEPA filters failure, and/or
fan failure. '

K Basin Sludge Safety Assessment E.l1 May 30, 1997
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N Atmosphere
A

1 FQ1-EXH-K1-1
RAN-EXH-K1 [ | | —{ | K1 Record Sampler
Air —1
l[ Flow  DPI-28

_Meas. VTP-PD1-211

DPS4 DPS-1i
’%1'1_3-52!-' _l::zn ( N VTP-PDS-202  VTP-PDS-20 p K1-5-1 Fan
. | ( | VTP-EF-201

MK-601 _
VTP-MOV-202

|
|
j
|
|
K1-4-4 HEPA DPIS4 |
VTP-FLT-206 [HEPA | wp-wons-zo{n
!

v i v-201

I

|

I

|

}

| DPIS-1 K1-4-2

VTP-PDIS-ZOS VTP-FLT-205

!

K14-3 HEPA DPIS-5 i | DPI1S-2
VTP-FLT-204 VTP-PDIS-208 VTP-PDIS-205
| |

K1-3-2 [ 80% DPIS-6 | | DP1S-3
VTP-FLT-202 ] VTP-PDIS-208 VTP-PDIS-207

T8 O VTP-HTR-202 L VIP-HTR201  TI-2
VTP-TI-204 K1-2-2 | | K1-2-1 VTP-T|-203

HTS-2 Dé HEATER |- — ~ — — — b ~THEATER |00 HTS-1
VTP-TSh-202 Tl-%gj DTI ] VTP-TSH-201

VTP-TI-202 ~ MK-603 MK-604
7 VTP-MOV-204 VTP-MOV-203 VTP-TI-201

K1-4-1
VTP-FLT-203

K1-3-1
VTP-FLT-201

MK-605 ]

4 MK-606
VTP-V-220

VTP-V-219

K1-1-2 DPIS-14 _ K1-1-1
Deent. | O vrppois210 viras13 Deent

< N ——

MK-607 MK-608 Rlef: TO-080-104F2
VTP-V-228 / VTP-V-225

From Figure 1

Deent. = De-entrainer

Figure E.1. 241-AW HVAC System Flow Diagram

K Basin Sludge Safety Assessment E.3  May 30, 1997












Vacuum breaker fails to Assumed operator error =
manually actuate 5.0E-2 and vacuum breaker A
= 1.0E-2/dema

(a) IEEE-500
(b) RCS-SA

{©) Oconee PRA

d NUCLARR

(e) Trojan Database
® NUREG/CR-4550
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Cut % % Cut Prob/
No. Total Set Freq. CUT SETS
21 95.8 .6 59E-004 VEN-ALA-FA-ALL, VEN-FLT-FA-205B
22 965 0.6 5.7E-004 VEN-FAN-FA-K151, VEN-OPE-DIAGNOSE,
VEN-RES-HUMERR
23 97.0 04  4.5E-004 VEN-FAN-FA-K151, VEN-MON-FA-ALL,
VEN-OPE-DIAGNOSE
24 973 03 3.5E-004 VEN-HEA-FA-HTS1, VEN-HEA-FA-HTS?2,
VEN-RES-HUMERR
25 976 0.3  2.7E-004 VEN-HEA-FA-HTS1, VEN-HEA-FA-HTS?2,
VEN-MON-FA-“"~
26 97.9 0.2 2E-004 VEN-DE-FAK111, /VEN-PAT-UA-K111,
VEN .T-UA .12, VEN-
27 98.1 0.2  2.2E-004 VEN-DE-FA-K112, VEN-PAT-UA-K111,
/VEN-PAT-UA-K112, VEN-RES-HUMERR
28 984 0.2  2.1E-004 VEN-RES-HUMERR, VEN-VAL-FA-254E
29 986 0.2 2.0E-004 VEN-HEA-FA-HTS1, VEN-OPE-DIAGNOSE,
VEN-RES-HUMERR
30 98.8 0.1 1.8E-004 VEN-DE-FA-K111, VEN-MON-FA-ALL,
/VEN-PAT-UA-K111, VEN-PAT-UA-K112
31 990 0.1 1.8E-004 VEN-DE-FA-K112, VEN-MON-FA-ALL, -
VEN-PAT-UA-K111, /VEN-PAT-UAK112
32 992 0.1 1.7E-004 VEN-MON-FA-ALL, VEN-VAL-FA-254E
33 993 0.1 1.6E-004 VEN-HEA-FA-HTS1, VEN-MON-FA-ALL,
VEN-OPE-DIAGNOSE '
34 995 0.1 1.5E-004 VEN-FLT-FA-205A, VEN-""3-HUMERR
35 99.7 0.1 1.5E-004 VEN-FLT-FA-205B, VEN-RES-HUMERR
36 99.8 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151,
VEN-MOV-FA-MK601
37 1000 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151,
- VEN-MOV-FA-MK603
38 100.0 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K152,
: VEN-MOV-FA-MK602
39 100.0 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K152,
VEN-MOV-FA-MK604
40 100.0 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151,
VEN-HEP-FA-K143
41 100.0 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151,
VEN-HEP-FA-K144
42 100.0 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FAK151,
VEN-MOV-FO-MK603
K Basin Sludge Safety Assessment E.9 May 30, 1997
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APPE _ X .

THE CORROSION OF URANIUM IN A
DOUBLE-SHELL TANK ENVIRONMENT

M. D. Danielson

NOTE: This appendix is reformatted and reprinted
version of a literature survey performed by the author
in 1995.

K Basin Sludge S ety Assessment May 30, 1997



Rev. B

F.1 . BACKGROUND

WHC is currently working on an accelerated schedule to remove the spent fuel from the K-
basins. Work is to start by December 1997 and be completed in two years. The sludge from the
bottom of the basin (containing metallic uranium from ruptured fuel) will be shipped to the TWRS
facility for interim storage in tanks AW-103 or AW-105. A major issue is the acceptability of the
fuel sludge by the TWRS facility since it will be added to tanks containing liquid and solid wastes.
The purpose of this * % is to determine the general corrosion rate of reactor grade metallic uranium
in the chemical environment that will be encountered in waste tanks AW-103 or AW-105 (See Table
F.1 for compositions). Reactor grade uranium at Hanford has the following approximate composition
(Pearce 1995a): 0.07-.09% Al, 0.036-.074% Fe, and 0.010% Si.

F.2 RESULTS

Most of the uranium corrosion work is decac o ~ (Weii 19). The rk
into two categories: (1) corrosion of uranium in contact with high temperature water (1 > 10U~L)
which is probably driven by a concern with the failure of fuel cladding under reactor operating
conditions, and (2) corrosion under moist, oxygenated, ambient temperature conditions which is
driven by the use of uranium as high energy penetrators (armor piercing projectiles). Recently,
uranium corrosion was reviewed in a Hanford study (Puigh 1995) that explored the technical basis for
fuel removal from the K basins. This study reviewed the gene ° aspects of uranium corrosion with a
focus on hydrogen gas evolution and the corrosion kinetics in moist enviro ients. There are no
corrosion data in the literature for the specific liquid solution conditions (T < 100°C, oxygenated,
¢ Istic, nitrites, and nitrates) associated with Hanford waste tanks (see Table F.1 for waste tank
compositions).

Uranium is a silvery metal that is highly reactive in an aqueous er onment. Figure F.1
shows two Pourbaix diagrams (Pourbaix 1974) based on U and UH;, resp  vely. The metal and
hydride phases are far below the equilibrium lines for hydrogen evolution (’a’) and oxygen reduction
(’b’) indicating that both the metal and hydride will spontaneously corrode even in e absence of
oxygen with the formation of UO,. Balanced equations for the corrosion of uranium and uranium
hydride by the reaction with water and oxygen are shown below:

U+ 2H,0 —> UO, + 2 H, (g) : (1)
U+0,(@g—> UO, Q)
UH, + 2H,0 —> UO, + (712) H, (g) 3)
UH, + (7/4) 0, (g) —> UO, + (3/2) H,0 (@)

The Pourbaix diagram indicates that UH, is more stable than U.  Pourbaix diagrams are useful to
the extent of predicting the most stable phases because they assume equilibrium conditions, but these
diagrams have limited value for estimating the rate of a corrosion process. Waber (1960) reports that
UO, is resistant to further attack in water up to 300°C. Karraker and Hobbs (1994) have determined
the solubility of uranium oxides in simulated Savannah River Site wastes (see Figure F.2), and they
conclude that aged, dissolved uranium has a number of oxidation states. The solubility of uranium
oxides is quite low in hydroxide solutions.
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ATTACHMENT TO APPENDIX F

Derivation of Equation to Calculate Dissolution
Time for a Spherical Particle

The following assumptions are made for this derivation:

(a) spherical particle
(b) mass corrosion rate (R) is constant

Volume, V = (4/3)x

Area, A = 4x1

-adius

mass ¢ sion rate, g 1*/h
t = time, h

p = uranium density, 19.05 g/cm’
m = mass = Vp = (4/3)xr’p

The following fin :( ference equation for the change in mass is true for all times:
m,,, = m, - RAat
am/at = -RA

Expressing the above equation in differential form and substituting for the mass and area in terms of
the radius:

dr/dt = -R/p

Integrating with the condition that att = 0, r = r,
r=-Rpt +1,

The time for complete dissolution is whenr = 0
toissohnion = To0/R

A suggested diameter for uranium particles was 0.635 cm (0.25 inches) and using Tyfield’s rate of
15E-6 g/cm?/h (note units change from mg to g):

tasoue = (-318 cm)(19.05 g/cm®)/(15E-6 g/cm?/h)

tiissonan = 4.0ES h or 46 year

K Basin Sludge Safety Assessment F.9 May 30, 1997
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APF™DIX G
FLAMMABLE GAS CONCt [RAT 5IN 4.1
AFTER ADDITION OF SLUDGE
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e Hydrogen Generation Rate

Thermolysis contribution is a function of waste temperal -

3
ft assumed to be 63 °F ..

Rate H2_Thermolysis :=49.59-a.—y
Radiolysis contribution is a function of NO,- concentration. Dilute

Ra T a? tanks are expected to have greater H, generation rates based on
1€ 112 Radiolysis -~ ' azy radiolysis ...
ad Cor - area~ not adjusted to
Rate H2_Corrosion l.lomy ::ﬂo:,'lu
B} ...

Rate ty yo1qf - R8€ (17 Thermolysis * RME H2_Radiolysis + R3 H2_Corrosion

ﬂJ
Rate H2_total =52 .G

3
f
Rate H2_total =0.036 '-;‘-:

e Head Space

Vol graq: = Vol golids + VOl supernate

Vol o, " 1145700 +gal Vol waste, = 404592 -gal
Vol Head_spacc :*-Volunk- V°lwute
3 k}
Vol =35332 Vol =134404 -t
©! Head_space Head_space,
e Active Ventilation Rate
3
Rt yept flow active = 70— Ventiation rate from K. Fowler's spreadsheet ..
= min
= 100800 LS
Rate yone flow active .d_
- 2y
e Ventilation Rate when forced ventilation is tumed off
Rate gregthing = 0452 Ventilation rate due to natu  breathing only — does
day not include natural convection or Bernoulll affect (this

B value may be very conservative) ...
Rate vent flow nb = YOI Head spsce’  3reathing

3 3
ft
Rate vem_flow_nb,, * on oy Rate yent_flow _nb, =042 ey
Anaylsis 0 ss of Ventilation — AW105-KBasin 02.MCD 3/26/9°

Dana 2
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e Time (days) to reach 100 % LFL with passive ventilation

v c 25
- Vol Head_space; *I°H2_max_ob; ~ 55 ,25

Time~ - — = if Conc p-Juiia
._nb ) H2_max nb. 100

i [R"e H2_total * RAt€ veny_flow_nb, Conc 19_max_nb,

|(100000dny) otherwise
Depend]ng on tha fill Af tha tank it will take
Timeu-,-l_ nb, =78 «day *FL mb, =18-day from 18to 7!

e Minimum Required Ventilation Rate to mamtaln
flammable gas concentration to less than 25% LFL

- 100 - 0.625 ,0.625
R“‘vem_mxmnmm. * |Rete g total —TGZ_S——R. vent_flow_nb; if Concyp max nb, 2— T00

P
0--—| otherwise
min
Rate - =529- _ff_ Ratc o -56- i A ventilation rate of 5.6 cfm or greater
venl_munmnum, T g vent_mimimum,, - 7 o will assure that 25% LFL will not be
exceeded at assumed conditions ...
liter liter
Rate yent_minimum, = 14982 — Rate yen_minmum, ; = 15858~
Anayisis of Loss of Ventilation — AW105-KBasin 02.MCD 3/26/97
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PROJECTED SCI ENING OF TANK 241-AW-105 FOR FLAMMABLE GAS AFTER ADDITION OF
K BASIN SLUDGE WASTE

Two screenings were performed. The first (KSLUDG2.XLS) is a base case for
tank 5-AW after K Basin sludge receipt. The following assumptions were used
for this screening.

e Tank 5-AW was filled with 416 inches of waste at all times to maximize
pressure o trapped gas and to minimize tank headspace volume
Combined total of 70 m° of KE and KW sludge received

o Default screening spreadsheet values representative where no data available

e« KE floor and pit sludge max. data from WHC-SP-1182 for centrifuged sludge
bounding for Cs, Sr, TOC and Al concentrations and for solids d

For the secor ' :reening (K”'YR.’'S), tI following additiona) assump- >Jns
were u! :

* Gas generation from the K Basin sludge is 0.05 ft3/min. for 365.25 days
e Generated gas is trapped in the waste
* As trapped gas volume increases, supernate volume was deqreased to keep
tank level at 416 inches (i.e., tank remains within LCO)
e Trapped gas volume was treated as a horizontal cross-section of the tank
gentered at a height equal to 22.5% of the solids height from the tank
ottom

RESULTS

Results indicate that the ventilation in tank AW-105 would be adequate to keep
the tank headspace well below 25% of the LFL under steady state conditions.
However, if gas were generated and trapped in the tank, under conditions
assumed for this screening, a gas release event would cause the ank headspace
to exceed the LFL (actual result 278 % of the LFL or 11% H,). '

OPTIONS

1) Use more representative specific gravity data and the tank non-
convective layer, empirical correlation (Estey and Guthrie) to indicate
that gas would not be trapped in the waste matrix under tank conditions.

2) Bound gas generat]on volume for K Basin sludge so that generation rate
is not .05 Ft’/min over an indefinite period of time.

3) If sludge will be treated, use gas generation rate representative of
sludge as received into tank AW-105.












Results of Calculations of Entrapped Gas V

7d % LFL Based on Surface Level Rise

A {1 8 | [ .
; Tank No. enter C96/03A AW-105° Data Sources/Comments
2 |Catculation date: enter 02727187 NOW
s

“Value (R*3) -

18 JVolume of Tank
80 | Total Waste Volume
81 | Total Solids

82 | Studge Volume

83 |Saltcake Volume
84 Jinterstitial Liquid

85 | Supernatant Liquid

87 [Volume of Tank .
88 | Total Waste Volume
Total Solids

90 ) Sludge Volume

W Saltcake Volume

92 |Intersthial Liquid
Supernatant Liquid

96 |Waste Depth (in)
97 |soiids Depth (in)

98 |Supernatant Depth, (In) Hanlon [
99 |Effective Wet Solids Depth, (in) Ste n. 128.44

1102 STEADY STATE ASS!|

104 TEST VS. CRITERIA (% of LFL)

106]% LFL (Calc. Vapor Sample)

107]% LFL (Calc. Nat| Breathing Only)

108] Vent Rate (CFM) (Calc. Nat) Breathing Only)
109]%LFL (Calc. Based on Given Vent Rate)

110]Vent Rate (CFM) (c:lc Based on Gwen Vent Rate)
111

1ES ENTRAPMENT RATE =

INP

0.00%
1234.92%
0.41

2.558%

112

+|EPISODIC RELEASE (EGRIGRE) '
~|EGR/GRE: QUICK SCREEN

116} TEST VS, CRITERIA (% of LFL)
117]% LFL
118 D

840.35%

118]

+|[EGRIGRE: EVAL BASED ON SLRIS

122} TEST VS. CRITERIA (% of LFL)

123|%LFL (Calc. Based on Given Vent Rate)

124]Vent Rate (CFM) (Caic. Based on Given Vent Rate)
125] Compressed Volume of Entrapped Gas (f3)

128} void FndILQ‘)

121

[130]% LFL = (H2Y0.04) + qnusyw 0)=

|CALCULATION USING PAUL WHITNE SSLOPE

131]C d Volume of € d Gas (A3)
132]Vokd Fraction (%)
133

~n7a?
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