ECN -10
DOCUMENT CHANGE REQUEST FORM
(Direct Revision Only)

Document Number | +6537~C £/18/02 Rev. |2
RPP 16537

Electronic File Name | NfA

{Optional): 7

Document Title Safety Evaluation of Oxalic Acid Waste Retrieval in Single-Shell Tank 241-C-106

Change Description | Add text for toxic material release resulting from Carbon Dioxide generation in Section 4.0,

Change Justification | Toxic material release consequence text was inadvertently left out of document. The text is
required to provide a complete basis of control strategy. The JCO for oxalic acid addition
references this document as part of the basis for selected controls.

Approvals:

Author (Print/Sign)
M. V. Shultz % R Aﬁz‘pva//\_/ Pef T{ILHV\

Responsible Manager (Print/Sign)

J. M. Grigsby  2.g. 56 % e % - éfM

Reviewer (Cﬁtlona[, Print/Sign) @éﬂ{m’\
R * Q~ W 4% f 4 B7A

Distribution
Name MSIN Name MSIN

HANFORD
RELEASE

ltalicized text items need to be addressed. Standard text items need to be addressed as applicable to the condition/issue described.

A-8003-722 (06/03)




RECORD OF REVISION

{1} Document Number

RPP-16537 Page 1 of 1

{2} Title

Safety Evaluation of Oxalic Acid Waste Retrieval in Single-Shelt Tank 241-C-106

CHANGE CONTROL RECORD

Authorized for Release

{3} {4} Description of Change - Replace, Add, and {58} Cog.
Revision Delete Pages Engr. (6) Cog. Mgr. Date
0 (7) | Original issue (EDT #636759). MV Shultz M Grigsby 6/11/03 |
1 Revision to incorporate new information related to | MV Shuitz JM Grigshy 7/21/03
the production of flammable gas due to oxalic acid
corrosion of interior of the SST 241-C-1086.
9 Revision to incorporate Toxic material release 0}% M JM Grigsby
CEp o Al Sl
i

conseguence text which was inadvertently left out
of original dogument.

&" 'n}uo.! 7 g

A-7320-005 (08/91) WEF168




DISTRIBUTION SHEET

To From Page 1 of 1

CHZM HILL Hanford Group, Inc. Nuclear Safety & Licensing

Project Title/Work Order _ Date

Safety Evaluation ¢f Oxalic Acid Waste Retrieval in Single-Shell EDT‘NO‘N/A

Tank 241-C-106 ECN No. N/A
Text Attach./

Name MSIN With All | Text Only | Appendix | ED1/ECN

Attach. Only Only

CHZM HILL Hanford Group, Inc.

K. E. Carpenter 57-20 X

J. M. Grigsby S7-30 b 4

L. J. Kripps 57-90 X

K. R. Sandgren 1 HARDCOPY 37-90 X

M. V. Schultz 1 HARDCOPY 37~90 X

B. A. Smith R2-58 X

R. D. Smith 2 HARDCCOPY 57-90 X

NS&L LICENSING FILES R2-12 X

CENTRAL FILES (ORIGINAL +1) HARDCOPY Bi-07 X

DOE PUBLIC READING ROOM HARDCOPY HRA-53 X

HANFORD TECHNICAT, LIBRARY  HARDCOPY "Pg' A5 X

A-6000-135 {10/97)




RPP-16537, Rev. 2

SAFETY EVALUATION OF OXALIC ACID WASTE
RETRIEVAL IN SINGLE-SHELL TANK 241-C-106

M. V. Shulte
CH2ZM HILL Hanford Group, Inc.

Richland, WA 99352
U.S. Department of Energy Contract DE-AC27-99RL14047

EDT/ECN: n/a Uc: n/a

Cost Center: 72300 Charge Code: 5p1570
B&R Code: y/n . Total Pages: {7¢(,

Key Words: Hazard, Hazard Analysis, Safety Evaluation, Safety Basis,
Hazardous Condition, Representative Accident

Abstract: This report document the safety evalluation of the process of
retrieving sludge waste from single-shell tank 241-c-106 using oxalic
acid. The result of the HAZOP, safety evaluation, and control
allocation/decision are part of the report. Revision 2 adds Toxic
material relase consequence text which was inadvertantly left out of
original document.

TRADEMARK DISCLAIMER. Reference herein to any specific commercial product. process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof or its contractors or subcontractors.

Printed in the United States of America. To obtain copies of this document, contact: Document Control Services,
P.0. Box 950, Mailstop H6-08, Richland WA 99352, Phane (509) 372-2420; Fax (509} 375-4989.

HANFORD
RELEASE

MJ«:@Z@&_M ﬁ’éj”/@S

Release Approval Date Reiease Stamp

Approved For Public Release

A-6002-767 (03/01)




RPP-16537
Revision 2

Safety Evaluation of
Oxalic Acid Waste
Retrieval in Single-Sheli
Tank 241-C-106

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

CH2MHILL

Hanford Group, Inc.
Richland, Washington

Contractor for the U.S. Department of Energy
Office of River Protection under Contract DE-AC27-99RL14047

Approved for public release; further dissemination unlimited




RPP-16537
Revision 2

Safety Evaluation of Oxalic Acid
Waste Retrieval in Single-Shell Tank
241-C-106

M. V. Shultz
For CH2M HILL Hanford Group, Inc.

Date Published
August 2003

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

CH2MHILL

Hanford Group, Inc.

P. O. Box 1500
Richland, Washington

Contractor for the U.S. Department of Energy
Office of River Protection under Contract DE-AC27-99RL14047

Approved for public release; further dissemination unlimited




TRADEMARK DISCLAIMER

Reference herein fo any specific commercial product, process,
ar service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or
subcontractors.

This report has been reproduced from the best available copy.

Printed in the United States of America




RPP-16537REV 2

EXECUTIVE SUMMARY

Closure of Single-Shell Tank 241-C-106 requires nearly complete removal of the waste
remaining in the tank after sluicing has been completed. The goal will be to dissolve as much
sludge as feasible (< 360 ft*). To reach that goal, only 30% of the 9,000 gallons of sludge can
remain. Dissolution through the addition of oxalic acid has been determined to offer a high
probability of success for mobilizing this waste.

The purpose of this report is to document the evaluation of the safety of the oxalic acid
dissolution process int Single-Shell Tank 241-C-106. This is accomplished by:

Identifying the key configuration and operating assumptions needed to evaluate oxalic
acid dissolution.

Comparing the hazard and operability study results to the hazardous conditions and
associated analyzed accidents currently included in the safety basis.

Evaluating the safety of the oxalic acid dissolution activity with respect to:

— Accident analyses described in HNF-SD-WM-SAR-067, Tank Farms Final Safety
Analysis Report (FSAR), and

— Controls specified in HNF-SD-WM-TSR-0006, Tank Farms Technical Safety
Requirements (TSR).

Evaluating the existing safety basis control applicability to the hazardous conditions.

Identifying the need for new controls when the existing controls are judged to not
adequately control the risk of the postulated accident.

The hazard and operability study team identified 88 hazardous conditions and 23 more were
added and 14 were deleted during reviews of the data, for a total of 97.

These hazardous conditions were mapped to the following FSAR representative accidents:

Nuclear Criticality

Mixing Of Incompatible Materials

Flammable Gas Deflagration

High-Efficiency Particulate Air (HEPA) Filter Failure
Tank Failure Due To Vacuum Or Degradation
Caustic Spray Leak

Unfiltered Release

Waste Transfer Leak

Tank Bump.
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No hazardous conditions associated with an FSAR representative accident were found to be
unique; they are analogous to existing hazardous conditions. Some hazardous conditions not
associated with a representative accident were found to be unique; they were not analogous to
existing hazardous conditions. In most cases they were sufficiently similar to an FSAR analyzed
accident to be mappable to a representative accident. For these, the existing safety basis controls
were judged to be applicable and adequate. Hazardous conditions with only a facility worker
impact adequately addressed by the controls established through Tank Farm Contractor safety
management programs. For the few hazardous conditions for which existing safety basis
controls were judged not to be adequate, a justification for continued operation will be issued
that establishes additional controls.

The following is a detailed summary of the control decision/allocation results.
e Accidents not Assigned to a Representative Accident

Facility Worker Hazard - CO, Generation Hazards

The existing safety management programs for facility worker protection address confined
space and other asphyxiation hazards. No changes to the program are required.

Facility Worker Hazard - Exposure {o Ionizing Radiation

Oxalic acid waste retrieval does not introduce any unique radiation protection hazards.
Specific measures to protect the facility worker are established as needed using existing
procedures and work planning processes. No changes to the program are required.

Significant Environmental Impact - Primary Tank Leak

The frequency and consequence of waste tank leaks is not materially altered by the oxalic
acid waste retrieval process. Controls specified in the FSAR for protection of the
environment are applicable to the oxalic acid waste retrieval process and adequately
address environmental risk.

Corrosion control in the DSTs, which is addressed through a non-safety related
TSR-level control to protect the primary tank, has also been considered. In order to
ensure that a potentially acidic stratified layer does not form at the top of the waste in
DST 241-AN-106, a mixing pump is being installed which will pump the dense waste
from the bottom of the tank and discharge it on the top of the waste. Per process controls,
the pump will be operating before the start of SST 241-C-106 to DST 241-AN-106
transfer and will continue operating until the entire contents of the tank have been turned
over.

e Accidents Assigned to a Representative Accident

Representative Accident 01, Nuclear Criticality - The use of oxalic acid to retrieve waste
is an activity that is not addressed in the current criticality safety evaluation report. The
additional analyses will be documented in a new criticality safety evaluation report and a
new criticality prevention specification that will establish the necessary requirements to
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maintain the frequency of the accident “beyond extremely unlikely.” No additional key
elements for AC 5.7 are needed, although the pH verification requirement is superceded
by the crticality prevention specification derived from the criticality safety evaluation
report.

Representative Accident 03, Mixing of Incompatible Material - Tank Pressurization -
The preventive control specified in the FSAR cannot be applied to the oxalic acid

demonstration project since it requires chemical additions to have a pH of not less than 8.
Oxalic acid additions cannot meet the current control. A preventive compensatory
measure needs to be applied to insure that each delivery contains the expected oxalic acid
before it is added to the tank. In addition, a compensatory measure to limit the rate of
addition is required to protect an important analysis assumption. The requirements will
be specified in the justification for continued operation (JCO) for oxalic acid waste
retrieval.

Representative Accidents 04/05 — Flammable Gas Deflagrations — DST/SST - Analysis
indicates that there may be elevated flammable gas generation rates in SST 241-C-106
because of acid induced corrosion in the steel tank liner. In order to address the elevated
flammable gas generation rates a control requiring active ventilation in SST 241-C-106
will be proposed in the JCO for the oxalic acid waste retrieval. In addition, to facilitate
the transition to the documented safety analysis (DSA), gas release event (GRE) hazard
analysis and controls for 241-C-106 will be based on the DSA waste group control
strategy. Through analysis assuming worst-case conditions, SST 241-C-106 has been
determined to be a Waste Group C tank that has no GRE hazard potential prior to, during,
and after oxalic acid retrieval.

Representative Accident 06 - HEPA Filter Failure — Exposure to High Pressure - The
FSAR analysis bounds the consequence for HEPA filter failure. The conditions involved
in the waste retrieval process will not increase the frequency of the accident because the
FSAR estimated accident frequency is “anticipated” with or without controls. The safety
basis controls for the filter failure accident are valid for the conditions associated with
oxalic acid waste retrieval. No additional or altered controls are required.

Representative Accident 13, Tank Failure Due to Vacuum or Degradation - The current
safety basis has no controls specified for this accident based on an estimated event
frequency that is “beyond extremely unlikely” (FO). Controls are imposed for tank
failure due to load drop accidents, which would also be applicable during oxalic acid
dissolution operations. The evaluation provided by the memo from Closure Project
Engineering Support, Appendix E concluded that oxalic acid waste retrieval does not
constitute a significant structural degradation threat. Therefore, there is no increase in
frequency or consequence and no additional controls are required.

Representative Accident 17, Caustic Spray Leak - The use of oxalic acid to retrieve waste
has the potential for the same type of chemical spray leak accidents that the Caustic
Spray Leak. AC 5.23 requirements address the risk of this accident. The major
difference between the currently analyzed caustic accident and the oxalic acid accident is
that oxalic acid has less restrictive evaluation guidelines for the onsite individual as
compared to caustic. Therefore the accident involving oxalic acid is bounded by the
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current analysis. The FSAR analyzed accident frequency is “anticipated” (F3) for caustic
spray and pool leak accidents and is judged to be the same for oxalic acid. Since the

AC key elements for caustic leaks are intended to mitigate the consequences of spray and
pool leaks, the controls are equally valid for oxalic acid. No additional key elements for
AC 5.23 are neceded. The ph verification requirement provided by Boston 2002 is
superceded by a compensatory measure provided in the oxalic acid waste recovery
justification for continued operation.

Representative Accident 8A - Tank Bump - The hazardous conditions related to Tank
Bump are identical to those currently analyzed in the FSAR. Therefore, no additional
evaluation was done in this safety evaluation.

Representative Accident 18B — Unfiltered Release (due to oxalic acid damage to
ventilation system) - The comparison of the FSAR analysis consequences for unfiltered
release with the consequences calculated for the same accident involving the conditions
associated with the oxalic acid waste retrieval process show that the FSAR analysis is
bounding. The conditions involved in the waste retrieval process will not alter the
frequency of the accident appreciably. The safety basis controls for the unfiltered release
accident are valid for the conditions associated with oxalic acid damage to the ventilation
system. No additional or altered controls are required.

Representative Accident 18B - Unfiltered Release (due to general causes) - The
comparison of the FSAR analysis consequences for unfiltered release with the
consequences calculated for the same accident involving the conditions associated with
the oxalic acid waste retrieval process show that the FSAR analysis is bounding, The
FSAR estimated accident frequency is “Anticipated” with or without controls. The
conditions involved in the waste retrieval process will not increase the frequency of the
accident. The safety basis controls for the unfiltered release accident are valid for the
conditions associated with oxalic acid waste retrieval. No additional or altered controls
are required.

Representative Accident 23, Mixing of Incompatible Material — Toxic Vapor Generation-
Bounded by FSAR analysis. No controls required.

Representative Accident 33, Waste Transfer Leak - Waste transfers involving oxalic acid
dissolution sludge and residues could involve waste transfer leaks. The frequency and
consequences of these potential leaks are bounded by the analysis in the FSAR
representative accident for waste transfer leaks. The current TSR control set is adequate
o address the risk from potential waste leak accidents.
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1.0 INTRODUCTION

1.1 PURPOSE

This safety evaluation considers the use of oxalic acid to recover residual waste in singie-shell
tank (SST) 241-C-106. This is an activity not addressed in the current tank farm safety basis.
This evaluation has five specific purposes:

e Identifying the key configuration and operating assumptions needed to evaluate oxalic
acid dissolution in SST 241-C-106.

e Documenting the hazardous conditions identified during the oxalic acid dissolution
hazard and operability study (HAZOP).

e Documenting the comparison of the HAZOP results to the hézardous conditions and
associated analyzed accident currently included in the safety basis, as documented in
HNF-SD-WM-TI-764, Hazard Analysis Database Report.

e Documenting the evaluation of the oxalic acid dissolution activity with respect to:
—~ Accident analyses described in HNF-SD-WM-SAR-067, Tank Farms Final Safety
Analysis Report (FSAR), and
— Controls specified in HNF-SD-WM-TSR-006, Tank Farms Technical Safety
Requirements (TSR).

e Documenting the process and results of control decisions as well as the applicability of
preventive and/or mitigative controls to each oxalic acid addition hazardous condition.

This safety evaluation is not intended to be a request to authorize the activity. Authorization
issues are addressed by the Justification for Continued Operation (JCO) for oxalic acid retrieval
of SST 241-C-106. This report constitutes an accident analysis.

1.2 BACKGROUND

The retrieval of the residual waste in SSTs 1s required to achieve interim closure as required by
the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1986) milestones
M-45, M-45-06A, M-45-05N-T01, M-45-05H, and the waste management requirements of the
Washington Administrative Code (WAC) 173-303. Milestone M-45 requires the closure of
numerous SST farms and states that closure will follow the retrieval of as much tank waste as
technically possible with tank waste residues not to exceed 360 ft° or the limits of the
technology, whichever is less. -

SST 241-C-106 was chosen as the first tank to demonstrate waste retrieval that achieves the
requirement of milestone M-45. The first step to achieve this goal was to remove accessible
waste liquids leaving a heel of solids and sludges. The next step is dissolution of the remaining
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solids in the tank. Oxalic acid dissolution has been selected to mobilize and retrieve the
remaining waste in SST 241-C-106 based upon successful retrievals completed at the Savannah
River site and laboratory analysis. The oxalic acid is expected to effectively dissolve the solid
waste remaining in SST 241-C-106

Hanford Site waste tanks are fabricated from mild steel. Oxalic acid has the potential to increase
the corrosion rates for mild steel over the rate for typical alkaline wastes. However, the effects
are munimal if the contact time is limited (weeks to a few months). Oxalic acid rinsing is a
common industrial technique for cleaning mild steel tanks.
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2.0 DESCRIPTION OF OXALIC ACID DISSOLUTION EQUIPMENT AND
PROCESSES

The SST closure is a defined mission objective. The SST closure will follow retrieval of as
much tank waste as technically feasible, with waste residues not to exceed 360 ft’ in each of the
100-series tanks, or the limit of the waste retrieval technology, whichever is less. The

SST 241-C-106 oxalic acid dissolution waste retrieval operations are intended to help meet
mission objectives.

2.1  DESCRIPTION OF OXALIC ACID DISSOLUTION EQUIPMENT

Components comprising the SST 241-C-106 oxalic acid dissolution system can be divided into
several equipment groups. These include the oxalic acid addition equipment, oxalic acid
re-circulation/waste transfer equipment, control system, electrical equipment, and ventilation
equipment, which are described below. '

2.1.1 Oxalic Acid Addition Equipment

Approximately 30,000 gal of oxalic acid will be required for each iteration (referred to as a soak
batch) of the sludge dissolution process in SST 241-C-106. The oxalic acid will be transferred
via acid resistant hose from vendor-supplied tank trucks to SST 241-C-106. Each truck has a
capacity of approximately 5,000 gal.

Oxalic acid will be introduced to SST 241-C-106 through a hose connection located on the
C-106 valve and instrument stand. Depending on valve positioning, oxalic acid can enter the
tank through either a drop leg, which is part of the pump assembly, or through the mixing
eductor. Acid flow will be monitored by a flowmeter located on the C-106 valve and instrument
stand and controlled manually through the associated control valve. The flowrate will be
initially controlled to nominally 40 gal/min (half the allowed flowrate) to allow for minor
fluctuations, operator intervention, etc., until the bulk of the carbonate has reacted with the oxalic
acid.

Caustic transfer controls (AC 5.23) as modified by Boston (2002), will be applied to oxalic acid
introduction operations to control oxalic acid spray leak toxicological hazards (except for the pH
verification). The oxalic acid transfer hose will be sleeved with polyethylene which is
compatible with oxalic acid.

2.1.2 Oxalic Acid Re-circulation/Waste Transfer Equipment

The oxalic acid/waste solution will be removed from SST 241-C-106 via the same transfer
pumps used for recirculation. Design of the over-ground transfer lines utilizes a hose-in-hose
transfer line (HIHTL) assembly. A jumper will connect the discharge line of the tank’s transfer
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pump to a small valve manifold. The manifold will allow waste to be re-circulated back into the
tank or transferred to DST 241-AN-106.

In the case of re-circulated waste, an existing HTHTL connects the 241-C-06B heel pit to the
241-C-06A pump pit. A new jumper in the 241-C-06B heel pit will connect the HTHTL to a
mixing eductor assembly. When transferring waste to DST 241-AN-106, a dedicated HIHTL
will connect the 241-C-06B heel pit to the 241-AN-06A pump pit. A jumper connects the
HIHTL to a drop leg which routes waste into the tank.

A series arrangement of two transfer pumps exists within SST 241-C-106. These pumps were
installed to remove the remaining pumpable supernatant from the tank. In addition, these pumps
will be used to remove new liquid waste generated when raw water is introduced through shuicer
nozzles to level piles of solids located on the tank bottom in preparation for oxalic acid
dissolution. These pumps will be used during oxalic acid dissolution and waste transfer.

A backup transfer pump arrangement has been designed and is being procured to replace the
current pumps if they fail during oxalic acid dissolution operations. The existing pumps are not
designed for use in oxalic acid solutions (i.e., certain materials are not designed for long term use
in acid environuments and may fail in a manner that prevents the pump from operating).

The backup transfer pump is a submersible pump assembly. The pump has been modified by the
factory for oxalic acid service. The backup transfer pump assembly is designed to be easily
interchanged with the current transfer pump assembly using the same valve and instrument
arrangement. The backup transfer pump is sized to connect to the existing pump power supply
with only a change to the motor starter over current protection (fuses and overloads).

An eductor was chosen as the mixing method for the recirculation of oxalic acid in

SST 241-C-106 because the eductor nozzle, intake, and, therefore, liquid jet could be located
below the surface of the oxalic acid/waste pool, resulting in little or no generation of aerosols
within the tank dome space. The eductor assembly prevents the oxalic acid solution from sitting
stagnant. The control system operational philosophy will remain consistent with the existing
transfer system at SST 241-C-106. In addition to the leak detectors in the 241-C-06B heel pit
and the 241-C-06A pump pit, leak detectors at DST 241-AN-106 (i.e., the 241-AN-06A pump
pit) will be added to the existing SST 241-C-106 transfer system interlocks to cover the transfer
route. Oxalic acid flow into SST 241-C-106 will be monitored by a flowmeter located on the C-
106 valve and instrument stand and the flowrate will be adjusted manually through the associated
control valve. Oxalic acid will be batched into SST 241-C-106 from a tanker truck located
outside of the 241-C Tank Farm.

There are two fundamental modes of operation associated with the SST 241-C-106 waste
transfer system. In recirculation mode, waste is routed back to SST 241-C-106 through a mixing
eductor. In transfer mode, waste is transferred from SST 241-C-106 to DST 241-AN-106.
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2.1.3 Electrical Equipment

Leak detection signals that originate in the 241-AN-06A pump pit will be interlocked with the
SST 241-C-106 pumps. The existing leak detectors at the 241-C-06B heel pit and the
241-C-06A pump pit will also be interlocked with the pumps.

2.14 Ventilation Equipment

Active ventilation is connected to SST 241-C-106 to remove offgases generated during oxalic
acid dissolution. The tank ventilation system is comprised of an inlet HEPA filter and a portable
exhauster. The portable exhauster contains a heater, demister, pre-filter, two stages of HEPA
filters, a fan, an exhaust stack, an effluent monitoring system, and a safety-significant ventilation
stack continuous air monitor interlock system.

2.2 SST 241-C-106 OXALIC ACID DISSOLUTION OPERATIONS

Before starting the oxalic acid dissolution waste retrieval, the activities identified below will be
completed: :

e Supernatant from the tank will be pumped from SST 241-C-106 to DST 241-AY-102.

o Piles of residual waste in SST 241-C-106 will be knocked down utilizing the existing
sluicing equipment to reduce the quantity of oxalic acid needed to cover the waste and
provide more oxalic acid contact surface area.

o Caustic will be added to DST 241-AN-106.

The oxalic acid dissolution waste retrieval consists of the following steps:

¢ Approximately 30,000 gal of oxalic acid is introduced into the tank (no more than
35,000 gal) for each soak batch. The soak time for the initial introduction is anticipated
to be one day, and then it will be pumped to DST 241-AN-106. The waste stream will be
neutralized in DST 241-AN-106.

e Follow-on oxalic acid additions (soak batches) will continue to be approximately
30,000 gal (each tanker truck delivers approximately 5,000 gal). Subsequent to the initial
oxalic acid soak, all follow-on oxalic acid additions will be allowed to soak for
approximately one week before transfer to DST 241-AN-106.

o During the oxalic acid soak period, agitation of the oxalic acid pool is required to
facilitate the oxalic acid-waste reaction. The goal is to slowly agitate the entire oxalic

acid pool. Agitation is not required during transfer periods.

e Following the last oxalic acid soak and transfer, sluicing with water will be done to wash
the residual waste from the walls, the sluicing solution will be pumped to

2-3
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DST 241-AN-106, and SST 241-C-106 will then be rinsed with a ¥ molar caustic
solution.

e Transfer lines will be flushed and drained.




RPP-16537 REV 2

3.0 HAZARD IDENTIFICATION

3.1 METHODOLOGY

The hazards identification and evaluation of oxalic acid dissolution of the solid waste in

SST 241-C-106 used the HAZOP method. A HAZOP is a systematic process for identifying
potential causes and consequences of off-normal conditions in a system or process. The HAZOP
uses a team leader to guide an interdisciplinary team of subject matter experts in evaluating a
system or process. The HAZOP process 1s based on “brainstorming™ and uses a standardized set
of process parameters (e.g., temperature, pressure, flow) and guide words (e.g., high, low, part
of, reverse) to facilitate the “brainstorming.” Table 3-1 presents a list of process parameters and
guide words. HAZOP results are recorded in a tabular format. The definitions of the
information developed during the HAZOP process are found in Appendix B.

The expertise and experience of the HAZOP team is of primary importance in establishing the
credibility of the analysis because of the largely qualitative nature of the HAZOP process. The
attendance roster plus a short resume of each team member is included in Appendix A to
document the expertise and experience level of each team member. The HAZOP process is
recognized by the American Institute of Chemical Engineers (AIChE) and is described in
Guidelines for Hazard Evaluation Procedures (AIChE 1992).

One of the important features of a HAZOP is the division of a process or activity into discrete
segments called nodes. Node selection is designed to facilitate the hazard identification process
by focusing the attention of the team on specific process sections or operating steps. The team
applies the HAZOP process to each node in a stepwise fashion. The SST retrieval via saltcake
dissolution proof of concept HAZOP was based on the following nodes to capture points in the
process where deviations could result in significant consequences.

e Node A: Oxalic Acid Supply Cargo Tank (0.5 M to 1.0 M Oxalic Acid, 5,000-gal
Cargo Tank)

e NodeB: Oxalic Acid Pumping/Delivery System (Cargo Tank to SST)
e NodeC: SST 241-C-106

e NodeD: Ventilation System, SST 241-C-106

e NodeE: Transfer Pump

e NodeF: Ozxalic Acid Re-circulation System

e Node G: Transfer Line, SST 241-C-106 to DST 241-AN-106

e NodeH: Waste Receiver Tank (DST 241-AN-106)

e Nodel: Instrumentation and Controls

3-1
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3.2  ASSUMPTIONS

The following assumptions were developed by the HAZOP team to facilitate the initial hazard
identification sessions of the HAZOP.

e Where a leak is postulated with a pit overflow, the pit drain is assumed to be blocked.

e Where a leak is postulated into a waste tank from a pit, the pit drains are assumed to be
open.

e Where a flammable gas hazard is postulated, an active ignition source is assumed.

e Where a leak or spray is postulated due to the transfer pump pressure, the transfer piping
or connections are assumed to be weakened or degraded such that pump pressures could
result in a failure.

o Chemicals are assumed to be reactive without documented evidence that proves
otherwise.

3.3 HAZOP RESULTS

The HAZOP team identified 88 hazardous conditions associated with oxalic acid retrieval of the
solids in SST 241-C-106 for closure. The detailed information developed during the initial
hazard identification team meeting is presented in Appendix C, Table C-1. The information in
Table C-1 is a historical record of the HAZOP hazard identification sessions and is considered
raw data, not having been subjected to formal analysis to confirm the postulated events, their
consequence, or their frequency of occurrence. Subsequent evaluation of the hazardous
conditions resulted in fourteen hazardous conditions being deleted and 23 hazardous conditions

“being added. This resulted in a total of 97 hazardous conditions. The additional hazardous
conditions were included to ensure that a comprehensive set of hazardous conditions were
captured. Hazardous conditions were deleted because they were duplicates of other hazardous
conditions or were judged not to be a possible accident based on the described event mechanism.
Table 3-2 presents a summary and justification of each change to the original HAZOP.

Grouping hazardous conditions is the first step in the hazard evaluation process. The hazardous
conditions were grouped in several ways to facilitate the hazard evaluation process. The first
grouping was generalized by hazardous condition, (e.g., specific hazardous conditions related to
criticality are grouped together under a generalized criticality hazardous condition). Table 3-3
lists the 13 generalized hazardous conditions and provides a node-by-node listing of the number
of each type of conditions identified for each node of the analysis. This grouping was done to
facilitate rapid identification of information needed to support the safety evaluation process.
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Table 3-3. Generalized Hazardous Conditions Related to Oxalic Acid Dissolution in
SST 241-C-106.

Numbers of Hazardous Cenditions for Each Node
Generzl Hazardous Condition

A|B|C|[D|E|F |G|H|I| Total
1. Oxalic Acid Spill 514 - -l - - - -] - 9
2. Oygltlsscﬁ;gl Damage to Tank Concrete I AP A S T N R p
3 CO, Generation Hazards - 1 - - - 1 1 - - 3
4 Chemical Reaction—Tank Pressurization - -1 2 - - - 1 1] 2 6
5 Chemical Reaction—Toxic Vapor Release - -] 2 -l - - 1 1] 1 5
6. Criticality - -] 2 - -] 1 - 1211 6
7 Flammable Gas Deflagration - -] 2 - 121 - - 1 {3 8
8 Waste Transfer Leak -2 - 1 -1 (|18} - - 22
9. Worker Exposure to Ionizing Radiation - -1 1120 -131-1- 7
10.  Primary Tank Leak - 312 1-11 -1 (1
11. HEPA Filter Failure—Exposure to High

Pressure o i A R B R R 8

12.  Oxalic Acid Damage to Ventilation System - - -1 20 -] - -1 2| -
13.  Unfiltered Release - I A A A - - - 2
Operational Upset - -1 -l -1 - - - - 1

Note:
HEPA = high-efficiency particulate air (filter).

The hazardous conditions for oxalic acid waste retrieval were also grouped according to FSAR
representative accident (Rep Acc) number. The FSAR convention for all SO and S1 consequence
hazardous conditions is that no Rep Acc number is assigned, except in the case of nuclear
criticality. However, in this safety evaluation, all hazardous conditions were assigned a
designator to facilitate 1dentification of the unique characteristics of oxalic acid dissolution of
tank waste. For hazardous conditions that mapped to a Rep Acc anatysis, the FSAR Rep Acc
number was assigned with a lower case “x” added. This differentiates the S0/S1 consequence
category hazardous conditions from the S2/83 hazardous conditions that have an upper case “X”
in their designations. However, some FSAR analyzed accidents that were initially estimated to
have S2/83 consequences were found to have S1 consequences after the analyses were complete.
In these cases the upper case “X” is retained in the Rep Acc designation. A total of 33 hazardous
conditions are in the non-Rep Acc S0/S1 consequence category. ‘
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The breakdown of these hazardous conditions 1s:

-2
8
10

13

have an FO initial frequency with no controls.
have an SO initial safety consequence with no controls.

have an S1 initial safety consequence and an F1/F2 initial frequency, with no
controls.

have an S1 initial safety consequence and an F3 initial frequency, with no
controls.

For hazardous conditions that could not be mapped to a Rep Acc, the designation “ENV”
(environmental only release), “OCC” (common industrial hazards), “RP” (exposure to ionizing
radiation only), or “OPU” (operational upset — no release), were assigned and recorded in the
Rep Acc column as appropriate. Of the 33 hazardous conditions in the S0/S1 consequence
category, 19 are assigned to ENV, OCC, OPU, or RP. The breakdown of these hazardous

conditions is:

9

2
1
7

designated as ENV
designated as OCC
designated as OPU
designated as RP

The break down of the hazardous conditions assigned Rep Acc designations is:

Wwoth oo oo oo

22

Nuclear Criticality

Mixing Of Incompatible Materials

Flammable Gas Deflagration

High-Efficiency Particulate Air (HEPA) Filter Failure
Tank Failure Due To Vacuum Or Degradation

Caustic Spray Leak Note: Oxalic acid spray leaks are binned under this accident
analysis. Oxalic acid spray leaks were found to have similar physical
characteristics to caustic spray leaks, permitting binning under this
representative accident. Oxalic acid has higher exposure limits as compared to
caustic.

Unfiltered Release
Waste Transfer Leak

Tank Bump Note: The hazardous conditions related to Tank Bump are identical
to those currently analyzed in the FSAR. Therefore, no addztzonal evaluation was
done in this safety evaluation.
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4.0 SAFETY EVALUATION

This safety evaluation considers hazardous conditions identified during the hazard evaluation of
oxalic acid waste retrieval in SST 241-C-106. These hazardous conditions fall into two

categories:
e Hazardous conditions related (mapped) to FSAR analyzed accidents

e Hazardous conditions having the potential for facility worker impact with an
“anticipated” frequency (S1-F3).

This evaluation compares the oxalic acid waste retrieval process hazardous conditions to the
analyzed accident in the FSAR and the TSR controls. The comparison is intended to:

e Identify unique accidents

e Evaluate whether the new hazardous conditions are bounded by the current accident
analyses :

e Evaluate if current TSR controls are appropriate and adequate
e Evaluate whether the new hazardous conditions affect equipment important to safety.

The representative hazardous conditions are listed in the FSAR, Appendix C. All hazardous
conditions are documented in the hazard analysis database, described in the Hazard Analysis
Database Report (HNF-SD-WM-TI-764). The hazard analysis database is considered part of the
safety basis. The Rep Acc analyses, including a general description and listing of the associated
controls, are documented in the FSAR, Chapter 3.0.

The hazardous conditions identified during the evaluation of the process of oxalic acid waste
retrieval in SST 241-C-106 were grouped according to 13 generalized hazardous conditions.
These hazardous conditions are presented in Table 3-2.

4.1 SAFETY EVALUATION PROCESS

The process for oxalic acid waste retrieval evaluation was as follows:

o Grouping Hazardous Conditions By Release Phenomena: Hazardous conditions were
grouped according to similarities in accident phenomena.

o Creating Generalized Hazardous Conditions: Generalized hazardous conditions
representing a group of hazardous conditions were created based on considerations of
release phenomena, material at risk, and accident sequence. These hazardous conditions,
where possible, were based on the existing FSAR analyzed accidents. The grouping was
done for two reasons:

4-1
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— The need to identify, unique phenomena and/or accidents not addressed in the current
safety basis.

— The need to identify, information needed to establish consequence estimates for
unique phenomena and/or accidents not addressed in the current safety basis.

Mapping Generalized Hazardous Conditions: The generalized hazardous conditions
were correlated (mapped) to Rep Accs analyzed in the FSAR. If a generalized hazardous
condition could not be correlated to a Rep Acc, it represented a potential accident of a
different type.

Mapping Specific Hazardous Conditions To FSAR Analyzed Accidents: The
individual hazardous conditions identified in the HAZOP were correlated (mapped) to
Rep Accs analyzed in the FSAR. If a hazardous condition could not be correlated to a
Rep Acc, it represented a potential accident of a different type.

Comparing Generalized Hazardous Conditions to FSAR Analyzed Accident: The
generalized hazardous conditions were compared to the FSAR analyzed accident to
determine if there were any characteristics that could potentially result in an accident not
bounded by FSAR analyzed accident.

Comparing Specific Hazardous Conditions to Safety Basis Hazardous Conditions:
‘The mapped hazardous conditions were compared to existing hazardous conditions in the
safety basis as documented in the hazard analysis database. The focus of the comparison
was to identify. unique characteristics not addressed by current controls.

Comparing Specific Hazardous Conditions to FSAR Analyzed Accident: The
mapped hazardous conditions were compared to the FSAR analyzed accidents to
determine if any were bounded by the analyzed accidents.

Evaluation of Existing Safety Basis Control Applicability: The generalized hazardous
conditions were evaluated against the safety basis controls. Specific parameters for the
controls, such as surveillance periods, were evaluated to see if they remained valid. Also,
equipment important to safety was evaluated to determine if the probability of failure or
the consequence of failure was increased. :

Identification of New Controls: Each generalized hazardous condition that was
identified as not being adequately addressed by existing safety basis controls was
evaluated to determine what control strategy should be applied.
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4.2 IDENTIFICATION OF A UNIQUE ACCIDENT

Do any of the newly identified hazardous conditions represent or provide an indication of
a new type of accident?

The generalized and specific hazardous conditions developed for oxalic acid waste retrieval in
SST 241-C-106 were compared to the hazardous conditions in the hazard analysis database.
None of the hazardous conditions associated with an FSAR Rep Acc were found to be unique,
insofar as they are analogous to existing hazardous conditions. Some hazardous conditions not
associated with a Rep Acc were found to be unique, insofar as they were not analogous to
existing hazardous conditions. These hazardous conditions were related to CO, generation.
Exposure to CO, was evaluated as only a facility worker issue. The hazard evaluation and
analysis process described in the FSAR does not assign Rep Accs to facility worker-only impact
accident scenarios.

43 EFFECT ON FSAR ANALYZED ACCIDENTS

Do any of the newly identified hazardous conditions adversely affect the analyzed
accident such that there would be a significant increase in the frequency of occurrence,
an increase in the consequence of an analyzed accident, or an adverse effect on a TSR or
other safety basis control?

Listed below are the evaluations of the 13 generalized hazardous conditions of concern
associated with oxalic acid retrieval of the solid waste in SST 241-C-106.

4.3.1 Oxalic Acid Spill

Generalized Hazardous Condition: Exposure to a spray or pool leak of oxalic acid due to
ruptured oxalic acid delivery transfer hose. The frequency of this hazardous condition was
estimated to be “anticipated” (F3). The consequence of this hazardous condition was estimated
to impact the onsite worker (S2).

Related Rep Acc: The Rep Acc most similar to a leak of oxalic acid is Rep Acc 17, Caustic
Spray Leak. This accident is addressed in FSAR Section 3.3.2.4.9, “Caustic Spray Leak from
Skid-Mounted Delivery System.” The technical basis for this accident is a pressurized spray
leak of caustic solution during a transfer to a waste tank. The FSAR estimated frequency for a
caustic spray leak is “anticipated” (F3), without controls. The analysis evaluates maximum
NaOH air concentrations at the onsite and offsite receptor locations. A parametric study was
performed using the SPRAY Code to determine the worst-case solution concentration within the
expected range of 5% to 50% NaOH. The worst-case small particle release rate was calculated
over a range of NaOH concentrations. These calculations accounted for variation in viscosity
and density with concentration. Results of the calculations indicated that a 12% solution was
optimal regarding NaOH release rate as small particles. No radioactive materials are associated
with this event. The results of the analysis show that toxicological consequence evaluation
guidelines are exceeded for the onsite worker and potentially exceeded for the offsite individual
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in the case of a cargo tanker pressurized rupture. No analysis of any other chemical was
developed. :

Existing Safety Basis Hazardous Conditions: A search of the hazardous conditions in the hazard
analysis database found no specific instances of oxalic acid spills. A number of similar
hazardous conditions related to transfer of caustic solutions were identified. Estimated
frequencies ranged from F3 to F2 for the types of failures postulated for oxalic acid spills.
Onsite worker (S2) safety impact is of concern for these hazardous conditions.

Discussion: Oxalic acid spill conditions were compared to the conditions analyzed for the
caustic spray leak Rep Acc. The pressures and temperatures of the oxalic acid will comply with
the existing requirements for caustic additions. The hoses used for transfer of oxalic acid to
SST 241-C-106 would be of concern in a long-term design life (> 1 yr) or at temperatures

> 300 °F but are adequate for short-term use at the expected operating temperature (20 to 25 °C)
(RPP-16256, 241-C-106 Acid Dissolution Material Compatibility Assessment).

Oxalic acid solubility in 20 to 25 °C water limits the maximum concentration to 1 M The
physical properties (viscosity, density, and solids fraction) of the oxalic acid solution were
compared to the analyses in HNF-SD-WM-CN-065, Consequence Analysis of NaOH Solution
Spray Release During Addition to Waste Tank. The physical properties of the I M oxalic acid
solution were found to be similar to either 5% or 10% NaOH. Both the 5% NaOH case and the
10% NaOH case had release rates of at least an order of magnitude lower than the bounding
FSAR case. Therefore, the consequences of an oxalic acid leak were judged to be bounded by
the sodium hydroxide case.

The toxicological evaluation guidelines were also examined. It was found that the evaluation
guidelines for oxalic acid are higher (i.e., less stringent) than for sodium hydroxide
(WSMS-SAE-02-0171, ERPGs and TEELs for Chemicals of Concern) by a factor of two for
offsite “anticipated” conditions and by a factor of four for onsite “anticipated” conditions.
Therefore the oxalic acid spill consequences were judged to be bounded by the current caustic
spray leak Rep Acc.

The FSAR analyzed accident frequency is “anticipated” (F3) for caustic spray and pool leak
accidents. Given that oxalic acid is not used in the long term (i.e., significant hose degradation
does not occur), spray and pool leaks for oxalic acid are not expected to have frequencies
appreciably different from the FSAR analyzed accident.

Existing Controls: The existing controls associated with this hazardous condition are found in
the TSR Administrative Control (AC) 5.23, “Caustic Transfer Controls,” and “Authorization for
Sodium Hydroxide Transfer Operations in the Tank Farms with Additional Controls”

{Boston 2002).
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AC 5.23 requires that a program be maintained to control caustic spray leak toxicological
hazards. The program has the following applicable program key elements:

a.  Polyethylene (or similar) sleeving around delivery piping.

b.  Caustic delivery system pressure shall be < 125 Ib/in” gauge or below the cargo tank's
specified maximum allowable operating pressure, whichever is less.

c.  Steel pipe shall be Schedule 10 or heavier wall thickness; polyethylene hose or other
delivery piping shall be designed for appropriate pressure delivery. Caustic transfer
piping shall have a wall thickness of > 0.109 in.

d.  Vendors shall be required to provide documentation that the cargo tanks used for
caustic transfers meet U.S. Department of Transportation Specifications 306, 307, 312,
406, 407 or 412 in accordance with Title 49, Code of Federal Regulations (CFR),
Part 178, “Specifications for Packagings,” subparts .345, .346, .347, or .348, as
applicable. :

e.  Traffic barriers shall surround the cargo tank (e.g., traffic cones or stanchions and
chains).

Additional requirements related to sodium hydroxide transfer operations in the tank farms are
described in Boston (2002) and the safety evaluation report (SER) attached to it. The

U.S. Department of Energy (DOE), Office of River Protection, has specified that the controls in
Boston {2002) and the SER are to be part of the tank farm safety basis.

Conclusions: The use of oxalic acid to retrieve waste has the potential for the same type of
chemical spray leak accidents that the caustic spray leak AC requirements, Boston (2002), and
attached SER are intended to address. The major difference is that oxalic acid has less restrictive
evaluation guidelines for the onsite individual when compared to caustic. The FSAR analyzed
accident frequency is “anticipated” (F3) for caustic spray and pool leak accidents and is the same
for oxalic acid. Since the AC program key elements for caustic leaks are intended to mitigate the
consequences of sprays and pools, the controls are equally valid for oxalic acid. No additional
program key elements for AC 5.23 are needed. Relief from the pH verification requirement in
Boston 2002 is necessary. A compensatory measure is required.

4.3.2 Oxalic Acid Damage to Tank Concrete Structure

Generalized Hazardous Condition: Release of radioactive or hazardous material from an SST
due to oxalic acid from a surface spill or vapor space aerosols damaging the SST 241-C-106
concrete dome. The frequency.of this hazardous condition was estimated to be “extremely
unilikely” (F1). The consequence of this hazardous condition was estimated to impact the Offsite
Individual (S3).

Related Rep Acc: The related Rep Acc is 13, “Tank Failure due to Vacuum or Degradation.”
This accident 1s addressed in FSAR Section 3.4.2.1, “Tank Failure Due to Excessive Loads,”
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Rep Acc 12, as a sub accident. The technical basis for this accident is a collapse of a tank dome
due to tank structural aging or excessive vacuum.

Excessive vacuum does not result in releases from the domes of DSTs or SSTs because the
concrete tank walls and domes can withstand the postulated maximum vacuum conditions caused
by fire, ventilation system failure, and cooling of the dome space from water spray.

DST and SST worst-case scenarios for tank structural aging also do not result in dome cotllapse.
The dome would remain intact, although the tank walls may fail and there could be dome
shifting. In the FSAR for the analysis of tank failure from a load drop bounds the consequences
for accidents caused by aging and corrosion, and excessive vacuum. The load drop accident was
estimated to occur-at an “unlikely” (F2) frequency, without controls. The consequence of this
accident was calculated to not exceed onsite or offsite evaluation guidelines for radiological dose
consequences. The evaluation guidelines for toxic material exposure to onsite receptors are
exceeded. Offsite evaluation guidelines are not challenged. There are no controls specified for
dome failure due to excessive vacuum or degradation.

Existing Safety Basis Hazardous Conditions: One hazardous condition, ID CCF-17 (SST dome
collapse caused by rebar corrosion) was found in the hazard analysis database, which could be
considered similar to the hazard created by oxalic acid damage to tank concrete structures.

Discussion: Oxalic acid has the potential to degrade concrete structures. The extent to which
oxalic acid aerosols would react with the exposed concrete in the SST dome has been evaluated
in a memo (Appendix E). The conclusion from this memo is that the amount of oxalic acid that
can reach the dome would be small. Aerosol deposition mechanisms do not support movement
of large quantities of oxalic acid. The small amount of oxalic acid that could reach the dome is
judged in the evaluation memo, Appendix E, to be inadequate to affect the strength of the
concrete. Therefore the oxalic acid waste retrieval process impact on the FSAR Rep Acc “Tank
Failure due to Vacuum or Degradation,” does not increase the frequency of the FSAR analyzed
accident. Consequences of dome collapse are not affected by the cause of the collapse.

Existing Controls: No TSR controls are applied to dome collapse caused by degradation or
vacuum, although controls are applied for load drop events.

Conclusions: No controls were established from the results of the current accident analysis for
dome collapse caused by degradation or vacuum. The evaluation memo, Appendix E, concludes
that oxalic acid waste retrieval does not constitute a significant structural degradation threat;
therefore, there is no increase in frequency or consequence and no additional controls are
required.

4.3.3 CO, Generation Hazards

Generalized Hazardous Condition: Facility worker injury due to exposure to CO; gas due to
oxalic acid reaction with concrete structures or carbonate waste. The frequency of this
hazardous condition was estimated to be “unlikely” (F2). The consequence of this hazardous
condition was estimated to impact only the facility worker (S1).
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Related Rep Acc: Hazardous conditions affecting only the facility workers (S1) are not
evaluated as Rep Accs identified in the safety basis. Therefore, worker exposure to CO; is not
related to a Rep Acc.

Existing Safety Basis Hazardous Conditions: Several instances of asphyxiation caused by
msufficient oxygen were found in the hazardous conditions in the hazard analysis database;
however, there are no hazardous conditions specific to CO, generation.

Discussion: The addition of oxalic acid to SST 241-C-106 will result in the generation of CO,
gas as the oxalic acid reacts with carbonate in the sludge. Carbon dioxide is a facility worker
safety issue in regards to its asphyxiant properties. Gases that pose an asphyxiation threat are a
commonly encountered industrial hazard. The contractually mandated company safety
management programs (SMP) address commonly encountered industrial hazards.

Existing Controls: TSR AC 5.24, “Safety Management Programs.” Specifically those programs
associated with industrial hygiene address this hazard.

Conclusions: The activity does not involve confined spaces where facility workers would
normally be present. The SMPs for facility worker protection address confined space and other
asphyxiation hazards. No additional controls are required.

4.3.4 Chemical Reaction—Tank Pressurization

Generalized Hazardous Condition: Release of radioactive or hazardous material from SST
headspace due to gas generation from reaction of tank waste with oxalic acid. The frequency of
this hazardous condition was estimated to be “extremely unlikely” (F1). The consequence of this
hazardous condition was estimated to impact the onsite worker (S2).

Related Rep Acc: The related Rep Acc is 03, “Mixing of Incompatible Material — Tank
Pressurization.” This accident is addressed in FSAR Section 3.3.2.4.12, “Mixing of
Incompatible Material — Tank Pressurization.” The FSAR estimated frequency for this accident
is “anticipated” (F3), without controls. The offsite radiological dose and toxicological exposure
consequences are below the evaluation guidelines, but the onsite radiological dose and
toxicological exposure consequences are above the guidelines.

Existing Safety Basis Hazardous Conditions: There are no hazardous conditions in the hazard
analysis database specific to oxalic acid reaction with tank waste. There are many identified
hazardous conditions where a chemical reaction occurs causing tank pressurization and release of
radioactive or hazardous material. Except for specificity of oxalic acid, the hazardous conditions.
currently Hsted in the hazard analysis database are similar in nature to those associated with
oxalic acid dissolution of tank solids.

Discussion: These conditions are similar to the “Mixing of Incompatible Materials — Tank
Pressurization” Rep Acc in the FSAR. The current bounding tank pressurization accident
assumes an inadvertent addition of 12 M nitric acid that causes boiling in a double-contained
receiver tank (DCRT). The stearn generated results in failure of the HEPA filter and a release of
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steam and aerosol. Analysis of an inadvertent nitric acid addition during sludge dissolution
activities is given below. In addition, the addition of oxalic acid to SST 241-C-106 will result in
the generation of gas as the oxalic acid reacts with carbonate in the sludge to create carbon
dioxide. Carbon dioxide generation could result in tank pressurization sufficient to fail the
HEPA filters resulting in an unfiltered release of headspace gases and waste aerosols.
Laboratory scale sludge dissolution tests (Final Report for Tank 241-C-106 Sludge Dissolution,
Phase IT [Herting 2003]) show that oxalic acid dissolution has the potential to generate
significant quantities of carbon dioxide, which could result in tank pressurization. These two
scenarios are evaluated below.

Inadvertent addition of nitric acid. The consequences of an inadvertent addition of nitric acid
is of concemn because of the possibility of the neutralization reaction causing the waste to boil
and release significant quantities of steam and waste aerosols. This accident is evaluated in the
calculation that follows.

The neutralization reaction is shown below:
NaOH + HNO; — NaN03 + H,O
Gram moles of nitric acid available:

(5,000 gal nitric acid) (3.785 L/gal) (12 gram moles/L) = 2.27 x 10° gram moles

where:
5,000 gal = the expected delivery size
3.785 L/gal = conversion factor (CRC Handbook of Chemistry and Physics [Weast

19817).

Total heat of reaction:

(2.27 x 10° gram moles) (13.79 kcal/gram mole) (4.184 kJ/keal) =1.31 x 107 kJ

where:
13.79 kcal/gram mole = heat of reaction released (HNF-SD-WM-CN-073, Chemical
Reaction in a DCRT)
4.184 kl/keal = conversion factor (Weast 1981).

Assuming the starting temperature of the waste-acid mixture is 40 °C, the energy required to heat
the mixture to the boiling point is calculated as follows:

(110 — 40 °C) (4.2 kI/kg °C) (25,000 gal) (3.785 L/gal) (1.1 kg/L) = 3.06 x 107 kJ

where:
110°C — assumed boiling point of the waste-acid mixture
42 kl/kg °C = specific heat of water (Weast 1981)
1.1 kg/L = assumed density of the waste-acid mixture.
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14,000 gal = total volume of sludge and oxalic acid (sludge volume from
HNF-EP-0182, Waste Tank Summary Report)

Because the energy produced by the reaction is consumed before the mixture approaches the
boiling point there would be no significant tank pressurization or waste release.

This potential waste boiling scenario is not applicable to the oxalic acid addition to
SST 241-C-106 or during transfer of acid waste to tank 241-AN-106 because the neutralization
reaction for I M oxalic acid is not sufficiently exothermic (RPP-17317).

Uncontrolled oxalic acid addition. Oxalic acid addition creates the potential for a tank
pressurization event due to CO, generation. Laboratory scale sludge dissolution tests in
Herting (2003) show that oxalic acid dissolution has the potential to generate significant
quantities of carbon dioxide, which could result in tank pressurization. The rate of oxalic acid
addition will determine the rate of carbon dioxide production. If the oxalic acid addition rate is
controlled to 80 gal/min the production rate of CO, is limited to less than 477 ft*/min
(Appendix F). The radiological consequence for this gas release rate is obtained by using the
basic oxalic acid — carbonate reaction:

H,C,0, + CO;* = CO,,,, + H,0 + C,0;"

2{gas

This equation shows that 1 mole of oxalic acid (H2C>04) reacts with 1 mole of carbonate (CO52)
to produce 1 mole of carbon dioxide gas (CO;). Since radiological consequences are based on
the total release, the total amount of carbon dioxide gas that can be generated during the
operation is:
Oxalic acid concentration is nominally 1 g mole/liter in a saturated solution:

(30,000 gal) (3.785 L/gal) (1 g mole/L) (44.01 g/g mole) =5.00x 10° g
where:

44.01 1s the molecular weight of carbon dioxide.
Note: While only two cargo tankers are expected to be unloaded in a single shifi, the unfiltered
release radiological consequences are conservatively based on a complete 30,000 gal soak batch
of oxalic acid.

Calculating the acrosol release:

(5.00x 10°g) (5x 10°) (0.8) / (1,520 g/L) = 1.32 x 10" L
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where:

5 x 10" = bounding airborne release fraction for the release of dissolved gases at
pressures less than 50 lb/in®. (DOE-HDBK-3010-94)

0.8 = respirable fraction for the release of dissolved gases at pressures less than
50 Ib/in’. (DOE-HDBK-3010-94)

1,520 g/L = density of the sludge. (BBI, Best Basis Inventory).

Assuming the resulting aerosol is 23% SST solids and 77% oxalic acid (9,000 gal sludge mixed
with 30,000 gal oxalic acid), the onsite consequences of such a release are:

(1.32x 107 L) (3.28 x 107 s/m®) (2.44 x 10° Sv/L) (3.33 x 10 m*/s) =3.5x 107 Sv

where:

2.44 x 10° Sv/L is the onsite unit liter dose for 23% SST solids aerosols. (RPP-5924)
3.28 x 102 s/m’ is the onsite atmospheric dispersion coefficient. (RPP-5924)
3.33 x 10™ m¥s is the breathing rate. (RPP-5924)

Assuming the resulting aerosol is 23% SST solids and 77% oxalic acid, the offsite consequences
of such a release are:

(1.32x 107 1) (2.22 x 107 s/m®) (3.82 x 10° Sv/L) (3.33 x 10 m*/s) =3.7x 10 Sv
where:

3.82 x 10° Sv/L is the offsite unit liter dose for 23% SST solids aerosols. (RPP-5924)
2.22 x 10 s/m’ is the offsite atmospheric dispersion coefficient. (RPP-5924)
3.33 x 10” m’/s is the breathing rate. (RPP-5924) :

The onsite radiological guideline for an anticipated release is 5.0 x 10™ Sv and the offsite
guideline is 1.0 x 107 Sv. Comparing the consequences to the guidelines shows that the
consequences for the unfiltered release remain within evaluation guidelines, with some margin,
when the oxalic acid addition rate is controlled to < 80 gal/min.

An oxalic acid addition rate of 80 gal/min results in a carbon dioxide generation rate of 477
ft*/min at 25 °C (Appendix F/Attachment 1). Converting:

[(477 ft3/min) /(393 ft3/1b.m01e)] [(90.04 1b/1b molé) /(2.2 Ib/kg)] = 49.7 kg/min
where:

393 ft*/ib mole = volume of carbon dioxide at 25 C. [(24.5 L/g mole) (454 g mole/lb
mole) (1 m*/1000 L) (35.3 ft*/m”) - Appendix F/Attachment 1].

90.04 = molecular weight of oxalic acid.

The aerosol release can then be calculated:
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(49.7 kg/min) (5 x 10°%) (0.8) (1 min/60 sec) / (1.7 kg/L) = 1.94 x 10° Lisec

where:

5 x 10" = bounding airborne release fraction for the release of dissolved gases at
pressures less than 50 Ibs/in. (DOE-HDBK-3010-94, Airborne Release
Fractions/Rates and Respirable Fractions for Nonreactor Nuclear
Facilities)

0.8 = respirable fraction for the release of dissolved gases at pressures less than 50
Ibs/in”. (DOE-HDBK-3010-94)

1.7 kg/LL = assumed density of the solids.

Conservatively assuming the aerosol is 100% SST solids, the onsite toxicological consequences
can be calculated:

(1.94 x 107 L/sec) (4.0 x 10* sec/L) = 7.8 x 107!

where:

4.0 x 10* sec/L = anticipated, onsite sum-of-fractions for SST solids from
WHC-SD-WM-SARR-011, Toxic Chemical Considerations for
Tank Farm Releases.

Calculating the offsite consequences:
(1.94 x 107 L/sec) (9.4 x 10" sec/L) = 1.8 x 107
where:

9.4 x 10' sec/L = anticipated, offsite sum-of-fractions for SST solids from
WHC-SD-WM-SARR-011.

Since toxicological guidelines are exceeded when the consequences exceed 1, it can be seen that
the unfiltered release remains within evaluation guidelines.

This scenario is not an issue when transferring the acid waste to DST 241-AN-106 because the
waste In DST 241-AN-106 has a much lower carbonate content (RPP-17317). Therefore, a
control on the transfer rate from SST 241-C-106 to DST 241-AN-106 is not required.

Existing Controls: The existing TSR controls include a ventilation stack continuous air monitor
(CAM) interlock system and HEPA filter controls. The specific control for this accident is found
in the AC 5.12, “Transfer Controls.” The applicable key element for chemical compatibility
requires that chemical additions are > pH of 8. Relief needs to be requested from this control to
allow addition of oxalic acid to the tank. .
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Conclusions: The preventive control applied in the FSAR cannot be applied to the oxalic acid
demonstration project because it requires chemical additions to have a pH of no less than 8.
Oxalic acid additions cannot meet the current control. Although an inadvertent addition of nitric
acid would not exceed evaluation guidelines, a preventive compensatory measure is
recommended to ensure that each delivery contains the expected oxalic acid before it is added to
the tank. In addition, a compensatory measure to limit the rate of oxalic acid addition to SST
241-C-106 to < 80 gal/min is required to protect an important analysis assumption. These
requirements will need to be specified in the JCO for oxalic acid waste retrieval.

4.3.5 Chemical Reaction—Toxic Vapor Release

Generalized Hazardous Condition: Release of radioactive or hazardous material from SST
headspace due to gas generation from reaction of tank waste with oxalic acid. The frequency of
this hazardous condition was estimated to be “anticipated” (F3). The consequence of this
hazardous condition was estimated to impact only the facility worker (S1).

Related Rep Acc: The related Rep Acc is 23, “Mixing of Incompatible Material ~ Toxic Vapor
Generation.” This accident is addressed in FSAR Section 3.3.2.4.11, “Mixing of Incompatible
Material — Toxic Vapor Generation.” The technical basis for this accident is the addition of
caustic to adjust tank hydroxide concentration. This scenario was judged to be the most severe
case of mixing materials to cause an intentional pH change.

The accident scenario without controls assumed a rapid uncontrolled addition of caustic (sodium
hydroxide) to liquid waste of low pH in a DCRT. This resulted in the release of ammonia due to
the solution becoming more basic. This scenario was considered representative because liquids
pumped from the SST farms tend to be low pH solutions and require the addition of caustic.

This accident was qualitatively assigned a frequency of “anticipated” (F3) because pH
measurements in the supernatant of some SSTs are less than 9.27.

No onsite or offsite radiological dose consequences are calculated for this accident because it
only involves toxic material. The onsite and offsite calculated sum-of-fractions for the ammonia
concentrations were below the evaluation guidelines for an “anticipated” (F3) event
(WHC-SD-WM-SARR-011, Toxic Chemical Considerations for Tank Farm Releases).
Therefore, no SSCs or TSR controls were required. Because the consequences of the accident
scenario without controls are well below the evaluation guidelines, no additional consequence
analysis (i.e., accident scenario with controls) was performed.

Existing Safety Basis Hazardous Conditions: There are several hazardous conditions in the -
hazard analysis database that are related to generation of toxic vapors. However, only one
hazardous condition was identified for an onsite release associated with toxic vapor generation in
a DST and none were identified for an SST. The currently identified hazardous conditions do
not address toxic vapor releases due to chemical reactions caused by oxalic acid additions or
transfers.

Discussion: The oxalic acid waste retrieval hazardous conditions involving toxic gas generation

are mapped to the current Rep Acc “Mixing of Incompatible Material — Toxic Vapor
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Generation.” However, the accident analysis only evaluates releases of ammonia due to caustic
addition to a low pH tank and the consequence analysis results are below evaluation guidelines.
The HAZOP for oxalic acid waste dissolution identified several hazardous conditions that
resulted in generation of toxic gases other than ammonia. The gases were NO, and CO,. Carbon
dioxide generation is addressed in Sections 4.3.3 and 4.3.4. The NO, hazardous condition '
identified in the HAZQOP had consequences estimated that only resulted in facility worker
impact. Based on the results reported in Herting (2003), releases of NOj are judged to be small
enough that the ammonia release scenario consequence bounds this condition.

Existing Controls: There are no related TSR-level or defense-in-depth controls because the
calculated releases for the identified accident scenario are below evaluation guidelines.

Conclusions: No controls are required due to the low consequences

4,3.6 Criticality

Generalized Hazardous Condition: Release of radioactive or hazardous materials from SST or
DST headspace due to oxalic acid reactions concentrating fissile material or selectively removing
poisons causing an unplanned criticality. The frequency of this hazardous condition was
estimated to be “anticipated” (F3). The consequence of this hazardous condition was estimated
to impact the onsite worker (S2).

Related Rep Acc: The related Rep Acc is 01, “Nuclear Criticality.” The technical basis for
nuclear criticality safety of waste stored in underground tanks at the Hanford Site is sutnmarized
in FSAR Section 3.3.4.1, “Nuclear Criticality.” A hypothetical accident caused by a mistransfer
from the Plutonium Finishing Plant (PFP) was analyzed as the bounding accident. The accident
was judged to have a frequency of occurrence of “beyond extremely unlikely” (F0O). The
frequency of occurrence is based on the normal waste storage activities that only involve
mechanical processes (i.e., no chemical processes). The worst-case consequences calculated for
a hypothetical criticality only impact the facility worker (S1} (i.e., do not challenge offsite or
onsite evaluation guidelines). The control strategy adopted for this accident is an AC for nuclear
criticality that takes the form of nuclear criticality safety evaluation reports (CSER). The key
aspects of this program are designed to protect the assumptions in the CSER so that the accident
frequency remains “beyond extremely unlikely.” Any activities involving processes that affect
the analysis assumptions require further analysis before approval is granted.

Existing Safety Basis Hazardous Conditions: There are no identified hazardous conditions in the
hazard analysis database associated with chemically removing neutron poisons or selectively
concentrating fissile material.
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Discussion: Per AC 5.7, a criticality safety evaluation (HNF-15682, CSER 03-011: Transfer
from Tank 241-C-106 to Tank 241-AN-106 Using Oxalic Acid Dissolution) was performed for
liquid transfers from SST 241-C-106 to DST 241-AN-106 using an oxalic acid dissolution
method that included the following activities:

Oxalic acid insertion into SST 241-C-106

Sludge material redistribution in SST 241-C-106

Transfer of oxalic solution from SST 241-C-106 to DST 241-AN-106

Discharge of oxalic solution into DST 241-AN-106, including redistribution of waste.

The analysis concluded that a nuclear criticality has a frequency that is “beyond extremely
unlikely” (FO) for these activities. As is the case in the current safety basis, to ensure the
analysis frequency result is valid, certain assumptions specified in the new CSER will require
protection.

Existing Controls: The existing controls associated with this hazardous condition are found in
AC 5.7, “Nuclear Criticality Safety,” which requires that a program shall be mamntained for
ensuring WASTE remains subcritical. The applicable program key elements of this AC are:

a.  Criticality limits and controls shall be documented in CSERs and implemented in
criticality prevention specifications (CPS) and procedures.

b.  Procedures shall be established for recovery from a CPS nonconformance.
c.  Criticality safety training shall be provided for operations and technical personnel.

d.  For transfers into the tank farms from non-tank farm facilities (e.g., PFP, B Plant) the
following pretransfer conditions shall be met:

» The pH shall be > 8. (this control will need to be waived for oxalic acid addition)

Conclusions: The use of oxalic acid to retrieve waste is addressed in CSER HNF-15682.
Controls protecting analysis assumptions will be implemented. The preventive pH control
applied in the FSAR cannot be applied to the SST 241-C-106 oxalic acid waste retrieval project
because it requires the waste to have a pH of not less than 8. This control will need to be
walved. No additional key elements for AC 5.7 are needed.
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4.3.7 Flammable Gas Deflagration

Generalized Hazardous Condition: Release of radioactive or hazardous materials from
headspace in SST 241-C-106 or DST 241-AN-106 due to a deflagration involving flammable gas
generation or release from addition of oxalic acid to the tank. The frequency of this hazardous
condition was estimated to be “anticipated” (F3). The consequence of this hazardous condition
was estimated to impact the offsite individual (S3).

Related Rep Accs: The related Rep Accs are 04, “Flammable Gas Deflagrations — DST,” and
05, “Flammable Gas Deflagrations — SST.” FSAR Section 3.4.2.2, “Flammable Gas
Deflagrations,” addresses this hazardous condition. Flammable gas deflagrations due to
steady-state accumulation and flammable GREs are considered. The FSAR estimates the
frequency of flammable gas deflagrations in SSTs and DSTs to be “anticipated” (F3) with the
radiological and toxicological consequences exceeding the offsite and onsite radiological and
toxicological consequences, without application of controls. With the application of flammable
gas controls, flammable gas deflagrations are prevented. The FSAR estimates the frequency of a
flammable gas deflagration with potential failure of controls to be “extremely unlikely” (F1).

Existing Safety Basis Hazardous Conditions: For DSTs, two hazardous conditions were listed in
the Hazard Analysis Database (HNF-SD-WM-TI-764) related to chemical reactions causing a
flammable gas deflagration. One concerned over-pressurization and the other were related to a
reaction-causing ignition. There were no instances identified for addition of chemicals that
resulted in gas generation or additional or rapid gas release. There were no references to oxalic
acid addition for any hazardous conditions associated with a flammable gas deflagration in a
DST.

For SSTs, six hazardous conditions were listed in the hazard analysis database related to
chemical reactions causing a flammable gas deflagration. One hazardous condition concerned
over-pressurization, one related to a misroute, one to an exothermic reaction in the sludge, one to
a reaction in 1solated or abandoned equipment, and two related to over-pressurization. There
were no references to oxalic acid of any sort associated with a flammable gas deflagration in an
SST.

Discussion: The potential for a flammable gas deflagration in SST 241-C-106 or

DST 241-AN-106 due to flammable gas generation or release from addition of oxalic acid to the
SST 241-C-106 and transfer to DST 241-AN-106 was further evaluated. There are two
mechanisms of concern, GRE and steady-state flammable gas generation.

From a GRE perspective, the FSAR identified SST 241-C-106 as a Facility Group 3 tank and
DST 241-AN-106 as a Facility Group 2 tank. The DSA evaluates GRE hazards with an updated
methodology based on waste groups. Recent analysis as documented in RPP-10006,
Methodology and Calculations for the Assignment of Waste Groups for the Large Underground
Waste Storage Tanks at the Hanford Site, identifies SST 241-C-106 and DST 241-AN-106 as
being Waste Group C tanks. Waste Group C tanks do not have sufficient retained gas to
approach 100% LFL if all of their respective retained gas were released. These two tanks were
reanalyzed using methodology described in RPP-10006 to determine whether the waste group
designation would be affected by the oxalic acid dissolution waste retrieval operations. Based on
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analysis documented in RPP-17317, 241-C-106 Acid Dissolution Retrieval Project Selected
Process Calculations, and waste sample testing documented in Herting (2003), Final Report for
Tank 241-C-106 Sludge Dissolution, Phase II, SST 241-C-106 will be a Waste Group C tank
throughout oxalic acid dissolution waste retrieval operations. RPP-17317 also indicates that
DST 241-AN-106 will be a Waste Group C tank throughout oxalic acid dissolution waste
retrieval operations. Therefore, no specific GRE controls need to be applied.

Steady-state flammable gas generation mechanisms during oxalic acid dissolution waste retrieval
operations were also evaluated in RPP-17317. These calculations indicate that acid induced
corrosion of the steel tank liner may produce elevated flammable gas generation rates. For

DST 241-AN-106 the calculated times to increase the flammable gas concentration by 25% of
the LFL were bounded by those in the FSAR. However, for SST 241-C-106 the generation rates
are higher than those assumed in the FSAR and may not be adequately controlled by passive
ventilation. Note that a new hazardous condition was generated (in Revision 1) to document the
hazard presented by elevated flammable gas generation during oxalic acid dissolution in SSTs.
Calculations in RPP-17317 conclude that a ventilation rate of ¥ 13 ft’/min may be needed to
maintain the flammable gas concentration below 25% of the LFL.

Existing Controls: The existing contro] for steady-state accumulation in SST 241-C-106 is
passive ventilation (Schepens 2003). However, passive ventilation may not be adequate to
mitigate flammable gas generation with acidic waste. Therefore a JCO control is proposed to
address the elevated flammable gas generation in SST-241-C-106. The proposed control is to
require active ventilation that will be operated in accordance with an LCO defined in the JCO.
Consistent with the current FSAR safety analysis conclusions, the active ventilation system for
SST 241-C-106 is designated as safety-class. DST 241-AN-106 will be operated in accordance
with the existing FSAR controls. In order to reduce unnecessary FSAR controls for GREs, it is
proposed to transition to the DSA waste group control approach. SST 241-C-106 is a Waste
Group C tank throughout oxalic actd dissolution waste retrieval operations. Therefore, no
specific GRE controls need to be applied.

Conclusions: With the application of the JCO controls, the risk for a flammable gas deflagration
due to oxalic acid dissolution in SST 241-C-106 and waste transfer to DST 241-AN-106 is not
increased above that currently analyzed in the FSAR. In order to facilitate the transition to the
DSA, new TSR flammable gas controls will be proposed in the JCO for the oxalic acid addition
process for SST 241-C-106. A requirement for safety-class active ventilation in SST 241-C-106
is also proposed in the JCO. The current FSAR flammable gas controls will be applied to

DST 241-AN-106.

4.3.8 Waste Transfer Leak

Generalized Hazardous Condition: Release of radioactive or other hazardous materials due to a
waste transfer leak to the atmosphere or ground surface during oxalic acid recirculation or during
a waste transfer. The frequency of this hazardous condition was estimated to be “anticipated”
(F3). The consequence of this hazardous condition was estimated to impact the onsite worker
(S2).
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Related Rep Accs: The related Rep Accs are 33A, “Waste Transfer Leak into Structure,” 33B,
“Waste Transfer Leak into Soil,” 33C, “Waste Transfer Leak onto Soil Surface or into
Atmosphere,” and 33D, “Waste Transfer Leak due to Misroute.” FSAR Section 3.3.2.4.7,
“Waste Transfer Leak,” addresses these hazardous conditions. The FSAR estimates the
frequency of waste transfer leaks to be “anticipated” (F3), with the radiological and toxicological
consequences exceeding the evaluation guidelines for the onsite receptor, but well below
evaluation guidelines for the offsite receptor. The accident frequency remains “anticipated” with
the application of controls. TSR controls are mandated to mitigate the consequences of waste
transfer leaks.

Existing Safety Basis Hazardous Conditions: There is only one chemical reaction related
hazardous condition identified in the hazard analysis database associated with a waste transfer
leak into a structure. This has to do with multiple transfers through a HIHTL resulting in
damage to the primary hose due to chemical incompatibility. There are a number of hazardous
conditions related to corrosion-induced damage to piping.

There is one low-pH related hazardous condition in the hazard analysis database related to a
waste transfer leak into soil (subsurface leak). This condition is a failure to adjust the pH for a
PUREX transfer that results in a leak. There are a number of hazardous conditions related to
corrosion-induced damage to piping.

There is one identified hazardous condition related to a waste transfer leak onto the soil surface
or into the atmosphere. This condition is associated with an incompatible material causing a
faiture of the inner and outer hoses of a HIHTL. There are a number of instances where the
cause of a leak is not specific, listed as failure from various causes.

The hazardous conditions identified for a misroute are similar in nature to those identified for the
oxalic acid dissolution process.

Discussion: The effects of the dissolution operations were evaluated against Rep Acc “Waste
Transfer Leak.” Results from the sludge dissolution tests (Herting 2003) were used to calculate
the radionuclides present in the transferred waste.

For supernatant, the unit-liter dose (ULD) was calculated using data from (Herting 2003). This
data 1s considered to be more representative of what the SST 241-C-106 waste/oxalic acid
‘mixture being transferred to DST 241-AN-106. The ULDs were calculated to be:

1.46 x 10° Sv/L (onsite); 1.60 x 10° Sv/L (offsite)

The maximum supematant ULD analyzed for the FSAR Wasfe Transfer Leak Accident is:
1.72 x 10° Sv/L (onsite); 1.72 x 10° Sv/L (offsite)

For solids, the ULD consequences were calculated using Herting (2003):

1.64 x 10" Sv/L (onsite); 1.80 x 10* Sv/L (offsite)
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Maximum solids ULD Analyzed for the FSAR Waste Transfer Leak Accident is:
1.70 x 10° Sv/L (onsite); 1.70 x 10° Sv/L {offsite)

From these results it is concluded that the parameters reported in the FSAR and evaluated in
RPP-5667, Stochastic Consequence Analysis for Waste Leaks, bound the conditions seen during
oxalic acid dissolution. Toxicological consequences are not calculated in RPP-5667. Itis
assumed in the FSAR that the onsite toxicological consequences are exceeded based on the
analysis of radiological consequences. The same assumption is conservatively applied to waste
transfers during oxalic acid dissolution. Even with conservative assumptions, the oxalic acid
waste retrieval process remains bounded by the accident analysis. Thus, there would be no
increase in the potential radiological or toxicological consequences of a waste transfer leak
during oxalic acid dissolution recirculation or waste transfers than analyzed in the FSAR.

Waste will be recirculated within SST 241-C-106 through an existing HIHTL. Waste will be
transferred through HIHTL to DST 241-AN-106. The HIHTL used will be a dedicated route
between SST 241-C-106 and DST 241-AN-106. The waste transfer oxalic acid/slurry mixture is
not expected to cause HIHTL corrosion to failure during the waste transfer process. As the
FSAR estimated frequency of waste transfer leaks is “anticipated™ with controls, there would be
no increase in the FSAR estimated frequency of waste transfer leaks due to waste transfers
following oxalic acid dissolution in SST 241-C-106.

Controls for waste transfer leaks are equally applicable to the oxalic acid waste retrieval Process
as to normal tank farm waste transfers.

Existing Controls: The TSR and structures, systems, and components (SSC) currently identified
in the safety basis address waste transfer leaks. The oxalic acid waste retrieval process will not
introduce factors that would invalidate these controls. These TSR controls include service water
pressure detection systems; transfer leak detection systems; backflow prevention systems;
transfer controls; encasement seal loop controls; emergency preparedness; process
instrumentation and measuring and testing equipment; transfer pump administrative lock
controls; transfer system cover removal controls; SMPs; and waste transfer system design
features.

LCO 3.1.2, “Service Water Pressure Detection Systems,” requires the service water pressure
detection system to be operable.

LCO 3.1.3, “Transfer Leak Detection Systems,” requires the transfer leak detection systems to be ‘
operable.

Material compatibility assessments (RPP-16256) have been performed on safety-related
components such as transfer leak detection systems. The assessments determined that the
safety-related components will perform their required safety functions.

LCO 3.1.6, “Backflow Prevention Systems,” requires the backflow prevention systems to be
operable.
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Material compatibility assessments (RPP-16256) have been performed on safety-related
components such as backflow prevention systems. The assessments determined that the
safety-related components will perform their required safety functions.

AC 5.12, “Transfer Controls,” includes program key elements for transfer system configuration
management, operating requirements, and waste compatibility controls.

AC 5.13, “Encasement Seal Loop Controls” requires verification that prior to waste transfers,
that all encasement seal loop drain line isolation valves associated with physically connected
. piping provides an open drain path to the pit.

AC 5.14, “Emergency Preparedness,” provides program key elements for required elements to be
addressed, seismic events, fire, waste leaks, waste leaks due to excavation, and verification of
SSC status following significant, relevant, natural phenomena events.

AC 5.19, “Process Instrumentation and Measuring and Test Equipment,” includes program key
elements for identifying and tracing TSR-related instrumentation, instrumentation and equipment
functional tests or calibrations, and records of instrumentation and equipment functional testing
or calibration. '

AC 5.20, “Transfer Pump Administrative Lock Controls,” provides program key elements for
demonstration of administrative lock of a waste transfer pump, reference to applicable LCOs for
service water pressure detection systems, transfer leak detection systems, and backflow
prevention systems.

AC 5.22, “Transfer System Cover Block Removal Controls,” provides program key elements for
radiation protection and hazardous material protection measures being in place prior to transfer
system cover removal, and establishment of procedures to identify operator responses to the
detection of a leak with a transfer system cover is off.

AC 5.24, “Safety Management Program,” provides program key elements for the radiation
protection program; hazardous material protection program; radioactive and hazardous waste
management program; testing, surveillance, and maintenance program; fire protection program;
and interfacing facilities program.

The TSRs also include design features as specified for transfer systems.

Conclusions: Waste transfers involving oxalic acid dissolution sludge and residues could
involve waste transfer leaks. The frequency and consequences of these potential leaks are
adequately addressed in the FSAR Rep Acc for waste transfer leaks, and the current TSR control
set is adequate to address the risk from potential accidents.

4.3.9 Worker Exposure to Ionizing Radiation

Generalized Hazardous Condition: Worker exposure to ionizing radiation due to replacement or
repair of equipment damaged or otherwise affected by oxalic acid. The frequency of this

4-19




RPP-16537 REV 2

hazardous condition was estimated to be “anticipated” (F3) and the consequence was estimated
to result in impact to only the facility worker (S1).

Related Rep Acc: Hazardous conditions affecting only the facility workers are not evaluated as
Rep Accs in the safety basis; therefore, worker exposure to ionizing radiation is not related to a
Rep Acc.

Existing Safety Basis Hazardous Conditions: There are a large number of hazardous conditions
listed in the hazard analysis database related to worker exposure.

Discussion: Replacement of equipment or responding to upset conditions related to the oxalic
acid dissolution process should not be materially different from any other similar tank farm
operation.

Existing Controls: The AC 5.24, “Safety Management Programs,” for radiation protection
controls radiation exposure resulting from operations involving tank waste.

Conclusions: Oxalic acid waste retrieval does not introduce any unique radiation protection
hazards. Specific measures to protect the facility worker are established as needed using existing
procedures and work planning processes. No changes to the program are required.

4.3.10 Primary Tank Leak

Generalized Hazardous Conditions: Two generalized hazardous conditions are developed for
primary tank leak events.

For DSTs, the hazardous condition is a release of tank waste from a DST primary tank to the
annulus due to oxalic acid damage to the primary tank structure. The frequency for this
hazardous condition is estimated to be “beyond extremely unlikely” (F0) based on the
assumption that there is enough excess NaOH in the tank to maintain the waste at a pH > 8. The
consequence is estimated to be below any level of concemn (S0).

For SSTs, the hazardous condition is a release of tank waste from an SST to soil column due to
oxalic acid damage to SST liner or reopening an existing leak sealed by tank waste or corrosion
products. The frequency of this hazardous condition was estimated to be “anticipated” (F3) and
the consequence was estimated to have no significant impact on any receptor (S0). However, the
environmental impact was estimated to have the potential for significant release onsite (E2).

Related Rep Acc: Uncontrolled releases of radioactive material having only significant
environmental impact (i.e., SO) are not evaluated as a Rep Acc. A release of tank waste from a
damaged tank represents a major environmental impact (E2/E3) with no worker safety
consequence (80). Tank leaks into the soil are evaluated in FSAR Section 3.3.2.4.7, “Waste
Transfer Leak,” as previously discussed in Section 4.3.8.

Existing Safety Basis Hazardous Conditions: There are no hazardous conditions listed in the
hazard analysis database of the FSAR related to chemical damage and subsequent waste leaks
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from SSTs. There were several hazardous conditions identified for mechanical damage to the
SST liner. There were no specific hazardous conditions in the hazard analysis database
identified for chemical damage to a DST primary tank. However, there were several hazardous
conditions histed for failure of the primary tank with no specific cause.

Discussion: Carbon steels are generally rated unsatisfactory for use involving long-term oxalic
acid exposure. Cortrosion rates of greater than 50 mils/yr can be expected (RPP-16256).
However, due to the short life of this project, the creation of a major leak from the SST liner or
DST primary tank is not an immediate concern.

SST 241-C-106 is a sound tank, having been subjected to many hours of sluicing with fairly
high-energy sluice jets. Thus, it is probable that existing leaks or structurally weak areas would
have been identified.

The estimated frequency of an SST leak is “anticipated” (F3) based on the fact that a number of
SSTs have leaked in the past. The oxalic acid waste retrieval process will not increase the
frequency of tank failure appreciably.

Releases of radioactive waste to the environment are undesirable. Retrieving the waste from
SSTs and achieving closure conditions has as its purpose the reduction of the likelihood of new
tank leaks releasing waste to the soil subsurface. However, the environmental consequences
from a leak that occurs as a result of oxalic acid waste retrieval in an SST will be no worse than
any other SST leak.

Existing Controls: Controls that address hazardous conditions with the potential for severe
environmental consequences (E2/E3) and no significant impacts on the public or onsite worker
(50/81) are discussed in FSAR Section 3.3.2.3.4. Table 4-1 (FSAR Table 3.3.2.3.4-1,
Environmental Controls) lists the specific FSAR controls credited for environmental protection.
Controls not applicable to waste tank leaks to the soil subsurface as a result of the oxalic acid
waste retrieval process are in italics. These environmental controls are implemented by tank
farm operating programs and procedures.
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Table 4-1. Environmental Controls.

Environmental controls

Comment

HEPA filters and annual aerosol testing

DSTs (including AWF tanks), SSTs, DCRTs, cateh tanks®,
204-AR Waste Unloading Facility, 244-CR Vault, and portable
exhausters

Waste tank confinement

Maintain negative pressure for actively ventilated waste tanks

Tank and pipe corrosion and integrity controls

Includes draining and flushing of lines, cathodic protection,
waste pH and temperature (absolute and delta) controls

Includes maintaining a minimum tank waste level when the
veritilation system is operating to prevent uplifting of the tank
bottom steel liner.

Leak detection systems

Includes pits, DSTs (including AWF tanks), SST monitoring
wells, and the RCSTS encasement leak detection systems

DST Integrity Program

Includes visual and ultrasonic inspections of the DSTs

In-tank operations controls

Includes design and operating controls on rotary mode core
sampling and equipment handling to prevent penetration of
the tank

For push mode core sampling:
- Hydraulic safety interlock testing and activation”

- Modification to core drill trucks prohibited to prevent
exceeding design pressure and downward force limits®

Spill prevention and response

Notes:

TExcept catch tanks 24]-4-3024, 24]1-TX-302C, 241-U-301B, 241-UX-3024, and 241-ER-311 which have no HEPA

Sfiltration systems.

 Defined in Wagoner, J. D., 1997, Clarification of Direction Related to the Generic Implications of the Use of
Justification for Continued Operation (JCO) in the Unreviewed Safety Question (USQ) Process and Its Impact on Push
Mode Core Sampling (PMCS) (letter 97-MSD-186 to H. J. Hatch, Fluor Daniel Hanford, Inc., March 8), U.S. Department
of Energy, Richland Operations Office, Richland, Washington.

AWF = aging waste facility.

DCRT = double-contained receiver tank.

DST = double-shell tank.

HEPA = high-efficiency particulate air (filter).
RCSTS = replacement cross-site transfer system.

SST = single-shell tank.

Conclusions: The frequency and consequences of waste tank leaks are not altered by the oxalic
acid waste retrieval process. Controls specified in the FSAR for protection of the environment
are applicable to the oxalic acid waste retrieval process and adequately address environmental

risk.

Material compatibility assessments (RPP-16256) have been performed on safety-related
components such as transfer leak detection systems. The assessments determined that the
safety-related components will perform their required safety functions.

4-22




RPP-16537REV 2

4.3.11 HEPA Filter Failure—Exposure to High Pressure

Generalized Hazardous Condition: Release of radioactive or hazardous materials from damaged
HEPA filter due to aerosol generation during oxalic acid recirculation causing moisture buildup
on HEPA filter with failure due to high differential pressure. The frequency of this hazardous
condition was estimated to be “extremely unlikely” (F1). The consequence of this hazardous
condition was estimated to only impact the facility worker (S1).

Related Rep Acc: The related Rep Acc analyzed in the tank farms safety basis is 06, “HEPA
Filter Failure—Exposure to High Temperature or Pressure,” which is summarized in

FSAR Section 3.3.2.4.2, “High-Efficiency Particulate Air Filter Failure — Exposure to High
Temperature or Pressure.” The analysis assumes that an event occurs within a waste tank
resulting in sufficient pressure to fail all prefilters and HEPA filters present in the ventilation
system configuration. It is further assumed that a fraction of the inventory of tank waste
accumulated on filters and ventilation system ductwork is released. Failure of the filters results
in an unfiltered release pathway.

The FSAR estimated frequency of a HEPA filter failure due to high temperature or high pressure
is “anticipated” (F3), with or without the application of controls. The onsite and offsite
radiological consequences for SSTs with passive ventilation are below the evaluation guidelines
for all release durations. The onsite and offsite toxicological consequences for all configurations
and release durations are below the evaluation guidelines. The offsite radiological consequences
for SSTs with active ventilation and DSTs are below the evaluation guidelines for all release
durations. However, the onsite consequences for SSTs with active ventilation and DSTs are
above the evaluation guidelines for a release duration of 1 yr.

Existing Safetv Basis Hazardous Conditions: There are two hazardous conditions in the hazard
analysis database associated with oxalic acid dissolution that are linked to high pressure induced
faiture of HEPA filters. One was due to aerosols collecting on the filter with failure caused by
the high differential pressure, and the other was caused by using a compressor to blow down the
transfer line and over pressurize the HEPA filter in the receiver DST.

Discussion: The airborne release fraction used in WHC-SD-WM-CN-054, Waste Tank
Ventilation System Waste Material Accumulations, to determine the amount of respirable
material released from the HEPA filter as a result of exposure to high pressure is 1.0 x 107, This
bounding value is based on information presented in DOE-HDBK-3010-94, dirborne Release
Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities, Section 5.4.2, for
HEPA filters subjected to explosive stresses (shock, blast, and venting). This is not altered for
HEPA filter failure scenarios developed for oxalic acid dissolution.

According to HNF-SD-WM-CN-099, Radiological and Toxicological Analyses of Tank 241-AY-
102 and Tank 241-C-106 Ventilation Systems, Attachment 5, the total consequence consists of
0.018 rem from the instantaneous release of waste from the filter failure plus the consequence of
2 10-min unfiltered release following filter failure.

The calculation for the unfiltered release donsequences in the FSAR is based on the follbwing
parameters:
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Ventilation flow rate:
+%/Q:

ULD:

Breathing Rate:
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1x 10" (based on RHO-RE-SA-216, Characterization of

Airborne Radionuclide Particulates in Ventilated Liquid

Waste Tanks, ).

7,000 f*/min (3.3 x 10° L/sec) (HNF-SD-WM-CN-099)
3.41 x 107 sec/m’ (WHC-SD-WM-SARR-016)

2.2 x 10° Sv/L (HNF-SD-WM-CN-099)

3.3 x 10" m*/sec (WHC-SD-WM-SARR-016)

The calculated dose from the unfiltered release is:

(1% 101%)(3.3 x 10° L/sec)(3.41 x 102 sec/m®)(3.3 x 10™ m*/sec)(2.2 x 10° Sv/L)
(10 min)(60 sec/min) = 4.9 x 10™ Sv=0.049 rem

And the total dose consequence for the FSAR analysis is 0.018 rem + 0.047 rem = 0.065 rem.

The parameters for the SST 241-C-106 oxalic acid dissolution operation would be as follows:

Headspace partition fraction:

Ventilation flow rate:

%/Q:

ULD:;

Breathing Rate:

1 x 10°® (based on the RHO-RE-SA-216 for “agitated” tank
waste. This agitated waste partition fraction is judged to be
an appropriate and conservative choice for SST 241-C-106
oxalic acid dissolution operations.)

1,000 f*/min (4.7 x 10 L/sec)

3.28 x 107 sec/m’ (from RPP-13482, Atmospheric
Dispersion Coefficients and Radiological/Toxicological
Exposure Methodology for Use in Tank Farms)

8.7 x 10° Sv/L (based on 30 vol% solids, with a solids
ULD =2.9 x 10* Sv/L and a liquids ULD of 2.7 x 10" Sv/L.
These ULD values are for SST 241-C-106, based on
RPP-5924, Radiological Source Terms for Tank Farms
Safety Analysis).

3.3 x 10 m¥/sec

The result is an onsite radiological dose from a 10 minute unfiltered release of:

(1 x10%(4.7 x 10% Lisec)(3.28 x 107 sec/m’)(3.3 x 10™ m’/sec)
(8.7 x 10° Sv/L)(10 min)(60 sec/min) =2.7 x 10-4 Sv =0.027 rem

And the total dose consequence for the an HEPA filter failure during oxalic acid waste retrieval
is 0.018 rem -+ 0.027 rem = 0.045 rem.

These results show this accident is bounded by the current analysis. Because the filter-loading
portion of the onsite dose is based on 200 mrem/h surveillance, changes in the unit-liter dose
(ULD) are not expected to change the contribution from this source substantially.

Existing Controls: The existing controls associated with this hazardous condition are found in
the AC 5.18, “HEPA Filter Controls,” and LCO 3.1.4, “Ventilation Stack Continuous Air
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Monitor (CAM) Interlock Systems.” The ventilation stack CAM interlock systems are
designated as a safety-significant SSC.

AC 5.18 requires that a program shall be maintained to limit the radioactive material inventories
on HEPA filters and prefilters, high-efficiency gas adsorber (HEGA) filters, and high-efficiency
mist eliminators (HEME) to protect the source term assumptions in the accident analyses. The
program also ensures the capability of HEPA filters to mitigate the consequences of specific
accident scenarios. The applicable program key elements of this control are:

a. VERIFY periodically that the HEPA filter (inlet and exhaust) and exhaust prefilter
housing radiation level is < 200 mrem/h on contact. Replace the HEPA filters and
prefilters before filter housing radiation levels exceed 200 mrem/h.

LCO 3.1.4, “Ventilation Stack Continuous Air Monitor (CAM) Interlock Systems,” is
established to mitigate the consequences of a long-term unfiltered release. The LCO applies to
permanent and temporary ventilation systems. The LCO requires the ventilation stack CAM
interlock systems to be operable for SSTs with active ventilation and for the primary tank stack
CAMs for DSTs and AWF tanks.

Material compatibility assessments (RPP-16256) have been performed on safety-related
components such as the ventilation stack CAM interlock systems. The assessments determined
that the safety-related components will perform their required safety functions.

Conclusions: The comparison of the FSAR analysis consequences for HEPA filter failure with
the consequences calculated for the same accident involving the conditions associated with the
oxalic acid waste retrieval process show that the FSAR analysis is bounding. The HEPA filter
failure accident is based on a hypothetical situation that results in a pressure pulse that fails the
filter. The conditions involved in the waste retrieval process will not alter the frequency of the
accident. The safety basis controls for the filter failure accident are valid for the conditions
associated with oxalic acid waste retrieval. No additional or altered controls are required.

4.3.12 Oxalic Acid Damage to Ventilation System

Generalized Hazardous Condition: Release of radioactive or hazardous materials from damaged
ventilation system due to degradation caused by oxalic acid aerosols. The frequency of this
hazardous condition was estimated to be “anticipated” (F3). The consequence of this hazardous
condition was estimated to only impact the facility worker (S1).

Related Rep Acc: The related Rep Acc 1s 18B, Unfiltered Release. See the discussion for the
unfiltered release portion of the HEPA filter failure accident in Section 4.3.11, above, for
analysis details.

Existing Safety Basis Hazardous Conditions: There are several unfiltered release hazardous
conditions identified in the hazard analysis database related to damage to HEPA filters and
ventilation systems. In some of these the mechanism of damage is not specific and would be
representative for damage by oxalic acid attack.
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Discussion: See discussion in Section 4.3.11, above.

Existing Controls: Stack CAM interlocks were chosen as a mitigative control for the unfiltered
release accident. The CAM Interlock Systems are designated as a safety-significant SSC. The
existing controls for stack CAM interlocks are found in the TSR LCO 3.1.4, “Ventilation Stack
Continuous Air Monitor (CAM) Interlock Systems.” The LCO requires the ventilation stack
CAM interlock systems to be operable for the primary tank stack CAMs for DSTs and AWEF
tanks and for SSTs with active ventilation. AC 5.18, “HEPA Filter Controls,” is also applicable.

Conclusions: See conclusions in Section 4.3.11, above.

4.3.13 Unfiltered Release

Generalized Hazardous Condition: Release of radioactive or hazardous materials from unfiltered
leak paths in tank or ventilation structures due to equipment failure, natural phenomena, or
human error. The frequency of this hazardous condition was estimated to be “anticipated” (F3).
The consequence of this hazardous condition was estimated to only impact the facility worker
(S1).

Related Rep Accs: The related Rep Acc are 18B, Unfiltered Release; 10, Natural Phenomena —
High Wind; and 14, Natural Phenomena — Seismic. See 4.3.12, above, for details.

Existing Safety Basis Hazardous Conditions: The hazardous conditions identified in the Hazard
Analysis Database (HNF-SD-WM-TI-764) for oxalic acid dissolution are identical in nature to
those related to the Rep Accs.

Discussion: This accident is identical to the unfiltered release accident analyzed in
Section 4.3.12, above. Only the initiator is different.

Existing Controls: See existing controls in Section 4.3.11, above.

Conclusions: The comparison of the FSAR analysis consequences for unfiltered release with the
consequences calculated for the same accident involving the conditions associated with the
oxalic acid waste retrieval process show that the FSAR analysis is bounding. The conditions
involved in the waste retrieval process will not alter the frequency of the accident appreciably.
The safety basis controls for the unfiltered release accident are valid for the conditions associated
with oxalic acid waste retrieval. No additional or altered controls are required.
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5.0 CONTROL ALLOCATION

51 METHODOLOGY

The control decision/allocation process described herein was used to identify the set of controls
required to either prevent or mitigate the hazardous conditions identified in the HAZOP. The
control decision/allocation process centers on a review by knowledgeable individuals (see
Appendix A) who evaluate the hazardous conditions and the selection of controls. The control
decision/allocation process follows the steps outlined in FSAR section 3.3.1.5, “Control
Identification.”

Two control decision/allocation meetings were held. In both meetings the control
decision/allocation team considered each of the generalized hazardous conditions developed
from the results of the hazard evaluation, making appropriate changes based on additional
knowledge or review of similar hazardous conditions already analyzed as part of the safety basis.
Table 5-1 shows the combination of consequence and frequency where controls are not required,
must be considered, or are required.

Table 5-1. Risk Matrix®

. Consequence
Likelihood
S0 S1 52 53
F3 sl : b tradS irade
. None required Controls considered”  |Controls required Controls required
Anticipated
F2 .od s oad : b i
None required None required Controls considered”  [Controls required®
Unlikely
F1 . d . d - b : b
) None required None required Controls considered® jControls considered
Extremely Unlikely
FO . d . d - d H d
None required None required! None required None required
Beyond Extremely Unlikely
Notes:

*Derived from Table 3.3.1.5-2 of the FSAR.

®Controls are considered for identification of safety structures, systems, and components and technical safety requirements.

“Ydentification of controls is required for safety structures, systems, and components and technical safety requirements.

Controls are not required to prevent or mitigate hazardous conditions.

HNF-SD-WM-SAR-067, Tank Farms Final Safety Analysis Report (FSAR), Revision 3-0, CH2M HILL Hanford Group Inc.,
Richland Washington.

As a starting point in the control decision process, hazardous conditions directly related to an
FSAR analyzed accident were given a preliminary suite of controls from the TSRs. The team
then reviewed the proposed safety basis controls and any other relevant information. A
consensus was reached on control selection and adequacy to prevent or mitigate the identified
potential hazardous conditions. If existing controls were not sufficient or inadequate for any
reason, the control decision/allocation team proposed new or modified controls.
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52 = ALLOCATED CONTROLS

The results of the control decision/allocation meeting are documented in Table 5-2. A number of’
changes were made to the initial listing of hazardous conditions (see Appendix C, Table C-1).
These changes are documented in Table 5-2 with discussion of the changes in the remarks for
each ha