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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 fi*). 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 in 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-006, 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 22 more were
added and 14 were deleted during reviews of the data, for a total of 96.

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

Facil_ity 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 to 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.

o 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
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 criticality 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
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measure needs to be applied to insure that each delivery contains the expected oxalic acid
before it 1s 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 for oxalic acid waste retrieval.

Representative Accidents 04/05 — Flammable Gas Deflagrations — DST/SST - 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, assuming the application of current TSR flammable gas controls. In order to
facilitate the transition to the documented safety analysis, new TSR flammable gas
controls will be proposed in the justification for continued operation for the oxalic acid
addition process.

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” (F0). 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
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 needed. 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 18A - 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.

ES-3
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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 1s 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
to 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 single-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:

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

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

¢ Documenting the comparison of the HAZOP results to the hazardous conditions and
associated analyzed accident currently included in the safety basis, as documented in
HNF-SD-WM-TI1-764, Hazard Analysis Database Report.

¢ 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).

¢ 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 unreviewed safety question (USQ) evaluation process. This report
constitutes an accident analysis.

1.2 BACKGROUND

The retrieval of the residual waste in SSTs is 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.

Hanford Site waste tanks are fabricated from mild steel. Oxalic acid has minimal effect on mild
steel but will effectively dissolve the solid waste remaining in SST 241-C-106. 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 > 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 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 the tank in approximately 5,000-gal batches.

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 E(juipment

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
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.

2-1
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In the case of re-circulated waste, an existing HIHTL 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 HIHTL 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 supematant from the tank. In addition, these pumps
will be used to remove new liquid waste generated when raw water is introduced through sluicer
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
qualified for oxalic acid).

The backup transfer pump is a submersible pump assembly. The pump assembly consists of two
single stage submersible centrifugal pumps 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 pumps
are 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 intention is not to blend, suspend solids, or homogenize the waste with the oxalic acid.

2.1.3 Control System

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 interfocks 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.

2-2
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2.1.4 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.

2.1.5 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 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 Supematant 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:

e Approximately 30,000 gal of oxalic acid is introduced into the tank (no more than 35,000
gal). 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.

o Follow-on oxalic acid additions will continue using oxalic acid additions to the tank of
approximately 30,000 gal (a truck load is 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.

& 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.

& 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
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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.
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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 is 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 HAZOQP 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.

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

o Node B: Oxalic Acid Pumping/Delivery System (Cargo Tank to SST)
o Node C: SST 241-C-106

o Node D: Ventilation System, SST 241-C-106

o NodeE: Transfer Pump

o Node F: Oxalic Acid Re-circulation System

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

o Node H: 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.

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

e Where a leak 1s postulated into a waste tank from a pit, the pit drains are assumed to be
open.

» 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 22 hazardous conditions
being added. This resulted in a total of 96 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 tor Each Node
General Hazardous Condition

AiB|C|DIE|F | G|H|T| Total
1. Oxalic Acid Spill 5147 - - - - - - - 9
2. Ox?h'c_Acid Damage to Tank Concrete i 219 a2l ) ) i g

Structure _ _

3 C(y, Generation Hazards - 1 - - - 1 1 - - 3
4 Chemical Reaction—Tank Pressurization " -2 - - - 1 i 2 6
5. Chemical Reaction—Toxic Vapor R'e]ease': - - 2 - -1 - 1 i I 5
6. Criticality A I 2 D D U U A R 6
7 Flammable Gas Deflagration - - 1 - 12 - - 113 7
B Waste Transfer Leak - 12 - 1 - |8 - - 22
9. Worker Exposure to Ionizing Radiation’ - - 1 vz -3 - - 7
10.  Primary Tank Leak - 32 -0t - 111
11.  HEPA Filter Failure—Exposure to High

- S - O D T I I R 3

Pressure _

12, Osxalic Acid Damage to Ventilation System - . - 2 - - -2 -
13.  Unfiltered Release - - - 2 - - . . -
Operational Upset iy

Note:

HEPA = high-efficiency particulate aii (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 identification of the unique characteristics of oxalic acid dissolution of
tank waste. For hazardous conditions that mapped to a Rep Acc analysis, 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 52/53 consequences were found to have S1 consequences after the analyses were complete.
In these cases the upper-case “X” is retained i1t 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 is:

2
8
10

13

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

have a.il S1 initial safety consequence and an F1/F2 imtial 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 n 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:

O b 00 1 00 N

22

Nuclear Criticality

Mixing Of Incompatible Matenals

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 additional evaluation was
done in this safety evaluation.
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4.0 SAFETY EVALUATION

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

» 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:

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

e 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 1f 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
1dentified as not being adequately addressed by existing safety basis controls was
evaluated to determine what control strategy should be applied.

4-2
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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 vartation 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

4-3
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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 concemn 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 1 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 1s 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

unlikely” (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 is addressed in FSAR Section 3.4.2.1, “Tank Failure Due to Excessive Loads,”



RPP-16537REV 0

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 collapse.
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 radiotogical 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).

4-6
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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
insufficient 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
Pressunization.” 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
1s “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 listed 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 steam 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 II [Herting 2003]) show that oxalic acid dissolution has the potential to generate
significant quantities of carbon dioxide, which could result in tank pressurization. The actual
rate of addition (40 gal/min or less) will limit the rate of carbon dioxide production to less than
240 f*/min (Appendix E), which is less than active ventilation flow rates; therefore, the rate of
addition is an important assumption that requires protection.

The consequences of an inadvertent addition of nitric acid is of concem 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 1s shown below:
NaOH + HNO» NaNO; + H,O
{Gram moles of nitric acid availabie:

(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

1981]).

Total heat of reaction:

(2.27 x 10° gram moles) (13.79 keal/gram mole) (4.184 kJ/kcal) = 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 klJ/kcal = 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 kl/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
4.2kJ/kg°C = specific heat of water (Weast 1981)
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1.1 kg/L = assumed density of the waste-acid mixture.

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.

Oxalic acid addition also 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 actual rate of oxalic acid addition will determine the rate of
carbon dioxide production. For example, it is estimated that an 80 gal/min oxalic acid addition
rate results in a production rate of CO, of less than 477 f*/min (Appendix F). The radiological
consequence is obtained by using the basic oxalic acid — carbonate reaction:

H,C,0,+CO;* = COypoy + H,O+ C,0;°
This equation shows that 1 mole of oxalic acid (H,C;0,) reacts with I mole of carbonate (C03'2)
to produce 1 mole of carbon dioxide gas (CQO;). 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 unioaded in a single shift, the unfiltered
release radiological consequences are conservatively based on a complete 30,000 gal batch of
oxalic acid.
Calculating the aerosol release:

(5.00x10° 2) (5x 10°) (0.8) /(1,520 L) = 1.32x 10°7' L

where:

5x 107 is the bounding airborne release fraction for the release of dissolved gases
at pressures less than 50 1b/in’. (DOE-HDBK-3010-94)
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0.8 is the respirable fraction for the release of dissolved gases at pressures less
than 50 Ib/in>. (DOE-HDBK-3010-94)
1,520 g/L is the 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 10" L) (3.28 x 10 s/m”) (2.44 x 10° Sv/L) (3.33 x 10 m’/s) = 3.5 x 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 10" 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 L) (2.22 x 10° 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 10 Sv. Comparing the consequences to the guidelines shows that the
consequences for the unfiltered release remain within evaluation guidelines.

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.

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 would
not exceed evaluation guidelines, a preventive compensatory measure 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 addition is required to protect an important analysis
assumption. These requirements will need to be specified in the justification for continued
operation (JOCK) for oxalic acid waste retrieval.
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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 (1.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
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 Kn,, and CO,.
Carbon dioxide generation is addressed in Sections 4.3.3 and 4.3.4. The Kn,, hazardous
condition identified in the HAZOP had consequences estimated that only resulted in facility
worker impact. Based on the results reported in Herting (2003), releases of Kn,, are expected to
be small enough that the ammonia release scenario consequence bounds this condition.
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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 matenials 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 summarized
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” (F0). The
frequency of occurrence is based on the normal waste storage activities that only involve
mechanical processes (1.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.

Discussion: Per AC 5.7, a criticality safety evaluation (HNF-15682, CSER 03-011: Transfer
Jrom 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 matenal 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.
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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 maintained 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 imlemented. 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 waived. No
additional key elements for AC 5.7 are needed.

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 “unlikely” (F2). 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 gas release events 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
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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 isolated 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. RPP-13547, Evaluation
of the Potential for Tank 241-C-106 to Achieve a Flammable Gas Atmosphere, concludes that
neither steady state nor gas release event {(GRE) conditions can render the SST 241-C-106
headspace flammable. Using reasonable assumptions the calculations show that the tank cannot
approach 25% of the lower flammability limit (LFL), assuming passive ventilation. The
evaluation states that given the large margin in the flammable gas calculations, additional
evaluations are not required to conclude that the tank cannot attain a flammable atmosphere.

Gas release measurement tests were also performed with sludge from SST 241-C-106 and

DST 241-AY-102 as documented in Herting (2003). These tests can be used to show that oxalic
acid dissolution of the waste in SST 241-C-106 did not result in any significant hydrogen
generation. The results show that the gas released is primarily CO,, with traces of hydrogen (H,)
and methane (CHs). There was evidence that some of the H; and CH4 detected from the tests
could be from previously generated gas dissolved in the waste. The H,/CO, and CH4/CO; ratios
were much higher in the samples of gas collected before the start of the tests (i.e., before the
oxalic acid addition). As such, the tests demonstrate that no new flammable gas generation
mechanisms of concern would be caused by oxalic acid dissolution that could negate the
conclusions that steady state or GREs could not create a flammable gas concentration in

SST 241-C-106 that could 1gnite.

The FSAR identified SST 241-C-106 as a Facility Group 3 tank and DST 241-AN-106 as a
Facility Group 2 tank. 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 are all DSTs and SSTs not included 1n waste groups A or
B (i.e., those that do not have sufficient retained gas to approach 100% LFL if all of their
respective retained gas were released). As such, flammable gas deflagrations due to oxalic acid
dissolution of waste in SST 241-C-106 and transfer to DST 241-AN-106 does not create new
unanalyzed flammable gas conditions, and the current TSR flammable gas controls are adequate
to prevent flammable gas deflagrations, consistent with the FSAR flammable gas deflagration
accident analysis conclusions.

The accident consequences with controls indicate that source term and radiological consequences
are the same as without controls. The controls for this accident are targeted at preventing the
coincidence of flammable gas and ignition sources. The oxalic acid waste retrieval process does
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not impact the control strategy identified for this accident nor does it alter any key assumptions
or source terms. Thus, there can be no increase in consequences associated with these activities.
The FSAR accident analysis assumes a frequency category of "anticipated” (without controls)
and the frequency estimated for the oxalic acid waste retrieval process is unlikely.

Existing Controls: The existing controls in the safety basis address flammable gas deflagration.
Application of these controls would prevent flammable gas deflagrations. However, the
documented safety analysis (DSA) has been submitted to DOE for review and approval. In order
to facilitate the transition from the FSAR to the DSA, the DSA flammable gas controls are
proposed for the oxalic acid dissolution process for SST 241-C-106 because this activity will be
continuing through the time that the DSA will be implemented. As such, a detailed discussion
on the existing TSR controls is not provided, as these controls will be superseded by the JCO
controls for flammable gas.

Conclusions: 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, assuming the application of current TSR flammable gas controls. 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. The current FSAR flammable
gas controls will be applied to DST 241-AN-106 including the waste group re-evaluation
requirement.

4.3.8 Waste Transfer Leak

Generalized Hazardous Condition: Release of radioactive or other hazardous matenals 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).

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.
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There is one low-pH related hazardous condition in the hazard analysis database related to a
waste transfer Ieak 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
failure 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 is 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 supernatant ULD analyzed for the FSAR Waste 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)
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. It is
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
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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.

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
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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 1s 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
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 matenally 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.
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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
pnimary 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” (FO) 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 concern (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 (S0). 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
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 listed 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. Corrosion 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.
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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
(S0/S1) 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.

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.
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Table 4-1. Environmental Controls.

Environmental controls Comment
HEPA filters and annual aerosol testing DSTs (including AWF tanks), SSTs, DCRTs, catch 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
ventilation 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:

*Except catch tanks 241-A-3024, 241-TX-302C, 241-U-301B, 241-UX-3024, and 241-ER-311 which have no HEPA
Siltration systems.

*Defined in Wagoner, J. D., 1997, Clarification of Direction Related to the Generic Implications of the Use of
Justification for Continued Operation (JCQ) 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.

SS8T  =single-shell tank.

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).
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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, “ngh -Efficiency Particulate Air Filter Failure — Exposure to ngh
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 Safety 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
failure 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 airbome 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 102 This
bounding value is based on information presented in DOE-HDBK-3010-94, Airborne 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
a 10-min unfiltered release following filter failure.

The calculatton for the unfiltered release consequences in the FSAR is based on the following
parameters:

Headspace partition fraction: 1 x 10™ (based on RHO-RE-SA-216, Characterization of
Airborne Radionuclide Particulates in Ventilated Liquid

Waste Tanks, ).
Ventilation flow rate: 7,000 ﬁjlrnin (3.3 x 10’ L/sec) (HNF-SD-WM-CN-099)
x/Q: 3.41 x 107 sec/m’ (WHC-SD-WM-SARR- -016)
ULD: 2.2 x 10° Sv/L (HNF-SD-WM-CN-099)
Breathing Rate: 3.3 x 10™* m*sec (WHC-SD-WM-SARR-016)
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The calculated dose from the unfiltered release is:

(1 x 101%)(3.3 x 10° L/sec)(3.41 x 107 sec/m’)(3.3 x 107 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: 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.)

Ventilation flow rate: 1,000 ft*/min (4.7 x 10% L/sec)

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

ULD: 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).

Breathing Rate: 3.3 x 10 m%/sec

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

(1 x 10%)(4.7 x 10* L/sec)(3.28 x 102 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 duning 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
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:
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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
mterlock 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 resuits 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 is 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.

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 AWF
tanks and for SSTs with active ventilation. AC 5.18, “HEPA Filter Controls,” is also applicable.
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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 safcty 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

5.1 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®

S Consequence
Likelihood
S0 S1 s52 53
F3 . . b e s ac
None required Controls considered® | Controls required Controls required

Anticipated
F2 < 1d - qd H b S 1

) None required None required Controls considered”  |Controls required
Unlikely
F1 - aqd d : b : b

) None required None required Controls considered Controls considered
Extremely Unlikely
FO o gd gl o od cd
] 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.

‘Identification 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-O, 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 hazardous condition.

Justification for individual frequency and consequence categories are documented in the
Remarks column in Table 5-2. Definitions of the information presented in this table are included
in Appendix B.

In accordance with Tank Farm FSAR methodology, ali SO and S1-F0/F1/F2 hazardous
conditions do not require controls and the entry in the table is left blank. Also by convention,
S0/S1 hazardous conditions are not associated with (assigned to) Rep Accs (Rep Acc), with the
exception of criticality related hazardous conditions (Rep Acc 01, Nuclear Criticality), regardless
of the frequency or consequence values. Note that all S2/S3 hazardous conditions regardless of
frequency of occurrence, are assigned a Rep Acc designation.

5.2.1 Hazardous Conditions Not Assigned to a Representative Accident

The Tank Farm FSAR convention for all SO and S1 consequence hazardous conditions is that no
Rep Acc number is assigned, except those associated with criticality. However, in this safety
evaluation, all hazardous conditions were assigned a designator to facilitate identification of the
unigue characteristics of oxalic acid dissolution of tank waste. The coding scheme is detailed in
Section 3.3. The Rep Acc column of Table 4-2 records this coding.

The 13 hazardous conditions with an S1 consequence and an F3 frequency are adequately
governed by SMPs to control the risk to the facility worker.

The hazardous conditions designated “OCC” or “RP” require consideration of controls as
required by Table 4-1. The hazardous conditions designated “RP” are essentially the same as
those that are part of the Hazard Evaluation Database. These hazardous conditions are
adequately addressed by the Tank Farm Contractor (TFC) SMP for Radiation Control.

The “OCC” designated hazardous conditions are associated with the facility worker hazards that
results from CO; that is evolved from the reaction of oxalic acid with carbonate in the waste. The
presence of CO; represents an asphyxiation risk. The SMPs address this as a standard industrial
hazard.
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5.2.2 Summary of Controls for Generalized Hazardous Conditions

All hazardous conditions related to nuclear criticality and any hazardous condition with an initial
safety consequence of S2 or S3, regardless of frequency, are assigned a Rep Acc. There are 6
nuclear criticality and 58 higher consequence (S2 or S3) hazardous conditions related to one of
the following analyzed accidents:

¢ Flammable Gas Deflagration (7 Conditions)

e High-Efficiency Particulate Air (HEPA) Filter Failure (8 Conditions)
e Mixing Of Incompatible Materials (8 Condition)

e Tank Failure Due To Vacuum Or Degradation (4 Conditions)

¢ Caustic Spray Leak (8 Conditions)

o Unfiltered Release (2 Conditions)

e Waste Transfer Leak (18 Conditions)

e Tank Bump (3 Conditions) Note: 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.

5.2.2.1 Oxalic Acid Spill. The AC 5.23 key elements for caustic leaks are valid for oxalic acid.
However, pH verification in Boston (2002) is suspended by a compensatory measure in the
oxalic acid waste recovery JCO.

5.2.2.2 Oxalic Acid Damage to Tank Concrete Structure. The current safety basis has no
controls specified for this accident based on an estimated event frequency that is “beyond
extremely unlikely” (F0). Oxalic acid waste retrieval does not constitute a significant structural
degradation threat. No controls are required.

5.2.2.3 CO; Generation Hazards. No controls are required for onsite or offsite radioactive
material exposure consequences due to this hazard. The TFC SMPs for facility worker
protection address confined space and other asphyxiation hazards.

5.2.2.4 Chemical Reaction—Tank Pressurization. A preventive compensatory measure is
necessary to ensure that each delivery contains the expected oxalic acid. The compensatory
measure will be specified in the oxalic acid waste retrieval JCO. An analysis assumption was
also identified as requiring protection. The maximum oxalic acid delivery rate will also be
specified in the oxalic acid waste recovery JCO.

5.2.2.5 Chemical Reaction—Toxic Vapor Release. No controls required for this hazardous
condition.
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5.2.2.6 Criticality. Addition of oxalic acid to the waste in SST 241-C-106 requires analyses in
the form of a CSER based on the requirements of AC 5.7, Nuclear Criticality. A new CPS based
on the CSER will establish the necessary requirements to 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 superseded by the CPS defined from the CSER.

5.2.2.7 Flammable Gas Deflagration. 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 in

SST 241-C-106. The current TSR control set is adequate and sufficient to address flammable
gas hazards in DST 241-AN-106.

5.2.2.8 Waste Transfer Leak. The current TSR control set is adequate and sufficient to address
the risk from potential waste leak accidents.

5.2.2.9 Worker Exposure to Ionizing Radiation. Specific measures to protect the facility
worker are established through the TFC SMPs as needed using existing procedures and work
planning processes.

5.2.2.10 Primary Tank Leak. Controls specified in the FSAR for protection of the
environment are applicable to the oxalic acid waste retrieval process and adequately address
environmental risk.

5.2.2.11 HEPA Filter Failure—Exposure to High Pressure. The safety basis controls for the
filter failure accident are valid and sufficient for the conditions associated with oxalic acid waste
retrieval.

5.2.2.12 Oxalic Acid Damage to Ventilation System. The safety basis controls for the
unfiltered release accident due to oxalic acid damage are valid and sufficient for the conditions
associated with oxalic acid waste retrieval.

5.2.2.13 Unfiltered Release (Due To General Causes). The safety basis controls for the
unfiltered release accident are valid and sufficient for the conditions associated with oxalic acid
waste retrieval.
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6.0 CONCLUSIONS

6.1 SUMMARY

No hazardous conditions that related to an FSAR Rep Acc were found to be unique; they are
analogous to existing hazardous conditions. Some hazardous conditions not associated with a
Rep Acc (S1/F3/E1) were found to be unique.

In most cases associated with an FSAR analyzed accident (i.e., mappable to a Rep Acc) the
existing safety basis controls were judged to be applicable and adequate to control the risk.
Hazardous conditions with only facility worker impact were judged to be adequately addressed
by the controls established through TFC SMPs. For the few hazardous conditions for which
existing safety basis controls were not judged to be applicable, a JCO will be issued that
establish compensatory measures.

6.2 DETAILED CONCLUSIONS

6.2.1 Accidents not Assigned to a Representative Accident

Facility Worker Hazard - CO, Generation Hazards

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

Facility Worker Hazard - Exposure to 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.

Material compatibility assessments have been performed on safety-related components such as
waste tank structure. The assessments determined that the safety-related components will
perform their required safety functions.
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6.2.2 Accidents Assigned to a Representative Accident

Rep Acc 01, Nuclear Criticality

The use of oxalic acid to retrieve waste is an activity that is not addressed in the current CSER.
The additional analyses will be documented in a new CSER and a new CPS that will establish
the necessary requirements to 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 CPS derived from the CSER.

Rep Acc 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 no 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 JCO for oxalic acid waste
retrieval,

Rep Accs 04/05 — Flammable Gas Deflagrations — DST/SST

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,
assuming the application of current TSR flammable gas controls. 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.

Rep Acc 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.

Material compatibility assessments have determined that the safety-related components will
perform their required safety functions.

Rep Acc 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” (F0). 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
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threat. Therefore, there is no increase in frequency or consequence and no additional controls
are required.

Rep Acc 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 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 needed. The ph
verification requirement provided by Boston (2002) is superceded by a compensatory measure
provided in the oxalic acid waste recovery JCO.

Rep Acc 18A - 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.

Rep Acc 18B — Unfiltered Release ( due to oxalic acid damage to ventilation sv_stem)

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.

Material compatibility assessments have determined that the safety-related components will
perform their required safety functions.

Rep Acc 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
retrnieval 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 addittonal or altered controls are required.

Matenial compatibility assessments have determined that the safety-related components will
perform their required safety functions.
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Rep Acc 23, Mixing of Incompatible Material — Toxic Vapor Generation

Bounded by FSAR analysis. No controls required.

Rep Acc 33, Waste Transfer I eak

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 Rep Acc for waste transfer leaks. The current TSR control set is adequate
to address the risk from potential waste leak accidents.

Material compatibility assessments have determined that the safety-related components will
perform their required safety functions.
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Definitions of information listed in Table 5-1 and C-1:

e Item ID: The item identification {ID); used to record a unique identifier for the
hazardous condition.

e Node: The division of a process or activity into discrete segments is called a node. Each
node represents a specific part of the process or activity. This division into nodes is
designed to facilitate the hazard identification process.

e Process Variable: The characteristics of a process, such as flow, pressure, or
temperature, which are used to define proper operation.

¢ Guideword: The guideword is the description of the divergence from the desired value
for a given process variable, such as low to describe temperature below normal or
optimum.

¢ Hazardous Condition: The hardware failures, operational faults, or conditions that
could result in undesired consequences. The Hazardous Condition is a concise statement
combining the Cause, Consequence, and Mode of radioactive matenial release.

e Possible Cause of Deviation: The causes that lead to the deviation from the process
variable and resultant Hazardous Condition.

¢ Immediate Consequence: The potential consequences that could result from the
postulated deviation.

¢ Suggested Systems, Structures, and Components (SSCs): Potential systems,

structures, and components are existing engineered features (hardware items) identified
by the hazard and operability study (HAZOP) team that have the potential to mitigate or
prevent the hazardous condition of concern. The engineered features are candidates for
designation as safety-significant items for hazardous conditions that pose a significant
threat to the health of facility workers and onsite personnel or safety-class for hazards
that pose a significant threat to offsite individuals. These items should not be construed
as being the “official” controls that would eventually be credited in the safety basis.

¢ Suggested Technical Safety Requirements (TSRs): Technical safety requirements are
existing controls identified by the HAZOP team that have the potential to mitigate or
prevent the hazardous condition of concern. These items should not be construed as
being the “official” administrative features that would eventually be credited in the safety
basis.

e Consequence Category (Con Cat): The consequence category is a code designator for
the level of safety consequence associated with a hazardous condition. The consequence
ranking is a "first cut," qualitative estimate of the safety severity of the consequences
assuming no controls are present. The following system is used:
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SO  Negligible safety concerns for the facility worker.

St Potential industrial injury, low radiological or chemical exposure dose
consequences to the facility worker.

S2  Potential significant radiological dose consequences or chemical exposure to
onsite workers located outside the facility.

S3  Potential significant radiological dose consequences or chemical exposure to the
offsite population.

Unless otherwise noted in the table, the environmental consequence is considered to have
the same value as the safety consequence (e.g. S2 corresponds to E2). The environmental
consequence ranking is a "first cut,” qualitative estimate of the environmental severity of
the hazardous condition assuming no controls are present. The following system is used:

E0  No significant environmental effect outside the facility confinement systems.
El Limited environmental discharge of hazardous material outside the facility.

E2 Large environmental discharge of hazardous material within the plant site
boundary.

E3 Significant environmental discharges of hazardous material outside the plant site
boundary.

Frequency Category (Freq Cat): The frequency category is a “first cut,” qualitative
estimate of the likelihood of the hazardous condition assuming no controls are present.
The following system 1s used:

F3 Events that are expected to occur one or more times during the lifetime of the
facility, categorized as "anticipated” events. The frequency range associated with
this category 1s > 1E-02/yr.

F2 Events that could occur during the lifetime of the facility, but with low
probability. Such events are categorized as "unlikely” and fall in the range of
1E-04/yr to 1E-02/yr.

F1 Events not expected to occur during the lifetime of the facility, categorized as
"extremely unlikely.” The frequency range associated with this category is
1E-06/yr to 1E-04/yr.

FO Events categorized as "beyond extremely unlikely," with a frequency less than
1E-06/yr. Events in this category (such as meteor strike) are so unlikely they
generally do not require special controls.
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e Remarks: Miscellaneous observations or clarifying comments for a given item.

e BIN: A code that describes the release attributes of the hazardous condition.
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APPENDIX C

HAZARDS AND OPERABILITY STUDY
RAW DATA TABLE
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CONTROL DECISION MEETING ATTENDANCE

7

Meeting Subject: Acid Dissolution of SST 241-C-106 Residual Waste
M Date:_May 15, 2003
Name Knowledge Areas(s) Organization Telephone/msin
Represented
(use codes below)
I M Grigeny/ L2,%,0,7,9 Ric dsfe | 372- 197
SLQ..ULS (\&55 1 [ TWY; 373- Gowg
- 300
Bale s#aEM A.22.22 c‘/mggfmc"if) P4 - £30
Lecta MSasap, |2z “h'&?ﬂ 873 /027 /R2-t2
Yoby sAA el % 4,622 R/C P | 3-TLB s
John_Pores /5 QA 3%-8131/R2-87
. [ o) ek 4
Blaine Barte, 22 Eg Scpmet | 374 -S//8 [ gzl
an R‘)hﬂlo/c L2 & M Ehg. | 373205/ e
Keoin  Saw g RN I
7 ® -
Mivyon Duuzz 12,23,6,7,9 j0 IR/ nset |377-3740
Jzéiﬂjé%&"? NZ L He 722 YEE
Pobd Lo |77 Copmrmee| 326 <6503
&‘ Brow e
Knowledge Areas:
1. Licssing 9. Techmical Safety Roa 17, bndustrial Safety
2. Safety Anatysis 10. Safety Stuctures, Systeme, and C 1. Projoct Mansgement
3. Hazard Analysis 11. Emergency Preparedaces 19. Industrial Hygiene
4 Eagineeing 12. Radiological Control 20. Maintenance Engincering
5. Operations 13. Regulatory Compliance 21. Reliability Engineering
6. Accidem Anatysis 14, Eovironmenial Protection 22. Process Engineering
7. Nuclear Safety 15, Quality Assurance 23, Equipment Engincering
8. Design Authority 16. Other - specify :
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CONTROL DECISION MEETING ATTENDANCE

Meeting Subject: Acid Dissolution of SST 241-C-106 Residual Waste

Meeting Date: May 152003
Name Knowledge Areas(s) Organization Telephone/msin
Represented
(use codes below)
Roan B Sp | 12,900 CHe NSHL | 3721283/
7
i SokEusen ofP |32 =324 |
B8 Guapysel ‘TL{ 5_:‘( 202% | CHG 273-529
i ‘rhon-iJSo 3 ORP 3"73"9?5;’1
Chris Purle 4,18
L D. SA&%SSIC’L 6¢”!_"9 G RG— 373-0183
Knowlodge Arcas:
1. Licawing 9. Technica] Safety Requirements 17. Industrial Safety
2. Safety Amalysis 10, Safety Structures, Systers, and Componeots 18, Project Management
3. Hazard Amlysis 11. Emergancy Freparedness 19. Incuetrisl Hygiene
4 Eogieeering 12 Radickogicat Control 20, Maintesance Engincering
S, Operations 13. Regulstory Compliance 21, Reliability Engineering
6 Accident Analysis 14. Eavircomental Protection 22. Proocss Engineering
7. Nuclear Safety 15, Quality Asursnce . Equipment Engineering
8. Design Authority 16. Other - specify
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CONTROL DECISION MEETING ATTENDANCE

Meeting Subject: Followup Control Decision For Oxalic Acid Waste Recovery in SST 241-C-106.

Meeting Date: June S, 2003

Name Knowledge Areas(s) | Organization | Telephone/msin
' Represented
{usc codes below)
| ampsnce T, Keepex 13,2,62%0,0 | Mot | 366/
N eIl Al |392-1907
Leela M. Saseksr 22 Frocess bngs. | 373-10211
- d.é . c?f.s'cﬁf > PR S 223~ Y¥O3
| [an ,ﬁeﬂna/a/c 27 free, Ftm E75-3/5

P
Sheldod Stah/ £,3,3,6,79 o )
Tehn SchoFreld 15, 2 ﬁeméf 373-2298
Rated B fer 17, 19 CLserely |276-6523
wluf_‘[bwd éAg:HZ A Zr,é,, Z)’? i | NSEL DNZ-37¥0
Knowledge Ancas:
1. Licensing 9. Technical Safaty Requirements 17. Indusial Safety
2. Safety Amalysis 10. Safety Structures, Systems, and Components 18, Projoct Maoagement
3. Hazard Analysis 11. Emergency Preparedoess 19. Industrial Hygiene
4. Engineeing 12. Radiological Control 20. Maintenance Engincering
5. Operations 13. Regulatory Compliance 21. Relisbility Engineering
6. Actident Analysis 14. Environmenta} Protection 22. Process Engineesing
7. Nucleas Safaty 15. Quality Assurance 23, Equipment Engineering
8. Design Authority 16, Other - specify
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CONTROL DECISION MEETING ATTENDANCE

Meeting Subject:E 1 Decisio ic Acid Waste in SST 241-C-106.
Meeting Date:_June 5, 2003
Name Knowledge Areas(s) | Organization | Telephone/msin
Represented
(use codes below)
K{.h"\ Su‘w'lt RN l} LSRN e St Mue, satdy ]I 0374
John Bores ’5 R 374-8)3)
/@w FEN 5 weo sysroer | 273 07_;
. ”‘,-1j Py hoEs Cl
_HL)M&I 72/4»/1’:.; 4"; 2z /B Engiwmy| 377 s
Bl Rartoy 22 7 37-<1/8
Toha B:;‘gaab Y I8  72-04sE”
Tor LBettoyng 4,5 20,21,23, Alégwesems| 272672
EVA\ 5’ %
= e e S/
Ty
P
&
15 t; iﬂZ z ’E;éL
%ZZ?
2.
L=l
Afeas!
1. Licensing 9. Technical Safety Requirements 17. Industrial Safety
2.  Safety Analysis 10. Safety Structures, Systems, and Comygwoments 18. Project Management
3 Hazard Asalysis i1- Emergency Preparednes 19. Industrial Hypiene
4. Enginesring 12 Radiclogical Controt 20. Muinkenance Enginecring
5. Operations 13. Regulatory Compliance 1. Refisbility Engineering
6. Accident Analysis 14. Environmental Prolection 22. Process Enginecring
7. Nuclear Safety 15. Quality Assurance 23, Equipment Engineering
& Design Authority 16, Other - specify
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H2MHILL
INTEROFFICE MEMO c Hanford Group, inc.
From: Closure Project Engineering Support 7G330-DAR-03-002
Phone: 3733115
Date: May 27, 2003
Subject: OXALIC ACID DISSOLUTION IN TANK 241-C-106 EFFECT ON
CONCRETE AND GAS GENERATION
To: R. D. Smith R1-45
Copies: W. B. Barton 57-70
K. E. Carpenter 87-65
T. H May §7-70
I. G. Propson §7-65
K. R_ Sandgren R1-4%
L. M. Sasaki §7-70
W. T. Thompson 57-70
DAR File/LB §7-70

A recent Hazard and Operability Study study of dissolving sludge using oxalic acid in Tank
241-C-106 identified potential safety issues. This memo will address two of those issues. The
two issues are: 1) the effect of oxalic acid on the concrete in the tank dome and 2) the gas
generation rate caused by the reaction of acid with carbonates in the sludge. Discussions of these
two issues are contained in the two attachments,

The oxalic acid can only get to the concrete dome of the tank by aerosol deposition. This
mechanism wil prevent large quantities of acid from reaching the dome. The small amount that
may reach there cannot react with enough concrete to affect the strength of the concrete,

The release of carbon dioxide will be controlled by the addition rate of the oxalic acid into the
tank. The controlled addition rate will control the reaction rate by limiting the acid available at
any given time to react with the carbonates ia the sludge. The limiting acid addition rate will be
40 gallons per minute with a wait of several hours between truckloads to allow for the gas
generation rate to decrease before more oxalic dcid is added.

For further details, please contact the authors of the attachments, W. Blaine Barton, on 376-5118
and Leela Sasaski, on 373-1027.

D. A Reynaids
Principal Engineer

dmn

Attachments 2

.doc7G330-DARD3 002 L. doc, 5/27/03 3:13 PM
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Attachment 1

POTENTIAL FOR AND EFFECTS OF OXALIC ACID
ATTACK ON TANK 241-C-106 DOME

Consisting of 3 pages,
including coversheet



RPP-16537 RO

Potential for and effects of Oxalic Acid attack on Tank 241-C-106 Dome

Onxalic acid is generally considered a weak acid. Although it does react with concrete in a
manner that weakens the point of attack, it is commonly used as a cleaning agent to remove
stains from concrete surfaces. This is because it can only be made-up in comparatively weak
solutions. At room temperatures oxalic acid solutions saturate at around one molar concentration
or about eight % by weight. At these concentrations it take a targe volume of solution to react
with a small quantity of solids. For example one liter of oxalic acid will react with at most

40 prams of calcium (Ca), the active ingredient in cement if there are no other competing
reactions.

In the tank the structural concrete is protected from attack by oxalic acid by the carbon steel liner
of the tank. The liner covers all surfaces except the dome of the tank. In order to attack the
concrete of the tank dome the oxalic acid must be brought into contact with the dome. An
examination of the tank physical conditions will show that it is very difficult for significant
quantities of oxalic acid to reach the tank dome. We will consider the potential for aerosol

' formation and the entrainment velocity available to carry the aerosol to the dome.

There are three mechanisms for aerosol generation, droplet formation from the introduction of
the acid into the tank, droplet formation from the recirculation mixing flow, and droplet
formation from the release of carbon dioxide gas from the waste carbonates (This will be similar
to the fizzing of an open pop bottle). The fresh acid can be introduced into the tank either
through a drop leg on the pump column which terminates within 3 inches of the bottom of the
tank or thru the recirculation loop. With the very short free falling distance there is very little
aeroso] formation at the start of the acid addition and within 1000 gallons added to the tank the
dropleg is submerged further limiting the already low aerosol formation. The recirculation loop
is similar to the pump dropleg in that it is designed to be submerged during recirculation of the
acid. In addition, it uses a horizontal jet ejector to mix the recirculated fluid with the bulk liquids
in the tank. The submerged and horizontal nature of the discharge of the recirculating system
along with the loss of velocity associated with the ¢jector induced mixing are all designed to
minimize the generation of aerosols from the recirculation loop. This system will not result in
significant aerosol formation either during adding fresh acid into the tank or recirculating the
acid during digest periods. Finally, aerosols may be formed by the collapse of gas bubbles as
they exit the liquid surface. This is similar to the effervescence of pop when it is vigorously
stirred. The bubble collapse result in the formation of comparatively large droplets which settle
rapidly under the influence of gravity. Without a significant vertical velocity to carry these
droplets to the tank dome they will settle back to the waste liguid surface.

The acid will be added to the tank in such a way as to insure that the gas generation rate will be
less than 1000 cubic feet per minute. Assuming that all the generated gas is discharged through
the exhauster at a rate of 1000 cubic feet per minute, this will result in a vertical velocity of less
than one foot per second in the tank (1000 ft*/minute / 4415 £ area of the tank = 0.226 linear
feet per minute vertical velocity). Assuming Stoke’s law for settling of the droplets and a
vertical velocity of one ft per minute, all particles larger than 0.0005 inches will settle back to the
waste surface. For all practical purposes this means that all the aerosol generated will fall back
into the pool. In addition, the height of the tank walls is 18 feet. In this distance any initial
velocity imparted to the droplet will be lost and the droplet will fall back to the pocl. There will
be very little aerosol which can rise to the tank dome.
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Assuming that the oxalic acid can wet the dome to a depth of 1/16 inch, what effect would this
have on the dome? Because of the low concentration of thc acid and the high concentration of
Ca in the concrete matrix less than an equal thickness of concrete would be attacked and loose its
structural strength. Since the concrete of the tank dome is 15 inches thick there would be no
appreciable loss of strength in the tank dome.

The use of oxalic acid in the tank presents no significant hazard of collapse to the tank dome.

Maximum Droplet Size that will be suspended

Problem: What is the maximum droplet size of oxalic acid solution that will be suspended bya
vertical airflow of one foot per minute?

Reference: R. B. Bird, W. E. Stewart, E, N. Lightfoot, Transport Phenomena, John Wiley &
Sons, New York, 1960

Approach: We will use Stoke’s law to balance the drag forces which would suspend the droplet
with the gravitational forces which wilt cause the particle to settle. We will neglect the
buoyancy imparted by the gas to the droplet. This is a conservative assumption since although
the buoyancy term is small; it is in the direction of increased lift and thus underestimates the
maximum droplet size.

Equation: 4/3aR’(p,)g = 6muv,R From Reference Eqn 2.6-15 page 60

Where p= dens:ty of the droplet = 1.04(specific gravity of acid)*62.4 1bs/f* = 64.9

Tos/ft®
g = universal gravitational constant = 32.2 ft/sec’
n =314

i = viscosity of air = 1.2 *10°° Ibm/f sec
v, = Vertical velocity component = 1 ft/min = 0.1667 ft/sec
R = Radius of the droplet

Solving for R gives
R = 0.00002075 ft = 0.000249 in.

Thus any particle larger than 0.0005 inches in diameter will fall back to the pool.

i Ty UE,

W. B. Barton
Closure Projects Engineering Support

Checker: /7»&, @/uﬁ ﬂm”"‘( A. /(e/w/[/
Date: ;/Z 7/
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Limiting Carbon Dioxide Generation During Addition of Oxalic Acid to Tank 241-C-106

The retrieval of Tank 241-C-106 involves the treatment of the sludge with oxalic acid to dissolve
most of the solids. Current plans are for the oxalic acid to be added to the tank in six batches of
30,000 gallons (gal), for a total of 180,000 gal. The acid will be delivered in truckloads of

5,000 gal each and the concentration of the oxalic acid will be 0.9 molar (Reynolds 2003).

The addition of oxalic acid to Tank 241-C-106 will result in the generation of gas as the acid
reacts with carbonate in the sludge to create carbon dioxide:

H2C304 + €032 — CO; (gas) + HyO + C2047 ()
There are two issues associated with the generation of carbon dioxide in the tank:

1.” The gas generation rate may exceed the capacity of the exhauster and result of a loss of
the headspace vacuum and releases to the environment.

2. The gas generation can result in the tank waste being carried into the tank headspace as
aerosols resulting in the headspace vapors which would exceed onsite radiological and
toxicological guidelines if released to the environment.

Tank 241-C-106 exhauster will draw approximately 950 cubic feet per minute (ft*/minute) from
the tank and must maintain at least 0.3 inches water gauge vacuum in the tank. To maintain this
vacuum in the tank, the maximum allowable gas generation rate will be slightly less than

950 f’/min, depending on air inleakage paths (Minteer 2003).

To maintain tank headspace vapor compositions below the radiological and toxicological
guidelines, the gas generation rate must be below 0.225 cubic meters per second {477 ¥ /minute)
(Sandgren 2003).
Based on sludge dissolution studies with Tank 241-C-106 sludges, the rate of gas generation
reached a maximum of 4.2 millimoles per hour per gram within a few minutes of oxalic acid
addition and decreased to essentially zero within several hours (Herting 2003). If this maximum
rate is applicable to the sludge in Tank 241-C-106 (9,000 gal sludge with an estimated density of
1.7 grams per miililiter), a gas generation rate of 3,500 ft*/min at normal temperature and
pressure would result. Therefore, controlling the gas generation rate by controlling the rate of
addition of oxalic acid was considered.
In a well mixed, liquid phase reaction, Vthc reaction

H,C204 + CO37 — CO; (gas) + H,0 + C,047 n
would proceed first by the conversion of carbonate to bicarbonate:

H;C;04+2 CO32  2HCO + 502 (2)

then to carbonic acid and the release of carbon dioxide:

H;C204 + 2 HCOy o 2 HyCO; + G0 — 2 CO; () +2 Hi0 + C0,7 (3)

For carbonic acid (Dean 1973):
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PKa =635  ([H+][HCO;y}[H.CO4))
pKa = 1033 ([H+][COy*VHCO;7Y)

Therefore, the initial amounts of oxalic acid added would serve primarily to convert carbonate to
bicarbonate. Further addition of oxalic acid would react with the bicarbonate to generate carbon
dioxide. Although one mole of oxalic acid generates one mole of carbon dioxide in the overall
reaction, the initial addition of oxalic acid to Tank 241-C-106 may generate little carbon dioxide
while further addition can result in the generation of carbon dioxide at a rate of as much as

two moles of carbon dioxide per mole of oxalic acid added.

Assumptions for calculation of oxalic acid addition rate:

o The gas generation rate should be limited to 50 percent of the lower of the two maximum
allowable generation rates above (i.e., 477 f'/min x 50% = 238 ft'/min).

.o Normal temperature and pressure (1 atmosphere and 25 °C) were used to calculate gas
volumes. The highest temperature observed in Tank 241-C-106 during the past year
{(May 20, 2002 through May 20, 2003) was 93.2 °F (34 °C), which would result in only a
3 percent difference in volume.

e  One mole of oxalic acid generates two moles of carbon dioxide (Reaction 3 above).

To limit the gas generation rate to 238 ft*/min, the acid addition rate should be limited to
approximately 40 gallons per minute and several hours should be allowed between truckloads to
allow the gas generation reaction rate to decrease before more oxalic acid is added. This process
should be performed for the first three batches (90,000 gal) of oxalic acid added to the tank.
Based on the laboratory studies, Reynolds (2003) estirnates that the pH of the liquid in the tank
should be about 2 after 3 batches. At this pH, it is expected that the most of the carbon dioxide
would have been released. Additionally, the laboratory studies indicate that over 90 percent of
the carbonate will have been released from the sludge as carbon dioxide and the reaction rate
would have fallen to within allowable levels by the end of the third batch.
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Maximum Acid Addition Rate
Convcfsion Factors

35.314 ¥/m’

1000 liter/m®

3.785 liter/gallon

Molar Gas Volume

22.4 liter/mole at 273.15 °K
24.5 liter/mole at 298.15 °K

For onsite radiological and toxicologica! consequences to fall within guidelines, the Carbon

Dioxide generation rate must be less than 0.255 m*/second

0.225 m*/second * 35.314 ft’/m’*60 sec/minute = 477 ft’/minute
'0.225 m¥second* 1000 lter/m?*60 sec/minute = 13,500 fter/minute
Taking a conservative approach and setting process contro! limit to 50% of that:
477 @/minute*0.5 = 238 R¥/minute
(1)3,500 liter/minute*0.5 = 6750 liter/minute
The allowable gas geheration rate is:

6750 liter/minute/24.5 liter/mole = 276 mole/minute

2 moles bicarbonate and 1 mole of oxalic acid react to form 2 moles of carbon dioxide gas.
Assume oxalate reacts as soon as it is added.

Oxalate concentration is 0.9 mole/liter
Allowable acid addition rate:

(276 moie gas/minute)(1 mole acid/2 mole gas)(1 liter acid/0.9 mole acid){1 gallon/3.785
liter)=40.5 gallon/minute

Leela Sasaki
Closure Projects Engineering Support
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APPENDIX F

MEMO: ADDITIONAL INFORMATION ON GASSING OF SLUDGE IN 241-C-106 ON
ADDING OXALIC ACID
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INTEROFFICE MEMO chm mlﬂ:
From: Closure Project Engineering Support 7G330-DAR-03-003
Phone: 373-3115 87-90
Date: June 9, 2003 .
Subject: ADDITIONAL INFORMATION ON GASSING OF SLUDGE IN 241-C-106 ON
ADDING OXALIC ACID
To: R. D. Smith §7-90
Copies: W. B. Barton §7-90
K. E. Carpenter 57-65
T. H. May §7-65
1. G. Propson §7-65
K. R Sandgren 87-90
L. M. Sasaki §7-90
M. V. Shultz §7-90
W. T. Thompson S§7-70
DAR File/LB

Reference: Interoffice Memo D. A. Reynolds to R, D. Smith, “Oxalic Acid Dissolution in Tank 241-
C-106 Effect on Concrete and Gas Generation,” 7G330-DAR-03-002, dated May 27, 2003.

The purpose of this memo is to provide additional information on the gas effervescence when oxalic
acid is added to the residual heel in Tank 241-C-106. Several points will be clarified with this memo.
The total amount of gas that can be generated per batch, the mixing effect of the effervescence, a more
realistic bounding acid addition rate, and when the acid/carbonate reaction will be spent wiil all be
addressed.

The basic reaction of oxalic acid with carbonate is shown in equation 1.
H,C,0, +CO;* = COyp, + H, 0+ C,077 equation 1

This equation shows that 1 mole of oxalic acid (HzC;04) reacts with 1 mole of carbonate (C0O;2) to
preduce 1 mole of carbon dioxide gas (CO26a))-

The total amount of carbon dioxide gas that can be generated per batch of acid can be computed. The
batches of acid will be 30,000 gallons of nominally 1 mole/liter oxalic acid. The volume of one 1b
mole of gas is 359 f*/Ibmole at 32°F.

(30,000 gal)(3.785 liter/gal)(1 gmole/liter)(1 Ibmole/454gmole}(359 f*/Ibmole) = 90,000 £’ at
standard conditions.

This amount of gas, which is the maximum that can be produced, is given off over time and not all at
once. The length of time is dependent on the rate that the acid is moved into contact with the solids
that contain the carbonate. But note that a 1000 cfn exhauster will be on during the acid contact, If
that exhauster is throttled back to a nominal 500 cfm, then 196 minutes will be all that is required to
remove the 90,000 cubic feet of carbon dioxide. The 30,000 gallons of acid cannot be put into the

tank in less than 180 minutes. If the exhauster is not throttled back, then about 100 minutes will be
required.
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The cne control that can be used to control the gas effervescence is the rate that acid is added to the
tank. The attachment to this memo shows that 80 gpm is a conservative rate that will keep the
effervescence below 477 cfim if al of the acid reacts by equation 1. Operationally, the oxalic acid will
be introduced at about 4¢ gpm to give some additional margin.

One scenario that has been raised is the possibility of a large poo! of acid that does not contact the
solids that is rapidly stirred to contact the solids. This large reservoir may react at that time and give a
spike of gas. This scenario is not possible with the acid addition system that is designed.

The acid will be added to Tank 241-C-]106 by going through the mixing eductor. This puts the acid
near the bottom of the tank where it can contact the solids rapidly. The gas evolution will begin when
the acid reaches the solids and the carbon dioxide starts to effervesce. The gas bubbles will act similar
to air 1ift mixers to stir the liquid above the solids. More effervescence will cause greater stirring. As
the reaction moves to completion and the effervescence is lower, the stirring will decrease. This gas
effervescence will provide better agitation than the mixing eductor. Meanwhile, the fresh acid being
added through the mixing eductor will be causing mixing. These two mixing phenomena will produce
a nearly homogeneous liguid pool and will certainly prevent & large reservoir of unreacted acid from

- accumulating. The only way a large reservoir of unreacted acid can accumulate is for the carbonate in
the solids to be depleted. Once that happens, then the carbon dioxide gassing ceases to be a problem.

Adding acid at about 40 gpm is a prudent method of controlling the gassing of the sludge. However,
the laboratory work shows that eventually the bulk of the carbonate is consumed and gassing drops
way off. There are several ways to tell when the gas effervescence has decayed off. The ventilation
system will be recording flow rates and pressures. A change in these will signal when the bulk of the
ventilation is coming from air through the breather filter. Industrial hygiene will be monitoring the off
gas and oxygen concentration is one of those parameters that they measure. A large oxygen content
will signal that air is being vented and not just carbon dioxide. The mixing eductor leg has a pH meter
in it. When the pH of the acid remains below 4 at the end of a batch, that is an indication that the
carbonate is essentially gone and the acid is now mostly dissolving the sludge. One or more of these
methods will be examined to determine when the next batch no longer needs a restriction or the acid
addition rate.

D. A. Reynolds
Principal Engineer

Computation Checked by:d};. Ao e
Date: 6/9/03

DAR/ad
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7G330-DAR-03-003

Attachment 1

LIMITING CARBON DIOXIDE GENERATION DURING
ADDITION OF OXALIC ACID TO TANK 241-C-106

Consisting of 4 pages,
including coversheet
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Limiting Carbon Dioxide Generation During Addition of Oxalic Acid to Tank 241-C-106

The retrieval of Tank 241-C-106 involves the treatment of the sludge with oxalic acid to dissolve
most of the solids. Current plans are for the oxalic acid to be added to the tank in six batches of
30,000 gallons (gal), for a total of 180,000 gal. The acid will be delivered in truckloads of
5,000 gal each and the concentration of the oxalic acid will be 0.9 molar (Reynolds 2003).

The addition of oxalic acid to Tank 241-C-106 will result in the generation of gas as the acid
reacts with carbonate in the sludge to create carbon dioxide:

HiC304 + CO32 — CO; (gas) + H,0 + C;0,2 (n
There are two issues associated with the generation of carbon dioxide in the tank:

1. The gas generation rate may exceed the capacity of the exhauster and result of a loss of
the headspace vacuum and releases to the environment.

2. The gas generation can result in the tank waste being carried into the tank headspace as
aerosols resulting in the headspace vapors which would exceed onsite radiological and
toxicological guidelines if released to the environment.

Tank 241-C-106 exhauster will draw approximately 950 cubic feet per minute (ft*/min) from the
tank and must maintain at least 0.3 inches water gauge vacuum in the tank. To maintain this
vacuum in the tank, the maximum allowable gas generation rate is 550 &/min (Minteer 2003).
To maintain tank headspace vapor compositions below the radiological and toxicological
guidelines, the gas generation rate must be below 0.225 cubic meters per second (477 ft/min)
(Sandgren 2003).

Based on sludge dissolution studies with Tank 241-C-106 sludges, the rate of gas generation
reached 2 maximum of 4.2 millimoles per hour per gram within a few minutes of oxalic acid
addition and decreased to essentially zero within several hours (Herting 2003). If this maximum
rate is applicable to the sludge in Tank 241-C-106 (9,000 gal sludge with an estimated density of
1.7 grams per milliliter), a gas generation rate of 3,500 &*/min at normal temperature and

pressure would result. Therefore, controlling the gas generation rate by controlling the rate of
addition of oxalic acid was considered.

In a wel] mixed, liquid phase reaction, the reaction
HCy0, + CO3% — €O, (gas) + HaO + C047 4]
would proceed first by the conversion of carbonate to bicarbonate:
H;é;04 +2.C052 +» 2 HCOy + C03% @
then to carbonic acid and the release of carbon dioxide:
HyC204 + 2 HCO5™ 2 HyCO3 + G042 = 2 CO1 () + 2 H:0 + C,042  (3)

For carbonic acid (Dean 1973):

pKu =635 ([H+][HCO, Y{HCO:])
PKa2 = 1033 ([H+][CO5*)/[HCOy])
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Therefore, the initial amounts of oxalic acid added would serve primarily to convert carbonate to
bicarbonate. Further addition of oxalic acid would react with the bicarbonate to generate carbon
dioxide. Although one mole of oxalic acid generates one mole of carbon dioxide in the overall
reaction, the initial addition of oxalic acid to Tank 241-C-106 may generate little carbon dioxide
while further addition can result in the generation of catbon dioxide at a rate of as much as
two moles of carbon dioxide per mole of oxalic acid added. In reality, the reaction rate in Tank
241-C-106 is expected to remain well below 2 moles of carbon digxide per mole of oxalic acid
added because the tank does not represent a well-mixed, liquid phase with all the carbonate in
solution.

Assumptions for calculation of oxalic acid addition rate:

" o The gas generation rate is limited to the lower of the two maximum allowable generation
rates above (i.e., 477 f*/min).
¢ Normal temperatire and pressure (1 atmosphere and 25 °C) were used to calculate gas
volumes. The highest temperature observed in Tank 241-C-106 during the past year
(May 20, 2002 through May 20, 2003} was 93.2 °F (34 °C), which would result inonly a
3 percent difference in volume.
¢ One mole of oxalic acid generates two moles of carbon dioxide (Reaction 3 above).

To limit the gas generation rate to 477 f*/min, the acid addition rate should be limited 1o
approximately 80 gallons per minute. Operationally, it is recommended that the acid addition
rate be approximately 40 gallons per minute and several hours should be allowed between
truckloads to allow the gas generation reaction rate to decrease before more oxalic acid is added.
This process should be performed for the first three batches (90,000 gal) of oxalic acid added to
the tank. Based on the laboratory studies, Reynolds (2003} estimates that the pH of the liquid in
the tank should be about 2 after 3 batches. At this pH, most of the carbon dioxide would have
been released. Additionaily, the laboratory studies indicate that over 90 percent of the carbonate
will have been released from the sludge as carbon dioxide and the reaction rate would have fallen
to within allowable levels by the end of the third batch.
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Maximom Acid Addition Rate
Conversion Factors

35.314 f/m’

1000 liter/m’

3.785 liter/gallon

Molar Gas Volume

22.4 liter/mole at 273.15 °K
24.5 liter/mole at 298.15 °K

For onsite radiological and toxicological consequences to fall within guidelines, the carbon
dioxide generation rate must be Jess than 0.255 m3/second _

0.225 m*/second ® 35.314 f'/m**60 sec/minute = 477 f’/minute

%r.zzs m’/second*1000 liter/m>*60 sec/minute = 13,500 liter/minute
The allowable gas generation rate is:

13,500 liter/minute/24.5 liter/mole = 551 mole/minute

2 moles bicarbonate and 1 mole of oxalic acid react to form 2 moles of carbon dioxide gas.
Assume oxalate reacts as s00n as it is added.

Oxalate concentration is 0.9 mole/liter
Allowable acid addition rate:

(551 mole gas/minute)(1 mole acid/2 mole gas)(1 liter acid/0.9 mole acid)(1 gallon/3.785 liter) =
81 gallon/minute

Ih.daocst
la Sasaki
Closure Projects Engineering Support
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Document Reviewed: RPP-16537, Safety Evaluation of Oxalic Acid Waste Retrieval in
Single-Shell Tank 241-C-106, Rev, 0

Scope of Review (e.g., document section or portion of calculation):  Entire docurnent except
Section 4.3.4
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Problem is completely defined.
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the document reviewed.

17. Software verification and validation are addressed adequately. (ORP QAPP
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18. Limitis/criterin/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.
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] 19. Safety margins are consistent with good engineering practices.

]} 20. Conclusions are consistent with analytical results and applicable limits.
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22. All references cited in the text, figures, and tables are contained in the
reference list.

23. Reference citations (e.g., title and number) are consistent between the text
callout and the reference list.

24, Only released (i.e., not draft) references are cited. (ORP QAPP crirerion 2.1)

25. Referenced documents are reirievable or otherwise available.

26. The most recent version of each reference is cited, as appropriate. (ORP
QAPP criterion 2.1)

27. There ate no duplicate citations in the reference list.

28. Referenced documents are spelled out (title and number) the first time they
are cited.

29. All acronyms are spelled out the first time they are used.

30. The Table of Contents is correct.

31. All figure, table, and section callouts are correct,

32. Unit conversions are correct and consistent.

33. The number of significant digits is appropriate and consistent,

34. Chemical reactions are correct and balanced.

35. All tables are formatted consistently and are free of blank cells,

36. The document is complete (pages, attachments, and appendices) and in the
proper order.

37. The document is free of typographical ervors.

38. The tables are internally consistent.

39. The document was prepared in accordance with HNF-2353, Section 4.3,
Attachment B, “Calculation Note Format and Preparation Instructions™.

Concurrence
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No computer codes were used for the calculations included in the report. All calculations
were verified through hand caiculations.
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