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EXECUTIVE SUMMARY

This document provides a safety evaluation of the Phase 1 retrieval of liquid waste from
single-shell tank 241-C-106 for closure using existing sluicing equipment to wash soluble
material from the remaining sludge. Specifically, this safety evaluation encompasses the
mobilization of soluble material from the sludge by sluicing with raw water and transferring the
liquid waste in single-shell tank 241-C-106 to double-shell tank 241-AY-102. The hazardous
conditions associated with this activity were identified during a Hazards and Operability Study.
These hazardous conditions were used as the starting point in evaluating how this retrieval
activity relates to the safety basis, specifically the analyzed accidents and their associated
technical safety requirement controls. This document also describes the process and results of
the control decision and the allocation process where controls necessary for prevention or
mitigation of the consequences of the hazardous conditions were assigned or allocated.

The Hazards and Operability Study identified 102 hazardous conditions specific to the activity.
Many of these hazardous conditions were derived from the hazard analysis prepared for the
past-practice sluicing operation associated with Project W-320. The cross reference between the
past-practice sluicing-related hazardous conditions and those for enhanced sluicing are found in
the remarks section of the control decision record (Appendix D). All information in the control
decision record is captured in HNF-SD-WM-TI-764, Hazard Analysis Database Report, which is
part of the safety basis. In all cases, the hazardous conditions were directly related (mapped) to
the representative accident and its associated accident analysis in HNF-SD-WM-SAR-067, Tank
Farms Final Safety Analysis Report. No accidents of a different type were identified.

Of all the analyzed accidents applicable to the retrieval of liquid waste in single-shell tank
241-C-106, the consequence of two accidents was potentially increased. The first analyzed
accident, tank failure due to excessive loads, is a load drop when removing the heel jet pump,
which could rupture the tank dome and release more waste than was analyzed. This concern
relates to the high lift height (over 100 feet) required to clear the disposal container and the
potential holdup of 40 gallons of tank waste in the pump. The second concerned the analyzed
accident, Natural Phenomenon — High Wind, related to wind damage to the flexible receiver.
The relatively large holdup of waste in the pump was greater than that analyzed, thus, the
potential increase in the consequence. The U.S. Department of Energy, Office of River
Protection acknowledged these conditions and provided specific approval for removal of the
long-length equipment from single-shell tank 241-C-106 by requiring additional controls as
provided in Schepens (2002), “Approval of Long-Length Equipment Removal Activities for
Single-Shell Tank (SST) 241-C-106.”

Controls were allocated to the 102 hazardous conditions in accordance with the steps outlined in
HNF-SD-WM-SAR-067, Section 3.3.1.5, “Control Identification.” Table 5-1 of this report lists
the hazardous conditions and the allocated controls. Controls are allocated as required by the
final safety analysis risk matrix, Table 3.3.1.5-2. This matrix shows that low risk hazardous
conditions (low frequency and/or low consequence) do not require technical safety
requirement-level controls. Moderate risk hazardous conditions must have consideration of
techmical safety requirement-level controls and the high risk hazardous conditions must have
techmical safety requirement-level controis allocated. Except for the controls associated with
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lifting the heel jet pump, all controls were found to be unaffected, requiring no changes or
exemptions.

Finally, the effect of this retrieval activity on equipment important to safety was evaluated.
There were no concerns identified where the frequency of occurrence or consequence could be
increased. Operation of the sluicing system to wash the sludge will rely upon an active
ventilation system to provide better visibility using the remote video cameras. A variable
damper system is installed to adjust inlet flow to ensure a minimum negative pressure gradient in
the tank vapor space. An evaluation of flammable gas generation (RPP-13547, Evaluation of the
Potential for Tank 241-C-106 to Achieve a Flammable Gas Atmosphere) concludes that with
passive ventilation there is insufficient waste 1n the tank to achueve 25% of the lower
flammability limit. Thus, only the passive ventilation system is required and is a safety class
system. The active ventilation system being used will enhance operability of the system by
reducing fog to increase visibility, but is not safety class or safety significant.

ES-2
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1.0 INTRODUCTION

1.1 PURPOSE

This safety evaluation for using existing sluicing equipment to dissolve the soluble material in
the sludge and transfer the liquid waste in single-shell tank (SST) 241-C-106 to double-shell tank
(DST) 241-AY-102 documents the results of the Hazard and Operability Study (HAZOP). This
documentation provides a listing of the hazardous conditions identified during the HAZOP,
including a discussion of how these conditions relate to the safety basis. This document also
describes the process and results of the control decision, and the allocation process whereby the
controls necessary for prevention or mitigation of the consequences of the hazardous conditions
were assigned or allocated. Finally, this document provides an analysis of the retrieval activities,
hazardous conditions, and allocated controls as they relate to the safety basis to previously
1dentified hazardous conditions listed in HNF-SD-WM-TI-764, Hazard Analysis Database
Report, the analyzed accidents described in HNF-SD-WM-SAR-067, Tank Farms Final Safety
Analysis Report (FSAR), and controls prescribed in HNF-SD-WM-TSR-006, Tank Farms
Technical Safety Requirements (TSR).

Specifically, this safety evaluation describes the use of existing sluicing equipment to mobilize
the sludge in SST 241-C-106 with raw water, and thus dissolve soluble materials and transfer the
liquid waste t0 DST 241-AY-102 via a combination of compliant underground transfer lines and
a hose-in-hose transfer line (HIHTL).

This document is not intended to authorize the activity. Previously identified hazardous
conditions common to the tank farms, and not specifically related to this retrieval activity, are
not captured. Authorization 1ssues are addressed by the unreviewed safety question (USQ)
evaluation process. Furthermore, this safety evaluation provides a comparison to existing
accident analysis, but does not include revisions to those analyses. Likewise, this safety
evaluation does not include new accident analyses.

12 BACKGROUND

Retneval of residual waste in SST 241-C-106 is required to demonstrate interim closure as
required by the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989)
milestones M-45, M-45-06A, M-45-05N-T01, M-45-05H, and the waste management
requirements of Washington Administrative Code (WAC) 173-303, “Dangerous Waste
Regulations.” Milestone M-45 requires the closure of SST farms and states that closure will
follow retrieval of as much tank waste as technically possible with tank waste residues not to
exceed 360 ft’ in each of the 100-series tanks, or the limit of waste retrieval technology
capability, whichever is less.

1-1
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In the late 1990s, a waste retrieval effort was imitiated in SST 241-C-106 as a Project W-320
activity in November 1998 and completed in October 1999 (RPP-6696, Data to Support Tank
C-106 Waste Retrieval Determination). The retrieval effort was completed in accordance with
the requirements of Milestone M-45-03B. Retrieval was performed using the Project W-320
sluicing system. Approximately 187 kgal of the estimated 192 kgal (i.e., 97%) of sludge in
SST 241-C-106 were sluiced to DST 241-AY-102. Sluicing operations were conducted using
DST 241-AY-102 supernatant as a sluicing medium. The purpose of the waste retrieval effort
was to resolve the SST 241-C-106 high-heat safety i1ssue and demonstrate a sluicing retrieval
technology. Before a tank farm can be closed, Milestone M-45 requires retrieval of as much
waste as technically possible and not to leave more than a residual volume of 360 ft’, whichever
is less. Post-sluicing estimates indicate approximately 18,000 gal of liquid and 1,200 fi’ of
residual sludge currently remain in SST 241-C-106 (RPP-12547, Tank 241-C-106 Residual
Liquids and Solids Volume Calculation). The first phase of the retrieval activity evaluates the
use of fresh water sluicing to dissolve soluble material from the sludge remaining from past
sluicing activities and the subsequent transfer of liquid waste to DST 241-AY-102.

1-2
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2.0 DESCRIPTION OF PHASE 1 RETRIEVAL OF
SINGLE-SHELL TANK 241-C-106

2.1  DESCRIPTION OF THE RETRIEVAL SYSTEM

The waste retrieval system is designed to retrieve radioactive liquid from SST 241-C-106,
leaving a residual of no more than 360 ft’ (2,700 gal) in the tank. The retrieval activity will use
the existing sluicing nozzles installed in Riser 3 to mobilize the remaining sludge and solids with
raw water, thereby releasing captive liquid and dissolving any remaining salt. Figure 2-1isa
general sketch of the retrieval system and the transfer route to the receiver tank, DST 241-AY-
102. The piping and instrumentation diagram for the retrieval system is documented in H-14-
105666, Instrumentation 241-C-106 Waste Retrieval P&ID.

2.1.1 Sluicing System

Sluice Nozzle Assembly: The existing sluicer in Riser 3, located in the C-06C pit, will be used.
The sluicer is constructed of 304L stainless steel and has a 1-in. diameter nozzle with two
degrees of motion control (rotation 194° and nozzie elevation 130%). The nozzle pivots/rotates at
a fixed elevation in the tank and can be aimed with a dedicated hydraulic system. The sluicer is
vertically articulated with its articulation point located at a fixed elevation (15.5 ft above the
bottom center of the tank) as high in the tank as is practical. The sluicer base plate also has a
high capacity drain. The sluicer controls, located in the MO-211 control room, have two modes:
manual and semi-automatic.

Sluice Water Supply System and Transfer Route: Figure 2-1 also shows how fresh water is
supplied to the sluicing system. A diesel powered booster pump will pump raw water from the
241-AY Tank Farm, through nozzle U-2 in the AY-02E pit, to supply the sluicer via transfer line
SN-200. The raw water is supplied from hydrant R-16-A (also known as R-16-AZ) or
alternately may be supplied by a water supply truck. The pump is designed to provide a flow of
350 gal/min at a pressure of 200 Ib/in® gauge at the sluice nozzle in SST 241-C-106. The
maximum deadhead pressure is 205 Ib/in® gauge. The raw water transfer line is the same waste
transfer line used previously to transfer supernatant as a sluicing liquid from DST 241-AY-102
back to SST 241-C-106 (transfer line SN-200).

2.1.2 Supernatant Transfer Pump

Figure 2-2 is a sketch of the supernatant transfer pump (H-14-104773-1, C-106 Retrieval
Supernate Removal Pump Assy and Details). This pump was fabricated from two model
BS-2060 Flygt' pumps connected in series. Two pumps were required to achieve the pressure
head needed to pump the supernatant upgrade to the receiver tank. The hydraulic properties of

! Flygt is a trademark of ITT Flygt Corporation, Trumbull, Connecticut.
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this pump assembly (flow and head) are shown in Figures 2-3 and 2-4 (RPP-6638, DST Annulus
Pumping Acceptance Test Report).
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Figure 2-2. Dual Flygt Model BS-2060 Supematant Pump Assembly.
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2.1.3 Supernatant Transfer Route

The transfer route to be used transports waste from SST 241-C-106 to DST 241-AY-102.

The transfer line is a combination of aboveground HIHTL and underground encased steel pipe.
The transferred supernatant is discharged through a slurry distributor. Major components of the
transfer route are described in the following paragraphs.

Hose-In-Hose: Radioactive liquid waste 1s transferred from the C-06B heel pit via an
aboveground HIHTL to the C-06A pump pit. A jumper is installed, connecting the aboveground
HIHTL entering the C-06A pit to the 4-in. SL-100 underground pipeline at nozzle number 9.
The cover blocks for both the C-06A and C-06B pits are designed to provide both shielding and
mechanical protection to the HIHTL as it transitions into the pits. The lines are laid in a shallow
depression in the soil and covered with 2-in. thick steel plates for both radiation shielding and
mechanical protection. The primary transfer hose has a working pressure of 425 Ib/in’, well
within the 64.2 1b/in’ maximum (deadheaded pressure) of the supernatant transfer pump
(RPP-6638). The outer hose is designed to contain any leakage of the primary hose and to direct
it to either to the C-06A and C-06B pits for detection by the transfer leak detectors.

Encased Buried Transfer Line: The transfer line from SST 241-C-106 C-06A pump pit to DST
241-AY-102 is the SL-100 4-in. encased pipeline, approximately 0.3 mi long. The primary line
(inner pipe) is designed for a maximum pressure of 320 Ib/in?, well above the 64.2 1b/in®
deadheaded pressure from the supernatant transfer pump (RPP-6638). The encasements are
designed to direct the flow of leaked waste from the primary line to transfer related structures for
detection.

DST 241-AY-102 Down [eg/Sl Distributor: The supernatant transferred from

SST 241-C-106 is discharged into DST 241-AY-102 through a slurry distributor. It is installed
in 241-AY-02A pit in Riser 6. The slurry distributor is a straight 4-in. nominal pipe with four
2-in. diameter horizontal nozzles spaced at 90° intervals at a fixed 12.5 fi elevation in the tank.
A high capacity drain is incorporated into the slurry distributor head, sized to drain all liquid
from within the pit in the event of a transfer line break during a transfer. A drain plug is
available to seal the high capacity drain when pit covers are removed.

Sump Pumps: Existing sump pumps will be used in the C-06A pump pit, and the C-06C sluice
pit, and a new sump pump will be installed in the C-06B heel pit. The sump pumps will be
one-third horsepower pumps with a flow of 10 gal/min, and will discharge into risers 9, 3, and
13.

2.1.4 Ventilation System

SST 241-C-106 ventilation is accomplished by two independent systems. The first is a passive
ventilation system (breather filter assembly) relied upon to provide assurance that flammable gas
levels do not exceed 25% of the lower flammability limit (LFL). The breather filter assembly is
a standard design used throughout tank farms consisting of a standard high-efficiency particulate
air (HEPA) filter/housing, isolation valve, and seal loop. The assembly is designed to be
mounted vertically on a tank niser, and is mounted on Riser 19. The passive ventilation system is
the permanent ventilation system for this tank.

2-7
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The second system is a temporary, active ventiiation system used during sluicing activities. The
active ventilation system consists of an air inlet/vacuum control assembly and a portable

1,000 f*/min exhauster. An air inlet/vacuum control assembly is installed on SST 241-C-106 to
allow control of tank vacuum levels to prevent uplift of the tank bottom. This assembly consists
of three basic elements: (1) a 12-in. diameter isolation butterfly valve, (2) a standard

1,000 f*/min HEPA filter/housing, and (3) a vacuum controller connected to the inlet of the
HEPA housing. The valve, filter housing, and vacuum controller are assembled in a vertical
arrangement designed for mounting directly on a tank riser. The air inlet/vacuum control
assembly is located at a 12-in. riser on the SST 241-C-106 ventilation hatchway, Riser 15 (the
ventilation hatchway allows multiple connections to the tank).

The 1,000 ft*/min skid-mounted portable exhauster consists of an inlet isolation valve,
de-entrainer/heater section, pre-filter, two HEPA filters, two HEPA test sections, fan, stack, a
stack monitoring system, and instrument enclosures. The de-entrainer removes aerosols that may
be produced from operations in the tank and thereby protects the filters from moisture loading.
The heater lowers the relative humidity of the air stream and also serves to reduce moisture
loading of the filters. The exhauster is capable of 1,000 ft*/min at 12.7 in. water gauge. Ithasa
variable speed drive and can be adjusted from 440 ft’/min to 1,000 f*/min. Instrumentation and
a programmable logic controller allow for alarms and interlocks to monitor and control system
operating parameters. Details of the portable exhauster are found in RPP-13222, Evaluation of
Temporary Ventilation System to Support Tank 241-C-106 Waste Retrieval System. The portable
exhauster is installed in an area roughly between SSTs 241-C-103, 241-C-105, and 241-C-106.

It is connected to tank riser, Riser 2, in SST 241-C-106 via an 8-in. diameter ductwork assembly.
Portions of these pipe/duct systems will be removed/isolated from Riser 2 as necessary to allow
connection of the 1,000 ft*/min portable exhauster.

2.1.5 System Instrumentation and Controls

H-14-105666 shows the instrumentation used to control this retrieval operation. All controls are
mounted locally on an electrical rack inside a National Electrical Manufacturers' Association 3R,
4 or 4X enclosure. This includes the two motor starters: instrumentation and power. Each
supernatant transfer pump is started separately with the lower pump started first. When pressure
is detected on the transfer line, the second motor is started. The Flygt pumps are interlocked to
shut down on leak detection or leak detection failure. Sump pumps located in the pits are
operated manually, as required, following leak detection indication. Ammeters are installed
locally to monitor the pumps.

Raw water is used to flush the transfer line, the pumps, and to dilute the existing liquid in the
tank. Local pressure gauges are used on the upstream and downstream side of a ball valve at the
raw water connection to ensure that the pressure is zero before the raw water is connected.
Pressure on the downstream side will be less than the upstream side to ensure that no waste can
migrate to the raw water system. Raw water for flushing will be provided by tank truck or via a
hose that attaches to the raw water supply hydrant.
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2.2  SITE PREPARATION AND EQUIPMENT INSTALLATION

The following describes the removal and installation of equipment to be done or previously
completed in the riser and pits in SST 241-C-106:

Riser 3 (12 in. diameter in the C-06C sluice pit):

Evaluate the condition and refurbish if necessary the past-practice sluicer assembly
previously installed.

Riser 7 {12 in. diameter in the C-06A pump pit):

Install a camera.
Riser 13 (12 in. diameter in the C-06B heel pit):

Remove existing heel jet pump. Install the supernatant transfer pump.
Riser 14 (4-1n. diameter niser):

Remove the existing thermocouple tree and replace it with a remote video camera
installed for visual inspections and sluicer operations.

Pit C-06A (Pump Pit):

A new flexible jumper will be installed at the HIHTL from the C-06B pit to the 4-in.
SL-100 transfer line. A new leak detector is installed and used in conjunction with the
sump pump as a safety system designed to retun any waste that is leaked into the pump
pit back to the tank.

Concrete cover blocks will be replaced with steel cover plates. The new pit plate is
designed and installed to accommodate the insertion and operation of a camera in Riser 7
and the HIHTL from C-06B.

Pit C-06B (Heel Pit):
A new pit cover plate is designed and installed to accommodate the insertion and
operation of the new transfer pump, waste removal lines, and associated plumbing
controls and equipment.

The existing heel jet pump is removed.

A new leak detector 1s installed in this pit to shutdown the transfer pump if leakage
should occur.
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Pit C-06C (Sluice Pit):

The existing sluicer may be used to add raw water and/or acid to the tank if necessary.

2.3  SLUICING OPERATIONS

Prior to liquid waste removal, the sluicer located in C-06C sluice pit 1s operated to knock down
and spread out the piles of sludge left over from previous operations, and wash out the fines from
the sludge to the maximum extent possible. The desired state 1s to have all the solids relocated
below the knuckle of the tank. Raw water will continue to be added to the tank, raising the
liquid level to submerse the supernatant transfer pump intake. Once the lower of the dual
transfer pumps is completely submersed, the pumps will be started and waste transfer will
proceed. This process will be performed on localized areas and repeated to pick up soluble
materials and remove them from the tank.

24  SUPERNATANT TRANSFER OPERATIONS

Supernatant transfer operations will be started as soon after stopping the water addition/washing
as 1s practical. A short amount of time between sluicing and the transfer is planned to allow
solids to settle out, thus minimizing the amount of solids in the transfer. The sluicing/transfer
operation may cover several of these cycles.

Fluid pressure, waste flow rate, and pump motor current are monitored during the waste transfer.
A camera may also be installed in Riser 7 or Riser 14 to allow visual observation/monitoring of
the pumping operation. Following pump shutdown, the operator may allow fluid (line holdup) to
drain back into SST 241-C-106, or may shut the transfer line discharge valve to prevent fluid
drain back if it is undesirable.

Upon completion of the liquid waste retrieval or pump failure, the preliminary pump assembly
may be removed from Riser 13. Riser 13 would then be available for installation of a backup
slurry transfer pump for SST 241-C-106 waste retrieval.

2.5 SUPERNATANT TRANSFER LINE FLUSHING

The transfer line will be cleared by flushing the line with raw water and allowing drainback to
241-C-106. Water will be supplied from the 241-A Tank Farm hydrant or from a water tank
truck.
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3.0 HAZARD IDENTIFICATION

31 METHODOLOGY

The hazards identification and evaluation for Phase 1 retrieval of liquid waste in SST 241-C-106
for closure used the HAZOP method. In a HAZQOP, a team leader systematically guides the
HAZOP team through the system/process being evaluated using a fixed set of process parameters
(e.g., flow, pressure, temperature) and guide words (e.g., high, low, more, less). The
combinations of the process parameters and guide words are applied at specific points or “nodes”
in the system design to identify potential hazardous conditions associated with the operation of
the system.

The HAZOP was performed by an interdisciplinary team to identify potential hazardous
conditions within an agreed upon scope. Because the HAZOP process tends to be qualitative in
nature, the expertise and experience of the team is of primary importance in establishing the
credibility of the analysis. A short resume of each team member is included in Appendix B to
document the expertise and experience level of each team member.

A HAZOP is a systematic process that investigates upset conditions or variations of
combinations of process parameters and guide words {the combinations are generally referred to
as “deviations”) that could potentially result in undesirable consequences. Process variables are
the charactenistics of a process (e.g., flow, pressure, or temperature) used to define proper
operation. The guide words describe the variance in the process variable of concemn (e.g., high,
low, more, or less). The deviation guide for process variables is provided in Table 3-1. During
the HAZOP process, potential consequences of the deviations were estimated, hazardous
conditions formulated, and possible corrective and/or preventive measures identified and
discussed. This process is recognized by the American Institute of Chemical Engineers (AIChE)
and 1s described in Guidelines for Hazard Evaluation Procedures (AIChE 1992). The HAZOP
uses a tabular format to record the results of the systematic process. Definitions prepared during
the HAZOP process are provided in Appendix C.

One of the features of a HAZOP is the division of a process or activity into discrete segments
called nodes. Each node represents a specific part of the process or activity. Node selection is
designed to facilitate the hazard identification process. The HAZOP was based on the following
nodes to capture points in the process where deviations could result in significant consequences:

e Node A: Equipment Installation and Decommissioning

e Node B: Process Water Supply System, including Flush Systems for Transfer Lines
e NodeC: Sluicing System

e NodeD: Supematant Transfer Pump

e NodeE: Transfer Line, SST 241-C-106 to DST 241-AY-102

e NodeF: 241-C-106 Ventilation System

e Node G: Receiver DST Ventilation System (241-AY-102)

e Node H: SST 241-C-106

e Nodel: Receiver DST (241-AY-102)

e NodelJ: Instrumentation and Controls.
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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.

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

o Where a leak is 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 the relatively low
pump pressures could result in a failure. Failure could be the result of flaws already
present but not previously identified, e.g., corrosion, incorrect assembly, or material
defects.

3.3 HAZARD AND OPERABILITY STUDY RESULTS

The HAZOP team identified 102 hazardous conditions associated with Phase 1 retrieval of liquid
waste in SST 241-C-106 for closure. The detailed information developed during the hazard
identification team meeting is presented in Appendix E. These specific hazardous conditions are
similar to others and can be separated or grouped by a generalized hazardous condition (e.g.,
specific hazardous conditions related to spray leaks are grouped together under a generalized
waste transfer leak hazardous condition). Table 3-2 lists 14 generalized hazardous conditions,
and provides a node-by-node breakdown of how many of these types of conditions were
identified for each node of the analysis. The table also lists the total number for each generalized
hazardous condition, as well as the total number of all types of hazardous conditions identified
for each node.

The 102 hazardous conditions identified by the HAZOP team provide the basis for the evaluation
of Phase 1 retrieval of liquid waste in SST 241-C-106 for closure. The information in

Appendix E is included as a historical record of the HAZOP hazard identification sessions and
should be considered as raw data not having been subjected to formal analysis and review. The
information in Chapters 4.0 and 5.0 presents the final statement of the hazardous conditions and
provides an analysis of final retrieval of waste in SST 241-C-106 for closure.
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Table 3-2. Generalized Hazardous Conditions.

General hazardous condition

Numbers of hazardous conditions for each node

B(C|D|E{F |G |H|I | J| Total

Miscellaneous low consequence hazardous
conditions

Slel2|aiv | -|-]-1-] 13

Release of radioactive or hazardous material from a
waste tank due to a nuclear criticality

Release of radioactive or hazardous materials from
a waste tank due to mixing of incompatible
material resulting in tank pressurization

Release of radioactive or hazardous material from a
waste tank due to a flammable gas deflagration

Release of radioactive material from a failed HEPA
filter due to exposure to high temperature or
pressure

Release of radioactive or hazardous material due to
a fire in a contaminated area

Release of radioactive or hazardous material froma
DST due to an organic solvent fire

Release of radioactive or hazardous material froma
damaged dome due to excessive loads

Release of radioactive or hazardous material froma
damaged tank due to vacuum-induced damage to
the tank or liner

Release of radioactive or hazardous material from
damaged tanks, transfer lines, or structures due to
seismic-induced damage

Release of radioactive or hazardous material froma
damaged ventilation system due to a steam eruption

Release of radioactive or hazardous material due to
an unfiltered release caused by damage to
ventilation systems or other structures

Release of toxic fumes or vapors from a waste tank
due to mixing of incompatible material

Release of radioactive or hazardous material from
transfer lines or structures due to a waste transfer
leak

Total

12

9 120(11{18}10| 5|8 |7 1}2 102

Notes:
DST = double-shell tank.
HEPA = high-efficiency particulate air.
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4.0 SAFETY EVALUATION

This evaluation provides a comparison of the hazardous condition as they relate to the safety
basis, specifically to the analyzed accidents in the FSAR and the TSR-level controls. The
following three general areas of concern are addressed in the following sections.

o Does this activity constitute a new or unique accident?
o How does this activity affect the analyzed accidents?
o How does this activity affect equipment important to safety?

4.1 IDENTIFICATION OF A UNIQUE ACCIDENT

The following question is evaluated in this section: Do any of the newly identified hazardous
conditions represent or provide an indication of a new type of accident?

A companson was made of the existing hazardous conditions in the hazard analysis database to
the hazardous conditions specific to Phase 1 retrieval of the liquid waste in SST 241-C-106 for
closure. The methodology for hazard identification, as stated in Section 3.1, provides assurance
that all major hazardous conditions and release mechanisms have been identified. Also, the
review process associated with control allocation described in Section 5.1 provides additional
assurance that the postulated cause, frequency of occurrence, and consequence of the hazardous
condition is correct and accurate.

The hazardous conditions identified for this activity were compared to those currently included
in the hazard analysis database. None were found to be unique, insofar as they are all analogous
to existing hazardous conditions. The only major difference is these conditions are stated such
that they relate or reference directly to this specific retrieval activity, namely retrieval of the
waste in SST 241-C-106 for closure. Therefore, it is concluded that no hazard associated with
this activity represents a new type of accident.

4.2 EFFECT ON ANALYZED ACCIDENTS

The following question is evaluated in this section: 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?

The finalized hazardous conditions related to Phase 1 retrieval of the liquid waste in
SST 241-C-106 for closure are associated with the following analyzed accidents from the FSAR:

Nuclear Criticality (Representative Accident [Rep Acc] 01)

Mixing of Incompatible Material—Tank Pressurization (Rep Acc 03)
Flammable Gas Deflagrations—DST (Rep Acc 04)

Flammable Gas Deflagrations—SST (Rep Acc 05)

4-1
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» HEPA Filter Failure—Exposure to High Temperature or Pressure (Rep Acc 06)
» Fire in Contaminated Area (Rep Acc 07)

« Organic Solvent Fire {Rep Acc 09)

o Tank Failure due to Excessive Loads (Rep Acc 12b)

¢ Tank Failure due to Vacuum or Degradation (Rep Acc 13)

Tank Bump (Rep Acc 18A)

Unfiltered Release (Rep Acc 18B)

Mixing of Incompatible Material—Toxic Vapor Generation (Rep Acc 23)
Aboveground Structure Failure (Rep Acc 31)

Waste Transfer Leak into Structure (Rep Acc 33A)

Waste Transfer Leak into Soil Surface or into Atmosphere (Rep Acc 33C)
Waste Transfer Leak Due to Misroute (Rep Acc 33D).

* & & &

Nuclear Criticality (Rep Acc 01):

Frequency of Occurrence: The nuclear criticality accident analysis in the FSAR,

Section 3.3.2.4.1, states that under current operating conditions, a nuclear criticality accident is
incredible in any of the SSTs or DSTs at the Hanford Site. The plutonium concentration is too
low for criticality, the neutron absorbers co-located with the plutonium are sufficient to
preclude criticality, and no credible means exist for concentrating sufficient plutonium to go
critical. The technical evaluation of criticality (RPP-7475, Criticality Safety Evaluation of
Hanford Tank Farms Facility) concludes that there is no condition created by any supernatant
transfer that would result in an unplanned criticality. Therefore, there will be no increase in the
frequency of occurrence for this analyzed accident.

Consequence: The consequence of an unplanned nuclear criticality in a waste tank includes
release of radioactive noble gases, 10dine, aerosolized plutonium, and tank waste (FSAR,
Section 3.3.2.4.1). The analyzed accident shows that this event affects only the onsite worker.
The noble gases, iodine, and plutonium would be a result of the fission and thus are considered
a constant regardless of where the event happened. Thus, the only concern is if the dose from
the specific tank waste release is greater than that analyzed. The analyses shows that the
criticality would release 6.00 E-05 L of DST waste. The onsite unit-liter dose (ULD) for the
nominal DST waste is listed as 9.47 E0O5 Sv/L for DST solids and 6.1 E03 Sv/L for DST
liquids (RPP-5924, Radiological Source Terms for Tank Farms Safety Analysis, Rev. 0,

Table 4-5). There will be no increase in the ULD of SST 241-C-106 and, as the liquid transfer
progresses, the ULD will be decreased. Thus, there will be no increase in the consequence of
an unplanned criticality in this tank.

A transfer of liquid waste from SST 241-C-106 to DST 241-AY-102 would result in a
combined supematant onsite ULD of 2.37 E01 Sv/L (Appendix A, Table A-10). The onsite
ULD for the combined supernatant is much less than that analyzed for the nominal DST. The
enhanced sluicing operation will transfer minimal amounts of solids and thus could change the
ULD in the receiver tanks.

There remains the possibility of transfer of some of the sludge during the supernatant transfers.
Conservatively, the combination of all the sludges from SST 241-C-106 and DST 241-AY-102
has an onsite ULD of 3.08 E04 Sv/L (Appendix A, Table A-11), again lower than the accident
analysis.
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In all cases, the ULD remains lower than that used in the FSAR accident analysis. It is
therefore concluded that enhanced sluicing of SST 241-C-106 and subsequent slurry transfer to
DST 241-AY-102 will not cause an increase in the consequence of the nuclear criticality
analyzed accident.

Controls: The control associated with the criticality analyzed accident (Administrative
Control [AC] 5.7, “Nuclear Cnticality Safety”) 1s preventive in nature. It requires that
criticality limits and controls be documented in criticality safety evaluation reports (CSER) and
requirements implemented in criticality prevention specifications and procedures. Sluicing the
sludge in SST 241-C-106 using fresh water with subsequent transfers of the waste has been
evaluated in a CSER (RPP-7475). The conclusion of the CSER shows that this activity will
not, in and of itself, result in a cnticality; therefore, there are no requirements for additional
controls or changes to criticality prevention specifications specific to this activity.

Mixing of Incompatible Material —Tank Pressurization (Rep Acc 03):

Frequency of Occurrence: A review of the hazard analysis database found that the hazardous
conditions identified for this retrieval activity and applicable (mapped) to this analyzed
accident is similar in nature and thus an analysis of this analyzed accident is included. The
frequency of occurrence without controls for the analyzed accident is listed as “anticipated”
(F3) in FSAR, Table 3.3.2.4.12-1. The hazardous conditions related to this activity were
determined to be “anticipated” (F3). However, analysis documented in Reynolds (2001),
“Potential for Tank Farm Systems to Give Off Toxic Chemicals or Pressurize Due to Chemical
Incompatibility,” indicates that these proposed transfers would not react; therefore, it can be
concluded that the activity would not create a situation where tank pressurization is a certainty.
The TSR-level controls for this accident are established to decrease the probability of an
occurrence and thus are considered preventive. In this case, the control relates only to
chemical addition and is not applicable. Therefore, the preventive control is not affected and
the mitigated frequency of occurrence is not changed. It is concluded that this activity would
not increase the frequency of occurrence of this analyzed accident.

Consequence: The activity involves only transfer of tank waste from SST 241-C-106 to DST
241-AY-102. The analyzed accident in FSAR, Table 3.3.2.4.12-1, shows that radiological and
toxicological consequences would exceed the onsite evaluation guidelines (S2) but would not
exceed offsite evaluation guidelines. The analyzed accident scenario is based on an
inadvertent low pH transfer in to a double-contained receiver tank as opposed to adding service
water to an SST or SST waste to a DST. The accident analysis uses a source term of two-
thirds DST liquid and one-third DST solids. A conservative ULD value for a one-third solid
and two-thirds liquid slurry for SST 241-C-106 and receiver tank DST 241-AY-102, after
receipt of the transferred waste, remain well below the source term in the analyzed accident as
shown in Appendix A, Table A-13. Therefore, it is concluded that Phase 1 retrieval of the
liquid waste from SST 241-C-106 with transfer to DST 241-AY-102 will not increase the
consequence of this analyzed accident.

Controls: There are three TSR-level controls used as both preventive and mitigative
measures. The first control (AC 5.12, “Transfer Controls™) is credited to prevent transfer of
high pH chemicals to waste tanks as a preventive measure. There are no chemical transfers
associated with this retrieval activity, thus, there is no effect on this control. A second control
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(AC 5.19, “Process Instrumentation and Measuring and Test Equipment”) is also credited to
ensure that equipment that measures process parameters is properly maintained. There is
nothing associated with activity that would prevent or impair the use of this procedure as
written, thus, it remains unaffected. The final procedure (AC 5.24, “Safety Management
Programs”) credits the hazardous material protection program with protecting workers from
radiological and chemical hazards. This retrieval activity does not contain any activities or use
any equipment that would limit the ability of this procedure to protect workers from releases.
Therefore, Phase I retrieval of the liquid waste from SST 241-C-106 for closure does not
adversely affect these procedures.

Flammable Gas Deflagrations—DST (Rep Acc 04):

Frequency of Occurrence: The FSAR, Section 3.4.2.2, states that without controls, a
flammable gas deflagration in a DST headspace is an anticipated event. The HAZOP did not
identify any instances where the slurry transfer would adversely affect any equipment in the
receiver DST, creating spark sources or high temperature conditions. Thus, there are no
unusual or unique ignition sources. Addition of the liquid waste will not change the properties
of the waste such that gas generation rates would be increased beyond the worst case analyzed
(HNF-SD-WM-CN-117, Calculations of Hydrogen Release Rate at Steady State for
Double-Shell Tanks), which used a composite ULD for a radiological source term.

Appendix A, Table A-13, shows that the ULDs for liquids or solids in either DST receiver
tanks remains less than those for the nominal DST values used in the analysis. Appendix F
lists the best-basis inventory (BBI) information used in this evaluation. The total organic
carbon (TOC) concentrations in SST 241-C-106 are less than those reported for the DST
receiver tank. Thus, with no increase in the radiological source term over that analyzed and no
increase in the TOC, it is concluded that the flammable gas generation rate will not be
significantly increased beyond that analyzed. For these reasons, there will be no significant
increase in a flammable gas deflagration in the DST receiver tank. Furthermore, the slurry
transfer will not create conditions for a flammable gas deflagration in the annulus beyond that
already included in the accident analysis (misroutes and primary tank leaks). The transferred
waste will not cause corrosion or other damage to the liner. If the pH in the receiver tank is
lowered, a chemical adjustment may be required; however, this is not considered cause for
concern of an impending primary tank leak to the annulus. For these reasons, it 1s concluded
that this retrieval activity will not significantly increase the frequency of occurrence of an
uncontrolled flammable gas deflagration in a DST.

The controls for this accident reduce the frequency of occurrence, thereby preventing the
accident. The slurry transfer activity will not require any additional or revised controls beyond
those normally credited with prevention of the accident. It is therefore concluded that the
enhanced sluicing of SST 241-C-106 and transfer of waste slurries to DST 241-AY-102 will
not significantly increase the frequency of occurrence of a flammable gas deflagration with
controls in the DST.

Consequence: The accident analysis, FSAR, Section 3.4.2.2, does not provide a definitive
analysis of the consequence of a flammable gas deflagration in a DST, as they were developed
in a parametric manner to provide a perspective on the range of possible consequences and to
relate consequences to various accident phenomena. Comparison of the DST ULD values
(Appendix A, Tables A-10 and A-11) with those used in the accident analysis (FSAR,
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Table 3.4.1-9) shows that the ULD values for the DST receiver tank is two orders of magnitude
lower. There are no significant modifications to the tanks, nor are there any retrieval or
transfer activities identified in the HAZOP sessions that would indicate a significant change in
the amount of material that could be released in the event of a flammable gas deflagration. For
these reasons, it is concluded that there will be no increase in the consequence of the
flammable gas deflagration—DST analyzed accident.

Controls: There are three related safety-significant items of equipment important to safety
associated with this accident: aging waste facility (AWF) primary tank ventilation systems,
primary tank leak detection systems, and transfer leak detections systems. A liquid waste
transfer into an AWF tank, within the normal parameters of pressure and flow, will not
adversely affect the ventilation system such that there would be any degradation of its ability to
prevent the accumulation of flammable gas. There would be no impact on the associated
limiting condition for operation (LCQO) (LCO 3.2.1, “DST and AWF Ventilation Systems™)
such that there would be any need for revision or exemptions.

The conditions in the receiver tank would not change sufficiently to affect any of the
flammable gas generation parameters that would cause concemn for the flammable gas
monitoring frequency in the event the ventilation system is inoperable. The waste
compatibility analyses in Blaak {1999), “Waste Compatibility Assessment of Tank 241-C-106
Waste (SST-99-07) with Tank 241-AY-102 Waste,” reveal that flammable gas generation rates
are well within the limits such that the time to reach the LFL in the event of active ventilation
outages will not reach 25% of the LFL in < 7 days. In addition, there are no activities, facility
modifications, or other conditions identified that would delay or preclude operability checks on
the ventilation systems. Therefore, the bases for completion times for flammable gas
monitoring and surveillance periods of LCO 3.2.1, “DST and AWF Tank Ventilation
Systems,” are unchallenged.

The primary tank leak detection is not affected by the waste transfer activities. The transfer
will not degrade the ability of the conductivity probes, ENRAF? buoyancy-type instruments,
and annulus ventilation stack continuous air monitor (CAM) to fulfill the function of leak
detection and alarm. This equipment is designed to operate in the presence of tank waste or
tank waste aerosols. This retrieval activity will not change the waste form in any way other
than dilution with raw water. LCO 3.2.6 remains unaffected as there is no activity or tank
modification that would prevent operability checks on the system. The surveillance
frequencies for flammable gas monitoring in the event of a malfunction or alarm remain
unchanged and the restoration period also remains unchanged as the supporting calculations
(HNF-SD-WM-CN-117) are based on a conservative gas generation rate.

The transfer leak detection system is not affected by the waste transfer activities. The leak
detection equipment is designed to work in a typical tank waste environment. The retrieval
and subsequent transfer activities will not involve any activity that would damage or otherwise
affect a leak detection system such that it would not be able to detect the presence of waste in
the structure. LCO 3.1.3, “Transfer Leak Detection Systems,” remains unaffected by this

? Enraf-Nonius™ Series 854 is a trademark of Enraf-Nonius Corporation, Netherlands.
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retrieval activity. The transfers remain within the limits of the waste leak analysts; therefore,
there is no effect on action times or surveillance frequencies.

The requirements for AC 5.9, “Flammability Controls,” are not affected by this retrieval
activity for the following reasons: The waste compatibility analyses (Blaak 1999) indicate that
there will be no change in facility group for DST 241-AY-102 upon completion of transfer of
the waste from SST 241-C-106. There are no changes to transfer associated structures such
that there would be any changes in the ventilation air exchange rate. The transfers are not
prohibited by this AC nor do they involve transfers into or from a double-contained receiver
tank.

The requirements from AC 5.10, “Ignition Controls,” remain unaffected for this retrieval
activity for the following reasons: (1) there will be no additional equipment installed in the
receiver DST; (2) all currently installed equipment meets all ignition control requirements; and
(3) there are no activities that would modify or otherwise change this equipment in any way
that would affect the ability to meet ignition source requirements.

The requirements from AC 5.11, “Flammable Gas Momnitoring Controls,” remain unaffected.
Continuous monitoring is not required during the unmanned transfer. There are no
modifications or other activities that would prevent or otherwise affect the ability to monitor
flammable gas concentrations in the DST receiver tank.

There is one requirement in the waste compatibility controls from AC 5.12, “Transfer
Controls,” applicable to the flammable gas deflagration accident. This control states that the
minimum time to reach 25% of the LFL for the tank vapor space (assuming loss of the primary
tank ventilation) will remain > 7 days. The waste compatibility analyses (Blaak 1999) reveal
that flammable gas generation rates are well within the limits such that the time to reach the
LFL in the event of active ventilation outages will not reach 25% of the LFL in < 7 days.

AC 5.14, “Emergency Preparedness,” 1s included within the suite of controls to mitigate the
results of a flammable gas deflagration. This retrieval activity will not impede or otherwise
cause problems in implementing emergency response procedures or actions. This control
requires no changes or modifications as a result of enhanced sluicing of SST 241-C-106 and
subsequent slurry transfers into the receiver DST.

There are no modifications to the DST receiver tank ventilation systems nor anything in the
retrieval using enhanced sluicing of SST 241-C-106 and subsequent slurry transfers that would
adversely affect AC 5.18, “HEPA Filter Controls.” There is no activity that would interfere
with measuring the radiation levels replacing HEPA and high-efficiency gas adsorber filters.
The major requirement is that the HEPAs and other filters have administrative limits on the
source terms such that the direct reading of radiation levels of the installed HEPA housing
must be < 2.0 E-03 Sv/h (< 200 mrem/h) on contact. This protects the source-term
assumptions used in the accident analysis. The readings measure gamma radiation, the
principal contributor being '*’Cs. The cesium concentration in the DST receiver tank would
remain relatively constant; thus, the amount of entrained cesium would not change sufficiently
to invalidate the assumption that the total dose is proportional to the cesium contribution.
Controls associated with the flammable gas deflagration accident require use of process
instrumentation, e.g., CAMs and radiation monitors. Because of this, AC 5.19, “Process
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Instrumentation and Measuring and Test Equipment,” 1s relied upon to provide assurance that
equipment used to measure process parameters is properly maintained. Retrieval of the liquid
waste from SST 241-C-106 following sluicing of the sludge will not modify or otherwise
change process instrumentation such that it cannot be calibrated, checked, or otherwise
maintained; thus, there is no adverse effect on this control.

Waste accumulation in waste transfer-associated structures creates flammable gas hazards. As
a preventive measure, AC 5.20, “Transfer Pump Administrative Lock Controls,” 1s applied to
reduce the possibility of waste leakage accumulating in waste transfer-associated structures,
thereby preventing flammable gas hazards from developing within the structures. The design
of the transfer pumps does not prevent placing an administrative lock on the pump nor are
there any changes to other pumping equipment. For these reasons, this control is unaffected
and remains valid.

Flammable Gas Deflagrations—SST (Rep Acc 05):

Frequency of Occurrence: The frequency of occurrence of a flammable gas deflagration in
an SST that does not result in dome collapse is considered an “anticipated” event (F3). The
basis for this assumes that the gas generation rate is sufficient to reach the lower flammability
limit. The gas generation rate for SST 241-C-106 was greatly reduced after removing most of
the waste by past-practice sluicing. It is estimated that there is insufficient waste rematning in
the tank to produce a flammable atmosphere with passive breathing (RPP-13547, Evaluation of
the Potential for Tank 241-C-106 to Achieve a Flammable Gas Atmosphere). Thus, the
frequency of occurrence for this tank would be considered “unlikely” (F2); therefore, there is
no increase in the frequency of occurrence for the flammable gas deflagrations analyzed
accident.

Consequence: The consequence of a flammable gas deflagration is based on the release of
SST solids. Enhanced sluicing does not involve addition of waste from another tank as did the
previous retrieval using past-practice sluicing. Thus, there would be no additional solids
introduced. The process wets the solids with raw water and/or the supernatant and forms a
slurry. A wet solid or slurry, as opposed to the dry solids found in many of the SSTs, is less
likely to be entrained in air as a result of a deflagration. For these reasons, it is concluded that
the consequence of a flammable gas deflagration in SST 241-C-106 during retrieval of the
liquid waste following sluicing of the sludge will not be significantly increased.

Controls: The flammable gas deflagration hazardous conditions related to the enhanced
sluicing of SST 241-C-106, identified in the HAZOP, were assigned a frequency of occurrence
of “unlikely” (F2). This was based on the engineering study concluding that there was
insufficient flammable gas generation to reach the LFL (RPP-13547). Consideration of
application of controls 1s required as established by the FSAR, Table 3.3.1.5-2, Risk Matrix.
The control decision record (Appendix D) shows the controls allocated to the hazardous
conditions related to flammable gas deflagrations in SST 241-C-106. The following
paragraphs provide a discussion of how retrieval of the waste using enhanced sluicing affects
these controls.

There are two related items of equipment important to safety associated with this accident: SST
tank ventilation systems and transfer leak detections systems. The transfer leak detection
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system was discussed in the previous evaluation of a flammable gas deflagration in 2 DST and
need not be evaluated further. The planned sluicing activity will rely upon an active
ventilation system to remove fog so that the sluicing can be observed using remote video
cameras. A variable damper system is installed to adjust inlet flow to ensure a minimum
negative pressure gradient in the tank vapor space. There is no technical basis for the need for
active ventilation based upon the flammable gas generation analysis (RPP-13547). This
evaluation concluded the tank vapor space will not reach the flammability limit with
barometric breathing only. Thus, the active ventilation system serves the purpose of reducing
fog to increase visibility and is not required to reduce flammable gas concentrations in the
vapor space. LCO 3.2.3, “SST Ventilation Systems—Passive,” 1s applicable to SST 241-C-
106. Passive ventilation is sufficient to prevent flammable gas accumulations above the LFL.

A blanket statement in the FSAR, Section 4.3 4, states that SST passive and active ventilation
systems are safety-class structures, systems, and components (SSC). The safety classification
of the active ventilation system for enhanced sluicing would be considered general service
considering the low gas generation rate coupled with the dual (passive and active) ventilation
system; however, the passive ventilation system would be considered a safety-class SSC.
Thus, for flammable gas purposes, LCO 3.2.2 is not applicable. LCO 3.2.3, “SST Ventilation
Systems—Passive,” is applicable and precludes flammable gas accumulation above the LFL
(RPP-13547).

The requirements for AC 5.9, “Flammability Controls,” are not affected by this retrieval
activity for the following reasons. The flammable gas generation analysis {(RPP-13547)
provides assurance that the current facility grouping for SST 241-C-106 is adequate. Further
evaluation may conclude that this tank could be grouped with the non-gas release event tanks;
however, this change would require a safety basis amendment.

The requirements from AC 5.10, “Ignition Controls,” remain unaffected for this retrieval
activity for the following reasons: (1) the installed equipment meets all ignition control
requirements; and (2) there are no activities that would modify or otherwise change other
equipment in any way that would affect the ability to meet ignition source requirements.

The requirements from AC 5.11, “Flammable Gas Monitoring Controls,” remain unaffected.
Access to the areas for required monitoring remains available during installation and operation.
There is no modification to the tank structure or equipment installation that would cause any
indication that monitoring activities or instrumentation would not work as intended. Therefore,
it is determined that retrieval of the liquid waste in SST 241-C-106 following sluicing of the
sludge would not prevent flammable gas monitoring requirements from being implemented.
Thus, AC 5.11 remains valid as currently approved. Sluicing is considered a global waste
disturbing activity and would require periodic monitoring, established in the control decision
meeting conservatively as daily.

AC 5.14, “Emergency Preparedness,” is included within the suite of controls to mitigate the
results of a flammable gas deflagration. This retrieval activity will not impede or otherwise
cause problems with emergency response procedures or actions. This control requires no
changes or modifications as a result of sluicing of SST 241-C-106 sludge and subsequent
transfers of liquid waste into the receiver DST.
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There are no modifications to the SST 241-C-106 ventilation systems (either passive or active),
nor any activities associated with the sluicing and subsequent liquid waste transfers, that would
adversely affect AC 5.18, “HEPA Filter Controls.” There is no activity that would interfere
with measuring the radiation levels or replacing filters. The major requirement is that the
HEPASs and other filters have administrative limits on the source terms such that the direct
reading of radiation levels of the installed HEPA housing must be < 2.0 E-03 Sv/h

(< 200 mrem/h) on contact. This protects the source-term assumptions used in the accident
analysis. The readings measure gamma radiation, the principal contributor being '*’Cs. The
cesium concentration derived from the BBI (Appendix A, Tables A-1 and A-2) shows that the
137Cs content is 5.36 E+04 pCi/L in the supernatant and 4.96 E+05 uCi/L in the sludge. Thus,
the cestum concentration in the vapor space would remain relatively constant during sluicing
and liquid waste transfers, indicating that the ability to measure contamination levels on the
filters using *’Cs as the benchmark remains valid. Thus, it remains possible to measure
contamination on the filters using gross gamma readings and AC 5.18 remains valid.

Controls associated with the flammable gas deflagration accident require use of process
instrumentation, e.g., CAMs and radiation monitors. Because of this, AC 5.19, “Process
Instrumentation and Measuring and Test Equipment,” is relied upon to provide assurance that
equipment used to measure process parameters is properly maintained. Retrieval of the liquid
waste from SST 241-C-106 following sluicing of the sludge will not modify or otherwise
change process instrumentation such that it cannot be calibrated, checked, or otherwise
maintained; thus, there is no adverse effect on this control.

The discussion concerning AC 5.12, “Transfer Controis,” as applicable to the flammable gas
deflagration accident is listed last. This is because the requirement related to transfers from an
SST states that controls for flammable gas deflagrations remain valid upon completion of the
transfer. The above discussions on the TSR controls for a flammable gas deflagration in an
SST all conclude that they are valid; therefore, the requirements of AC 5.12 are met.
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HEPA Filter Failure -Exposure to High Temperature or Pressure (Rep Acc 06):

Frequency of Occurrence: A review of the hazard analysis database found that the hazardous
conditions related to this analyzed accident are analogous to those in the hazard analysis
database assigned to the analyzed accident. Thus, the analysis of HEPA filter failure—
exposure to high temperature or pressure accident is valid for this activity. The frequency of
occurrence without controls for the analyzed accident is listed as “anticipated” (F3) in FSAR,
Table 3.3.2.4.2-3. The only high temperature hazardous condition involves a fire near the
HEPA filter such as would be caused by a vehicle fuel tank rupture and subsequent fire. This
hazardous condition is identical to all vehicle-related accidents and therefore would not relate
to an increase of the frequency of occurrence for this accident. Hazardous conditions related to
retrieval of the waste in SST 241-C-106 for closure were, for the most part, also considered to
be anticipated.

Aerosol generation and moisture buildup causing HEPA filter failure has been identified as
documented in FSAR Appendix C, Table C-2, and the hazard analysis database. These are the
two principal HEPA filter failure mechanisms identified for retrieval of the liquid waste in
SST 241-C-106 for closure. This transfer activity is not significantly different from any other
transfer such that in-tank spray leaks, in and of themselves, would cause an increase in the
frequency of occurrence of a HEPA filter failure. The analysis for this accident
(HNF-SD-WM-CN-099, Radiological and Toxicological Analyses of Tank 241-AY-102 and
Tank 241-C-106 Ventilation Systems) involves disturbed waste analogous to sluicing (e.g.,
mixer pump operation and past-practice sluicing). The potential acrosol/moisture generation
and entrainment into the ventilation system caused by the sluicing of the sludge in

SST 241-C-106 and following liquid transfers into the DST receiver tank are similar in nature
to what has been analyzed. Thus, with no new types of HEPA failure initiators and the
aerosol/moisture generation mechanisms similar to that currently in the FSAR accident
analysis, it is concluded that retrieval of the liquid waste in SST 241-C-106 for closure will not
increase the frequency of occurrence of the HEPA filter failure-—exposure to high temperature
or pressure accident.

Consequence: The consequences for the analyzed accident for a HEPA filter failure caused by
exposure to high temperature or pressure are below offsite evaluation guidelines, but do exceed
onsite evaluation guidelines (S2) as presented in FSAR, Table 3.3.2.4.2-3 and Table 3.3.2.4.2-
4. Hazardous conditions related to this activity were assigned safety consequence of S2, or
affecting the onsite (co-located worker), as documented in the control decision record. The
analysis for this accident (HNF-SD-WM-CN-099) involves disturbed waste analogous to
sluicing (e.g., mixer pump operation and past-practice sluicing). This calculation uses a
partition fraction (aerosols) of 10-8 for both mixer pump operation and sluicing. Thus, the
release calculation for mixer pump operation (HNF-SD-WM-CN-(099, Attachment 8) is a valid
comparison for the sluicing operations in SST 241-C-106. The major variable in the analysis
that needs to be considered is the ULD. From the release calculation (HNF-SD-WM-CN-099,
Attachment 8) used in the accident analysis, the aerosols and HEPA filter loading is considered
to be 10% solids and 90% liquids. Using the BBI presented in Appendix A, the onsite ULD
for accidents involving the waste in SST 241-C-106 is 2.30 E+01 Sv/L for the liquid and 2.93
E+04 for the sludge. Thus, the SST 241-C-106 ULD, based on the 10-90 solid-liquid ratio,
computes to 2.92 E+03 Sv/L. The calculation for the accident analysis lists an tnhalation ULD
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of 1.7 E+05 Sv/L (HNF-SD-WM-CN-099). The calculations are all linear equations; therefore,
a computation of the consequence of sluicing of SST 241-C-106 can be estimated by a simple
proportion to the ULDs. The ratio of SST 241-C-106 to those used in HNF-SD-WM-CN-099,
Attachment 8 of the calculation note 1s 0.017; thus, the consequences shown in the calculation,
when multiplied by this ratto, reflect the consequences of a HEPA filter failure for

SST 241-C-106. Table 4-1 shows the comparison of the consequence for HEPA filter failure.
In all cases, the consequence for sluicing of SST 241-C-106 remains below the value shown in
the FSAR. This analysis is conservative, insofar as each sluice/transfer cycle will reduce the
amount of waste that can be mobilized (especially the liquid phase), as such the headspace
aerosol ULD will be lessened as the retrieval proceeds.

Table 4-1. Unmitigated Consequence of a HEPA Filter Failure—Exposure to High
Temperature or Pressure for Sluicing of SST 241-C-106.

Mixer pump _
consequence 241-C 10.6 .4 | Analyzed accident®
Receptor Event L1 enhanced sluicing
analysis (Sv) (Sv)
(Sv)
High Temperature 2.5E-01 (12 hr) 425 E-03 5.9 E-03
Onsite Overpressure 3.2 E-01 (12 hr)? 5.44 E-03 53 E-02
Wetting 2.5 E-01 (12 hr)’ 425 E-03 —
High Temperature 3.5E-04 (24 hr) 5.95 E-06 8.5 E-06
Offsite Overpressure 4.0 E-04 (24 hr)? 6.80 E-06 4.9 E-05
Wetting 3.5 E-04 (24 hr)’ 5.95 E-06 —
Notes:

! Excerpted from Attachment 8, Table 2 of HNF-SD-WM-CN-099, Radiological and Toxicological Analyses of Tank
241.4Y-102 and Tank 241-C-106 Ventilation Systems, Rev. 1E, Fluor Daniel Northwest, Inc., Richland, Washington.

? Includes only effects due to releases from ventilation system followed by unfiltered release from headspace through
failed filter. Effects due to initiating event {¢.g., flammable gas deflagration) must be added to obtain total consequences.

? Continuous release doses (uniform over 12 hr onsite and 24 hr offsite) can be extrapolated to annual average doses by
multiplying by 15.2 and 9.0 for the onsite and offsite receptors, respectively.

* Calculated by multiplying the mixer pump consequence by the ratio of the unit-liter doses (mixer pump analysis/241-C-
106, which equals 0.017).

% Excerpted from Tables 3.3.2.4.2-3 and 3.3.2.4.2-9 of HNF-SD-WM-SAR-067, Tank Farms Final Safety Analysis
Report, Rev. 3H, CH2M HILL Hanford Group, Inc., Richland, Washington.

HEPA = high-efficiency particulate air (filter).
SST = single-shell tank.

The transfer of waste generates waste in the receiver DST. The partition fraction (aerosolized
waste) can be equivocated to either sluicing or mixer pump operation, so the comparison to the
analysis in HNF-SD-WM-CN-099, Attachment 8, is valid. From Appendix A of this report,
the 10% solid-90% liquid onsite ULDs after retrieval for DST 241-AY-102 is 3.09 E+03 Sv/L,
respectively. This is below the ULD in the analysis and would therefore result in releases
lower than the analysis. Thus, the HEPA filter failure consequences for sluicing of

SST 241-C-106 and subsequent slurry transfer is shown to have consequences lower than the
HEPA filter failure—exposure to high temperature or pressure analyzed accident.
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Controls: There are two safety-significant items of equipment important to safety associated
with this accident: ventilation stack CAM interlock systems and HEPA filters. The HEPA
filters are only applicable to the 244-AR Vault system. The activities associated with retrieval
of the waste in SST 241-C-106 for closure will not directly affect the CAM interlock systems.
There is no interaction between the CAM interlock with the equipment for sluicing, so there
would be no effect on the performance of the CAM interlock for the SST 241-C-106
ventilation system. Transfers into a DST are a normal operation; therefore, the additional
solids content of a supernatant transfer would have no effect on the CAM interlock system for
the DST ventilation. Because there would be no effect on the CAM interlock system, it
follows that there is no adverse effect or required revisions to LCO 3.1.4, “Ventilation Stack
CAM Interlock Systems” (HNF-SD-WM-TSR-006).

AC 5.18, “HEPA Filter Controls,” is also credited for this accident. For retrieval of the liquid
waste in SST 241-C-106 for closure, the HEPA filter source-term requirements of AC 5.18 are
applicable. The major requirement is that the HEPA filters and other filters have
administrative limits on the source terms such that the direct reading of radiation levels of the
installed HEPA filter housing must be < 2.0 E-03 Sv/h (< 200 mrem/h) on contact. This
protects the source-term assumptions used in the accident analysis. The readings measure
gamma radiation, the principal contributor being '¥Cs. The cesium concentration in the DST
receiver tank would remain relatively constant. Consequently, the amount of entrained cesium
would not change sufficiently to invalidate the assumption that the total dose is proportional to
the cesium contribution. The cesium concentration derived from the BBI (Appendix A,
Tables A-1 and A-2) shows that the 1*’Cs content in SST 241-C-106 is 5.36 E+04 uCi/L in the
supernatant and 4.96 E+05 uCi/L in the sludge. Thus, the cesium concentration in the vapor
space would remain relatively constant during sluicing and liquid waste transfers, indicating
that the ability to measure contamination levels on the filters using *’Cs as the benchmark
remains valid. Thus, it remains possible to measure contamination on the filters using gross
gamma readings and AC 5.18 remains valid. The final control associated with HEPA filter
failure-—exposure to high temperature or pressure is AC 5.19, “Process Instrumentation and
Measuring and Test Equipment.” For this accident, the CAMs and CAM interlock system plus
the HEPA filter radiation monitoring equipment are all that are affected. Retrieval of the liquid
waste in SST 241-C-106 for closure activities will have no adverse effect on this equipment or
the equipment used for calibration and maintenance; therefore, this control remains valid
without any changes or restrictions.

Fire in Contaminated Avea (Rep Acc 07):

Frequency of Occurrence: A review of the hazard analysis database found that the hazardous
conditions assigned to this analyzed accident are similar in nature and the analyzed accident is
a valid analysis. The frequency of occurrence without controls for the analyzed accident is
listed as “anticipated” (F3) in FSAR, Table 3.3.2.4.3-1. The highest frequency hazardous
condition related to this activity was determined to be “anticipated” (F3). The anticipated
hazardous condition identified with retrieval of the waste in SST 241-C-106 for closure is
rupture of a vehicle fuel tank and subsequent fire in a contaminated area. This hazardous
condition is analogous to that analyzed in the FSAR. Because the conditions are the same, the
frequency of occurrence for this accident remains unchanged.
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Consequence: The consequence for this analyzed accident, as listed in FSAR,

Table 3.3.2.4.3-1, exceeds the onsite release radiological and toxicological evaluation
guidelines but does not exceed those for offsite releases. The accident analysis uses a 67 vol%
AWF fluid/ 33 vol% AWF solid slurry as the material at risk (MAR) with an onsite ULD of
5.65 E+05 Sv/L (Appendix A, Table A-13). Conservatively, a waste transfer leak of

SST 241-C-106 slurry would create a contaminated area with an onsite ULD for the slurry
would be 9.68 E+03 Sv/L. This is approximately two orders of magnitude less than that for the
analyzed accident. The ULD affects the release consequence linearly; thus, the smaller ULD
reflects a smaller consequence compared to the analyzed accident.

Controls: There are two controls assigned to this accident. AC 5.10, “Ignition Controls,” is
relied upon as a preventive measure, specifically the vehicle controls. This requires that fuel
tanks be protected against damage, and traffic route controls and barricades be placed to
prevent vehicles from striking risers and other aboveground structures. The installation of
equipment and subsequent retrieval activity do not contain requirements nor is there any
condition that would prevent the vehicle controls of AC 5.10 to be fully implemented.

AC 5.14, “Emergency Preparedness,” 1s included within the suite of controls to mitigate the
results of a fire in a controlled area. This retrieval activity will not impede or otherwise cause
problems with emergency response procedures or actions. This control requires no changes or
modifications as a result of sluicing of SST 241-C-106 sludge and subsequent transfers of
liquid waste into the receiver DST. Consequently, it is concluded that retrieval of the waste in
SST 241-C-106 for closure will not adversely affect these procedures associated with the fire
in contaminated area analyzed accident.

Organic Solvent Fire (Rep Acc 09):

Frequency of Occurrence: Two hazardous conditions (C106PHASE-1-H-05 and
C106PHASE-1-H-06) were identified; however, the frequency of occurrence was determined
to be “beyond extremely unlikely” based on the retrieval method that shiicing would not
introduce organic solvents, plus the wet conditions would not create ignition sources.

SST 241-C-106 is not listed in the analyzed accident as containing sufficient organic solvents
to initiate the accident; therefore, it is determined that there is no effect on the frequency of
occurrence for this accident.

Consequence: There is no waste addition to SST 241-C-106. In fact, as the retrieval
proceeds, the MAR will be reduced significantly as compared to other SSTs or the DSTs;
therefore, there would be no increase in the consequence of an organic solvent fire in that tank.
Table 5-1 from the release analysis for this accident (WHC-SD-WM-CN-032, Analysis of
Consequences of Postulated Solvent Fires in Hanford Site Waste Tanks) lists the radiological
input data to the analysis. Table 4-2 provides a comparison of the radiological information
used in the analysis to that provided in Appendix A. In all cases, the values of the ULDs for
SST 241-C-106 and the receiver DST are much smaller than those used in the analysis. It is
concluded that retrieval of the liquid waste in SST 241-C-106 for closure following sluicing,
the sludge will not increase the consequence of the organic solvent fire analyzed accident.
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- Table 4-2. Comparison of Unit-Liter Dose as Related to the Organic Solvent Fire Analysis.

Liquids Solids
Tank ULp' ULD Ratio ULD' ULD Ratio
actual analysis actual/ actual analysis actual/
(Sv/L) (Sv/L) analysis (Sv/L) (Sv/L) analysis
241-C-106 2.30E+01 1.10E+04% 0.002 2.93E+04 2.20E+H)5° 0.133
241-AN-106 2.06E+01 6.10E+03° 0.003 8.89E+03 1.00E+05° 0.089
after retrieval
241-AY-102 1.37E+01 1.04E+03% 0.013 3.08E+04 1.72E+05° 0.179
after retrieval
Notes:

! The ULD actual is derived from the information provided in Appendix A.

? The ULD analysis for the organic solvent fire accident is excerpted from Table 5-1 of WHC-SD-WM-CN-032, 1998,
Analysis of Consequences of Postulated Solvent Fires in Hanford Site Waste Tanks, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

* The ULD for DST and AWF solids were not listed in the FSAR accident analysis, WHC-SD-WM-CN-032. For the
purpose of comparison, ULD analysis values were excerpted from Table 4-5 of RPP-5524, 2002, Radiclogical Source Terms
Jfor Tank Farms Safety Analysis, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

AWF = aging waste facility.

DST = double-shell tank.

FSAR = Final Safety Analysis Report.
ULD = unit-liter dose.

Controls: There is no equipment important to safety credited with mitigation or prevention of
the organic solvent fire analyzed accident; however, there are four administrative controls
listed for this accident. Of those, AC 5.10, “Ignition Controls,” is relied upon as a preventive
measure for those key elements concerning lightning, flame cutting/welding and equipment
installation, and vehicle controls. The activities associated with installation of equipment,
slnicing, and then transfer of the liquid waste from SST 241-C-106 can be accomplished within
the restrictions of the lightning controls with no reservations or restrictions. Likewise, the
controls for cutting/welding and equipment installation can also be met. Finally, the vehicle
controls (fuel tanks to be protected against damage and traffic route controls and barricades to
be placed to prevent vehicles from striking risers and other aboveground structures) are easily
met with no restrictions or reservations. Thus, installation of equipment and subsequent
retrieval activity do not contain requirements nor is there any condition that would prevent
implementation of those key elements of AC 5.10.

Natural Phenomena — High Wind (Rep Acc 10):

Frequency of Occurrence: Retrieval of the liquid waste in SST 241-C-106 requires removal
of some existing long-length equipment. The wind-related hazardous condition is related to
wind damage to the flexible receiver and subsequent release of tank waste. The frequency of
occurrence for the analyzed accident for wind damage to a flexible receiver is “anticipated”
(F3). Except for the specificity of the hazardous condition (removal of long-length equipment
from SST 241-C-106), this hazardous condition is identical to the accident analysis scenario.
Thus, the frequency of the hazardous condition is established as “anticipated” (F3), the same as
the analyzed accident.
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Consequence: The analyzed accident is based on a release of 3 gal of tank waste, which does
not exceed evaluation guidelines for an onsite release. That is considerably less than the
potential holdup of approximately 40 gal of waste that could be contained in the heel jet pump
as it is removed. Thus, the consequence of this analyzed accident is increased and may
potentially exceed evaluation guidelines. The consequence of this condition was evaluated in
the safety evaluation report (SER) (Schepens 2002) and found to potentially exceed onsite
guidelines.

Controls: Because the specific conditions for removal of the heel pump from SST 241-C-106
may exceed evaluation guidelines, additional controls were required by the SER (Schepens
2002), specifically:

The receiver bag to be used for the heel pump will be designed and constructed of matenal of
sufficient strength to contain the MAR resulting from postulated failures of equipment (i.e., the
heel pump flexible hose and 590 1b of waste). The design and material of the receiver bag as
described by H-2-79350, “TWRS 70’ Flexible Receiver Bag Assy for 42” Riser,” will be
verified by mock-up testing. To ensure receiver bags have not degraded during storage, the
receiver bag used shall have been in storage < 7 yr and protected from ultraviolet light.

Tank Failure due to Excessive I.oads (Rep Ace 12b):

Frequency of Occurrence: The frequency of occurrence for the analyzed accident was found
to be an “unlikely” (F2) event based on multiple yearly lifts of large mixer pumps. This was
established using a frequency of occurrence of a load drop over a range of 2.5 x 10°to 3 x 107
per lift. The hazardous condition identified for retrieval of the liquid waste from

SST 241-C-106 is associated with removal of the heel jet pump, a single activity. Thus, the
established frequency of occurrence for a single lift is appropriate. Therefore, the established
frequency of occurrence for this particular hazardous condition (ID No. CI06PHASE-1-A-13)
of “unlikely” (F2) is a conservative value and does not increase the frequency of occurrence for
the analyzed accident.

Consequence: The analyzed accident found that the consequence of dropping a mixer pump
exceeded the onsite evaluation guidelines but did not exceed the offsite limits. The damage
from a high lift of the heel jet pump would be similar. The lifting activity was subject to a
USQ evaluation (for this particular lift, USQ No. TF-03-0001). Among the conclusions, the
USQ evaluation identified that the lift height exceeds the boundary of the accident analysis.
The consequence of this particular condition was evaluated in the SER (Schepens 2002) and
found to be within the bounds of the analyzed accident.

Controls: AC 5.16, “Load Lifting and Dome Loading Controls,” is credited for prevention of
this accident. The controls for removal of the heel jet pump were evaluated in the SER
(Schepens 2002) and found to be inadequate. The following controls specific to removal of
long-length equipment from SST 241-C-106 were required as part of the approval to remove
this equipment:

o AC 5.16.2a.2 1s applicable; it states, “For mechanically lifted loads within 20 ft of SSTs
(100 Series), DSTs, and AWF tanks, the lower equipment boundary of the lifted item
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(e.g., bottom of the cover block, thermocouple tree) shall be < 20 ft above surface grade, or
pit floor above a WASTE storage tank (covered or uncovered).”

¢ Critical lift procedures shall be used for removal of the heel pump and transfer pump from
SST 241-C-106. The critical lift procedure shall not allow lifting in wind speeds that
exceed 15 mi/h.

e The WSSP-1 packaging container will be positioned such that the mintmum distance from
the edge of any waste tank to the container is at least equal to the length of the pump being
lifted.

Tank Failure due to Vacuum or Degradation (Rep Acc 13):

Frequency of Occurrence: This accident is covered under the analyzed accident, tank failure
due to excessive loads. Inciuded in this analysis is tank failure caused by excessive vacuum
caused by (1) failures in the ventilation system with continued exhaust operation; (2) cool
down after certain accidents (e.g., fire); or (3) cooling of the atmosphere or waste as the result
of the addition of water as listed in FSAR, Section 3.4.2.1. The accident analysis found that a
vacuum of 8 Ib/in is required to damage a waste tank. The active ventilation system in

SST 241-C-106 does not have the ability to produce the 8 Ib/in’ of vacuum required for tank
failure (RPP-13222). The frequency of these hazardous conditions, as listed in FSAR,
Appendix C, is identified as “extremely unlikely” (F1) or “beyond extremely unlikely” (F0).
The tank failure due to excessive vacuum hazardous conditions identified for retrieval of the
waste in SST 241-C-106 for closure are similar in nature to those found in FSAR, Appendix C;
all have the same F1/F0 frequency of occurrence. The ventilation system for the primary
receiver DST or alternate DST remains unchanged by this activity. Currently, these systems
do not have the ability to create vacuum-induced tank damage. Subsequently, it is concluded
that the frequency of occurrence for this analyzed accident remains unchanged.

Consequence: The accident uses a source term of dry saltcake as the bounding MAR.
Retrieval of the liquid waste in SST 241-C-106 for closure involves sluicing to mobilize sludge
which, being moist, would not be released in appreciable amounts. The additional waste from
SST 241-C-106 in receiver DST will increase the source term ULD for the liquids because the
ULDs in the source tank are greater than for either receiver tank as shown in Appendix A.
However, when compared to the bounding DST and AWF values presented in Appendix A,
Table A-13, these values remain much less. For these reasons, it is concluded that sluicing of
SST 241-C-106 and following liquid transfer to the AWF receiver tank DST 241-AY-102 will
not increase the consequence of tank failure due to vacuum or degradation.

Controls: There are no TSR-level controls identified to either mitigate or prevent this
accident. There are several defense-in-depth (DID) controls identified in the FSAR,

Table 3.4.2.1-5. Of these, only one DID control is specific to excessive vacuum conditions in
the tank. This specific DID conirol is the tank pressure momnitors and/or alarms that provide
indication of potential tank failure due to excessive vacuum or pressure conditions. There is no
planned modification to the tank or equipment installation that would interact or cause a
problem with monitoring the tank vapor space pressure in either SST 241-C-106 or

DST 241-AY-102. The hazardous conditions identified for this retrieval activity do not require
TSR-level controls because of the low frequency of occurrence.
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Tank Bump (Rep Acc 18A):

Frequency of Occurrence: A review of the hazard analysis database found that the hazardous
conditions assigned to this analyzed accident reflect the conditions in tanks with high heat
loads. The tank bump-related hazardous conditions identified for enhanced sluicing of

SST 241-C-106 are related to the past-practice sluicing as documented in a previous revision of
the FSAR, Rev. 3-C. The frequency of occurrence without controls identified in Addendum 1
to the FSAR, Rev. 3-C is listed as “anticipated” in Table 3.4.2.11-1. These tank bump
hazardous conditions for the enhanced sluicing activities for retrieval of the waste in SST 241-
C-106 for closure were found to be “beyond extremely unlikely” (FO) because of the limited
amount of waste remaining in the tank. This is documented in the accident analysis, FSAR,
Rev. 3-D, Section 3.4.2.11, which removes SST 241-C-106 from consideration for this
accident because the supemnatant depth is < 3 ft. The heat load in primary receiver tank, DST
241-AN-106, including the waste transferred from SST 241-C-106, 1s estimated to be 7,300
BTU/h (RPP-13707, Process Control Plan for Tank 241-C-106 Closure). This is well below
the 29,000 BTU/h limit established in the accident analysis where tank bump is a concern. For
the alternate receiver tank, DST 241-AY-102, the small amount of additional waste will not
change the heat loading such that a tank bump would be imminent; thus, the anticipated
frequency of occurrence in that tank is not challenged. The controls for this accident are
preventive in nature; however, this retrieval activity has no adverse effect on the controls as
discussed below, and therefore could not affect the frequency of the controlled accident.
Consequently, it is concluded that retrieval of the waste in SST 241-C-106 for closure wilil not
increase the frequency of occurrence of the tank bump accident.

Consequence: The consequence of the analyzed tank bump accident is shown to exceed the
onsite radiological and toxicological evaluation guidelines as documented in FSAR,

Table 3.4.2.11-2. Offsite evaluation guidelines are not challenged. The only tank of concern
where a tank bump is considered is the alternate receiver tank, DST 241-AY-102. The diluted
waste from enhanced sluicing of SST 241-C-106 does not increase the concentration of the
MAR, because the tank already contains most of that waste, plus the addition is diluted by
large amounts of raw water as shown in the ULD tables in Appendix A. Therefore, it is
concluded that retrieval of the waste in SST 241-C-106 for closure will not increase the
consequence of the tank bump accident.

Controls: Two safety-significant items of equipment important to safety are credited for this
analyzed accident: the temperature monitoring systems in the DSTs and AWFs, and the

DST 241-AY-102 annulus ventilation system. Transfer of waste from SST 241-C-106 into
DST 241-AY-102 would not be significantly different from any other waste transfer and,
accordingly, would not adversely affect this equipment, including any of the provisions for the
temperature controls, LCO 3.3.2, “DST and AWF Tank WASTE Temperature Controls,” and
LCO 3.3.3, “Tank 241-AY-102 Annulus Ventilation System” (HNF-SD-WM-TSR-006). One
additional administrative control is credited for this analyzed accident, AC 5.19, “Process
Instrumentation and Measuring and Test Equipment.” This control ensures that the
temperature monitoring instrumentation is maintained. Retrieval activities associated with
closure of SST 241-C-106 would not affect this control in any way.
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Unfiltered Release (Rep Acc 18B):

This accident is analyzed as a part of the HEPA filter failure—exposure to high temperature or
pressure (Rep Acc 06) analyzed accident discussed above.

Mixing of Incompatible Material—Toxic Vapor Generation (Rep Ace 23):

Frequency of Occurrence: A review of the hazard analysis database found that the hazardous
conditions associated with this analyzed accident are similar in nature to existing hazardous
conditions, and thus the analyzed accident is a valid analysis for this postulated accident. The
frequency of occurrence without controls for the analyzed accident is listed as “anticipated”
(F3) in FSAR, Table 3.3.2.4.11-1. The frequency of occurrence of hazardous conditions
related to this retrieval activity were determined to be “beyond extremely unlikely” (FO) based
on the analysis documented in RPP-13707 indicating that these proposed transfers would not
react with the waste in the receiver tank. Therefore, it can be concluded that the activity would
not create a situation where toxic vapor is generated; subsequently, there is no effect or
increase on the frequency of occurrence of this analyzed accident. There are no TSR-level
controls for this accident, so the mitigated frequency does not have to be evaluated. Itis
concluded that this activity would not increase the frequency of occurrence of this analyzed
accident.

Consequence: The analyzed accident in FSAR, Table 3.3.2.4.11-1, shows that the
toxicological sum of fractions is below evaluation guidelines and thus would only affect the
facility worker. Because releases from transfer of the liquid waste in SST 241-C-106 to
DST 241-AY-102 were shown to be insignificant insofar as reaction of tank waste
(Reynolds 2001), it is concluded that this activity will not increase the consequence of this
accident.

Controls: The analyzed accident does not rely upon any TSR-level or DID controls. The low
frequency of occurrence for the hazardous conditions specific to retrieval of the waste in
SST 241-C-106 for closure does not require controls.

Waste Transfer Leak into Structure; Soil Surface or into Atmosphere; or Due to Misroute
{Rep Acc 33A, 33C, and 33D):

Frequency of Occurrence: A review of the hazard analysis database found that the hazardous
conditions assigned to this analyzed accident are analogous to hazards in the hazard analysis
database for the waste transfer leak accidents. Thus, the analyzed accident for waste transfer
leaks is valid for this activity. The frequency of occurrence without controls for the analyzed
accident is listed as “anticipated” (F3) in FSAR, Table 3.3.2.4.7-1. The frequency of
occurrence for hazardous conditions related to this activity was determined to be “anticipated”
(F3). This activity involves transfer of waste liquids from SST 241-C-106 to

DST 241-AY-102. The supernatant transfer pump is rated to deliver about 125 gal/min at

52 Ib/in® (normal operating point) with a maximum shutoff (no flow) pressure of 64 Ib/in’

(see Figure 2-4). This is well below the maximum working pressure of the HIHTL and the
compliant underground transfer line such that transfer line integrity would not be challenged as
detailed in Section 2.1.3. Thus, it is concluded that the transfer line is not operating at a
condition where failure is imminent. The safety basis waste leak analysis (RPP-5667,
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Stochastic Consequence Analysis for Waste Leaks) basis of the analysis is a flow of

155 gal/min at 1,040 ft of head (~500 1b/in®) with a no-flow head of 1,440 ft (~ 625 Ib/in®).
The design transfer conditions are less than the pressures or flows of that analyzed; therefore,
this activity cannot be considered to immedtately result in a waste transfer leak. Therefore, it
1s also concluded that this activity will not significantly affect the frequency of occurrence of
the uncontrolled accident. The allocated controls, as documented in the control decision
record, are only those controls relied upon in the analyzed accident. They are a combination of
mitigative and preventive controls. In all cases, the analyzed accident controls were allocated
as written with no recommendation or requirements for revision. Because the hazardous
conditions are similar in nature to others associated with the analyzed accident, and allocated
controls were selected from those used to mitigate or prevent the accident, it is determined that
there would be no increase in the frequency of occurrence of the accident with controls.
Consequently, it is concluded that this retrieval activity would not increase the frequency of
occurrence of this analyzed accident.

Consequence: The consequence for the analyzed accident is listed as being below the offsite
evaluation guidelines but exceeding those for the onsite receptor as presented in FSAR,

Table 3.3.2.4.7-1. The waste transfer from SST 241-C-106 to the receiver DST will be a liquid
(supernatant) with a possibility of a small amount of entrained tank solids. A 30% solids
transfer is considered to be a bounding limit of transfer where, beyond this, solids settling and
potential plugging would be anticipated. Consequently, a 30% solids loading would be
considered a conservative number. The onsite ULD established for SST 241-C-106 in
Appendix A is 2.30E+01 Sv/L for supernatant and 2.93 E+04 Sv/L for the sludge. The
maximum supematant concentration in the slurry would be for the initial sluicing effort and
resulting transfer. Following transfers, SST 241-C-106 would contain much less tank liquid
waste, grading down to almost none at the end of the retrieval campaign. The solids in the
slurry would be conservative considering the initial slurry contained 33% sludge. Thus, the
onsite ULD for the slurry is a combination of the ULDs for the supernatant and sludge is
9.68E+03 Sv/L as shown in Appendix A. The analyzed accident is based on a range of ULDs.
Specifically to SST 241-C-106, the ULD for tank liquid waste from the safety basis accident
analysis (RPP-5667}) is 1.72 E+03 Sv/L for tank waste liquids (supernatant) and 8.68 E+03 for
the tank waste solids. The ULD for the solids is an order of magnitude higher than that shown
1n the safety analysis; however, this value lies within the range of ULDs evaluated. According
to the waste leak analysis (RPP-5667, Appendix F), the solids in SST 241-C-106 comprise

< 0.2% of the total solids. The stochastic analysis-based source term was volume weighted;
thus, the probability of leaking the solids from SST 241-C-106 is proportional to the waste
volume fraction it represents. The inclusion of SST 241-C-106 solids accounts for < 0.2% of
the source term. An increase of a factor of 10 would then provide a small incremental increase
in the calculated releases of < 2%. This is an insignificant increase, especially considering the
calculations are done conservatively and that the retrieval activities will send more and more
dilute waste as the sluicing process and subsequent transfers proceed. Therefore, it is
concluded that the waste transfer from SST 241-C-106 associated with the retrieval for closure
will not significantly increase the consequence of a waste transfer leak.

Controls: The following are the safety-significant SSC identified as providing mitigative or
preventive functions related to waste transfer leaks.
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Pipe encasements are relied upon as mitigative measure to direct the flow of leakage from a
primary transfer line to waste transfer-associated structure for detection. There are no
modifications to transfer-related structures or any operational concemns that would damage or
otherwise adversely affect pipe encasements. The pipe encasements work in conjunction with
the transfer leak detection systems. There are no modifications to transfer-related structures or
any operational concerns that would damage or otherwise affect the leak detection system.
LCO 3.1.3, “Transfer Leak Detection Systems,” requires transfer [eak detection systems to be
operable. There are no transfer-related structure modifications or operations related to this
retrieval activity that would affect operability or in any way impede operability checks,
maintenance, or any other activity related to the leak detectors. The supernatant transfers fall
well within those analyzed for the waste transfer accident and will not affect action times or
surveillance frequencies.

Overground transfer system encasements and connections are also 1dentified as
safety-significant SSC. There are no modifications to transfer-related structures or any
operational concerns that would damage or otherwise adversely affect the overground transfer
system. As with the pipe encasements, the overground encasements work in conjunction with
the transfer leak detection systems discussed in the previous paragraph.

There is a potential backflow of waste into the raw water system because it will be used to
flush the transfer lines. Thus, the pressure switch interlock or alarm system on the service
water line is considered a safety-significant SSC. The pressures and flows of the water system
and waste transfer pump will not damage the instrumentation. There is no retrieval activity,
either during equipment installation or transfer operations that would damage this equipment.
Therefore, there should be no damage or other adverse effect on this equipment. LCO 3.1.2,
“Service Water Pressure Detection Systems,” requires that this system be operable. Again,
there are no activities associated with the equipment installation and transfer operations that
would adversely affect operability. Additionally, there are no activities that would delay
response actions in the event that the system is declared inoperable for any reason. Likewise,
there are no activities that would restrict the ability to do functional tests or required
surveillance, nor would the surveillance period need to be changed (shortened) for any reason
because of possible deterioration of the system or possible higher release consequences.

In addition to the two LCOs discussed in the previous paragraphs, there are eight
administrative controls associated with the waste transfer leak analyzed accident and applicable
to this retrieval activity. The requirements of AC 5.12, “Transfer Controls,” can be met with
no restriction or modification. There are no equipment installation activities that prevent
protection of the overground transfer line from vehicle impact. There is no instance where
installed equipment or retrieval/transfer operations prevent isolation valves from functioning
properly. Likewise, retrieval/transfer operations will not interfere with performing accurate
matenal balance measurements during transfers. There is no installed equipment or
retrieval/transfer operations that prevent ensuring that encasement seal loop drain line isolation
valves (hydrostatic test lines) associated with physically connected piping provide an open
drain path to the pits in accordance with AC 5.13, “Encasement Seal Loop Controls.” This
retrieval activity will not impede or otherwise cause problems with emergency response
procedures or actions in accordance with the requirements of AC 5.14, “Emergency
Preparedness.” There are no activities or installed equipment that would restrict or prevent
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calibration, maintenance, or use of process instrumentation, measuring, and test equipment in
accordance with the requirements of AC 5.19, “Process Instrumentation and Measuring and
Test Equipment.” All transfer pumping equipment is designed to meet the requirements of
AC 5.20, “Transfer Pump Administrative Lock Controls,” and there are no transfer operation
processes whereby this procedure could not be followed. Likewise, tank level measurement
equipment, service water flow totalizers, other measurement equipment, and retrieval/transfer
operations do not adversely affect the ability to meet the requirements of AC 5.21, “Tank
Service Water Intrusion Monitoring Program.” AC 5.22, “Transfer System Cover Removal
Controls,” is not affected in any way by equipment installation or retrieval/transfer operations.
Finally, there are no retrieval/closure activities that would cause any of the programs listed
under AC 5.24, “Safety Management Programs,” to be adversely impacted.

43 EFFECT ON EQUIPMENT IMPORTANT TO SAFETY

The following question is evaluated in this section: Do any of the newly identified hazardous
conditions adversely affect equipment important to safety such that there would be the possibility
of a different type of malfunction, a significant increase in the frequency of malfunction, or an
increase in the consequence of a malfunction?

The finalized hazardous conditions related to retrieval of the waste in SST 241-C-106 for closure
are associated with the following equipment important to safety:

DST and AWF Tank Ventilation Systems (SC)

SST Ventilation Systems (SC)

Primary Tank Leak Detection Systems (SC)

Pipe Encasements (SS)

OGT System (SS)

HEPA Filter Units (SS)

DST 241-AY-102 Annulus Ventilation System (SS)
Temperature Monitoring Systems (SS)

Transfer Leak Detection Systems {SS)

Ventilation Stack CAM Interlock Systems (SS)
Pressure Switch Interlock or Alarms (Service Water Lines) (SS)

The above safety-significant (SS) and safety-class (SC) systems listed are evaluated in the
following paragraphs.

AWF Tank Ventilation Systems (SC)

Related Analyzed Accident: Flammable Gas Deflagration

Safety Function: The AWF primary tank ventilation systems prevent the accumulation of
flammable gas due to steady-state releases, thereby preventing the accident by reducing the
frequency of occurrence. The system must maintain the vapor space to <0 . water gauge
relative to atmospheric pressure. Verification of operability is on a daily basis.
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Creation of a Malfunction of a Different Type: The transfer of liquid waste into a DST or
AWF tank is a routine activity. The flow rates of transfer of the waste from SST 241-C-106
are not beyond that which would be considered normal. The hazardous conditions identified
for this activity are similar to those currently identified and evaluated in the hazard analysis
database. There is no appreciable difference in the waste for this particular activity that would
be of concern regarding damage or malfunction of a DST or AWF tank ventilation system
beyond those currently identified, as evidenced by the hazard analysis database. Therefore, it
is concluded that this activity will not create a malfunction of the DST or AWF tank ventilation
systems of a different type.

Effect on Frequency of Occurrence of a Malfunction: As evainated previously for this
activity, there is no adverse effect on the analyzed accidents (consequence or frequency)
associated with a malfunction of a DST or AWF tank ventilation system. Transfer of the waste
from SST 241-C-106 is a normal activity and the conditions of transfer (temperature, pressure,
flow rate, or chemical constituents) are what would be considered a normal transfer. There are
no additional activities associated with this proposed activity that directly affects the receiver
tank. Therefore, it 1s concluded that retrieval of the waste in SST 241-C-106 for closure will
not increase the frequency of occurrence of a malfunction of the tank ventilation system in the
receiver AWF DST 241-AY-102.

Effect on Consequence of a Malfunction: The DST and AWF tank ventilation systems are
credited as a preventive measure for the flammable gas deflagrations—DST analyzed accident.
As discussed previously, there is no increase in the consequence of this accident for this
activity; therefore, there would be no increase in the consequence of a failure of the tank
ventilation system in the receiver AWF DST 241-AY-102.

SST Ventilation Systems (SC)
Related Analyzed Accident: Flammable Gas Deflagration

Safety Function: The active SST ventilation systems installed for retrieval of the liquid waste
in SST 241-C-106 is not required to prevent the accumulation of flammable gas due to
steady-state releases, as detailed in the above discussion of the flammable gas controls for a
deflagration in an SST, thereby preventing a deflagration by reducing the frequency of
occurrence. The active SST ventilation systems must maintain a negative vapor space pressure
relative to the atmosphere with operability verified weekly. The passive SST ventilation
systems provide a HEPA-filtered flow path to allow the vapor space to be in pressure
equilibrium with the atmosphere. Barometric breathing through the passive ventilation system
is sufficient to maintain the tank vapor space below 25% of the LFL. The passive breather
filter isolation valve is checked every 10 days to ensure the flow path remains unobstructed.

Creation of a Malfunction of a Different Type: The hazardous conditions identified for
sluicing and transfer of liquid waste from SST 241-C-106 are similar to those currently
identified and evaluated in the hazard analysis database. Sluicing creates moisture and
aerosols that could potentially plug the HEPA filters and cause a failure from a high
dafferential pressure, which also is identified in the hazard analysis database. The ventilation
system could be damaged during removal or installation of equipment. The equipment and
activities associated with the tank upgrades prior to sluicing are not considered unusual and
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could not affect the ventilation system in a different way. The transfer of waste could create
aerosols in the tank from a leak that would plug a HEPA filter. Again, this has been identified
previously. The only addition to the tank is raw water, which will not adversely affect the
ventilation system. Therefore, it is concluded that this activity will not create a malfunction of
the ventilation system, active or passive, in SST 241-C-106.

Effect on Frequency of Occurrence of a Malfunction: As evaluated previously for this
activity, there is no adverse effect on the analyzed accidents (consequence or frequency)
associated with a malfunction of an SST ventilation system. Sluicing would create moisture
and some aerosols in the vapor space that plug the HEPA filter. This has been identified in the
hazard analysis database. Removal and installation of equipment in the tank prior to retrieval
could damage the ventilation system; however, this is considered a normal operation and is not
performed any differently. For these reasons, it is concluded that retrieval of the liquid waste
from SST 241-C-106 for closure will not increase the frequency of occurrence of a malfunction
of its ventilation system.

Effect on Consequence of a Malfunction: The SST tank ventilation systems are credited as a
preventive measure for the flammable gas deflagrations—SST analyzed accident. As
discussed previously, there is no increase in the consequence of this accident for this activity;
therefore, there would be no increase in the consequence of a failure of the SST 241-C-106
ventilation system.

Primary Tank Leak Detection Systems (SC)

Related Analyzed Accident: Flammable Gas Deflagration

Safety Function: The primary tank leak detection system provides an alarm to alert operators
when tank waste (from misroutes or other system} leaks into the tank annulus to prevent a
flammable gas deflagration in the annulus, thereby preventing the accident by decreasing the
frequency of occurrence. The system, via conductivity probes or buoyancy type instrument,
must detect an accumulation of 1 in. and provide an alarm signal. The annulus ventilation
system CAM:s are to operate continuously when the ventilation system is operating. The
operability of the liquid waste detectors is verified every 6 months.

Creation of a Malfunction of a Different Type: A transfer of SST 241-C-106 liquid waste
into DST 241-AY-102, will not affect the primary tank leak detection in any way. The only
possible interaction 1s a misroute or a leak in the primary tank. The liquid waste in

SST 241-C-106 will not react or otherwise adversely affect the tank, the leak detectors, or the
CAMs, such that they would malfunction. Therefore, it is concluded that retrieval of the liquid
waste in SST 241-C-106 for closure will not create a malfunction of the primary tank leak
detection system of a different type.

Effect on Frequency of Occurrence of a Malfunction: A transfer of SST 241-C-106 liquid
waste into the receiver DST would be no different than any other transfer. Thus, the likelihood
of a misroute or causing a leak of the primary tank would remain unchanged. This would be
the only way that this activity could interact with the leak detection system. The waste would
not affect the leak detection system conductivity probes or buoyancy type instrument any
differently from any other tank waste. Therefore, it is concluded that this activity will not
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increase the frequency of occurrence of a malfunction of the primary tank leak detection
system.

Effect on Consequence of a Malfunction: The DST and AWF primary tank leak detection
systems are credited as a preventive measure for the flammable gas deflagrations—DST
analyzed accident. As discussed previously, there is no increase in the consequence of this
accident for this activity; subsequently, there would be no increase in the consequence of a
failure of the tank ventilation system in DST 241-AY-102.

Pipe Encasements (SS)

Related Analyzed Accident: Waste Transfer Leaks

Safety Function: The pipe encasements direct the flow of leaked waste from the primary line
to a waste transfer-associated structure for detection, thereby decreasing the consequence of a
waste leak. This confines the leak to the annulus between the encasement and primary line and
channels the leak to a pit at either end of the system for leak detection. Seal loop valve
positions are verified prior to waste transfers to ensure they are open.

Creation of a Malfunction of a Different Type: The hazards identified for transfer of waste
from SST 241-C-106 to the DST receiver tanks are similar in nature to the transfer-related
hazards associated with the waste transfer leak as listed in FSAR, Appendix C, Table C-2.
Pressures and flows fall well within the waste transfer leak analysis. Consequently, it is
concluded that retrieval of the liquid waste in SST 241-C-106 for closure will not create a
malfunction of a different type in the pipe encasements.

Effect on Frequency of Occurrence of a Malfunction: The pressures and flows for the waste
transfers are well within the operating pressures of the underground transfer lines;
subsequently, there is no concern that this activity will create situations where failure of
components is expected. There are no other activities that are unusual, both in the type of
activity or the frequency (e.g., excavations or unusual pit entries), that could cause a
malfunction of this equipment at a higher frequency than would be present for any other
transfer-related operation. Therefore, it is concluded that retrieval of the liquid waste in

SST 241-C-106 for closure will not increase the frequency of occurrence of a malfunction of
the pipe encasements.

Effect on Consequence of a Malfunction: A failure of the pipe encasement is related to a
waste transfer leak. As shown in the analysis for that particular analyzed accident, there would
be no increase in the consequence. Therefore, retrieval of the liquid waste in SST 241-C-106
for closure will not increase the consequence of a malfunction of the pipe encasements.

Over-Ground Transfer System (SS)

Related Analyzed Accident: Waste Transfer Leaks
Safety Function: The over-ground transfer (OGT) encasements and connections direct the

flow of leaked waste from the primary line to a waste transfer-associated structure for
detection, thereby decreasing the consequence of a waste leak. This confines the leak to the
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annulus between the encasement and primary line and channels the leak to a pit at either end of
the system for leak detection. Seal loop valve positions are verified prior to waste transfers to
ensure they are open. The OGT system vehicle impact barriers protect the piping from
vehicle-related damage unless administrative vehicle access limits are imposed, thereby
preventing the accident by reducing the frequency of occurrence.

Creation of a Malfunction of a Different Type: The hazards identified for transfer of liquid
waste from SST 241-C-106 to the DST receiver tank are similar in nature to the transfer-related
hazards associated with the waste transfer leak as listed in FSAR, Appendix C, Table C-2.
Pressures and flows fall well within the waste transfer leak analysis. The HIHTL is well
protected under steel plates used for radiation shielding. The aboveground structures are
robust to ensure radiation shielding and, as a result, protect the line from damage. Structures
are designed to protect the hose from damage due to bending, pinching, and sharp edges.
Consequently, it is concluded that retrieval of the waste in SST 241-C-106 for closure will not
create a malfunction of a different type in the OGT encasements and connections.

Effect on Frequency of Occurrence of a Malfunction: The pressures and flows for the waste
transfers are well within the operating pressures of the OGT system; subsequently, there is no
concern that this activity will create situations where failure of components is expected. There
are no other activities that are unusual, both in the type of activity or the frequency, (e.g.,
vehicle movements, crane operations) that could cause a malfunction of this equipment at a
higher frequency than would be present for any other transfer-related operation. Therefore, it
is concluded that retrieval of the liquid waste in SST 241-C-106 for closure will not increase
the frequency of occurrence of a malfunction of the OGT encasements and connections.

Effect on Consequence of a Malfunction: A failure of the OGT encasement or connections is
related to a waste transfer leak. As shown in the analysis for that particular analyzed accident,
there would be no increase in the consequence. Therefore, retrieval of the liquid waste in

SST 241-C-106 for closure will not increase the consequence of a malfunction of the OGT
encasement or connections.

HEPA Filter Units (SS)

Related Analyzed Accident: HEPA Filter Failure—Exposure to High Temperature or
Pressure

Safety Function: The HEPA filter units provide HEPA filtration of the headspace gases
before release to the environment, thereby reducing the likelihood of unfiltered releases due to
partial HEPA filter release events associated with HEPA filter failure due to high temperature
or pressure. They shall have a minimum filtration efficiency 0f 99.95% for particles as small
as 0.3 um. The HEPA filter shall resist degradation from ionizing radiation and caustic vapors,
resist damage caused by moisture buildup on the filter media, and resist leakage when exposed
to a differential flow stream pressure of < 10 in. water gauge.

Creation of a Malfunction of a Different Type: A review of the hazardous conditions
associated with this accident (FSAR, Appendix C, Table C-2, and contained in the hazard
analysis database) and comparison of these hazardous conditions with those identified in the
HAZQP shows that there are no unusual or unique conditions that would result in failure of a
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HEPA filter in SST 241-C-106 or the receiver DST 241-AY-102. Sluicing of the sludge in
SST 241-C-106, not specifically described in the safety basis, creates aerosols that could
potentially load up 2 HEPA filter with a subsequent failure by a high differential pressure.
This particular situation, piugged HEPA filters, has been identified and is contained in the
hazard analysis database. Other means of generating aerosols (e.g., in-tank spray leaks or
transfers) are not unique to the retrieval of liquid waste in SST 241-C-106 for closure. For
these reasons, it is concluded that this activity will not create a malfunction of a HEPA filter
unit of a different type than has already been analyzed.

Effect on Frequency of Occurrence of a Malfunction: Aerosol generation and moisture
buildup causing HEPA filter failure has been identified as documented in FSAR, Appendix C,
Table C-2, and the hazard analysis database. These are the two principal HEPA filter failure
mechanisms identified for retrieval of the liquid waste in SST 241-C-106 for closure. This
transfer activity is not significantly different from any other transfer such that in-tank spray
leaks, in and of themselves, would cause an increase in the frequency of occurrence of a HEPA
filter. Sluicing of the sludge in SST 241-C-106 prior to the liquid waste transfer has the
potential to generate large amounts of acrosols. This has been identified and the design of the
portable exhauster for this activity includes a de-entrainer to capture the moisture before it
reaches the HEPA filters (RPP-13222). With a de-entrainer in the ventilation line intercepting
moisture droplets, wetting of the HEPA filters is controlled such that this failure mode is
prevented. The flow rate of the system is set such that the differential pressure across the
HEPA filters does not reach the level where filter failure would be a consideration.
Subsequently, it is concluded that there will be no increase in the frequency of occurrence of a
malfunction of a HEPA filter.

Effect on Consequence of a Malfunction: The consequence of a failure of a HEPA filter was
evaluated in the above paragraphs that discussed the analyzed accident, HEPA filter failure—
exposure to high temperature or pressure. This analysis shows there will be no increase in the
consequence of a failure.

DST 241-AY-102 Annulus Ventilation System (SS)

Related Analyzed Accident: Tank Bump

Safety Function: The annulus ventilation system in DST 241-AY-102 ensures waste is
maintained below temperature that could result in an organic salt-nitrate reaction, thereby
decreasing the likelihood of the organic salt-nitrate reaction accident. It also provides
assurance that the tank waste temperatures are maintained below those that could result in a
tank bump, thus decreasing the likelihood of the tank bump accident. The ventilation system
shall provide a minimum flow rate of 125 f*/min.

Creation of a Malfunction of a Different Type: The transfer of liquid waste from

SST 241-C-106 to DST 241-AY-102 will not affect or interact with the ventilation system. In
addition, the heat load of the additional waste will not create a condition where the ventilation
system could not perform its intended function of cooling the waste (RPP-13707). With no
direct effect (e.g., revisions to the ventilation system), it is judged that this retrieval activity
will not create a malfunction of a different type for the DST 241-AY-102 annulus ventilation
system.
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Effect on Frequency of Occurrence of a Malfunction: Retrieval of the liquid waste in

SST 241-C-106 for closure has no direct effect on the annulus ventilation system. There is no
normal interaction with the tank waste and this system other than the heat transfer to the
annulus. The amount of additional heat loading from SST 241-C-106 waste is minimal and
would not create a situation that would damage the annulus ventilation system. Therefore, it 1s
concluded that this retrieval activity will not affect the frequency of occurrence of a
malfunction of the DST 241-AY-102 annulus ventilation system.

Effect on Consequence of a Malfunction: A malfunction of the annulus ventilation system
could result in a tank bump. This has been analyzed previously in this section with a
conclusion that there would be no increase in the consequence of a tank bump accident in
DST 241-AY-102.

Temperature Monitoring Systems (SS)

Related Analyzed Accident: Organic Salt-Nitrate Reaction; Tank Bump

Safety Function: The temperature monitoring system provides tank waste temperature
information for operator monitoring, enabling operators to take actions necessary to prevent
exceeding waste temperatures at which organic salt-nitrate reactions could proceed. This
decreases the frequency of the organic salt-nitrate reaction accident. This is applicable to DST
and AWF tanks with heat loading of > 21,700 watts or fuel contents of > 3.8 wt% TOC. This
decreases the frequency of an organic salt-mtrate reaction. The temperature monitoring system
also provides tank waste temperature information for operator monitoring, enabling operators
to take actions necessary to prevent exceeding waste temperatures at which significant tank
bumps or steam releases could occur, thereby decreasing the frequency of occurrence of a tank
bump accident.

Creation of a Malfunction of a Different Type: The temperature monitoring systems in
DSTs and AWFs are designed to resist the stresses associated with transfers into the tank, and
to be operable throughout the full temperature range covered in the TSR safety limit on
temperature and the LCOs associated with temperature. Temperature monitoring in

SST 241-C-106 is not required as a TSR-level control; consequently, the effects on sluicing
will not affect a temperature monitoring system that is important to safety. Waste transfer
associated with this retnieval activity will fall within the pressures and flows currently
analyzed, so this activity would not mechanically produce a new type of malfunction. Because
the waste types are compatible (RPP-13707), there would be no chemical damage to
temperature monitoring systems. The additional waste would not raise the temperature in the
tank such that it would approach the design limit for these systems. There is no other
interaction; therefore, retrieval of the liquid waste in SST 241-C-106 for closure will not create
a malfunction of a different type in the temperature monitoring systems.

Effect on Frequency of Occurrence of a Malfunction: There are no direct interactions on
the temperature monitoring systems with the exception of forces on the thermocouple trees
caused by the waste transfer. Transfers, pressure, and flow fall within a normal transfer into a
DST or AWF tank. There are no other mechanisms identified that would affect temperature
monitoring equipment. For these reasons, it is determined that there will be no change to the
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frequency of occurrence of a malfunction of temperature monitoring systems as a result of
retrieval of the liquid waste in SST 241-C-106 for closure.

Effect on Consequence of a Malfunction: The organic salt-nitrate reaction is not applicable
for enhanced sluicing and slurry transfers. The malfunction of temperature measurement
equipment resulting in a tank bump would not cause an increase in consequence as discussed
above.

Transfer Leak Detection Systems (SS)
Related Analyzed Accident: Waste Transfer Leaks; Flammable Gas Deflagrations

Safety Function: The safety function of the transfer leak detection system detects the waste
transfer system leak in the waste transfer-associated structures and provides an alarm to alert
operators to take mitigative action to shut down the transfer pump (or other motive force) and
to take response actions to limit worker exposure. This limits the volume of waste leaked and
the time workers are exposed, thereby decreasing the consequence of the waste transfer leak
accident. The transfer leak detection system may also be connected to the MPSS that
automatically shuts down the transfer pump. The transfer leak detection system also provides
an alarm when waste leaks accumulate in transfer-associated structures to alert operators to
take preventive actions, thus decreasing the frequency of the flammable gas deflagration
accident.

Creation of a Malfunction of a Different Type: Retrieval of the liquid waste in

SST 241-C-106 for closure would not normally have any interaction with transfer leak
detection equipment. The tank waste is diluted with raw water and would be compatible with
any leak detection equipment, insofar as it would be able to detect a leak. The waste would not
react or otherwise interact with the leak detection systems such that they would be damaged.
The waste temperature would not be of concern. Consequently, it is determined that this
retrieval activity will not create a malfunction of a different type in the transfer leak detection
system.

Effect on Frequency of Occurrence of a Malfunction: Retrieval of the liquid waste in

SST 241-C-106 for closure would normally only interact with transfer leak detection
equipment in the event of a leak. The tank waste is diluted with raw water and would be
compatible with any leak detection equipment, insofar as it would be able to detect a leak.
The waste would not react or otherwise interact with the leak detection systems such that they
would be damaged. The waste temperature would not be of concem. Consequently, it is
determined that this retrieval activity will not increase the frequency of occurrence of a
malfunction of the leak detection system.

Effect on Consequence of a Malfunction: The leak detection system is related to both waste
transfer leaks and flammable gas deflagration analyzed accidents. The consequence of a waste
transfer leak is not affected by this retrieval activity as presented in the above discussion of that
accident.
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Ventilation Stack CAM Interlock Systems (SS)

Related Analyzed Accident: HEPA Filter Failure—Exposure to High Temperature or
Pressure

Safety Function: The ventilation stack CAM interlock system shuts down the active
ventilation system when radionuclide particulate activity in excess of 10,000 counts per minute
is detected by the CAM. This limits radioactive material release to the atmosphere, thereby
decreasing the consequences of the HEPA filter failure—exposure to high temperature or
pressure accident. Upon CAM failure, the monitors shall actuate an alarm.

Creation of a Malfunction of a Different Type: The ventilation stack CAM interlock system
is connected to the CAM and thus does not directly interact with the tank atmosphere. This
equipment is designed to respond to a CAM when radiation levels exceed the set point. There
is no portion of the waste retrieval process that would be sufficiently different from other waste
retrieval or transfer operations that would be of concemn for causing a malfunction of this
equipment more so than any other similar tank farm activity. There are no chemical additions
or reactions expected that could enter the ventilation system and react with, or otherwise
damage, this equipment. Finally, there are no unusual manned activities that could cause
damage to wiring, interlock relays, or other associated equipment. Therefore, it is concluded
that retrieval of the liquid waste in SST 241-C-106 for closure will not cause a malfunction of a
different type of the ventilation stack CAM interlock systems.

Effect on Frequency of Occurrence of a Malfunction: No activity associated with this waste
retrieval process, including sluicing the sludge prior to liquid waste transfer, would create a
condition that, in and of itself, would cause a malfunction of the stack CAM interlock system.
Startup and shutdown of equipment (raw water sluicing, waste liquid recycling, or liquid waste
transfer) should not cause extremes in ventilation pressure, flow rates, or electrical surges
(spikes). There are no chemical additions or reactions expected that could enter the ventilation
system and then react with, or otherwise damage, this equipment. Finally, there are no unusual
manned activities that could cause damage to wiring, interlock relays, or other associated
equipment. For these reasons, it is determined that retrieval of the liquid waste in

SST 241-C-106 for closure will not cause an increase in the frequency of occurrence of a
malfunction of the ventilation stack CAM interlock systems.

Effect on Consequence of a Malfunction: A malfunction of the service water pressure switch
or interiock is directly associated with the consequence of a HEPA filter failure. The above
analysis of the HEPA filter failure—exposure to high temperature or pressure analyzed
accident shows that there is no increase in the consequence of this accident; therefore, there
would be no increase in the consequence of a failure of the ventilation stack CAM interlock
systems.

Pressure Switch Interlock or Alarms (Service Water Lines) (SS)
Related Analyzed Accident: Waste Transfer Leak

Safety Function: The pressure switch interlock or alarm (service water lines) safety function
is to detect backflow of waste into the waste piping system when physically connected to a
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waste transfer route. Detection of pressure in the line wili etther disconnect the power to the
pump (interlock} or alarm to alert the operators to take action and shut down the transfer,
thereby decreasing the frequency of the waste transfer leak accident if the system pressure
boundary integrity is tested to full-transfer system pressure. Where boundary integrity is tested
to less than full-transfer system pressure, the interlock or alarm reduces the consequence of the
waste transfer leak accident by the response actions limiting the exposure to onsite and facility
workers.

Creation of a Malfunction of a Different Type: The pressure sensors in the raw water flush
lines would sense a backflow of SST 241-C-106 liquid waste. This equipment is designed to
handle the pressure, flow, and chemistry of these liquids. There is no portion of the waste
retrieval process that would be sufficiently different from other waste transfer operations which
would be of concern for causing a malfunction of this equipment more so than any other waste
transfer operation. Startup and shutdown of transfer equipment should not cause extremes in
pressure, flow rates, or electrical surges (spikes). There are no chemical additions or reactions
expected that could react with, or otherwise damage, this equipment. Finally, there are no
unusual manned activities that could cause damage to wiring, interlock relays, or other
associated equipment. Therefore, it is concluded that retrieval of the liquid waste in

SST 241-C-106 for closure will not cause a malfunction of a different type of the service water
pressure switch or interlocks.

Effect on Frequency of Occurrence of a Malfunction: The pressure switch/interlock system
is designed to handle the pressure, flow, and chemistry of either raw (service) water or the

SST 241-C-106 liquid waste, No activity associated with this waste retrieval process,
including sluicing of the sludge in SST 241-C-106 prior to liquid transfer, would create a
condition that, in and of itself, would cause a malfunction of this equipment. Startup and
shutdown of transfer equipment should not cause extremes in pressure, flow rates, or electrical
surges (spikes). There are no chemical additions or reactions expected that could react with, or
otherwise damage, this equipment. Finally, there are no unusual manned activities that could
cause damage to wiring, interlock relays, or other associated equipment. Consequently, it is
determined that retrieval of the liquid waste in SST 241-C-106 for closure will not cause an
increase in the frequency of occurrence of a malfunction of the service water pressure switch or
interlocks.

Effect on Consequence of a Malfunction: A malfunction of the service water pressure switch
or interlock is directly associated with the consequence of a waste transfer leak. The above
analysis of this analyzed accident shows that there is no increase in the consequence of this
accident; therefore, there would be no increase in the consequence of a failure of the service
water pressure switch or interlock.
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5.0 CONTROL ALLOCATION

5.1 METHODOLOGY

The control process described herein was used to identify the set of controls required to either
prevent or mitigate the hazardous conditions identified in the HAZOP. Controls include
safety-class and safety-significant SSC; TSRs; and DID controls. The control deciston/
allocation process centers on a review by knowledgeable individuals (see Appendix B) that
formally evaluate the hazardous conditions and the selection of controls. The control decision
record (Appendix D) summarizes the discussions and documents the control decisions used to
allocate the control for the hazardous conditions. The control decision/allocation process follows
the steps outlined in FSAR, Section 3.3.1.5. This process is further described in the “Hazard and
Accident Analysis Process” procedure found in the HNF-IP-0842, RPP Administration, Vol. 4,
“Engineering,” Section 6.9, “Hazard and Accident Analysis Process,” Rev. la.

The results of the HAZOP are considered during the review cycle, making appropriate changes
based on additional knowledge or upon review of similar hazardous conditions already analyzed
as part of the safety basis. The hazardous conditions identified during the HAZOP meeting were
evaluated by comparing the hazardous conditions to those already identified and documented in
the hazard analysis database (HNF-SD-WM-TI-764). The hazardous conditions were then
mapped to existing analyzed accidents as listed in FSAR, Appendix C. Where indicated during
the original HAZOP sessions, additional information was gathered or developed relevant to
control selection for evaluation during the control selection process. Appropriate safety basis
controls are allocated as related to the analyzed accident mapped to hazardous condition, as
detailed in FSAR, Chapter 3.0. Anticipated worker safety hazards (S1/F3) are not mapped to an
analyzed accident. Those worker safety issues of a very serious nature (e.g., major injury,
possible death, or significant worker exposure to radiological or hazardous material) were also
assigned safety basis controls. Other anticipated worker safety hazards of a less serious nature
were not assigned safety basis controls; however, the appropriate programmatic controls (e.g.,
radiation control, or industrial health and safety) were documented in the control decision record
(Appendix D). Chapter 4.0 of this report evaluated the effect on the controls assigned to mitigate
or prevent the analyzed accidents related to retrieval of the liquid waste in SST 241-C-106
following raw water sluicing of the sludge. With the exception of the lifting related controls for
removal of long-length equipment in SST 241-C-106, specifically the heel jet pump, there was
no condition identified that would nvalidate or otherwise require revision or exception. Finally,
the controls for each hazardous condition as related or mapped to analyzed accidents were
evaluated by the reviewers and a consensus reached to ensure the controls selected from the suite
of controls for a specific accident were appropriate to the specific hazardous condition.

52  ALLOCATED CONTROLS
The results of the control decision/allocation process are documented in the control decision

record, Appendix D. Several changes were made to the initial listing of hazardous conditions
from the HAZOP, as histed in Appendix E. These changes are documented in the control
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decision record as a revision to the original HAZOP with discussion of the changes in the
remarks for each hazardous condition.

Table 5-1 presents the final results of the hazard identification and control decision/allocation
process. Definitions of the information presented in this table are found in Appendix C. By
established convention, all SO-E0/E1 and S1-FO/F1/F2 hazardous conditions do not require
controls and the entry in the table is left blank. Also by convention, S0/S1-E0/E1 hazardous
conditions are not mapped to representative accidents. All S2/S3-E2/E3 hazardous conditions
are mapped to representative accidents. The hazardous conditions are listed in ascending order
of the representative accidents as numbered in FSAR, Appendix C. The hazardous conditions
sorted according to representative accidents are discussed 1n the following paragraphs.

Low Consequence Hazardous Conditions Not Related to a Representative Accident. By
established convention, all SO-EO/E1 and S1-FO/F1/F2 hazardous conditions are not related to
representative accidents and do not have assigned controls. No controls are required as
established by the FSAR, Table 3.3.1.5-2, Risk Matrix.

Nine hazardous conditions were identified as having only a minimal release of material or
insignificant hazards associated with ionizing radiation (S0/S1). They are not assigned to a Rep
Acc and have no required controls. Four of these conditions were not associated with radiation
exposures or releases; all related to operational upsets, with no safety or environmental
consequence. The remaining five were conditions affecting the facility worker with minimal
environmental impact, having a “low” frequency of occurrence.

Low Consequence Hazardous Conditions with Higher Environmental Consequences.
Seven hazardous conditions were identified having no safety consequence (S0) but having a
higher environmental consequence (E2 or E3). These include damage to the tank liner with
subsequent leakage of tank waste to the soil column. There are no controls assigned to these
conditions. Hazardous conditions with significant environmental impact, but low safety
consequence (S0/S1), are addressed by environmental controls specifted in FSAR,

Section 3.3.2.3.4, Table 3.3.2.3.4-1.

Anticipated Hazardous Conditions Affecting the Facility Worker (S1/F3). Seventeen
“anticipated” (F3) hazardous conditions were identified that affected only the facility worker
(S1). Again by established convention, S1/F3 hazardous conditions are not mapped to a
representative accident and the related field in the hazard analysis database is left blank.
Consideration of controls is required as established by the FSAR, Table 3.3.1.5-2, Risk Matrix.
The TSR-level controls are not normally assigned to worker safety, S1 hazardous conditions,
relying upon programmatic controls (e.g., radiation protection, worker health and safety) to
either prevent or mitigate the hazardous condition. The exception to this is when the hazard to
the facility worker is severe, such as significant exposure to ionizing radiation or a
life-threatening injury, then TSR-level controls are assigned. Two worker safety-related
hazardous conditions were identified where TSR-level controls were assigned. The first

(ID C106PHASE-1-A-10) involves failure of a crane. Because of the potential severity of injury,
AC 5.16, “Load Lifting and Dome Loading Controls (Hoisting and Rigging),” was assigned as a
preventive measure. The second (ID C106PHASE-1-F-08) involves damage from very high
winds or a tornado. Because of the potential massive damage, AC 5.14, “Emergency
Preparedness (Response Procedures),” was assigned to mitigate the consequences. The
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remaining facility worker hazardous conditions were not assigned TSR-level controls because it
was determined they were adequately addressed by tank farm safety management programs.

Hazardous Conditions Mapped to Representative Accidents. All hazardous conditions
related to a nuclear criticality and all others with an initial safety consequence of S2 or S3,
regardless of frequency, are mapped to a representative accident. There are 69 of these higher
consequence hazardous conditions related to the representative accidents. The controls allocated
to the hazardous conditions were selected from those controls listed in the representative
accident analysis as written with the following exceptions.

LCO 3.2.3, “SST Ventilation Systems—Passive” is applicable to 241-C-106 per recent TSR
revision. There is a blanket statement in FSAR, Section 4.3.4, stating that SST passive and active
ventilation systems are safety-class SSC. The safety classification of the active ventilation
system for enhanced sluicing would be considered general service considering the low gas
generation rate coupled with the dual (passive and active) ventilation system; however, the
passive ventilation system would be considered a safety-class SSC. Thus, for flammable gas
purposes, LCO 3.2.2 would not be applicable. LCO 3.2.3, “SST Ventilation Systems—Passive,”
is applicable. The low flammable gas generation rates ensure that surveillance periods for
flammable gas concentration and completion times for LCO 3.2.3 becomes very conservative
and thus remain valid.

Furthermore, the following additional controls are required that are related to removal of
long-length equipment from SST 241-C-106:

e ID No. C106PHASE-1-A-12: This hazardous condition is related to a leak of waste
trapped in the heel jet pump in SST 241-C-106. In addition to the appropriate controls
from the associated representative accident, additional controls specific to this long-

length equipment removal activity are required. These controls are specified in the SER
(Schepens 2002). The additional control is:

The receiver bag to be used for the heel pump will be designed and constructed of
material of sufficient strength to contain the MAR resulting from postulated failures of
equipment (i.¢., the heel pump flexible hose and 590 Ib of waste). The design and
material of the receiver bag as described by H-2-79350, “TWRS 70 Flexible Recetver
Bag Assy for 42” Riser,” will be verified by mock-up testing. To ensure receiver bags
have not degraded during storage, the receiver bag used shall have been in storage <7 yr
and protected from ultraviolet light.

e ID No. C106PHASE-1-A-13: This hazardous condition is load drop related, specifically
dropping the heel jet pump when hoisting it out of the tank and then inserting it into the
vertically oriented storage container. The SER requires the following controls:

AC 5.16.2a.2. is applicable, which states, “For mechanically lifted loads within 20 ft of
SSTs (100 Series), DSTs, and AWF tanks, the lower equipment boundary of the lifted
item (e.g., bottom of the cover block, thermocouple tree) shall be < 20 ft above surface
grade, or pit floor above a WASTE storage Tank (covered or uncovered).”
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Critical lift procedures shall be used to remove the heel pump and transfer pump from
SST 241-C-106. The critical lift procedure shall not allow lifting in wind speeds that
exceed 15 mi/h.

ID No. C106PHASE-1-A-14: This hazardous condition is related to wind damage to the
flexible receiver when removing the heel jet pump. The SER requires the following
controls:

The receiver bag to be used for the heel pump will be designed and constructed of
material of sufficient strength to contain the MAR resulting from postulated failures of
equipment (i.e., the heel pump flexible hose and 590 1b of waste). The design and
material of the recetver bag as described by H-2-79350, “TWRS 70’ Flexible Recetver
Bag Assy for 42” Riser,” will be verified by mock-up testing. To ensure receiver bags
have not degraded during storage, the receiver bag used shall have been in storage <7 yr
and protected from ultraviolet light.
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APPENDIX A
UNIT-LITER DOSE CALCULATIONS

The following information is derived from the best-basis inventory (BBI) information presented
in Appendix F.
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QAPP criterion 2.9)
19. Safety margins are consistent with good engineering practices.
20. Conclusions are consistent with analytical results and applicable limits.

21. Results and conclusions address all points in the purpose. (ORF QAPP
criterion 2.3)

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 criterion 2.1)

25. Referenced documents are retrievable or otherwise available.

26. The most recent version of each reference is cited, as appropriate. (ORP
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27. There are no duplicate citations in the reference list.

28. Referenced docurnents 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 atd consistent.

33. The numnber of significant digits is appropriate and consistent.

34. Chemical reactions are correct and balanced. No chemical reactions
discussed.

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 errors.

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™.
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APPENDIX B
HAZARD ANALYSIS TEAM BIOGRAPHIES
Team Lead

William H. Grams — B.S. in Mining Engineering; M.S. in Mechanical Engineering.

Mr. Grams has more than 20 years of experience in the nuclear industry, all of it with the
disposal of high- and low-level radioactive waste. He has over 16 years of experience at the
Hanford Site including authorization basis (AB) assessments of new activities, accident analysis
and release calculations, Unreviewed Safety Question screening and determinations, hazard
assessments, and AB revisions. Other nuclear-related experience includes low-level waste
certification, waste management assessments and audits, preparation of characterization
requirements for low-level waste, preparation of design requirements for waste tank retrieval
systems, and identification of regulatory requirements.

Team Members

Daniel J. Bishop — Over 10 years of experience at the Hanford Site Tank Farms with
operational experience handling, storage, and transfer of radioactive liquid waste. Current work
assignments are associated with Tank Farms Operations as a Field Work Supervisor/Person In
Charge overseeing maintenance and construction-related activites.

John F. Bores — B.S. Civil Engineering, B.S. Business Management. Twenty-two years of
engineering and construction experience, including nuclear facities projects such as the Basalt
Waste Isolation Project, Hanford Waste Vitrification Plant Project, and Hanford Tank Farms.
Current work assignment includes Quality Assurance support for capital projects associated with
immobilized waste and singie-shell tank waste retrieval.

Teresa E. Brighton — Over 20 years of operations experience at the Hanford Site Tank Farms,
UQ3 Process Facility, and the 242-S Evaporator. Specific experience includes procedure
development, evaporator control, maintenance of equipment, installation and removal of
equipment in DST 241-SY-101, and installation of saltwell pumping equipment. Current work
assignement includes Tank Farms Interim Stabilization Operations.

Christopher A. Burke — B.S. Mechanical Engineering. Over 7 years of experience in the
nuclear industry including over 5 years at the Hanford Site Tank Farms. Specific experience
includes safety basis revisions and implementation, procedure development, safety equipment
list generation, readiness reviews, startup and testing of equipment. Other experience includes
Tank Farms project management.

Keith E. Carpenter — B.S. Mechanical Engineering. Over 12 years experience in the design,
construction, and operation of equipment related to the safe storage and transfer of radioactive
waste material. Five years experience in project management of minor and major plant upgrades
and systems.

Paul M. Dorsh — B.S. in Mechanical Engineering, Engineer in Training in the state of
Washington. Three years of experience in the nuclear industry, all of it at the Hanford Site.
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Experience includes various mechanical, pumping and piping system design, support
calculations, and documents.

Christopher J. Kemp — M.S. Environmental Science. Over 18 years experience in the nuclear
industry including waste disposal research, environmental regulatory permitting and negotiations
with regulators, stakeholders, and Indian Tribes. Specific experience includes environmental
regulatory negotiations for C Reactor “Cocooning,” N Reactor Decommissioning, Canyon
Disposition Initiative. Other work included safe surveillance and maintenance of PUREX,

B Plant, REDOX, and numerous Resource Conservation and Recovery Act treatment, storage,
and disposal facilities..

Ron J. Klein, Jr. — A.A/A.S. Nuclear Technology. Over 18 years of experience as a health
physics technition at the Hanford Site Tank Farms, Plutonium Finishing Plant, B Plant,

Tank Waste Grout Facilities, and Environmental Waste Operations. Specific experience
includes saltwell pumping for Interim Stabalization. Health physics training includes
identification of radiological hazards plus response actions needed for decontamination of
personnel.

Daniel P. Niebuhr — Over 20 years of experience in nuclear operations, as a subject matter
expert in high risk field work with an excellent safety record. Specific experience includes
removal and packaging of high-level waste contaminated equipment and installation of
equipment at the Hanford Site Tank Farms under a wide variety of field conditions. Current
work assignment is a Tank Farms Operations Shift Manager with general experience in all
aspects of tank farms operations.

John G. Propsen — B.S. in Electrical Engineering, Registered Professional Engineer in the
state of Washington; Mr. Propson has more than 29 years of experience in the nuclear industry.
He has over 17 years of engineering experience at the Hanford Site of which 12 years were
related to Tank Farm activities. Other related nuclear experience includes 12 years of
engineering experience in the design, construction, operation, and maintenance of commercial
nuclear power plant facilities.

Ryan D. Smith — B.S. Mechanical Engineering. Six years of experience at the Hanford Site
with the last 3 years specific to Nuclear Safety and Licensing (NS&L) support. NS&L Engineer
for the Interim Stabilization, Characterization, and Vadose Zone programs. Extensive
knowledge in flammable gas-related issues related to pumping waste to and from tank farm
facilities. Key team member in establishing the authorization basis (AB) for Interim
Stabilization and reconciliation of the Los Alamos National Labs Safety Assessment with the
Tank Waste Remediation Systems (TWRS) Basis for Interim Operations (BIO). Assisted in the
transition of the TWRS BIO to the Final Safety Analysis Report as well as ongoing AB
maintenance and clarification support.

David L. Strasser — B.S. in Chemistry. Over 13 years of experience in nuclear waste
operations at the Hanford Site. Specific experience includes waste tank characterization, tank
farms operations training, test engineering, SY-101 mitigation team, Tank Farms Operations
Shift Manager, and Single-Shell Tank Faciltiy Manager. Current work assignment is
Accelerated Retrieval and Closure Project Field Operations Manager.
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APPENDIX C

DEFINITIONS

DEFINITIONS OF INFORMATION LISTED IN TABLE 3-1:

Process Variables: Process variables are the characteristics of a process, such as flow,
pressure, or temperature used to define proper operation.

Guide Words: The guide words describe the variance in the process variable of concern
such as high, low, more, or less.

DEFINITIONS OF INFORMATION LISTED IN TABLE 5-1:

Representative Accident (Rep Acc): An alpha/numeric code used to specify the analyzed
accident in the FSAR. Only hazardous conditions with high safety consequence (S2 or S3)
are assigned as representative accidents.

Item ID: The item identification (ID) is used to record a unique identifier for the hazardous
condition.

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 material release.

Cause: The causes that lead to the hazardous condition. Identifying causes is important to
identifying potential preventive or mitigative controls or features for significant hazardous
conditions as well as potential consequences. In many cases, multiple hardware or
operational faults are required to produce a hazardous condition. This column identifies the
sequence of hardware and operational faults required to produce the postulated hazardous
condition.

Preventive Systems, Structures, and Components (SSCs): Systems, structures, and
components are existing engineered features (hardware items) chosen during the control
decision/allocation meetings to prevent the hazardous condition of concern. The engineered
features are designated 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.

Preventive Technical Safety Requirements (TSRs): Technical safety requirements are
controls chosen during the control decision/allocation meetings to prevent the hazardous
condition of concern.

Mitigative Systems, Structures, and Components (SSCs): Systems, structures, and
components are existing engineered features (hardware items) chosen during the control
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decision/allocation meetings to mitigate the hazardous condition of concern. The engineered
features are designated 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.

Mitigative Technical Safety Requirements (TSRs): Technical safety requirements are
controls chosen during the control decision/allocation meetings to mitigate the hazardous
condition of concern.

Control MEMO: The control memo captures additional information or comments related
the control decision/allocation process.

Initial Safety Consequence No Controls (Cons Cat NC): The consequence category of no
controls is a code designator for the ievel of consequence associated with a hazardous
condition taking no credit for any preventive or mitigative controls. The following system is
used:

SO Negligible safety concerns for the facility worker.

S1 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.

Initial Frequency Category No Controls (Freq Cat NC): The frequency category of no
controls is the quantitative 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 is > 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 1s
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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Environmental Category (Env Cat): 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:

EO 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.

DEFINITIONS OF INFORMATION LISTED IN TABLE D-1:

Item ID: The item identification (ID) is used to record a unique identifier for the hazardous
condition. '

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.

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 material release.

Cause: The causes that lead to the deviation from the process variable and resultant
hazardous condition.

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

Suggested Systems, Structures, and Components (SSCs): Suggested 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): Suggested 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.
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Initial Safety Consequence Category, No Controls (Initial Safety Cons NC). The

consequence category is a code designator for the level of 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

1s used:

SO

S1

52

S3

Negligible safety concerns for the facility worker.

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

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

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

Initial Frequency, No Controls (Initial Freq NC): The frequency category is a “first cut,”
qualitative estimate of the likelihood of the hazardous condition assuming no controls are
present. The following system is used:

F3

F2

Fl

FO

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 is > 1E-02/yr.

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.

Events not expected to occur during the lifetime of the facility, categorized as

“extremely unlikely.” The frequency range associated with this category 1s
1E-06/yr to 1E-04/yr.

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.

Environmental Consequence (Env Cons): The environmental consequence ranking 1s a
“first cut,” qualitative estimate of the environmental severity of the hazardous condition
assuming no controls are present. The following system is used:

EO

El

E2

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

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

Representative Accident (Rep Acc): An initial selection by the HAZOP team of the
alpha/numeric code used to specify the analyzed accident in the FSAR. Only hazardous
conditions with high safety consequence (S2 or S3) are assigned as representative accidents.

Remarks: Miscellancous observations or clarifying comments for a given item.
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APPENDIX D

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI06PHASE Release of radioactive or hazardous material  [Removal of in tank equipment (e.g., heel S2 F2 E2 05X
1-A-01 from unfiltered release paths and damaged jet pump) causes spark and ignites
Iventilation system to the atmosphete due to a  [flammable gas
flammable gas deflagration
Structures, Systems, and Components (85Cs)
Mitigative SSCs
SSC Classification
S8 5C Safety Function Comments
None - - - --
Preventive SSCs
Classification
S8C 58 SC Safety Function Comments
SST Ventilation Systems - X Prevents the accumulation of None
tlammable gas due to steady state
ccumulation, thus reducing the
requency of a flammable gas
eflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  Mitigates the consequence of a lammable gas None
IProcedures) deflagration.
IAC: 5.1.8 HEPA Filter Controls [Reduces the consequences of a HEPA filter None
failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

1.CD: 3.2.3 S8T Ventilation Systems-Passive

Ensures operability of the passive ventilation
kystems,

RPP-13547, Rev. 0, Evaluation of the Potential
yor Tank 241-C-106 to Achieve a Flammable
iGas Atmasphere concluding that the waste
volume in 241-C-106 1s insufficient to generate
sufficient gas to reach lower flammability limit
with barometric breathing.

Measuring and Test Equipment

lparameters specified in the TSR is maiatained.

IAC; 5.9 Flammability Controls iAssures flammable gas hazards are managed. None

IAC: 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.

IAC; 5.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations.

IAC; 5.12 Transfer Controls IEnsures that the final tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident.

IAC; 5.19 Process [nstrumentation and [Ensures that equipment used to verify process None

Control Memo: Controls based on $8, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks:

$2/E2 based on analyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-I06 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient
gas to reach lower flammability limit with barometric breathing.
Passive ventilation will be used during this activity,

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase T Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
D Hazardous Condition Cause Cat Cat Cons | Acc
CIi06PHASE [Release of radioactive or hazardous material  [Installation of new equipment {¢.g., 52 F2 E2 05X
1-A-02 from unfiltered release paths and damaged supernatant pump) causes spark and
iventilation system to the atmosphere due to a  jignites flammable gas
flammable gas deflagration
Structures, Systems, and Components (S5Cs)
’ Mitigative SSCs
$5C Classification .
S8 SC Safety Function Comments
None Required -~ - -- --
Preventive SSCs
Classification
SSC S8 SC Safety Function Comments
SST Ventilation Systems - X IPrevents the accumulation of None
flammable gas due to steady state
laccumulation, thus reducing the
trequency of a flammable gas
Ketlagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.14 Emergency Preparedness {Response  [Miligates the consequence of a flammable gas None
IProcedures) deflagration.
IAC: 5.1.8 HEPA Filter Controls IReduces the consequences of a HEPA filter None
failure by limiting the inventory available,
Preventive TSR
Control Safety Function Comments

ILCD: 3.2. 3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
kystems.

IRPP-13547, Rev. 0, Evaluation of the Potential
ifor Tank 241-C-106 to Achieve a Flammable
Gas Atmosphere concluding that the waste
volume in 241-C-106 is insufficient to generate
sufficient gas to reach lower flammability limit
with barometric breathing.

easuring and Test Equipment

lparameters specitied in the TSR is maintained.

IAC; 5.9 Flammability Controls |Assures flammable gas hazards are managed. None

IAC; 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.

IAC; 5.11 Flammable Gas Monitoring Controis Reduces frequency of flammable gas Nong
deflagrations.

IAC: 5.12 Transfer Controls Ensures that the tinal tank states remain within None
the analvzed topography of the flammable gas
deflagrations accident.

IAC; 5.19 Process Instrumentation and [Ensures that equipment used to verity process None

Control Memo: Controls based on 58, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace acrosols and HEPA filter loading.

Remarks:

S$2/E2 based on analyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. O, Evaluation of the Potential for Tank 241-C-l06 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 1s insufficient to generate sufticient

gas to reach lower flammability limit with barometric breathing.
This hazardous condition evaluated in RPP-13357, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material  [Vehicie strikes object rupturing the fuel S2 F3 E2 06X
1-A-03 from damaged HEPA filter to atmosphere due ftank causing fire near the 241-C-106
lte high temperature passive ventilation system damaging the
HEPA filter
Structures, Systems, and Components (SSCs)
Mitigative SSCs
S5C Classification
’ SS SC Safety Function Comments
None - - -- [This hazardous condition affects a
passive ventilation system only.
[There are no SSCs for this analyzed
ccidents associated with passive
ﬁenti]alion systems
Preventive S8Cs
Classafication
$8C S8 SC Safety Function Comments
None - - - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.1.8 HEPA Filter Controls [Reduces the consequences of a HEPA filter None
failure by limiting the inventory available.
IAC: 5.19 Process [nstrumentation and [Ensures that equipment used 1o verify process None
IMeasunng and Test Equipment [parameters specified in the TSR is maintained.
Preventive TSR
Control Safety Function Comments
None - -

Control Memo: Controls based on analyzed accident, HEPA Filter Failure — Exposure to High Temperature or Pressure.

Revision to Qriginal HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter loading,.

Remarks:

This would be S1/E1 for a passively ventilated system.
F3 based on anticipated vehicle accident in the tank farm.
Installation activities will rely on passive ventilation. Decommissioning may have active ventilation systems.

This hazardous condition evaluated in RPP-13557, Rev. (, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material  [Vehicle strikes object rupturing the fuel 52 F3 E2 06X
1-A-04 from damaged HEP A filter to atmosphere due tank causing fire near the 241-C-106 activel
to high temperature ventilation sysiem damaging the HEPA
ffilter
Structures, Systems, and Components (SSCs)
Mitigative SSCs
$5C Classification
SS SC Safety Function Comments
Ventilation Stack CAM Interlock Systems X - Mitigates the amount of material --
released by shutting down the
ventilation system upon detection
lof radiation above a set limit.
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - -- - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
ILCD: 3.1.4 Ventilation Stack CAM Interlock  [Ensures operability of ventilation stack CAM None
[Systems interlock systems.
IAC: 5.18 HEPA Filter Controls IReduces consequences of a HEP A filter failure None
by limiting the inventory available.
IAC; 5.19 Process Instrumentation and [Ensures that equipment used to verify process None
Measuring and Test Equipment parameters specified in the TSR is maintained.
Preventive TSR
Control Safety Function Comments
None -- -

Control Memo: Controls based on analyzed accident, HEPA Filter Failure — Exposure to High Temperature or Pressure.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks:

This would be S1/EL for a passively ventilated system.

F3 based on anticipated vehicle accident in the tank farm.
Installation activitics will rely on passive ventilation. Decommissioning may have active ventilation systems.
This hazardous condition evaluated \n RPP-13557, Rev. 0, Safefy Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI06PHASE [Release of radioactive or hazardous material [Vehicle strikes object rupturing the fuel S2 F3 E2 06X
1-A-05  from damaged HEPA filter to atmosphere due [tank causing fire near the receiver DST
to high temperature ventilation system damaging the HEPA
ifilter
Structures, Systems, and Components {(S5Cs)
Mitigative S5Cs
5sC Classification
S8 SC Safety Function Comments
Ventilation Stack CAM Interlock Systems X - Mitigates the amount of material -
released by shutting down the
fventilation system upon detection
f radiation above a set limit.
Preventive SSCs
Classification
§8C SS SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
ILCD:; 3.1.4 Ventilation Stack CAM Interlock  [Ensures operability of veatilation stack CAM None
Systems interock systems.
IAC; 5.18 HEPA Filter Controls Reduces consequences of a HEP A filter failure None
by limiting the inventory available.
IAC: 3.19 Process Instrumentation and [Ensures that equipment used to verify process None
IMeasuring and Test Equipment parameters specified in the TSR is maintained.
Preventive TSR
Control Safety Function Comments
None - --

Control Memo: Controls based on analyzed accident, HEPA Filter Failure — Exposure 1o High Temperature or Pressure.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace acrosols and HEPA filter loading.

Remarks:

This would be S1/E1 for a passively ventilated system.

F3 based on anticipated vehicle accident in the tank farm.
Installation activities will rely on passive ventilation. Decommissioning may have active ventilation systems.
This hazardous condition evaluated in RPP-13357, Rev. 0, Safety Evafuation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

system leaks) in the event of a collision with

kank structures within the tank farms.

Cons | Freq | Env- | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radivactive or hazardous material  [Vehicle strikes pit rupturing the fuel tank 52 F3 E2 07X
1-A-06  [from a pit to the atmosphers due to a fire which dratns into a pit and ignites
Structures, Systems, and Components (SSCs)
Mitigative SSCs
e Classification .
S8 SC Safety Function Comments
None -- - - -
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None -- - - ! -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas
. None
[Procedures) ieflagration.
Preventive TSR
Control Safety Function Comments
IAC: 5.10 Ignition Controls {Vehicle Controlsy  [Prevents vehicle fuel system damage (i.e., fuel None

Control Memo: Controls based on analyzed accident, Fire in Contaminated Area.

Revision to Original HAZOP:

None

Material At Risk: Contamination from pit.

Remarks:

S2/E2 based on analyzed accident, Fire in Contaminated Area.

F3 based on anticipated vehicle accident in tank farms.
This hazardous condition evaiuated in RPP-13557, Rev. 0, Safety Evaluation of Phase [ Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc

C106PHASE [Release of radioactive or hazardous materials High winds/dust devil during plog removal|  S1 F3 El -
1-A-07 ffrom pit to the atmosphere due to high winds [from pit cover or pit cover removed or
equipment installation or removals

Structures, Systems, and Components (SSCs)

Mitigative S5Cs
$SC Classification ] .
58 SC Satety Function Comments
None - - - -
Preventive SSCs
Classification
SSC 58 SC Safety Function Comments
None - - - --

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control Safety Function Comments
None - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation
Protection).
Revision to Original HAZOP:  None
Material At Risk: Contammation from pit.
Remarks: S1/E1 based on analyzed accident, Natural Phenomena — High Wind.
F3 based on anticipated high winds.
Envirenmental barrier is open on top. Contamination will be fixed either before cover block removal or as soon a
possible. Temporary covers can be quickly installed if a dust devil is spotted or winds pick up. Training covers these
eventualities.
Active ventitation may be required for work in the 241-C-106 pump pit due to high contamination level.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-ALL14.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase I Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material  [Worker error positions crane over 241- C- 51 F3 El --
1-A-08 from unfiltered release paths through damaged (106 when lifting cover blocks or installing
tank dome due to excessive loads other on tank equipment {¢.g., water skid)
causing damage to the tank dome
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
88 SC Safety Function Comments
None - - -- --
Preventive SSCs
Classification
SSC S8 SC Safety Function Commentis
None == - - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None -- -
Preventive TSR
Control Safety Function Comments
None - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).
Revision to Original HAZOP:  None
Material At Risk: SST headspace aerosols.
Remarks:

F3 based on anticipated foad drop.
This hazardous condition evaluated in RPP-13537, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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RPP-13557REV 0

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons } Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Ace
C106PHASE Release of radioactive or hazardous material  [Worker error causes too much lifting force| Sl F3 El -
1-A-09 from unfiltered release paths through damaged when removing stuck heel jet pump in
tank dome due to excessive loads 41-C-106 heel pit with resultant riser
amage
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
None - - -
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None -- - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control Safety Function Comments
None - -

Control Memo: No safety $SCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).

Revision to Original HAZOP:  None
Material At Risk: SST headspace aerosols.
S1/E1 based on limited release of tank headspace aerosols through cracks in deme filtered through soil cover.

Remarks:

F3 based on anticipated load drop.

To avoid this issue, an "A" frame or hydraulic jacks will be used to have better load control until the pump is broken

loose.

This hazardous condition evatuated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

IControls (Hoisting and Rigging)

Cons | Freq Env | Rep
ID Hazardous Condition Cause Cat Cat Cong | Acc
C106PHASE [Serious injury or fatality due to overloaded  [Worker error cause too much lifting force S1 F3 EO -
1-A-10  icrane and boom failure Iwhen removing equipment causing crane
or ngging failure
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification
S8 SC Safety Function Comments
None -- - - --
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
Nene - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control Safety Function Comments
IAC: 5.16 Load Lifting and Dome Loading [Decreases the frequency of load drops. None

Control Memo: AC: 5.16 Load Lifting and Dome Loading Controls (Hoisting and Rigging) invoked because of the high consequence to

the facility worker.
Revision to Original HAZOP:
Material At Risk: NA
Remarks:

None

S1 based on mjury to facility worker only.

EO based on no environmental release.
F3 based on anticipated load lifting accident.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase ! Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radicactive or hazardous material to[Worker error cause too much lifting force Sl F3 El -
1-A-11 the atmosphere due to an unfiltered release when removing equipment causing crane
r rigging failure
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification
S8 SC Safety Function Comments
None - - - --
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - -- - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control Safety Function Comments
Nome - --

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).
Revision to Original HAZOP:  None
Material At Risk: Headspace aerosols.

Remarks: S1/E1 based on limited release from small leaks in ventilation system.
F3 based on anticipated worker error.
This hazardous condition evaluated in RPP-13357, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material [Waste trapped in heel jet pump is released S2 F3 E2 33CX
1-A-12 from the 241-C-106 heel jet pump to the lfrom the fiexible receiver when it s lifted
ground due to a leak in the flexible receiver, orlfrom the tank causing a waste leak to the
bther containment device round surface
Structures, Systems, and Components (S5Cs)
Mitigative SSCs
$SC Classitication
SS 5C Safety Function Comments
None - - 1 - --
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None - - - _
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response Mitigates the consequence of a waste leak (i.e., pool on None
[Procedures) or near the surface) by moving workers away.

IAC: 5.24 Safety Management Programs {Radiation
Protection)

itigates facility worker and onsite worker
onsequences dug to waste leaks

adiation protection practices detect contamination on
he sotl or 1n structures

Preventive TSR

Control

Safety Function

Comments

None

Control Memo: Controls based on analyzed accident, Waste Transfer Leak plus additional controls related to the specific activity of
removal of long-length equipment from SST 241-C-106 as documented in the SER, Ref. Letter from R. J. Schepens, ORP,
to E. S. Aromi, CHG, DOE-ORP: 02-TED-032, “CONTRACT NO. DE-AC27-99RL14047 -Approval of Long-Length
Equipment Removal Activities for Single-Shell Tank (SST) 241-C-106."

Revision to Original HAZOQP:
Material At Risk: Tank waste.
Remarks:

Consequence changed to 82

S$21E2 based on Safety Evaluation Report (SER) (Ref. Letter from R. I. Schepens, ORP, to E. S. Aromi, CHG, DOE-

ORP: 02-TED-032, "CONTRACT NO. DE-AC27-99RL14047 - Approval of Long-Length Equipment Removal
Activities for Single-Shell Tank {S8T) 241-C-106).
F3 hased on process knowledge and tank farms operating history showing waste collection in pumps and other hollow

tank equipment.

The SER requires the following controls specific to removal of equipment from 241-C-106:
The receiver bag to be used for the heel pump will be designed and constructed of material of sufficient strength
to contain the MAR resulting from postulated failures of equipment {i. e., the heel pump flexible hose and 590
1t of waste). The design and material of the receiver bag as described by drawing H-2-79350. "TWRS 70
Flexible Receiver Bag Assy for 42" Riser," will be verified by mock-up testing. To ensure receiver bags have
not degraded during storage, the receiver bag used shall have been storage less than seven vears and protected
from ultraviolet light.

This hazardous condition was evaluated by 1JSQ TF-03-001. Rev. 0.
This hazardous condition was mapped to REP-ACC 33C based on the SER analysis showing that this accident bounds

the release.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
ID Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE |Release of radioactive or hazardous material  [Rigging failure caused load drop when 52 F2 E2 12BX
1-A-13 ifrom ruptured 241-C-106 dome to the removing the 241-C-106 heel jet which
tmosphere due to load drop ifalls from height sufficient to clear
r ivertically oriented disposal container

Structures, Systems, and Components (SSCs)

Mitigative S5Cs
S5C Classification
S8 sSC Safety Function Comments
None - - - --
Preventive SSCs
Classification
SSC 58 SC Safety Function Comments
None - -- - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None -~ --
Preventive TSR
Control Safety Function Comments
IAC: 5.16 Load Lifting and Dome Loading Prevents load drop accidents by decreasing the Because of the high lift height to clear the
Controls frequency of occurrence and limits load wvertical storage container, the consequence
handling over a tank so that 1n the event the loadjanalysis, which invotves lifting a mixer pump
is dropped. the tank dome would not collapse, E‘ay be invalidated.

Control Memo: Controls based on SER, Ref. Letter from R. J. Schepens, ORP, to E. S. Aromi, CHG, DOE-ORP: 02-TED-032,
“CONTRACT NO. DE-AC27-99RL14047 -Approval of Long-Length Equipment Removal Activities for Singie-Shell
Tank (S5T) 241-C-106.7
Revision to Original HAZOP: This is a new hazardous condition identified during subsequent work package preparation for
removal of long-length equipment
Material At Risk: Tank waste.

Remarks: S2/E2 based on Safety Evaluation Report (SER) (Ref. Letter from R. J. Schepens, ORP, to E. S. Aromi, CHG, DOE-
ORP: 02-TED-032, “CONTRACT NO. DE-AC27-99RL14047 - Approval of Long-Length Equipment Removal
Activities for Single-Shell Tank (SST) 241-C-1067).

F2 based on frequency of occurrence for a single lift as documented in Section 3.4. 2. 1 of the FSAR.
The SER requires the following additional controls specific to removal of equipment from 241-C-106:

s AC5.16. 2a. d. is applicable, which states, "For mechanically lifted loads withim 20 ft of SST (100 Series),
DST, and AWF tanks, the lower equipment boundary of the litted item (e.g., bottom of the cover block.
thermocouple tree) shall be less than 20 fi above surface grade, or pit floor above a WASTE storage tank
(covered or uncovered}.”

s Critical lift procedures shall be used for removal of the heel pump and transfer pump from SST 241-C-106.
The critical lift procedure shall not allow lifting in wind speeds that exceed 15 mph.

s The WSSP-| packaging container will be positioned such that the minimum distance from the edge of any waste
tank to the container is at least equal to the length of the pump being lifted.

This hazardous condition was evatuated by USQ TF-03-001, Rev. 0.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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RPP-13557 REV 0

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE |Release of radioactive or hazardous material  |High wind causes damage to flexible 52 F3 E2 31X
1-A-14 ifrom long-length equipment flexible receiver [receiver on S5T 241-C-106 heel jet pump
ue to high wind Kuring removal causing release of trapped
fank waste
Structures, Systems, and Components (58Cs)
Mitigative SSCs
S50 Classification .
SS SC Safety Function Comments
Nene -- -- - -~
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - -- - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function, Comments
None - -
Preventive TSR
Control | Safety Function Comments
None | - -

Control Mema: Controls based on SER, Ref. Letter from R. 1. Schepens, ORP, to E. . Aromi, CHG, DOE-ORP: 02-TED-032,
“CONTRACT NO. DE-AC27-99RL14047 -Approval of Long-Length Equipment Removal Activities for Single-Shell

Tank (SST) 241-C-106."

Revision to Original HAZOP: This is a new hazardous condition identified during subsequent work package preparation for

removal of long-length equipment

Material At Risk: Tank waste.

Remarks: $2/E2 based on Safety Evaluation Report (SER) (Ref. Letter from R. J. Schepens, ORP, to E. §. Aromi, CHG. DOE-

ORP: 02-TED-032, "CONTRACT NO. DE-AC27-99RL14047 - Approval of Long-Length Equipment Removal

Activities for Singie-Shell Tank (S5T) 241-C-106").

F3 based on analyzed accident, Natural Phenomena - High Wind.

The SER requires the following additional controls specific to removal of equipment from 241-C-106:

+  The receiver bag to be used for the heel pump will be designed and constructed of material of suftficient

strength to contain the MAR resulting from postulated failures of equipment (i.¢., the heel pump flexible
hose and 590 1b of waste). The design and material of the receiver bag as described by drawing H-2-
79350, "TWRS 70' Flexible Receiver Bag Assy for 42" Riser." will be verified by mock-up testing. To
ensure receiver bags have not degraded during storage, the receiver bag used shall have been storage less
than seven years and protected from ultraviolet light.

This hazardous condition was evaluated by USQ TF-03-001, Rev. 0.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI06PHASE [Release of radioactive or hazardous materials 1Gas release event induced by large water 52 F2 E2 05X
1-B-01 from tank 241-C-106 to atmosphere through  [intrusion (misroute) into tank with ignition
breached filters due to ignition of flammable  pf flammable gas and resulting filter
[zas breach
Structures, Systems, and Components (85Cs)
Mitigative SSCs
SSC Classification
) 88 SC Safety Function Comments
None -- - - -
Preventive SS5Cs
Classification
S8C SS SC Safety Function Comments
SS8T Ventilation Systems - X Prevents the accumulation of None
flammable gas due o steady state
ccumulation, thus reducing the
frequency of a flammable gas
eflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.14 Emergency Preparedness (Response  Mitigates the consequence of a flammable gas N
g one
Procedures) detlagration.
IAC; 5.18 HEPA Filter Controls Rt;duccs thp consequences ofa ,HEPA filier None
failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

H.CO; 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
systems.

RPP-13547, Rev. 0, Evaluation of the Potential
lor Tank 241-C-106 to Achieve a Flammable
Gas Atmosphere concluding that the waste
volume in 241-C-106 is insutficient to generate
sufficient gas to reach lower flammability limit
with barometric breathing.

Measuring and Test Equipment

arametets specified in the TSR 1s maintained.

IAC: 5.9 Flammability Controls lAssures flammable gas hazards are managed. None

IAC: 5.1 0 Ignition Controls Reduces _frequency of flammable gas None
[deflagrations.

IAC: 5.11 Flammable Gas Monitoring Controls Reduces _ﬁ'equency of flammable gas None
deflagrations.
[Ensures that the final tank states remain within

IAC; 5.12 Transfer Controls the analyzed topography of the flammable gas None
deflagrations accident.

|AC: 5.19 Process Instrumentation and [Ensures that equipment used to verify process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks:

$21E2 based on analyzed accident, flammable gas deflagration.

FI based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume m 241-C-106 is insufficient to generate sufficient
gas to reach lower flammability limit with barometric breathing.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-FLUSHOI.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase | Retrieval of 241-C-1086 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep

1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE Release of radioactive or hazardous material  |Leak of service water saturates soil above S1 FO El -
1-B-02 from tank 24 1-C-106 to the atmosphere tank 241-C-106 causing tank overload and

through unfiltered pathways due to tank failureidome cracking
due 10 excessive loads

(Structures, Systems, and Components (SSCs)

Mitigative SSCs

SSC Classification
S8 SC Safety Function Comments
None - - - —
Preventive SSCs
Classification
S5C SS SC Safety Function Comments
None -- - - --

Technical Safety Requirements (TSRs)

Mitigative TSR

Control Safety Function. Comments

None - -

Preventive TSR

Control ] Safety Function Comments

None ] - -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix. Table 3.3.1.5-2 in the
FSAR. By established convention, the related ficld in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: Tank waste.
Remarks: S1/E1 based on limited release of tank headspace aerosels through cracked dome.
FO based on documented anatysis WHC-SD-TWR-RPT-002, Structural fntegrity and Potential Failure Modes of the

Hanford High-Level Waste Tanks. Rev. 0-a. concluding water loading in soil cover is insufficient to damage dome.
This hazardous condition evaluated in RPP-13537, Rev. 0, Safery Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
ID Hazardous Condition Cause Cat Cat Cons | Acc
CIl06PHASE [Release of liquid waste from tank 241-C-f 06  |Large water intrusion resulting in high S0 F3 E2 --
1-B-03 to soil subsurface due to service water leak in  [liquid level in tank and primary liner
siuice nit rupture
(Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification '
SS SC Safety Function Comments
None - - -
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - _
Preventive TSR
Control | Safety Function Commetits
None l - -

Control Memo: No Safety SSCs or TSRs - Hazardous Conditions with significant environmental impact but low safety consequence
S0/S1) are addressed by Envirenmental Controls specified in Tank Farms FSAR Section 3.3.2.3 4, Environmental

Protection (Table 3.3.2.3.4-1).
Revision to Original HAZOP:  None
Material At Risk: Tank waste.

Remarks: E2 consistent with small amount of waste in tank.
F3 based on based on unknown condition of waste tank above last beach line,

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive liquid from tank 241-C- [Intrusion of water into tank 241-C-105 50 F1 E0 -
i-B-04 106 to tank 241-C-105 due to large water from tank 241-C-106 due to cascade effect
intrusion
(Structures, Systems, and Components (SSCs)
Mitigative S5Cs
$SC Classification
) SS SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
SSC sS SC Safety Function Comments
None - - -- --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control I Safety Function Comments
None | - -

Control Memo: No controls required for S0 event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the

Remarks:

FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: NA

50 based on no worker exposure.

EQ based on no release to environment.
F1 based on a water intrusion of over 500,000 gals to reach the cascade is considered extremely unlikely.

This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-ALLOO.
241-C-105 is listed as a sound tank.
This hazardous condition evaluated in RPP-13357, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.




RPP-13557REV 0

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
D Hazardous Condition Cause Cat Cat Cons | Acc
Cl106PHASE [Release of radioactive or hazardous materials [Supernatant transter pump in tank 24§-C- S2 F3 E2 33DX
1-B-05 from service water system to atmosphere due  [106 is started during the flush of transfer

%o spray leak from starting supernatant transfer [line and flosh line is filled and pressurized

ump in tank 241-C-106 during the flush of  [esulting in flushline leak or backflow into
ransfer line the service water system

(Structures, Systems, and Components (SSCs)

Mitigative $5Cs
Classification

SS SC Safety Function Comments

Pressure Switch Interlock or Alarm Systems X - [The safety function is to detect backflow  [This is a mitigative SSC when the
Service Water Lines) into the piping systems physically system is tested at less than full line
onnected to the waste transfer route, and pressure.

o either interlock or alarm to alert
perators 1o take action to shut down the
ransfer pump (or other motive force), thus
reventing a waste feak from the transfer
vstem, and thereby decreasing the
requency of a Waste Transfer Leak
ccident.

SsSC

Preventive SSCs
Classification

S§C $S SC Safety Function Comments

Pressure Switch Interlock or Alarm Systems X -~ [The safety function is to detect backflow  [This is a preventive system when
KService Water Lines) into the piping systems physically the system is tested at full line
connected to the waste transfer route, and tojpressure.

either interlock or alarm to alert operators
to take action to shut down the transfer
pump (or other motive force), thus
preventing a waste leak from the transfer
system, and thereby decreasing the
frequency of a Waste Transfer Leak
jecident.

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
LCO: 3.1.2: Service Water Pressure Detection  [Ensure operability of pressure switch interlock or None
Systems lalarm systems.
IAC; 5.16 Emergency Preparedness Mitigate the consequences of a waste transfer leak None
1.¢., pool on or near the ground surface) by moving
workers away from the waste pool.

(AC; 5.19 Process Instrumentation and [Ensures that equipment used to verify process Nene
easuring and Test Equipment arameters specified in the TSR is maintained.
Preventive TSR
Control | Safety Function Comments

LCO; 3.1.2: Service Water Pressure Detection  [Ensure operability of pressure switch interlock or None
Systems larm systems.

IAC: 5.20 Transfer Pump Administrative Lock  [Eliminates motive force, thus preventing unplanned None
Controls transfers.

Control Memo: Controls based on analyzed accident. Waste Transfer Leak.
Revision to Original HAZOP:  None
Material At Risk: Tank waste.

Remarks: S2/E2 based on analyzed accident. Waste Transfer Leak
F3 based on anticipated worker error.
This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-FLUSH02 . *
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
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Closure.

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE iRelease of radioactive or hazardous materials |Valve alignment is incorrect or leaking 52 F3 E2 33DX
1-B-06 from service water system to atmosphere due valves cause waste from the supernatant
o spray leak from a backflow of tank waste  fransfer pump in Tank 241-C-106 to
into the service water system backflows mnto service water system
esulting in waste leak

(Structures, Systems, and Components (SSCs)

Mitigative S5Cs

Classification
S8 SC Safety Function Comments

IPressure Switch Interlock or Alarm Systems X -~ IThe safety function is to detect backflow  [This is a mitigative SSC when the
kService Water Lines) into the piping systems physically system 1is tested at less than full line
connected to the waste transfer route, and [pressure.
ko either interlock or alarm to alert
operators to take action to shut down the
transfer pump (or other motive force), thus
preventing a waste leak from the transfer
system, and thereby decreasing the
frequency of a Waste Transfer Leak
accident.

S8C

Preventive SSCs

Classification

S5C SS SC Safety Function Comments

Pressure Switch Interlock or Alarm Systems X -- [The safety function is to detect backflow  [This is a preventive system when
Service Water Lines) into the piping systems physically the system is tested at full line
lconnected 1o the waste transfer route, and topressure.

either interlock or alarm to alert operators
to take action to shut down the transfer
pump (or other motive force), thus
preventing a waste leak from the transfer
system, and thereby decreasing the
frequency of a Waste Transfer Leak
jaccident.

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
LCO: 3.1.2: Service Water Pressure Detection  [Ensure operability of pressure switch interlock or Nane
Systems larm systems.
AC; 516 Emergency Preparedness Mitigate the consequences of a waste transfer leak None
i.e., pool on or near the ground surface) by moving
vorkers away from the waste pool.
IAC: 5.19 Process Instrumentation and [Ensures that equipment used to venify process None
Measuring and Test Equipment arameters specified in the TSR is maintained.

Preventive TSR

Control Safety Function Comments
LCO: 3.1.2: Service Water Pressure Detection  [Ensure operability of pressure switch intertock None
Bystems or alarm systems.
IAC: 5.20 Transfer Pump Admunistrative Lock  [Eliminates motive force, thus preventing None
IControls unplanned transfers.

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None
Material At Risk: Tank waste.

Remarks: $2/E2 based on analyzed accident, Waste Transfer Leak
F3 based on anticipated worker error.
This hazardous condition derived from Project W-320 hazardous cendition # W320-BCD-FLUSHO2.*
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This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE Release of radioactive liquid from tank 241C- [Large water intrusion (Service water, 52 Fl E2 33CX
1-B-07 106 to the soil surface due to tank overflow  surtace flood, cascade) or excessive
transter causing overflow of tank
(Structures, Systems, and Components (SSCs)
Mitigative SSCs
e Classification
S8 SC Safety Function Comments
None - -- - -
Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
None - -- -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
IAC; 5.16 Emergency Preparedness Mitigate the consequences of a waste transfer leak None
i.e., pool on or near the ground surface) by
imoving workers away from the waste pool.
IAC; 5.19 Process Instrumentation and Ensures that equipment used to verify process Nane
easuring and Test Equipment arameters specified in the TSR is maintained.
Preventive TSR
Control Safety Function Comments

Mosnitoring Program

IAC; 5.21 Tank Service Water Intrusion

Ensures that equipment used to verify process
parameters specified in the TSR is maintained.

systems.

Includes visual surveillance and surveillance
of service water tlow totalizers or tank level

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None
Material At Risk: Tank waste.
Remarks: $2/E2 based on analyzed accident, Waste Transfer Leak
F1 based on a water intrusion or misroute of over 500,000 gal to reach the cascade is considered extremely unlikely.

This hazardous condition derived from Project W-320 hazardous condition # W320-ABCD-ALLO7.

This hazardous condition evaluated in RPP-13357, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1); Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radicactive or hazardous waste [Rupture of a hydraulic line to the sluicing S2 F2 E2 07X
1-B-08 ifrom the sluice or pump pit on 241-C-106 to icutation actuators leaks into the 241-C-
ithe atmosphere due to hydraulic fluid fire in 06 sluice or pump pit and is ignited
the pit eleasing contamination in the pit
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification )
SS SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None -- - - .-
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5 14 Emergency Preparedness (Response  [Mitigates the consequence of a fire in None
IProcedures) contaminated area.
Preventive TSR
Control Safety Function Comments
None - —

Revision to Original HAZOP:

Material At Risk: Contamination from pit.
S2/E2 based on analyzed accident, Fire in Contaminated Area.

Remarks:

Control Memo: Controls based on analyzed accident, Fire in Contaminated Area.
None

F2 based on difficulty of igniting hydraulic fluid when no normal heat source is present in the pit.
The HAZOP team discounted ignition of hydraulic fluid in the tank due to the presence of large amounts of water

relative to the amount of hydraulic fluid that could leak to the tank.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
ID Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE |Release of radivactive or hazardous material  |A hot spot or spark from the supernatant S2 F2 E2 05X
1-B-09 from tank 241-C-106 to the atmosphere due to ftransfer waste pump 1gnites flammable
flammable gas deflagration wgas released during sluicing causing failure
of the ventilation system and continued
nfiltered release
Structures, Systems, and Components (SSCs)
Mitigative $5Cs
SSC Classification
) S8 SC Safety Function Comments
None - -- - -
Preventive $5Cs
Classification
SSC S8 SC Safety Function Comments
SST Ventilation Systems - X [Prevents the accumulation of flammable None
9as due to steady state accumulation, thus
reducing the frequency of a flammable gas|
deflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a tire in None
Procedures) lcontaminated area.
IAC; 5.18 HEPA Filter Controls Reduces the consequences of a HEPA filter None
ifailure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

[LCD:; 3.2.3 SST Ventilation Systems-Passive

IEnsures operability of the passive ventilation
systems.

RPP-13547, Rev. 0, Evaluation of the
\Potential for Tank 241-C-106 to Achieve a
\Flammable Gas Atmosphere concluding that
the waste volume in 241-C-106 is insufficient
to generate sufficient gas to reach lower
flammability limit with barometric breathing.

IMeasuring and Test Equipment

arameters specified in the TSR i1s maintained.

IAC; 5.9 Flammabikity Controls lAssures flammable gas hazards are managed. None
AC: 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.
AC: 5.11 Flammable Gas Monitoring Controls dRed“C"s frequency of flammable gas None
eflagrations.
nsures that the final tank states remain within the None
IAC: 5.12 Transfer Controls alyzed topography of the flammable gas
ideflagrations accident.
IAC; 5.19 Process Instrumentation and [Ensures that equipment used to verity process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace acrosols and HEPA filter loading.

Remarks:

S2/E2 based on analyzed accident, Flammable Gas Detflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-196 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 ts insufficient to generate sutficient

gas to reach lower flammability limit with barometric breathing.
This hazardous condition evatuated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous materials [During sluicing operations sluicer moves §1 Fl El --
i-C-01 from tank 241-C-106 to atmosphere due to tank debris in waste impacting drop leg or in
dome breach from impact tank equipment which breaches dome
lcausing unfiltered release (assumes
ventilation system failure)
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
S0 Classification
S8 SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
SsC S8 SC Safety Function Comments
None - - -- --
Technical Safety Requirements {TSRs)
Mitigative TSR
Control Safety Function. Comments
None -~ -
Preventive TSR
Conirol [ Safety Function Comments
None ] - -

Control Memo: No controls required for S1/F1 event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: SST headspace aerosols

Remarks: S1/E1 based on limited amount of material that could be released through small crack or breach in dome.
F1 based on drop legs being high in head space such that any debris that could be moved that far would be very small
and light and extremely unlikely to cause any damage.
This hazardous condition derived from Project W-320 hazardous conditien # W320-D-TRANS03.
This hazardous condition evaluated in RPP-13557, Rev. O, Safety Evaluation of Phase 1 Retrieval of 241-C-106 jor

Closure.
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Control

Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
Cl06PHASE [Release of radioactive or hazardous material [Mechanical failure causes sluicer to fall S0 Fl E2 -
1-C-02  ifrom 241-C-106 to the 501l column due to tank jpuncturing tank bottom
liner breach
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
None - - - -
Preventive S5Cs
Classification
S8C 5SS SC Safety Function Comments
None - - - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Functien Comments
None l - -

Control Memo: No Safety SSCs or TSRs - Hazardous Conditions with significant environmental impact but low safety consequence
(SQ/S1) are addressed by Environmental Controls specified in Tank Farms FSAR Section 3.3.2.3.4, Environmental

Protection (Table 3.3.2.3.4-1).

Revision to Original HAZOP:  None
Material At Risk: Tank waste

50 based on depth of release, which will not affect workers.
E2 based on release of tank waste to soil column.

F1 based on having to completely fail large metal structure.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase I Retrieval of 241-C-106 for

Remarks:

Closure.
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Control

Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material  [Sluice jet impinges on weak section of 50 F2 E2 -
i-C-03 lfrom 241-C-106 to the soil column due to tank fank wall causing minor leak of water or
liner breach tank waste behind kiner and subsequent
leak to soil column
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
S58C S8 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None -- -
Preventive TSR
Conirol | Safety Function Comments
None | - -

Control Memo: No Safety SSCs or TSRs - Hazardous Conditions with significant environmental impact but low safety consequence
(50/81) are addressed by Environmental Controls specified in Tank Farms FSAR Section 3.3.2.3 4, Environmental

Protection (Table 3.3.2.3.4-1).

Revision to Original HAZOP:  None
Material At Risk: Tank waste
S0 based on depth of release, which will not atfect workers.

E2 based on release of tank waste to soil column.
F2 based on tank being at the end of design tife.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 jor

Remarks:

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE Release of radioactive or hazardous material ~ Sluice jet impinges on fiashing causing S0 F3 E2 -
1-C-04 lfrom 241-C-106 to the soil column due to tank minor leak of water or tank waste behind
liner breach liner and subsequent leak to soil column
Structures, Systems, and Components (S5Cs)
Mitigative S8Cs
$8C Classification
SS SC Safety Function Comments
None - -- - --
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
Nong - -- - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control [ Safety Function Comments
None L -- -

Control Memo: No Safety SSCs or TSRs - Hazardous Conditions with significant environmental impact but low safety consequence
(SO/S1) are addressed by Environmental Controls specified in Tank Farms FSAR Section 3.3.2.3 4, Environmental

Protection (Table 3.3.2.3.4-1).

Revision to Original HAZOP:  None
Material At Risk: Tank waste

Remarks:

50 based on depth of release, which will not affect workers.
E2 based on release of tank waste to soil celumn,
F3 based on tank design where the lead flashing does not provide a seal when a jet of liquid impinges directly on the

underside.

The sluicer design limits sluice nozzle from reaching horizontal. The sluicer design shows nozzle deploved lower than

fiashing.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE [Transfer of contaminated sluice water to 241- Sluice jet impinges on cascade line causing SO F3 EO -
1-C-05 IC-105 due to backflow of sluice water through water to backflow to 241-C-105
cascade line
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
550 Classification
85 SC Safety Function Comments
None -- - -- --
Preventive SSCs
Classification
SS8C S8 5C Safety Function Comments
Nene - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function [ Comments
None | - | -

Control Memo: No controls required for S0 event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the

Remarks:

FSAR. By established convention, the related field in the Hazard Analysis Database is teft blank.
Revision to Original HAZOP:  None
Material At Risk: Tank waste

S0 based on no release to surface. and

EO based on no release of waste as 241-C-105 is considered to be a sound tank.

no dose to workers.

F3 based on cascade line being open and accessible by the jet with no indexing lLimiter.
This hazard would cause a program delay because of the prohibition of adding waste to a SST.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-1086 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
Cl106PHASE Release of ionizing radiation and radioactive  [Excessive solids i slurry flow towards 52 FO E2 01X
1-C-06 lgas from tank 241-C-106 to the atmosphere  supernatant transfer pump
due to criticality in the tank

Structures, Systems, and Components (SSCs)
Mitigative SSCs

$SC Classitication
SS SC Safety Function Comments
None -- - - =
Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function Comments
None | - -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: Radioactive fission gasses

Remarks: S1/E2 based on analyzed accident, Nuclear Criticality.
F0 based on calculations found in RPP-7475, Rev. 1, Criticafity Safety Evaluation of Hanford Tank Farms Facility, that
cencludes that sluicing or transfer and storage of the waste in 241-C-106 will not create the possibility of a criticality.
This hazardous condition derived from Project W -320 hazardous condition # W320-BCD- TRANSO2b.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure,
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
ID Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of 1onizing radiation and radioactive  [Matenial reaches critical mass/formation 52 FG E2 01X
1-C-07 as from tank 241-C-106 to the atmosphere  [dunng sluicing activities
Fue to criticality in the tank
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
S8 S5C Safety Function Comments
None - -- -- --
Preventive SSCs
Classification
S8SC SS SC Safety Function Comments
None -- - - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - --
Preventive TSR
Control | Safety Function Comments
None | - -

Control Memo: No controls required for F0 event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the

Revision to Original HAZQP:

FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

None

Material At Risk: Radioactive fission gasses

Remarks:

S1/E2 based on analvzed accident,

Nuclear Criticality.

FO based on caiculations found in RPP-7475, Rev. 1, Criticality Safety Evaluation of Hanford Tank Farms Facility, that
concludes that sluicing or transfer and storage of the waste in 241-C-106 will not create the possibility of a criticality.
This hazardous condition derived from Project W -320 hazardous condition # W320-BCD- TRANS04.
This hazardous condition evaluated in RPP-13557, Rev. O, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freg Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE |Release of radioactive or hazardous materials [The sluicer impinging into the solids S2 F2 E2 05X
1-C-08 from tank 241-C-106 to atmosphere due to releasing a region of retained flammable
lammabie gas deflagration was which is then ignited
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification
S8 SC Safety Function Comments
None -- -- -- --
Preventive SSCs
Classification
S§5C SS SC Safety Function Comments
SST Ventilation Systems - X [Prevents the accumulation of None
lammable gas due to steady state
ccumulation, thus reducing the
requency of a flammable gas
eflagration
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC. 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas None
Procedures) deflagration.
IAC: 5.18 HEPA Filter Controls Reduces the consequences of a HEPA filter None
[Failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

ILCO: 3.2.3 5ST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
systems.

IRPP-13547, Rev. 0, Evaluation of the Potential
for Tank 241-C-106 to Achieve a Flammable
Gas Atmosphere concluding that the waste
volume in 241-C-106 is insufficient to generate
sufficient gas to reach lower flammability limit
with barometric breathing.

IMeasuring and Test Equipment

arameters specified in the TSR is maintained.

IAC: 5.9 Flammability Controls |Assures tlammable gas hazards are managed, None

IAC; 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.

IAC: 5.11 Flammable Gas Monitoring Controls |[Reduces frequency of flammable gas None
[deflagrations.

IAC; 5.12 Transfer Controls [Ensures that the final tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident.

IAC: 5.19 Process Instrumentation and [Ensures that equipment used to verity process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revisien to Original HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks:

52/E2 based on analyzed accident, Flammable Gas Deflagration.

2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potentral for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient
gas to reach lower flammability limit with barometric breathing.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANSI7.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freg Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE |Release of radioactive or hazardous material  Sluicing nozzle strikes object when being 52 F2 E2 05X
1-C-09 from 241-C-106 to the atmosphere due to a  lindexed causing spark and ignition of
flammable gas deflagration flammable gas with damage to the
ventilation system
Structures, Systems, and Components (S5Cs)
Mitigative SSCs
$SC Classification
S8 SC Safety Function Comments
None -- - - _
Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
SST Ventilation Systems - X [Prevents the accumulation of flammable None
was due to steady state accumulation, thus
reducing the frequency of a flammable
Jgas detlagration
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas Nane
Procedures) ideflagration.
. . Reduces the consequences of a HEPA filter Nene
(AC: 518 HEPA Filter Controls failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

LCO; 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
lsystems,

IRPP-13547, Rev. 0. Evaluation of the Potential
for Tank 241-C-106 to Achieve a Flammable
KGas Atmosphere concluding that the waste
ivolume in 241-C-106 is insuftficient to generate
sufficient gas to reach lower flammability limit
with baremetric breathing.

Measuring and Test Equipment

arameters specified in the TSR is maintained.

IAC: 5.9 Flammability Controls |Assures flammable gas hazards are managed. None

IAC; 5.10 Ignition Controls [Reduces frequency of flammable gas None
deflagrations.

IAC; 5.11 Flammable Gas Monitoring Controls Reduces frequency of flammable gas None
deftagrations.

IAC: 5.12 Transfer Controls Ensures that the final tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident.

IAC: 5.19 Process Instrumentation and [Ensures that equipment used to verify process None

Control Memao: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace aeroscls and HEPA filter loading.

Remarks:

$2/E2 based on analyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufticient 1o generate sufficient
gas to reach lower flammability limit with barometric breathing.
The sluicer position in tank preciudes striking tank wall, floor, or in-tank equipment.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI06PHASE [Release of radioactive or hazardous material  [Sluice jet moves debris causing spark and 52 F2 E2 065X
1-C-10  [from 241-C-106 to the atmosphere due toa  |flammable gas ignition with damage to the
flammable gas deflagration lventilation system
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification
SS SC Safety Function Comments
None - - - —
Preventive SSCs
Classification
SSC sS SC Safety Function Comments
SST Ventilation Systems - X [Prevents the accumulation of None
flammable gas due to steady state
{accumulation, thus reducing the
frequency of a flammable gas
deflagration
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas None
Procedures) Keflagration.
. . Reduces the consequences of a HEPA filter None
AL 5 18 HEPA Filter Controls railure by himiting the inventory available.
Preventive TSR
Control Safety Function Comments

ILCO: 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
systems.

IRPP-13547, Rev. 0, Evaluation of the Potential
Vor Tank 241-C-106 to Achieve a Flammable
Kias Atmosphere concluding that the waste
volume in 241-C-106 is insufficient to generate
sufficient gas to reach lower flammability limit
with barometric breathing.

Measuring and Test Equipment

arameters specified in the TSR is maintained.

IAC:, 5.9 Flammability Controls |Assures flammable gas hazards are managed. None

IAC: 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.

IAC: 5.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations.

IAC: 5.12 Transfer Controls [Ensures that the final tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident.

IAC: 5.19 Process Instrumentation and Ensures that equipment used to verify process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks:

$2/E2 based on analyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 te Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient

gas 1o reach Jower flammability limit with barometric breathing.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE Release of radioactive or hazardous material [Hydraulic reaction force of jet bends 52 F2 E2 05X
1-C-11 from 241-C-106 to the atmosphere due toa  sluicing mechanism against riser causing
flammable gas deflagration friction when indexing and ignition of
flammable gas with damage to the
[ventilation system
Structures, Systems, and Components (SSCs)
Mitigative SSCs
$SC Classification
S8 SC Safety Function Conmumnents
None - - - -
Preventive SS5Cs
Classification
S5C S§ SC Safety Function Comments
SST Ventilation Systems - X [Prevents the accumulation of flammable None
oas due to steady state accumulation, thus
reducing the frequency of a flammable
leas deflagration
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas None
Procedures) deflagration.
IAC, 5.18 HEPA Filter Controls Reduces the cansequences of a HEPA filter None
tailure by limiting the inventory avaitable.
Preventive TSR
Control Safety Function Comments

L.CO; 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
kKystems.

RPP-13547, Rev. 0, Evaluation of the Potential
Jor Tank 241-C-106 to Achieve a Flammable
iGas Atmasphere concluding that the waste
votume in 241-C-106 is insufficient to generate
sufficient gas to reach lower flammability limit
(with barometric breathing.

Measuring and Test Equipment

arameters specified in the TSR is maintained.

IAC; 3.9 Flammability Controls lAssures flammable gas hazards are managed. None

IAC; 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.

IAC; 5.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations,

IAC: 5.12 Transfer Controls [Ensures that the final tank staies remain withim None
the analyzed topography of the flammable gas
deflagrations aceident.

|AC; 5.19 Process Instrumentation and [Ensures that equipment used to venify process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:
Material At Risk:
Remarks:

None
Tank headspace aerosols and HEPA filter loading.
52/E2 based on analyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. O, Evaluation of the Potential for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 15 insufficient to generate sufficient

gas to reach lower flammability limit with barometric breathing.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C- 106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
ID Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material [Water spray threugh sluice nozzle cools 52 F1 E2 13X
1-C-12 ifrom 241-C-106 to the atmosphere due toa  ftank headspace resulting in excessive tank
flammable gas deflagration ivacuum damaging tank

Structures, Systems, and Components (SSCs)
Mitigative S5Cs

SSC Classification
58 SC Safety Function Comments
None -- - - -
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None - - - -

Technical Safety Requireménts (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - -
None - -
Preventive TSR
Control | Safety Function Comments
Noene | - --
Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation
Protection).

Revision to Original HAZOP:  None

Material At Risk: Tank waste.

Remarks: S2/E2 based on limited amount of material that remains in tank that could be released via a major tank structural failure.
F1 based on based on analyzed accident that found this type of failure to be extremely unlikely.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-FLUSHO04.

Accident analysis specifies structural failure due to excessive pressure (vacuum) is not credible.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat [ Cons | Acc
C106PHASE |Release of radioactive or hazardous materials |Water spray through anti-siphon holes 52 Fl E2 13X
1-C-13 from tank 241-C-106 to atmosphere due to causes rapid cooling of the headspace
vacuum induced tank damage resulting in excessive tank vacuum and
tank breach

Structures, Systems, and Components (SSCs)
Mitigative SSCs

SC Classification
SS§ SC Safety Function Comments
None - -- -- .-
Preventive S5Cs
Classification
SSC SS SC Safety Function Comments
None - - -- --

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - -
None - -
Preventive TSR
Control [ Safety Function Comments
None [ - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radation
Protection).

Revision to Original HAZOP:  None

Material At Risk: Tank waste.

Remarks: S2/E2 based on limited amount of material that remains in tank that could be released via a major tank structural failure.
F1 based on based on analyzed accident that found this type of failure to be extremely unlikely.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-FLUSHO5.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 jor
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env | Rep
iD Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material  [Slutcing reduces the confinement over a S2 FO El -
1-C-14 lfrom tank 241-C-106 to the atmosphere due to fhot spot in the sludge where the
steam bump ternperature has reached saturation causing
r la localized steam eruption

Structures, Systems, and Components (S5Cs)
Mitigative S5Cs

SSC Classification
S8 SC Safety Function {omments
None - -- - -
Preventive SSCs
Classification
S55C SS SC Safety Function Comments
None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function, Comments
None - -
None - -

Preventive TSR

Control | Safety Function Comments
None l - -
Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: HEPA loading and tank headspace aerosols
Remarks: S2/E1 based on limited release from small, [ocalized steam release.
FO based on report RPP-13707. Rev. 0, Process Control Plan for Tank 241-C-106 Closure, concluding that heat loading
that would create steam eruptions is not an issue.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safesy Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of liquid waste from tank 241-C-106 [High pressure sluice induces movement of | 82 FO F2 18AX
1.C-15 to the soil and aeroscl release to the idebris present in waste which impact and
fatmosphere due to steam bump in iner gap  |[breaches the tank liner resulting in water
lleakage into liner gap, steam formation
land bump breaching tank bottom
Structures, Systems, and Components (S5Cs)
Mitigative SSCs
SSC Classification
58 SC Safety Function Comments
None -- - -- -
Preventive S5Cs
Classification
S8C S8 SC Safety Function Comments
None -~ -- - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - --
None - -~
Preventive TSR
Control | Safety Function Comments
None | - --

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix. Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOQP;
Material At Risk: Tank Waste
Remarks:

None

S2/E1 based on analyzed accident, Tank Bump.

FO based on report RPP-13707, Rev. 0, Process Comtrol Plan for Tank 241-C-106 Closure, concluding that heat loading
that would create steam eruptions is not an issue.

This hazardous condition derived from Project W-320 hazardous condition # W320-D-TRANS09.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardeus materials (Condensation of vapor in head space of 52 FO E2 18BX
1-C-16 [from tank 241-C-106 to atmosphere through  fttank 241-C-106 resulting from the
failed filters due to condensation of vapor in  breaking off sluicer head causes large
lhead space pressure drop in the dome space (sluicer
failure, water hammer, thermal shock,
corrosion or fatigue) causing reverse
airflow and HEPA filter failure
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
$5C Classification ‘ ‘
S5 SC Safety Function Comments
None - -~ -
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
None -- -
Preventive TSR
Control ! Safety Function Comments
None ! - -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:

None

Material At Risk: HEPA filter loading and tank headspace aerosols

Remarks:

S$2/E1 based on analyzed accident, Unfiltered Reiease.

F( based on insutficient heat loading in tank waste to raise dome space temperature above ambient service water

temperature such that spray would cause a large pressure drop.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANS03.
This hazardous condition evaluated in RPP-13557. Rev. (, Sqfety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous materials [Pipe/connector fault or improper assembly S2 F3 E2 33AX
1-C-17 from tank 241-C-106 sluice pit due to spray  Kcauses pipe or jumper breach with cover
leak from jumper or pipe breach, cover block [lock in place
in place
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification i
88 SC Safety Function Comments
Transfer Leak Detection Systems X -- |Detects & leak and provides an alarm to None
lert operators to take mitigative action.
Master Pump Shutdown System X -- Detects transfer system leaks via leak None
detectors, provides an interlock to shut
down the transfer pump, and provides an
larm to alert workers to take mitigative
Ecti(}ns.
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - -~ - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
LCO; 3.1.3 Transfer Leak Detection Systems  [Ensures operability of the transfer leak detection| None
kystemns.
IAC; 5.12 Waste Transfer Controts (Operating  [Requires periodic material balances to provide 2| None
[Requirements, Material Balance) imeans to detect transfer line teaks or misroutes,
@allowing workers to take mitigative actions.
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a waste transfer None
Procedures) leak (i.e., pool on or near the surface) by
moving workers away.
IAC: 5.19 Process Instrumentation and [Ensures that instruments wsed to perform None
Measuring and Test Equipment matenat balance tank level monitoring, or
service water monitoring are calibrated.
IAC; 5.22 Transfer System Cover Removal Reduces exposure of facility and onsite workers None
KControls lto waste aerosols and direct radiation (shine and
iskyshine) due to leaks into transfer system
structures.
IAC: 5.24 Safety Management Programs Mitigates facility worker and onsite wotker [Radiation protection practices detect
Radiation Protection) consequences due to in-tank waste leaks. lcontamination on the soil or in structures.
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Control Decision Record (con’t)

Preventive TSR

Control [ Safety Function Comments

None | -- -

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:  None

Material At Risk: Tank waste

Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak.
F3 based on anticipated jumper or connection leak.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANS31.
The analyzed accident credits transfer system covers and above grade structures to reduce waste acrosol release by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortuous path for
aerosol release from a structure.
This hazardous condition evaluated in RPP-13557. Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
iD Hazardous Condition Cauge Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous materials |[Pipe/connector fault or improper assembly S2 F3 E2 33AX
1-C-18 from tank 24 §-C-106 sluice pit to atmosphere causes pipe or jumper breach with cover
[due to spray leak from pipe or jumper breach  [plock off
with cover block off
Structures, Systems, and Components (SSCs)
Mitigative SS5Cs
SSC Classification i ‘
58 SC Safety Function Comments
Transter Leak Detection Systems X -~ |Detects a leak and provides an alarm to None
falert operators to take mitigative action.
Master Pump Shutdown Systemn X - ctects transfer system leaks via leak None
etectors, provides an interlock to shut
own the transfer pump, and provides an
larm to alert workers to take mitigative
ctigns.,
Preventive S8Cs
Classification
§SC 5§ SC Safety Function Comments
None -- - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
ILCO; 3.1.3 Transter Leak Detection Systems  [Ensures operability of the transter leak detection] None
systems.
IAC: 5.12 Waste Transfer Controls (Operating  [Requires periodic material balances to provide a None
Requirements, Material Balance) means to detect transfer line leaks or misroutes,
lallowing workers to take mitigative actions.
IAC; 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a waste transfer None
IProcedures) leak (i.¢., pool on or near the surface) by
Imoving workers away.
IAC: 5,19 Progess Instrumentation and Ensures that instruments used to perform None
Measuring and Test Equipment imaterial balance tank level imomtoring, or
service water monitoring are calibrated.
IAC; 5.22 Transfer System Cover Removal Reduces exposure of facility and onsite workers None
IControls to waste aerosols and direct radiation (shine and
skyshine) due to leaks into transfer system
structures.
IAC; 5.24 Safety Management Programs Mitigates facility worker and onsite worker Radiation protection practices detect
Radiation Protection) consequences due to in-tank waste leaks. contamination on the soil of in structures.
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Control Decision Record (con’t)

Preventive TSR

Control | Safety Function Comments

None | - -

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:  None

Material At Risk: Tank waste

Remarks: $2/E2 based on analyzed accident, Waste Transfer Leak.
F3 based on anticipated jumper or connection leak.

This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANS23.

The analyzed accident credits transfer system covers and above grade structures to reduce waste acrosol release by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortucus path for
acrosol release from a structure,

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Measuring and Test Equipment

Imaterial balance tank level menitoring, or
service water monitoring are calibrated.

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI06PHASE [Release of radioactive or hazardous matenial  [Sluicing with service water for long period| 82 F2 E2 33CX
1-C-19  [from 241-C-106 from pits and risers to the jof time or during back flush with no or
round surface due to overfilling the tank with insutficient pumping causes tank overflow
luice water r
Structures, Systems, and Components (SSCs)
Mitigative 88Cs
$5C Classification
S8 SC Safety Function Comments
None - .- -~ -
Preventive SSCs
Classification
S5C S5 5C Safety Function Comments
None -- - -- --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.12 Waste Transfer Controls {Operating  [Requires periodic material balances to provide a None
IRequirements, Material Balance) Imeans to detect transfer line leaks or misroutes,
lowing workers to take mitigative actions.
IAC; 5.14 Emergency Preparedness (Response  [Mlitigates the consequence of a waste transfer None
[Procedures) leak {i.e., pool on or near the surface) by
moving workers away.
IAC: 5.19 Process Instrumentation and Ensures that instruments used to perform None

IAC; 5.24 Safety Management Programs
Radiation Protection)

Mitigates facility worker and onsite worker

consequences due to in-tank waste leaks.

contamination on

Radiation protection practices detect

the soil or in structures.

Preventive TSR

Control

Safety Function

Comments

None

l

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None

Material At Risk: SST Tank Waste

Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak.

F2 based on having to mis-transfer over 600,000 gal of sluice water before overflowing the tank without taking credit
for backflow to 241-C-105, 106 tanks through the cascade lines.
This hazardous condition evaluated in RPP-13357, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
[1D] Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE Release of radioactive or hazardous material  |Sluice water evaporates in relatively dry 1 F3 El -
1-C-20 lfrom 241-C-1 06 to the atmosphere from headspace causing a momentary positive
unfiltered release paths due to a tank kpike in headspace pressure releasing
pressurization headspace contaminates through unfiltered
leak paths
Structures, Systems, and Components (SSCs)
Mitigative SSCs
$SC Classification
58 SC Safety Function Comments
None - - —
Preventive SSCs
Classification |
S5C 58 SC | Safety Function Comments
None -- - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function Comments
None [ - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Revision to Original HAZOP:

Protection).
None

Material At Risk: Tank headspace acrosols

Remarks:

S1/E!} based on limited release due to the brief period of positive pressure and release.
F3 based on process knowledge from Project W-320, sluicing of SST 241-C-106 where tank pressure was increased

{less vacuum) when sluicing was initiated quickly when the headspace atmosphere was relatively dry.

This hazardous condition evaluated in RPP-13557, Rev, 0, Sgfety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Worker exposed to ionizing radiation when  [Debris {(e.g., tape) damages supernatant 51 F3 EO -
1-D-01 replacing a damaged transfer pump transfer pump which must be replaced
causing unpianned dose to workers
Structures, Systems, and Components (85Cs)
Mitigative SSCs
e Classification
58 SC Safety Function Comments
None - - - --
Preventive §5Cs
Classification
SSC 5SS SC Satety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function, Comments
None - -
Preventive TSR
Control | Safety Function Comments
None | -- -

Control Memo: No safety 5SCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Revision to Original HAZOP:

Protection).
None

Material At Risk: Na

Remarks:

$1 based on worker exposure only.

EO0 based on no release to environment,

F3 based on anticipated equipment

failure.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
ID Hazardous Condition Cause Cat Cat Cons | Acc
CI06PHASE [Worker exposed to iomzing radiation when  [Electric motor hooked up backwards §1 F3 EQ -
1-D-02  freplacing a damaged transfer pump ldriving pump in reverse damages pump
which must be replaced causing unplanned
[dose to workers
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification ) _
SS SC Safety Function Comments
None - e - -
Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
None - - - -~
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function, Comments
None -- -
Preventive TSR
Control | Safety Function [ Comments
None | - I -

Control Memo: No safety 85Cs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).

Revision to Original HAZOP:  None
Material At Risk: Na

Remarks:

S1 based on worker exposure only.

E( based on no release to environment.
F3 based on anticipated equipment failure.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-1006 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI106PHASE [Release of ionizing radiation and radioactive  |Accumulation of material in the pump 52 FO E2 01X
1-D-03 lgas from tank 241-C-106 to the atmosphere  vortices until critical mass condition are
due to criticality in the tank pump vortices Imet

Structures, Systems, and Components (SSCs)
Mitigative SSCs

ssC Classitication
S5 SC Safety Function Comments
None - -- - -
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - - -- -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Satety Function. Comments
None - ==
Preventive TSR
Control | Safety Function Comments
None I -- -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related ficld in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: Radioactive fission gasses

Remarks: $2/E2 hased on analyzed accident, Nuclear Criticality.
F0 based on calculations found in RPP-7475, Rev. |, Criticality Safety Evaluation of Hanford Tank Farms Facility, that
congludes that sluicing or transfer and storage of the waste in 241-C-106 will not create the possibility of a criticality.
This hazardous condition derived from Project W-320 hazardous condition # W320-BCD- TRANS01.This hazardous
condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env | Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material  |A hot spot or spark from supernatant S2 F2 E2 05X
1-D-04 from tank 241-C-106 to the atmosphere due to ftranster pump ignites flammable gas
flammable gas deflagration released during sluicing causing failure of
the ventilation system and continued
nfiltered release
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
$SC Classification
5S 8C Safety Function Comments
None - - - --
Preventive S5Cs
Classification
S5C SS SC Safety Function Comments
SST Ventilation Systems - X  [Prevents the accumulation of flammable None
lzas due to steady state accumulation, thus
reducing the frequency of a flammable
jzas deflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas None
IProcedures) deflagration.
AC: 518 HEPA Filter Controls Reduces the consequences ofa HEPA filter None
ailure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

1.CO: 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
systems.

RPP-13547, Rev. 0, Evaluation of the Potential
or Tank 241-C-JOG6 to Achieve a Flammable
Gas Atmosphere concluding that the waste
volume in 241-C-1 06 is insufficient to generate
sufticient gas to reach lower flammability limit
with barometric breathing.

Measuring and Test Equipment

arameters specified in the TSR is maintained.

IAC: 5.9 Flammability Controls |Assures flammable gas hazards are managed. None

IAC; 5.10 Ignition Controls [Reduces frequency of flammable gas None
deflagrations.

IAC. 3.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations.

IAC: 5.12 Transfer Controls Ensures that the tinal tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident. :

IAC; 5.19 Process Instrumentation and [Ensures that equipment used to verify process None

Control Memo: Controls based on $B, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank heads pace aerosols and HEPA filter loading.

Remarks:

S2/E2 based on analyzed accident. Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-JOG6 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient

gas to reach lower flammability limit with barometric breathing.
This hazardous condition evaluated in RPP-13557. Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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RPP-13557 REV 0

Control Decision Record

1-D-03

from tank 241-C-106 to the atmosphere due to
HEPA filter failure caused by high pressure

caused by a failed component or mis-
lassembly causes excessive aerosols which
plug the HEPA causing failure by high
differential pressure

Cons | Freq | Env | Rep
ID Hazardous Condition Cause Cat | Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous material  |A leak in the supernatant transfer pump 82 F3 E2 06X

Structures, Systems, and Components (5S5Cs)

Mitigative S5Cs
5S¢ Classification
SS SC Safety Function Comments
Ventilation Stack CAM Interlock Systems X - Mitigates the amount of material released None
by shutting down the ventilation system
upon detection of radiation above a set
limit.
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - - - .
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
ILCO: 3.1.4 Ventilation Stack CAM Interlock  |Ensures operability of ventilation stack CAM None
[Systems interlock systems.
IAC, 5 18 HEPA Filter Controls Reduces the consequences of a HEPA filter None
failure by limiting the inventory available.
IAC; 5.19 Process Instrumentation and [Ensures that equipment used to verify process None
Measuring and Test Equipment arameters specified in the TSR is maintained.
Preventive TSR
Control | Safety Function Comments
None | -

Control Memo: Controls based on analyzed accident, HEPA Filter Failure-Exposure 10 High Temperature or Pressure.

Revision to Original HAZOP:  Non
Material At Risk: Tank heads pace aerosol
Remarks:

e
ls and HEPA filter loading.

This would be SI/E] for a passively ventilated system
F3 based on acrosol generation and filter loading during sluicing.
This hazardous condition evalvated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.

D-51

S2/E2 conservatively based on analyzed accident, HEPA Filter Failure-Exposure to High Temperature or Pressose.




RPP-13557 REV {

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env | Rep
D Hazardous Condition Cause Cat | Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous waste from Rupture of a hydraulic line to the sluice 52 F2 E2 07X
1-D-06 the sluice pit on 241-C-106 to the atmosphere  jnozzle indexer leaks into the 241-C-106
ue to hydraulic fluid fire in the pit sluice pit and is ignited releasing
contamination in the pit

Structures, Systems, and Components {(SSCs)

Mitigative S8Cs

e Classification
S5 SC Safety Function Comments
None - -- -- -
Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
None - -- - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Fonction. Comments
IAC: 5.14 Emergency Preparedness (Response  Mitigates the consequence of a fire in None
IProcedures) contaminated area.

Preventive TSR

Control [ Safety Function | Comments

None | - | .

Control Memo: Controls based on analyzed accident, Fire in Contaminated Area.
Revision to Original HAZOP:  None
Material At Risk: Contamination trom pit.
Remarks: $2/E2 based on analyzed accident, Fire in Contaminated Area.
F2 based on difficulty of igniting hydrawlic fluid when no normal heat source is present in the pit.
The HAZQOP team discounted ignition of hydraulic fluid in the tank due to the presence of large amounts of water

relative to the amount of hydraulic fluid that could leak to the tank.
This hazardous condition evaluated in RPP-13557, Rev. 0, Sgfety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

IMeasuning and Test Equipment

material balance tank kevel monitoring, or
service water monitoring are calibrated.

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI106PHASE [Release of radioactive liquid from the receiver [Continued sluicing and pumping from 52 F3 E2 33CX
1-D-07 tank to soil subsurface due to over filling tank 241-C-1 06 resulting in over flow of
receiver tank and above ground leak of
tank waste
Structures, Systems, and Components (SSCs)
Mitigative SSCs
95C Classification
) S8 SC Safety Function Comments
None - - - -
Preventive SSCs
Classitication
SSC SS SC Safety Function Comments
None - - - -~
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. I Comments
IAC: 5.12 Waste Transfer Controls (Operating  [Requires periodic material balances to provide a None
Requirements, Material Balance) eans to detect transfer line leaks or misroutes,
llowing workers to take mitigative actions.
IAC; 3.14 Emergency Preparedness (Responise  Mitigates the consequence of a waste transfer Nene
[Procedures) leak {i.e.. pool on or near the surface) by
moving workers away.
IAC: 5.19 Process Instrumentation and [Ensures that instruments used to pertorm None

IAC; 5.24 Safety Management Programs
Radiation Protection}

Mitigates facility worker and onsite worker
consequences due to in-tank waste Jeaks.

Radiation protection practices detect
contamination on the soil or in structures.

Preventive TSR

Control

{ Safety Function

Comments

None

} -

Control Memo: Controis based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:
Material At Risk: SST Tank Waste.
Remarks:

None

$2/E2 based on analyzed accident, Waste Transfer Leak

F3 based on unlimited amount of sluice water from Hanford service water system.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-ALL12.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control

Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freqi Env Rep
1D Hazardous Condition Cause Cat | Cat | Cons Acc
C106PHASE [Release of radioactive or hazardous materials  [Pipe/connector fault or improper S2 F3 E2 33AX
1-D-08 from tank 241-C-106 pump pit due to spray leak jassembly causes pipe or jumper breach
from jurnper ot pipe breach, cover block in place{with cover block in place
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification
S8 SC Safety Function Comments
Transfer Leak Detection Systems X --  [Detects a leak and provides an alarm to None
lalert operators to take mitigative action.
X -~ [Detects transfer system leaks via leak None
detectors, provides an interlock to shut
Master Pump Shutdown System ldown the transfer pump, and provides an
alarm to alert workers to take mitigative
actions.
Preventive S5Cs
Classification
S8C SS SC Safety Function Comments
None - - -- --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
ILCO:; 3.1.3 Transfer Leak Detection Systems  [Ensures operability of the transfer leak None
detection systems.
IAC; 5.12 Waste Transfer Controls (Operating  |Requires periodic material balances to provide a None
Requirements, Material Balance} Imeans to detect transfer line leaks or misroutes,
llowing workers to take mitigative actions.
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a waste transfer None
Procedures) leak (i.e., pool on or near the surface) by
moving workers away.
IAC;, 5.19 Process Instrumentation and [Ensures that instruments used to perform None
Measuring and Test Equipment material balance tank level monitoring, or
service water monitoring are calibrated.
IAC: 5.22 Transfer System Cover Removal [Reduces exposure of facility and onsite workers None
Controls 0 waste acrosols and direct radiation (shine and
gkyshine) due to leaks into transfer system
structures.
IAC: 5.24 Safety Management Programs Mitigates facility worker and onsite worker Radiation protection practices detect
Radiation Protection) konsequences due to in-tank waste ieaks. contamination on the soil or in structures.
Preventive TSR
Control | Safety Function Comments
None | -- -

Control Memo: Controls based on analyzed accident, Waste Transfer Leak

Revision to Original HAZOP:
Material At Risk: Tank Waste.
Remarks:

None

S$2/E2 based on analyzed accident, Waste Transfer Leak.

F3 based on anticipated jumper or connection leak.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANS30.

The analyzed accident credits transfer system covers and above grade structures to reduce waste aerosol release by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortuous path for
aerosol release from a structure.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Rewrieval of 241-C-106 for

Closure.




RPP-13557 REV {

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env | Rep
1D Hazardous Condition Cause Cat Cat [Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  [Pipe/connector fault or improper assembly S2 F3 E2 33AX
1-D-09 ifrom tank 241-C-106 pump pit to atmosphere [causes pipe or jumper breach with cover
due to spray leak from pipe or jumper breach |block off
ith cover block off
Structures, Systems, and Components (SSCs)
Mitigative SSCs
e Classification
S8 SC Safety Function Comments
Transfer Leak Detection Systems X -- |Detects a leak and provides an alarm to None
alert operators to take mitigative action.
Master Pump Shutdown System X -~ Detects transfer system leaks via leak None
detectors, provides an interlock to shut
idown the transter pump, and provides an
falarm to alert workers to take mitigative
actions.
Preventive 55Cs
Classification
S58C S8 SC Safety Function Comments
None -- -- - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IL.CQ; 3.1.3 Transfer Leak Detection Systems  [Ensures operability of the transfer leak detection) None
systems.
AC: 5.12 Waste Transfer Controls (Operating  [Requires periodic material balances to provide a None
Requirements, Material Balance)} eans to detect transfer line leaks or misroutes,
llowing workers to take mitigative actions.
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a waste transfer None
Procedures) eak (i.e., pool on or near the surface) by
moving workers away.
IAC; 5.19 Process Instrumentation and [Ensures that instruments used to perform None
IMeasuring and Test Equipment imaterial balance tank level monitering, or
lservice water monitoring are calibrated.
IAC; 5.22 Transfer System Cover Removal [Reduces exposure of facility and onsite workers None
IControls to waste aerosols and direct radiation (shine and
skyshine) due to leaks into transfer system
structures.
AC; 5.24 Safety Management Programs Mitigates facility worker and onsite worker Radiation protection practices detect
Radiation Protection) consequences due to in-tank waste leaks. contamination on the soil or in structures.
Preventive TSR
Control [ Safety Function Comments
None ] -- -

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Reyision to Original HAZOP:
Material At Risk: SST Tank Waste.
Remarks:

None

$2/E2 based on analyzed accident, Waste Transfer Leak.

F3 based on anticipated jumper or connection leak.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANS24,

The analyzed accident credits transfer system covers and above grade structures to reduce waste aerosol release by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortuous path for
aerosol release from a structure.
This hazardous condition evaleated in RPP-13557. Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure
" Cons Freq | Env Rep

ID Hazardous Condition Cause Cat Cat | Cons Acc
C106PHASE [Release of radioactive or hazardous material [Leaking valves or incorrect valve 52 F3 E2 313DX
1-D-10 ffrom the service water lines to the surface due to jalignment causes backflow of waste
Ja backflow of waste into service water line during transfer

pump operation with leak through
unmonitored service water system

Structures, Systems, and Components (SSCs)
Mitigative S5Cs

Classification
58 SC Safety Function Comments
[Pressure Switch Interlock or Alarm Systems X -~ [The safety tunction is to detect backflow [This is a mitigative SSC when the
Service Water Lines) into the piping systems physically system is tested at less than full line
kconnected to the waste transfer route, and jpressure.
to either interlock, or alarm to alert
perators to take action to shut down the
transfer pump (or other motive force), thus
preventing a waste leak from the transfer
system, and thereby decreasing the
frequency of a Waste Transfer Leak
lecident.
Isolation Valves X -~ |Limits the misroute of waste from the None
physically connected transfer routs to
physically disconnected portions of the
facility, thus decreasing the consequence
of a waste transfer leak.

§sC

Preventive SSCs
Classification

SSC 58 SC Safety Function Comments

Pressure Switch Interlock or Alarm Systems X -~ [The safety function is to detect backflow [This is a preventive system when
Service Water Lines) inte the piping systems physically the system is tested at full line
connected to the waste transfer route, and [pressure.

to either interlock. or alarm to alert
operators to take action to shut down the
transfer pump (or other motive force),
thus preventing a waste leak from the
transfer system, and thereby decreasing
the frequency of a Waste Transfer Leak
accident,
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Control Decision Record (con’t)

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments

ILCO: 3.1.2 Service Water Pressure Detection  [Ensures operability of pressure switch interlock None
System or alarm systems.

Verities that two SS waste isolation valves are None

in the closed position when used to physically
IAC: 5.12 Waste Transfer Controls isolate transter piping from the planned waste

Configuration Management, [solation Valves  [ftransfer route. Requires periodic material

and material balance) balances to provide a means to detect transfer

line leaks or misroutes, allowing workers to take;
imitigative actions.

IAC; 5.14 Emergency Preparedness (Response  Mitigates the consequence of a waste transfer None
[Procedures) eak (i.e., pool on or near the surface) by
moving workers away.
IAC; 5.19 Process [nstrumentation and [Ensures that instruments used to perform None
IMeasuring and Test Equipment imaterial balance tank level monitoring, or
service water monitoring are calibrated.
IAC; 5.24 Safety Management Programs Mitigates facility worker and onsite worker [Radiation protection practices detect
Radiation Protection) consequences due to in-tank waste leaks. lcontamination on the soil or in structures.

Preventive TSR

Control Satety Function Comments
ILCO; 3.1.2 Service Water Pressure Detection  [Ensures operability of pressure switch interlock None
ysterm or alarm systems.

Control Memo: Conirols based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None

Material At Risk: Tank Waste.

Remarks: S2/E2 based on analyzed accident. Waste Transfer Leak.

F3 based on sluice water system design taking no credit for backflow preventer.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaiuation of Phase 1 Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  {Electrical connector seal fauit or Sl F3 El -
1-D-11 from tank 241-C-106 pump pit t¢ atmosphere  improper assembly causes a flow of
Kdue to waste leak through the electrical i:waste through the electrical cable up to
connections into an electrical junction box he nearest junction box
Structures, Systems, and Components (SSCs)
Mitigative 55Cs
e Classification
55 5C Safety Function Comments
None - - -- -
Preventive SSCs
Classification
SSC 58 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Controt ! Safety Function Comments
None | - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).

Revision to Original HAZOP:

Material At Risk: SST Tank Waste.
S1/E! based on the limited amount of waste that can be transported through the electrical cable.

Remarks:

F3 based on tank farms operating experience where this condition was documented.

This 1s a new hazardous condition identified during the run-in of the waste transter pump

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

. Cons | Freq [ Env Rep
D Hazardous Condition Cause Cat | Cat Cons Ace
C106PHASE [Personnel exposure to ionizing radiation due to  [Error causes removal of shielding abovel Sl F3 E0 -
1-E-01 excavation or construction activities uncovering fhose-in-hose transfer line resulting in
Fhielding on hose-in-hose transfer lines worker exposure to ionizing radiation
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification
S8 SC Safety Function Comments
None - - -- -
Preventive SSCs
Classification
SSC 58 SC Safety Function Comments
None - - -- -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function Comments
None E - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).
Revision to Original HAZOP:  None
Material At Risk: NA
Remarks: S1 based on worker exposure only.
EO0 based on no releases.
F3 based on anticipated worker error, either in the field or office.

This hazardous condition derived from Project W-320 hazardous condition # W320-ABCD-TRANS16.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase | Retrieval of 241-C-106 for

Closure,
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat | Cat | Cons | Acc
Cl06PHASE [Release of radioactive or hazardous material Compressed air blowdown ruptures 51 F3 E1l --
1-E-02 ifrom a ruptured transfer hose to the atmosphere [transfer line with release 1o atmosphere
due to high compressed air pressure
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SsC Classification
5SS SC Safety Function Comments
None - -- -- --
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None == -
Preventive TSR
Control | Safety Function Comments
None i - -

Control Memo: No controls required for S1/F2 event. Controls are not required as established by the Risk Matrix. Tabte 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None
Material At Risk: Tank waste
Remarks: SI/EI based on compressed air line rupture analysis.

F2 based on factor of safety of hose relative to rated pressure of portable compressors normaily used in tank farms.
This hazardous condition evatuated in RPP-13557, Rev. 0, Safery Evaiuation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat | Cat | Cons Acc
CL106PHASE [Worker exposure to jonizing radiation due to  [Radioactive liguid gravity flows into Sl F3 EQ -
1-E-03 back flow of waste into compressed air system  compressed air system during line
Iblowdown activities
Structures, Systems, and Components (SSCs)
Mitigative SSCs
e Classification -
S5 SC Safety Function Comments
None - - - -
Preventive $5Cs
Classification
S8C 5SS SC Safety Function Comments
None - - - .
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control [ Safety Function Comments
None I - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).

Revision to Original HAZOP:  None

Material At Risk: Na

Remarks: $1 based on exposure to {acility worker only.

E0 based on no release to environment.
F3 based on configuration of flush/blowdown system without controls.

This hazardous condition evaluated in RPP-13557, Rev. 0. Safery Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retricval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE |Worker exposyre to ionizing radiation due to  [Excess solids causes line plug, worker S1 F3 EO -
1-E-04 unplugging transfer line exposure clearing plug
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
58 SC Safety Function Comments
None -- - - -
Preventive SSCs
Classification
$8C 55 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function, Comments
None - --
Preventive TSR
Control [ Safety Function Comments
None | - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).
Revision to Original HAZOP:  None
Material At Risk: Na
Remarks: S1 based on exposure to facility worker only.
EQ based on no release to environment.
F3 based on tank farms history for plugging lines during slurry transfer.

This hazardous cendition evaluated in RPP-13357, Rev. O, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.

D-62




RPP-13557 REV 0

Control

Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Controls

tructures thereby preventing flammable gas

Cons | Freq | Env Rep
| ID Hazardous Condition Cause Cat Cat | Cons Acc
CL106PHASE Small release of radioactive or hazardous Buildep of solids and flammable gas in |  S2 F2 E2 05X
1-E05 aterials from the transfer line to the transfer fine with ignition resulting m
tmosphere due to flammable gas deflagration injpreach of transfer line; pumping is
ine, transfer started started without knowledge of breach
Structures, Systems, and Components (SSCs)
Mitigative SSCs
$SC Classification
88 SC Safety Function Comments
Pipe Encasements X --  [Directs the flow of leaked waste trom the None
primary line to a waste transfer-associated
structure for detection. thus reducing the
consequences.
Over ground Transfer System-Encasements X --  |Directs the flow of leaked waste from the None
and Connections primary line to a waste transfer-associated
structure for detection. thus reducing the
onsequences.
Transfer Leak Detection Systems X --  |Provide an atarm when waste is detected None
in transfer related structures to alert
perators to take mitigative actions.
Preventive SSCs
Classification
S8C S5 SC Safety Function Comments
None - - - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of flammable gas. None
Procedures)
Preventive TSR
Control Safety Function Comments
IL.CO; 3.1.3 Transfer Leak Detection Systems f;iz:ss operability of the transfer leak detectio None
IAC; 5.9 Flammability Controls IAssures flammable gas hazards are managed. None
IAC: 5.10 Ignition Controls Reduces t tequency of flammable gas None
deflagrations.
AC: 5.11 Elammable Gas Monitoring Contrals [ <c0uces frequency of flammable gas None
ldeflagrations.
[Ensures that the final tank states remain within
IAC: 5.12 Transfer Controls the analyzed topography of the flammable gas None
deflagrations accident.
IAC. 5.19 Process Instrumentation and [Ensures that equipment used to verify process None
Measuring and Test Equipment arameters specified in the TSR is maintained.
. - . [Reduces the possibility of waste lecakage
AC: 3.20 Transfer Pump Administrative Lock ccumulating in waste transfer-associated None
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Control Decision Record (con’t)

Control Memo: Controls based on SB, FSAR Appendix K.
Revision to Original HAZOP:  None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks: $2/E2 based on anatyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Poiential for Tank 241-C-106 to
Achieve a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate
sufficient gas to reach lower flammability limit with barometric breathing.

This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-ALLO3.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safeey Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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RPP

-13557REV 0

Control Decision Record

deflagration in the waste transfer line

resulting in a breach of transfer line;
umping is staried {collection in pit)

Cons | Freq | Env | Rep

1D Harzardous Condition Cause Cat Cat | Cons|{ Acc

CI106PHASE [Release of radioactive or hazardous materials to [Plugging of transfer line occurs, S2 F2 E2 05X
1-E-06 the atmosphere due to flammable gas flammable gas builds up and is ignited

Structures, Systems, and Components (SSCs)

Controls

tructures thereby preventing tlammable gas

Mitigative S5Cs
SSC Classification
) Ss SC Safety Function Comments
Pipe Encasements X --  [Directs the flow of leaked waste from the None
primary line to a waste transfer-associated
structure for detection. thus reducing the
lconsequences.
Over ground Transfer System-Encasements X --  |Directs the flow of leaked waste from the None
and Connections lprimary line to a waste transfer-associated
structure for detection. thus reducing the
lconsequences.
Transfer Leak Detection Systems X -- |Provide an alarm when waste is detected None
in transfer related structures to alert
operators to take mitigative actions.
Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
AC; 5.14 Emergency Preparedness Mitigates the consequence of flammable gas. None
Response Procedures)
Preventive TSR
Control Safety Function Comments
1.C0; 3.1.3 Transfer Leak Detection Systems f\ﬁ:{ss operability of the transfer leak detectio None
IAC; 5.9 Flammability Controls |Assures flammable gas hazards are managed. None
IAC: 5.10 Ignition Centrols Reduces frequency of tlammable gas None
deflagrations.
IAC: 5.11 Flammable Gas Monitoring Controls Reduces f requency of flammable gas None
keflagrations.
[Ensures that the final tank states remain within
IAC: 5.12 Transfer Controls the analyzed topography of the tlammable gas None
deflagrations accident.
IAC; 5.19 Process [nstrumentation and [Ensures that equipment used to verify process Non
Measuring and Test Equipment parameters specified in the TSR is maintained. ¢
IAC: 5.20 Transfer Pump Administrative Lock Reduces [h_e ppSS|b|I11y of w?ste Ieak_age
ccumulating in waste transfer-associated None
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Control Decision Record (con’t)

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:  None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks: S2/E2 based on analyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 to
Achieve a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate
sufficient gas to reach lower flammability limit with barometric breathing.

This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-ALL10.

This hazardous condition evaluated in RPP-13557, Rev. 0, Sqfery Evaluation af Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons |Freq| Env Rep
ID Hazardous Condition Cause Cat | Cat | Cons Acc

C106PHASE [Release of radioactive or hazardous material Compressed air used to blow down s2 Fl E2 06X
1-E-07 ifrom the receiver tank ventilation system to the ftransfer line exceeds the HEP A filter
imosphere due to HEPA filter failure due to  [capacity in the receiver tank causing

|:igh pressure filter faifure and release of contaminants

Structures, Systems, and Components (SSCs)

Mitigative SSCs

SSC Classification
S8 SC Safety Function Comments
Ventilation Stack CAM Interlock Systems X - [Mitigates the amount of material released None
by shutting down the ventilation system
Elpon detection of radiation above a set
imit.
Preventive S5Cs
Classification
SSC 58 SC Safety Function Comments
None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR

Control Safety Function Comments
ILCO; 3.1.4 Ventilation Stack CAM Interlock  [Ensures operability of ventilation stack CAM None
Systems interlock systems.
IAC. 5.18 HEPA Filter Controls Reduces consequences of a HEPA filter failure None
by limiting the inventory available.
IAC: 5.19 Process Instrumentation and [Ensures that equipment used to venfy process None
Measuring and Test Equipment arameters specified in the TSR is maintained.

Preventive TSR

Control Safety Function. Comments

None - -

Control Memo: Controls based on analyzed accident, HEPA Filter Failure-Exposure to High Temperature or Pressure.
Revision to Original HAZOP:  None
Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks: $2/E2 based on analyzed accident, HEPA Filter Failure-Exposure to High Temperature or Pressure.
Fl based on limitation of air flow through long 2in. hose and limitation of the size of a normal portable air compressor.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure,
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons Acc
C106PHASE [Personnel exposure to ionizing radiation due to  High winds uncover overground $1 F3 EO -
1-E-08 high winds transfer lines

Structures, Systems, and Components (SSCs)

Mitigative SSCs

e Classification
58 SC Safety Function Comments
None - - - --
Preventive $5Cs
Classification
S8C S8 SC Safety Function Comments
Nene - -- - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - --
Preventive TSR
Control | Safety Function Comments
None | - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Radiation

Protection).

Revision to Original HAZOP:  None

Material At Risk: NA

Remarks: S1 based on worker exposure to ionizing radiation only.
EO based on no release.
F3 based on anticipated high winds.

This hazardous condition derived from Project W-320 hazardous condition # W320-ABCD-TRANS15.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Measuring and Test Equipment

material balance tank level monitoring, or
service water monitoring are calibrated.

Cons | Freq | Env Rep
1D Hazardous Condition Cause | Cat Cat [Cons| Acc
C106PHASE [Release of radioactive or hazardous material to  |Missile caused by high wind or tornado |  S2 F3 E2 33CX
1-E-09 the ground surface or atmosphere from a [penetrates overground transfer line
ldamaged overground transfer line due to wind  [causing surface or spray leak
blown missile
Structures, Systems, and Components (SSCs)
Mitigative S5Cs
SSC Classification ‘
SS SC Safety Function Comments
None -- -- -= --
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - - - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function, Comments
IAC. 5.12 Waste Transfer Controls (Operating  [Requires periodic material balances to provide a None
Requirements, Material Balance) means to detect transfer line leaks or rnisroutes,
allowing workers to take mitigative actions.
IAC: 5.14 Emergency Preparedness Mitigates the consequence of a waste transfer None
Response Procedures) leak (i.e.. pool on or near the surface) by
moving workers away.
IAC: 5.19 Process Instrumentation and [Ensures that instruments used to perform None

WAC; 5.24 Safety Management Programs
KRadiation Protection)

Mitigates facility worker and onsite worker
consequences due to in-tank waste leaks.

[Radiation protection practices detect
contamination on the soil or in structures.

Preventive TSR

Control

] Safety Function

Comments

None

] -

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None

Material At Risk: Tank waste.

Remarks: S2/E2 based on analyzed accident, Natural Phenomena-High Wind.
F3 based on anticipated high winds.
This hazardous condition evaluated in RPP-13557, Rev. O, Safery Evafuation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env | Rep

1D Hazardous Condition Cause Cat | Cat |Cons| Acc
Cl06PHASE [Release of radioactive or hazardous waste due to[Seismic event damages overground S2 F2 E2 | 33CX
[-E-10 seismic induced damaged to a transfer line transfer line by ground motion resulting in
spray release
1
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification T
S8 SC Safety Function Comments
None - -- - -
Preventive SSCs
Classification
S5C SS SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Controt Safety Function. Comments
IAC. 5.14 Emergency Preparedness (Response  (Mitigates the consequence of a waste transfer None
IProcedures) leak (i.e., pool on or near the surface) by
Jnoving workers away.
Preventive TSR
Control | Safety Function Comments
None l -- -

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None
Material At Risk: Tank waste.

Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak
F1 based on seismic event of sutficient magnitude to damage hose-in-hose transfer line considered extremely unlikely.
This hazardous condition derived from Project W-320 hazardous condition # W320-D- TRANS11.
This hazardous condition evatuated in RPP-13557, Rev. 0, Safety Evaluarion of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat | Cat | Cons Acc
C106PHASE [Release of radioactive or hazardous waste due to[Seismic event damages transfer line by 50 F2 E2 -
1-E-11 setsmic induced damaged to a transfer line round motion resulting in subsurface
F:eak remaning subsurface

Structures, Systems, and Components (SSCs)

Mitigative $5Cs
SSC Classification
55 SC Safety Function Comments
None - -~ - -~
Preventive S8Cs
Classitication
SSC 58 SC Safety Function Comments
None - -- - -

Technical Safety Requirements (TSRs)

Mitigative TSR

Control Safety Function. Comments

None - -

Preventive TSR

Control [ Safety Function Comments

None l - -~

Controt Memo: No Safety SSCs or TSRs - Hazardous Conditions with significant environmental impact but low safety consequence
(SQ/81) are addressed by Environmental Controls specified in Tank Farms FSAR Section 3.3.2 3.4, Environmental
Protection (Table 3.3.2.3.4-1).
Revision to Original HAZOP:  Nene
Material At Risk: Tank waste
Remarks: S0 based on no worker exposure to a subsurface leak.
EZ based on direct leak of tank waste to soil column.
F2 based on seismic event of sufficient magnitude to damage transfer line considered extremely unlikely.

This hazardous condition derived from Project W-320 hazardous condition # W320-D-TRANS11.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.

D-71



RPP-13557REV 0

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

|AC; 5.22 Transfer System Cover Removal
Controls

[to waste aerosols and direct radiatien (shine and
skyshine) due to leaks into transfer system
tructures.

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE |Release of radioactive or hazardous materials or [Blank flange or hose connection left off| S2 F3 E2 33AX
1-E-12 hazardous waste from transfer line in tank 241- flushing connection in pit afier flushing
IC-106 pit to atmosphere due to leak in line flush jand transfer initiated.
conneclion
Structures, Systems, and Components (SSCs)
Mitigative SSCs
$SC Classification
SS SC Safety Function Comments
Transfer Leak Detection Systems X - . None
Detects a leak and provides an alarm to
‘alcn operators to take mitigative action.
Master Pump Shutdown System X - etects transfer system leaks via leak None
etectors, provides an interlock to shut
own the transfer pump, and provides an
larm to alert workers to take mitigative
ctions.
Preventive S8Cs
Classification
SSC R SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control | Safety Function. | Comments
LCO: 3.1.3 Transfer Leak Detection Systems nsures operabibity of the transfer leak deteclinn! None
ystems.
IAC 5.12 Waste Transfer Controls (Operatin equires pericdic material balances to provide a None
Reo ,uil.'ements Material Balance) P & eans to detect transfer line leaks or misroutes,
1 ’ llowing workers to take mitigative actions.
AC, 5.14 Emergency Preparedness (Response ]Mltlggtes the consequence of a waste transfer None
leak (i.€., pool on or near the surface) by
IProcedures) !
Imoving workers away.
AC: 5.19 Process Instrumentation and Ensur_es that instruments used Lo pelfform None
‘ : Imatertal balance tank level monitoring, or
Measuring and Test Equipment - o .
service water monitoring are calibrated.
Reduces exposure of facility and onsite workets None

IAC; 5.24 Safety Management Programs
Radiation Protection)

itigates facility worker and onsite worker
consequences due to in-tank waste leaks.

Radiation protection practices detect
contamination on the soil or in structures.

Preventive TSR

Control

| Safety Function

Comments

None
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Control Decision Record (con’t)

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:  None

Material At Risk: Tank waste

Remarks: $21E2 based on analyzed accident, Waste Transfer Leak.
F3 based on anticipated worker error.
This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-TRANSIE.
The analyzed accident credits transfer system covers and above grade structures to reduce waste aerosol release by
providing an impaction surface to prevent direct spray of waste inte the atmosphere and provides a tortucus path for
aerosol release from a structure.

This hazardous condition derived from Project W-320 hazardous condition # W320-D-TRANSILI.
This hazardous condition evaluated in RPP-13537, Rev. 0, Safety Evaluation of Phase | Retrieval of 741-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat Cat [ Cons | Acc
C106PHASE [Release of radioactive or hazardous materials or |Air blow down valves left in flush 52 F3 E2 33AX
I-E-13 azardous waste from line in pit to the surface  jconfiguration after flushing, cover plug
ue to leak caused by mis-positioned valve, remains in place on initiation of
over plug in place sluicing process, high-capacity drain
cover left on and pit overflows.
Structures, Systems, and Components (SSCs)
Mitigative SSCs
ssC Classification
SS SC Safety Function Comments
Transfer Leak Detection Systems X -~ . None
Detects a leak and provides an alamm to
lalen operators to take mitigative action.
Master Pump Shutdown System X - etects transfer system leaks via leak None
etectors, provides an interlock to shut
own the transter pump, and provides an
larm to alert workers to take mitigative
ctions.
Preventive SSCs
Classification
SSC SS sC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
ILCO:; 3.1.3 Transfer Leak Detection Systems  [Ensures operabality of the transter leak detection| None
systems.
s . Reguires periodic material balances to provide a None
QE‘ 3 12 ﬁ:tﬁéﬁiﬁe:ﬁ]ﬂg‘gs {Operating tneans to detect transfer line leaks or misroutes,
quirements. llowing workers to take mitigative actions.
) ) IMitigates the consequence of a waste transfer None
IAC; 5.14 Emergency Preparedness (Response leak (i.c., pool on or near the surface) by
Procedures) :
moving workers away.
] . Ensures that instruments used to perform None
C: 3.19 Process Instrumcntatlon and material batance tank level monitoring, or
easuring and Test Equipment L L .
service water monitoring are calibrated.
Reduces exposure of facility and onsite workers None
IAC: 5.22 Transfer System Cover Removal to waste aerosols and direct radiation (shine and
Controls skyshine) due to leaks into transfer system
tructures.
IAC: 5.24 Safety Management Programs IMitigates facility worker and onsite worker IRadiation protection practices detect
Radiation Protection) consequences due to in-tank waste leaks, contamination on the soil or in structures.

Preventive TSR

Control

I Safety Function

[ Comments

None

| -

| .
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Control Decision Record (con’t)

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:  None

Material At Risk: Tank waste

Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak.
F3 based on anticipated worker error.
This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-TRANS13.
The analyzed accident credits transfer system covers and above grade structures to reduce waste acrosol retease by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortuous path for
aerosol release from a structure.

This hazardous condition derived from Project W-320 hazardous condition # W320-D-TRANS1 L.
This hazardous condition evalvated in RPP-13557, Rev. 0, Sgfety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
iD Hazardous Condition Cause Cat Cat Cons | Acc
C106PHASE [Release of radioactive or hazardous material [High temperature water flush degrades S2 F3 E2 33CX
1-E-14 ifrom overground transfer hose to the ground due fseal at hose joint connection causing
ro a leaking connection eak to ground surface
Structures, Systems, and Components (SSCs)
Mitigative SSCs
$SC Classification
- 58 sC Safety Function Comments
Overground Transfer system-Encasement and X -~ [Works in conjunction with the transfer None
Connections leak detection system to direct the flow of
leaked waste to a transfer related structure
for detection thus reducing the
consequence of a leak.
Preventive SSCs
Classitication
S8C S8 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.12 Waste Transfer Controls (Operating  Requires periodic material balances to provide a None
Requirements, Material Balance) eans to detect transfer line leaks or misroutes,
llowing workers to take mitigative actions,
AC; 5.13 Encasement Seal Loop Controls Ensures waste leaks from primary pipes will Nene
drain to waste transfer-associated structures.
e Mitigates the consequence of a waste transfer None
IAC; 3.14 Emergency Preparedness {Response heak (i ., pool on or near the surface) by
Procedures) : ke .
moving workers away.
IAC; 5.19 Process Instrumentation and Ensur_es that jnstruments used o pe‘.'fom None
‘ . Imaterial balance tank level monitoring, or
Measuring and Test Equipment . A .
service water monitoring are calibrated,
Reduces exposure of facility and onsite workers None
IAC; 5.22 Transfer System Cover Removal to waste acrosols and direct radiation {shine and
Controls skyshing) due to leaks tnto transfer system
structures.
IAC:; 5.24 Safety Management Programs Mitigates facility worker and onsite worker [Radiation protection practices detect
Radiation Protection) consequences due to in-tank waste leaks, lcontamination on the s0il or in structures.

Preventive TSR

Control

I Safety Function

Comments

None
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Control Decision Record (con’t)

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None
Material At Risk: Tank waste
Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak.
F3 based on operational experience where hose-in-hose transfer lines have leaked due to degradation caused by high
temperatures.
Encasement for hose-in-hose transfer line drains to a pit which, if undetected would overflow.
The design of the 241-C-106 transfer system does not include heating of flush water. Tank wastes and sluice water is

well below the temperature that would cause connection failure.
This hazardous condition evaluated in RPP-13557, Rev. 0. Safety Evaluation of Phase 1 Retrieval of 241-C-106 for
Closure.
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Contrel Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat [ Cons | Acc
C106PHASE [Release of radioactive or hazardous materials to [Overground transfer line break due to 52 FO E2 33CX
1-E-15 the surface due to ruptured transfer line light aircraft strike
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
58 S5C Safety Function Comments
None - - - ==
Preventive SSCs
Classification
S5C SS SC Safety Function Comments
None - - i -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function | Comments
None | - | —

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: Tank waste.

$S2/E2 based on analyzed accident, Waste Transfer Leak
F0 based on aircraft crash damaging the transfer line while a transfer is in progress is considered beyond extremely

Remarks:

unlikely.

This hazardous condition denved trom Project W-320 hazardous condition # W320-B-TRANS32.
This hazardous condition evaluated in RPP-13357, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

IAC; 5.22 Transfer System Cover Removal
Controls

lto waste aerosels and direct radiation (shine and
kkyshine) due to leaks into transfer system
structures.

Cons | Freq | Env | Rep i
ID Hazardous Condition Cause Cat | Cat | Cons | Acc
C106PHASE [Release of radioactive liquid from overflow of PJumper break or improper installation in 52 F3 E2 33AX
1-E-16 pit on receiver DST to soil surface due to pit with the high capacity drain cover on
transfer line leak resulting in overflow of pit
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
5SS SC Safety Function Comments
Transfer Leak Detection Systems X - . Nong
Detects a leak and provides an alarm to
falert operators to take mitigative action,
Master Pump Shutdown System X --  |Detects transfer system leaks via leak None
[etectors, provides an interlock to shut
[down the transfer pump, and provides an
larm to alert workers to take mitigative
l:ctions.
Preventive SSCs
Classification !
SSC SS sC 1 Safety Function Comments
None -~ - - =-
Technical Safety Requirements (TSRs)
| Mitigative TSR
Control Safety Function. Comments
[.CO; 3.1.3 Transfer Leak Detection Systems  [Ensures operability of the transfer leak detection] None
systems.
) . Requires periodic material balances to provide a None
AC, 5 12 Waste Tran_s fer Controls (Operating means to detect transfer line leaks or misroutes,
[Requirements, Material Balance) . o .
allowing workers to take mitigative actions.
. Mitigates the consequence of a waste transfer None
IAC: 5.14 Emergency Preparedness (Response leak (i.c.. pool on or near the surface} by
IProcedures) .
imoving workers away.
) . [Ensures that instruments used to perform None
AC: 5. 1.9 Process Instrumentation and material balance tank level menitoring, or
Measuring and Test Equipment . . .
kervice water monitoring are calibrated.
Reduces exposure of facility and onsite workers None

IAC: 5.24 Safety Management Programs
Radiation Protection)

Mitigates facility worker and onsite worker
consequences due to in-tank waste leaks.

[Radiation protection practices detect
ontamination on the soil or in structures. i

Preventive TSR

Control

[ Safety Function

Comments

None

l -
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Control Decision Record (con’t)

Control Memo: Centrols based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:  None

Material At Risk: Tank waste

Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak.
F3 based on anticipated jumper or connection leak.
This hazardous condition derived from Project W-320 hazardous condition # W320B-FLUSH06.
The analyzed accident credits transfer system covers and above grade structures to reduce waste aerosol release by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortuous path for
aerosol release from a structure.
This hazardous condition evatuated in RPP-13357, Rev. 0, Safery Evaltanion of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

T Cans | Freq | Env Rep
1D Hazardous Condition Cause Cat | Cat | Cons | Acc
CI06PHASE [Release of radioactive liguid from overflow of  [Jumper break or Improper installation in §2 F3 E2 33AX
1-E-17 pit on receiver DST to soil surface due to pit with the high capacity drain cover open
transfer line leak land pit cover off
Structures, Systems, and Components (SSCs)
Mitigative SS§Cs
SSC Classification
S8 SC Safety Function Comments
Transfer Leak Detection Systems X - . None
[Detects a leak and provides an alarm to
P]en operators 1o take mitigative action.
Master Pump Shutdown System X --  |Detects transfer system leaks via leak None
detectors, provides an interlock to shut
[down the transfer pump, and provides an
larm to alert workers to take mitigative
|:cli0n5,
Preventive S8Cs
Classification
SSC SS SC Safety Function Comments
None - - - ==
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
.CO: 3.1.3 Transfer Leak Detection Systems  [Ensures operability of the transfer leak detection| None
systems.
AC: 5.12 Waste Transfer Controls (Operating Requires periodic matenql balances to prov:de a None
. : Imeans to detect transfer line leaks or misroutes,
Requirements, Material Balance) : 3 ST .
llowing workers to take mitigative actions.
. Mitigates the consequence of a waste transfer None
IAC; 5.14 Emergency Preparedness (Response leak (i.c.. pool on or near the surface) by
Procedures) . i
imoving workers away.
AC: 5.19 Process Instrumentation and Ensur_es that instruments used to pefforrn None
M ; . imaterial balance tank level monitoring, or
easuring and Test Equipment . L .
servige water monitoring are calibrated.
Reduces exposure of facility and onsite workers None
IAC; 5.22 Transfer System Cover Removal ko waste aerosols and direct radiation {shine and
Controls skyshing) due to leaks into transfer system
ktructures,
IAC; 5.24 Safety Management Programs Mitigates facility worker and onsite worker [Radiation protection practices detect
Radiation Protection) consequences due to in-tank waste leaks. contamination on the soil or in structures.
Preventive TSR
Control | Safety Function Comments
None | - -
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Control Decision Record (con’t)

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:  None

Material At Risk: Tank waste

Remarks: $2/E2 based on analyzed accident, Waste Transfer Leak.
F3 based on anticipated jumper or connection leak.
This hazardous condition derived from Project W-320 hazardous condition # W320B-FLUSHO06.
The analyzed accident credits transfer system covers and above grade structures to reduce waste acrosol release by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortuous path for
aerosol release from a structure.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Consy Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  [Seismic event damages jumper and S2 Fl E2 33AX
1-E-18 from pit to atmosphere due to spray leak from  preaches cover block by ground motion
jumper resulting in spray release
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
' S SC Safety Function Comments
Transfer Leak Detection Systems X - . None
Detects a leak and provides an alarm to
flert operators to take mitigative action.
Master Pump Shutdown System X -~ [Detects transfer system leaks via leak None
detectors, provides an interlock to shut
[down the transfer pump, and provides an
larm to alert workers to take mitigative
Ections.
Preventive SSCs
Classification
SsC SS SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
ILCOy; 3.1.3 Transfer Leak Detection Systems  [Ensures operability of the transfer leak detection) None
systems.
IAC; 5.12 Waste Transfer Controls (Operating [Requires periodic matenql balances to ;_)rowde a Nong
Reaui : eans to detect transfer line leaks or misroutes,
equirements, Material Balance) . L .
llowing workers to take mitigative actions.
. IMitigates the consequence of a waste transfer None
IAC; 5.14 Emergency Preparedness (Response leak (i.c., pool on or near the surface) by
Procedures) ;
moving workers away.
IAC; 5.19 Process [nstrumentation and Ensur_es that instruments used o pe‘.’“’”“ None
. . imaterial balance tank level monitoring, or
IMeasuring and Test Equipment . o .
service water monitoring are calibrated.
[Reduces exposure of facility and onsite workers None
AC; 5.22 Transfer System Cover Removal to waste aerosols and direct radiation (shine and
KControls kkyshine) due to leaks into transfer system
structures.
AC; 5.24 Safety Management Programs Mitigates facility worker and onsite worker IRadiation protection practices detect
Radiation Protection) konsequences due to in-tank waste leaks. kontamination on the soil of in structures.
Preventive TSR
Control Safety Function Comments
None | - -

D-83




RPP-13557 REV 0

Control Decision Record (con’t)

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:  None

Material At Risk; Tank waste

Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak.
F1 based on seismic event of sufficient magnitude to damage hose-in-hose piping considered extremely unlikely. This
hazardous condition derived from Project W-320 hazardous condition # W320-D-TRANS10.
The analyzed accident credits transfer system covers and above grade structures to reduce waste aerosol release by
providing an impaction surface to prevent direct spray of waste into the atmosphere and provides a tortucus path for
acrosol release from a structure,
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241.C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep

ID Hazardous Condition Cause Cat | Cat | Cons | Acc
CI06PHASE [Worker exposure to ionizing radiation when lActive ventilation system in 241-C-106 81 F2 EQ --
1-F-01 changing HEPA filters in 241-C-I04 and 241-C-|draws additional air through the cascade
105 lines to 241-C-104 and 241-C-105 HEPAs
causing additional filter changes and
unplanned exposure

Structures, Systems, and Components (SSCs)

Mitigative SSCs
$SC Classification
S8 SC Safety Function Comments
None -- - -- -
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - - - --

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR —l
Control ! Safety Function Comments
L None j - -

Control Memo: No controls required for $1/F2 event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: NA

Remarks: 31 based on facility worker exposure onty.
EO based on no release to environment.
F2 based on operational history from past practice sluicing (Project W-320) showing only minimal pressure changes in
cascaded tanks when active ventilation in 241-C-106 was operating.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc

C106PHASE {Release of radioactive or hazardous materials  Moisture buildup on filters canses 32 F3 E2 06X
1-F-02 from tank 241-C-106 to atmosphere through excessive back pressure and failure
failed filters due to moisture buildup

Structures, Systems, and Components (SSCs)

Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
Ventilation Stack CAM Interlock Systems X - [Mitigates the amount of material released None

by shutting down the ventilation system
upon detection of radiation above a set
limit.

Preventive SSCs

1 Classification
S8C Ss SC Safety Function Comments

None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function Comments
LCO; 3.1.4 Ventilation Stack CAM Interlock  [Ensures operability of ventilation stack CAM None
Systems interlock systems.
AC, 5,18 HEPA Filter Controls Reduces consequences of a HEPA filter failure None
by limiting the inventory available.
AC; 5.19 Process Instrumentation and Ensures that equipment used to verify process None
Measuring and Test Equipment arameters specified in the TSR is maintained.
Preventive TSR
Control Safety Function. Comments
None - --

Control Memo: Controls based on analyzed accident, HEPA Filter Failure - Exposure to High Temperature or Pressure.

Revision to Original HAZOP:  None

Material At Risk: Tank headspace aerosols and HEPA filter loading,

Remarks: §2/E2 conservatively based on analyzed accident, HEPA Filter Faifure-Exposure to High Temperature or Pressure.
This would be S1/E1 for a passively ventilated system.
F3 based on aerosol generation and filter loading during sluicing
If moisture generation causes moisture buildup on HEPAs, then active ventilation could be used only when visibility is
poor or a moisture separation system designed for the ventilation system.
This hazardous condition derived from Project W-320 hazardous condition # W320-ALL-TRANSO1.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for
Closure,
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure
£

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  [Sluicer breaks resulting m excessive 52 F3 E2 06X
1-F-03 fom tank 241-C-106 to atmosphere due to HEP [aerosol generation in head space and
filter failure elease through failed HEPAS cansed by
EPA plugging and high differential
ressure

Structures, Systems, and Components (SSCs)

Mitigative SSCs
S8C Classification
$s [ sC Safety Function Comments
Ventilation Stack CAM Interlock Systems X - @Mti gates the amount of material released None
y shutting down the ventilation system
upon detection of radiation above a set
limit,
Preventive SSCs
Classification
SSC S8 SC Safety Function Comments
L None -- -- -~ --

Technical Safety Requirements (TSRs)

Mitigative TSR

Control | Safety Function Comments
ILCO; 3.1.4 Ventilation Stack CAM Interlock nsures operability of ventilation stack CAM None
Systems interlock systems.
IAC; 5.18 HEPA Fiiter Controls [Reduces consequences of a HEPA filter failure None
by kimiting the inventory available,
IAC; 5.19 Process Instrumentation and [Ensures that equipment used to verify process None
Measuring and Test Equipment arameters specified in the TSR is maintained.

Preventive TSR

Control Safety Function. Comments
None - -

Control Memo: Controls based on analyzed accident, HEPA Filter Failure - Exposure 10 High Temperature or Pressure.
Revision to Original HAZOP:  Nene
Material At Risk: Tank headspace acrosols and HEPA filter loading.

Remarks: S2/E2 conservatively based on analyzed accident, HEPA Filter Failure-Exposure to High Temperature or Pressure for
active ventilation system,
This would be S1/E! for a passively ventilated system.
F3 based on aerosol generation and filter loading during sluicing
If moisture generation causes moisture buildup on HEPAs, then active ventilation could be used only when visibility is
poor or a moisture separation system designed for the ventilation system.
This hazardous condition derived from Project W-320 hazardous condition # W320-ALL-TRANS10.
This hazardous condition evaluated in RPP-13537, Rev. 0, Safery Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons Acc
C106PHASE [Release of radioactive or hazardous materials  [Ventilation system fan on with tank 50 F3 E3 -
1-F-04 ftom tank 24 1-C-106 to soil column dug to level too low and or inlet damper closed|
wvacuum induced tank damage results in vacuum uplift of tank bottom
fand leak to soil column
Structures, Systems, and Components (S5Cs)
Mitigative 58Cs
8sC Classification
8§ SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
§8C 88 SC Safety Function Comments
None - - -- --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
Nene - -
Preventive TSR
Control | Safety Function Comments
None | — -

Control Memo: Sec Environmental Controls in Tank Farms FSAR Chapter 3, paragraph 3.3.2.3 4, Environmental Compliance Program

(Table 3.3.2.34-1).
Revision to Original HAZOP:  None
Material At Risk: Tank waste
Remarks: S0 based on no exposure to workers.
E3 based on waste leak to soil column.
F3 based on active ventilation system capable of uplifting tank bottom,

This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-ALLO3.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure,
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat | Cat |Cons| Acc
C106PHASE [Release of radioactive or hazardous materials  [Ventilation system fan on with tank level| S0 Fl E3 -
1-F-03 lfrom tanks connected 241-C-106 via cascade 00 low and or inlet damper closed
lines to the seil column due to vacuum induced Fesults in vaguum uplift of tank bottom
ank damage f interconnected tanks and leak to soil
olumn
Structures, Systems, and Components (SSCs)
[ Mitigative SSCs
SSC Classification
58 SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
S8C 58 s5C Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR ]
Control Safety Function. Comments
None -- -
Preventive TSR
Caontrol [ Safety Function Comments

 E—

L

None i

Control Memo: No Safety SSCs or TSRs - Hazardous Conditions with stgnificant environmental impact but low safety consequence

(S0/S1} are addressed by Environmental Controls specified in Tank Farms FSAR Section 3.3.2.3 .4, Environmental

Protection (Table 3.3.2.3.4-1).

Revision to Original HAZOP:  None
Material At Risk: Tank waste

Remarks:

S0 based on no exposure to workers.
E3 based on waste leak to soil column.

F1 based on flow restriction of cascade line coupled with anticipated leak paths around a closed ventilation damper plus

having to have all in leakage to all cascaded tanks blocked off makes this an extremely unlikely condition.
This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-ALLO3.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.

D-89




RPP-13557 REV 0

Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons Acc
CI06PHASE [Release of radicactive or hazardous materials  [Fan controller failure resulting in S2 FO E2 13X
1-F-06 lfrom tank 241-C-106 to atmosphere due to £xcessive vacuum in tank, loop seal
acuum induced tank damage' ctuation and tank damage {dome
amage)
Structures, Systems, and Components (S5Cs)
Mitigative SSCs
e Classification .
58 SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None - -- - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None -- -
Preventive TSR
Control [ Safety Function Comments
None | - -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1,5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is lefi blank.
Revision to Original HAZOP:  None

Material At Risk: Tank waste and headspace aerosols

Remarks:

S2/E2 based on analyzed accident, Tank Failure Due to Excessive Loads

F0 based on ventilation sysrem having insufficient vacuum to damage dome with no restriction or limitations on inlet

damper.

This hazardous condition derived from Project W-320 hazardous condition # W320-BCD-ALLO4.
Accident analysis specifies structural failure due 10 excessive pressure {vacunim) is not credible.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure,
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq (Env Rep
1D Hazardous Condition Cause Cat Cat [Cons! Acc
C106PHASE [Release of radioactive or hazardous materials to [Seismic event causes failure of §2 Fl I E2 18BX
1-F-07 the atmosphere due to seismically induced ventilation system
rtructura] failure of the ventilation system | ‘
Structures, Systems, and Components (SSCs)
Mitigative $5Cs
S5C Classification
55 5C Safety Function Comments
None - - - -
B Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.14 Emergency Preparedness (Response  Mitigates the consequence of a waste transfer None
Procedures) Teak (i.e., pool on or near the surface} by
moving workers away. |
Preventive TSR
Control [ Safety Function Comments
None [ - -

Control Memo: Controls based on analyzed accident, Natural Phenomena, Seismic.

Revision to Original HAZOP:
Material At Risk: Tank waste
Remarks:

None

$2/E2 based on analyzed accident, Unfiltered Release.

F1 based on setsmic event of sufficient magnitude to seriously damage portable ventilation system such that releases
would reach the 100 meter receptor considered extremely unlikely,

This hazardous condition derived from Project W-320 hazardous condition # W320-D-ALLI10.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat | Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  [High winds or tomado resulting in faited | S1 F3 El -
1-F-08 from ventilation ducting due to high winds or  |ventilation ducting and unfiltered release
tornado
Structures, Systems, and Components (SSCs)
Mitigative SSCs
ssC Classification
S8 SC Safety Function Comments
None - - - -~
[ Preventive SSCs
I Classification
§SC . 35 SC Safety Function Comments
None - - -- | -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
AC: 5.14 Emergency Preparedness (Response  Mitigates the consequence of a waste transfer None
chcdurcs) eak (i.e., pool on or near the surface) by
oving workers away.
Preventive TSR
Control T Safety Function Coemments
None T - -

Control Memo: Controls based on analyzed accident, Natural Phenomena-High Wind.
Revision to Original HAZOP:  None
Material At Risk: Tank headspace aerosols.
Remarks: S1/E1 based on limited release from damaged ventilation system.

F3 based on anticipated high wind.

This hazardous condition derived from Project W-320 hazardous condition # W320-ALL-TRANS02.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure
i

Cons | Freq | Env Rep

Btmosphere due to ventilation system leak

undetermined during sluicing

D Hazardous Condition Cause Cat | Cat |Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  [Ducting corrosion or seal deterioration S1 F3 El -
1-F-09 lfrom tank 241-C-106 ventilation system to

Structures, Systems, and Components (S5Cs)

Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
SSC SS SC Safety Function Comments
None - - - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None -- --
r Preventive TSR
Control ! Safety Function Comments
Nong | -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs {Radiation

Protection}.

Revision to Original HAZOP:  None
Material At Risk: Tank headspace acrosols.

Remarks:

SV/EI based on limited release from small leaks in ventilation system.
F3 based on anticipated corrosion or deterioration of HEPA seals in ventilation system with a small release affecting

facility worker only.

This hazardeus condition derived from Project W-320 hazardous condition # W320-D-VENTO07
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure,
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Control

Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons |Freq| Env Rep
ID Hazardous Condition Cause Cat { Cat [ Cons Acc
C106PHASE [Release of radinactive or hazardous materials  [Excessive vacuum caused by human | F3 E1l --
1-F-10 from tank 241-C-106 to atmosphere due to error (closing off inlet damper) in tank
Fxcess'we vacuum Tom v_entitation system resulting in 1000
eal failure and unfiltered release
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification I
SS SC Safety Function Comments
None -- - - -
Preventive SSCs
Classification
§5C SS SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function I Comments
None ] - | -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC $afety Management Programs (Radiation

Revision to Original HAZOP:

Protection).
None

Material At Risk: Tank headspace aerosols.

Remarks:

$1/E1 based on limited release through

seal loop.

F3 based on ventilation having sufficient vacuum to empty seal loop.
This hazardous condition derived from Project W-320 hazardous condition # W320-D-VENTO0S..
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
1D Hazardous Condition Cause Cat Cat Cons | Acc
CI106PHASE  |Release of radioactive or hazardous materials  [Excessive transfer flow resulting in S2 F2 E2 06X
1-G-01 from receiver DST to atmosphere due to increased aerosol generation and which
unfiltered release through failed HEPA filter  [loads HEPA filters causing high
differential measure and filter failure
Structures, Systems, and Components (SSCs)
Mitigative S8Cs
ssC Classification
S8 5C Safety Function Comments
Ventilation Stack CAM Interlock Systems X - [Mitigates the amount of material released None
by shutting down the ventilation system
upon detection of radiation above a set
limit.
Preventive SSCs
Classification
S$SC S8 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
I Mitigative TSR
Control Safety Function Comments
LCO; 3.1.4 Ventilation Stack CAM Interlock  [Ensures operability of ventilation stack CAM None
Systems interlock systems.
IAC: 5.18 HEPA Filter Controls Reduces consequences of a HEPA filter failure None
by limiting the inventory available.
IAC; 5.19 Process Instrumentation and =nsures that equipment used to venify process None
Measuring and Test Equipment arameters specified in the TSR is maintained
Preventive TSR
Control Safety Function. Comments
None - -

Control Memo: Controls based on analyzed accident, HEPA Filter Failure - Exposure 1o High Temperature or Pressure.

Revision to Original HAZOP:

MNone

Material At Risk: Tank headspace aerosols and HEPA filter loading.
S2/E2 conservatively based on analyzed accident, HEPA Filter Failure-Exposure to High Temperature or Pressure
F2 based on aerosol generation from transfer irito tank unlikely to generate excessive aerosols.

This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANS06.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase I Retrieval of 241-C-106 for

Remarks:

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq { Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  [Distributor breaks off resulting in S2 F2 E2 06X
1-G-02 ifrom receiver DST to atmosphere due to kxcessive aerosol generation in head
unfiltered release through failed HEPA filter  space causing high differential pressure
jand failure of the HEPA
Structures, Systems, and Components (SSCs)
Mitigative SSCs
S5C Classification
SS SC Safety Function Comments
Ventilation Stack CAM Interlock Systems X -~ Mitigates the amount of material released None
by shutting down the ventilation system
pon detection of radiation above a set
imit.
Preventive SSCs
Classification
S5C 55 5C Safety Function Comments
None - | -] -- --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function Comments
LCO; 3.1.4 Ventilation Stack CAM Interlock !:‘Ensurcs operability of ventilation stack CAM None
Systems interlock systems.
AC: 5.18 HEPA Filter Controls Reduces consequences of a HEPA filter failure None
by limiting the inventory available.
C: 5.19 Process Instrumentation and [Ensures that equipment used to verify process None
easuring and Test Equipment arameters specified in the TSR is maintained.
Preventive TSR
Control [ Safety Function, l Comments
| None | - [ —

Control Memo: Conuols based on analyzed accident, HEPA Filter Failure - Exposure to High Temperature or Pressure.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace acrosols and HEPA filter loading.

Remarks:

F2 based on aerosol generation from transfer into tank unlikely to generate excessive aerosols.

This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANSOS.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat | Cat | Cons| Acc
CI06PHASE (Release of radioactive or hazardous materials  [Heat loading from new waste cause 52 FO E2 06X
1-G-03 from tank 241-AY-102 to atmosphere due to loading of HEPA filters which fail by
’\mﬁ]tered release through failed HEPA filters  |high differential pressure with aerosol
release
Structures, Systems, and Components (SSCs)
i Mitigative SSCs
SSC Classification
S8 sSC Safety Function Comments
None - -- - -
f Preventive SSCs
[ Classification
S8C SS SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function Comments
None [ - -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 33.1,5-2 in the FSAR.
By established convention, the related field in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: HEPA filter loading and headspace aerosols.
S2/E2 conservatively based on analyzed accident, HEPA Filter Failure-Exposure to High Temperature or Pressure.

F0 based on 241-C-106 waste transferred into tank unlikely to generate enough heat to over-pressurize the ventilation

Remarks:

system.

This hazardous condition derived from Project W-320 hazardous condition # W320-B- TRANSI1.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat |- Cat | Cons | Ace
C106FPHASE [Release of radioactive or hazardous materials  (Cold water spray into tank (possible result| S2 FO E2 18AX
1-G-04 from tank 241-AY-102 through failed filters due fof waste transfer distribution) chills head
o tank bump %pace causing tank vacuum inducing
r esulting tank bump
Structures, Systems, and Components (SS5Cs)
Mitigative SSCs
S5C Classification
B SC Safety Function Comments
Nong - - - 1 -
Preventive S5Cs
Classification
S55C S8 SC Safety Function {omments
i None - .- - --
Technical Safety Reguirements (TSRs)
Mitigative TSR
Control Safety Function. i Comments
None - | -
Preventive TSR
Control | Safety Function Comments
None | - -

Coentrol Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 33.1.5-2 in the FSAR.
By established convention, the related field in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: HEPA filter loading and headspace aerosols,

Remarks:

S2/E2 based on analyzed accident, Unfiltered Release.

F0 based on insufficient heat loading in tank waste to raise dome space temperaturc above ambient supernatant or
service water temperature such that spray would cause a large pressure drop.
This hazardous condition derived from Project W-320 hazardous condition # W320-D-VENT04.
Exhauster would have to be down for a while to build up this much heat.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
D Hazardous Condition Cause Cat Cat | Cons | Acc
CI06PHASE [Release of radioactive or hazardous materials  Siphon of waste from receiver tank to 52 FO E2 33AX
1-G-05 from 241-C-106 to the surface through pits and |C-106 overfills tank with leak to ground|
risers due to backflow of waste from receiver
tank

Structures, Systems, and Components {SSCs)
Mitigative S5Cs

SsC Classification
5§ SC Safety Function Comments
None - - - [ -
I Preventive SSCs
1 Classification
S5C S8 SC Safety Function Comments
None — - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control J Safety Function. Comments
None ]] - -~
Preventive TSR
Control | Safety Function | Comments
None | - ] —

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 33.1.5-2 in the FSAR.
By established convention, the related field in the Hazard Anatysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: Tank waste
Remarks: S2/E2 based on analyzed accident, Waste Transfer Leak.
F0 based on waste distnibutor drop leg above waste in headspace thus creating a vacuum break.

Engineering design show no changes such that new drop legs or slurry distributors are to be installed in the receiver tank
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
| 1D Hazardous Candition Cause Cat Cat | Cons Acc
CI06PHASE  [Release of radioactive or hazardous material to  [Slnicing selectively removes neutron S2 FO E2 01X
1-H-01 atmosphere from 241-C-106 due to unplanned  poisons resulting in criticality, steam
muclear criticality eneration and ventilation system
Failure

Structures, Systems, and Components (SSCs)

Mitigative 35Cs
SSC Classification
S8 SC Safety Function Comments
None - -- - -
Preventive SSCs
Classification
S8C 5SS SC Safety Function Comments
None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None -~ -
Preventive TSR
Control | Safety Function Comments
None 1 - —

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 33.1.5-2 in the FSAR.
By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: HEPA filter loading and fission gasses

Remarks; S2/E2 based on analyzed accident, Nuclear Criticality.
FO based on calculations found in RPP-7475, Rev. |, Criticality Safety Evaluation of Hanford Tank Farms Facility, that
concludes that sluicing or transfer and storage of the waste in 241-C-106 will not create the possibility of a criticality.
This hazardous condition evaluated in RPP-13557, Rev, 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
ID Hazardous Condition Cause Cat Cat Cons Acc
C106PHASE Release of radioactive or hazardous materials  [High waste temperature during transfer| S2 Fl E2 05X
1-H-02 from tank 241-C-106 due to flammable gas causing a stearn bump which induces a
deflagration in dome space flammable gas release/ignition
Structures, Systems, and Components (SSCs)
Mitigative SSCs
S8C Classification
ss [ sC Safety Function Comments
None - { - - -
Preventive SS8Cs
Classification
SSC SS SC Safety Function Comments
SST Ventilation Systems - X |Prevents the accumulation of flammable None
as due to steady state accumulation, thus
educing the frequency of a flammable
] as deflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas None
Progedures) deflagration.
IAC, 5.18 HEPA Filter Controls [Reduces the consequences of a HEP A filter None
failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

LCO; 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
systems

IRPP-13547, Rev. 0, Evaluation of the Potential
or Tank 241-C-JO6 to Achieve a Flammable
(Gas Atmosphere concluding that the waste
volume in 241-C-106 is insufficient o generate
sufficient gas to reach lower flammability limit
with barometric breathing.

Measuring and Test Equipment

arameters specified in the TSR is maintained.

IAC; 5.9 Flammability Controls \Assures flammable gas hazards are managed. None

IAC; 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.

AC; 5.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations.

IAC: 5.12 Transfer Controls Ensures that the final tank states remain within None
ithe analyzed topography of the flammable gas
ideflagrations accident.

IAC; 5.19 Process Instrumentation and Ensures that equipment used to verify process Nene

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank heads pace aerosols and HEPA filter loading.

Remarks:

S2/E2 based on analyzed accident, Flammable Gas Deflagration.

F1 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient
gas to reach lower flammability limit with barometnic breathing coupled with a relatively low waste temperature
documented in the process control plan (RPP-13707, Rev. 0, Process Control Plan for Tank 241-C-106 Closure,

Rev. 0).

This hazardous condition derived from Project W-320 hazardous condition # W320-A-TRANSO4.
This hazardous condition evaluated in RPP-13357, Rev. O, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons| Freq | Env Rep
1D Hazardous Condition Cause Cat | Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous materials  [Temperature out of specification causing a| $2 F1 E2 05X
1-H-03 from tank 241-C-106 to atmosphere due to steam bump when level is lowered
ammable gas deflagration resulting in release/ignition of a
flammable gas
Structures, Systems, and Components (SSCs)
Mitigative SSCs
$SC Classification _
88 SC Safety Function Comments
None -~ -- - -
Preventive SSCs
Classification
$8C SS SC Safety Function Comments
SST Ventilation Systems - X  [Prevents the accumulation of flammable None
lras due to steady state accumulation, thus
reducing the frequency of a flammable
igas deflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas
. None
Procedures) deflagration.
AC: 5.18 HEPA Filter Controls Reduces the consequences of a HEP A filter None
failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

E.CO; 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
systems

IRPP-13547, Rev. 0, Evaluation of the Potential
r Tank 241-C-106 to Achieve a Flammable
Gas Atmasphere concluding that the waste
volume in 241-C-106 is insufficient to generate
sufficient gas to reach lower flammability limit
pith barometric breathing.

Measuring and Test Equipment

jparameters specified m the TSR is maintained.

IAC; 5.9 Flammability Controls \Assures flammable gas hazards are managed. None

IAC; 5.10 Ignition Controls [Reduces frequency of flammable gas None
deflagrations.

IAC; 5.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations.

IAC: 5.12 Transfer Controls [Ensures that the final tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident.

IAC; 5.19 Process Instrumentation and [Ensures that equipment used te verify process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter Joading.

Remarks:

$2/E2 based on analyzed accident, Flammable Gas Deflagration.

F1 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient
zas to reach lower tlammability limit with barometric breathing coupled with a relatively low waste temperature
documented in the process control plan (RPP-13707, Rev. 0, Process Control Plan for Tank 241-C-106 Closure Rev. 0).
This hazardous condition derived from Project W-320 hazardous condition # W320-A-TRANS05.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat Cat {Cons| Acc
C106PHASE [Release of radioactive or hazardous materials  Flammable gas collects in pit and 52 F2 E2 05X
1-H-04 from tank 241-C-106 pit to the atmosphere due [ignites, lifting cover block, which falls
0 spray leak from flammable gas deflagration injonto piping in pit resulting in damage to|

|;;it transfer lines and spray release

Structures, Systems, and Components (SSCs)

Mitigative S5Cs
ssC Classification
58 SC Safety Function Comments
Transfer Leak Detection Systems X -~ Provide an alarm when waste is detected None
in transfer related structures to alert
loperators to take mitigative actions.
Preventive S5Cs
Classification
SSC S8 5C Safety Function Comments
None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
IAC; 5.14 Emergency Preparedness {Response  [Mitigates the consequence of a waste transfer None
Procedures) leak {i.e., pool on of near the surface) by
imoving workers away.

Preventive TSR

Control Safety Function - Comments

1.CO; 3.1.3 Transfer Leak Detection Systems  [Ensures operability of the transfer leak detection| None
kystem

IAC; 5.9 Flammability Controls lAssures flammable gas hazards are managed. None

IAC; 5.10¢ Ignition Controls [Reduces frequency of flammable gas None
deflagrations.

IAC; 5.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations.

IAC: 5.12 Transfer Controls [Ensures that the final tank states remain within None

the analyzed topography of the flammable gas
keflagrations accident.

IAC; 5.19 Process [nstrumentation and [Ensures that equipment used to verify process None
Measuring and Test Equipment arameters specified in the TSR is maintained.

IAC: 5.20 Transfer Pump Administrative Lock  [Reduces the possibility of waste leakage Nene
Controls ccumulating in waste transfer-associated

ktructures thereby preventing flammable gas
hazards from developing within the structures.

Coutrol Memo: Conirols based on SB, FSAR Appendix K.

Revision to Original HAZOP:  None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks: $2/E2 based on analyzed accident, Waste Transfer Leak.
F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient
gas to reach lower flammability limit with barometric breathing.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-TRANS21.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Rerieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq Env Rep
ID Hazardous Condition Cause Cat Cat Cons Acc
C106PHASE [Release of radioactive or hazardous materials  [Formation of organic layer in tank S3 FO E3 09X
1-H-05 from tank 241-C-106 to atmosphere due to during sluicing and subsequent ignition
organic waste fire of organics

Structures, Systems, and Components (SSCs)
Mitigative SSCs

SSC Classification
58S SC Safety Function {Comments
None - - - -
Preventive SSCs
Classification
SSC S8 SC Safety Function Comments
None -- -- - --

Technical Safety Requirements (TSRs)
Mitigative TSR

Control Safety Function. Comments
None -- -
Preventive TSR
Control | Safety Function I Comments
None '! -- ] -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matnx, Table 33.1.5-2 in the FSAR.
By established convention, the related ficld in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: Tank headspace aerosols
Remarks: S3/E3 based on analyzed accident, Organic Solvent Fire.
FO based on water sluicing combined with no indication of solvents remaining after inttial sluicing.

This hazardous condition derived from Project W-320 hazardous condition # W320-B-ALL10.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env | Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
CI06PHASE [Release of radioactive or hazardous materials  [Loss of ventilation for many months, dry| 83 FO E3 09X
1-H-06 from tank 241-C-106 to atmosphere due to jout of waste and subsequent ignition of
organic waste fire lerganics
1
Structures, Systems, and Components (SSCs)
Mitigative SSCs
S5C Classification
S8 SC Safety Function Comments
None - - - -
[ Preventive §8Cs
Classification
SSC 88 SC Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function Comments
None J -- --

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 33.1.5-2 in the FSAR.
By established convention, the related field in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: Tank headspace aerosols
Remarks: §3/E3 based on analyzed accident, Organic Solvent Fire.
F0 based on water sluicing combined with no indication of large amounts of solvents remaining after initial sluicing.

This hazardous condition derived from Project W-320 hazardous condition # W320-B-VENTOS.
This hazardous condition evaluated in RPP-13337, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons Ace
CI106PHASE [Release of ammonia gas from tank to Sluicing canses release of ammonia 51 F3 El -
1-H-07 tmosphere due to burp which exposes facility
ersonnel to hazardous gases
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
88 SC Safety Function Comments
None - — - -
Preventive SSCs
Classification
SSC 58 SC Safety Function Comments !
None - [ - - - —]
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None -- -
Preventive TSR
Control 1 Safety Function Comments
None | - -

Control Memo: No safety SSCs or TSRs required - Facility worker risk controlled by TFC Safety Management Programs (Industrial

Health and Safety).
Revision to Original HAZOP:  None
Material At Risk: Ammonia
Remarks: S1/El based on limited amount of waste in tank.
F3 based on anticipated release of ammonia.

This hazardous condition derived from Project W-320 hazardous condition # W320-B-TERMO1.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons |Freq| Env Rep
ID Hazardous Condition Cause Cat | Cat | Cons | Acc
C106PHASE [Release of radioactive liquid waste from tank  [Large water intrusion resulting in high S0 F3 E2 -
1-H-08 241-C-106 to soil subsurface due to large water |hydrostatic pressure and tank breach
intrusion Service water, surface flood, excessive
ransfer, or cascade)
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
S8C 58 SC Safety Function Comments
None -~ - -- -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control 1 Safety Function Comments
None l -- -

Control Memo: No Safety $SCs or TSRs - Hazardous Conditions with significant environmental impact but low safety consequence

(50/51) are addressed by Environmental Controls specified in Tank Farms FSAR Section 3.3.2.3.4, Environmental
Protection (Table 3.3.2.3.4-1).
Revision to Original HAZOP:  None
Material At Risk: Tank waste
Remarks: S0 based on no worker exposure.
E2 based on leak of tank waste o soil column.
F3 based on unlimited water available trough sluicing system hookup to service water supply system.
This hazardous condition derived from Project W-320 hazardous condition # W320-B-ALLIL.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase | Retrieval of 241-C-106 for

Closure.
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Controf Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure
Cons | Freq | Env Rep

1D Hazardous Condition Cause Cat Cat | Cons | Acc
Cl106PHASE [Release of radioactive or hazardous material [Transferred waste reacts with waste in S2 FQ E2 03X
1-1-01 from damaged 241-AY-102 ventilation system ftank causing steam or gas generation
due to mixing of incompatible material which pressurizes the tank causing

[failure of the HEPA filters

Structures, Systems, and Components (SSCs)
Mitigative S5Cs

SSC Classification
S8 SC Safety Function Comiments
Nong - - - -
Preventive 85Cs
Classification
S8C 58 SC Safety Function Comments
None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - --
Preventive TSR
Control | Safety Function Comments
None { - -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: HEPA filter loading and tank headspace loading

Remarks: S2\E2 based on analyzed accident, Mixing of [ncompatible Materials-Tank Pressurization.
FO based on letter reports 74100-98-019, Interoffice Memo from DST Engineering to P.G. O'Connor, Waste
Compatibility Assessment of Tank 241-C-106 Waste (ETF-98-02) with Tank 241-4Y-102 Waste, and 74100-95-028,
Interoffice Memo from T.M. Blaak to I. J. Sutey, Waste Compatibility Assessment of Tank 241-C-106 Waste (S5T-9907
with Tank 241-AY-102 Waste, concluding that sluiced waste from 241-C-106 will be compatible with any waste in the
DST receiver tank.
This hazardous condition evatuated in RPP-13557, Rev. 0, Safery Evaluation of Phase I Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
CI06PHASE [Large release of radioactive or hazardous Enflux of cold water spray into tank S3 Fo E3 04X
1-1-02 aterials from receiver DST to the atmosphere icausing excessive vacuum with a large
F‘ue to flammable gas deflagration flammable gas release as a tesult of
waste transfer; gas is ignited

Structures, Systems, and Components (SSCs)

Mitigative S8Cs

Classification

§8C ‘
§8 SC Safety Function Comments
None - - - -
Preventive S8Cs

Classification
S8C SS SC Safety Function Comments
None - - - -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function, Comments
Nene - -
Preventive TSR
Control | Safety Function Comments
None | - --

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks: S3/E3 based on analyzed accident, Flammable Gas Deflagration.
F0 based on the process control plan (PP-13707, Rev. 0, Process Control Plan for Tank 241-C-106 Closure) and tank
temperature profiles from the Tank Waste Information Network System (TWINS) database that there is not enough
difference between transferred waste temperature and tank headspace temperature to create sufficient vacuum to induce
a large gas release event.
This hazardous condition derived from Project W-320 hazardous condition # W320-D-VENT13.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat | Cat | Cons Acc
C106PHASE [Release of radioactive or hazardous materials  [Pumping of more solids than anticipated,| $3 FO E3 04X
1-1-03 [from tank 241-AY -102 to atmosphere due to nulus cooling not adequate, waste is
flammable gas deflagration verheated causing a tank bump that
esults in a gas release event with
ignition

Structures, Systems, and Components (SSCs)

Mitigative SSCs

Classification

S8C .
58 SC Safety Function Comments
None - - - --
Preventive SSCs

Classification
SSC SS SC Safety Function Comments
None - - -- -

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control I Safety Function Comments
None | -- --

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks: S3/E3 based on analyzed accident, Flammable Gas Deflagration.
F0 based on the small amount of sludge being transferred (23 kL) from 241-C-106 compared to the amount present in
241-AY-102 (548 kL) as listed in Appendix F of RPP-13557. The isotopic breakdown of the solids is similar
(Appendix A of RPP-13557) thus the four percent increase in that the heat loading caused by transfer of the remaining
waste in 241-C-106 is, in and of itself, insuffictent to induce a gas release event.
This hazardous condition derived from Project W-320 hazardous condition # W320-D-PUMP04.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for
Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat Cat | Cons | Acc
CI106PHASE [Release of liquid waste into annulus of receiver [Distributor/dropleg breaks off dropping S¢ FO EQ -
1-1-04 DST due to tank equipment penetrating tank linto tank and penetrates tank liner
liner resulting in leakage to annulus

Structures, Systems, and Components (SSCs)

Mitigative S5Cs
S5C Classification
S8 SC Safety Function Comments
None -- -- -- -
Preventive SSCs
Classification
S8C S8 SC Safety Function Comments
None -- -- -- --

Technical Safety Requirements (TSRs)

Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control [ Safety Function Comments
None | - -~

Control Memo: No controls requited for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.
Revision to Original HAZOP:  None
Material At Risk: Tank waste
Remarks: S0 based on no worker exposure.
E0 based on no release to environment.
F0 based on consensus of HAZOP team that slurry distributor/drop leg is not massive enough to penetrate tank bottom.

This hazardous condition derived from Project W-320 hazardous condition # W320-ABCD-TRANSO4.
This hazardeus condition evalvated in RPP-13557, Rev. 0, Safety Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE [Release of toxic material from tank 241-AY —  |[Waste transfer reacts with waste in tank 82 FO E2 23X
1-1-05 102 to the atmosphere due to mixing of resulting in the release of toxic gasses
incompatible material
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
None -- - — --
Preventive SSCs
Classification
S8C SS SC Safety Function Comments
None -- - -- --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
None - -
Preventive TSR
Control | Safety Function Comments
None i - -

Control Memo: No controls required for FO event. Controls are not required as established by the Risk Matrix, Table 3.3.1.5-2 in the
FSAR. By established convention, the related field in the Hazard Analysis Database is left blank.

Revision to Original HAZOP:  None
Material At Risk: Toxic gasses

Remarks: S2/E2 based on analyzed accident, Mixing of Incompatible Materiat, Toxic Vapor Generation.
F0 based on letter reports 74100-98-019, Interoffice Memo from DST Engineering to P.G. O'Connor, Waste
Compatibility Assessment of Tank 241-C-106 Waste (ETF-98-02} with Tank 241-AY-102 Waste. and 74100-99-028,
Interoffice Memo from T.M, Blaak to J. 1. Sutey, Waste Compatibility Assessment of Tank 241-C-106 Waste (S5T-9907
with Tank 241-4Y-102 Waste, concluding that sluiced waste from 241-C-106 will be compatible with any waste in the

DST receiver tank.

This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation af Phase | Retrieval of 241-C- 106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

IMeasuring and Test Equipment

material balance tank level monitoring, or
service water monitoring are calibrated.

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
CI06PHASE p cjease of radioactive o hazardous material  [Unlimited sluicing and waste transfer s2 F3 E2 33X
1-1-06 from receiver tank to the ground surface due to  poverfills receiver tank with overflow
overfilling through pit to ground
Structures, Systems, and Components (SSCs)
Mitigative SSCs
SSC Classification
S8 SC Safety Function Comments
None - -~ - -
Preventive SS5Cs
Classification
S5C S8 5C Safety Function Comments
None - - - -
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. [ Comments
AC: 5.12 Waste Transfer Controls (Operating  Requires periodic material balances to provide a; None
Requirements, Material Balance) eans to detect transfer line leaks or misroutes,
llowing workers to take mitigative actions.
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a waste transfer None
IProcedures) leak (i.e., pool on or near the surface) by
moving workers away.
IAC; 5.19 Process Instrumentation and [Ensures that instruments used to perform None

IAC: 5.24 Safety Management Programs
Radiation Protection)

IMitigates facility worker and onsite worker
konsequences due to in-tank waste leaks.

Radiation protection practices detect
contamination on the soil or in structures.

Preventive TSR

Control

| Safety Function

Comments

None

Control Memo: Controls based on analyzed accident, Waste Transfer Leak.

Revision to Original HAZOP:
Material At Risk: Tank waste
Remarks:

None

S2/E2 based on analyzed accident, Waste Transter Leak

F3 based on unlimited amount of sluice water from Hanford service water lines.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Evaluation of Phase I Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep

1D Hazardous Condition Cause Cat Cat | Cons| Acc
C106PHASE [Release of radioactive or hazardous material ILine flush overfills receiver tank with 52 F3 E2 33CX
1-1-07 from receiver tank to the ground surface due to verflow through pit to ground
verfilling

Structures, Systems, and Components (SSCs)

Mitigative SSCs

Measuring and Test Equipment

material balance tank level monitoring, or
service water monitoring are calibrated.

SSC Classification
S5 SC Safety Function Comments
None - - - -
Preventive SSCs
Classification
S5C S8 SC Safety Function Comments
None - -- - --
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.12 Waste Transfer Controls (Operating  [Requires periodic material balances to provide a None
Requirements, Material Balance) imeans to detect transfer line leaks or misroutes,
hllowing workers to take mitigative actions.
IAC; 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a waste transfer None
Procedures) leak (i.e., pool on or near the surface) by
moving workers away.
IAC; 5.19 Process Instrumentation and [Ensures that instruments used to perform None

IAC 5.21 Tank Service Water Intrusion
Monitoring Program

itigates facility worker and onsite worker
onsequences due to in-tank waste leaks.

[Radiation protection practices detect
kcontamination on the soil or in structures.

Preventive TSR

Control

Safety Function

Comments

None

[Prevents tank overtlow from service water
leaks.

None

Contro!l Memo: Controls based on analyzed accident, Waste Transfer Leak.
Revision to Original HAZOP:  None

Material At Risk: Tank waste

Remarks: $2/E2 based on analyzed accident, Waste Transfer Leak

F3 based on unlimited amount of sluice water from Hanford service water lines.
This hazardous condition evaluated in RPP-13557, Rev. 0. Safety Evaluation of Phase [ Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Cons | Freq | Env Rep
ID Hazardous Condition Cause Cat Cat | Cons | Acc
C106PHASE [Release of radioactive or hazardous material In-tank instrumentation fails causing a S2 F2 E2 05X
1-J-01 ifrom 241-C-106 to the atmosphere due to a park which ignites flammable gas
flammable gas deflagration ausing damage to the ventilation
yStEITI
Structures, Systems, and Components (SSCs)
Mitigative SSCs
e Classification
58 SC Safety Function Comments
None - - - --
Preventive S5Cs
Classification
SSC SS SC Safety Function Comments
SST Ventilation Systems -- X [Prevents the accumulation of flammable None
lgas due to steady state accumulation, thus
reducing the frequency of a flammable
|gas deflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC; 5.14 Emergency Preparedness (Response  Mitigates the consequence of a flammable gas N
. one
Procedures) deflagration.
AC; 5.18 HEPA Filier Controls Reduces the consequences of a HEP A filter None
failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments

LCO: 3.2.3 SST Ventilation Systems-Passive

[Ensures operability of the passive ventilation
Bystems

IRPP-13547, Rev. 4, Evaluation of the Potential
or Tank 241-C-106 to Achieve a Flammable
Gas Atmosphere concluding that the waste
volume in 241-C-106 is imsufficient to generate)
sufficient gas to reach lower flammability limit
with barometric breathing.

Measuring and Test Equipment

arameters specified in the TSR is maintained.

IAC; 5.9 Flammability Controls lAssures flammable gas hazards are managed. None

IAC; 5.10 Ignition Controls Reduces frequency of flammable gas None
detlagrations.

IAC: 5.11 Flammable Gas Monitoring Controls [Reduces frequency of flammable gas None
deflagrations.

IAC; 5.12 Transter Controls [Ensures that the final tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident.

1AC: 5.19 Process Instrumentation and [Ensures that equipment used to verify process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:

None

Material At Risk: Tank headspace aerosols and HEPA filter loading,

Remarks:

S2/E2 based on analyzed accident, Flammable Gas Deflagration.

F2 based on the analysis documented in RPP-13547, Rev. 0, Evaluation of the Potential for Tank 241-C-106 to Achieve
a Flammable Gas Atmosphere that concluded that the waste volume in 241-C-106 is insufficient to generate sufficient

gas to reach lower flammability limit with barometric breathing.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safery Evaluation of Phase 1 Retrieval of 241-C-106 for

Closure.
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Control Decision Record

Activity Phase 1 Retrieval of Single-Shell Tank 241-C-106 for Closure

Measuring and Test Equipment

arameters specified in the TSR is maintained.

Cons | Freq | Env Rep
1D Hazardous Condition Cause Cat Cat | Cons | Acc
CI06PHASE [Release of radioactive or hazardous material lIn-tank instrumentation fails causing a 52 F3 E2 04X
1-J-02 from 241-AY-102 to the atmosphere dueto a park which ignites flammable gas
flammable gas deflagration F;ausing damage to the ventilation system
Structures, Systems, and Components (SSCs)
Mitigative SSCs
ssC Classification )
58 SC Safety Function Comments
None -- - - --
Preventive S8Cs
Classification
S8C S8 SC Safety Function Comments
- X  [Prevents the accumulation of flammable Noene
DST and A WF Primary Tank Ventilation lpas due to steady state accumulation, thus
Systems reducing the frequency of a flammable
Jgas deflagration.
Technical Safety Requirements (TSRs)
Mitigative TSR
Control Safety Function. Comments
IAC: 5.14 Emergency Preparedness (Response  [Mitigates the consequence of a flammable gas N
. one
Procedures) deflagration.
AC; 5.18 HEPA Filter Controls Reduces the consequences of a HEP A filter None
failure by limiting the inventory available.
Preventive TSR
Control Safety Function Comments
1.CO: 3.2.1 DST and A WF Ventilation Systems fyn;::: operability of the active ventilation None
IAC; 5 9 Flammability Controls |Assures flammable gas hazards are managed. None
AC: 5.10 Ignition Controls Reduces frequency of flammable gas None
deflagrations.
IAC; 5.12 Transfer Controls Ensures that the final tank states remain within None
the analyzed topography of the flammable gas
deflagrations accident.
IAC: 5.19 Process Instrumentation and [Ensures that equipment used to verify process None

Control Memo: Controls based on SB, FSAR Appendix K.

Revision to Original HAZOP:  None

Material At Risk: Tank headspace aerosols and HEPA filter loading.

Remarks: $2/E2 based on analyzed accident, Flammable Gas Deflagration.

F3 based on analyzed accident, Flammable Gas Deflagration in DST.
This hazardous condition evaluated in RPP-13557, Rev. 0, Safety Fvaluation of Phase | Retrieval of 241-C-106 for

Closure.

D-116




RPP-13557REV 0

APPENDIX E

HAZARD EVALUATION TABLES



RPP-13557REV 0

This page intentionally left blank.



RPP-13557 REV 0

SWISAS

UOLE[IJUSA JALIE AL
Aewt BUUOISSILLELIODA(]
‘uonejiuaa assed uo A[31
[[IM SHUALIE uOE|[BISU]

"uLre)
jue} 3yt Ul JUSPIDIE I[IYIA
paredionue uo paseq ¢4

"W)SAS pajepIuaA Afaarssed

B JI0J [H/TS 39 PInoMm sy,
"WIBISAS UOTIE[IUAA JAISE
1oy amssaad 10 anpesaduy
yBry 03 unsodxa

wowdinbg 159, pue Bunmsealy
PUE UDHBIUAUINKSU] $SID0L]

&y
VdAH padewep
wiey arsydsoune

2y VddH
ay) Swdewep wass
uorie|puaa aaissed 90 =D

anjeradway ydiy

~aunjie] 491 W H o] [euew| -1 2ud Jeau g Suisnes| o} anp awaydsoune o 1Y VIHH
uap19de pazd[eue uo Ausioyy LT ¥d3H JAljoEOIPRL ue} (ang ayy Suunidna| paBewep woly [eLINEW SnopIeEzey
paseq Ajaanealasuod 79/,Z§| X90 g €d s slonuody 12y ¥didH SN VdHH Jo aseagay 12alqo sayLs 3|ADA 10 2ATI2EOIPERL JO ASEARY| £0-V
Ananoe siy) Sunp pasn
3G [[1A4 UCHE|IIUIA DAISSE]
watudinby 153, pue Bulnsealy
TdTYoesd PUE UONEIUWNGSU] §$35014
0} SEF JUIINIFINS 21eI3U3
o1 AI3I[UN ST AWnoA ssaupasedard Asuagiowg
uonede[jap sed
ajsem Je) wen JOZVH sjonuo)) 1214 vd4aH a[qrwTy © 0 anp assydsoune
40 SNSUISUOI U0 pAseq 74 ${0U0) BULIONUOY SBO WejY WAJSAS uone[nUA sed ojqewie]) syudl| ay) 0} WNSAS uolje[udA pagewep
uoyeide)jop padewep pue yreds sasned (dwind pue syjed ases)ar paiagyjyun
) sje1uo;) uonud] .
sed ajqewie)] quaplode wasAs|  woyj oraydsoune}  Jagsues; “§-9) wowdmbe 0] [ELIJRUL SNOPIBZEY
pazA|eue ue paseq 73,25| X60 | 2| S wasks WaA 001 JUAA DAISSEJ ISS| O ASE3[l J)5BM MU JO UDIIE[[eISU] 10 9AN0BOIPRL JO 0539 | oY
Ananae sig Sunp pasn
3q [T UOLIE[IILIA BAISSE
' wawdmnbg 150, pue Sulinseay
14T Yoead PUE UCIHEIUAINASU] §82230I]
01 sed JUIIHIINS Meaauad it Kauos
ssauparedar Louafiawy
01 A[23{1|un S} 3Wn[OA uonjeide|jap sed
asem el wea JOZVH SIOR0y L] VdHH s|qrwwe|} B 0} snp asydsount
JO SNSUISLOD U0 PAstq 7 S[01U07) SULIOIUOLA §Bry wik[] wa)sAs uoie|uaa sed oqewnuey; sapui| 2y) 01 w2sAs uoneHUIA padewep
uopeide|jap w3 pafewep pue yieds sasnes (dund pue syjed aseapal paJaun
sed ajqewwe)) uapoe Sleauogy uonmd] walsAg|  woly aaaydsoune 12{ |22y '3-2) juswdinba WIQI] [BLIDIEIL SNOpIezey
pazA[eue uo paseq 7A/ZS| XS0 7d zd 7S wIglsAs JUs A OO ‘Juap aasse] 185| 01 aseajss ssEm YUE) W JO [RAOLIFR] 10 3ATIDROIPR JO 35313y [0~V
Suuosspunmoda pue uopeeisuf juawdinbyg v apoN
2y | suony IN  |ON suo)
SLIBWRY baig EAE] 1IN US.L p3NsaBing 2SS py»sading duanbasuo)) asne) uoIppuo)) SNOPIBZRE] Gl
doy | aug (LR L O LA |

(s102ys o) "aanso|D 10§ 901-D- 1 JueL [joyS-of3uls
Jo [eastnay [ aseyd ay) Joj synsay (d0ZVH) Apms AifiqeiadQ pue spreze '[-q 2[qel

E-1



RPP-13557REV 0

suLley
WUE UL JUIPIIIEL YA
pajedidiue Uo paseq ¢4

B3I PIIEUTIEIUOD
w21 “uapIooE

(saInpazol asuodsay)
ssauparedarg £ouadiawyg

asaydsoune
ap o1 nd ay) wouy
Uo1IEUILUEIU0D

sonudr
pue 11d & o1u1 SURRIp YTYM
yuen [2n} 243 3upmdng

allj B 03 3np awaydsoune ayy

01 1td B WIOL] [ELIAIELL STOPIRZEY

pazAjeur uo paseq zayzs| X0 | zd £d AN {s]0ue 22143 A) vomud| EABINE S TR GRR Jo asealay Nd SLIS 2OWIA IO DANIEOIPE] JO 358N | 90~V
SWS)SAS
UOMBTJUAA JAIIE DARY
Aew FLINOISSIALIOIS(]
‘uoneuaA aalssed uo £jas
|[14 S3ITIANO8 UOLE[[EISU]
QU
LB ALY UL JUIPIODE I[DIYIA
poredIaNUE U0 Paseq ¢ juatndinby 153, pue Sutansealy
o PUE UONRIUSLLAIISU] 553014
"wisAs pareuaa Lpaaissed
® 10} [F1/1 S 99 pinom sy Louaronyg 9L VdaH
"UIBISAS UOHR[NUIA JADIE sjonuo)) 91t VdaH s VdaH g =y vdaH
107 amnssaad 10 aunjeadws) £ y VddH poSewrep ) Furdewep walsAs
y2ny o3 amsodxs L2ASAS , WRISAS 3aapU] wolj asaydsoune|  uonE[IUAA [S(T JIATaIDS asmesadwal Y3y
-asnpe] A v4aHd AN PN VIIH 01 dP 2l VdiaH o) [elIew| Auns au) Jeau any Jwisnea| o3 anp araydsowne 0} Y vAIH
JUIPIIE PIZA[RUE UO wWIASAS Yoo} WIRISAS N20LIAU] SATIJEOTPE] Nuel jang ap Fulmydne | paSewsep wody [e110)EW SNOpJezey
paseq Ajpanearasued Z4/ZS| X90 | @ £ (A WV Yo ueneiuas OO WV 3IRIS uone[HuaA Jo aseady 122[qo SIS A[AHYIA 40 AATIDEOIPEL JO ISEHIY | SV
SWISAS
UGIR|INSA SATIE dARL
Aew SUIuoISSILILL0D3(]
‘uoneuaA aaissed wo Ajar
|I1% S3IHANDR UOLE[[BISU]
‘e
NUE] 3Y3 U] JUIPLIFE I|IYDA
poredionue uo paseq ¢ wswidinbg 1521 pue Funnseay
Y pue UONEBIUIWNNSU] §5220d
‘wHnsAs parenuaa Afaarssed
€.10J [9/15 94 pjnom sIq ], AduatoLd oL VdaH
‘LNSAS LONR[NUIA SATOE S105u0D) 2114 Vd9H SN Vd9H 9y 1914 VddH
104 amnssad o amesadwa YdqH padewep 3y Fwdruep wWasAs
Y31y o3 amsodxs woshs WasAS 20| wouy alpydsoune|  UONBINUIA 3ANIE 9G1-D amesadway ydiy
-a1nj1e} Joj vJdIH HooLMUL JP 1A VIH 001 dP 2 VdIH o Jeratewr| -1z oy Jeau ang Juisnea| o1 snp asoydsowne oy MY VdAH
IPI3DE PIZA|BUR UD UI)SAS Y20}IIU] WNsAS YA0[SIU] SALIEOIPES yuel [an a1 Jumdna| pafewep woly [2LIMew snopaezey
paseq Apanealasuod 73/78| x90 | 74 | () VD H00IE vonRUsA QDT VD I0WIS UOHBIHUIA Jo asealay 103(q0 SRS AOIYIA 40 3A[DEOIPEL JO ISEINY [ OV
oy | suoy ON  |DN suo))
SHIBWIY da An baag | Ayug HSL pasadang DSS psasang asuanbasuo;) Isne) UG|PUO)) SNOPIBZRY al
A ey | ey

3O [BASIOY [ 9seyd AU} J0j sHNSY (JOZVH) APmIS ANfiqesad() pue sprezefy “[-H S[qeL

(s199ys ) "2InsO[) IO 9Q[-D-1HT Jue L [[FYS-9[8uls

E-2



RPP-13557 REV 0

doup peoj
pajedionue uo paseq ¢4

13A0D
1108 YAnoay) PaIcNl IWop
ur $q2es2 yInouy sjosose
aoedspeay yue) JO A5l

paiwy ue paseq 13/18

|

wesdoly uonsnol ueneipey

wesSolry Suipro] awog
[anueyy Bwddy pue Funsioy
b4 0T Ultpim SYITT [BJIUEYIA

sj0u0)
Fuipeo] awo( pue Juryr] peo|

AUON

asaydsoune
01 0SB 2Y DISEM

aLop Yue) ai
01 afeurep 3wmsned {prys
1aem “§'2) wawdinba
yuey uo 1o Juyreisut o
§320]q 19402 Funys) uaym

901-D 1T 1940 JUEBID
SUOIISed ORI IO M

SPRO| JAISSIIND

0} anp swop yur padewep
y3noJys syjed aseajal paseyun
WoJj [BH2EW SNOpJEZeY

J0 JATIIROIPRE JO D5ED]IY

80v

PETIV-H-0TeM
# UOTHPUOD SNOPJBZRY OTE

-M 19001 WOy paaLiap
UONIPUOD SNOPJEZRY SIY .

"S19A3] UOHBUILIZ)U0D Y31y
01 anp ud dwnd 901-3- 14
a1 Ul N40m 0] parnbal

3 AR UODIEINUIA 3ANDY

‘SANI[ENUIAD 3SIL])
513402 Fuures] -dn youd
SpUIMm J0 panods st [1aap
1s0p € J1 pajjeisut Apjanb
34 UBD 513400 Atesodwa],
‘spresuayye ajqissod

€ U0OS SB JO [BADLUAL X20[q
J3ADD 31090 JSYNI PoXI)
aq [{1M UONEBUILLEBILO.)
-doy uo uado

SI I91LBQ [BJUSLLUOIAUTY

spuim g3y

paiedisnue uo paseq ¢
puis ydiy-euawouayd
|eimey JUIpIIoe
pazA[eus Uo paseq [9/1S

td

IS

weadol] U001 UoRIpEY

JaLLIRq [RIUSLIUONAUT

aspydsoune
0] D5EDOS NSeM

S|BAOLIA 1O UOLIE|[B)SUI
juawdinbs 1o [BAOWL
12403 3d 10 JaA0 nd
wog [eaowa) Fnpd Furnp
143D 18np/SpulA YBIH

spurs 41y o1 snp asaydsotue ayy
0} 1d woy sjelaet snopiezey
10 JALDEOIPES JO ISEI[IY

Lorvy

PBWY

»ny
day

suo))
AU

IN
baig

(Lt |

JN suo)
Ayeg
[epu]

USL pYIsasing

2SS paysaddng

Jsuanbasuo)

asne)

UOMIPUO;) SHOPIBZEY

daE

Jo [eaainay 1 aseyd 2y) 10] sinsay (JOZVH) ApmiS Alfiqerad(y pue sprezel] '[-H S[qeL

(s190ys Of) "2InsO[D 10J 901-D-1HT UL, ]]eyS-9|3uls

E-3



RPP-13557REV 0

10113 19%10M
paredionue uo paseq ¢

LwaisAs uoneuaa

watudinbg 1531, pue Fuumseay
PUE UONRIUSWINISU] SS39014

Aouaroygd i vd4H
Sponuoy 2l vdaH

wa)shg
oo 4P It VdAH O

s V49H
W21sAG 301U
dp 1l Vd4HH

19 v ddH punose yed
ISEI[AL PA|LJUN SISNED

asea|al
paiagjiun ue o) anp assydsoLue

ur SB[ [JRLIS Wodf 5ea|al LWNSAS HI0[LaU] WNSAS H0[AUY alaydsowe| wxsAs uonenuaa padewep 3} 0] [eLIAEW SNOPIRZRY
panwy uo paseq 19/1§| — 19 e 15 ANV HIBIS UOB(UAA ODT] WVD 18IS uoneuas| 01 aseaay aisepn| a0 pajqueasse Altadoadu 10 2AnoBOIpRY 0 25ENIY| 1]V
wieadetd uonn0ad A0 M
Juapiooe Juiyy peol
paredionue uo paseq ¢4 weidolg Suipeo] swoC]
1anuey uiddiy pue Bunsioy ey
SSEI2! |EILAUILONALD FuiF3es 1o sue1> Fuisneo
ou uo paseq od 1 0T UiYim ST [ENUBDIIAN juswdinba Suiaowar
Auo mnpom Ajrjioeg S[oU0)) Anerey Jo Aanfu uay sa10] Surynp yonui|ainjres Wooq pue SUBID PIPROJISAD
o) Amnfur uo paseq [g| -~ 07 ol IS Fuipeo] swoq pue Juryry peo 2|BDG SUEL) IN{IoM SNOLIRG ©0] asne3 Joud 110 | 01 9np Anjeie to Anfu snouag| gy
"2800] UayoIq S
dwnd ayy [yun [ouod peoy
J3113q BABY O] Pasn aq 1M
syjoel onneapdy 1o swery
¥, U “ONSST SIY} ploAE O]
doup peo| werdoad uondalold uonepey
patedianue uo paseq ¢4 weidold Suipeo] awog
"1AA0D jenuepy 3urddry pue Sunsioy SBewrep 13S0 JURINSAL YUMm SPBO| JAIS5IIND
1108 ySnoay) pasm|y suop yd 199y 9g1-- | p7 w1 dwnd 0] ANp IWOP Yue) padewep
ur syoeIs ygnony sjososse 1 O Ui SYI [EDIUEYI2IN 1a( [aay yomys Sutaowai|  y3nonp syred aseajas palalun
aoedspeay yue) jo asea[al S[0UOT) assydsoune{  uaym 9a10) Sunr yonw WoJJ [BIIRTRW SnopJezel
pauuny uo paseq (918 — 14 o S Fuipeo awogg pue Funyry peo ajeog aurr)y| o1 aseaay AsEpAl  00) S9SNED IOLI3 IBIOM 40 3ANIROIpRI JO 9582]3Y | 60~V
vy | suo) ON  |ONsuo)
SHIBWRY doyg | aug baag | Lagug USL passddng 2SS pa1sadsng asuanbasuo) asne) HOPIPUO)) SNOPJEZRH ai
[etuf | epg

(s199Us Op) "2InSO[D 10J 901-D-1¥T NUB] [[PYS-2[3ulS

3O [2ASINSY [ 95eYd oY) 10] S)nsoy (dOZVH) ApnIS A1iqesdsdQ pue sprezer] “[-d S[qeL

E-4



RPP-13557 REV 0

swop
afewep 07 w21o1yNSUI
$1 13409 [10s ut Sugpeo]
13em Sulmoys juapiooe
pazA|Eue uo paseq Q4

auwiop
pa{oe12 YBnouy) [0S0l

WEIF0L] V0TI UONEIPEY

Funaesn
3WOP PUR PEO[IIAD

Aue) Busnes 94 [-0- [+

SPRO| JALS53IX3 0] 2NP 24njie]
yuey o) anp sAeamyied passyjyun
woa) a1aydsoune ay) 01 9p1-D)

aoedspeay Jue) Jo asesfal {saanpasoa asuodsay) azoydsoune|  yUE) 3AOQE |IOS SOIBINIES |- | $7 U] WOL) [BLIGIBUW SNOPIEZRY
panuny ue paseq [3/15] — 19 od 15 ssaupatedald Lousdrawyg auoN| o1 asea[IY ASEM 19]EM 3DIAISS JO B 10 2ANOEOLPE JO asea| zo-9
[OHSNTA-4-0ZEm
# UONIPUCD SNOpIeZRY OZE
- A 103foad wiod) paaliap
UONIPUOD SNOPIEZEY SIY],
1477 yoead
01 sed Jumsipns ajesousd
o1 A[21jun §1 9WNj0A
H15eM 10 WeA JOZVH sjonuo))| swasdg uonosieq yEI
FuLo)uow SBD) s|qeLwe]] yoea1q J)1J Junnsal SES A[qeIuLIREf
JO STISUBSUOD 10 Paseq 7 RZIBOL pue sed sjqeunse(f| jo uoud 0y anp SN[} payseSIg
uoiresge|jap S[04u0 ) 32n08 UONIE] ML JMEM AMIT Jo uorud gy yue) o] ySnoayy azsydsoune 03 901-r 14T
sed opqeLuwe(] YuIpLodE weiEc g Furonuoly WAISAS sssydsoune| (9IN0ISIW) UOISIIAIL Ja)EM JUE) WOL] S|BLINEW SNOPILZEY
pazdjeue uo paseq z4,2S| Xs0 7d zd 75 UDISNIRI] ISJeAy 90IAI0G YuR] |  UOND3IAQ [2A9 U] |  ©) 9SEHIL HISEM af.e) £q paonpu gyn 10 aAnoROIPEL JO ase33y] 10-9
SAUY] JIJSued | ALINS 10§ SW)SAS Ysn|g SuIpnpu] ‘WSS Alddng aajean §S33044 iy IPON
10{ [92Y gy
w padden pinby 10 23pn;s
O 1337 9 4940 3q ARLU 3191}
ey sABAPUL GO1-Dr 14T
yuey 1oj 2Fparmotn| 5532044
juswdinbe
Hue) MO[JOY I3YI0 pue
sduwnd u1 0129103 315EM
Fumoys Losiy Sunesedo sogpns 300ASP
S} JUT) pus 23pajmoLy punoId ayy 0] 3| JSEM B JUILLUIRILOD JAI0 10 “TIAIFIAT
$53001d 10 paseq ] Fuisnes yue) 3y Woly payi 3]QIX3[} ay] W YB3 B 0] Anp
[ids pjnos ey dwad ug SIJ UM 19A13521 2[qixay| puneud oy o) dund jal [pay 9g1-D
PIUIBIICS NSEM JO ILINJOA Joepns puncdd| oy woy pasesjal st dund| -z oY) Woly [ELIVEW SNOPIRZEY
panuwy) uo paseq |9/1S81 — 19 £ IS werdolg uoiaaold UseIpey auoN| oraseajaralses| 19l ooy w padden ssem 10 aAloeoIpe) Jo asesPy| 71-v
ny | sue) DN |DNsuO)
IBWIY baay | Kogeg HS.L pasadang 2SS pAsasang auanbasuo)) sne) aopIpuo)) SNopAvzEl al
oA | AT gy | ey

JO [BASLNSY | asey 23 J0] sinsay (JOZVH) Apms Anjiqerad( pue sprezef] '1-g °[qe.L

(s1eays F) "2Inso[D) I0J 901-D-1HC JUL], [[PYS-2[3UIS

E-5



RPP-13557REV 0

»LOHS14-ADE-02EM
# UOLIPUOD SnopJezey O7E
= A 190l01d Woly poaLIep
UOIIPUO3 SNOPIRZEY SIYL

10112 II0M
patedionue uo paseq ¢

s[ou0))
3907 sanensmuwpy dwng sueay

wawchnbg 1sa], pue Sunnseapy
PUEB UOHEJUSWINISU] S§3004]

ssouparedald Aduadiowy

(uaraBeur |y
uoneInrjuoy) SO0 J13)suBL]

wNshg
UCHUIAZI] MO

WIISAS I21BM

33IALIS OJUL MO|JIBY JO
33| dulp ysny ur Sunnsaz
pazunssaxd pue pa[iy st

aul| 13jsuel)

Jo ysay ay Sunnp 901--1vZ
ue; ul dwnd Japsue) jurjewadns

WISAS LOHUIALY MOLNIE araydsoune| aul| ysny pue sui| 13jsuen gungels woly yes) Aelds
Nes| § uot d MOPPRY OO'T (Soury ta1epm a1AISG) 01 aseajad| Jo ysngy 2yl Suuinp payeys|oy anp asaydsoune o} WSS 1jem
I3JSUEI] JSBM “JUIPIOOE wANSAS Uo1IAACE uLe|y 1o yoolt2uy|  @)sem aandeoIpea S1 901+ 142 qUEL W 331AIIS WO S[TLIGJEW SNOpPIezey
pazAjeue uo paseq 74,zs| xace| za £ 5 20853 SN IAIE O] YOUMS 2INSSaL] pazijoseaay | dwnd Jagsues) juejewadng 10 2ANJEOIPEL JO 3SENIY | S0-4
“{UE) punos
B S€ pASI| S COL-D1#T
GOTTV-JOH-0ZTEM
# UONIPUOD SNOPIEZEY 07§
- 192{00d wogy paalap
UONIPUOD SROPIBZRY SIYL
Aayyun
A[2wWaI1X3 puofaq sem
opeISEd 3} Yoral 0] "[ed
000'DOS 19A0 JO uolsAIUI
121EM B JBU) SNSUISUOD
Wex JOZVH Uo paseq [ SWMNSAS OO HE2]
WUILUOIIAUD FErAT
0] OSEX21 0U U0 PIse
} OSEN3A Ou 1o pasEq 0d MOLT 1M BIIADS §01-0- 192|103y apeasea oy anp 9910 uoIsnur 191em 331e| 0) AP
amsodxa weldord SuLiojuoy wsAg| QU UL BONIPLOD| - [pZ AR WOl SOT-D-1PTIS01-0 15T AUe 03 901-Or [T Yue)
J2NI0M OU UO paseq 0§] — 03 14 0S UOISTURUT ISIEM, 201AIBG HUB]|  UOI)9918(] |9AST YUB] juel pansapur| sue) ojul Iagem Jo uoisniu]| wody pmbi aanoeoipel Jo sseaay| po-g
Ul
B0 1SE[ SAO(E JUR] J)5EM
JO UOHIPU0D UAOUUD
U0 paseq uo paseq ¢ SWI2)SAS U01I31a(] YA
[ o 115005 73 wora oy oaimg| Pl Bumadns 21
i u : [ 1d 18 A 9914135 snopiezey pue|  Atewnd pue jue) ul [3A3]] 1d 201048 UL HEI] INEM ADIALIS 01
amsodxa werdolj JuLIOIUOW WANsAg|  pmbiy aanoeoIpes pimby Y3y wi Funinsadp anp 20BLINSGNS 10§ 03 90 1-- [+T
I|10m ou uo paseq og| — e | £ 0s UOISIIUE J91B M4 OXIAIAG JURY [ UONISISQ |94 Uk apeid mojag uotsnu atesm o3| suel wodp sisem pinbij jo asea)ay | £o-61
vy | suoy ON |JNsue)
SYIBWAY doy | aug baiy | Lajeg US.L pasading JSS pyasafifing uanbasuo)) asne) UOJIPUD)) SHOPIBZEY at
[eMau] 1 [EQIUY

3o [eASLISY | 95BYJ 9Y) J0F $INSAY (JOZVH) AP AfiqeradQ pue spiezey “[-H dlqe]

(s100ys ) "2InsO[) 10J 9O[-D- 12 JuLL [[FYS-2[3ur§

E-6



RPP-13557 REV O

LOTTV-ADAV-0TEM

# UONIPUOD SNOPIEZRY (T
- A, 199[01J WO PAALIAD
UOIIPUDD Snoplezey syl

Apayyun Axuanxa
PUOAIQ SEMm SPEDSED )
yoeal o1 [B3 000005 Jano
J0 2IN0ISIU JO UOISAIUE
1318 @ 1EU] SNSUISU0D

wes} JOZVH Yo paseq [
e

swesdold wowadeuey A195es

wesdold Bunoiuopw
UOISILAL] J3Je AR FDIAIG U]

wawdinbg 159 pue
FulINsesy pue UOHBIUAWNISU]

33501

{osuodsay Aouadiows)
ssaupaledal] Aouadiawyg

(S]PAT Ur ] ) 5|0U0D) JIJSUBI],

1zZImo ],
MO INPAY AVALRS

wWagsig
uonaMa(] |2AIT YUEBL

YAIME 2Inssald

20B]INS
0] aseajal pinby

HUE) JO MO[J1IAC
u)sned IAJSURS} JAISSAIXD
10 (3pROSED “poO[J

MO]JIIA0 HUE) 03 AND

19JSURE) D)SEM JUIPIDOE wsAs WIISAG SNOpIEZEY pue 30BJINS “I3]EM 201AL35)| 22BJINS 108 3Y) 01 9[- [+Z HUR
pazAjeue uo paseq 79/28| Xoee | zd | S UONvAR( eI "SUel] 01| uonamo( HeaT Iapsuery| pinby aanorolpey uoisnyul Jaesm afie| woyy pmbip aansecipes Jo sseady| £0-g
Slonuo))
3907 aanensiuNUpY dwng suel],
« OHSN'T4-aDY-0ZEM juawdinby 152], pue Suunseapy
# UONIpUOd SNOpIEZeY ()Z¢ PUER UGN RIULUTISI] $5200.1,]
- A 199(01d wiogy paapap b i
UOTHIPUOD STOPIEZeY SIYL ssaupaledaly Aouafiowy a1sEM It FUN|NSA WIMISAS
10113 194104 uoneingiyuo) m_ch,ﬁ_ﬁwﬁww“__.__mu waishS o "Muw_% ” .wﬁ..“_v.ww__.w_wwwm Jajem 201ALDS 341 DJUL ameﬁo“wm
paredionue uo paseq ¢4 A N HonuaAald Moy aspydsoune| dwnd 1jsuen EEnEun% jo Bo.cﬁms | EE“H yea[ Aeads
HWISAS LOHUIADL] MOlN2ed O]
yeay {saurT 1R M4 AIAIIG) 0] 25B3[0] 31 Wodp 35em asnea|ol snp ataydsoune o wasAs HiEm
Jajsuer) 1sem 'JuapIade WwalsAg uonoataq UWUE]Y I0 YOOUMUL[  215BM dal0R01pR]| Soajea Buiyea] S 102100U1| 9914195 WOLJ S[BLINEW SNOPJEZEY
pazA[eue uo paseq 7d/zS| xase | @ I 78 2INSSALY IBBAL DIAISE O] WIME 2Ins5al] PaZI|0S0IdY SEIUAWUSI[E 2A|BA 10 JATIEOIPES jO 95EI[oY | 0)-H
23 suo ON  |IN sue))y
A D -
SYJIRWIY doy | aug batg | A1ajug HSL pasading 2SS pysadang Auanbasue) J5NE]) UopIpuo;) SNOPABZBE] ai
By | IBpIng

(s100ys Of) -o1nsO[) 10] 90 1-D- 1T UL L [JoyS-o[3urg
Jo [eadway] [ aseyd ay) 10§ sinsay (dOZVH) Apmig Avjiqesad( pue sprezeH “[-d J[qe],

E-7



RPP-13557REV O

14T youl
0} se3 JuaIdILns eloudd

o} j3{1jun s 3WnN[oA
2)5eM JBY} Wed) JOZYH
JO SNSUISUOD U0 paseq 7.

wuawdinbg 1sa L pur Sunnseapy
PUE UOEILILLILISL] SSID0L

ssauparedas g Asuadiawg

sponuo)) Bl vddH
5]00U07) BulloNUOR sen we)]

s|0Hu0Y) uoug)

25TA[AL PAIGHIFUN PANUNUOD
PUE WASAS UCHRIUIA
au Jo asnpiey Suisnen
Fuminis Funnp paseajas sed

uonerdejjap sed sjqeunueg)

uonegeyap wansAs WaA 01 arpydsoune|  apqeuwnue] sauudt dwnd| o) anp asaydsoune sy 01 9[-0
sed a[qewtuey) “uIpIade WaISAg WNsAS 01 215EM JaJsuel] JuRYRLIAANS 23 |- 147 YU WOLJ [eI3)BWA SNOpIRZEY
pezAjeue uo paseq z4,28] Xs0 A o 8 HO0[1NU) we)) YoeIS JUIA 01 JUIA ANV LSS Juel Jo 2seajay|  wodg ¥aeds Jo jods 104 ¥ 10 2ALIDEOIPET JO 3asea|nd | 60-d
uonug!
sjuaaaxd Uysiym pasn aq frim
may AmespAy 9p snjjaL
n2ys “dwnd Aun|s 10§
U350 S AP NNRIPAY JT
yuey
94 01 e[ PIn0o Jey) piny
JNnesp£y Jo unoLUe sy}
BALE[3] I91BM JO SIUNOLIE
23.e| Jo 2oussaxd ayy 0 anp
Al 3y} ul piayy oynespAy
Jo uoniud pajunoosip
wex 4OZVH 24l
nd ayy ur ussamd 51 3IN0S
1694 [BLLLIOU OU U3y 11d Y3 Ul UONBUILIEILOD
piny fneipAy SunBy gurseajal panudy si pue ud nd agy ut aarg
Jo Anayyip uo paseq 74 nd 2oy 9o 1| dwnd 10 20ms 9o -D-1+Z| PN A[NeIpAY 01 anp a1sydsoune
B2E PABUILUEIU0D -0~ 1T Y1 Woyy a1 ol sYEQ| SIojEMae| 3yl 03 90 1-2- [+ uo nd dwnd so
w1 21} ‘JUapIode spiny uolEULLEIUOD| uonENoILE BUIOIN|S SY) 0]  IVIN|S QY] WO ASEM SHOPIEZEY
pozijeue uo paseq 73,75 xe0 | zd zd 75 annepAy S[qEWWEYUOU JO 3S() BTN Jo ase3jay| auy oynerpAy e jo amdny 10 sansemper Jo asesdy| go-q
2y | suop N |ON sue)
SHIRWAY baag | Liageg MSL psasing JSS pas3dsng uanbasuo) asne) uopjpuoe)) snopiezer] al
98} AT e | ey

30 [eAday | aseyd syp 10f sinsey (dOZVH) Apmis Aniqesad( pue sprezey “[-H 9J9EL

(s199Ys Of) "aInso[) 10] 601-D-1HT NUBL [19YS-2[3UIS

E-8



RPP-13557REV 0

(

¥ ETEE Aqe]) weidold
9oURIdLIO;) [EIUIULCIIAUT
‘v ¢ 7€ ¢ ydeSered

‘¢ 4odey) Yvsd

suLIg,{ JUe] Ul SjoRuo)
[BJUSWUOLAUT 92§
"2NIINKS

[e1ow 93.1e] 1187 A[919]duwroo
ot ulaey uo poseq [ 4
UWINO3 ]10S 0 )5eMm

yUE) JO 25BI]A4 UO paseq 74

519)10M 109]J
10U [[IM 42IYm ISEI[L

$|043U0))

Lnjos
|L0S 0] 3)5EM

wonoq yuel
Juunound [je) 01 122108

Y21 19Uy
3L} 01 ANP UWINJOD [10S 34} 03 90 [
- 1$7 WOLJ [eLIBIRW Snopaezey

Jo yidop uo poseq | — 24 14 08 aouet[dito]) [eIUALLILONAUT JUON yue) jo asea|ay| sasnes aun|le) fesiueydsp 10 aapaeolpet jo asea[ay| oD
LOSNVHL-A-0ZEM
# UDNIPUOD SNOPIRZRY OZE
- A 139(01d Wit PaALIap
UONIPUOD SNOPIBZEY S1Y ],
ofewep
Aue asned oy A[aqjun
Alawanxa pue w3y
pue |[elus AI3A 3G PINoM|
1By Je] PIAOW 3q PINOD
e S1IG3P AUE 1By yIns
2aeds peay| ur 43y 3utaq (2In[IE] WIAISAS UOLL[IIUA
s8a) doip uo paseq |4 SIINSSE} 2SLa[d P} Ifun
swop Juisnes awop sateaN
Ul 9Bl J0 §IRI0 [[BWS yorgm uatudinba yuey w 10edl Wod) 4aessq Wop yuel
ySnouay pasesjal aq pjnea 10 Fo; doap Funoedw a1sem) o3 anp asaydsowne o 90[-- 17
1B} |ELIDIELL JO JUNOWE asaydsowe Ul SLIQaP SIAOLW 133INS UR) LUOL} S|RILAJEI SNOPIEZEY
pauwiy ue paseq [13/1§] — 19 14 IS WRIB0 UONI0L] UoBIpey auoN| o) asemarmsep | suoneiado Butaings Buung 10 3all3ecIpel jo asedd | 10-D
wAsAg SupIn|g ) apoN
»y | suoy ON  |ONsuo)
SHARIAY doy | aug basy FNET] Y HS.L pasading 2SS p3jsading Jsuanbasuo) asne)) UOBIpUO]} SNOPIBZEY al
[euy | repuy

Jo [eaaLnay [ aseyd 2yl 1oJ synsay (JOZVH) Apns Ajigeiad() pue sprezer] “[-d 2[qel

(51994 () '2INSO[D) 10§ 901-D- 14 UL L [19YS-18uIS

E-9



RPP-13557REV 0

[RIUOZLIOY
Suiyseal Wwolj 3zzou
ao1n[s sy ugisep 1aony

{1

NANARE ANRE |
asueldwos) [RuAuuoNALT
Pz et ydeBeaed

‘¢ sadeyD) UvS:d

SWHe JUB], Ul S[ONU0)
[EIuRWUIIAU 335

"3pisIopun
ayy uo Apjoanp safudun
pinbyj 3o 157 € usyMm B3S

e aptaosd jou ssop Suiysey

pea] ay3 aseym uisop
3UE) U0 {UB) VO PISEY £4
Un}oa {108 0] ASem

uwn|od
j10s 01 3ea| Juanbasqns

Aures jo 2SEI[2L UG poseq 73 pue s3ur] puiyaq yoeaiq saul|

SINI0M 193)JB uwn[ea 2JSEM YUB) 1O 1318M JO| JUB) O} 3NP ULUNOD [10S 34) 0} G

JOU [JIA UDIlm 35B3|aL 5]0JjUe ) 1108 01 sem | ea) dounw Juisnes Buiysely| - [ WI01) [BUIBW SNOpIRZEY

Jo yydap uo paseq g} — zZd | 0S ssueldwo]) [RuaWITCAUY 121U X3PUI 33M[§ Ue) JO asEIIY uo safuidun 1af 2§ 10 JAHIROIPEL JO 3SENIY| PO
(1
b€ TEE 2198L) wesdosd
asuer[dwo)) jejusWUoIIAUY
¢ T ee ydeidered
‘¢ 1mdey) Yvsy
SULIR,] JUB] UI SO0
[BIUDLLILONIALY 23§
3j1] uS1sap Jo pu ALy
1e Sutaq jue) uo paseq 74
uwn|os
Uwn[oa (108 0} JJseM 105 0] yea( wanbasgns pue

e JO 358921 UG paseq 7 19U PUIYSQ J)SEM Yue) 1o yaeaq Jaun

SIajJom 1dape SUHjENIY] SINSS3L4 uwN o3 |Jajem jo yeap routa Jursnea| yue) o) NP LLUNjO 1108 34 0 9|

10U [[IA YNt aSBa]al S|0uey 1108 03 3)58M]  ||BA JUB) JO UOISIS NLIM| =] 7 WOL) (BLINBW SHOPIRZEY

Jo wdap uo paseq gs| — b zd 08 souerdwo]) [BuawIUIenAUY BUON Nuey JO ASEI[AY uo sagundwi 1af 2010 10 dandBOIpRI JO AsEIY| £0-0
vy | suoy AN [INsue)
[ RLIUENY) doy | aug batyg A1jEg MSL pasaddng DSS parsadang duanbasuo)) asne)) uopIpUo.) SNOpIeZRE al
1sijuy | jeniog

(8100Us () '2InSO[D) JOJ 9G[-D- 1+ AURL [[OUS-O[SUIS
Jo [eASLNBY [ 9seyd Y1 10J $I[Nsay (dOZVH) Apnis Anjiqeiad(y pue spiezey “1-4 9|qe]

E-10



RPP-13557REV 0

POSNYUL-UDE-0TEM

# UONIPUOI SNOpPJeZRY ()ZE
- A 100[0a 4 w0l paaLIap
UCHIPUOd SNOPLEZBY SIY],
Anjeaniio

€ 2JeaID 10U PINGD 3)5EM
901-2- 147 Jo a%elos Jo
|eAsinal yey) wesl JOZVH
JO SNSWAISUOI UO PISEQ (]
ANfESILD JEIINU “WUIPIdIE
paz[eue u¢ paseq zd/ZS

XI10

s |

04

s

Aiageg Ateani) resjanN

SUON

(suonnau)
UOLIEIPE] 10241 PUE
sassed saloEOIpEL
Jo aseatay

sananoe Susin|s
Juunp uoneuLIO)/SSRW
|ESIILID SUIBRI [BLIJIEIA]

juer 3yl w ANjesnuo

01 anp aszydsoLune ay) 01 901
-D-1+Z Juer woedy sed eAnoceo1pes
pue uclelpes Juiziuol Jo aseajdy

LrD

QZOSNVHL-dOd-0ZEm
# UCNLpU0d Snoplezey 0T¢

- A4 30af01d wogg pastiap
UOTHPUOD SNOPIBZEY I,
Aunreanu

B 218213 10U pIN0d J)5em
901~ 1 $7 Jo 58e1095 10
[BAILI3Y JeY) Weal JOZVH
JO SnSUISUOD U0 Paseq O
KJH[ED1LID 1B3[ONU JUapIsoE
paz[euE uo paseq 74/ZS

X10

[

04

s

A1aeg Aeonu) Ieajony

auoN

(suosnau)
UOLJBIPRE 1521 pue
SISSET 2ANIROIpEl
JO asEo[ay

dwnd 1315ue)
wejewiadns spiemo) moyy
ALIN|S Ul SPIJOS JAISSIOXT]

quey 1 ur A e

0] anp auaydsowie 3y o1 9o

-0 17 jue) woij sed aansecipes
pue uoleipel JwzIuol Jo ases|ay

90-0

LSS ® 0) 2152M

Burppe jo vomqyoud s
Jo asneaaq Azap wesdord
B asTied pinom plezey siy ||

!

Buixapur ou yum 33[ ay) £q
a[qIssa00e pue uado Buraq
U1} PEISED UO PISE] £

yuey

puUnos € 3q O) PAIAPISUD
SEGOE-D-1¥T 58 d)5eM

JO 35e3[31 0U 1o paseq g
S19510M

0} 980D OU PUE 3DELINS

0] 35E3[21 0U UO PAseq O

03

£

08

s[onuod Juranig

LISIUBYIW XApL 22IN[§

S01-Or 1T ul
ASEM JO UONIPPY

SOT1-0r 1¥T 01 moOyoeq Of
1atem Juisnes aulj SPESSED
uo safuidwr 1af sonyg

au apeases
yInoa 19)em 3010]8 Jo Mo IEq

oL anp ¢0[-J- 1T 01 1ajem
I0IN|S PAJBUILLIBIUOD JO J3JSUBL]

S0

sydeay

»V
doy

suo))
AUy

ION
baty

13y

IN SU0)D)
£yajeg
[eppuy

HUSL pnsading

5% parsaddng

aauanbasuo)

msne)

UOPIPUO)) SNOPARZEY

al

JO [eAd1IY | 9seyd 23 Jof sinsay (dOZVH) APS Aupiqesad() pue sprezey [-H d]qel

(s193ys ) "2Inso|)) I0] 90[-D-1¥Z JUBL [[YS-2[3urg

E-11



RPP-13557 REV 0

14T yoeas

0] 5e8 JUIIDIJINS FRISUSE
o) A[9YI[un S1 SWIN[OA
3i5eM 1B LWEd) JOZVH
O SNSUASUOD U paseq 7.

suoneifeyjaq

juawidinby 1851 pue BurLnseap
PUE UOHIEJUAWNISU] $53DC1

(asuodsay Asuadiawg)
ssaupasedalg Aouadiauyg

sjonuoy B2yl vdaIH
5]03U0;) SULIONUOWY Sen) WE|4
sjonuo;) uonud)

WHSAS WIA O]

asaydsouse 0)
Suipeo| v4IH pue

W2ISAS UDLEIIUDA
23 01 98BWep UM
uonus seS gjqewue(;

uonesde|jop sed ajqewie)y
e 0) anp 3aydsowte ay) ot 9|

SED) [QRIIWIE] “uIpP1e wasAg wasAg| sjososor soedspeay pue yleds Fuisned| - [H7 WOJJ [BLIMNEW SIOPIRZEY
pazd[euE U paseq 74/78| XS0 d [£] 4 AI0LELW] WeD HIBIS WA O U2A ALY LSS Ja 3se3dY SLQap sasow 1l ooInfg 10 2ANILOIPES JO 25EIIY| 01D
wawdinba juawdinbg 1501 pue JuLinseapy
Aue)-Ul 10 “t0oy] 's]jEm PUE UONRIUAUNNSY] §52001
juey FuyLns sapn[oaad
Jue) W uonsed 12o1n|g (asuodsay Louagiowy)
ssaupaiedal g Aouadiowy
147 Yoeas
01 sed jusroyyns esausd sjonuod) 1] vddH
0} AjaX1|unN 51 awnjoA sjouo;) Junropuop sen wey, waysks
alsea jey) wes) JOZVH §]0U0)) EG.E._FM— ueljeuaa 3y o1 ummEm—u
JO SNSUISUOD U6 PAseq T y aspydsoune 0) ypm sed ajqewuLiep) jo uonesde|jop sed sjgewie])
suonesde[jag] LRASASJUIA G| S uonow 1o g Buipeo| v4H pue| uomudh pue yreds Suisnes € 0} 3np aloydsowie sy 01 9|
ser) Jqewe]{ 1Uapiate wasiy wisAg| sjososse soedspeay| paxopur Jutaq uaym 13fge|  -D-1H7 WIS [elISEW SROPJEZEY
pazA[eue uo paseq 7H/7S| XS0 ez | 78 Noopkau] We)) JIwS Wap 01 JUIA 240DV LSS Jo asea)y SONLAS R[ZZou Juiom(s 10 aandeOIpel O 958 | 607D
wawdmbyg 1534, pue Jutanseapy
LISNVAL-E-0ZEM PUE UOTJRIUBLLILIISU] 553004 ]
# UOTIIPUOD SNCPIEZEY (TE (asuodsay] AsuaBinuy)
- 100[01d WOy pasiap ssauparedalg AousTiowyg
UOT)IPUDI STIOPIBZRY SIET,
s[onuoy 13l Vd4H
47T Yaeal
01 s Jus1LINs aeasual S10u0 ) BULOYUO} SEL) WiEl]
[s)] buv____._: ST JWN[oA S[OAIU0DY :oE:mH
Sisem 18l e JOZVH sAS 1a¢q ey yue L Aewtd OO
J0 SNSUASUO3 U0 paseq 74 " panus uay) st yoym uonesde)jap sed yqewureyy
uoneideyyap WAISAS WA 0D sed ajqewnue)} pauiejal jo| 01 anp auaydsoune o3 9gy-)- [$7
sed o|quLue]] JUIpIIOR wasdg HETETNN araydsowie|uo18as e Suiseajas spijos sy} 3UE] W01 S[BLIZELU $SNOPJIBEZEY
pazA[eue uo paseq ZI/2S| X0 74 74 S HIO[NU] WE YIeIS TUSA QDT uaA 2anoy 18| o aseajas ;sep | oy SuiBurdw aaoings oy, 10 9ANOROIPEL jO 35E33Y | RO-D
sy | suon IN DN sue)
SHARULY baig | Ajeg HSIL pasadling DSS pasading auanbasunyy asne) HOpIPUO) SNOPIRIRY al
doy | awg 18R] § Temu]

3O [eAdISY [ 9seyd dy} 10§ synsay (dOZVH) Apnis Aifiqetad( pue sprezey "[-H d[qeL

(s102ys Q) "2INSO[D 10 90T-D-1+T JUBL [[oYS-9|TuI§

E-12



RPP-13557REV 0

*91qIpaIa 10U 1 (wnnaea)
31nssaud 3AISS30X

0] anp aunjIe] JeIIdNAS
sa1192ds SISA[RUE JUBPIDDY

VOHSIT4-9-07¢eM
# UOIIPUOD SNOPJBZEY 7L

- A 193014 WOy pasLap
UOIJIPUOD SNOpIeZEY SIY Y,
Kayun £pwanxa aq

o) an[iej jo ad£ siy punog
1) JUIPLIOE pazhjeue

UO paseq uo poseq [

IN|I8] [BIMONIS Jue)
1ofewl € eia paseajal 3q

(asuodsay Lousdaowg)

Aemyied
pald)[Lun ue
ynouy s[eLarEw

juey Suidewep
LWNNJEBA RUE) DAISSIOXD

oSeuwep yue) padnpUl WNNOBA

PINO2 1By} NUE) Ul SUIBLIEIL SNOpIEZEY ur unynsai asedspeay| o3 anp Eu:n_mo,Ea 01 901-D- 1#Z
1ey) [BLIa}eW JO JUNOLIE ssaupaiedaig Aausgiaug 10 3ANOROIPEL JUue) $]00I JjZZoU qUB} WIOQ) S[ELINEIU SNOPIRZEY
pauLwi uo paseq 74/7S| X€I1 ez | 14 78 sweFord juawoSeue]y A1aJes JUON Jo aseaay| amnys ySnoay) Aeads 1ajem 10 sandropel jo asea | z1-0
wawdinbyg 3831 pue Bunseapy
pue uoNEBUIWINSU] §53301]
(asuodsay Louadiawg)
ssaupasedaly Aausdiawyg
‘L] yoea WIDISAS
SjoLuo)) LN Vd
01 seF justoyns ajessusd 105U S9N VdiTH wone|UoA a1 0) oBetwiep
01 A]9jun s1 2wWAOA sjoa3u0) SULIIUON SBLY WE[] Ui sed sjqewiuey
Slsem 1e) Wea) dOZVH sjonue)y uolug| Jo uomudi pue Surxapu
JO SNSUISUOD L0 PASEq T < asaydsoune 0y uayam uonsty Suisnes uonesde(jep sed s[qewiLLE(]
suoneIdeja( WAHSAS JUBA OO Fuipeo] vdgH pue|  lasu jsurede wsueydsw e 0] anp asaydsoune ay1 01 901
SEC) [qELLLIE]] WUIPIIE WAIsAg wsAg| sjosolae adedspeay surarnys spuaq 13f| - 147 WOIY [ELIIEW SNOPIEZEY
pazAjeue uo paseq z4/7S| XS0 7a 7d 75 }20[4AUf WED) HIBIG JUSA O] "UIA ANV [SS Jo 3sea)ay| 0 2210] UONIBAI ANEIPAH 10 2A1I2ECIPEL JO 3se[Y | 11-D
vy | suoy ION  |INsu0)
SHABIIBY baag A133eg ASL pasadang JSS pasaddng asuanbasuo)) asne’} uoIIpUO.) SNOPIBZRE al
o | A ey | e

(s199ys Op) "oInsO[D) 10§ 90 [-D- [+ JULL [{PYS-2|Suls
JO [eASINSY [ aseyd 2y 10 s)[nsay (dOZVH) ApmsS AnfiqeradQ pue sprezel] "[-J 2[qe],

E-13



RPP-13557 REV 0

GOSNVYL-Q-0TeM

# UOIIPUOD SNOPIezZeyY (7¢
- M 199l014 w0y paALap
LOMIPUOD STOPIBZRY SIY ]
218BM PUE JIUL| USIMI
SUOIIPLOD PIYEINIES
dojaasp 03 yue) Ul 2)5EM
JUABLYYNSUL UO paseq O

dwing wes quapiae

wawdinby 359, pue ‘Funnseajy

Wasig
UOHEIIUDA 3ANDY LSS

WSAS

ajaydsowne

0} 2583]21 [050498
dwng weals

adre| ‘oseajal pinby
snopiezey pue
pInbi| 2aTI0€0IpE]

opog
Nue) Fuayaealq dung

pue uonewno) weas ‘ded
Ul o) 3Fefea) Jaem

ur Bunnsad Jaur yuej A
52([2B2q pue 1oedut IPIyMm
215EM U) Juasaad suqap

10 1USWAA0W SAINPI

ded sauny w dwng weals
0} anp asaydsoune ay) o1 ases|al
|0S01a% pUR [105 34} 01 90 1-0 1+

pazAreue uo paseq 79;7S| xvel | @ ol 5 ‘uonEuswnIsy| 533014 | Bullonuopy aneladwa], oprId mofag soin|s anssaud YJIH | yue) woa) Msea pimby Jo asensy| 5i-0
SUONIPUDD,
PARIMES PIZI[EI0] ucndis wems pazieso|
dojasap o1 yue) ul J5eM e Jursnes uoneinies
HILNSUL UO PISEq (4 payaeal sey ainjeradway dung wens
3SEBA[OL WENS PIZI[EI0| 3y ataya 28pn(s ap ut| e 01 anp ausydsowye Ayl 01 9o -0
‘|[BUIS WIOL) 2SLI[d WIDISAS W2ISAS araydsowe |10ds 10U B 1940 UL |- | HT YUR] LUOL) jRLIdEW Shoplezey
panun) uo paseq (35| — 13 04 1S5 uoUR|UIA PATI9E 1SS OO T| uonemusA sanae [S§| 01 3sEI|2 AISEM, ay) saanpas Buiinig 10 2A1IROIPES JO 352 | p1-0)
SOHSNTA-d-0TeM
# UONIpUOD SNOPIRZEY OTE
- M 109014 wioyy paALp
uoIIpues SnopIezey s1yy,
A[aqnun Aawanxa
3q 01 aun[iey jo adK
S1Y) pUNG] 1B JUAPIDDE
pazAjeue uo paseq 1,
2IN[IEJ [BIMONIS HUE) YIBAIQ JUB] PUE LUNNIEA
1o(eL B BIA Pases|al 39 araydsoune| yue) 3A18$39%3 wl Junyjnsas s8eLuep Juk) pasnpur WNNIBA
PIF0D JEL) NUE) Ul SUBWAY Bmconwom z.mcomm@&mv oy aseajat|  asedspeay sy jo Buipoos| 01 anp asaydsoune o) 9[- 1T
1BY] [BLISELL JO JUNOWE SSIUPIIBUI] AUBBIIUL aysem aanavcipes|  prded sasnes sajoy uoydis U] WG S[¥LIIIELL STOPJRZRY
patun) uo paseq 74/ZS| XE1 24 14 78 swiziforg usuieuey A19)eg SUON pazijosolay| -nue ydnoayy Aeids 1 m 10 3AldBOIPE JO sl | £1-0
»y | suo ION  |ONsuo)
SHIRWIY & .:_ ) baay A8 HS.L pasaddng DSS pasading suanbasuo)) asne)) uo[pus)) SNOpIRZYH ail
U a [euy | remug

3O [eASLIRY [ aseyq oys 1o] $INsaY (dOZVH) ApmS AnfiqeedQ pue spreze] -4 9[qeL

(s1034s ) "2InSO[D) 10§ 901D~ 1T AUE L [[oYS-2[SUIS

E-14



RPP-13557 REV 0

[ESNVAL-E-0TEM

# UOHIPUOD SNOPIEZRY (7
- A\ 199f01 ] WoJ] paALIap
UOIIPLOd SNOPIEZEY 1YL

Y}ea] uondauuos 10 tadwnl]
paedionue uo paseq ¢,]

sweldold wawradeuey Alajes
wridoad
|eAOWISY JAADD) WANSAS JAJSURL ]

uawdinbg 1521 pue JuLinseay
pUE UOLIEJUAINISU] §S3301]

ssoupasedalg Lauadaawyg
{Aaaing uonepey

puUnoLny) S|OIUO.) JASUBL]
{aour[eyg

[ELIOYBJA) S[OLUC]) 13JSUBL]
(uswaBeur |y

uonenBiyuoy) sjonue)) Jajsuel]

WASAS
umopimyg dwng amsey

walsdg
UOnIDIN Hea] Iojsues]

asaydsoune
01 28eqEd| [JEWS
wim 1d 0y aseafar

asepd up }20)q 13409
Y yorauq Jadwn( 1o adid

ased uy 330jq 12400
‘yaeaq adid 10 mdwnl woly yea)
Aeads 01 anp ud 318 9GO 19T

TIPS WSISAS pinbiy sanoeoiper| sasnea Ajquasse Jadosdun JUB) W0 S[ELINELW SNOpIRZEY
pazA|eue uo paseq 74,z8| xoee | 3 £ 75 uoNINA YBI] SUB1L OO sjuswaseauy adid PIZ1j05019Y 10 JNEJ J00auued/adig 10 JALIEOIPEL JO 3seI Y| £1-D
COSNVHL-H0TEM
# UDIPUOD SNOpIeZRY OTE
- A 1990014 woug paaLap,
uonIpuUOd Snoplezey sy |, alniey 1N vY4daH
pUE MO[J11e 9519435 FUISNBD
doup ainssaud 231e] € asned (an311E} 10 UOISOLI0D
pinom Aesds jety yons T p—
amjesadiua) Jalem 331A138 PR —
unquie saoqe ameadus aaeds awop ay ur dosp
3oeds awop 38w o) amssard 081g) sasnes peay aaeds peay ur Jodea Jo
Ema“_,oxuﬂm“ﬂ M“_WMMM%M“ 120IN[S JO Jjo Sunfealq syl UONESUIPUOD 0) NP SIAYY PIIE]
JUETRT, T
tagnsut . ssaupasedoiq Aouafiouy Wwioly paynsal yawym 9o | ydnoayy ataydsoune 0y 9g1-D- 147
35E3]3] POIAIJUN ‘JUIPLIDE asaydsoune| -0 14z yue) Jo aoeds pesy }UB) WKI0] S|BLI3JELU SNOPIEZRY
pazdieue uo paseq 7d/ZS| X881 zd 0d 78 sweidold Juswadeuep A1RJeg auopN|  o1asespr ;sem|  w aodea jo uonesuapuo)) 10 3ANIBOIPEI JO 353 | 91-D
Y | sue) IN - JON sue) )
Sieway doy | aum basag | Liageg HSL pasading 1SS pasading asuanbasuo)) asne) UONIPUG)) SNOPIBZEL ai
[epqu] | jeppug

JO [eASLY | aseyd oy J0] s1nsay {dOZVH) Apms ANfiqesadQ pue sprezeHq "[-F d[qeL

(s193Ys () "2nso[)) 10} 9O[-D- 1T que] [[PYS-913uIsg

E-15



RPP-13557 REV 0

dwing aagsuea) Lan[g J 3poN

Q01-Dr 1P Aue)

3o Juings Oz ¢-p oalond
Buunp Suuaddey uonipuos
Sy} Wi} 33pa[mouy
$53004d uo paseq ¢4
*25R3[31 pue

amnssaxd aansod jo pouad
J3LIQ 34y 0) NP 2SEI|3U

uol12a1014 UoHEIPEY)

syjed paiaijyun
y3nouy aseajal

syjed

¥ea] patayjun ydnoty)
sajeulEIUCS 30edspeay
Suisea)as aunssaad
aoedspeay ur oyids aamsod
Leyuawiow e Juisned
aoedspeay AIp A[oane[al

uonezunssad yue)

E 01 anp syjrd aseajal pasdyyun
uroyj aJaydsoune 3yl 03 94|

-0 1H7 WOIJ [BIIEW SNOPIEZEY

panwy uo paseq /15| — 19 [ | s sweadol ] uswadeuep Aajes suop| |osouae soedspeap| w sajedodeas Iaiem 20§ 10 2ANOROIPEI JO Asea[aH| 07D
(uon1331014 UoHEIpERY)
suresSorf juswadeue)y A1ajeg
wergold Sunonuoiy
UOISILIU] IJEM 33IAIIG NUB]
saul) apesses
ay) ySnonp UL 9O wwdinbyg 1581 pue Suunseapy
‘COE- 17 0) moysdeq pue UONEUAINIISU] 53301 ]
10 11paId Supye) noym {sa1npaooad ssuodsay)
Nuk) a1 Sumo|JI3A0 ssaupatedald Louadiowyg
210524 Jjes 2N}S 30 128 (S[aaa] que] ) S|OHUOT) 3 SULL ]
000009 1340 J3jsuesiu MO0 YuR) Sasnes 12GEM 22IN[S Yila qUB) AL
01 Buiaty o paseq 7.4 (eaueieg Fudwnd juaaignsut 10| Bul)jiyaaac 0} anp 23LNS punosd
yes| [FLIIE) S[01U03 Jaj5ues] ou Yjim Usn[j yoeq Sunp 3t 01 543510 pue sud wedy 9o [
I3JSURBT] 21STM JUIPIIOR WAy WNSAG aoepms puncdd| 1o awr Jo pouad Suol 10)| -7 WOL) [ELIEW SNOPIEZEL
pazApeue uo paseq 73,28 xDeg| @ zd 78 uenaa(] yea] suel] Y| uonada(] yea sapsuer] | ol YBo| sem que] [ Jajem I0ALS yum Suinig 10 2ANDEOIPEE JO 28EIAY| 617D
switiFotd Juawafeuely A1ajeg
weagoid
[BAOWIY 19A0)) WASAS JAJSURL]
uawdinbg 1531 pue duninseay
pUE UOHRIUSWINASUL $53304]
ssaupasedald Aouadiawyg
o (AaAIng uoneIpey
4 co_:wmmwwww_uwﬁﬂmwmfm pUNOIN)} S[OLIU0.) JAJSUBL]
-, 10aford wodp paaliap (soue|eg]
UOIJipUOD SNOPJBZRY SIY ], |BLISIBIA} S[OUOT) 19JSuRL] WISAG JI0 y20|q
3 umopinyg dung Jasep 13A02 1M yoraaq Jadum( o adid
Wea| Uoy23UL00 Jo Jaduin] 3 Q:mEu PUEN P a1aydsoune 150 Yo0[q 33A03|wouy yea) Keads o1 anp auaydsowne
pajedidnue uo paseq ¢4 uonRINSUC)) S[ONUO.) J3JSUBL] WasAG 0 aseapay] yum yoeasq sadwn 10 adid o1 ud 3310(8 901-- 157
1UapIaoe WNSAS UORDAR(] HE ] ISUEL], 21sem aandeoiper]  sasues L|quuasse sadoadun JUe) WOLj S[BLISIEW SNOpIEZRY
pazA[eue ue paseq 7A,ZS [ Xote | 3 £ AN uon0213(] YEI] suea] 01 sjuaaseauy adig pazijosotay 10 3|ney Joid3uuoasadig 10 3ANJROIPEL JO 35829y | 81-D)
vy | suoy ION DN suo)
sH4BWIY doy | aum baag | Aageg US.L pasading 2SS parsading asuanbasuo)) asnB)) UoIIPUOC)) SNOPIBZRE ai
BT | [¥PRY

JO [eAaLaY | 9seyd 9yl JoJ sinssy (dOZVH) Apnus Apgeiad( pue spieze ‘|- 2[qel

(s309ys Oy) "2anso[) 10J 901-D- 1T AUeL [[PYS-S[FulS

E-16



RPP-13557 REV 0

147 yoead
0) SEZ JUI1IINS JjeIdUDT
01 A3I{un ST 3WNj0A
a1seMm B} Wes JOZVH
JO SNSUISUD U0 paseq 74

uonede|jap
sed a[qruue(j Juapooe

wawdinby 153, pue uunseay
PUE UOIBIUIWLINIISU} 559004

ssaupasedaad £ousdiowy
sjoquoy 1oy YdaH
souo) SuiiolIUo SBD) we|,]
sjoquey uorud]

WRISAS WA O]

WAISAS

WalsAg

alaydsoune
01 915EM

35EI|31 PAIANJUN PAnuUIUOD
PUE 123SAS UCHE[IIUIA

ay) jo aunpiey 3uisned
Jueains Sunnp pasea
se8 ajqrwuwue]) sajud
dumd saysuen juejewadns

uoneiBeyjap sed a|qawnue}
o} anp azaydsotuie 31 0} 9=
-1 HUE} WO} [BELIHELE SNOPIEZEY

pazAleue uo paseq za/2s| x50 Fas| 7l 75 HOOMMNU WED HOBIS JUSA O] UDA 2ATDY LSS yuey o aseaay|  wouy yieds 10 j0ds oy v 10 3ALEOIPE] Jo aseaay)| ro-q
TOSNVYL-ADY-02eMm
# UDIIIPUOY SNOPIBZRY )7
- A 199f00d Woag paaLIap
UOINPUOD SNOPJRZEY 51y ],
Aleonwo wonerpes
£ 98310 10U p[NOd 1SEM wonnau A21us
901-0-1$7 J0 98ei01s 10 431y 01 2ansodxa $30I110A
[EASLILIEY UIED1 JOZY H IO10M pUE 1w dwrd yuey ayy w Apeonuo
JO SNSUISUOS U0 PSEq O LIMNSAS UOHE|I3UIA| 3Ie UONIPUOD SSELW [EINLID o) anp asaydsoune ayl & 9Q|
AN[E21LID JB2[INU “JUIPIIoe waysAs ydnong aseafai|  [aun saspoa dwnd ay) ur| -)-[pZ Juel woyy sed aanseoIpel
pazAjeur uo paseq z4/7s| X10 i | 0d 78 £197BS ANTBINIDY JBIINN ysniq amnfoau] dung sed aanoeoipey| [eumEW JO uoRENWNDYY |  puk uoneipel Suiziuol jo asesey| £0-O
aanjiey juatudinba
paledionue uo paseq ¢.f Skplom
dwind uo sJumyy [erzadg 0} 250p pauue|dun Fuisnes
JUSLLUOIIALS pase[dal g Isnw yamm
0} 95E3[3J OU UO paseq O sapuaraid uopRIpEL duwind saBewep as12431 duind fojsuen pafewep
“AJuo amsodxs UOIEIOL A5IIAXY Furziuor 03 ur dund SuiALIp spresmyeq e Suiarjdal uaym ucleIpes
1ay10m U0 paseq [§F — 03 I I wesdol uoanold uoiepey Juipjayg|  aunsedxs saysom|  dn payoey sojow 234 Buiziuol 07 pasodxs 10 M | Z0-(1
amyrej yuswdinbe
pajedianue uo paseq £
sIpom
JUIWLGHAUI 0} as0p pauuedun 3uisned
{3 3SBI[3! OU o PISEY 0 UoneIpes pade[dal 3q ISNW YaIym dwnd 13jsuen pafewep
"Ajuo aunsodxa Fuizuor o dwnd Jo)suen Jueeuiadng e 3utoepdar uaym uenepet
Jaylom uo paseq 18| — 04 €4 1S wesfold uonaaold uoneipey 3uipiays|  sunsodxa soxsom | soBewep (ader <33} suqagg Bwizuol 0y pasodyxa saniom] 10-Q
nvy | suey IN  |ONsuO)
SHIBWIY batg | K)eg USL pAsading 0SS paysading aruanbasuo)) asne) uoP|puo) SNOpIBZRH ail
day | awy s | [epg

Jo [easay 1 sseyq oY) 10§ s)nsay (dOZVH) ApmiS Aijiqessdp pue sprezel] -7 2[qeL

(s1094s Of) "2InS0[) 10F 901-D-1pT qUr] [[FYS-S[3UIS

E-17



RPP-13557 REV 0

uonud

siuaaad yorym pasn aq jum
PNy rneapiy oy snjj3 ],
l124g ‘duwnd Aungs Jof
UASOYD St AALP dinelphy I

yue)
21 03 eS| pjno3 jey) pinyy
MNJABIPAY JO JUNOLUIE 3L} 0}
SATIE|AN I9TBA JO SHUNOLLE
53re] yo aouasaid ay o) anp
Ul 3y ut piny tnepAy
JO uoudt pajunodsip
weal JOZVH 241

1d sy wn yu2sard s1 20IN0s
123Y [EULIOU OU U3YM
pinyy a1neIpAy Supugd;

Jo Agnoygip uo paseq z4
€aLE PARUILENI0D

ul 341} “JUIPIDIE

sping

ud sa1m|s 90|
=0 1H 9yt oy
UOTIBW WEII0D

ndap

ur UOLEUIWEILO0D Fuiseajaa
panud s1 pue 1d aon|s
901-D- 14T 91 0L SHEI
JIX2PUI |ZZOU 2IN[F 3] OF

nd ayy ut auyy

PNy dnespAy 01 anp dsaydsorue|
Ay 01 9¢1-D- 14T Lo nd

30INJS A WO JISEM STIOPIEZEY

pazAjeue uo paseq 73,7s| x.0 | za zd S 5| NEIPAY |GBLELLE]JUOU JO 35 auoN Jo ases[ay| aun anelpiy e jo andny 1o aanaeoiped Jo aseaay| 9¢-q
Buiains Funnp Buipeo]
19)]1] pue uonesauad
{05058 U0 PasEq £ wawdmby 1531 pue Fulnseapy
‘WI3ISAS pate[uaa A[patssed pUE HORERUINAS] 859301d
v 40} 19/1S 29 Pnom sy, Aaudiolyyq sNld VAIH amssaid [enuatsipp ydy
"WRISAS UOMIB[NUAA BAINOR sjonuo 1] vddH S1A[L] VdaH 4q dun[re) Buisned VdIH
10) 2anssaad 1o aumetadiig) < £ oL ay Fnpd yosym sjoscsoe anssaud
y3ry o1 snsodxo EHm. 8 LIASAS HIOLRM] DAISSAOND Sa5NED Ajquasse [y Aq pasnes an|ie} 1 Yd4H
-ounfiey 1Ny Vd4IH AP0 dP 411 VAEH O] dP 2t VddH anydsoune|  -sjw o wauodwon pajiel] 01 anp asaydsoune sy o1 901-0)
JUBPIIIT PIZA[BUR UO W3)SAS NOOpIa] WSAS ya0lIu] ayi o) asem| e Aq pasned dund Jajsuen -4z JUE) LWOLJ [BLIEW SNopIRzZEY
paseq A[paneatssuos z,7s| xo0 | a £ 4 AV 10RIS uone(liuap O] WV A0BIS uone[iuaa xue jo asea)ay|  weleusadns gy w1 ed[ v o aanoeorpel Jo asenay| <o-q
»y | suo) IN DN su0)
[ HLATTESY| doy | aug baag A)3j8S HSL pasadang J5S pasaidng auanbasuo)) asne)) uoIpuo.) SNOpJIEZEH al
1BpjuL | IBRju]

(s100ys Op) 21nSO[D 10J 901-D-1HT UL, [[PYS-9IFUIS
JO |eASLIRY | seyd 9y} 10 SISy (dOZVH) ApniS AjiqesadQ pue spiezey '[-J 9[qe]

E-18



RPP-13557 REV 0

OESNVUL-G-0TeMm

# UONTIPLOD SNOPIEZRY (7
- M 19901 W) paALap
LONIPUOD SHOPJBZEY SIL ]

3ea| uol12auuod Jo Jadwn|]
pajedi1dnue uo paseq €4

sweidor] juawadeuey Al1ajeg
weIdold
[EADWIRY I2A0]) WIA)SAS 13jSuRL]

wawdinbg 1501 pue Sunnseajy
PUE UONEIUAUNASY] §53D0LJ

ssaupasedarg £ouadiowq
(AaaIng uonerpey

punoIn} S[ONUC)) I3JSUBL]
{aouejeqy

[BLIIRY) S[onue)) Jajsuer)
(juawddeuey

ueneIndjuoly) sjonuo)) Iagsuel |,

W2ISAS
umopIingg dwng Joise

LNSEAG

araydsowe
o) afexea| jews

aefd Ut §20]q 1340

soepd ul Y2014 12403
‘yaealq adid Jo sadwinl wioty yea|

Rea[ it 31d 01 asea|aa] yua yosearq sadwinl 1o odid| Aeads o1 anp wd dwind 90 -0 147
13jSURI) 3)5RM *JUIPIIR wasAy HORIGI(] AEST I2JSUELL pinbi| 2anoeoipel| sasned Ajqueasse Jadosdwn NUe) o S[elIdle SnopIezey
pazAjeur uo paseq 79/7S| xoee | A £d 78 LOL32)a(] B SUBLL O] sjuawasesuy adig pazZIoscIY 10 Y)0e] Jopsuuodsedig J0 3andeOIpes Jo asea[ey | 801
TITIV-8-0TEM
# UCIHPUOY snoplezey O7¢ swetdal ] Juawageuey A1ajes
“M 102[014 uioy paALIZp wswdmby 1831 pue Suunsesp
LG} IpUOd SNOpIezZey Sty ] ‘
pUE UONBIUSWNISU] $533014
LsAs ssaupaledald Aousdiowg auaydsoune
191BM 9DIALIS PIOJUBH WOL) ) o1 yed aseajas
318 30IN]S JO UNOLIE .A aaing tosolae 2)qissod|  3sem qUE) JO B3| puncud
PAIWYUN U0 paseq ¢4 UONEIPEY puno.ry aoueeg p washg taswaar pinbr| saoqe pue yuey 194319031 Jo
b=l [ELI0IEIAT) 500107 JJSUBIL] UMOPINYS duing s21Sejy SNOpIEZEY pUB|  mo]) 19A0 a1 BUlMsal 9 Fujfj 1240 0] onp
19]SUBI) AISEM ‘JUaplIde W2ISAS wHSAg|  pinbi aanoeoipel| -~ 17 quey woy Surdwnd [aoepmsqns (108 01 yuel 12413201 4}
pazA[eue uo paseq 7428 XDSE | zd | 5 uoLDA(] Y| "SUBLL O T( UONDNO(T NI JAJSURIL] apeidascqy pue Furonys panunuo))| woa pinbiy aanoeoipel Jo asespay] Lo-d
»Y | suod N |ON f10)
IRy da Aug baag | Anjeg US.L pasading IS8 pasading uanbasuo)y sne) ROIPUD)) SNOPIRZEY] al
b renmuy | (sppe

(51094 Op) "2IMSO[D) 10F 901-D-1HT UBL [19YS-o(Surg
Jo [easlnay | aseyd syy 10j s1nsay (dOZVH) ApmiS AiiqeiadQ pue spreze 1-F [qeL

E-19



RPP-13557 REV 0

‘duind 1915004q

noypm aunssad aury
131em ueyy anssaxd soydiy
s1 dund Aunjs saa3amoy
‘dund £um[s yuey) pesy
1aydy sey dwnd 10188

Jsuanaad

MO|P{9Eq J0J IPAID

ou Supje) uBISap WINSAS
13)eM IDMN|S UO paseq ¢

swesdold wawadeuey Ajes

juawrdinby 153, pue Juninseapy
PUE UOHBJUILLNIISU] 5§3004d

{saunpasolq asuodsay)
ssaupasedard Asuagiowy

(Asaing uoneIpey
PUNoIN) S[0IU0.) JaJSuel],

(S}2A97T yue ) S{oNu0)) JaJsuBl [,

(aoueleq
|eusle) §{00U07) Jajsuel],

(uswaeuppy
uonengijuo)) sjonuo) Jajsuel],

WIISAS uonUIAAId MO[PIORYg OF]

WAJSAS
uoluAALY MO|oTH

SIA[EA LOHE|0S]

wa)sAs

I3]EM 3DIAISS PAIOJIUOLIUN
y3nouay) B3| Yitm
uonesado dwnd 13jsuen
SuLnp ausf 19]BMm 301AI3S

31SBM JO MO[}NIB] E 0] anp

sy {saury Iajepy 20IAIG) OJul 9)SEM JO MO|D|DBG|  3JBLINS 94 0] SIUI[ JITBM Q0IALIS
JI3JSURI] 3SEM “JUIPLOOR WRISAS Uk ULIB]Y ID YD0[191u] asefans aiy) 01 S2SNED JUSLWLBIE SAJBA 3Y} WOLJ {BLISEL SNOPIEZEY
pazAjeue uo paseq 73,z8| xacge | zd £d 78 2INsSaLd IR, 3DIAIIS QDT Yonmg 2InssaL | sIsem jue) Jo 3eo| 199.100U1 10 52A[BA BunjEa 10 9An0B01pEL JO 35e9j3y| 01-a
sweidord juamdeuep A1a5es
wesorg
[BAORISY 19A07) WISAS JIJSUBL],
juswidinbyg s3] pue Sulnseajy
PUE UONBIULINISU] SS30014
ssaupasedal Adusdiawrg
(AaaIng uoneipey
PTSNVUL-d-0TEM .
4 UORIPUOD SNOPIEZRY OTE pUNOIL)) S[ONUO.Y JAJSURI],
- A 1990014 W0 paALIap {aougjeg
UOLIPUOD SNOPIEZEY SIY ] |eLIdJRA) S|OUOT JOJSUR L wsig o yoolq
3 umopinyg dumng Ja)sepy 13402 Ylim yoealq Jadwni Jo adid
e3] UD1AILUO) 10 Jaduind 3 (uawaBEuey " alaydsoune 170 %490[q JaA02 | w0 Yes] Aeads o1 anp alaydsoune
patedionue 1o paseq ¢4 uonEINBUOJ) S|oUOT ajsueL], LATSAS 0 aseaja| yum yaeasq Jaduin( Jo adid o1 nd dwnd g0 -0+ 1v2
uaplae wlsig UeHIAIQ HEFT LISURLLL  5ycpem aanaeotpel| sasned A[quiasse sadosdun yue] Woly S|ELIe SopIezey
pazAleue uo paseq 7A/2S| XDeE | 7H £ 75 UL YEFT 'SUBLL, O] sjuawasesuy adig paziosoldy 10 10R) 10123uUUed/ad1 | 1o aAlpeOIpR) JO 352399 | 60-A
2y | swoy AN |ON sue)
YUY da AU baig | Aropeg HS.L pasadang ISS pasading asuanbasue) asne) UORIPUG) SNOPIRIVE ai
4 a [epjug | [epig

JO [eAdIY [ oseyd oy JoJ synsay (dOZVH) ApmS AnjiqesadQ pue sprezeq ‘-7 2JqeL

(s1004s O) "211S0[)) 10J 90-D- [+ UL [[2YS-0[SWIS

E-20



RPP-13557 REV 0

S]OLUOD INOYIM
9ISKS UMOPMOI/YSn[] Jo
uonesnijuos uo paseq ¢4

JUBWIDIAUS
01 35828t OU UC paseq od

SBIHANDE UMOPMO[Q

3 uonelpes aun] Buunp wiz)sAs| WasAs e passaadwod onn asem
Kuo 19340m K11)108] RIS Buiziuor oa| are passaaduios o1 SMO[] JO MO} YIRq 0) 3Np LOHERIPEI
o0y aunsodxa uo paseq 1§| — od £ IS weldold uosold ueneipey aafea 02ya ny|  aunsodxa rapiom | Anaesd pinbij aanseoipey Burziuo) o) aensodxs 140 | £0-9
SULIE] ¥UE) Ul
pasn A[[euuou stossaiduwoo
JA[EA
3|qeyod Jo sinssaud
wesdoad juawaeue Lajeg Jou21 aanssasd-10A0
P3jet 0) 3alie|al asey Jo ainssald ne passaiduwios
A1ajes JO J0IOB] L0 paseq T ?E:vw_uoixumzw%u% WHSAG iy o) 2.6 asydsoue
m._m»_n:nﬁ SSaUpAIEdald ASUABIALL | UCHINIP YEIT LAYSUBLL assydsoune asaydsowne o) sseafal 2y 0} asoy J3jsuer) painidni
aumdnu sun xie passaaduiod u2sig JUILWISEIUD ay) 0] ;sem|  Yia out[ 1ajsuel) sasngdnt B WI0Y [PLI9)EW SNOPIEZEY
uo paseq 14/1S| — 19 zd 1S LIS Yea] Surl] O] 250U-U1-350] yue) Jo aseajay| umopmolq e passardwo)) 10 2A10B0IpRI JO 958319y | Z0-H
SISNVHL-dOgV-0Zem
# uolJIpUOJ SROPJEZRY OTE
- A 109fold WO paALIap
UONIPUCD SNOPIRZEY SIY |
201jJ0 10 p[aYj
Ay} UL 134113 “IOLIF 1N I0M
patedionue uo paseq ¢{ uonerpel 3uziuo; saul
01 2unsodxa aoiom wi| Jajsuen asoy-ui-asoy uo Suipjaiys
SISE3]3L GU U0 paseq O 43 5 voneipes urzivor| Suninsal sy Jajsuel) asoy| BULIBACOUN SINIAIIE UOHINLSUOS
Afue ansodxs SAINpa20.d sulIaaulsug o3 aunsodxa)  -ui-asoy aroqe uippaiys 10 UOIBABIXA 0] 90 UCHEIPRS
Iajiom uo paseq [§| — 01 £d 1S sIsA|eue pIeZEY qOf JUON pauueidupn)| o [EAOWRI SASNED J0.15Y Buizinol 03 aunsoedxa jauuosiag| 10-4
L01-AV-TPT O 901-D- T QU] JaJsuBa] 7 3pON
sweidolg juswsdeuepy Lajeg
wesgold
Junisay ut urg 1BAOWIY JIA0)) WINSAS I2JSURL],
dutnd m:ﬂ:w sousLadxa Juawdinbg 183, pue SULNSES| Xoq x0q uonaun( [e31193]2 Uk ol
[euOlel3do U paseq £4 PUE UOIBUSLLNGSU] §5300.] Y uonpunf jsareau ay) 0 dnf suoaaUUS [BA3]2 A1 Y3nouy)
2)qe0 dowt Aausfiowl umopnue duwr FWM s 3[4BRI [RILNII[A A1 YYFnoay yea| d15eM 03 anp aaydsoune
1amod [eornas[a ue dn moy S59UpaIeCald AJUIBIIMIT] UMOPINYS dulnld JASEN SEM JO MO|J © S3SNED 01 nd dwind 901-D-1¥Z
PIROD 1L} 2)SEM JO JUNOWIE (Aaning uoneipey UINSAS aoejans au 01| A|quiasse Jadosdun 1o Jjnef JUE) WO S[BHISEL SnopIezey
pawiy uo paseq (4/48] — 19 ¢ IS PUNoID) S0IU0)) I3jsuel ] | Bo11931a(] Hed Jafsuel ] | )seam juel Jo eI [  [BIS JOI0DULOD [ED1NDI[F 10 2aKdROIPRI JO 25BA)3Y | [ 1-(
vy | suo)) IN 1IN SU0)
Eo BLNES: dayg | aug basg | Aigus USL pasading D8S paysading aauanbasuo)) snEe)) UopIPUN)) SNOPIEZBH ai
[epu] | (ERjuy

(5109US Q) '2anSO[D) 10§ 901-D-¥T NUBL [[PYS-215uIg
Jo [easLay | seyd 2y 10} synsay (dOZVH) Apus Aiiqesado pue sprezep] '1-g a[qeL

E-21



RPP-13557 REV 0

O TTIV-ADg-0ZEM

# UONIPUOD SNOPIEZeY (7€
- M 1alord Wwot) paAlap
UCHIPUOI SNOPIRZEY ST

AT Yoeal

0] sed Juidyyns elaual
0] A|ITuUn 81 JWINjOA
a1sem fey) urest JOZVH
}O SNSUASUOD Uo paseq 74

uoneidefjop
Se3 o|qewWLLE]] JUIPIIDE

wawdinbyg 153, pue
FULINSERY PUE UDIRIUAWLNIISL]

(Aupgnedwos
2)SEM) S[OSILO)) JRJSURI L,

ssaupaiedard Aouagiowy

§[0Nu0D) SULIOHUO Sery we) g

{ud w1 uonoa|[02) papers
s1 Burdwend touyf 13ysuen
JO yoeaiq ® Ut Sunjnsas
payudr s1 pue dn spjing
sed g|qrUNLEY ‘SIN3I0

aur

I3JSUBT 91SEM 211 Ul uonEISR]Op
sed ajqewuey) o) anp adydsoune
a3 0] S[ELIAIBLU SNOPIEZEY

pazkjeur uo paseq z47z8| Xs0 d | 5 |00 Ueiud] suopN | Yea[ s1sem aoepang|  swp sagsuen jo Sunddng 10 9ANIROIPEL JO ALY | 903
SOTTV-UDH-OTEM
# UDIPUCY SNOpIezZeY 07§
- At 109f014 woIy pastiap
uonIpuoS Snopiezey sy,
141 yoeas uawdinbg 1531 pue
01 se3 JuAANS SjeIouad BuLINSEa PUB UONRILSWNIISU]
0 AJ1jun st 3wunjoa {Aupquedwo’ yoeauq jo afpajmoy
J)sem Jel) weal JOZVH AseM ) S|04U0)) Jagsuel ), moyim pauess st fuidwnd PoMESS I3JsuERL) ‘auly
JO SNSUISUOD Uo paseq 7.0 .
ssaupaledaig AouaBrows] taut) agsuen jo yoeasq w| i uonerde|yap sed yqeluwey 0
uonedepjop 3 Fun(nsat uout yym sunjfanp alsydsoune ay) 0] ur| Jaysuen
sed a[qewuLR]Y) “JUIPIIdE SIOIUCD BULOTIOIA SED) LIEL| yeaq| sysuery w sed ajqelwwe]y ay) WOy S[BLIMEW SNOplezey
pazAjeue uo paseq 74,7s| xXso | 73 d 5 sjoaue)) uorudy JUON 2]SEA 0RLING pue sp1jos jo dnp[ing 10 3A1ROIPERL JO aseR[ [lews| §0-9
Jajsued) Aun)s Suump
sauq| Swddnid 101 Lo1s1Y
SULIR] qUB) U paseq £
JUSLILOIIAUD
0} 35E3[3. OU U0 paseq O uoneLpel #npd Juueaps auy Jagsue
amsodxa WBLRMSEIW MO gmzruol 0) amsodxa 19iom “Inpd urdgn|dun o} anp uonerpes
Joaom A106) uo paseq || — 04 £d s weadold uolnajold uolelpey Jojluour spigeg|  amsodxa Jaqiopn|  AUI[ sasned spI[os s5A0xY Burziuoy o1 aunsodxa saxiom | #0-3
2 suo ION |DNsu0n
SIBEWIY n_a”.._ >=% bazg | Lnjesg HS.L pAsaddng I8S pmsading azuanbasuc)) asne) UONIPUD) SNOPIEZEY m
lenpuy | U}

(s300ys Op) "2INSO[D) 10 90 [-D-1HT AUEL [[2YS-o|Tulg
Jo [ead13y | aseyd a3 10 snsay (dOZVH) ApmS ANjiqeradQ pue sprezeq “1-F 3[qeL

E-22



RPP-13557 REV O

spuls Y2y
pajedionue uo paseq ¢

puim ydy-euawouayd

swedol] aRdeurp A19]eS

wawdmby 1591 pue Sulinsespy
PUB UOHBIUSWINISU] 553501

(asuodsay)
ssaupatedal Aouafimug

(A2AIng uonepey
PUNOIG)) §]ONUO0Y) J3JSUBL]
(S]2A9T JUB L) S]0J307) 13]5uRL}

(aour[eyq
|ELIDIBI) 5]OJIU07) JSJSUBL],

Jurpiays

wajsAg
UONIAIR( Hea] Jajsuriy

183
Avads 1o aoepns Juisnes
auy kagsuen punoidioao

3|ISSIW UMO[G PULM 0] Bnp
aut] sajsuey) punoidioso padewep
£ woly araydsoune 10 aepns

[e1n)EU JUIPIIIE walshg suondauued|  alsem sanoroipes| sorenduad opeuwlo) Jo puim|  punod ay) o [EANRIL SNOpIRZEY
pazAjeue uo paseq zd/zs| X01 | £ 7S uonaNA(] e Suel] 01| pue sjuswasesuyg $1.0 40O yE3] 20BLNg ydiy £q pasnes sn1ssiy 1o 3andeoipel Jo aseay| 60-1
SISNVIL-ADdV-0TeMm

# UDIIPUOD SNOpIezey OZE
- A 193(0ug Wodj paALIap
UONIPUOS SNOPIRZEY SIL |
sputs yBiy
paredonue uo paseq g4
5B 0U UD Paseq 0
Ajuo uonelpea uoneipes
Fuiziuor 0y aunsodxa Juiziuot 01| saury apsuen puncaFiaao spuim Yty o1 anp UOREIpEI
14104 uo paseq 1§ — 0d £ 15 wesdord uonosaio1d uonelpey are)d uipjoyg|  sunsodxa 1anIom 13aooun spulm ySig|  Burziuot o3 ansodxa [suuosiad| 8o~
wowdinby 1591, pue uLmseapy
pUE HONEJLAUNNISU] S53004]
1ossaudwios 1e (3jacramur gp
a1qepod [rullou € Jo 2218 Jo ued) Louaronyg 1ty VdIH
a1 .ﬂ:ﬁc..ﬂwﬁ_ u_uwwomm“ (uwiz1 ({poua Ip
wT 20l B oy U 224n08) S|0U0D A1 VI H| O paurT) std vddH SjueuNUBIUOD JO A5EI[ PUE
40 uonEI UO paseq 14 anqrej 4211 Juisned yue aunssasd Y31 o1 anp anjie)
WNSAS WSISAS §20LIu]
anssaxd N _v_ Juipeo) 13A13231 AW} ut Andeded 1A Y JIH 01 3np aladsoune ay)
yfiy o1 aansodxa-aunjie} APOHNL dp 4L VdIH 05 dP 3ld ¥dIH I VJATH PUB| 1911} VATH 2Y) SPaadxa| 0] WSAS UONR|IIUSA YUE) 59A1903)
I VAAH ‘waplooe WaIsAS Yoo WID1SAS Yoo | s|osoLse saedspeay 3U1| I9)SURL) UMOP MO]q 3] WO [BLIZIELY SNOPIEZEY
pazdpeue ue paseq zA/2S| x90 | @ 14 8 VYD A0BIS UCLEINUIA OO T VD IS UoHemUaA| LS Jo 2583y o} pasn e passarduio)y 10 3An3R0IPR JO S5e)Y | 20-
20 suo DN [ONsue)
SIRWaY =u< >=HW baig | Ligus HS] pasasdng JSS pysading asuanbasue)) asne’y uonpua) SNOPIEZRH at
i 1B | epug

(5100Ys O) "2I0SO[D) 10J 901-D-1+T AULL 1[2YS-9[SuIg
Jo [eadLay [ aseyd oY) 10§ s1nsay (dOZVH) Apmis AiiqeiadQ pue sprezel *1-g dlqel

E-23



RPP-13557REV 0

TTSNVAL-ADH-0ZEMm

# UOMIpuoa snopiezey §z¢
A 190[04,f WIOL} PAALISD
uoOIIPUOd SNOpJEZEY SIY ]

IDELY I3I0M
pajedionue uo paseq ¢,

swesdol juswaeue|y Ajajeg

wawdmby 182] pue Sumseapy
PUB UDIRIUALUNISU] $§330.1

ssaupaJedalg Aousdiawg

(AaAIng uoneipey
pUNOIN)) SJONUOJ) JAJSURL],

{S]2AYT U] ) S]0U0) JAJSuEL],

(snueeg
|BLI3JRIA ) S]OIIU0)) 13)SuBL]

(ronepdg
pue ysejdsg) sud ssanoig
- suoipog apridasoqy

SIJADT) SAS SUBI]

swsAg
19913 [3AT jue ]
SWINSAS
12233(] He] sued]

(K182u1) 511 553901
- suoilod apeifasoqy

‘pareLiul
J3fsues; pue 3uiysny
Jaye ud ur uonosuUeH

UOLD3ULIOD YSM|J SUT[ UT YBI[ O]
anp asaydseune o) ud 9o -O- 142
3UB) Ul QU 12]SUBI) WEOL] 3]5BAM

JUapIIE WSAg SUIASAS amyanas woag| Suysnyy Jjo o] uonoouucs| Snopiezely 1o S|ELIIIEL SNOPIEZEY
pazAjeue uo paseq z9/7S| Xvee | zd £ s uoHINA( HeI suel] OO1 1ata(] qea] susi | yea) ssem asepng asoy 1o aFuef] yuelg 10 2AnoeoIpes jo aseady| 71-9
TISNVYL-d-0ZEm
# UOIIPUO) SNOPIEZRY O7E
- 10alo1d woly paatap
LOMIPUOD SNOPIeZey Sy,
A[{TUn PIAPISUCD
Uy J3]5URT AFewep
0} IpMIIUFEW JUIDINS JO
JUSA3 DIISI3S UG P3SEq 74 wesdol] wawedeuriy Alajes
. ssaupaiedaid Lousdiowy Wa)sAg
HLENEOD 1108 0) NSEM AUEL umopinyg dwing I91sep
O Ye3[ 1051p uo paseq 7q (Asaing uoneipey 2oeJnsqNS Buruiewa eI
“yea| punoLD) SI0A0]) JoJsUBLL LLELY a0rgansgns Bunnsas wonow | aui Lysuen e o] pafewep paonput
10 UDNME JLLUSIag :
a3epnsqns g 0} unsodxa (asuejeg Yeo] punotd Aq aulf 1ajsuen|  21wsias o1 anp 2)sEM SnoplezRy
II0M DU uo paseq s | — 74 7 0s [BLISRIY) S[OLIU0)) 19 SUBS ] sjuswaseauy adig 3)SEA A0RLING SOZELUED JUIAI DIKISIAG 10 aAn0EOIPEY JO ases(ay| 11-3
LTSNVHL-T-0TEM
# UONIPIOD SNOPIBZEY OZE
- A 193001d WoJJ paalIdp
UOTIPUOD SNOPIEZEY STY ],
A[9run A[aWanxa
PAI3pISUOD JUI| IajsuRt) weador uawadeus |y A1ajes
9504-U}-as0y aBeLLEp ssaupaledald Lousdiowy Wwa)sAg
0) opnIuFew UANLINS JO
U2AD DILLISIaS UQ PasE (fanng vonepey| HHOPITHS duing 2Ise
3 L poseq 14 N o 1St asea|al Arads
Nes[ PUNOID) SJORUOY JSUEL] WLETY ur Bunnsai uonow punoJd [aul| Jajsued) € of pageurep pasnput
. 10 YAME HWISIG i :
13jSUEB1) J1SEM “JUIPIIOE (aoueleg Nea]| Aq aul| Jajsue) punoifIaac|  J1WsI3s 01 anp JjsEM snopezey
paziieue uo paseq z1/z8| Xxoee | 3 14 S (BLEDIEIN) S|ONU0.D JI)5UR] sjuswasesuy adid 15BN AVBLNG SOBELUED JUIAD DIWISIIG 10 aArPROIPEL JO 25899y | (] -4
sy | suwory IN  |ON su0)
SRR day | aug baig | Aeges HSL pasading JSS paysading asuanbasuo)) asne)) Honpuo)) snopauzey al
BRI | (el

Jo [eastnay [ aseyd 9y 10y s}jnsoy (dOZVH) ApruS AfiqesadQ pue sprezeyy "1-7 21qeL

(s1224s Of) "2Inso[) 10J 901-D- 1+ NUe] [J2YS-9(3ulg

E-24



RPP-13557REV 0

‘24N[ER) UOIOSUUOD ISNED
pinoa. 1ey) aaniesadwal auy
MOJIG [|9M S I91EM S0INYS
PUE S3)SeM YUB], “131BM
ysnp Jo Funiesy apnjout jou
S30p WAISAS J9JSUBI] 90|
-D- 1%T 24 jo uisap oy,
‘MO[JIBA0 pINOM
Paoalapun 1Yoy nd e
01 SUIBIP SUI| 13JSUEJ] 3501]
-U1-350Y 0} JUUaSEII]

sasmesadws)

y3ry Aq pasneo
uoiepesdap o) anp poyes|
JARY S3UI| 13JSUBL) 950U
-U1-380K] 31aLMm souaLtadxs
Jeuonesado uo paseq £y

yes|
13§SUEI) 9)SBM JUIPIOJE

sureadold wawadeuey Alajeg

watrdinbg 3591 pue Sulnsealy
PUE UONRIUSTINLSU] $53001]

(sampaooid asuodsay)
ssaupasedard Aouadiswyg

(A3AIng uoneipey
punoIn) s|oue)) Jajsuel},

(S]oAST JUR L) S[OUOY) JaJSUBL]

(adueeg
[BLINERA) S|OIIUOY J3JSUBL]

washg

WASAS
umopiny§ dwng 125y

WMNSAS
UONINA(T N Jasued],

SI2LIBE
jorduy AIYAA S10
SUOIDAUUO))

J5eM HUuey

aoepns punoad 0] yes|
Fuisnes uoyssuuos jue!
as0y Je |Bas sapeiFap ysnj

UOHIUUOS
3ures| e 03 anp punod

21 0} 2801 J2)sues punosdioac
WO} [BLIeW SNopiezey

pozA[eue uo paseq 74;S| xoce | zd £q 78 uOIdAa(] B SuBL] OOY1|  Pu® SUALIASEIUY S 10 Jo yea| soelINg 1aem armesadwy ydiy 10 DA1DBOIPE JO asENN L p-F
3 g 4 (tane)dg
swesdold juswaeuey A19JeS puE yse|ds) snq Ssacozg
waswdinbyg s3], pue Suunsespy| - suonled speifaaoqy
PUE UDIIBJUSLWINIISU| §53001 519007y $AS sueL]
I SNYHL-OOG-0ZER ssauparedaly Louagiowuyg SwasAg
4 UGNIPUD SNOPIEZEY O7E (Aaning uonerpey 129197 [9A2] Jue SMOLJIIAO
Ay 192[04J WOJJ paALIap PUNOID) S|0AU0T) IRJSULIL SWIIsAG ud pus uo ya| 12402
uonLPUOY ShopJezey Siy ], (S]2A7] jue ] ) S|OAUO)) 13)SURL] 133)2(] B SuRL] uierp Anoedea yBiy ‘ssososd aoeld
uwon)s jo uonentur] ui 8njd 13402 ‘@AjeA pauonisodsiu
103 10{10M (oouereg| (Kiudoiug) sud 5590014 d p: :
dionue uo paseq £ (BLOTEIN) 5|00 SaJSUBAL| - SuonIog SpEiFaroqy BRI uo aoe|d ul surewal q Pasned yea] 0} NP A3LLINS
pajedial ; : 01 258221 pInby] gnd 13400 “Fuiysny ay) o1 ud Ut sulp woly Msem
UpIITE WISAG swsAg snopJezey pue| I5ye UONBINGIIUOS YsSn|J ul| SnopJezey j0 Sfelsjew snopIezey
pazAjeue uo paseq z4/7S| XOEE | T4 | &S uonIAa(] ALy suel] QD1 1233 qea] surl]]| pInbi JANJROIPEY[ 113] SIA|BA UMOP MO[q Iy 10 2AndeIpes Jo aseafay| £1-4
IN  |ONsu0)
ny | suoy | o p 23 4
DRWRY doy | ang 24 12JBS HS.L paysaddng DSS pnsading asuanbasuo) asngo) uonRIpEc’) SNOPIBZEH al
1] | [epug

JO [eASLISY | 3Ry oY) 10f SINSY (JOZVT) ApmS AN[Iqeiad() pue spiezey *[-g 9[qeL

(s199ys Qf) "aInso[) 10 901-D-1H¢ Yue], [[9YS-9[3ulg

E-25



RPP-13557REV 0

GOHSNTd-9-0TEM

# UONIPUOD SNOPJBZEY (ZE
- M 199(04g oIy paaLIdp)
UONIPUOD SNOPIBZEY SIY ]|

Nea| uordauuod Jo Jedwn(i
pajedionue uo paseq ¢4

swridolf uswadeuep Aaeg

weidoid
IRAOLWIAY 19A0)) WSS Jajsuel ]

wawrdinby 1501 pue Sunnseay
PUE USHEIUIUNIISU] §53005]

ssaupatedaid Aouadiowyg
{Aaaing uoneipey
PUNoIN) S[ONU0Y J3jsuel ],
(ssuejeg

[BLIBIRIA]) S[OHJUO J9JSuURL ]

wWNsAG
umopinys dumng 1asepy

30BJINS
0) asealas pinby

Jjo 19n00 nd pue uado
19400 ureap Anoeded ydiy

Hea|
au[ 13JSUBI) 01 ANP JIBLINS [I0F

Jop103E wasAs wsAs snoprezey pue| oy yirm 1d U uonej[eisul (o3 1.§(7 12413031 uo nd Jo mO[JI3A0
pazATeue uo paseq ¢d/¢S| XDtc 1 3 I | 7S uo10Ie(] NEIT ‘SuBl], Q1| uonaNaq YexT 1ysuell| pinbip oanoeorpey| 1odoadws to yeosq sadwng| wolp pmbi aanceeiper jo aseaay| £§-a
swradold Jususdeurpy A1ageg
wedoad
[RACWIRY JOACD) WAISAS JAJSURL]
wawdinby 1501, pue SulInseEIy
PUE UOHEIUIWINIISU] SS3301
SOHSIT18-0ZE M ssoupasedai Asuadiawg
# UOIIPUOD SNOPJEZEY OTE
- 19901 d WoaY pRALIZP (AaAIng uoneIpey
UOIpUOD SNOPJIEZEY SIYL PUNOID)) SJONUO.) JJSUBLT
ud
e :ﬂﬁu::on, 10 sadwnf (aouejeg d waskg 2081n5| JO MO[J32A0 5] Uy nsas uo yea
paledianue uo paseq ¢ | TEIEA]) SIORUCT) JYSUBLL | UMOPINYS duung JNSEIN| ) oo pinby|  Jaa0d wesp Aoeded gSiy| 2] JAJSUEN 0] ANP 23BLNS 108
uapLoe WASAS WIASAS snoprezesj pue| ayy yim ud ul uone[jeIsuL{01 1S 42413024 uo d Jo moppaano
pazAjeue uo paseq zd/zs| XOee | z3 €4 78 U019919(] s ‘suet], OO T} wonosta( Yea Jajsurl] [ pinbip aanocroipey| Jadosdun 1o earq Ladwnpy wodf pinbi| aanaroipe) Jo aseajay| 91
TESNVUL-H-0TEM
# UDINIPUOD STIOPIRZEY (7€
-M 10afo1q wog) paslap
UONIPUC) STOPIezey SIL],
ApqIun A[aumxs
puodaq sem yserd
YRIAI[E JBY) SASLASUCD
wes) JOZVH U0 paseq 04 Mus aul| aysuey) pasmydni o3 anp
weforg wowadeuey Avjeg
JU3IpIOYE yeaodie 1431 01 20p LA | 2IBLINS 3t} 0] S[BLIAEW SNOPIEZEY
pazkieue uo paseq zdyzs| X0 | A 04 7S ssaupatedaid Asusdiowyg ouoN| Nea] MIseMm 2IeJING|  QUI[ JISURI] PUNOIBIIALD) 10 2ADEOIPRI JO 358313y | §1-9
- DN |DNsu)
Y | suU0) .
SHIBWAY da AR baag Apyeg HS.L paisadidng DSS pasaddng Jduanbasuo)y asne) HoNIpuUo) SNOPIBIBH al
H [*pa] | [epiug

Jo [eAOLRY | aseyd dy} 1o NSy (JOZVH) Apmig ANfiqeIad( pue spiezeH ‘I-J 9[qe],

(s199ys ) "2Inso[) 10J 90 1-D- 1 Yue ], [[SYS-o[3uIg

E-26



RPP-13557REV 0

Funeiado sem

901-D+ [ ¥T Ut uoneuaa
DAL UM SHUE} PIpEISED
u1 saBueyo ainssaad
[ewiuw Ajuo Surmoys
{0ze- M 100feag) Buowngs
sonoeld 1sed wioyy Asojsty
|euonesado uo paseq 7,

JUILLONAUD
0} 3SEI[X OU UG paseq Y

Ajuo amsodxa

uoneIpel
Furziuot

aansodxa

pauuejdun pue sagueyo
1291 [euoiippe 3uisnea
SYddH SO1-D-EpT PU®
FOI-D- [¥¢ 01 saly[ apeased
ay] yanoay) ne [RUoIIppe
SMEIP G01-D-1bT W

$01

~Jr 1vT PUR $01-D- 1T W sy
v d9H Fuidueys uaym uoneIpel

Joydom Ajfioe) wo paseq 15| — fig| 1 IS wieydosd uonaxod uoneipey SUON |  2Insodxa ISNIOA |  WIAISAS UOHB[IUIA A1V Jurziuol 03 ansodxa 1ayiom | 10-1
WaSAS UONBINIA 90T-D- 14T 4 IPON
OISNVIL-G-07EM
# UDIHPUOD SNOPIBZEY OZE
- A 1090l WO paALIap weidold Juawadeuey A1ajeg
HONIpUOD SROPIEZEY SH ] ssaupatedaig Asuafiowy wasdg
Aparyiun Ajpuwanxa (KaaIns uonepey umopinys dwing Insep
pasaptsuod undid PUNOIN)} S{CHUD)) 1aJSuel], sjuawaseduy adig
350Y-u1-250Y 3Fewep s
01 9pmuBew WIADLNS Jo (2aueeq wshs asaydsoune|  osesjas Aexds ur Supnsal 1adwnl]
JUBAS JTWSLAE U0 Paseq 4 [ELIGIEIA]) SICAU0)) JAISUBIL| UOTIINA(Q e Jajsuel] o1aseajas|  wonow punosd Aq yooq{woyy Nes| Aeids oy anp aaydsoune
W2pLace WAISAS uie]y|  9)sem daldROIpRI| 19409 S3Yoealg pue fadwinf| ¢} ud woyy s[eueWw Snopiezey
pazijeue ue paseq z4/Zs| Xotg | ™ 4 78 uo119212¢] e 'SUBLL Q1 10 (MIMS DILSIDG paziusolay $9FELWEP JUIAT DILLSIAG 10 sanROIpEl JO 35ed)aY| R1-9
2 suo IN JONSue)
SIBWXY =u< A J basg | Ligug WS pa3sadtng 0SS paysading ayuanbasuo) sne’) uoNIpuo)) SNopIeZRH ai
H A e | e

(5193ys () "0InsoO[) 10} 90 [-D-THZ JUBL [[SYS-9[3UIS

JO [RASLIOY | AsEY 2y} 10] SINsaY (JOZVH) ApmiS ANjiqessd( pue sprezeH [-F S[qe

E-27



RPP-13557REV 0

OISNVHL-8-07¢M

# UONIPUOD SNOPIEZEY OZE
- 102{01d wiod] paALIap
UOTIPUOD SNCPIBZEY SIY ],

Juisngs Furanp Jupeo|
13111 pue uonerausd
|0S0I2€ UO paseq ¢

‘WIISAs paje|uaA AaAlssed
B 10} 13/FS 29 pnom ST j
“WNSAS UONR[HUSA SA10B
107 amssaud Jo aimessdwn
y3iy 0y aunsodxa

-ampe] Y ¥daH
WIBPIdoE POZA|BUE UO

Paseq A12ANBAIISUOD TH/TS

X90

td

4

yjuaweinbg 150, pue Jutinseapy
pUE UOBIUILLNLSU] S5300.d

Asumad saytd vdaH
sfanuan 2] VdaH

Wiy

Ho0 dp 91H VdHH 0071
WNSAS Yoo

WV D qaeig uohig|iaA O]

st vd9H

Wa1sAg HIoAu)

dP 916t VdHH
WOISAS Y2014U]

WV ADLlS UonEuaA

aiaydsoune
0} 25E3[A1 NSeM

aunssaxd [pjuAlajIIp

y3y pue wnddnd

VddH Aq pesnea sydgH
pajie} ySnouy) ases[al pue
adeds pray ul yotjerouad
|DSOIE JAISSIOXD

w Funnsas syealq BN

ainjie) 121 VdTH

01 anp asaydsowne 0) 901-)-[+7

jU®} WO} S[BLISJEW SNOPIRZRY
10 SANIBOIPRI JO 3SBI[2Y

€0

TOSNVUL-TTV-0Z¢M

# UOLIPUOD SNOPIEZEY O7E
- M 199f01d WO paALIRp
UOIEPUCD SNOPIBZEY SIY |,

L2ISAS UOHE]TIUIA
ay) 10y paudisop wsAs
uoijeiedas amsIOW B J0

100d s1 £31[1q151A uBYM AJUD
Pasn 2q P|Nod UOHEJIIUA
2A198 uayl sy JaH

uo dnp|ing 2IMsIOW $3snNEd
uoyieiauad ssmsow Ji

Fwonys Sunnp Swipeo]
1211y pue uonessual
|os019% O paseq £

‘waisAs paenuaa Aparssed
BI0J 14/1S 29 pjnom SI4],
‘wRYsAS UOLIE|IIUZA IANDE
101 aanssaud 10 asmeraduwsy
Y3y 01 aansodxs

-asnjes Il vVdaH
UapIade PAZA[RUR UO

paseq A[SANBAIISUND 7TH/Z8

X590

(4

£

s

wawdmbg 159, pue Bulinseay
pUE UOIJEIUSLLNNSU] SS200I]

Asuaiyg 1kt VdAH
senue JeNLl VdaH

wasAg

}a0lU] dp 1211 VJTH 001
WANSAS HIelIau|

V) 281G OnE|IUBA 0T

SIM] V4 H

LMSAS HA0[12U]

dP 491 VdHH
UISAS }0[43U]

WV HEIS UONEINUAA

alaydsoune
07 H5eR[21 MISRM

an[te] pue aunssard
)oBq JAISSADX SISNBD
sa11p up dnplng amsiopy

dnpjing
2INISI0W O] NP SIN[Y PI|Ie)

ydnonp asydseune o1 9[- 1bT

YUe) UIOL} S[ELIDIe SNOpIeZey
10 DA[EOIPEI O 3523[2Y

z0-d

syJewy

ny
day

Suo))
Aug

ION
baag

1]

N Suo)
Ly
Isptu]

HS.L pasadEng

D58 paysading

asuanbasuoy

asne)

UOPUO)) SMOPIZEH

al

JO [eASLIRY | aseyd dy) 0] synsay (dOZVH) ApmS AMjiqeiadQ pue sprezeH ‘- 9[qelL

(s199Ys Q) "aanso[)) 10§ 901-D- 1T JUBL |[oYS-9]SuIg

E-28



RPP-13557REV O

‘UOIIPUOD
Alaun £[2uwanxa ue siy)
sa)elll JJO pay20[q Sue)
papeased [je 01 33eyea|

u1 [[e aaey 0} Suiaey

sn|d Jadurep uonenuaa
paso[d & punoJe syied yeay
paredionpue yia pajdnos)
aU[ SPBISED JO UOLILISIY
MO[} uo paseq 14

ULUIR|OD [10S
01 Y] ASem U0 paseq ¢

12A3] pinby} wielRD WELIBA

ssaupasedar] Asuadaowig

WO [10S 0] Y2

PUE SYUEJ P3]123UUOIIIILI
JO wonoq yuey

Jo Yydn wnnaea ul s)nsat
Paso]a taduwrep 19]u1 10

aSewiep yue) paonpul WNNoEA
01 anp UWR{OD [LOS Y] O3 Saul|

OPEISED BtA 9[- | T PAI23UUOD

Sy 10m punc.d| pue mo[ 00} |9A3] JUB) Yim|  SHUE] WOJ] S[RLISIEW SNOPJEZBY
03 axnsodxa ou uo paseq 05| — x| 1d 0S sweiFold wowadeuey A1ojes sadwep jaqup| 01 ases)al s)seM | WO UB WISAS HONE|HUDA 10 JATOROIPEL JO 9SEI|AY | 60-4
£0TTV-ADE-0TeMm
# UOLIPUOD SNOPJEZRY ()ZE
- M 19901 WOy paauap
UOHIPU0d SNOPIEZRY ST,
wopoq yjuel Fuyidn jo
Jjqeded WdISAS UONB[HIUDA
JA[DE UO Paseq £ ULLN[OD
108 0} B[ PUE WO} YUB)}
:EEMM 1108 [9A3] PIDI[ UIELAD WEIE) Jo yydn WwRnoeaA i §)|nsaL aSewep yue) paanpur wnniea
0} YB3 ASEM U0 paseq g1 pasos sadwep j9jut 10|  ©) anp WWN|OI (105 0) 9Y - [+T
ssouparedalg Lsusdiawyg : :
SINI0M punoJd| pue moj 00} [3A2] JUE] Yum JUE) WG] S[B112]ELL SNOPJIBZEY
01 aunsodxa ou uo paseq Os| — €q cd 0% swetdold Juawaeuey Ajes sadwep 15juf| 01 3sES)21 AISEM | UD B WISAS UOTIR|NUIA 10 JATBOIPEL JO 3SEAY | $0-4
sy | suoy IN  |DONsuD)
syJRWAY da AuR baayg £13)8G Hsl pasaiing I8S pasadsng Aunbasuo)y asnu) uopipuo)) snopiezey al
b [BRIUE | 18RI

(s193ys Q) ‘aInso[)) 10} 901-D-1#T Yue], [[2YS-3[3UIS
Jo [easuey 1 aseyd 2y Joj synsay (dOZVH) Apmis Aniqesad() pue spiezey '[-d d[qEL

E-29



RPP-13557 REV 0

0lTIV-a-0T¢M

# UDLIPUCD SNOPJEZRY (OZF
- M 100001 Woedy paaLiep
LONIPUOS SNOPJBZRY S1Y [,

Aloyun

A[AWI211X2 3q 01 WED)
JdOZVYH Aq pataplsuod)
WHSAS UOTIE[IUIA
3jqenod agewep A{snoLias
ot apnyuBew JusoYIns Jo
JUIAZ J[WSIIS U0 paseq 14

25E9]24 PRIAN[IJUN “JUIPIDOR
pazA|eue uo paseq TIAZS

xXvl

d

s

ssaupasedasd Aouadiowg

sweadourd wowsdeuey L1ajes

auoN

azaydscune

o1 3s82]2s Surpeog
Vd9H pue sjososoe
aoeds swop yue],

LUASAS
UONE|IUAA JO 3IN[TE]
SASNET JUIAD JLISIIG

WIISAS UOLE[IIUA

3Y1 JO INJIEY [EIMONAS PIONPLI
A[lEa1tus1as 0) anp alaydsoune
ay) 0] SJELIRW SNOPIBZRL|

10 JAIIIBOIPEI JO 3SBAIY

Lord

‘2[qQIPaJ3 10U St (LnNJRA)
aInssaId 2A15520X9

01 aNp 2uN|1E} [BINIONLAS
5a1f195ds SISATRLR JUIPIDOY

POTIV-QOH-0TEM
# UOIIPUDD SniepiezZeY (7L

- A 192l014 wod) paALIap
UOLIPUOS SNOPIBZEY SIET,

Jadwep 131Ut Uo suonRILLy
10 UONDLASAI OU Yim
swop sdewiep 0) WNNIEBA|
wapynsul Bulaey wasis
UONE|1UIA UO PaSEq (]

SPEO[ 3ALSS3IXI
©1 Anp 2an|1e] ue) “JuUsp1ode
pazA|eue uo paseq 79/7S

Xtl

Zd

0d

Z8

ssaupasedarg Asuadiowg

swergolg juawadeueiy Aajeg

UON

asaydsoune
0] a5B3[31 AASEM

(a8ewep swop)

afewep yue) pue uolen}dr
1eas doo) “Juel ul Wnnoea
2A15839%2 Ut Buiynsal
JuM[Eey 19[| 00D LE]

afewWep yue) pasnpui Wnnaga
0} anp atoydsoLue 61 9o - 1¥E
jue) WO S|ELIdBW SNoplezey
10 2A19B01PRI JO 3SE3IY

90-d

syIBway

DY
day

suo)y
Aug

ON
baayg

[Epu]

N suo)
Ajyeg
lepu]

HSL parsadidng

JSS pasadang

3duanbasuo)y

asney)

uoppuo} SNOPIEZBY

al

(s1994s () "24nSO[D) I0J 9O1-D-1+T JUEL [[2yS-2(Sulg
Jo [eAdLy | 9seyd oy JoJ sinsey (dOZVH) Apmis A1MqersdQ pue spiezeq “-H dqeL

E-30



RPP-13557REV 0

SOLNTA-T-0ZEM

# UD[JIPUOD SHODJEZEY 07E
-M 10301 WLy paauap
UOTIEPUOD SNOPIRZRY SIL |
doo| [gas Adwd 0y

winnoea Jua1dIns Suiaey
UOLE|IUIA UC PISE] £

Jsea|2l pAUN
pue amnjre) eas doo| w
Fumnsan wasAs uoLe|uA
wiogy yue} w (Jadwep 111

WINADEA JAISSIIND
0] anp adddsowne 0} 9O 1-D- 147

dooy zas yBnosny asesal wolsAg asaydsowne] ;o Surso)d) Jou1a uewny Aq NUue) WO S[ELIjEW SNOpIezZey
panuny uo paseq /(S| — 19 ¢4 18 sjonuo)y door [Bag Juawaseouy| uondsjeq yea] 1ajsuelf| o) aseajal ysEA]  pasned wnnoea darssaaxNg IO 2ATPDBOIPE] JO 258319y | 01-1
LOLNIA-0ZEM
# UOLHPUOD SNOPJRZRY (7E
- A, 192(00d WIoJ] paALIap
UOHIPUOD SNOPIRZRY Sy,
AJuo 1np0m Apioe) wadinbg 153 ] pue Fulnseapy
Surioagye asea| RIS pUP LONRIUILALSU| S533014
e Yilm wNsAs Uone| s huCQ_UwCW 11 vd9H
o Seas VdidH 49 slonuoly L] VdaH st vdaH
UONEIOLIAIP 10 UOISOLI0D : : ea] wnsks
pajedionue uo paseq ¢4 wshg WiAISAS Yool UOREIUSA 03 anp Bsaydsoune
wSLS UOIHR[NUIA APOHANL 4P M VdEIH 01 dp 19t VdHH Buroings Julmp| 01 WAISAS UONBIUA GO 1-D- 11T
Ui SYED| |[BLIS LLE0L] I5BII wsAS ¥o0jadu| wNsig yoeAu] asaydsounie] paulLIZIapUN UCHEICLINP {UE] W0} S|elIaeLl snoplezey
penwny uo paseq |9/1s) — 13 € 15 WY OIS UONB[UUSA O] VD) %oms uoneuaa| o) aseajan msepq] (298 10 uotsonios Sunong 10 aandeoIped Jo asedy | 601
TOSNVHUL-TTV-02eEM
# UOTLPUCD SNOPIRZEY OTE
- M 193(01g wolj paALap
UCHIPUOD SNOPIBZEY SIY .
‘asealal e
Ul JjnSa1 10U PINoM Ugj JUaA
a1y} Jo ureansumop afewe(]
-asea|al PRI pue
(fea1q aa[dwiod) wNsAs watdinbg 153 pur Funnseapy
JUIA Pa|qESIP B A U] PUE UOHBIUSWINIISU] 553001 ]
|NS2 PINOM LB UOIIB]IUIA Koustouyd 1Nt VAN
3y} jo weaysdn a8eweqg : :
puss ySiy sjonuad 1241y VdaH SR VdIH
patedidnue uo paseq ¢, wisig WIR)SAG N20d91u] asea(as passyun OpEWIO} 10 SpUIM
"WID)SAS UONE|ITUIA HP0HAT 4P UL VIHIH O dP 21 VAIH pue Funanp uorey Yy o1 anp BunoRp UONE[IIUSA
padewep woyy osea}ar wsLg o0 IIu] WISAS HD0U[ araydsoune parey ur Sunmsaz WIOJ] S[BII2EW SHOPJIEZEY
pauuny uo paseq [A/1S5] — 14 £ 18 VD ¥org uoneuas O] VYD 8IS uoneuuaA| 01 959]31 AISEM opEWo] Jo spulm Y 10 3AN0BOIPEI JO 3583]9Y | §0-4
2y | suoy DN [N su)
SHABWRY baag | Ajeg US.L pnsading )5S pyysading Jsuanbasuo)) asne) UOIPUO;) SNOPIVIREH ar
doy | aug 1By | repug

30 [eASIRY | dseyd ay) 10 sj|nsay (JOZVH) Apms AnfiqeradQ pue spiezeH '[-H 2[qe]

(s109Ys O) "9INSO[D) 10f 901-D-1+T JuUeL [[PYS-o[Suls

E-31



RPP-13557 REV O

SO0SNVUL-8-0Z¢M

# LO1IPUOD SNOPIEZRY OTE
- Af 199(01J WOIJ PRALIAD
HOIPUOD SNOpJEZeY SIYY

S[0S013 DAISSIDXI BTEIOUDS
0} A[331jun yue) ojuL
1ajsuel) Wolj uonesausd
{0S019 UO PISEq Z.d

“WIALSAS UONBIIIUSA JANDE
103 aunssaid 1o ammedwn
y8iy o3 aunsodxa

~aanjie} J VddH
IPLIOE PIZATBUE UC

juanwudinby 1521, pue Junnsealy
PUE UOHBIUIWINIISU] 5532014

Asuaiaypg 29 vAIH
sfonue’ ] Vd9H

WNSAG

Naapau] (Jp 19 YAAH OO
WIISAS J201U)

SI1d VdIH
WISISAS N20}1910]
dp 111 ¥dIH
LWS)SAS ool

axydsowe 0
[elIaIeW SROpIezey
10 3AT0R0TPRI

VddH 343 o ainfie)

pue aunssaad jenuapp
Y3y Suisned aoeds

pesy u1 uonEessua3d josolae
JAISSAOXD Ul Funnsar

MY ¥dIH

PaIey YInousy 2583)20 PAIALLUN
o) anp aaaydsoune o 1S
12A1231 O] S|ELIABL SNOPIEZEY

paseq ApAaneAlasuod ZH/ZS| X90 td [£] 8 AV 120 UGNRoA O] NV YIS uoleuaA JO 258a[Y J30 S3ealq 10nqnsi 40 aAldEOIpRI JO ISEA[RY | Z0-D
9OSNVHL-E-0T¢M
# UOLIPUOD SNOPIEZRY (ZE
- A 19afoud Wy paALp
UOLIPUOD SNOPJBZEY ST,
S|OSOEIE DAISSIIND J)eiaudd
01 Aja1un yue ot wawdinbg 18], pue Fuunseagy
19]5URS o) UonRISUDE PUE GOHEIUIWNISUT §§3004]
[0S033E U0 paseq 74 Aouanagrg Jaid vdaH
“WISAS Ut IuaA 2Al)0R s|ou0 Ja4L] vJIH s vJIH anjie] Ay pue aunssald
1o} anssaid 10 Jneiaduwo) [enuaiajpip ydyg Sursned Y YdaH
ydiy o aansodxa watshs watsAS 450Ul SIA1[1} VAAH SPeo[ Y2yt pajie] Y3nodi aseajad pasajjun
-aaniey 1Y VJIH A0 P AL VAIH OO dP MLd VdiH suonduwunsse yuLd PUE UONEISUIT [0S0DIcE o anp aroydsowne o) | S
JUIPIAdE PIZA[EUE Lo WNSAS FI0[La3U] walsAg Yoou[ SUOISSID e Paseasaur ul Juiynsal| 9A1293 W0 S[ELIAEW Snoplezey
paseq A[aaneatasuod 7H/2S| x90 7q zd S VD Yo uonenuap O] VYD Houg uoneuuap| pasaxa Ajjemuang MO IBJSUET} JAISSIINT 10 9AlR0IPEL JO 3SEAAY | 10D
{Z01-AV-1#7) WAISLG UDNB[NUIA LK(] 1241333 ) IPON
Ny | suo) IN - (ON SU0)
SIEWIY & Ay bayy | Aajug US.L pasaddng 35S pasading aauanbasuo) snB)) UOPIPUO)) SNOPIBZR[Y al
b femug | repp

Jo [eAdLIRY | 9sBU 23 10§ SYNsoy (dJOZVH) Apmi§ Anfiqeiad pue sprezel] "1-H 3[qeL

(s100ys 0F) "0anSO[D J0J 901-D- 1T NUB], [[9YS-9[3ulg

E-32



RPP-13557 REV 0

‘Jeay yonw syt dn pying
01 3|1y © JOJ umop aq 0}
PEY JABY pInom INSABYXY

POLNIA-T-0ZTEM
# UOLILPUOD SNOPIEZRY (O

- 122(01J WOLJ pIALISP
UORIPUOS SNOpIezey siy]

doup aunssaid

231e| v asnea pinom

Aeads 1eyn yons aunjessdus)
JOJEM BDIAIIS IO J)SEM
walqLe aacqe anjesadius)
aords awiop 95181 0)

215M quE) Ul Juipeo) 1esy
JU3IdYNSUL UO paseq O

aseaja1 paay|Lun Juopidve

wawdinby 1521, pue Sulmseay
PUE UOIBIULINISU] §83301t]

S[OLUOD
aimesaduia | quel M V/LSA
WNSAG UONB[IUI A

wNsAg
UoB[IUD A SOjNUUY
COI-AV-1FT UEL

SWISAS

azoydsoune

dwnq

yuey Bunnsat Fudnput
wnnoea yuel Jursaed
soeds peay S|y (13]suen
215EM JO Y NSaI 3jqissod)

dwng yuel 0} anp

SI3NE pa[ie] YAnouE Z01- AV-1+T
YUR) WOLJ S|ELIAEW SNOPIRZEY

pazAjeue uo paseq Z4/ZS| Xv8l | 0d s snnULY Z01-AV- 19 Auel 01| Sutonuopy aunesadwa] | o1 aseojas a1sem | Sjues oy Aeads 1ajem plop 10 9ANOROIpE] JO 2sE3[3Y | +0-D
TTSNVUL-g-0TEM
pLoD SNOPIEZeY 0Z¢
- M 13afoad wio) paaniap
UOIPUDd SNOPIBZeY SILT,
WANSAS UOLB|IILIA
31} 2Z1INSSaId-I13A0 0] B3y
yBnous ateleusd o Aayun wawdinbg 1sa) pue Juunseapy
JUE) OIU] PALI3JSUEL AISEM PUE UDHEJUIINISU] $53001
901-Or [$T U0 paseq 04 Asuary 1] VdIH
‘WajsAs Mc._ﬁ_:c? omcum §lonuoy LIt YddH s11d VdIH
1o} aunssaud 10 ameradws) 95B3{91 [0SOIIE Ypm s19)[ YJIH
Y 01 2unsodxa sovsos 4o Jo1s warshs E&w% ooLan aunssaxd jenuasagip ydm|  payrey ynouy aseajal pasiun
-aanyieg sy VIH HO0HAU] dP LT VdHH 001 dp 42414 VdEI £q [rey yowym sty v Ig | o1 anp srsydsowne o1 7o1-AV- 142
JUIPIODE pazA|eue uo W3SAS AD0AU] W3ISAS HoOLIAU] arydsoune Jo uwipeo} asned AsEM NUe) WO S[BLR)eW SnopJezey
paseq A|2ANEAIISU0 TH/Z8| X900 79 04 S NV A0S UONEUSA O T WY YIRIS UOHR[IUDA| 01 I5BI[L 2]SEM MU woJj 3urpeo] 1eal] J0 aaTdROIpEL JO 3sea Y| 00
2y | suoy ION  |DNsue)
[ REIEY day | Aug basy | Lajeg HUS.L pasading 2SS pasading auanbasuo) sne)) uoyIpuo)) SNOPIBIBH dl
1By | jepug

Jo [eastnay | aseyd ayy 1of sinsay (JOZVH) Apmis AnfiqeiadQ pue sprezel] "1-H 9[qe]L

(s309s () "2Ins0])) I0J 9O1-D- 1T AUeL [[PYS-3[3uIS

E-33



RPP-13557REV 0

POSNVHL-V-0TEM

# UORIPUOD SNOPJBZRY OTE
- A\ 10304 wolp paaLap
UORIPUCD ShopJezey Siy|,

1.1 Yoear 01 sed aroyns
3)eouad uay) pue Iseajal
LUEB3IS B DAY O] A[jIjun
AJawanxa 51 NUNJOA
2)5EM 1B WES) JOZVH

wowidinbg 1531, pue Suunsesy
PR UONRIUSWINGSL) SS300.]

ssauparedard Asuafiawy
sjonuo) LIt VddH
s[ou0)y FulUO Sen) We[]

104307y Lo ug]

hbw:.:.un— 01 CO.:.HEMT.UWNU_Q.H
JO SNSU3SUOD U0 paseq 4 sed Jjqewiwe]) € a0eds awop w uonesdejep
uonesdegop waishs uaA 001 saonput Yoy dwng wests| sed IqqeLIwe[] 01 Inp 901-)- [+
sed ajgeLuue]] ‘Judp1ade WAIsAS wskg asaydsoune| e Swisnes agsuen Juunp UE) WG] S[BLIAJEU SOOPIEZEY
pazAfeue uo paseq 73,z5| x¢0 et | 14 78 HIOIAU] WK NIBIG JUBA O] A 9ANDY [SS| 01 aseajal msem amessdwia asem Y3y 10 sanodeoLpe! Jo 0se3[aY | Z0-H
AljesnLo
B 218242 10U P[NOD ASEM $139]14 payoeaiq
001-2- 142 Jo a8rims 1o yanosy Msem Jo|  aunpie waisAs uoneuaa
[eAdLGRL 1BY) WES) JOZVH 9583[2J puk ‘sossed pue uoneauaf wesis AJNjednLs JB3)dnu
JO SNSUISUOD U0 paseq (4 UOISSI} SA11IEOIPEI ‘Spgesnuo w Juonsas| pauueydun 0} anp 9o |-)- 7 WOL
A1|EONLID JBI[INU “JUBPLISE ‘uoneiper|  suostod uonnau sasowas{ suoydsowse 0 [BLIGIEW SnoOplEZEY
pazijeue uo paseq z4/25) Xi0 | @@ od 8 A191ES AN[RILY) JBI NN JUON [suoaINAL Jo asealay K33A129[2s Suwoin[g 10 aandeoipes §o asea(y| [o-H
901-D-1PT qUE]L H IPON
yuey
1913320 203 Uy pATjRISH! swiesdoud unuadeuely A13pes
3q 0] AL SAOMQLISIP waudinby 183 pue Fuunsesiy
Auns 1o sdo| dop pUR U0)JRIUILUNLSY] 553001
Mau eyl yans sagueyd ou
moys uBisap Fuizouiug (sa1npaosoug asucdsay)}
ssaupasedald Louadiawyg
Yealq WIANoLA € 3uljeain {s{aaa yue 1) sjonuo)) Jajsuer],
s agedspeay ut 21 Jue J2ATa0A) WOJ] DISEM
anoqe 33) dosp uo paseq 0 {aouereg punoi3d JO moyJeq 0) AN SI3SLI pUE
|RLIBIRIA) S|ONUO.) 1ISUBL] :
yes| 03 B3| YIm i) S[[1A0 syd y8noay) asepans oy 0 9|
J9JSURL) 9)5BA ‘JUIDIIOE washg warsks voioap AE ] aoeyns punoad 9[- 01 YUB} 19A1900Y | -D-[Z WOI] S|ELISRW SNOPIRZRY
pazA[eue uo paseq z/28| Xvee | 78 0d AN uonOMo(] BT Suel] QY1 12jea1q wnnaea | 01 ea) Nsem Juep wody 2)sEm Jo voydig 10 AATIROIPRS JO ISEI[RY | CO-O
3y DN |ON suo)
v | suo)
LG d baag | Awjeg USL pasaddng 0SS paysading asuanbasuo)) asne)y UOIPUO)) SNOPARZE] ar
) [enmuy | Tepvg

JO [eAdLIRY | 9seyd duy 0] sinsay (dOZVH) ApmiS AfiqeradQ pue sprezeH '{-9 9]qeL

(8109Ys Op) "2Ins01D) 10J 9O1-D-THT YuBL [[PYS-o[uIg

E-34



RPP-13557 REV 0

OITIV-H-02EM

# UOYIPUOD SNOPSRZRY (7§
- A 193[04 W) paaLap
UOIIPUOD SNOPJBZRY SIL,

Buioings

{emur Joye Suluewal
SIU9AJOS JO ucHENpUl

U Y1l PAGLICD

Fuons 1ajem uo paseq g

a1y
JUBA[OS 21uRdio “JUapLade

wawdmbg
Funsa ] puE JUAWAINSEAA]
PUE UOIIBIUDWINASY] $S2004]

(Awjrqueduoy

DISBAA) S|ONUO.) JaSURL]
(uuag

221n0g) sjonuo)) 1341 V49 H

{saunpano1g asuodsay}
ssauparedasg Asusdiuwy

alaydsowne

soruedio
Jo uoniudr wanbasqns
pue Juians Sunnp yuw w

a1y Asem auedio

01 anp arzydsownie o 90 1= 1+L

UB] WOJJ S[ELINEW SNOPIEZEL

pazApeue uo paseq ¢:/£S| xX60 | €9 0d £g (321005 123Y) 5]00U07) UosIuS] auon| o1 asesjan aisep | 294r) o1uedio Jo uoneuLIO 10 2ANJEOIPRI Jo a5e3[ay]| So-H
LISNVHL-8-0TeM
# HONIPUOD SNOPIBZRY (ZE
- M 1oeforg wolp pasusp
uoNIPUOD SROPIBZRY SIL |
4T yorad
o) sed juaoyns srelaudd
0] A[9y|un §1 JwnNjoa wowdmbyg 15a], pue Bunnseapy aseaja) Aeds pue
Asem 184 WeA JOZVH PUE UONEBJUSLINLSY| §53001] saul] t9jsues o) afewep nd w uonesde)jop sed
JO snsuasu0d uo paseq g4 ssaupasedal AousFiowy anaydsoune ut Sunynsal jid wi Suidid | 9jqewiwe)y wolg ¥ea Aeids o1 anp
yeag 0] asB3[al oo s|jej yaiym ‘yoopq| 2zaydsoune ayl 013 go - E#T
13J5UB]) A)SEM ‘TUIPIDOE sjonue)) JuLonuoj Sen weyy AIRAARTI  5158m 2anoeoipes] 10400 Sunpy sequdt pue ud YUE] WOJJ S[ELINELW SNOPIEZEY
pazAjeue uo paseq 777 Xso | 74 zd 8 s{ejuos) uonud) 19AOD) W PazZI[0S01aY| Ul 5109[]00 SEF ajqewE|] 10 9ANJBOIPEL JO 3sea[aY | +o-H
SOSNVHUL-V-0TEM
# UDLIPUOD SNOPIBZEY (T luauidinby 353, pue Butinsesy
-M uuv.ﬂ_uan— wog] paaLap pue uonejuaLWwnsuy ssadald
UOHIPUOD SNOpIRZEY ST ssaupasedarg Asuadrawiy
1471 yoeas o) sed Juaoyyns sjonuoyy 1] VJIH
3etousd uayl pue asea[al .
WENs € aaey 0} Ajaiun SJoNUe) SULIONUOY SEr) WE| ]
__ﬂ_qu.EKu S1 JLWN[oA S[01U0D :O_u.:._m— 23 Aquunueg
ANSeA 1B WEst dOZYH Areunsd 001 £ JO uoniudi/asea)as
JO SNSUSSUOD UG paseq [ " ' w1 Sumnsas pasamo) uonjesFeyyap sed s|qrunureyy
uone13e|ap| WATAS JUBA O s |aAa] uaym dwing wexs| o) snp asydsoun® M 691-)-1+Z
sed a|qeuilUBy] “uUapiaoe wsdg WNSAg amydsoune e Fuisnes ucieanads JUE) W) S[ELEW STIOPJRZEY
pazdjeue uo paseq z3/2S| XS0 | zd 1d S HOOLAIU] W) NIBIS UBA O] WA A0V 1SS| O3 95EA[aL 21SeAL Jo1no amjeradws ] 10 2AnIR0IpRI JO asea[ay| £o-H
2 suo ION  [ONsuo)
ERRLANEY au«. >=% baiyg | Aiepug HS.L pasaddng JSS pasading asuanbasue’) asne)) uoIpue’) SNOpIezEH ai
u lepuy | [eppuI

Jo [eAdLOY | oSeyd Sys 10F s[nsay (JOZVH) Apis AfiqessdQ pue spiezeH '[-d 9[qel

(s100ys OF) "2MsO[D) J0J 9O1-D-1HT Yuk], [[2YS-2[3ulg

E-35



RPP-13557REV 0

HITTY-3-0TEM

# UOBLPUOD SNOPJeZEY (7€
- AL 123(014 WoLJ paaLIap
uOLIPUOS SNopJezey SIY L

L)SAS

Ajddns 13em 301AkRS

oy dmjoot} wasks Buom|s
yanod) HqE|IBAE Jatem
pauwi|un uo paseq ¢4

SUEES

sweidold Juawadeuepy Alajes

weIdotd
[BAGWIDY JaA0)) WaSAS IaJSuelLy

wedol] SULOIUOR
U0ISTAUL JOJEAY DMAIAG Nur )

wawdirbg 152, pue Supnseapy
pue ueHEIUAWINASU] 553001

ssaupasedal Aouadiawy

Jazlen L

aseajar pinbyp
snoplezey pue
pinbr| aanseoIpR)

{apesseD Jo “13Jsuen
9AISS30XI “pOC|] 20BJINS
“IB)EM IDIAIG) YorALG YUE]
pue 21nssaad s11e1S0IpAY
ySiy wr Sunnsas

uosnul
1918 331€] 0 anp FIRLNSANS
1108 01 9[-0 [T NUE WO 315em

pazAjeue uo paseq 79,75 — 7d o 0S {S]2A9] quE ) S|ONUOY) KYSURL], O[] JNEAY BDIAIDG opeid mojag uolsniut Jajem ore pinbiy sanseorpes jo aseay| g0-H
[OWHIL-F-0ZEM
# UOTITPUOD SNOPIRZRY (7§
- A 103{014 w0l paalap
UOTUPUDY SNOPIBZEY SIYLT,
BILIOWILUE JO 3SES[L sased snopuezey o)
pajedidue U0 paseq ¢4 aJoydsoune jauuosiad Apioef sasodxs ysigm
JUR) U1 3SEM JO JUNOWE (f197eg JeLnsnpul) 0) 3583]31 ewowrwe|  ding 0y anp ausydsoune o0} sue)
pauun| uo paseq [9/18] — 11 I | s weaford wawsFeuey A1aJes 1919 VDIH sed snopsezel| o aseafaa sasned Sun|g woyy sed ewownue jo asesdy| L0-H
BOLNAA-H-0TEM
# UOLIPUCO SNOpJezey (7€
-\ 199000 Wol PAALID
UOIIpUOD SNOpJezey ST Jowdinby
Furomngs e Funsa ] pue WIWIINSLAN
Jaye Suruieal SJUIA[0S JO pUE UONEJUFWLINLSU] SSII0I
sjunowe 331e| JO uonedIpul (s,
Ou LI pIuIquIon 231n0g) s[onuo)) 131 V4IH
Buiatnys Ja1em Uo paseq 0 - sojuedie Jo uonudt any asem stueio
any (524npa301g omcw%umv wanbasqns pue a1sem| o anp anpydsoune o1 901-2- 14T
1u3A[0s Ditedio Yuaplooe ssaupasedaig Aduadiouiq araydsowye|  jo o AIp ‘sypuow Aurw URE W] S[ELISIEL SNOPIEZE]
pazAjeue uo paseq CH/ES| X60 £q od €5 (2an0s Jeay) sponuoe.) uontud| auoN/| 07 aseajar msem 10] UOIIB[HURA JO SO 10 dANDEROIPRL JO 25E31Y| 90-H
ny | suoy IN  |ONsuo))
SHIBWIY da v ba.ty Ayajeg HS.L pasading 2SS pxsading Jauanbasuo) asne)) UOPU0) SNOPLRZEY al
d T€Huf | [epiu]

JO [eASIIY [ 9seyd 3y 10§ sInsay (dJOZVH) ApmS AfiqesdQ pue spiezey "1-d 9IqeL

(s1994sS (f) "2ans0[D) 10 901-D-1HT NUB, [JoYS-2[3UlS

E-36



RPP-13557 REV 0

£1LNIA-Q-0ZEM

# UONIPUQD SNOPIEZeY §TE
- M, 193[01J WI0L] PAALIID
UONIPUOD SNOPIRZEL S1Y ],

T 231] 0npui

0] WNNJEA JUSISIIEAS 3)BAID
o0} aunjesadwa) aoedspeay
jue) pue aunjesadwa)

19]EM 301N]5 JO J)58M
u39M33q 90usIa]Ip yInous
10U 21905 Jeyy wesl JOZVH
JO SOSUSSU0D UO Paseq ().

uawidinbyg 153 pue
SULINSEI PUE UONRIUMWINIISU]

ssauparedar ] Asuafiawyg
sjonuoly L VdIH
1000y BULIGIIUGA Sery we|
sjenuo.) uonud

sposuo)) Atqeuiwe).f

payudy st
sed LIaJsues) 1sem JO |nsal
e SE 2ses]ak sed ojqewwey

uoneigeyap sed a|qrwiwey

uoineideygap wnsAs WA 001 SBIE] B 1M WINNORA 01 anp auaydsowne ay) 01 1S
sed ojqewel) quapIsae walsAg 2uaydsotiie| 2A1S529%0 FUISNED JUL] 0IUI| JIAIIDII LLUOL) S|BLIHEW SNOPIEZEY
pozA[euE uo paseq £1/€5| X0 £q 04 £S HOO[IOW] WD YJeIS Wap QO T|WasAS WA AMV/LSA| 01 asea[al aisepm| Arxads raiem ploo o xnjjuf 10 dAldeOIpR) JO aseajas a8e]| 7o+
(U WETTELET
1.SqT 243 U1 315eM AuR y)im
queduwios 3q [[Im sem
RITER G RITLES
o s up posed 0 siiy Vi
2 paseq 04 g ays jo aunjie) Juisnes [ELIMEW
uonezunssaad MENM M.E uey ay sazunssaud yoygm ajquedwosul jo Bulxiu o) anp
ue)-speustel 2jgiieduwoour :M:H:Em :oemg m“ b hm w: ucneauad sed Jo weNs|  WNSAS UONRIIUAA ZOL-AV-1¥T
J0 Suixiw Yuapiooe SUIEIZ0.d WILLIBEURIN AIDFES aioydsoune| Fwisnea yuel wn Nsem yim| paBewrep woy [erLjEW SNOpIEZey
pazA[eue uo paseq 7I\ZS| X¢£0 e | 04 75 (Hd) sjoenuo)) Jajsuel] auoN| o1osedaa asep| s10was Msem pausgsuzi] 10 9ANIBOIPEL JO 35ea[Y| 107
(ZOI-AV-1#7) YVEL [PYS-AANOQ 13A13RY :[ 3pON
WY | su0) ON  |ON suosy
SYIBLLIAY baag | Ageg HS.L pasaddng 0SS pasading uanbasuoy Ane) UOIRPUO)) SHOPIBZBH al
WU T g | e

Jo [eadnay | aseyd oy} 10J s)nsay (dOZVH) Apmg AiqeradQ pue sprezey “[-F d[qel

(S199ys () 'aInso[) 10J 9Q[-D- 1+ JURL [[OYS-9[FUIS

E-37



RPP-13557 REV 0

YUE] 19A13531

1.SCT 91 ur 33SEAm Aue yim
a[quedwiod aq |im ajsem
padin(s ey west JOZVH
JO SNSU3asuod uo paseq O

uonessuaf sodea orxo)
‘[eLATEW AqHedWIodul

saInpasoly ssuodsay Asuadiawg

Wa1sAs

sassed 51x0} JO 95eaj21 3

|EusEWw 3|quEediwodul
Jo Tuxnu o} anp ataydsowre

Jo Buixiwu “Juopidoe SIaquosqy | uoneuaa ydnosyl|  w Sunnsan juel ur asesm S 0 ZOE-A V- 1HT qUBL
pazA[eue uo paseq 79/7S| X€T paz! 0d 7S wesBold suaidLff [eLasnpu] seny Asuanyyg ySiy| paseajal sen axe | yisa s19821 J3SURL NSEM woyy [eratew 21xo) Jo asea]ay| ¢o-l
POSNVYL-GOdV-0ZEM

# UOLIPUDD SNOPIREZRY ()TE
- A 13foad woly pasuap
UOIHIPUOD STIOPIBZEY SIL],
wonoq jue srenauad
0} YFnous aAIsseLL J0U SI
a1 doup 1.y wea gOZVH
JO SNSUASUOS U0 paseq (]
SNNUUE
JUSWUOIAUS wswdinby 153 pue Fulmseap 01 38exes| Ut Buypnsas ssu
0] 9SB3]2J 0U UO Paseq og PUE UOIRIUSLINIISU] §53201] sounp yum soyenpuad|  yum Sunenousd wawidinba yue
amsodxa WaIsAG U0N0a1a(] WANsAS U031 pue yuey ojui Surddoup gjo| o) anp [ (I 19A18021 JO SAjNUUE
1a%1om OU U paseq Qg — 0d 04 08 e yuey Atewd OO NBY] URL ATBWILLJ yues jo sso]| syessq Sajdoapuoinginsig oy ajsem pinbiy jo asea)y| +o-1
FOJWN-T-0T¢M
# UOLJIPUOI SNOPIRZRY (ZE
- A 192(014 W01) PAALISP
UOLILPUCD SNOPFRZRY SIY ]| Juaudinby s, pue
quo e FULINSBIN PUR UOHRIUAINLSU|
20NPUI ©) JUIIYNSUL JIISH ssaupaiedaid Aouadiowyg
Jo pum uL st 901-0- 19T
ur zjsem Suurewal g Jo §|oues WL VddH
$[0LUO) UOIUB] ul sy|nsal jey; duing yue)
Jo STSUISUeD Ut Paseq Od p e BuIsnes pojeayisAo st uonesde)jop sed sjqewurely
uonesdejap WaIsAs WAA 01 3)5eM “ajenbape jou Sutjoos| o1 anp asaydsowle ) Zo1-AV-[1+Z
SEZ JqeLULe]] “TUSPIIIR WasAg a1aydsowne|  snpnuue ‘paredianue uew yUE] WOYJ S|ElISIELW SnopleZey
pazA[eue uo paseq £4/£S| X0 | 04 £S HIOLIMU[ B OBIG JUSA O] [WNSAS WA AMY/LSA| O 3SE30 215ep sp1jos a0 Jo Burduing 10 BATIROLPRL JO 95B3|3Y| €0
2 DN |ONsuey
v | suo) i
[ RLINEN doy | aug baig | Awjes ASL pasaddng JSS pasading a»uanbasue)) asne) UOTHPUOD]) SNOPJEZRH at
[epuf | jepu]

JO [eASHIY | SsBY{ Ay} 10f sHnsay (dOZVH) Apris AjiqeisdQ pue sprezeH '1-F 9[qeL

(s199ys Op) "21ns0[D) I0F 901-D-THT Juel [[oYS-o3us

E-38



RPP-13557REV 0

147 yorad

0} sed Juaioiyyns Mesusd
01 A|9x1un s1 ownjoa
a1seM 1By Wwedl JOZVH
JO SNSUISUOD Uo paseq 7]

juawdinby 1521 pue Juunsea|y
PUE UDIBJUALNISU] §59301]

ssaupasedald ousdiowg
s[01uo;y 13 1] VIIH
sjonuo)) Fuunjuopy Sen wejy

$|01U0) UOIIUS]

waIsAs UONE[ITUSA
ayy 0 o3ewep Juisnes

uoneiSeyyap sen qeluweyy

uoneideyyap waAsAs uaA 0] adsoune sed ajqewie)) ssyudi e 0y anp saaydsowse ayi 01 90|
sed a|qeLuwe]] JuapLode WSAg wWISAG Y] 01 AFEM yoiym yieds e Suisnes sjiej| -~ 7 WOY [ELISTEW SAOPIRZEY
pazA|eue uo paseq 73,78 XS0 9 74 75 NIO[3U] WEY) HORIS WUIA O] uap aanoy 18S| Aque Jo asessy VONRJUSLUTISUL YUR)-U| 10 9an0ROLpRI JO aseapay| [0-f
S[0A}Ue)) PUY BOPEINIWNLSU] If IPON
swiesdol,] uswadeury A1ajes
awudinbg 1521 pue Sunnsespy
pue UOIBIUIWNISU] 5530014
{saunpanosd asuodsay)
saur| ssaupadedalg Aousdiawg
ISIEM 90IAIIS PIOJURH LUOL) oo
1978 201N]S 0 jUnOLUE (S[3A57] JUBL) S|ONU0]) J3]SUBL],
PoLMIAR KO oS £ E]A) S|OUIUO mwuwm_mm mopinys dumn m%“”xm Burgiyaso
¥ea[ [BHRIEI) SIOQUOT) JAJSUBLL | UMOPINYS d JASEN 3RS punosd o] nd| 01 anp 2IeJINS punoud 1) 01 Yue)
I9JSUET} 3)58Mm *JUIPIDIR WRSAS walsAg|  punoid o} msem| yTnosg) mO[LI2A0 Ylim JUBT| 19A1S28] WO [BLISIRUL SNODIEZRY
pazAjeue uo paseq 74,ZS| Xvee | @ | A U1 Yea] 'SuRL] Q]| uousmagy yea] Jaysuet], YUE] JO 3SRa]y | 39413320 S|[LLIGAC YSN|J 3UIT Jo aanaeolpes 1o ases|ay| Lol
swesdold wanadeuey L35eg
wawdinbg 1591, pue Junnseapy
pue UONBIUINNASU] $520014
(sa1npados] asuodsay)
saul| ssauparedald Asusdaoug
1318 2D1AIS PIOJUBH W)
1378 SOITYS JO JUROWE (S[aA] JUEB]) S|ONUC)) JIJSUBLL
PO HO pasel BLIDIE o0nuo Awuw_”_m.m..._m umopinyg dwn _“.uﬂam puno:d of id yanouy Buias0
e[ JRLIIEIAD Sl0AUOT) J3jsuel], mnus d ISEN ADELINS | MO[JIIAO UJiak JUR) 12412031 01 anp a0RLINS punoud 2y) 0] yue
13JSUEBI} 2)SEM *JUIPIIDE wa1sks wasAg|  punosd o) asEM S]]1JM2A0 13JSURL JSem| 12413021 IO [ELIDIBIL Snoplezel
pazjeue uo paseq /28| xvee | 74 | 7S uanoAa(] ea] suedl 01| wonaseag Hea sagsued |, jUE] O ISBI[IY pue Fwams pajwun 1o 2anav0IpeS Jo 3583194 | 90~]
ny | suey ON |[JONsue)
SYJBWIY doy | avg baug | Aajeg HS.L pasading JSS pasaddng aauanbasuo) asne)) U0 PUO) SHOPIRZRE ai
TelHul | 1Bpu]

(s109ys (f) "2mso[) 10} 901-D- 1T JUeL [joYS-o[3uls
JO [eAIINSY | 3SPU 24} 10 SNSOY (dOZVH) AprsS ANjiqesed( pue spiezeH '1-H 9[qel,

E-39



RPP-13557REV 0

‘Juawalnbad A12)es ey = USL ) AN IQEWWE | 123M0] = 141 “JUSAD 55EDAL ST = THD
“yuey []ays-a[dus = 1588 ‘uonesado 10] utIpuod PALWL| = o1 ‘Loday sisAIpuy Qafog joul suuny Yunl = HvSH
"SJUAUOALIOD PUE ‘SIISAS ‘SAINIONNS = 58 LN NUDIPI = al Ue) [|YS-Hqnop = 1sa
‘WRISAS 13]SURL) PUNDITINA0 = SIO e sepnated Aousona-yBy = yJqH “JOJIUOL JIE SNONUNU0d = VD)
‘[Onuos ou = ON Apnis Anjiqesado pue prezey = JOZVH Aupoey asem Fuie = My
‘wojBurysem ‘puelydry “ouy ‘dnotny projueH TIH WZHO '[-€ 43y ‘tdoday sis&puy Gafog Uty sudd yun] T00T L0 UYS-INAM-AS-ANH
ISAON

juawdimby 352, pue Sunnseay
PUR UOJIBIUIWNNSU] §53201]

ssaupaiedaag Aousdiawg
slonuos 9] VdaH
1§ u uonerdepjop) sjonuo)) Suloluo SBD) wWe[]

3 ) e} ‘JuapIdoe
sed sjqewiLue)] Juap sjo1u0.) uonIus] UIBISAS UOIIR[ITUAA

pazijeue uo paseq ¢
WotSKs 137, O] ay1 01 adewep Jursned uoneIde|jap sen A[qeunue(j

uotesFegop alaydsoune sed ajqeunue)] sapud B 0y anp ataydsoune ;) 03 Zo[
sed sjqeunue]} uapiooe wAsAg U 0 dI5EM Yoty yreds e Sursned sreg| - A y-1$7 WO |BLISIEW SNOPIRZey
paziJeue uo paseq 73/zS| Xr0 Fic| £d 78 ¥OO[L2U] BB YIS JUBA O WISAS JU3A M V/LSA| juer Jo asesoy UDIRIUSILINGSUI YUr)-U] 10 aAndEOIpel Jo aseay| zo-[
DYy | sue) IN[INSUO)
B FLTIEYT ] basg | Lojeg S pasading JSS pasading uanbasuo) asne]) UORIPUC) SNOPIBRZEY al

dor | AV | g | e

(512015 O) "0a1501) 10] 9OT-D- 1+ UL [[YS-[SuIg
30 [eAdwey 1 9seyd 3y} 10f sHsey (JOZVH) ApmS AnjiqeisdQ pue sprezej [-d 9[qe]

E-40




RPP-13557REV 0

APPENDIX F

BEST-BASIS INVENTORY

SST 241-C-106

DST 241-AN-106

DST 241-AY-102
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APPENDIX F

Best-Basis Inventory Report for SST 241-C-106
This report prepared especially for Willlam H Grams(@rl.gov on 12/18/2002

Some of the reports herein may contain data that has not been reviewed or edited. The
data will have been reviewed or edited as of the date that a Tank Interpretive Report (TIR)
is prepared and approved. This tank has no TIR, use the data with this caution in mind.

Tank: 241-C-106

Sampling Events:
6C-96-1
6C-96-10
6C-96-11
6C-96-12
6C-96-13
6C-96-14
6C-96-15
6C-96-16
6C-96-17
6C-96-2
6C-96-3
6C-96-4
6C-96-5
6C-96-6
6C-96-7
6C-96-8

Reports:
Best-Basis Inventory Without Details

Constituent Groups:
Anions
Inorganics
Metals/Nonmetals
Organics
PCBs
Physical Properties
Radionuclides
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Data Dictionary to Reports in this Document

Report Field Description
Best-Basis Inventory Without Details Contains best-basis inventory without details for
the contents of the Hanford waste tanks.
Analyte The name of the constituent used for reporting
pUIPOSES.
Waste Phase Waste Phase is the phase of waste to which the

concentration data is applicable (e.g., supernatant,
saltcake, sludge, liquid, solid, etc.).

Waste Type Waste Type is the waste type as defined in HDW
Rev. 4 or as defined by "templates” (e.g.,
SMMAI, SMMT]I, etc.).

Volume Volume of the waste phase

Concentration Concentration reported in uCi/g, ug/g, uCi/mL, or
ug/mL

Inventory Best-basis inventory estimate, reported in kg or
Ci

Basis The basis for the inventory value.

Comment Further information to clarify the information in
the table.
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Best-Basis Inventory Report for DST 241-AN-106
This report prepared especially for William H_Grams@rl.gov on 12/18/2002

Some of the reports herein may contain data that has not been reviewed or edited. The
data will have been reviewed or edited as of the date that a Tank Interpretive Report (TIR)
is prepared and approved. The TIR for this tank was approved on April 22, 2002.

Tank: 241-AN-106

Sampling Events:
6AN-01-01
6AN-01-02
6AN-02-C1A
6AN-02-01B
6AN-02-FB1
6AN-95-1
6AN-95-2
6AN-95-3
6AN-95-4
6AN-95-5
6AN-95-6
6AN-95-7
6AN-95-8
6AN-95-9

Reports:
Best-Basis Inventory Without Details

Constituent Groups:
Anions
Inorganics
Metals/Nonmetals
Organics
PCBs
Physical Properties
Radionuclides
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Data Dictionary to Reports in this Document

Best-Basis Inventory Without Details  Contains best-basis inventory without details
for the contents of the Hanford waste tanks.

Analyte The name of the constituent used for reporting
purposes,
Waste Phase Waste Phase is the phase of waste to which the

concentration data is applicable (e.g.,
supernatant, saltcake, sludge, liquid, solid,
etc.).

Waste Type Waste Type is the waste type as defined in

HDW Rev. 4 or as defined by "templates”
(e.g., SMMAL, SMMT1, etc.).

VYolume Volume of the waste phase
Concentration Concentration reported in uCi/g, ug/g,
uCi/mL, or ug/mL
Inventory Best-Basis Inventory estimate, reported in kg
or Ci
Basis The basis for the inventory value.
Comment Further information to clarify the information

in the table.
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Best-Basis Inventory Report for DST 241-AY-102
This report prepared especially for William_H_Grams@rl.gov on 12/27/2002

Some of the reports herein may contain data that has not been reviewed or edited. The
data will have been reviewed or edited as of the date that a Tank Interpretive Report (TIR)
is prepared and approved. The TIR for this tank was approved on December 20, 2000.

Tank: 241-AY-102

Sampling Events:
270
271
272
273
281
289
290
2AY-01-01
2AY-01-02
2AY-01-03
2AY-01-04
2AY-01-05
2AY-01-06
2AY-01-07
2AY-01-08
2AY-02-01
2AY-02-01FB
2AY-02-02
2AY-02-03
2AY-02-04
2AY-02-05
2AY-02-06
2AY-95-01
2AY-95-02
2AY-95-03
2AY-95-04
2AY-96-15
2AY-96-16
2AY-96-17
2AY-96-18
2AY-97-1
2AY-97-2
2AY-97-3
2AY-97-4
2AY-97-5
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2AY-98-1
2AY-98-2
2AY-98-3
2AY-98-4
2AY-98-5
2AY-98-6
2AY-98-7
2AY-98-8
2AY-99-1
2AY-99-10
2AY-99-11
2AY-99-12
2AY-99-13
2AY-99-14
2AY-99-15
2AY-99-16
2AY-99-17
2AY-99-18
2AY-99-19
2AY-99-2
2AY-99-20
2AY-99-21
2AY-99-22
2AY-99-27
2AY-99-28
2AY-99-29
2AY-99-3
2AY-99-30A
2AY-99-30B
2AY-99-31
2AY-99-32
2AY-994
2AY-99-5
2AY-99-6
2AY-99-7
2AY-99-8
2AY-99-9
300
594AY1
594AY2
594AY3

Reports:
Best-Basis Inventory Without Details

Constituent Groups:
Anions
Inorganics
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Metals/Nonmetals
Organics

PCBs

Physical Properties
Radionuclides
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Data Dictionary to Reports in this Document

Report ] Field Description
Best-Basis Inventory Without Details Contains best-basis inventory without details for
the contents of the Hanford waste tanks.
Analyte The name of the constituent used for reporting
purposes.
Waste Phase Waste Phase is the phase of waste to which the

concentration data is applicable (e.g., supernatant,
saltcake, sludge, liquid, solid, etc.).

Waste Type Waste Type is the waste type as defined in HDW
Rev. 4 or as defined by "templates” (¢.g.,
SMMAL1, SMMTI, etc.).

Volume Volume of the waste phase

Concentration Concentration reported in uCi/g, ug/g, uCi/mL, or
ug/mL

Inventory Best-Basis Inventory estimate, reported in kg or
Ci

Basis The basis for the mventory value.

Comment Further information to clarify the information in
the table.
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Tank 241-AY-102 Best-Basis Inventory Without Details

Decayed To: January 1, 2001

Effective Date: January 1, 2002

Published On: April 8, 2002
Best-Basis Derivation

Sludge

BL

9.11E+01 pg/g

97 kL 9.72E+00 kg S
_(Liquids) (Liquid)
Al Sludge (Solids) | BL (Solid) | 548 kL 4.87E+04 pgle 387E+04 kg | S
Al Supernatant BL 1924 kL | 1.17B+03 jig/s. | 2.59E+03kg | S
(Liguid) _
Al Total - 2569 kL | -~ 4.13E+04 ke -
Bi Sludge BL 97 KL 0.00E+00 pg/g 0.00E+00 kg E
(Liquids) (Liquid) _
Bi Sludge (Solids) | BL (Solid) | 548 kL. 1.91E+02 pg/g 152E+02ke | S
Bi Supernatant BL 1924 kL | 0.00E+00 pg/g 0.00E+00 kg E
_ {Liquid)
Bi Total - 2569 kL | - 1.52E+02 kg -
Ca Sladge BL 97kL 9. 18E+00 pg/e 9.80E-1 kg 5
{Liquids) {Liquid)
Ca Sludge (Solids) | BL (Solid) | 548kL 5.78E+03 pe/y 4.59E+03 kg
Ca Supernatant BL 1924 kk | 1L63E+0] pgl/e 3.60E+01 kg S
(Liquid)
Ca Total -~ 2569 kL. | — _ 4,63E+83 kg | --
Cl | Sludge BL 97 kL 134E+02 pg/g | 143E+01kg |S
1 (Liguids) {(Liguid) _
Cl Slidge (Solids) ; BL {Solid) | 548 kL. 1.56E+02 ug/e 1.24B+02 kg | S
Cl Supernatant BL 1924 kL | 9.61E+0l pg/g | 2.13E+02kg | S
{Liguid)
| Cl Total - 2569 kL. | -~ 3.51E+02 ke -
TIC as Sludge BL 97kL | 4.66E+04 pg/y | 4.97E+03kg | S
COs 1 {Liquids) {Liquid)
TIC as Slndge (Solidsy | BL (Solid) | 548 kI, 6.86E+04 ug/g 5:A45E+04 kg 5
CO;s
TIC as Supernatant BL 1924 kL | 4.30E+04 ug/g 9.51E+04 kg 5
CO03 ' {Liguid)
TIC as Total - 2569 kL | - 1.55E+05 kg | -
CO,
Cr Sludge BL 97 kL 3.93E-3 ug/g 431F-4 kg 2
{Liquids) (Liguid)
Cr Shadge (Solids) | BL (Solid) | 548 kL 1.86E-+03 ug/p 1.48E+03 kg 5
Cr Supernatant BL 1924 k1. | 1.36E+01 ugie 3.01E+H0T kg
(Liquid) .
Cr Tatal - 2569 kL, | - 1.51E+03 kg -
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1.94E+02 ug/e

2.07E+01 kg

Shudge BL 97 kL S
{Liguids) {Ligud)
F Sludge {Solids) | BL (Solid) | 548 kL 313E+02 ug/e | 249E+02kg | S
E Supernatant BL 1924 kL. | 4.58E+01 pg/y | 1.O1IE+02kg | S
(Liquid)
F Total -~ 2569 KL | - 3. TIEH)2 kg - “Upper bounding
estimate’
Fe Sladge BL 97 kL 4.59E+00 ug/g 4.90E-1 kg 8
(Liquids) (Liquid)
Fe Sladge (Solids) | BL (Solid) _ 548 kL 1.09E+05 pg/e 8.69E+04 kg 3
Fe Supernatant BL 1924 kL | 7.38E+00 ng/g 1L.6OE+01 kg S
_ (Liquid)
Fe “Total - 2569 kL | — 8.69E+04 kg | —
Hg Sludge BL 97 kL. 0.00E+00 ug(‘g 0.00E+00 kg E
(Liquids) {Ligquid)
Hg Sludge (Solids) | BL (Solid) | 548 kL. | 1.39E+02 ug/e | LI3E+02kg | S
Hg Supernatant BL 1924 kL. | 2.71E-1 pug/g 5.88E-1 kg 3
{Liquid)
Hg Total - 2569 kL | - LI3E+H2 kg | - - Per protocol,
“sample data,
overwrites:
Higley (2000)
K Sludge BL 97 kL 5.03E+02 pgfe 3.36E+01 kg S
{Liquids) | {Liquid}
K Sludge {Solids) | BL (Solid) | 548 kL. 6.58E+02 ng/g 5.23E+02 kg 5
K Supernatant BL 1924 kb | 5.685+02 ug/e 1.26E+03 kg S
{Liquid) '
K “Tetal - 2569 kL | -- 1.83E+03 kp -
La Sludge BL 97 kL 0.00E+00 ug/g | 0.00E+00 kg | E
{Liquids} {Liquid)
La Sludge {Solidsy | BL (Solid) | 548 kL. 1.42E+03 ug/p 1.12E4+03 kg 5
La Supernatant BL 1924 kL. | 0.00E+00 ug/g 0.00E+00 kg E
{Liquid)
La Total - 2569 kL. | - 1.12E+03 ke -
Mn Sladge BL 97 kL 0.00E+00 ng/g 0.00E+00 kg E
{Liguidy) {Lxquid)
Mn Sludge (Solids) | BL (Solid) | 548 kL 1.45E+04 ng/g 1.15E+04 kg S
Mn Supernatant BL 1924 kL. | 0.00E+00 pg/g. | 0.00E+00 kg o
_ {Liquid)
Mn Tatal - 2569 kL | -~ 1.15E+04 ke -
Na. Slodge BL 97 kL 3.48E+04 ng/g 371E+03 kg 8
(Liquids) {Liquid)
Na Sludge (Solids) | BL (Solid) | 548kL | 6.71E+04 ug/e | 5.33F+04kg | S
Na Supernatant BL 1924 KL | 7.98E+04 pg/e 1.83E+05 kg B
_ {Liquid)
_ Na Total - 2569 kL | -- 2A40EHS ke -
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Shudge

BL

97 kL

1.84E+00 ug/e.

1.96E-1 kg S
| {Ligquids) {Liquid)
Ni Studge (Solids) | BL (Solid) : 548 kL 2.6568+03 up/g 21IEH3 kg | S
Ni Supernatant BL 1924 kKL | 2.57E+00 pg/g 5.60E+00 kg
{Liquid) _
Ni Total - 2569 KL | -- 2.11E+03 Ke | —
NO; Shudge BL 97 kL 2.08E+02 pgig 2:22E+01 kg S
{Liquids) {Liquid)
NO;, Sludge (Solids) | BL (Solid) | 548 kL 6.50E+01 pg/g | 5.16E+01 kg S
NO; Supernatant BL 1924 kL | 4.21E+04 pg/g 9.64E+04 kg | E
(Liquid)
NO, Total - 2569 kL. | - 9.65E+04 kg —
NO; Sludge. BL 97 kL 2.68E+02 pgig 286E+H01 kg | S
{L1quids) (Liquid)
NO, Sludge (Solids) | BL (Solid) | 548 kL 3.666+01 ug/g | 2.91E+01 kg S
NO; Supernatant BL 1924 kL | 3.25E+02 pg/g 7H9EF0Z kg | S
_ {Liquidy _ _
NGO, Total - 2569 kL | - T.T6E+02 kg -
Pb Shudge BL 97 kL. 0.00EH00 ug/g. | 0.00EHO0 kg E
{Liquids) (Liguid)
Pb Shludge (Solids) | BL (Solidy | 548kl 443E+03 pe/g | JS2EH03 ke S
Pb Supernatant BL 1924 kL | 0.00E+00 pg/g 0.00E+00 kg E
(Liquid)
Ph Total — 2569 kL, | - 3.52E+H03 ke —
PO, Sludge BL 97 kL 942E+02 pg/g 1.OIE+02 kg S
{Ligquids) (Liquid)
| PO, Sludge (Solids) | BL(Solid) | 548 kL | 1.14E+04 ng/g | 9:04E+03 kg 1§
PO, Supernatant BL 1924 kL | 2.85E+03 pg/g 6.31E+03 kg S
(Liguid)
PO, Total - 2569 kL, | -- 1.54E+04 ke | -
Si Sludge BL 97 kL 6.99E+00 pg/g | 746E-1 kg S
{Liquids) {Liquid) _
Si Slodge (Solids) | BL (Solidy | 348 kL 142E+02 pg/e 1LI3E+02kg | S
Si Supernatant BL 1924 kKL | 8.48E+01 ng/g 1.88B+02 kg S
(Liquid)
Si Total - 2569 KL | -~ JOE+R2 kg | -
S0y Sludge BL 97 kL. 1.09E+03 ng/g. 1IGE+02 kg, 5
(Liquids) (Liquid)
80, Sludge {Sohidsy | BL (Solid} | 548 kL 1L.O1E+03 pg/e 151E+03 kg | 8
S04 Supernatant BL 1924 kL | 1.88E+03 pg/e 4. 16E+03 kg S
(Liquid)
SO, Total — 2569 KL | - 5.79E+03 kg e
Sr Sludge BL 97 kL 9.18E-1 ng/e 9.80E-2 kg 5
(Liquads) (Liguid)
Sr Siudge (Solids) | BL (Solid) | 548 kL 2.88E+02 g/ 2.28E+02 kg s
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Analyte |
St Supernatant BL 1924 kI | 1.29E+00 ug/g 2.80E+00 kg 8
(Liquid)
Sr Total - 2569 kL | -- 2.31E+02 kg | -
TOC Shadge BL 97 kL 1.93E+03 ug/g 2.06E+02 kg 5
(Liquids) {Liquid)
TOC Studge (Solids) | BL (Solid) | 548 kL | 5.60E+03 ug/g | 4.45E+03 kg
TOC: Supernatant BL 1924 kL | 1.30F+03 ug/g | 2.88E+03kg | S
(Liquid)- _
TOC Total - 2569 kL | -- 753E+03 kg | —
UTOTAL | Shudge BL 97 KL 2.59F+03 ug/g | 2.76E+02kg | S
(Liquids) (Liquid)
UTOTAL | Sludge (Solids) | BL {Solidy | 548kL | 2.96E+03 ug/y | 2.35E+03kg | S
UTOTAL | Supemnatant BL 1924 kL | 1.64E+02 pg/e 3.62E+02 kg S
(Liguid)
UTOTAL | Total - 2569 KL | -- _ 299E+H03 kg | -~
Zr Sludge BL 97 kL 2.74F+00 ug/y | 2.92B-1kg S
{Liquids) {Liquid) '
Zr Sludge (Solids) | BL (Solid) | 548 kL 3.60E+01 pg/o 2.86E+01 kg
Zr Supernatant BL 1924 kL. | 1.29E-+00 pg/g 2B0E+H00 kg | §
{Liguid)
Zr Total - 2569 kL | — 3.178+H01 kg | -
*H Sludge: BL 97 kL 6.30E-3 uCifg 6.91E-1 Ci 1D
(Liquids) {Liguid)
H Sludge (Solids) | BL (Solid) | 548kL | 901E-3uCilg | 7.31E+00Ci
*H Supernatant BL 1924 kL | 5.80E-3 pCi/g L26E+01Ci | S
{Liquid)
*H Total - 2569 KL | — 206E+01Ci | -
e Sludge BL 97 kL 6.278-4 uCifg 6.87E-2 Ci E
{Liguids) -(Liquid)
e Sludge (Solids) | BL (Solid) | 548 kL | 2.15E-4 uCi/g 1.74E-1 C1
"ic Supernatant BL 1924 KL | 2.03E-4 uCi/g 4.41E-1Ci
(Liquid)
e Total - 2569 kL. | -- 6.84E-1 Ci -
*Ni Sludge BL 97 kL 1.07E-4 pCi/g 11782 Ci E
(Liguids) (Liquid)
PN Sludge (Solids) | BL (Solid) | 548 kL | 1.24E-1 uCi/g LIOE+02Ci | E
*Ni Supernatant BL 1924 KL | 2.15E:4 uCi/lg | 4.68E-1 Ci E
| (Liquid)
¥Ni Total - 2569 kL | -- LIIE+02Ci | -
“Co Studge BL 97 kL 5.64E-4 uCi/g 6.18E-2 Ci E
_ {Liquids) {Liquid)
“Co Sludge (Solids) | BL (Solid) | 548kL | 6.54E-4 uCi/e 5.81E-1 Ci E
*Co Supernatant BL 1924 kL | 4,78E-3 uCi/g LO4B+H01CI | S
{Liquid)
“Co Total -~ 2569 KL | - LIBE+01Ci | -
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Shadge

LI0E+00 C1

BL 97 kL 1.00E-2 uCi/g
(Liguids) (Ligquid) _
“Ni Studge (Solids) | BL (Solid) | S48kl | 1.17E+01 uCi/g | 1.04E+04Ci | E
Nj Supernatant BL 1924 kL | 2.02E-2 uCig 439E+01Ci | E
(Liquid)
SNi _Total - 2569 kL | —- 1LMMEHACi | -
"Se Sludge BL 97 kL 4.27E-5.uCifg. | 4.68E-3 Ci E
{Liguids) (Liquid)
"Se Sludge (Solids) | BL (Solid) | S48kL | 4.95E-5 uCilg 4.39E-2 Ci E
"Se Supernatant BL 1924 KL | 4.51B-5uCifg | 9.80E-2 Ci S
{Liquid)
"Se Total — 2569 KL | — 1L47E-1 Ci -
St Sludge BL 97KL | 1.09E+01 puCifg | 1.19E+03Ci | E
(Liguids) (Liquid)
*°Sr Sludge (Solids) | BL (Solid) | 548kL | 6.50E+03 uCilg | 5.27E+06 Ci
St Supernatant BL 1924 kL, | 1.42E+00 pCi/g | 3.08E+03 Ci
{Liguid)
2'sr Total - 2569 KL | -- 5.28EH06 Ci | —-
*y Shudge BL 97 kL LO9E+01 uCifg | LI9E+03C1 | C
{Liquids) {Liquid)
Py Sludge (Solids) | BL (Solid) | 548KL | 6.50E+03 uCi/g | S.27E+06Ci | C
"y Supernatant BL 1924 kKL | 1.42E+00 uCi/g | 3.08E+03Ci. | C
(Liquid)y |
My Total - 2569 kL | — 5.28E+06 Ci | — Based on”"Sr
/s Sludge BL 97 kL LO92E-3 pCifg. | 2.J0E-1Ci E
{ Liquids) {Liquid) _ _
Bzr Sludge (Solids) | BL (Solid) | 348kL | 2.23E-3 uCilg 198E+00CI. | E
D7 Supernatant BL 1924 kL | 3.88E-3puCilg | 843E+00C1 | E
{Liquid)
DL Total - 2569 kI, | — 1.06E+01 Ci | --
N Sludge BL 97 kL 1.65E-3 uCifg 1.81E-1 Ci E
{Liquids) {Liquid)

N Studge (Solids) | BL (Solid) | 548kl | 1.91E-3 uCi/e L70E+00Ci | E
PN Supernatant BL 1924 kL. | 3.34E-3 pCilg 726E+00Ci | E
(Liquid) '

HMNb Total - 2569 kL | -~ 9.14EH00Ci | -
P Te Shudge. BL 97 kL 4.19E-3.uCi/g | 4.60E-1 Ci E

(Liquids) (Liquid)
e Sludge (Solids) | BL (Sotid) | 548kL | 1.72E-2 uCi/g 139E+01Ci | S
P Te Supernatant BL 1924 kL | 8.71E-3 uCifg 1.89E+01Ci | 8
(Liquid)
“Te Total - 2569 KL, | - 3.33E+01Ci | ~
“*Ru Sludge BL 97 kL 1.53E-8 uCilg | 1.68E-6 Ci E
{Liquids) (Liquid) _
“°Ru Sludge (Solids) | BL (Solid) | S48kL | 8.49E-6 uCi/g 7.54E-3 Ci E
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Waste phase |
%Ry Supernatant BL 1924 kI | 3.10E-8 uCi/g 6.74E-5 Ci E
{Liquid)
%Ry Total - 2569 KL | - 7.61E-3 Ci -
0 Studge BL 97 kL 4.69E-3 nCi/g 5.14E-1 Ci E
(Liquids) {Liquid)
Hameg Sludge (Solids) | BL (Solid) | 548kL | 544E-3 uCi/g | 4.83B+00Ci 1 E
g Supernatant BL 1924 kI, | 9.47E-3 uCi/g 206E+01Ci | B
(Ligaid)
ey Total . 2569 KL | —- 2.59E+01 Ci | -
1238h Shudge BL 97 kL 1.50E-3 uCi/g 1.65E-1 Ci E
(Liquids) (Liquid)
128h Studge (Solids) | BL (Solid) | 548kL | ].74E-3 uCi/g LSSE+00CI | E
125¢y Supernatan{ BL 1924 kL | 3.03B-3 uCi/g 6.59E+06 Ci E
(Liquid)
55p Total - 2569 kL | - 831E+00Ci | -
#'Sn Sludge BL 97kL | 2.69E-4 uCig | 295E-2Ci E
(Liguids) (Ligquid) B
090 Sludge (Solids) | BL (Solid) | 548 kL. | 3.13E-4 uCi/g 2.78E-1 Ci E
280 Supernatant BE 1924 kL | 5.44E-4 uCi/g | LISEH00Ci | E
(Liquid)
oSn Total - 2569 KL | — 149E+00Ci | -
¥ Studge BL 97 kL. 8.20E-6 pnCi/g 8.99E-4 Ci E
(Liquids) {Liguid)
| Studge (Solids) | BL (Solid) | 548 kL | 9.50E-6 uCi/g §43E-3 Ci E
| Supernatant BL 1924°kL | 1.66E-5 uCifg 3.60E-2 Ci E
(Liguid)
2y Total - 2569 kL. | - 4,54E-2 Ci --
PiCs Shudge BL 97 kL 0.00E+00 uCifg | 0.00E+00Ci | E
{Liquids) (Liguid)
BiCs Sludge (Solids) | BL (Solid) | 548kL | 2.63E-1 uCi/g 2.14F+02CE |8
e Superhatant BL 1924 kL | 0.00E+00 uCifg | 0.00E+00Ci | E
(Liguid)
s Total - 2569 KL | - 2.14E+02Ci | - Upper bounding
estimate
#es Shudge BL 97kL | 0.00E+00pCilg | 0.00E+00Ci | E
(Liquids) {Liguid)
Yes Studge (Solids) | BL (Solid) | S48 kL | 1.99E+02 uCifg | 161E+0SCi | §
"iCs Supernatant BL 1924 kL | 2.55B+01 uCi/g | 553E+04Ci | 8
(Ligquid)
B Total - 2569 kL | — 2ATEHO5Ci ¢ -
IMRa Shudge BL 97 KL 0.00E+00 uCi/g | 0.00E+00Ci | C
(Liquids) {Liguid)
BTBa Sludge (Solids) | BL (Solid) | 548KL | 1.88E+02 uCi/g | 1.53E+05Ci | €
imga Supernatant BL 1924 kL | 241E+01 pCifg | S23E+04Ci | C
_ (Liquid)
7 Total - 2569 kE | - 205EH5Ci | — Based on ''Cs
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BL

Sludge 97 XL 1.46E+00 uCi/g | 1.61E+02Ci | E
(Liquids) (Liquid) , .
'Sm Sludge (Solids) | BL (Solid) | S48 kL | 1.70E+00 uCi/g | 1.51E+03Ci | E
*1Sm Supernatant BL 1924 kKL | 2.96E+00 uCifg | 6.43E+03Ci | E
(Liquid)
lSm Total - 2569-kL | - BAOEH3Ci |
PRy Sludge BL 97 kL 270E-4 yCirg | 2.96E-2Ci E
(Liquids) (Liquid)
ey Sludge (Solids) | BL (Solid) | 548 kL | 6.91E-2 uCi/g 6.13E+01 Ci | E
Eu Supernatant BL 1924 kL | 5.45E-4 nCi/g L.19E+00 Ci E
(Liquid) '
R Total — 2569 kL | - 6.25E+01Ci | -
"B Sludge BL 97kL | 243E2uCilg | 2.66E+00Ci | E
(Liquids) (Liquid)
ey Sludge (Solids) | BL (Solid) | 548 kL | 8.35E+00 uCi/g | 6.77E+03 Ci
ey Supernatant BL 1924KL | 1.33E-2 uCifg. | 2.88E+01 Ci
(Liguid) _
Eu Total - 2569 KL | -~ 6.80E+03Ci | —
En Shudge BL 97 kL 8.31E-3 uCig 9.11E-1 Ci B
{Liguids} {Liquid)
By Sludge (Solids) | BL (Solid) | 548 kL | 6.82F+00 uCifg | 5.53E+03Ci. | S
" Eu Supernatant BL 1924 kL. | 8.07E-3 pCi/g 1.77E+01 Ci
(Liquid)
Eu Total - 2569 KL | -- S55EH03Ci | --
“*Ra Sludge BL 97kL | 234E-8uCilg | 2.56E-6 Ci E
{Liguids) (Liguid)
2Ra Sludge (Solids) | BL (Solid) | S48kL | 4.12F=6 uCi/g 3.66E-3Ci E
#0Ra Supernatant BL 1924 kL | 4.72E-8:uCi/g. 1.03E-4 Ci E
(Liquid) _
2°Ra Total - 2569 KL | - 3J6E3C |-
*Ac Sludge BL 97 kL 1.84E-7 uCifg 2.02E-5 Ci E
(Liguids) (Liquid)
2T Ac Sludge (Solids) | BL (Solid) | S48kL | 1.45E-5 uCi/g 1.29E-2 Ci E
Ac Supernatant BL 1924 kL | 3.73E-7 uCifg | 8.10B-4 Ci E
(Liquid) '
TAc Total - 2569°KL | 1.37E-2 Ci -
*Ra Sludge BL 97 kL 2.29E-13 uCilg | 2.51E-11Ci | E
_ (Liquids) {Liquid)
*Ra Sludge (Solids) | BL (Solid) | 548 kL | 3 85F-5.uCi/g 3.42E-2 Ci E
*Ra Supernatant | BL 1924 kL | 4.63B-13 uCi/g | 1.01E-9.Ci 3
(Liquid)
“*Ra Total - 2569 kL | -~ 3.42E-2 Ci -
“Th Sludge. BL 97 kI 3.05E-11 uCi/g | 3.34E-9 Ci E
{Liquids) (Liquid) _
Th Sludge (Solids) | BL (Solid) | 548kL | 7.81E-9 uCi/g 6.93E-6 Ci E
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“BTh Supernatant BL 1924 kL. | 6.17E-11 uCi/g | 1.34E7 Ci
(Liquid)
Mrp Total - 2569 KL | == 7.67E-6 Ci -
P'pa Shudge BL 97 kL 3.78E:7 uCirg | 4.14E-5 Ci E
(Liquids) {Liquid) _
“'Pa Studge (Solids) | BL (Solid) | 548kL | 4.40E.7 uCi/g 3.90E-4 Ci E
Blpa Supernatant BL 1924 kL | 7.64B-7 uCilg | 1.66E-3 Ci E
(Liquid)
Hpa Total - 2569 kL | -~ 2.09E-3 Ci -
PITh Sludge BL 97 kL 2:52E-13 uCi/g | 2.76E-11Ci | E
(Liquids) (Liquid) |
S Th Shudge (Solids) | BL (Solid) | 548kL. | 7.04E-5 uCi/g 6.02E-2 Ci S
Th Supernatant BL 1924 KL | 5.09E-13 uCifg | LHE9Ci E
(Liguid)
P2 rh Total — 2569 kL | - 6.02E-2 Ci
By Sludge BL 97 kL 2.78E-7 uCi/g 2.97B-5 Ci E
(Liguids) (Liquid) '
U Sludge (Solids) | BL (Solid) | 548 kL. | 3.14E-7 uCife | 2.55E-4 Ci E
'y Supernatant BL 1924 kI | 1.77E-8 uCi/g 3.92E-5 Ci B
(Liguid)
g b} Total - 2569 kL | - 3.24E-4 Ci Based on
' UTOTAL and
Template
“isotopic
Distribution
U Sludge BL 97kL | 4029 uCifg | 429E-7C E
{Liquids) {Liguid)
U Sludge (Selids) | BL (Solid) | 548 kI, | 4.59E-9 uCi/fg | 3.72E-6 Ci 5
Wy Supernatant BL 1924 kL. | 2.58E-10 pCifg | 5:71E-7 Ci E
(Liquid) |
=y Total - 2569-kI, | - 4.72E-6 Ci - Based oit
UTOTAL and
Template
130topic
Distribution
U Sludge BL 97 kL 1L12B-3 uCilg | 1L19E-1Ci E
{Liquids) (Liquid)
By ‘Sludge (Solids) | BL (Selid) | 548 kL | 1.28E-3 uCi/g LO4E+00Ci | E
Py Supernatant BL 1924kL | 721B-5uCig | 1.59E-1 G E
(Ligquid)
By Total - 2569 kL | ~ 1.32E+00 Ci | — Based on
UTOTAL and
Template
isotopic
Distribution
Py Sludge BL 97kL | 434E-5uCilg | 4.63E-3Ci E
(Liquids) (Ligquid).
My Sludge {Solids) | BL{Solid) | 548kL | 495E.5 uCi/g | 4B1E2.Ci B
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‘Waste phas

1924 kL

Supernatant 6.17E-3 Ci

B Total - 2569 KL | - 5.09E-2 Ci - Based on
UTOTAL and
Template.
isotopic.
Distribution

86 Shidge BL 97 kL 8.15B-5uCig | 869E-3CI | E

{Liguids) {Liquid)
Ao Sludge (Sclids) | BL (Solid) | 548kL | 9.31E-5 uCi/g 7.55E-2 Ci E
By Supernatant BL 1924kl | 5.24E-6 uCi/g | 1.16E-2Ci D
{Liguid)

By Total - 2569 KL | - 9.58E-2 Ci - Based on
UTOTAL and
Template
isotopic
Distribution

“'Np Studge BL 97 kI 1.35E-5 uCilg 1.47E-3 Ci E

(Liguids) {Liquid)
“Np Shidge (Solids) | BL (Solid) | 548kL | 462E-3uCilg | 3.95E+00 Ci
| #'Np Supernatant BL 1924 kL. | 3.99E-4 uCi/g | B.68E-1Ci
(Liquid)
*Np Total - 2569 KL | - 482E+H00Ci | -
238py Sludge: BL 97 kL. 1.77E-4 1Ci/g 1.94E-2 i E
{Liguids) (Liquid)
SPpy Sludge (Solids) | BL (Solid) | 548 kL | 6.48E-1 uCilg | S26E+02Ci |'S
“ipu Supernatant BL 1924 kL. | 3.25E-4 uCifg 7.12E-1 Ci 8
{Liguid)

i Total - 2569 kL | - 527E-+02 Ci Slidge solids
and sipernatatit
from Sample
“py, Sludge
liguid from

_ template

25 Studge BL 97 kI 8.64E-4 pCi/g 9.22E-2 i E

(Liquids) (Liquid)
=y Sludge (Solids) | BL{(Solid) | S48kL | 9.87E-4 uCilg 8.00E-1 Ci
Py Supernatant BL 1924 kL | 5.56E-5 pCiflg | 1.23E-1 Ci E
{Liquid)

2Ry Total - 2569 KL | — 1.02E+00 Ci. | - Based on
UTOTAL and
Ternplate.
Isotopic
BDistribution

“pu Sludge BL 97 kL. 32783 uCilg | 3.59E-1Ci E

(Liquids) (Liquid)
Hpy Sludge (Solids) | BL (Solid) | 548kl | 2.02E+00 uCi/g | 1.64E+03Ci | E
Py Supernatant BL 1924 kL | 1.85B-3 uCile | 406E+00Ci | E
{Liguid)
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9
23..Pu

1.64E+03 Ci

and supernatant
based on
39240py and
Template
isotopic
distribution,
Sludge liquid
from template

Hopy Studge BL 97 kL 7.10E-4 uCi/g | 7.78E-2Ci E

{Liquids) {Liquid) .
#0py | Sludge (Solids) | BL (Solid) | 548 kL. | 4.38E-1 uCi/g 355E+02Ci | E
“py Supernatant BL 1924 k. | 4.01E-4 uCilg | 8.80E-1 Ci E
(Liguid)

Hipa Total - 2569 KL | — 3S6EH2 Ci | - Studge solids
and supernatant
based on
23‘)12401321 and
Template
isotopit
distribution,
Sludge liquid

_ from template

Ham Sludge BL 97 kL, 1.13E-2 uCi/g 1.24E+00Ci | E

(Liquids) (Liquid) _ :
“am Studge (Solids) | BL (Solid) | 548 kL | 9.40E+00 uCi/g | 7.62E+H03 Ci E
“Am Supernatant BL 1924 kL | 220E-4 uCi/g 4.83E-1 Ci
(Liguid) . _

Ham Total — 2569 KL | - 7T.62E+03Ci | - Sludge solids
and supernatant
from Sample
*.Am, Sludge
Liguid from
ternplate

#'Pu Studge BL 97 kL 9.33E-3 uCi/g 1L.02B+00Ci | E

{Liquids) {Liguid)
Hipy Studge (Solids) | BL (Solid) | 548 kL. | 54SE+00 uCi/g | 442E+03Ci | E
#py Supernatant BL 1924 kL | 5.09E-3 pCi/g LI2E+01Ci | E
(Liquid)

Hipy Total - 2569 KL | -- 444E+03Ci | ~ Shudge solids
and supernatant
based on “Pu
and Terplate
isotopic
distribution,
Shudge liquid
from template

#Cm Sludge BL 97 kL. 1.98E-5 puCifg 2.17E-3 Ci E

{ Liguids) (Liguid)
**Cm Studge (Solids) |'BL (Solid) | S48kL | 1.72E-2nCilg | 1L40E+01Ci | E
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Supernatant

1924

3.7TE-T uCiig

BL 8.27E-4 Ci E
{Liquid) .

em Total - 2569 kL | -- 1406+01 Ci | - Shudge solids
-and supernatant
hased on*'Am
-and Template
‘1sotopic
distribution,
Shidge liquid

_ _ from template

*py Sludge BL 97 kL. 8.50E8 uCi/g | 9.32E-6 Ci E

(Ligquids) {Liquid).
MHpy Sludge (Sotids) | BL{Solid) | 548 kL. | 5.26E-5 uCi/g 427E-2 Ci E
Lol Supernatant BL 1924 kL | 4.82E-8 uCi/g 1.06E-4 Ci E
{Liquid)

*py Total - 2569 KL | - 4.28E-2 Ci - Shudge solids
and supernatant
based on > Pu
and Template
isotopic
distribution,
Sludge liqud
from template

Am Sludge BL 97 kL. $57E-TuCifg | 9.40E-5Ci E

(Liquids) {Liquid)

*Fam Studge (Solids) | BL (Solid) | 548kL | 6.91E-4 uCi/e | 5.60E-1 Ci E

*Am Supernatant BL 1924 kI | 1.63E-8 uCi/g 3.58E-5 Ci E

Am Total - 2569 kL | - 5.61E:1 Ci - Sludge solids
and supernatant
based on*"'Am
and Template
isotapic
distribution,
Sludge liguid
from temiplate

*Cm Shidge BL 97KL | L84E-6pCifg | 202E-4Ci | E

{Liquids) (Liquid)
Cm Shudge (Solids) | BL (Solid) | S48 kL. | 1.57E-3 iCi/g 1276+00Ci | E
*Cm Supernatant BL 1924 kL | 345E-8 uCi/g 7:37E-5C1 E
{Liguid)

*Cm Total - 2569 KL | -- 127E+00 Ci | — Shudge solids
and supernatant
based on *'Am
and Termplate
isotopic

1 distribution,
Stadgé ligitid.
_ N from template

#*Cm Sludge. BL 97 kL. 2.89E-5 uCi/g | 3.17E-3.Ci E

{Liquids) (Ligquid)
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pe

Slidge (Solids} | BL (Solid) | 548 kL 3.73E-2 uCifg 3.03E+01 Ci E

Superpatant BL 1924 kL. | 5.35E-7 uCi'g 1.17E-3-Ci E
{Liquid) _
Cm Total - 2569 KL | - 1.17E-3 Ci - Studge solids

and supetnatant
based on " Ary
anid Template
isdtopic
distribution,
Studge liqaid
from temiplate
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