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1.0 INTRODUCTION
1.1  Purpose

A hazard evaluation for the Hanford Site 244-AR Vault Facility was performed. The
process and results of the hazard evaluation are provided in this document.

A previous hazard evaluation was performed for the 244-AR Vault Facility in 1996 in
support of the Basis for Interim Operation (BIO) (HNF-SD-WM-BIO-001, 1998, Revision 1) of
the Tank Waste Remediation System (TWRS). The results of that evaluation are provided in the
BIO. Upon review of those results it was determined that hazardous conditions that could lead to
the release of radiological and toxicological material from the 244-AR vaults due to flooding was
not addressed in the original hazards evaluation. This supplemental hazard evaluation addresses
this oversight of the original hazard evaluation.

The results of the hazard evaluation were compared to the current TWRS BIQ to identify
any hazardous conditions where Authorization Basis (AB) controls may not be sufficient or may
not exist. This document is not part of the AB and is not a vehicle for requesting changes to the
AB. It is only intended to provide information about hazardous conditions associated with the
condition and configuration of the 244-AR vault facility. The AB Control Decision process could
be used to determine the applicability and adequacy of existing AB controls as well as any new
controls that may be needed for the identified hazardous conditions associated with 244-AR vault
flooding. This hazard evaluation does not constitute an accident analysis.

1.2 Background

The 244-AR Vault, located north and west of 241-A Tank Farm in the 200-E Area of the
Hanford Site, was constructed in 1966. The vault was designed to remove, treat, and transfer
waste from 241-A Tank Farm, 241-AX Tank Farm, and PUREX Facility to B-Plant for fission
product removal; provide interim storage for PUREX Facility acid waste feed to B-Plant; and
receive and distribute the neutralized high-level waste of B-Plant. The facility was a transfer
station and a temporary storage and waste acidification facility. It supported the strontium and
cesium recovery effort from PUREX waste at B-Plant.

| Waste has not been transferred from 244-AR vault tanks since April of 1978. It was
cleaned out with the exception of a total of 3029 liters of sludge in the four vault tanks. Some
jetting of the vault sumps into the vault tanks has been done between 1978 and 1993. There have
been no operatlons performed within the vault cells except for entries into the three vault celis for
monitoring, minor maintenance and inspections.

1-1
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While most of the TWRS vaults are no more than an underground vault with tanks and
transfer equipment, the 244-AR Vault is actually a self-contained processing facility. The major
structures and components comprising this facility are as follows:

e Canyon building and process cells,
e Ventilation systems, and
¢ Control rooms.

In mid 1980's it was decided to upgrade the facility for interim storage of neutralized
current acid waste (NCAW) from the aging waste tanks (AY/AZ) prior to being sent to B-Plant.
The modification project included ventilation system upgrades, instrumentation upgrade and
addition of a closed loop cooling system. About 90% of the modification project work was
completed before it was suspended due to budget constraints.

The canyon ventilation system (K-2/K-3) is inoperable and has not been used since 1990,
The vessel ventilation system (K4) is also inoperable and has not been used since 1993. Although
the vessel system has not operated since 1993, a portable exhauster has been installed and could
be operated if needed instead of the original system.

There has been leakage of water into the vault cells in the past decade. The level of water
in cell sumps has been observed to fluctuate after heavy rains, rapid snow melts, and water line
breaks outside of facility. This is discussed further in Section 2.3 and Section 2.4 of this
document.
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2.0 DESCRIPTION

The canyon/vault building of the 244-AR Vault Facility (Figure 2-1) is a reinforced
concrete structure with 0.5m (1.5 fi) thick walls. The canyon building measures 29 m (94 ft) by
5.5 m (18 ft) internally and is 11 m (36 ft) high above the process cell concrete cover blocks in the
canyon floor. The canyon building also contains two shielded personnel access doors and a large,
shielded motor-driven equipment access door that slides on a rail. A metal wind-reduction
structure is attached to the East End of the building for weather protection when the equipment
access doors are open.

Three process celis and 3 failed equipment storage tubes are located below the canyon
tloor. Each of the three process cells contains a sump with an overflow connection between
Cell 1 and Cell 2. Cell 1 and Cell 2 have identical inside dimensions, 6.4 m (21 ft) square by
9.98 m (32.75 ft) deep. Cell 3 is 9.8 m (32 ft) long by 3.7 m (12 ft) wide by 6.4 m (21 ft) deep.
The concrete cell walls are 0.6 m (2 ft) thick. The following four tanks are contained in the
process cells: -

o TK-244-AR-001 is located in Cell 1. This is a stainless steel flat-bottomed 163,315 L
(43,148 gal) tank, 6.1 m (20 ft) dia. and 6.02 m (19.75 f) high. It was the primary
storage tank for neutralized current acid waste (high-level first-cycle solvent extraction
waste from the PUREX Facility).

o TK-244-AR-002 is located in Cell 2. It is a stainless steel Flat-bottomed 163,315 L
(43,148 gal) tank, 6.1 m (20 ft) dia. and 6.02 m (19.75 £) high.

o TK-244-AR-003 is located in Cell 3. It is a stainless steel Slope-bottomed 18,143 L
(4,793 gal) tank, 2.9 m (9.5 ft) dia. and 2.7 m (9 ft) high.

o TK-244-AR-004 is located in Cell 3. It is a stainless steel Slope-bottomed 18,143 L
(4,793 gal) tank, 2.9 m (9.5 ft) dia. and 2.7 m (9 ft) high.

The failed equipment storage area is located next to Cell 1 at the East end of the canyon
building. This storage area contains three storage tubes, each constructed of 1.4 m (4.5 ft) dia,,
12 gauge, corrugated, galvanized pipe, that extend 11 m (35 ft) below the failed equipment
storage area cover blocks. Each of the storage tubes has open drains to the Cell 1 floor. The
storage tubes are vented to Cell 1 through 15.2 cm (6in.) dia. vent pipes located 6.7 m (22 ft)
above the storage tube bottom. The storage tubes are covered with three 0.6 m (2 ft) thick
reinforced concrete blocks.

Four ventilation systems formerly serviced the 244-AR Vault Facility:

Control room ventilation system, K-1
Canyon intake ventilation system, K-2
Canyon exhaust ventilation system, K-3
Tank ventilation system, K-4,
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These systems are not currently operable and significant modifications or upgrades would
be required to return these systems to service. The facility process area is passively ventilated to
the building.

2.1 Materials Stored in Vault

The 244-AR Vault has not received wastes through the transfer system since the late
1970s. The cells and tanks within the facility currently contain wastes, as described below.

2.1.1 Cell 1: The Cell 1 is located between Cell 2 and the failed equipment storage area at the
East End of the vault. Each of the concrete cell walls is 0.6 m (2 ft) thick. Cell 1 contains the
following equipment:

Tank TK-001,

Sump jet,

Wall nozzles,
Permanent piping,
Instrumentation, and
Cell spray system.

2.1.1.1 Cell 1 Sump: The cell sump contains approximately 94 L (25 gal) of liquid that may be
drainage from a recent (January 1997) flooding event that was caused by a failed sanitary water
line near the facility. The level of the water in the sump is slowly decreasing, which may be
attributable to leakage. There is an additional consideration that the increased sump level reading
may have been partially attributable to oil leakage into the instrument air lines, which happened at
the same time as the flooding event.

2.1.1.2 Tank TK-001: Tank TK-001 contains approximately 379 L (100 gal) of residual
sludge from past transfers or transfer line leakage. TK-001 also contains approximately 4,540 L
(1,200 gal) of liquid that is believed to be water from past transfer line flushes. No sampling
information is available. The tank is equipped with the following:

Upper and lower cooling coils,
Transfer pump,

Transfer jet,

Agitator,

Spray rings,

Purge air system,

Sampler,

Vessel vent and chemical addition lines,
Instrumentation, and

Three spare tank nozzles.

e © & & & 0o 0o 06 & O
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2.1.2 Cell 2: The Cell 2 is located between cells 1 and 3 of the canyon building. Cell 2 contains
the following equipment; ‘

Tank TK-002,

Sump jet,

Wall nozzles,

Permanent piping,
Instrumentation,

Cell spray system, and
Radiation monitoring equipment.

2.1.2.1 Cell 2 Sump: The Cell 2 sump contains less than 19 L (5 gal) of liquid. The level of
the Cell 2 sump also rose sharply at the time of the flooding event and has since returned to its
previous level.

2.1.2.2 Tank TK-002: Tank TK-002 may contain approximately 2,270 L (600 gal} of residual
sludge from 241-AX-104, This material may have been transferred into the 244-AR Vault in
early 1978. TK-002 also contains about 44,100 L (11,650 gal) of water transferred from TK-004
and past transfer line flushes. Sampling information 1s available for the 241-AX-104 sludge. The
tank is equipped with the following equipment:

Upper and lower dual service (heating and cooling) coils
Transfer pump

Sluice pump

Transfer jet

Agitator

Spray rings

Purge air system

Sampler

Vessel vent and chemical addition lines
Radiation monitoring dry well
Instrumentation

Three spare tank nozzles, and

Spare permanent piping line

¢ & & & & & 0 & S & s 0>

2.1.3 Cell 3: Cell 3 is located on the West End of the canyon building and contains

Tanks TK-003 and TK-004,
Sump jet, wall nozzles,
Permanent piping,
Instrumentation,

Cell spray system, and
Radiation monitoring equipment.

2-3
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2.1.3.1 Cell 3 Sump: Cell 3 contains about 12,869 L (3,400 gal) of water (rain and snowmelt)
from roof leaks and seal pot overflow. The Cell 3-sump has been completely filled. The sump
capacity is only 27 gallons.

2.1.3.2 Tank TK-003: Tank TK-003 contains approximately 190 L (50 gal) of residual sludge
from past transfers. TK-003 also contains about 7,380 L (1,950 gal) of water from the cell sump
and past transfer line flushes. No sampling information is available. The tank is equipped with the
following equipment:

Cooling coil,

Two transfer jets,

Transfer pump,

Agitator,

Spray ring,

Purge air system,

Sampler,

Vessel ventilation and chemical addition lines, and
Instrumentation, and

Three spare tank nozzles.

2.1.3.3 Tank TK-004: Tank TK-004 contains about 190 L (50 gal) of residual sludge from
241-AX-104 and other transfers. TK-004 also contains about 757 L (200 gal) of water from
TK-003 and past transfer line flushes. Sarapling information is available for the 241-AX-104
sludge.

_ Historical information shows that 2,271 L (600 gal) of sludge was transferred to TK-004
from 241-AX-104 around late 1977 or early 1978, There is no actual documentation that says the
waste was moved to a different tank. The normal transfer would be to tank TK-002. The weight
factor instruments (including manometers readings) indicates that this tank contains only about
946 L (250-gal) of some something possibly residual sludge from 241-AX-104. Either the sludge
was moved or remainder is a tank heel or the sludge has continued to dry over the years to leave
250 gallons of solids or very thick sludge. The tank is equipped with the following components:

Cooling coil,

Two transfer jets,

Transfer pump,

Agitator,

Spray ring,

Purge air system,

Sampler,

Vessel ventilation and chemical addition lines, and
Instrumentation, and

Three spare tank nozzles.

2-4
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Failed Equipment Storage Tubes: The failed equipment storage tubes are believed to

be empty, but this cannot be verified. Removal of the cover blocks is necessary to inspect them
but the overhead crane is out of service and the cover blocks cannot be removed.

2.2

Best Estimate of Radionuclides in 244-AR Vault

Currently the 244-AR Vault contains 59,806 liters of liquid and sludge in its tanks, and

12,982 liters of liquid and settled particles in its sumps. The inventory is comprised of the
following three components and is quantified in table 1.

a)

b)

2.3

a)

b)

2,271 liters of liquid waste and sludge in tanks TK-002 and or TK-004. This waste
originated from double shell tank 241-AX-104. It was transferred to 244-AR to be used
as a radioactive waste sample for waste vitrification studies. The studies were never
performed and the waste has been in the tanks since April 1978, This portion of the
inventory comprises greater than 99 percent of the curie content in 244-AR Vault. The
predominant radionuclides are strontium and yttrium. The inventory was derived from
the Best Basis Inventory Estimates for Radioactive Components in 241-AX-104.

56,677 liters of rainwater, steam condensate and raw water pumped from the sumps into
the tanks during facility operations. The contribution to the radionuclide inventory of this
component of the inventory was not quantified. Its radionuclide content is insignificant in
comparison to the waste in tanks TK-002 and TK-004 above. It significantly increased
the volume in the tanks but not the radionuclide concentrations.

12,982 liters of rainwater and snow melt currently accumulated in the sumps, and surface
contamination residing on the inside of the facility.

Facility Walk Down Information

Sump and tank levels: The sampling system has been disabled for about 15 years.
Current contents of the tanks are based on process knowledge.

Facility Roof Leaks: Roof inspection of canyon building was performed in the mid
1990's, As a result repair of roof was attempted without success. Roof is still leaking and
there are concerns about the water leakage into light fixtures in the operating room of the
facility.

Water Infiltration into the Facility: The sump levels in the vault cells have increased over
time. The tank levels in the cells have remained constant. A possible reason for
increasing sump levels may be attributed to oil leakage into the instrument airlines and
eventually the cells. There was an activity to jet pump the cell sump contents to tank
TK-003. This was unsuccessful. The sump contents need to be removed to avoid
damage to the tanks from buoyancy forces. If sump/cell levels continue to rise, there are
potential environmental concerns from sump contaminants.

2-5
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Facility Occurrences

The following 244-AR Vault Facility water intrusion occurrences have been reported:

PHMC-TANKFARM-1997-0001: On 01/03/97 the liquid level in 244-AR Sump #1
increased from 3% to 51.5%. An unusual increase in the outside temperature resulted in
a sudden and large amount of snowmelt. In addition to the snowmelt, an above average
amount of precipitation fell during this time period. Two paths are available to Cell 1 of
the 244-AR vault. The drain line for the concrete encasement line of the 151-AR
diversion box. The other path is the drain line located at the bottom of each of the failed
equipment storage tubes.

PHMC-TANKFARM-1997-0011: On 01/23/1997, An increase in the level of 244-AR.
Sump #2 occurred due to the intrusion of water from a ruptured sanitary water lines
outside the facility. Two water lines broke outside the 244-AR Vault Facility. Water
flowed toward the facility, entered the control room, flowed around the northeast side of
the facility and entered the ground near the seal pot manhole. Current drawings do not
show a potential leak path, but the rapid rise in the sump level was concurrent with the
water line breakage.

PHMC-TANKFARM-1997-0037: On 04/07/1997 an unexplained decrease in 244-AR
Sump #2 level was observed. The surface level in the 244-AR decreased 2.57 inches in
4 weeks. Cause of decrease in water level is unknown.

2-6
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Figure 2-1. 244-AR Vault Facility Schematic
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3.0 HAZARD IDENTIFICATION AND EVALUATION

The hazard identification and evaluation for the 244-AR Vault (flooding) used the
Hazards and Operability Analysis (HAZOP) method. In a HAZOP, a team leader systematically
guides the HAZOP team through the system/process being evaluated using a fixed set of process
parameters (e.g., flow, temperature, pressure) and guide words (e.g., high, low, less, more). The
combination 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 waste transfer HAZOP was performed by an interdisciplinary team to identify the
combinations of process parameters and guide words (the combination is generally referred to as
deviations) associated with the installation and operation of waste transfer equipment that could
potentially result in undesirable consequences. Process parameters, guide words, and deviations
are listed 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 is described in AIChE, 1992, Guidelines for Hazard Evaluation
Procedures. The HAZOP uses a tabular format to record the results of the systematic process.

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 A to document the expertise and
experience level of each team member.

3.1  Methodology

The HAZOP team met to develop the raw data. The information was recorded
systematically in tabular format. The following sections describe the HAZOP table structure,
information recording details, and process node descriptions.

3.1.1 HAZOP Table

The HAZOP table (Appendix B, Table B1) was structured to ensure a systematic and
thorough evaluation of the potential hazards. The HAZOP table captured the following
information:

Node Description: This provides a description of the node being evaluated. This information
is captured in the table row preceding the first item for a given node, and is summarized in
Section 3.1.2.

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

3-1
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Node: Specific point in the system or process where the deviation from the desired condition
of a process variable is evaluated. Nodes are chosen to ensure that every area where an
undesirable condition could occur is evaluated.

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

Guide Word: Words that describe the variance in the process variable of concern such as
high, low, more, or less. A complete summary of variables and guide words is given in Table
3-1.

Possible Causes of Deviation: The causes of the deviation (combination of process variable
and guideword) that leads 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 for the postulated hazardous condition to occur.

Hazardous Condition: The hardware failures, operational faults, or conditions that could
result in undesired consequences during waste transfer activities. The hazardous condition is a
concise statement combining the Cause, Consequence, and mode of radicactive material
release.

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

Potential SSCs: Structures, systems, and components are existing engineered features
(hardware items) identified by the 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. No attempt is made to provide an exhaustive list of SSCs. The intent of
this column is to stimulate discussion among the HAZOP team members. These items should
not be construed as being the “official” controls that would eventually be credited in the AB.

Potential TSRs: Technical Safety Requirements are controls identified by the HAZOP team
that have the potential to mitigate or prevent the hazardous condition of concern. Included
under the TSR designation are also other potential administrative controls. No attempt is made
to stimulate discussion among the HAZOP team members. These items should not be
construed as being the “official” administrative features that would eventually be credited in
the AB.

Con Cat: The consequence category is a code designator for the level of consequence
associated with a hazardous condition. The consequence ranking ts a "first cut," qualitative
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estimate of the consequence of the hazardous condition being evaluated. It is evaluated assuming
no controls are present. The following system of designators is used:

S0

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.

Freq Cat: The frequency category is a “first cut,” qualitative estimate of the likelihood of the
hazardous condition assuming no controls are present. The following system 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 to 0.1/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 is
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.

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

EQ

El

E2

E3

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.

Significant environmental discharges of hazardous material outside the plant site
boundary.
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Remarks: Miscellaneous observations or clarifying comments for a given item.

Nomenclatures used in Appendix B, Tables B-2, B-3, and B-4 are consistent with the
preceding descriptions.

The following additional nomenclatures are used in Table B-5, Appendix B:

o Potential Preventive SSC — SSCs from the analyzed accident in the AB, determined by
this hazards analysis to apply to the hazardous condition, that provide a preventive
function,

¢ Potential Preventive TSR — TSRs from the analyzed accident in the AB, determined by
this hazards analysis to apply to the hazardous condition, that provide a preventive
function.

e Potential Mitigative SSC - SSCs from the analyzed accident in the AB, determined by
this hazards analysis to apply to the hazardous condition, that provide a mitigative
function.

¢ Potential Mitigative TSR — TSRs from the analyzed accident in the AB, determined by
this hazards analysis to apply to the hazardous condition, that provide a mitigative
function.

The following nomenclature was obtained from HNE-SD-WM-TI-764 and used in
Tables B-5 and B-6 of Appendix B:

e BIN - A code that describes the release attributes for high safety consequence (S2 and
S3) and worker hazard (S1) with anticipated frequency (F3) hazardous condition.

e Cause Grp - Cause Group - An alpha/numeric code used to permit sorting of data by
the cause of a hazardous condition.

e MAR - Material at Risk - A description of the type and quantity (when applicable) of
material that may be affected by the occurrence of a hazardous condition

o Rep Acc - Representative Accident - An alpha/numeric code used to specify the
analyzed accident by which the specified hazardous condition is represented. Only
hazardous conditions with high safety consequence (S2 or S3) are assigned
representative accidents.

3.1.2 HAZOP Node Description
The 244-AR HAZOQP was based on nodes chosen to capture points in the process where

deviations could result in significant consequences. The node definitions presented below were
used in the 244-AR HAZOP for vault flooding:
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e Node 1: Cell 3 including TK-003 and TK-004
e Node 2: Cell 2 including TK-002

o Node 3: Cell 1 including TK-001

e Node 4: Failed Equipment Storage Tubes

o Node 5: Seal Pot Pit

The location of the nodes is shown on the 244-AR Vault HAZOP Node diagram,
Figure 3-1.

3.2  Assumptions

During the hazard identification/evaluation team meeting certain assumptions were
made about the 244-AR Vault Facility, which are unique to this HAZOP and hazard analysis:

1. The important features of 244-AR vault are captured in the 244-AR Vault Facility
Schematic, Figure 2-1 of the preceding section.

2. The existing AB Hazard Analysis except for the flooding of the 244-AR vault cells
adequately addresses hazardous conditions associated with the 244-AR Vault Facility.
The intent of this HAZOP was to identify the hazardous conditions related to the
flooding of the vault cells of the 244-AR Vault Facility.

3. The contents of the failed equipment storage tubes were unknown at thé time the
HAZOP was conducted for the 244-AR Vault Facility.

3.3 Evaluation

This document is not part of the TWRS AB, it is only intended to identify and categorize
hazardous conditions associated with the 244-AR Vault Facility under flood conditions,

Thirty-four hazardous conditions were identified as a result of the HAZOP process and
are shown in Table B1, Appendix B. The hazardous conditions developed during the HAZOP
were only for flooding of the vault cells. The hazardous conditions are sorted with respect to
the five nodes listed in Section 3.1 and shown in Figure 3-1,

Of the thirty-four hazardous conditions, thirteen were assigned S2 or S3 consequences.
All of the S2 and S3 hazardous conditions were found to have characteristics similar to one of
the Representative Accidents of the TWRS BIO. The representative accident is "Surface Leak
Resulting in Pool” with an assigned Rep Acc number of 26. The definition of the
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representative accident is provided in Table B6, Appendix B. Hazardous condition frequency
was not considered in assigning a particular hazardous condition to a Representative Accident.

Tables B2, B3, and B4 of Appendix B present the hazardous conditions grouped by
consequence category (S3, S2, and SO respectively). There were no S1 hazardous conditions
identified in the HAZOP. These three tables contain the Item ID, Cause, Hazardous
Condition, Frequency Category without controls (Freq Cat), and the Environmental Impact
Category (Env Cat).

Table BS, Appendix B, is a presentation of the potential applicability of current
TWRS AB controls to hazardous conditions with S2 or S3 consequences. This table contains
the Item ID, MAR, Cause, Hazardous Condition, Potential Preventive SSC, Potential
Preventive TSR, Potential Mitigative SSC, Potential Mitigative TSR, Remarks, Con Cat, and
Freq Cat. The table demonstrates that potential controls for prevention or mitigation of the
identified hazardous conditions exist in the TWRS AB. The purpose of Table BS is to show
whether potential controls for prevention or mitigation of the identified hazardous conditions
do exist in the TWRS AB. The specified controls are not to be construed as the approved set
of controls for the particular hazardous condition. Designation of the approved set of controls
is outside the scope of this hazard analysis report.

Evaluation of the thirteen hazardous conditions in the S2 and S3 consequence categories
resulted in the foilowing concerns being identified which may need to be addressed via TSRs:

There are no surveillance controls for the 244-AR Vault Facility,

o There is no recovery or emergency plan for the hazardous conditions identified.

o There is a potential for leakage of contaminated liquid from the 244-AR Vault Facility into
the subsurface soil.

It appears there are no established mitigative or preventive TSRs for the 244-AR Vault
Facility to adequately address these identified hazardous conditions and concerns.

The thirteen hazardous conditions fall under the general category of a "Surface Leak
Resulting in Pool". All thirteen hazardous conditions were associated with leaks that spill onto
the ground surface resulting in a pool of liquid waste.” Table B6, Appendix B, shows these
hazardous conditions grouped under the Representative Accident 26. There are six hazardous
conditions assigned to the S3 consequence category. The remaining seven hazardous
conditions are assigned to the $2 consequence category. The identifiers for these hazardous
conditions are:

e 353 Hazardous Conditions
244 AR-New.05,
244AR-New .06,
244AR-New.15,
244AR-New.16,
244AR-New.24, and
244AR-New.25
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o 52 Hazardous Conditions
244 AR-New.03,
244 AR-New.04,
244AR-New.07,
244AR-New.13,
244AR-New. 14,
244AR-New.22, and
244AR-New.23.

The six hazardous conditions having a consequence ranking of S3 all have a frequency
ranking of FO. This ranking is defined as "beyond extremely unlikely". All of these hazardous
conditions are caused by the intrusion of water into of the vault cells of the 244-AR Vault Facility
resulting in the complete filling of all three cells of the facility. The tanks in each of the cells
become dislodged and rupture, spilling their contents. The contents eventually escape the vault
cells as water intrusion continues resulting in a liquid pool outside the facility.

The seven hazardous conditions assigned a consequence ranking of S2 have a frequency
ranking of F1, which is defined as "extremely unlikely". All of these hazardous conditions are the
result of water intrusion into one of the cells of the 244-AR Vault Facility resulting in the
complete filling of ail three cells of the facility. The tanks in each of the cells are postulated not to
rupture under these conditions. Contamination within the cells is released to the ground surface
via overflow of cells from continued water intrusion and release of a pool of liquid outside of the
facility.

Table B6, Appendix B, presents the S2 and S3 category hazardous conditions grouped
under the applicable BIO Accident Analysis Section. This table contains the Bin, Item ID,
MAR, Hazardous Condition, Cause, Frequency Category, Consequence Category, Cause
Group Code, and Representative Accident designator. The table is intended to provide
objective evidence whether a specific Representative Accident can represent a hazardous
condition. If a hazardous condition cannot be assigned to a Representative Accident, then
further detailed analysis is required to determine if a new Representative Accident category
needs to be developed. The Representative Accident descriptions from the BIO accident
analyses are shown for comparison purposes as shaded rows in Table B6 of Appendix B.

The one Representative Accident used from the BIO accident analyses is shown as a
shaded row in Table B6. All of the S2 and S3 ranked hazardous conditions of the 244-AR
Vault HAZOP are covered by the Representative Accident "Surface Leak Resulting in Pool" of
the BIO Accident Analysis Section 5.3.2.18.
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Table 3-1.

HAZOP Process Variables and Guide Words - Deviations

Guide Words
Process NO, LESS, MORE, PART OF AS WELL AS, OTHER THAN REVERSE
Variabl NOT, LOW, HIGH, ALSO
ariables NONE SHORT LONG
FLOW No Flow Low Rate, High Rate, Missing Ingredient Misdirection, Wrong Material Backflow
Low Total High Total Impurities
PRESSURE Opento Atmosphere | Low Pressure High Pressure Vacuum
TEMPERATURE Freezing Low Temperature High Temperature Auto-refrigeration
LEVEL Empty Low Level High Level Low Interface High Interface
AGITATION No Mixing Poor Mixing Excessive Mixing Mixing Infepruption | Foaming Phase Separation
REACTION No Reaction Slow Reaction Runaway Reaction Partial Reaction Side Reaction Wrong Reaction Decomposition
TIME PROCEDURE Skipped or missing Too Short, Too Long, Action(s) Skipped Extra Action(s) Wrong Action Out of Order,
Step Too Little Too Much (Shortcuts) Opposite
SPEED Stopped " Too Slow Too Fast Out of Syne Web or Belt Break Backward
PH Low pH High pH Additional Acid, Wrong Acid,
Additional Base Wrong Base

CONCENTRATION Low Concentration High Concentration Missing Ingredient Additional

Ingredient
VISCOSITY Low Viscosity High Viscosity
VOLTAGE No Voltage Voltage Low Voltage High Wrong Waveform Interference Voltage | Wrong Frequency, Wrong Polarity

AC instead of DC

DC instead of AC
CURRENT No Current Current High Current Low Current Fluctuating | Wrong Polarity
STATIC Static Charge
SPECIAL Utility Failure External Leak External Rupture Tube Leak Tube Rupture Startup,

Shutdown,

Maintenance
STRUCTURAL Structural Failure Less Strength More Strength
STRENGTH
SHIELDING Less Shielding More Shielding
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Figure 3-1. 244-AR Vault Facility HazOp Node Diagram
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4,0 CONCLUSIONS

The 244-AR Vault Facility supplemental HAZOP identified 13 hazardous conditions
having 82 or S3 consequences. These hazardous conditions fit into one of the TWRS BIO
Accident categories as shown in Table B6, Appendix B. All identified hazardous conditions were
judged to be bounded by the Representative Accident, Surface Leak Resulting in Pool, in the
current TWRS AB. The following concerns were identified as a result of this 244-AR vault
hazard analysis:

There are no surveillance controls for the 244-AR Vault Facility,
There is no recovery or emergency plan for the hazardous conditions identified.

e There is a potential for leakage of contaminated liquid from the 244-AR Vault Facility into
the subsurface soil causing only environmental consequences.

It appears there are no established mitigative or preventive TSR's for the 244-AR Vault
Facility to adequately address these identified hazardous conditions and concerns.
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HAZOP Team Biographical Information

John W. Bloom - DE&S Hanford - Senior Licensing Engineer. Mr. Bloom has more than 22
years experience in the nuclear industry with 19+ years at Hanford. His experience includes

management positions in operations, production control, independent oversight, S/RIDS
development, and 1-1/2 years on the BIO/FSAR development team in a lead position. He was the
safety lead for the Hanford Tanks Initiative project for two years. He holds bachelor and masters
degrees in chemistry.

David J. Braun — Fluor Daniel Northwest Inc — Engineer — Safety Analysis and Risk Assessment
PE. Mr. Braun has over 22 years experience at Hanford working primarily in Safety Analysis.

His experience includes Probabilistic Risk Analysis of nuclear reactors, tank farm activities, and
hazards identification and evaluation of various Hanford site operations and facilities. He was one
of the lead engineers on the hazards identification and evaluation team for the current TWRS BIO
and draft FSAR. He has facilitated numerous PHA and HAZOP studies for projects at the
Hanford site Mr. Braun has a Master of Science Degree in Mechanical Engineering from the
University of California at Davis. He is a registered Professional Engineer in Mechanical
Engineering (Washington State).

Sohan §. Gahir - B.S. Mechanical Engineering, MS Industrial Engineering, Licensed Professional
Engineer in the state of Washington and Pennsylvania. TWRS Licensing engineer for the retrieval
projects. Thirty-six assignments at commercial power plants and at the Hanford Nuclear
Reservation in engineering positions. His experience includes design engineering, Preliminary
Safety Evaluation development, Safety Analysis Report development, inactive miscellaneous
storage facility risk evaluation, TWRS BIO implementation, seismic upgrades at 100-N area,
barrier doors design and installation at 100K, WRAP facility SAR review, and many other
projects at the Hanford Site

William H. Grams - B.S. Mining Engineering; M.S. Mechanical Engineering. Experience
includes: Licensing engineer for TWRS, development and implementing Authorization Basis
licensing strategies for new waste retrieval equipment and processes, preparation of Unreviewed
Safety Question documentation, development and implementation of a low-level waste
certification program including conduct of waste management audits, review and approval of
certification plans, and direct assistance to waste generators; preparation of waste management
disposal instructions including characterization requirements, packaging specifications, regulatory
requirements; and evaluation and characterization of low-level waste streams.

Terance Laney - B.S. Mechanical Engineering. Cognizant Engineer and Design Authority for the
244-AR Vault. More than 18 years experience in a broad range of engineering and technical
assignments with 7 years at the Hanford Site. Experience includes Systems Engineering, Interface
Control, Production/Manufacturing Engineering, Configuration Management, and lead Engineer
for various 244-AR Vault technical activities.
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Milton V. Shultz, Jr. - B.S. Nuclear Engineering Technology. Facilitator for Tank 241-SY-101
waste transfer HAZOP. More than twenty-four years experience in a broad range of engineering
and technical assignments at the Hanford Site. Experience includes leading Preliminary Hazards
Analysis (PHAs) and HAZOPs for a variety of TWRS projects, including several for the TWRS
FSAR and BIO efforts, contributor to the hazards analysis work for the TWRS BIO. Has
performed independent Nuclear Safety evaluations of reactor plant design and operation at
Hanford’s N Reactor.
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Table B1. HAZOP Table - 244-AR Vault Facility

19 Pages
Process Guide | Possible Causes Hazardous Potential | Potential | Con | Freq | Env
Item ID Node Variable Word of Deviation Consequence Condition SSCs TSRs Cat | Cat | Cat Remarks
Mode 1 - Cell 3 including TK-003 and TK-004
244AR-New.01 | 1 Temperature | Low Not considereda | None None None None NA | NA N/A | Cell1, Cell 2 and Failed
problem - below Equipment Storage Tube
ground conditions same as Cell 3 for this
miaintain constant condition
temperaiure -
there is no active
ventilation to
244-AR Cell 3
244AR-New.02 | 1 Level Low/ Desired Condition | None None None None N/A | N/A N/A | Material dry out and
No of 244-AR Cell 3 resuspension is not
considered a concern
because no active ventilation
in 244-AR facility
244AR-New.03 | 1 Level High General Intrusion; | Water intrusion Release of Service AC: Fill 32 F1 E2 Tank connections are on top
Water line into 244-AR radicactive water flow tanks to of fank
ruptures Snow, Cell 3 with contaminated totalizers prevent
Rain potential water to soil turnover if Tanks may turn over if they
movement of (subsurface) Weight intrusicn are top-heavy in Cell 3
radioactive from 244-AR factor level can't be
contamination in | Cell 3viavault | alarms stopped There is ho current
cell to sail leaks due to (piping is mechanism to empty sump or
through cell water leak into present) tanks
leaks cells
AC: Ventifation system not
Potential for Release of Monitor operational
floating tanks in radioactive sump level
244-AR Cell 3 contaminated 244-AR crane not operational
water to AC:
Spill of ground surface Service Na steam supply available
radioactive (poot leak) water
waste to the cell | from 244-AR monitoring Service water is isolated from
due to rupture of | Cell 3 dueto 244-AR
tank, leak of vault over flow
radiological Longitudinal crack from Cell 3

material to soil

Potential for pool
leak if celis
overflow

1 to Cell 2 (status unknown}

Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
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Table B1. HAZOP Table - 244-AR Vault Facility

19 Pages
Ttem ID Node Process Guide | Possible Causes Consequence Hazardous Potential Potential | Con | Freq | Env Remarks
Variable Word of Deviation 9 Condition 88Cs TSRs Cat | Cat | Cat
244AR-New.04 | 1 Level High Roof leaks over Water intrusion Release of Weight AC: Fill 52 F1 E2 Tank connections are on fop
244-AR Cell 3 into 244-AR radioactive factor level tanks to of tank
Cell 3 with contaminated alarms prevent
potential water to soil turnover if Tanks may turn over if they
movement of (subsurface) intrusion are top-heavy in Cell 3
radioactive from 244-AR can't be
contamination in | Cell 3 via vault stopped There is no current
cell to sail leaks (piping is mechanism to empty sump or
through cell present} tanks
leaks Release of
radioactive AC: Ventilation system not
Potential for contaminated Monitor operational
fioating tanks in | waterto sump level
244-AR Cell 3 ground surface 244-AR crane not operational
(pool leak)
Spill of 244-AR Cell 3 No steam supply available
radioactive due to vault
waste tothe cell | over flow Longitudinal crack from Cell 3
due to rupture of to Cell 2 (status unknown)
tank, leak of
radiological Cell interconnection in facility
material to soil creates situation where all
cells must fill after a certain
Potential for pool level is reached in a particular
leak if cells cell
overflow
244AR-New .05 | 1 Level High Waste Aerosol release Release of Leak AC: 33 FO E3 Currently 244-AR Is isolated
mistransfers from pool leak radicactive detectors Transfer from tank farms by removal of
tank waste controls jumper in 241-AR-151%
Radioactive from 244-AR interconne
liquid release to Cell 3 to soil cted Requires very large quantity of
soil from pool surface (pool facilities material to fill up 244-AR
leak leak) dueto a verification facility (200K gallons
waste requiremen approximately)
mistransfer t
through
diversion box AC:
241-AR-151 Transfer
conitrols
material
balance
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Table B1. HAZOP Table - 244-AR Vault Facility

19 Pages
Process Guide | Possible Causes Hazardous Potential Potential | Con | Freq | Env
ltemID | Node | v iable | Word | of Deviation | CO"°M | Congition SSCs TSRs | Cat | Cat | Cat Remarks
244AR-New.0& | 1 Level High 241-AR-151 leak; | Aerosol release Release of Leak AC: 83 FO E3 Currently 244-AR is isolated
drain back to from pool; shine | radioactive detectors Transfer from tank farms by removal of
244-AR, Cells 1, | dose from pool tank waste to controls jumper in 241-AR-151
2,and 3 Radicactive soil surface interconne
liquid releaseto | from Cell 3due cted Requires very large quantity of
soil from pool to drain back facilities material to fill up 244-AR
leak from verification facility (200K gallons
241-AR-151 to requiremen approXimately)
244-AR Cells t
{pool leak)
AC:
Transfer
controls
material
balance
244AR-New.07 | 1 Level High 244-AR Seal Pot | Water intrusion Release of Weight AC: Fill 82 F1 E2 Tank connections are on top
overflow into into 244-AR radicactive factor level tanks to of tank
Cell3 Cell 3 with contaminated alarms prevent
potential water to soil turmover if Tanks may turn over if they
movement of {subsurface) intrusion are top-heavy in Celt 3
radivactive fram 244-AR can't be
contamination in | Cell 3 via vault stopped There is no current
cell to soil leaks due to (piping is mechanism to empty sump or
through cell water intrusion present} tanks
leaks into seal pot
AC: Ventilation systern not
Paotential for Release of Monitor operational
floating tanks in | radioactive sump level
244-AR Cell 3 contaminated 244-AR crane not operational
water to
Spill of ground surface No steam supply available
radioactive (pool leak)
waste tothe cell | from 244-AR Longitudinal crack from Call 3
due to rupture of | Cell 3dueto to Cell 2 (status unknown)
tank, leak of vault over flow
radiclogical Cellintercennection in facility
material to soil creates situation where all
cells must fill after a certain
Potential for pool level is reached in a particular
leak if cells cell
overflow
e — — -
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Table Bl. HAZOP Table - 244-AR Vault Facility

19 Pages
Process Guide | Possible Causes Hazardous Potential Potential | Con | Freq | Env
Ttem ID Node Variable Word of Deviation Consequence Condition SSCs TSRs Cat | Cat | Cat Remarks
244AR-New.08 | 1 Level High General Intrusion: | Potential for Release of Service AC: Fill 80 F1 E2 No overflow from Cell 3 with
Water line floating tanks in radicactive water flow tanks to tanks TK-003 and TK-004
ruptures Snow, 244-AR Cell 3, contaminated totalizers prevent resuiting in float and rupture of
Rain Tank rupture of | water from turnover if tanks in Cell 3
TK-003 and ruptured tank Weight infrusion
TK-004 with spill | TK-003 or factor level can't be Tank connections are on top
of radiological TK-004to soil | alarms stopped of tank
waste to cell, (subsurface) (piping is
leak of due to vault present) Tanks TK-003 and TK-004
radiological leaks in may turn over if Cell 3 fills with
material to soil 244-AR Cell 3 AC: water
Monitor
sump level There is no current
mechanism to empty sump or
AC: tanks
Service
water Ventifation system not
monitering operational

244-AR c¢rane not operational
No steam supply available
Service water is isolated

Longitudinai erack from Cell 3
to Cell 2 (status unknown)

Cellinterconnection In facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
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Table B1. HAZOP Table - 244-AR Vault Facility

19 Pages
Item ID Node Process Guide | Possible Causes Consequence Hazardous Potential Potential | Con | Freq | Env Remarks
Variable Word of Deviation ! Condition 88Cs TSRs Cat | Cat | Cat emar
244AR-New.CO | 1 Level High Roof leaks over Water intrusion Release of Weight AC: Fill S0 F1 E2 No overflow from Cell 3 with
244-AR Cell 3 into 244-AR radioactive factor level tanks to tanks TK-003 and TK-004
Cell 3 with contaminated alarms prevent resulting in float and rupture of
potential water to soil turnover if tanks in Cell 3
movement of (subsurface) intrusion
radioactive due to vault can't be Tank connections are on top
contamination in | leak from stopped of tank
cell to soil 244-AR Cell 3 (piping is
through cell present) Tanks TK-003 and TK-004
leaks may turn over if Cell 3 fills with
AC: water

Potential for Monitar
floating tanks in sump level There is no current

244-AR Cell 3

Spill of
radicactive
waste to the cell
due to rupture of
tank, leak of
radiological
material to soil

Potential for pool
leak if cells
overflow

mechanism to empty sump or
fanks

Ventilation system not
aperational

244-AR crane not operational
No steam supply available

Longitudinal crack from Cell 3
to Cell 2 (status unknown}

Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
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19 Pages

Table Bl. HAZOP Table - 244-AR Vault Facility

Ttem ID Node Process Guide | Possible Causes Consequence Hazardous Potential Potential ; Con | Freq | Env Remarks
Variable Word of Deviation ;! Condition S8Cs TSRs Cat { Cat | Cat
244AR-New.10 | 1 Level High Seal Pot overflow | Water intrusion Release of Weight AC: Fill 80 Fi E2 No overflow from Cell 3 with
into 244-AR radioactive factor level tanks to tanks TK-003 and TK-004
Cell 3 with contaminated alarms prevent resutting in float and rupture of
potential water from turnover if tanks in Cell 3
movement of ruptured tank intruston ‘
radioactive TK-C03 or can't be Tank connections are on top
contaminationin | TK-004 to soil stopped of tank
cell to soil* (subsurface) (piping is
through cell due to vauit present) Tanks TK-003 and TK-004
leaks leaks in may turn over if Cell 3 fills with
244-AR Cell 3 AC: water
Potential for . Monitor
floating tanks in sump level There is no current
244-AR Cell 3 mechanism to empty sump or
tanks
Spill of
radioactive Ventilation system not
waste to the celi operational
due to rupture of
tank, leak of 244-AR crane not operational
radiological
material to soil No steam supply avaitable
(subsurface)
Longitudinal crack from Cell 3
to Cell 2 (status unknown)
Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
Node 2 - Cell 2 including TK-002
244AR-New.11 | 2 Temperature | Low Not considereda | None None None None N/A | N/A N/A | Cell1, Cell 3 and Failed
problem - below Equipment Storage Tube
ground cenditions same as Cell 2 for this
maintain constant condition
temperature -
there is no active
ventilation to
244-AR Cell 2
244AR-New.12 | 2 Level Low/ Desired Conditian | Nane None None MNone N/A T N/A /A | Material dry out and
No of 244-AR Cell 2 resuspension is not

considered a concern
because no active ventilation
in 244-AR Vault Facility
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19 Pages
Ftem ID Node Process Guide | Possible Causes Consequence Hazaxdous Potential Potential | Con | Freq | Env Remarks
Yariable Word of Deviation 1 Condition S88Cs TSRs Cat | Cat | Cat
244AR-New.13 | 2 Level High General Intrusion: | Water intrusion Release of Service AC: Fill 82 F1 E2 Tank TK-002 connections are

Water line into 244-AR radioaclive water flow tanks to on top of tank

ruptures Snow, Cell 2 with contaminated totalizers prevent

Rain potential water to soil turnover if Tank TK-002 may turn over if
movement of from 244-AR Weight intrusion Cell 2 fills with water
radioactive Cell 2 viavault | factor level can't be
contaminationin | leaks dueto alarms stopped There is no current
cell to suil water leak inte (piping is mechanism to empty sump or
through cell cells present) tanks
leaks

Release of AC: Ventilation system not
Potential for radioactive Monitor operational
floating tanks in contaminated sump leve!
244-AR Cell 2 water to 244-AR crane not operational
ground surface AC:

Spill of {pool leak) Service No stearn supply available
radicactive from 244-AR water
waste tothe cell | Cell 2 dueto monitoring Service water is isolated from
due to rupture of | vault over flow 244-AR.
tank, leak of
radiological Longitudinal crack from Cell 3

material to soil

Potential for pool
leak if cells
overflow

to Cell 2 (status unknown)

Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
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19 Pages
Ytem ID Node Process: Guide | Possible Causes Consequence Hazardous Potential | Potential | Con | Freq | Env Remarks
em Variable | Word | of Deviation q Condition SSCs TSRs | Cat | Cat | Cat
244AR-New.14 | 2 Level High Roof leaks over Water intrusion Release of Weight AC: Fill 82 F1 E2 Tank TK-002 connections are
244-AR Cell 2 into 244-AR radioactive factor level tanks to on top of tank
Cell 2 with contaminated alarms prevent
potential water to soil turnover if There is no current
rmovement of from 244-AR intrusion mechanism to empty sump or
radioactive Cell 2 via vault can't be tanks
contamination in | leaks stopped
cell to soil (piping is Ventilation system not
through cell Release of present) operational
leaks radioactive
contaminated AC: 244-AR crane not operational
Potential for water to Monitor
floating tank in ground surface sump level No steam supply available
244-AR Cell 2, (pool leak)
spill of from 244-AR Longitudinal crack from Cell 3
radioactive Cell2dueto to Cell 2 (status unknown)
waste to the cell | vault over flow
due to rupture of Cell interconnection in facility
tank, leak of creates situation where all
radiological cells must fill after a certain
material to soil level is reached in a particular
cell
Potential for pool
leak to
environment if
cells overflow
244AR-New.15 | 2 Level High Waste Aerosol release Release of Leak AC: S3 FO E3 Currently 244-AR is isolated
mistransfers from Pool leak radioactive detectors Transfer from tank farms by removal of
tank waste controls jumper in 244-AR-151
Radioactive from 244-AR interconne
liquid release to Cell 2 to soil cted Requires very large quantity of
soil from Poel surface (pool facilities material to fill up 244-AR
leak leak) duetoa verification facility (200K gallons
waste requiremen approximately)
mistransfer {
through
diversion box AC:
241-AR-151 Transfer
controls
material
balance
e — — -
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Table B1. HAZOP Table - 244-AR Vault Facility

19 Pages
Ttem ID Node Process Guide | Possible Causes Consequence Hazardous Potential Potential | Con | Freq | Env Remarks
Variable Word of Deviation ! Condition S8SCs TSRs Cat | Cat | Cat
244AR-New.16 | 2 Level High 241-AR-151 leak; j Aerosol release Release of Leak AC: 83 FOQ E3 Currently 244-AR is isolated
drain back to from Pool; shine | radioactive detectors Transfer from tank farms by removal of
244-AR, Cells 1, | dose from Pool tank waste to controls jumper in 244-AR-151
2,and3 soil surface interconne
Radioactive (pool leak) cted Requires very large quantity of
liquid release to | from Cell 2 due facilities material to fill up 244-AR
soil from Pool to drain back verification facility (200K gallons
leak from requiremen approximately)
241-AR-151 10 t
244-AR Cells
AC:
Transfer
controls
material
balance
244AR-New.17 | 2 Level High General Intrusion: | Potential for Release of Service AC: Fill S0 F1 E2 No overflow from Cell 2 with
Water line floating tank radioactive water flow tanks to tank TK-002, resulting in float
muptures Snow, TK-002in Cell 2 | contaminated tolalizers prevent and rupture of tank in Cell 2
Rain of 244-AR, Tank | water from turnover if
rupture of ruptured tank Weight intrusion Tank TK-002 connections are
TK-002 with spill | TK-002 to soil | factor level can't be on top of tank
of radiological (subsurface) alarms stopped
waste to cell, due to vault ! {piping is There is ho current
leak of leaks from present) mechanism to empty sump or
radiological 244-AR Cell 2 tanks
material to soil AC:
{subsurface) Monitor Yentilation system not
sump level operational
AC: 244-AR crane not operational
Service
water No steam supply available
monitoring
Service water is isolated from
244-AR
Tanks TK-002 appear to be
anchored to cell floor
Longitudinal crack from Cell 3
to Cell 2 (status unknown)
Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
s — — —
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19 Pages
Process Guide | Possible Causes Hazardous Potential Potential | Con | Freq | Env
Item ID Node Variable Word of Deviation Consequence Condition SSCs TSRs Cat | Cat | Cat Remarks
244AR-New.18 | 2 Level High Roof {eaks over Water intrusion Release of Weight AC: Fill S0 F1 £2 No overflow from Cell 2 with
244-AR Cell 2 into 244-AR radioactive factor level fanks to tank TK-002, resulting in float
Cell 2 with contaminated alarms prevent and rupture of tank in Cell 2
potential water to soil turnover if
movement of (subsurface) intrusion Tank TK-002 connections are
radioactive due to vault can't be on top of tank
contaminationin | leak from stopped
cell to soil 244-AR Cell 2 (piping is There is no current
through cell present) mechanism to empty sump or
leaks tanks
AC:
Potential for Monitor Ventilation system not
floating tanks in sump level operational
"244-AR Cell 2
244-AR crane not operational
Spill of
radioactive No steam supply avaitable
waste to the cell
due to rupture of - Longitudinat crack from Cell 3
tank, leak of to Cell 2 (status unknowrn)
radiological
material to soil Cell interconnection in facility
{subsurface) creates situation where all
cells must fill after a certain
level is reached in a particular
cell
e i — E—
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19 Pages
Process Guide | Possible Causes Hazardous Potentiat | Potential | Con | Freq | Env
femID | Node |y isble | Word | of Deviation | CUBSSdUEnCe | oo dition SSCs TSRs | Cat | Cat | Cat Remarks
244AR-New.19 | 2 Level High Seal Pot overflow | Potential for Release of Weight AC: Fil S0 F1 E2 Overflow from Cell 3 with
floating tanks in radivactive factor level tanks to tanks TK-003 and TK-004,
Cell 2 after filling | contaminated alarms prevent leak of water from Cell 3 to
Cell 3 and water from turnover if Cell 2 resulting in float and
overflowing or ruptured tank Intrusion- rupture of Cell 2 tank TK-002
leaking liquid to TK-002 to soil can't be
Cell 2 (subsurface) stopped Tank connections are on top
due to vault (piping is of tank
Rupture of tank leaks into present})
spilling of 244-AR Cell 2 There is no current
radiclogical AC: mechanism to empty sump or
waste to Cell 2 Monitor tanks
and leakage of sump level
radiological Ventitation system not
material to soil operaticnal
(subsurface)
244-AR crane not operaticnal
No steam supply available
Longitudinal crack from Cell 3
to Cell 2 (status unknown)
Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
Node 3 - Cell 1 including TK-001
244AR-New.20 | 3 Temperature | Low Not considereda | None None None None N/A | N/A N/A | Cell 2, Cell 3 and Failed
problem - below Equipment Storage Tube
ground conditions same as Cell 1 for this
maintain constant condition
temperature -
there is no active
ventilation to
244-AR Cell 1
244AR-New 21 | 3 Level Low/ Desired Condition | None None None None N/A | N/A N/A- | Material dry out and
No of 244-AR Cell 1 resuspension is not
considered a concern
because ne active ventilation
in 244-AR facility
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Itern ID Node Process Guide | Possible Causes Consequence Hazardous Potential Potential | Con | Freq | Env Remarks
" Variable | Word | of Deviation k Condition SSCs TSRs | Cat | Cat | Cat
244AR-New.22 | 3 Level High General Intrusion: | Water intrusion Release of Service AC: Fill 82 F1 E2 Overflow from vault to soil
Water line into 244-AR radioactive water flow tanks to surface due to float and
ruptures Snow, Cell 1 with contaminated totalizers prevent rupture of tank TK-001
Rain, Failed potential water to soil turnover if
equipment tube movement of (subsurface) Weight intrusion Tank TK-001 connections are
leaks overflowing | radioactive from 244-AR factor level can't be on top of tank
into Cell 1 contamination in | Cell 1 viavault | alarms stopped
cell leaks due to {piping is Service water is isolated from
water leak into present) 244-AR
Potential for cells
floating tank AC: There is no current
TK-001 in Cell 1 | Release of Monitor mechanism to empty sump or
with rupture of radicactive sump level tanks
tank contaminated )
water to AC: Ventilation system not
Spill of ground surface Service operational
radiological (Pool leak) water
waste to cell, from 244-AR monitoring 244-AR crane nof operational
leakage of Cell 1 dueto
radiological vault over flow No steam supply available for

material to soil

Potential for poot
leak if 244-AR
vault cells
overflow

jetting purposes

Interconnected condition of
cells will result in drainage
from cell to cell

Tank TK-001 appears to be
anchored to cell floor

Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
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19 Pages
Process Guide | Possible Causes Hazardous Potential Potential | Con | Freq | Env
ItemID | Node | v ible | Word | of Deviation | COPSCUEMCe | o dition SSCs TSRs | Cat | Cat | Cat Remarks
244AR-New.23 | 3 Level High Roof leaks over Water intrusion Release of Weight AC: Fill 82 F1 E2 Tank TK-001 conhections are
244-AR Cell 1 into 244-AR radioactive factor level | tanksto an top of tank
Cell 1 with contaminated alarms prevent
potential water to sail turnover if There is no current
movement of from 244-AR intrusion mechanisrm to empty sump or
radivactive Cell 1 via vault can't be tanks
contamination in | leaks stopped
cell {(piping is Ventilation system not
Release of present) operational ‘
Potential for radioactive
floating tank contaminated AC: 244-AR crane not operational
TK-001 inCell1 | waterto Monitor
with rupture of ground surface surnp level No steam supply available for
tank {pool leak) Jetting purposes
from 244-AR
Spill of Cell 1 dueto Interconnected condition of
radiological vault over flow cells will result in drainage
waste to cell, from cell to cell
leakage of
radiological Tank TK-001 appears to be
material to sail anchored to cell floor
Poiential pool Cell interconnection in facility
leak if facility creates situation where all
cells overflow cells must fill after a certain
level is reached in a particular
cell
244AR-New.24 | 3 Level High Waste Aerosol release | Release of Leak AC: 83 FO E3 | Currently 244-AR is isolated
mistransfers from pool leak radioactive detectors Transfer from tank farms by removal of
tank waste controls jumper in 244-AR-151
Radicactive from 244-AR interconne
liquid release to Cell 1 to sail cted Requires very large quantity of
soil from pool surface {pool facilities material to fill up 244-AR
leak leak) due to a verification facility (200K gallons
waste requiremen approximately)
mistransfer t AC:
through Transfer
diversion box controls
241-AR-151 material
balance

0 'A%y £SPP-dNH




81-d4

Table Bl. HAZOP Table - 244-AR Vault Facility

19 Pages
Process Guide | Possible Causes Hazardous Potential Potential | Con | Freq | Env
TemID | Node | . ioble | Word | of Deviation | COAUeRCE | Co dition SSCs TSRs | Cat | Cat | Cat Remarks
244AR-New.25 |.3 Level High 241-AR-151 leak; | Aerosol release Release of Leak AC: 83 ] E3 Currently 244-AR is isolated
drain back to from pool radioactive detectors Transfer from tank farms by removal of
244-AR, Cells tank waste to controls jumper in 244-AR-151
{1,2,3) Shine dose from | soil surface interconne
pool (pool leak) cted Requires very large guantity of
from Cell 1 due facilities material to fill up 244-AR
Radicactive to drain back verification facility (200K gallons
liguid release to | from requiremen approximately)
soil from pool 241-AR-151 to t AC:
leak 244-AR Cells Transfer
confrols
material
balance
244AR-New.26 | 3 Level High General Intrusion: | Potential for Release of Service AC: Fill S0 F1 E2 Mo overflow from vault due to
Water line floating tank radioactive water flow tanks to fioat and rupture of tank
ruptures Snow, TK-001 in contaminated totalizers prevent TK-001
Rain, Failed 244-AR, Cell1 water from turnover if
equiprnent tube ruptured tank Weight intrusion Tank TK-001 connections are
leaks overflowing | Tank rupture of TK-001 tosoil | factor level can't be on top of tank
into 244-AR, TK-001 with spill | {subsurface) alarms stopped
Cell 1 of radiological due to vault {piping is Service water is isolated from
waste to cell leaks in Cell 1 present) 244-AR
of 244-AR AC:
Leakage of Monitor There is no current
radiological sump ievel mechanism to empty sump or
material to soil AC: tanks
(subsurface) Service
water Ventilation system not
monitoring operational

244-AR crane not operational

No steam supply available for
jetting purposes

Interconnected condition of
cells will result In drainage
from cell to cell

Tank TK-001 appears to be
anchored to cell floor

Cell interconnection in facility
creates situation where all
cells must fill after a certain
level is reached in a particular
cell
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19 Pages .
Process Guide | Possible Causes Hazardous Potential Potential | Con | Freq | Env
TemID | Node | g iable | Word | ofDeviation | CO™°"™® | Condition SSCs TSRs | Cat | Cat | Cat Remarks
244AR-New.27 | 3 Level High Roof leaks over Water intrusion Release of Weight AC: Fil 80 F1 E2 No overflow from vault due to
244-AR Cell1 into 244-AR radioactive factor level tanks to float and rupture of tank
Cell 1 with contaminated alarms prevent TK-001
potential water to soil turnover if
movement of (subsurface) intrusion Tank TK-001 connections are
radioactive due to vault can't be on top of tank
contamination in | leak from stopped
cell to soil 244-AR, Cell 1 (piping is There is no current
through cell present) mechanism to empty sump or
leaks AC: tanks
Manitor
Potential for sump level Ventilation system not
floating tank AC: operational
TK-001 in Service
244-AR Cell 1 water 244-AR crane not operational
with spill of monitoring
radicactive No steam supply available for
waste to the cell jetting purposes
due to rupture of
tank Interconnected condition of
cells will result in drainage
Leakage of from cell to cell
radiclegical
material to soil Tank TK-001 appears to be
anchored to cell floor
Potential pool
leak to Cell interconnection in facility
environment if creates situation where all
244-AR vault cells must fill after a certain
cells overflow level is reached in a particular
celi
Node 4 - Failed Equipment Storage Tubes
244AR-New.28 | 4 Temperature | Low Not considereda | Mone None None None N/A | N/A N/A | Failed Equipment Storage

problem - below
ground conditions
maintain constant
temperature -
there is no active
ventilation to
244-AR Failed
Equipment
Storage Tube

Tube same as 244-AR, Cells
1, 2, and 3 for this condition
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Ttem ID Node Process Guide | Possible Causes Consequence Hazardous Potential Potential | Con ; Freq | Env Remarks
Variable Word of Deviatjon ! Condition SSCs TSRs Cat ;| Cat | Cat
244AR-New.28 | 4 Level Low/ Besired Condition | None None MNone None N/A | N/A N/A | Material dry out and
No of 244-AR Failed resuspension is not
Equipment considered a concern
Storage Tube because there is no active
ventilation in 244-AR facility
For Failed Equipment Storage
Facility no liquid in the cell is
the desired condition
Z44AR-New.30 | 4 Level High Roof leak over Flooding of the Release of Weight AC: 80 F1 E2 Any inflow into Failed
Failed Equipment | 244-AR Failed radicactive facter level Monitor Equipment Sterage Tube
Storage Tube Equipment contaminated alarms sump level results inflow into Cell 1 due to
Storage Tube water to soil in Cell 1 interconnecting drain pipe at
and leak of (subsurface) ' bottom of cell and tube
radiclogical from 244-AR
material to sail Failed Cell intercennection in facility
(subsurface) Equipment creates situation where all
Tube due to celis must fill after & certain
roof leak and level is reached in a particular
leakage from cell
tube
244AR-New.31 | 4 Level High General Intrusion; | Flooding of the Release of Weight AC; S0 F1 E2 Any inflow into Failed
Water line 244-AR Failed radioactive factor level Monitor Equipment Storage Tube
ruptures, Snow, Equipment contaminated alarms sump level results inflow into Cell 1 due to
Rain Storage Tube water to soil inCell 1 interconnecting drain pipe at
and leak of (subsurface) bottom of cell and tube
radiological from 244-AR
material to soil- Failed Cell interconnection in facility
(subsurface) Equipment creates situation where all
Tube due to cells must fill after a certain
roof leak and level is reached in a particular
leakage from cell
tube
Node 5 - Seal Pot Pit
244AR-New32 | 5 Temperature | Low Not considereda | None None None None 80 F1 E2 Seal Pot same as 244-AR

problem - below
ground conditions
maintain constant
temperature -
there is no active
ventilation to
244-AR Seal Pot
Pit

Cells 1, 2, and 3, and the
Failed Equipment Storage
Tube for this condition

If Seal Pot freezes and break
occurs, there would be a spill
to the sail (subsurface)
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19 Pages
Ttem ID Node Process Guide | Possible Causes Consequence Hazardous Potential Potential | Con | Freq | Env Remarks
Variable | Word | of Deviation 1 Condition SSCs TSRs | Cat | Cat | Cat
244AR-New.33 | S Level Low/ Desired Condition | None None None None N/A | N/A N/A | Material dry out and
No of 244-AR Seal resuspension is not
Pot considered a concern
because there is ho active
ventilation in 244-AR Vault
Facility
For seal pot low level is the
desired condition, no level is
undesirable but nota
significant threat
244AR-New.34 | 5 Level High General Intrusion: | Potential for Release of None None S0 F1 E2 Cell interconnection in facility
Vessel vent floating Seal Pot | radioactive creates situation where all
prefilter drain, in Seal Pot Pit contaminated cells must fill after a certain
Main vessel vent | resulting in water to soil level is reached in a particular
filter vault, rupture of Seal {subsurface) level
Vessel Vent Pot fror 244-AR
Stack Seal Pot Pit
Spill of due toin
radiological leakage of
waste to Pit, leak | liquid into pit
of radiological resulting in
material to soil rupture of pot
{subsurface)
Abbreviations:

AC — Administrative Control

BIO - Basis for Interim Operation
DF - Design Feature
LCO - Limiting Condition for Operation
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Table B2. Hazardous Conditions With Potential Significant Offsite Consequences (S3)

1 Page
- Freq | Env
1D Cause Hazardous Condition Cat Cat
244 AR-New.05 Waste mistransfers 'Release of radioactive tank waste from 244-AR FO E3
Cell 3 to soil surface {pool leak) due to a waste
mistransfer through diversion box 241-AR-151
244AR-New.06 241-AR-151 leak; drain back to | Release of radioactive tank waste to soil surface from FO E3
244-AR Cells 1,2, and 3 Cell 3 due to drain back from 241-AR-151 to
244-AR Cells (pool leak)
244AR-New.15 | Waste mistransfers Release of radicactive tank waste from 244-AR FO E3
Cell 2 to soil surface (pool leak) due to a waste
mistransfer through diversion box 241-AR-151
244AR-New.16 | 241-AR-151 leak; drain back to | Release of radioactive tank waste to soil surface (pool | FO E3
244-AR, Cells 1,2, and 3 leak) from Cell 2 due to drain back from
241-AR-151 to 244-AR Cells
244 AR-New.24 Waste mistransfers Release of radicactive tank waste from 244-AR FO E3
Cell 1 to soil surface (pool leak) due to a waste
mistransfer through diversion box 241-AR-151
244AR-New.25 | 241-AR-151 leak; drain back to | Release of radioactive tank waste to soil surface (pool | FO E3
244-AR, Cells (1,2.3) leak) from Cell 1 due to drain back from
241-AR-151 to 244-AR Cells
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Table B3. Hazardous Conditions With Potential Significant Onsite Consequences (S2)
2 Pages

Freq | Env

1D Cause Hazardous Condition Cat Cat

244AR-New.03 | General Intrusion: Water line Release of radioactive contaminated water to soil F1 E2
ruptures Snow, Rain (subsurface) from 244-AR Cell 3 via vault leaks due
to water leak into cells

Release of radioactive contaminated water to ground
surface (pool lezk) from 244-AR Cell 3 due to vault
over flow

244AR-New.04 | Roofleaks over 244-AR Cell 3 Release of radioactive contaminated water to soil F1 E2
(subsurface) from 244-AR Cell 3 via vault leaks

Release of radioactive contaminated water to ground
surface (pool leak) 244-AR Cell 3 due to vault over
flow

244AR-New.07 | 244-AR Seal Pot overflow into Release of radioactive contaminated water to soil F1 E2
Cell 3 (subsurface) from 244-AR Cell 3 via vault leaks due
to water intrusion into seal pot

Release of radioactive contaminated water to ground
surface (pool leak) from 244-AR Cell 3 due to vault
over flow

244 AR-New.13 | General Intrusion: Water line Release of radioactive contaminated water to soil from F1 E2
ruptures Snow, Rain 244-AR Cell 2 via vault leaks due to water leak into
cells

Release of radioactive contaminated water to ground
surface (pool leak) from 244-AR Cell 2 due to vault
over flow

244AR-New.14 | Roofleaks over 244-AR Cell 2 Release of radicactive contarninated water to soil from F1 E2
244-AR Cell 2 via vault leaks

Release of radioactive contaminated water to ground
surface (pool leak) from 244-AR Cell 2 due to vault

over flow
244AR-New.22 | General Intrusion: Water line Release of radicactive contaminated water to soil F1 E2
ruptures Snow, Rain, Failed {subsurface) from 244-AR Cell 1 via vault leaks due
equipment tube leaks overflowing | to water leak into cells

into Cell 1
Release of radioactive contaminated water to ground
surface (Pool leak) from 244-AR Cell 1 due to vault
over flow
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Table B3. Hazardous Conditions With Potential Significant Onsite Consequences (S2)

2 Pages
" Freq | Env
ID Cause Hazardous Condition Cat Cat
244AR-New.23 | Roof leaks over 244-AR Cell 1 Release of radioactive contaminated water to soil from Fl E2

244-AR Cell 1 via vault leaks

Release of radioactive contaminated water to ground
surface (pool leak) from 244-AR Cell 1 due to vault
over flow
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Table B4, Hazardous Conditions With No Significant Consequences (S0)

1 Page
. Freq | Env
ID Cause Hazardous Condition Cat Cat
244AR-New.08 | General Intrusion: Water line Release of radioactive contaminated water from F1 E2
ruptures Snow, Rain ruptured tank TK-003 or TK-004 to seil
(subsurface) due to vault leaks in 244-AR Cell 3
244AR-New.09 | Roofleaks over 244-AR Cell 3 Release of radioactive contaminated water to soil F1 E2
(subsurface) due to vault leak from 244-AR Cell 3
244AR-New.10 | Seal Pot overflow Release of radioactive contaminated water from F1 E2
ruptured tank TK-003 or TK-004 to soil
(subsurface) due to vault leaks in 244-AR Cell 3
244AR-New.17 | General Intrusion: Water line Release of radioactive contaminated water from F1 E2
ruptures Snow, Rain ruptured tank TK-002 to soil (subsurface) due to
vault leaks from 244-AR Cell 2
244AR-New.18 | Roof leaks over 244-AR Cell 2 Release of radioactive contaminated water to soil Fl1 E2
(subsurface) due to vault leak from 244-AR Cell 2
244AR-New.19 | Seal Pot overflow Release of radioactive contaminated water from Fl E2
ruptured tank TK-002 to soil (subsurface) due to
vault leaks into 244-AR Cell 2
244AR-New.26 | General Intrusion: Water line Release of radioactive contaminated water from F1 E2
ruptures Snow, Rain, Failed ruptured tank TK-001 to soil (subsurface) due to
equipment tube leaks overflowing | vault leaks in Cell 1 of 244-AR
into 244-AR, Cell 1
244AR-New.27 | Roof leaks over 244-AR Cell 1 Release of radioactive contaminated water to soil Fl E2
(subsurface) due to vault leak from 244-AR, Cell 1
244AR-New.30 | Roof leak over Failed Equipment | Release of radioactive contaminated water to soil Fl E2
Storage Cell (subsurface) from 244-AR Failed Equipment Tube
, due to roof leak and leakage from tube
244 AR-New.31 | General Intrusion: Water line Release of radioactive contaminated water to soil F1 E2
ruptures, Snow, Rain (subsurface) from 244-AR Failed Equipment Tube
due to roof leak and leakage from tube
General Intrusion: Vessel vent Release of radioactive contaminated water to soil F1 E2

244AR-New.34

prefilter drain, Main vessel vent
filter vault, Vessel Vent Stack

(subsurface) from 244-AR Seal Pot Pit due to in
leakage of liquid into pit resulting in rupture of pot

B-27




HNF-4453 Rev. 0

This page intentionally left blank

B-28




HNF-4453 Rev. 0

*saouanbasuo)) 7S pue ¢S [enudog I
AV-+HT 104 SUOIPUO)) SNOPIBZEY SSAIPPY A[[RNIUN0J Iy [ SYSL PUE SDHSS OIF woaf sjonuo)) ‘Sq dqeL

(Arereunxoldde
Suoq[e3 J00Z) At S(190 AV-pbT
AV-+1T dn [y 01 euerew o IS T-YV-THT (Kadwa dwmns Z [120)
Jo Amuenb a5re Lsa sannbay WO Yoeq Uresp SHUSJUOS [[20 OU
ojanp T JI°D Wol ¢ pue | pue {o8pnys Jo suojed
IST-4V-pHT ut Jedumf (ee] ood) soepins | T Y S[00 “AV-PPT | 009 SuTUIENOS Jojem
JO TRAOWIST £q SWITE] Yire) UIOY [10S 07 S35®aA ue) 03 3o uielp Josuo[ed OSTZI}| 9ImeN
od €S POYE{OST 81 YV-prT Apueung permboy auopN | pasmbay ouon paxnbay suop ponnbay suoN | sanpeolperjo asea[a] | RN [ST-UVW-14T | TOO-MLJO sy | -AvibT
(Ajorewnxordde
suo]ied J00Z) Aroey I$1-9v-1¥T
AY-#HT dn iy 0] JeLgews X0q UOISIOATP Y3nony (Kydurs duns z |123)
Jo Ayprenb 93xe A3oa seambey IQJSURRSTUI 2]SEM € O) SJUIIUCS J[23 ou
anp (3es] Jood) aoeLms pue ‘(s3puys Jo suojjed
1§ 1-¥V-pe ut Jadwnf 1105 01 Z 1190 AV-+PT 009 Suturejuico Iojem
JO [RAOWIAI Aq SWLTE] MU¥} WOI] WIOTJ a15eMm e Josuoped 0gzZI) | sTMeN
o | €8 Pate[ost ST YV-biT AMaunsy ponnboy auop | peambay suop parnbay suoN pennbayf suoN | sanpvoipel o sseaey] | SIgsuensTW seAr | Z0O-SILJO SWeoD | -gViPT
: {smoonc jod :
Tess pue a3exes] Jool
WOy ¥37eMm SUO[[ed
00bE) SIuRIuod {[22
{A12rewnxordde pue (s3pafs jo suoled
suo]jed 007) Ajiow) . Orea] 0% pue sIgjsuel wey
AV-+bT dn ||y 0} [eLerew [ood) s120 WY-¥HT Tagem yo suolles 007)
Jo Aurenb a8re| Axaa sannbay 0L 1§ T-dV-1+L FOO-ML (sragsuen
WO 3ok() UIRIP O} 0P € pue Jarem suojed
1S T-¥V-14Z uf Jadum( € 1180 Wiogp aselms | ‘7 ‘[ SI[2D AV-pHT 0561 pue s8pa[s
J0 JeAcwsT £q SWLIE] YUe) Woly 1108 0 315EM U] 01 orq urelp | enpisa1 o suop(eS () | 90 MON
ol €S P2IR[OST STV -pp7 AQUaLIng pomnbay suvoN | pemnbay suoN pasmbay suoN peninbay suopy | sanpeolperjoaseaey | Ofeel IST-AV-1¥Z | €00-MLJO SURWOD | -AVHET
(smo[reac jod
[ess pue s3eyes| JooI
WO} 12jem SUoj[es
00bE) SIUeqU0D 1[92
(Arpewrxordde pue (23pn[s Jo suoj[ed
suoy[ed y0oT) Aoy 15 1-49-16T 05 PU¥ SI9JsueR woy
AV-pT dn [j1) 0} Jetiopews X0q UDTSIBATP YSnoryy Jarem Jo suojfed 0gz)
Jo Anuend a8y L1aa saamnbey 1HJSUBTISTUN 9)SEM B O POO-AI (s1aysuen
anp {yeaj jood) soepns Istem suojfed
1§ 1-4¥- 1T it aduml HCS 03 € 1190 UV-¥bT 0561 pure 5pa[s
JO [eACTISE Aq SULIEJ Yue) toXy WO 8158 Yue) Tenprsas Jo suof[ed 0s) | $OMEN
0d €8 PANR[OSE SL YV -FHT ADWSEIND paunbay suop panmbay suoN paanbsyf suoN palnbay suoN | 2ANOEOIPRIJO o5EI[RY | smysuemsmu msem | £00-MIJO SMOIO)) | -¥UVEFT
"y WS 2ARE3HT AHESL ATIUIAIL AQUIAIL
baxg | wo)y SHe ilta!;ua;Od " Osfe!mawa N Hs%eyuawa ! ERwjog ¢ | vompuoo snopaezery e AV arvia
safed ¢

B-29



0¢-d

Table BS. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR
With Potential S3 and S2 Consequences.

9 Pages
" Potential Potential Potential Potential Con | Fre

Ytem ID MAR Cause Hazardous Condition Preventive SSC Preventive TSR | Mitigative 8SC | Mitigative TSR Remarks Cat Ca:l
244AR- | Contents of TK-001 | Waste mistransfers | Release of radioactive | None Required None Required None Required | None Reguired Currently 244-AR is isolated 83 FO
New.24 | (1,300 gallons made tank waste from from tank farms by removal of

up of 100 gallons of 244-AR Cell 1 to soil Jjumper in 244-AR-151

sludge and post surface (pool leak) due

transfer line flushes), to a waste mistransfer Requires very large quantity of

and Cell 1 sump through diversion box material to fil! up 244-AR

contents (leakage 241-AR-151 facility (200K gallons

from failed equipment approximately)

storage tube)
244AR- | Contents of TK-001 [ 241-AR-151 leak; | Release of radioactive | None Required None Required None Required Nene Required Currently 244-AR is isolated 83 FO
New.25 (1,300 gallons made | drain back to tank waste to soil from tank farms by removal of

up of 100 gailons of | 244-AR, Cells surface (pool leak) jumper in 244-AR-151

sludge and post (1,2,3) from Cell 1 due to

transfer line flushes), drain back from Requires very large quantity of

and Cell 1 sump 241-AR-151 to material to fill up 244-AR

contents (leakage 244-AR Cells facility (200K gallons

from failed equipment approximately)

storage tube)
244AR- | Contents of TK-003 | General Intrusion: | Release of radioactive | None AC: 5.24 Safety None AC: 5.14 Tank connections are ontop of | 82 F1
New.03 [ (50 gallons of residual | Water line ruptures | confaminated water to Management Emergency tank

sludge and 1950 Snow, Rain soil (subsurface) from Programs - Preparedness

gallons water 244-AR Cell 3 via Surveillance of (Pool Leak) Tanks may turn over if they are

transfers), TK-004 vault Jeaks due to 244-AR Vault top-heavy in Cell 3

{200 gallons of water water leak into cells Building

from transfers and 50 There is no current mechanism

gallons of sludge), and Release of radioactive AC: 5.2]1 Tank to empty sump or tanks

cell contents (3400 contaminated water to Service Water

gallons water from ground surface (pool Intrusion Monitoring Ventilation system not

roof leakage and seal leak) from 244-AR Program - Segvice operational

pot overflows) Cell 3 due to vault water usage

over flow

AC: Surveillance of
liquid level of
244-AR cells
(Weight Factor
Level)

244-AR crane not operational
No steam supply available

Service water is isolated from
244-AR

Longitudinal crack from Cell 3
to Cell 2 (status unknown)

Cell interconnection in facility

creates situation where all cells
must fill after a certain level is

reached in a particular cell
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Table BS. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR
With Potential S3 and S2 Consequences.

9 Pages
MAR . Potential Potential Potential Potential Con | Fre
Ttem ID Cause Hazardous Condition Preventive S5C Preventive TSR | Mifigative 88C | Mitigative TSR Remarks Cat Ca;1
244AR- }Contents of TK-003 | Roof [eaks over Release of radicactive | None AC: 524 Safety None AC: 5.14 Tank connections are ontopof | 82 | F1
New.04 1(50 gallons of residual | 244-AR Cell 3 contaminated water to Management Emergency tank
sludge and 1950 soil (subsurface) from Programs - Preparedness
gallons water 244-AR Cell 3 via Surveillance of (Pool Leak) Tanks may tumn over if they are
transfers), TK-004 vault leaks 244-AR Vaull top-heavy in Cell 3
{200 gallons of water Building
from transfers and 50 Release of radioactive There is no current mechanism
gallons of sludge), and contaminated water to AC: Surveillance of to empty sump or tanks
cell contents (3400 ground surface (pool liguid level of
galions water from, {eak) 244-AR Cell 3 244-AR cells Ventilation system not
roof leakage and seal due to vault over flow (Weight Factor operational
pot overflows) Level)
244-AR crane not operational
No steam supply available
Longitudinal crack from Cell 3
to Cell 2 (status unknown)
Cell interconnection in facility
creates situation where all cells
must fill after a certain level is
reached in a particular cell
244AR- | Contents of TK-003 | 244-AR Seal Pot Release of radioactive | None AC: 5.24 Safety None AC: 5.14 Tank connections are ontop of | 82 F1
New.07 | (50 gallons of residual | overflow into Cell 3 | contaminated water to Management Emergency tank
sludge and 1950 soil (subsurface) from Programs - Preparedness
gallons water 244-AR Cell 3 via Surveillance of (Pool Leak) Tanks may turn over if they are
transfers), TK-004 vault leaks dueto 244-AR Vault top-heavy in Cell 3
(200 gallons of water water intrusion into Building
from transfers and 50 seal pot There is no current mechanism
gallons of sludge), and AC: 521 Tank to empty sump or tanks
cell contents (3400 Release of radioactive Service Water
gallons water from contaminated water to Intrusion Monitoring Ventilation system not
roof leakage and seal ground surface {pool Program - Service operational
pot overflows) leak) from 244-AR water usage
Cell 3 due to vault 244-AR crane not operational
over flow AC: Surveillance of

liquid level of
244-AR cells
{Weight Factor
Level)

No steam supply available

Longitudinal crack from Cell 3
to Cell 2 (status unknown)

Cell interconnection in facility
creates situation where all cells
must fill after a certain level is
reached in a particular cell
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Table BS. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR
With Potential S3 and S2 Consequences.

9 Pages
. Potential Potential Potential Potential Con | Freq
Hem ID MAR Cause Hazardous Conditlon | p,venfive SSC | Preventive TSR | Mifigative SSC | Mitigative TSR Remarks Cat | Cat
244AR- | Contents of TK-002 | General Intrusion: Release of radicactive | None AC: 5.24 Safety None AC: 5.14 Tank TK-002 connections are S2 | F1
New.13 | (12,250 gallons of Water line ruptures | contaminated water to Management Emergency on top of tank
water containing 600 | Snow, Rain soil from 244-AR Programs - Preparedness
gallons of sludge), and Cell 2 via vault leaks Surveillance of (Pool Leak) Tank TK-002 may tum over if
no cell contents due to water leak into 244-AR Vault Cell 2 fills with water
(Cell 2 sump empty) cells Building
There is no current mechanism
Release of radivactive AC: 521 Tank to empty sump or tanks
contaminated water to Service Water
ground surface (pool Intrusion Monitoring Ventilation system not
leak) from 244-AR Program - Service operational
Cell 2 due to vault waler usage
over flow 244-AR crane not operational
AC: Surveillance of
liquid level of No steam supply available
244-AR cells
{Weight Factor Service water is isolated from
Level) 244-AR.
Longitudinal crack from Cell 3
to Cell 2 {status unknown)
Cell interconnection in facility
creates situation where all cells
must fill afier a certain level is
reached in a particular cell
244AR- | Contents of TK-002 | Roof [eaks over Release of radioactive | None AC: 5.24 Safety None AC: 5.14 Tank TK-002 connections are | 82 F1
New.14 | (12,250 gallons of 244-AR Cell 2 contaminated water to Management Emergency on top of tank
water containing 600 soil from 244-AR Programs - Preparedness
gallons of sludge), and Cell 2 via vault leaks Surveillance of (Pool Leak) There is no current mechanism
no cell contents 244-AR Vault to empty sump or tanks
(Cell 2 sump empty) Release of radioactive Building
contaminated water to Ventilation system not
ground surface (pool AC: Surveillance of operational
leak) from 244-AR liquid level of
Cell 2 due to vault 244-AR cells 244-AR crane not operational
over flow {Weight Factor
Level) No steam supply available
Longitudinal crack from Cell 3
to Cell 2 (status unknown)

Cell interconnection in facility
creates situation where all cells
must fill after a certain Jevel is
reached in a particular cell
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Table BS. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR
With Potential S3 and S2 Consequences.

9 Pages
rer Potential Potential Potential Potential Con | Freq
Item [D MAR Cause Hazardous Condition Preventive SSC Prevenfive TSR | Mitigative SSC | Mitigative TSR Remarks Cat [ Cat
244AR- | Contents of TK-001 General Intrusion: Release of radioactive | None AC: 5.24 Safety None AC: 5.14 Overflow from vault to soil 82 Fl
New.22 . | (1,300 gallons made | Water line ruptures | contaminated water to Management Emergency surface due to float and rupture
up of 100 gallons of | Snow, Rain, Failed | soil (subsurface) from Programs - Preparedness of tank TK-001
sludge and post equipment tube leaks | 244-AR Cell 1 via Surveillance of {(Pool Leak)
transfer line flushes), [ overflowing into vaul leaks dueto 244-AR Vaull Tank FK-001 connections are
and Cell 1 sump Cell ] water leak into cells Building on top of tank
contents (leakage
from failed equipment Release of radioactive AC: 5.21 Tank Service water is isolated from
storage tube) contaminated water to Service Water 244-AR
ground surface (Pool Intrusion Monitoring
leak) from 244-AR Program - Service There is no current mechanism
Cell 1 due to vauit water usage to empty sump or tanks

over flow

AC: Surveillance of
liquid level of
244-AR cells
(Weight Factor
Level}

Ventilation system not
operational

244-AR. crane not operational

No steam supply available for
jetting purposes

Interconnected condition of
cells will result in drainage
from cell to cell

Tank TK-001 appears to be
anchored to cell floor

Cell interconnection in facility

creates situation where all cells
must fifl after a certain level is

reached in a particular cell
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Table BS. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR
With Potential S3 and S2 Consequences.

9 Pages
. Potential Potential Potential Potential Con | Fre
Ttem ID MAR Cause Hozardous Condiffon |y, o ontive SSC | Preventive TSR | Mitigative SSC | Mitigative TSR Remarks Cat | Cat
244AR- | Contents of TK-001 Roof leaks over Release of radioactive | None AC: 5.24 Safety None AC: 5.14 Tank TK-001 connections are 82 Fl
New.23 | (1,300 gallons made |244-AR Cell 1 contaminated water to Management Emergency ontop of tank
up of 100 gallons of soil from 244-AR Programs - Preparedness
sludge and post Cell 1 via vault leaks Surveillance of (Pool Leak) There is no current mechanism
transfer line flushes), 244-AR. Vault to empty sump or tanks
and Cell 1 sump Release of radioactive Building
contents {leakage contaminated water to Ventilation system not
from failed equipment ground surface (pool AC: Surveitlance of operational
storage tube) leak) from 244-AR liquid level of
Cell 1 due to vault 244-AR. cells 244-AR crane not operational
over flow (Weight Factor
Level) No steam supply available for

jetting purposes

Interconnected condition of
cells will result in drainage
from cell to cell

Tank TK-001 appears to be
anchored to cell floor

Cell interconnection in facility
creates situation where all cells
must fill after a certain level is
reached in a particular ce]l
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Table B6. S2 and S3 Hazardous Conditions Sequenced By BIO Accident Section
3 Pages
- Cons Freq Cause Rep
BIN D MAR Cause Hazardous Condition Cat Cat Grp Ace
244-AR Vault Hazardous Conditions
C-2-b 244AR-New.05 Contents of TK-003 (50 gallons Waste mistransfers Release of radioactive tank waste from 244-AR 83 FO DO6 26X
of residual sludge and 1950 Cell 3 to soil surface (pool leak) due to a waste
gallons water transfers), TK-004 mistransfer through diversion box 241-AR-151
(200 gallons of water from
transfers and 50 gallons of
studge), and cell contents (3400
gallons water from roof leakage
and seal pot overflows}
C-2-b 244 AR-New.06 Contents of TK-003 {50 gallons 241-AR-151 leak; drain back to Release of radioactive tank waste to soil surface 83 FO Do6 26X
of residual sludge and 1950 244-AR,; Cells 1, 2, and 3 from Cell 3 due to drain back from 241-AR-151
gallons water transfers), TK-004 to 244-AR Cells (pool leak)
(200 gallons of water from
transfers and 50 gallons of
sludge), and cell contents (3400
gallons water from roof leakage
and seal pot overflows)
C-2-b 244AR-New.15 Contents of TK-002 (12,250 Waste mistransfers Release of radiocactive tank waste from 244-AR 83 Fo Do6 26X
gallons of water containing 600 Cell 2 to soil surface (pool leak) due to a waste
gallons of shudge), and no cell mistransfer through diversion box 241-AR-151
conterts (Cell 2 sump empty)
C-2-b 244AR-New.16 Contents of TK-002 (12,250 241-AR-151 leak; drain back to Release of radicactive tank waste to soil surface 83 FO D06 26X
gallons of water containing 600 244-AR, Cells 1,2, and 3 {pool leak) from Cell 2 due to drain back from
gallons of sludge), and no cell 241-AR-151 10 244-AR Cells
contents {Cell 2 sump empty)
C-2-b 244 AR-New.24 Contents of TK-001 (1,300 Waste mistransfers Release of radicactive tank waste from 244-AR 83 Fo D06 26X
gallons made up of 100 gallons Cell I to soil surface (pool leak) due to a waste
of sludge and post transfer line mistransfer through diversion box 241-AR-151
flushes), and Cell 1 sump
contents (leakage from failed
equipment storage tube)
C2b 244AR-New.25 Contents of TK-001 (1,300 241-AR-151 leak; drain back to Release of radicactive tank waste to soil surface 83 FO Doe 26X
gallons made up of 100 gallons 244-AR, Cells (1,2,3) (pool leak) from Cell 1 due to drain back from
of sludge and post transfer line 241-AR-15110 244-AR Cells
flushes), and Cell 1 sump
contents (leakage from failed
equipment storage tube)
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Table B6, S2 and S3 Hazardous Conditions Sequenced By BIO Accident Section

3 Pages
. Cons Fre Cause Re
BIN D MAR Cause Hazardous Condition cat | ot Grp ay
C-2-b 244 AR-New.03 Contents of TK-003 (50 gallons General Intrusion: Water line Release of radioactive contaminated water to soil 82 F1 D19 26X
of residual sludge and 1950 ruptures Snow, Rain (subsurface) from 244-AR Cell 3 via vault leaks
gallons water transfers), TK-004 due to water leak into cells
(200 gallons of water from
transfers and 50 gallons of Release of radioactive contaminated water to
sludge), and cell contents (3400 ground surface (pool leak) from 244-AR Cell 3
gallons water from roof leakage due to vault over flow
and seal pot overflows)
C-2-b 244 AR-New.04 Contents of TK-003 (50 gallons Roof leaks over 244-AR Cell 3 Release of radioactive contaminated water o soil S2 F1 D19 26X
of residual sludge and 1950 {subsurface) from 244-AR Cell 3 via vault leaks
gallons water transfers), TK-004
(200 gallons of water from Release of radioactive contaminated water to
iransfers and 50 gallons of ground surface (pool leak) 244-AR Cell 3 due to
sludge), and cell contents (3400 vault over flow
gallons water from roof leakage
and seal pot overflows)
C-2-b 244AR-New.07 Contents of TK-003 (50 gallons 244-AR. Seal Pot overflow into Release of radioactive contaminated water to soil 82 F1 D19 26X
of residual sludge and 1950 Cell3 (subsurface) from 244-AR Cell 3 via vault leaks
gallons water transfers), TK-004 due to water intrusion into seal pot
(200 gallons of water from
transfers and 50 gallons of Release of radioactive contaminated water to
sludge), and cell contents (3400 ground surface (pool leak) from 244-AR Cell 3
gallons water from roof leakage duc to vault over flow
and seal pot overflows)
C-2-b 244AR-New.13 Contents of TK-002 (12,250 General Intrusion: Water line Release of radioactive contaminated water to soil S52 F1 D19 26X
gallons of water containing 600 ruptures Snow, Rain from 244-AR Cell 2 via vault leaks due to water
gallons of sludge), and no cell leak into cells
contents (Cell 2 sump empty)
Release of radioactive contaminated water to
ground surface (pool leak) from 244-AR Cell 2
due to vault over flow
C-2-b 244AR-New.14 Contents of TK-002 (12,250 Roof leaks over 244-AR Cell 2 Release of radioactive contaminated water to soil 82 Fl D19 26X
gallons of water containing 600 from 244-AR Cell 2 via vault leaks
gallons of sludge), and no cell
contents (Cell 2 sump empty) Release of radioactive contaminated water to
ground surface (pool leak) from 244-AR Cell 2
due to vault over flow
C-2-b 244AR-New.22 Contents of TK-001 (1,300 General Infrusion: Water line Release of radioactive contaminated water to soil S2 F1 D19 26X
gallons made up of 100 gallons ruptures Snow, Rain, Failed (subsurface) from 244-AR Cell 1 via vault leaks
of sludge and post transfer line equipment tube leaks overflowing due to water leak into cells
flushes), and Cell 1 sump inte Cell 1
contents (leakage from failed Release of radioactive contaminated water to
equipment storage tube) ground surface (Pool leak) from 244-AR Cell 1
due to vault over flow
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Table B6. S2 and S3 Hazardous Conditions Sequenced By BIO Accident Section

3 Pages
. Cons Freq | Cause Rep
BIN 1D MAR Cause Hazardous Condition Cat Cat Grp Ace
C-2-b 244AR-New.23 Contents of TK-001 (1,300 Roof leaks over 244-AR Cell 1 Release of radioactive contaminated water to soil S2 Fl1 D1% 26X

gallons made up of 100 gallons
of sludge and post transfer line
flushes), and Cell 1 sump
contents (leakage from failed
equipment storage tube)

from 244-AR Cell 1 via vault jeaks

Release of radioactive contaminated water to
ground surface (pool leak) from 244-AR Cell 1
due to vault over flow
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CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed:
Title: AATARD BVALWATION FoR AW#V-AR VAKLT FASILITY
Author: 0.7 SrAwan

Date: ¢/g /T
Scope of Review:

Yes No* NA

vl 10 1* Previous reviews complete and cover analysis, up to scope of this review, with no gaps.

(vl 10 1] Problem completely defined.

(v I 1 Accident scenarios developed in a clear and logical manner.

VAL 10 ] Necessary assumptions explicitly stated and supported.

[ 11 104 Computer codes and data files documented.

[ 10 10+t Data used in calculations explicitly stated in document.

WAL I ) Data checked for consistency with original source information as applicable.
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