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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) ("F-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 BIO to identi@ 
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 2 4 1 4  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 recovely 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 operations performed within the vault cells except for entries into the three vault cells 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: 

Ventilation systems, and 
Control rooms. 

Canyon building and process cells, 

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-2K-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 ofwater 
in cell sumps has been observed to fluctuate after heavy rains, rapid snow melts, and water line 
breaks outside of facility. This is discussed fbrther in Section 2.3 and Section 2.4 of this 
document. 

1-2 
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2.0 DESCRIPTION 

The canyodvault building of the 244-AR Vault Facility (Figure 2-1) is a reinforced 
concrete structure with 0.5m (1.5 ft) 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 cells and 3 failed equipment storage tubes are located below the canyon 
floor. 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 fi) 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: ' 

TK-244-AR-001 is located in Cell 1. This is a stainless steel flat-bottomed 163,3 15 L 
(43,148 gal) tank, 6.1 m (20 ft) dia. and 6.02 m (19.75 ft) high. It was the primary 
storage tank for neutralized current acid waste (high-level first-cycle solvent extraction 
waste from the PUREX Facility). 

TK-244-AR-002 is located in Cell 2. It is a stainless steel Flat-bottomed 163,3 15 L 
(43,148 gal) tank, 6.1 m (20 ft) dia. and 6.02 m (19.75 ft) high. 

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. 

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. 

2- 1 
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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 
East End of the vault. Each of the concrete cell walls is 0.6 m (2 fi) thick. Cell 1 contains the 
following equipment: 

Tank TK-001, 
Sumpjet, 
Wall nozzles, 
Permanent piping, 
Instrumentation, and 
Cell spray system. 

Cell 1: The Cell 1 is located between Cell 2 and the failed equipment storage area at the 

2.1.1.1 
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: 

Cell 1 Sump: The cell sump contains approximately 94 L (25 gal) of liquid that may be 

0 

0 

0 

0 

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. 

2-2 
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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: 

TankTK-002, 
Sumpjet, 
Wallnozzles, 
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 (1 1,650 gal) ofwater transferred from TK-004 
and past transfer line flushes. Sampling information is 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 

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 
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) ofwater 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, 

Instrumentation, and 
Three spare tank nozzles. 

Cell 3 Sump: Cell 3 contains about 12,869 L (3,400 gal) ofwater (rain and snowmelt) 

Vessel ventilation and chemical addition lines, and 

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) ofwater from 
TK-003 and past transfer line flushes. Sampling 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, 

Instrumentation, and 
Three spare tank nozzles. 

Vessel ventilation and chemical addition lines, and 
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2.1.4 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 necessq  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) 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 

b) 

- 
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 roofwas 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 unsuccesshl. 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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2.4 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 5 1.5%. 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 15 1-AR 
diversion box. The other path is the drain line located at the bottom of each of the failed 
equipment storage tubes. 

b) 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. 

c) 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. 

a) 

2-6 
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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 systendprocess 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 M O P  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. 

Item 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 radioactive 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 TSW 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 is a “first cut,” qualitative 

3 -2 
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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: 

SO 

S 1 

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. 

S2 

S3 

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 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 lE-O2/yr to O.l/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-O4/yr to lE-O2/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-O6/yr to 1E-O4/yr. 

Events categorized as "beyond extremely unlikely," with a frequency less than 
1E-O6/yr. Events in this category (such as meteor strike) are so unlikely they 
generally do not require special controls. 

F2 

F1 

FO 

Env cat: The environmental consequence ranking is a "first cut," qualitative estimate of the 
environmental severity of the hazardous condition assuming no controls are present. The 
following system is used 

EO 

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: 

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. 

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 HNF-SD-WM-TI-764 and used in 

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

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

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 

Tables B-5 and B-6 of Appendix B: 

. 
Rep ACC - Representative Accident - An alphahumeric 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 HAZOP 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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. Node 1: Cell 3 including TK-003 and TK-004 

. Node 2: Cell 2 including TK-002 

. Node 3: Cell 1 including TK-001 

Node 4: Failed Equipment Storage Tubes 

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 the 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 B5, 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 B5 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 following concerns being identified which may need to be addressed via TSRs: 

There are no surveillance controls for the 244-AR Vault Facility, 
There is no recovety or emergency plan for the hazardous conditions identified. 
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 P o o ~ ' .  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 S2 consequence category. The identifiers for these hazardous 
conditions are: 

. S3 Hazardous Conditions . 244AR-New.05, . 244AR-New.06, . 244AR-New. 15, . 244AR-New. 16, . 244AR-New.24, and 
m 244AR-New.25 
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. S2 Hazardous Conditions 
244AR-New.03, 
244AR-New.04, 
244AR-New.07, 
244AR-New.13, 
244AR-New.14, 

rn 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 all 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. W O P  Process Variables and Guide Words - Deviations 
I I I 

TEMPERATURE 

LEVEL 

AGITATION 

REACTION 

TIME PROCEDURE 

Process LESS, 

Variables NONE SHORT 

Freezing Low Temperature 

Empty Low Level 
No Mixins Poor Mixing 

No Reaction Slow Readion 

Skipped or missing Too ShoA 
step Too Little 

SPEED 

PH 
c?' 

stopped Too Slow 

Low pH 

CONCENTRATION Low Concentration 

I I 

CURRENT I NoCurrent I CumntHigh 

\'ISC'OSIT\' 

VOLTAGE 

Inn V,r;orrt) 

No V J I W y  v d t a ~ e  Lou 

STATIC 

SPECIAL 

1 SHIELDING I I LessShieldine 

Utility Failure External Leak 

Guide Words 

HIGH, 

High Rate, 
High Total Impurities 

STRUCTURAL Structural Failure 
STRENGTH 

High Temperature 

High Level Low Interface High Interface 

Excessive Middne Midne l m m ~ t i o n  Foamine 

Less Strength 

~ - - 
Runaway Reaction Partial Reaction Side Reaction 

Too Long. Action($ Skipped Exiza Actian(s) 
Too Much (Shoricut9 

Too Fast out of sync 

High pH I I Additional Acid, 
Additional Base 

High Viscosity 

current Low 

Static Charge 

Eaemal Rupture Tube Leak Tube Rupture 

Mare Strength 

More Shieldine 

Vacuum 

I Auto-refrigeration 

Decomposition 

Ineredient 

AC instead of DC 

Shutdow 
Maintenance 



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 S2 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-ARvault 
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. 
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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assignments with 7 years at the Hanford Site. Experience includes Systems Engineering, Interface 
Control, Productionhfanufacturing Engineering, Configuration Management, and lead Engineer 
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Item ID h ide  Possible Causes Hazardous Potential Potential 
Word of Deviation Condition s s c s  TSRs Consequence 

WAR-New.03 

Remarks Con Freq Env 
Cat  Cat  Cat  

Level 

Level 

Table B1. HAZOP Table - 244-AR Vault Facility 

~ 

.ow 

.ow/ 

.IO 

__ 
iigh 

__ 

dot considered a 
iroblem - below 
jround conditions 
naintain constant 
emperature - 
here is no active 
ientilation to 
244-AR Cell 3 
lesired Condition 
i f  244-AR Cell 3 

Zeneral Intrusion: 
Water line 
'uptures Snow, 
?ain 

None 

None 

Water intrusion 
into 244AR 
Cell 3 with 
potential 
movement of 
radioactive 
contamination i i  
cell to soil 
through cell 
leaks 

Potential for 
floating tanks in 
244-AR Cell 3 

Spill of 
radioactive 
waste to the cel 
due to rupture c 
tank, leakof 
radiological 
material to soil 

Potential for PO( 
leak if cells 
ovemow 

None 

None 

Release of 
radioactive 
contaminate' 
water to soil 
(subsurface: 
from 2WAF 
Cell 3 via vat 
leaks due to 
water leak in 
cells 

Release of 
radioactive 
contaminate 
water to 
ground surf: 
(pool leak) 
from 244AF 
Cell 3 due tc 
vault over flc 

+me 

gone 

jervice 
water flow 
otalizers 

fleight 
'actor level 
ilarms 

None 

None 

AC: Fill 
tanks to 
prevent 
turnover if 
intrusion 
can't be 
stopped 
(piping is 
present) 

AC: 
Monitor 
sump level 

AC: 
Service 
water 
monitoring 

Cell I ,  Cell 2 and Failed 
Equipment Storage Tube 
same as Cell 3 for this 
condition 

Material dry out and 
resuspension is not 
considered a concern 
because no active ventilation 
in 244AR facility 

Tankconnections are on top 
of tank 

Tanks may turn over if they 
are top-heavy in Cell 3 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

244AR crane not operational 

No steam supply available 

Service water is isolated from 
244AR 

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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Item ID 

244AR-New.04 

244AR-New.05 

Process 
Variabli 

Level 

Level 

__ 
Guide 
W o r d  
High 

~ 

High 

Possible Causes 
of Deviation 

ioof leaks over 
144-AR Cell 3 

Naste 
nistransfers 

Consequence 

Water intrusion 
into 244-AR 
Cell 3 with 
potential 
movement of 
radioactive 
contamination in 
cell to soil 
through cell 
leaks 

Potential for 
floating tanks in 
244-AR Cell 3 

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

Potential for pool 
leak if cells 
ovemow 
Aerosol release 
from pool leak 

Radioactive 
liquid release to 
soil from pool 
leak 

Hazardous 
Condition 

ielease of 
adioactive 
:ontaminated 
vater to soil 
subsurface) 
rom 244AR 
:ell 3 via vault 
eaks 

ielease of 
adioactive 
:ontaminated 
mter to 

tue to vault 
iver flow 

3elease of 
adioactive 
ank waste 
rom 244-AR 
:ell 3 to soil 
iurface (pool 
Zak) due to a 
mste 
nistransfer 
hrough 
liversion box 
!41-AR-151 

Potential 
s s c s  

Neight ‘ 

actor level 
ilarms 

.eak 
letectors 

Potential 
TSRs 

AC: Fill 
tanks to 
prevent 
turnover if 
intrusion 
can’t be 
stopped 
(piping is 
present) 

AC: 
Monitor 
sump level 

AC: 
Transfer 
controls 
interconne 
cted 
facilities 
verification 
requiremen 
t 

4C: 
Transfer 
:ontrols 
naterial 
2aiance 

- 
Env 
Cat 
i2 
- 

- 
i3 

- 

Remarks 

rank connections are on top 
iftank 

ranks may turn over if they 
Ire top-heavy in Cell 3 

rhere is no current 
nechanism to empty sump or 
anks 

dentilation system not 
)perational 

144-AR crane not operational 

‘ lo steam supply available 

mgitudinal crack from Cell 3 
o Cell 2 (status unknown) 

:ell interconnection in facility 
xeates situation where ail 
:ells must fill afler a certain 
eve1 is reached in a particular 
:ell 

:urrently 244-AR is isolated 
rom tank farms by removal of 
umper in 241-AR-151 

iequires very large quantity of 
naterial to fill up 244-AR 
acility (2WK gallons 
ipproximately) 
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Item ID 

MAR-New.06 

MAR-New.07 

Process 
Variable 

Level 

Level 

__ 
guide 
Word 
iigh 
~ 

~ 

iigh 

Possible Causes 
of Denation 

241-AR-151 leak; 
irain backto 
244-AR. Cells 1, 
2, and 3 

244-AR Seal Pot 
wefflow into 
Cell 3 

Consequence 

Aerosol release 
from pool; shine 
dose from pool 
Radioactive 
liquid release to 
soil from pool 
leak 

Water intrusion 
into 244-AR 
Cell 3 with 
potential 
movement of 
radioactive 
contamination in 
cell to soil 
through cell 
leaks 

Potential for 
floating tanks in 
244AR Cell 3 

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

Potential for pool 
leak if cells 
ovefflow 

Hazardous 
Condition 

Release of 
radioactive 
tank waste to 
soil surface 
from Cell 3 due 
to drain back 
from 
241-AR-151 to 
2 W A R  Cells 
(pool leak) 

Release of 
radioactive 
contaminated 
water to soil 
(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 244AR 
Cell 3 due to 
vault over flow 

Potential 
s s c s  

.eak 
letectors 

Neight 
actor level 
ilarms 

Potential 
TSRs 

!C: 
rransfer 
:ontrols 
nterconne 
:ted 
acilities 
ferification 
equiremen 

4C: 
rransfer 
:ontrols 
nateriai 
ialance 
4C: Fill 
anks to 
irevent 
urnover if 
ntrusion 
:an7 be 
;topped 
piping is 
iresent) 

4C: 
Monitor 
jump level 

Remarks 

Currently 244-AR is isolated 
from tank farms by removal of 
jumper in 241-AR-151 

Requires vely large quantity of 
material to fill up 244AR 
facility (200K gallons 
approximately) 

Tank connections are on top 
of lank 

Tanks may turn over if they 
are top-heavy in Cell 3 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

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 alter a certain 
level is reached in a particular 
cell 
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Item ID 

244AR-New.08 

Process 
Variable 

Level 

~ 

Guide 
Word 
High 
~ 

Possible Causes 
of Deviation 

jeneral Intrusion: 
Water line 
uptures Snow, 
iain 

Consequence 

'otential for 
bating tanks in 
?44-AR Cell 3, 
rank rupture of 
~ ~ - 0 0 3  and 
TK-OO~ with spill 
>f radiological 
vaste to cell, 
eak of 
adiologicai 
naterial to soil 

Hazardous 
Condition 

ielease of 
adioactive 
:ontaminated 
vater from 
uptured tank 
TK-003 or 
TK-004 to soil 
subsurface) 
lue to vault 
eaks in 
144AR Cell 3 

Potential 
s s c s  

jervice 
vater flow 
otaiizers 

Neight 
actor level 
ilarms 

Potential 
TSRs 

AC: Fill 
tanks to 
prevent 
turnover if 
intrusion 
can't be 
stopped 
(piping is 
present) 

AC: 
Monitor 
sump level 

AC: 
Service 
water 
monitoring 

Remarks 

No overflow from Cell 3 with 
tanks TK-003 and TK-004 
resulting in float and rupture of 
tanks in Cell 3 

Tank connections are on top 
of tank 

Tanks TK-003 and TK-004 
may turn over if Cell 3 fills with 
water 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

244-AR crane not operational 

No steam supply available 

Service water is isolated 

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

Cell interconnection in facility 
creates situation where all 
cells must fill afler a certain 
level is reached in a particular 
cell 
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Item ID 

WAR-New.09 

Process 
Variable 

Level 

~ 

h i d e  
Word 
iigh 
~ 

Possible Causes 
of Deviation 

ioof leaks over 
!WAR Cell 3 

Consequence 

Water intrusion 
into 244AR 
Cell 3 with 
potential 
movement of 
radioactive 
contamination in 
cell to soil 
through cell 
leaks 

Potential for 
floating tanks in 
244AR Cell 3 

Spill of 
radioactive 
waste to the cell 
due to rupture of 
tank, leakof 
radiological 
material to soil 

Potential for pool 
leak if cells 
ovemow 

Hazardous 
Condition 

ielease of 
adioactive 
:ontaminated 
mter to soil 
subsurface) 
lue to vault 
eak from 
!44AR Cell 3 

ilarms prevent 
turnover if 
intrusion 
can't be 
stopped 
(piping is 
present) 

Monitor 
sump level 

- 
Env 
Cat 
i2 
- 

Remarks 

No ovemow from Cell 3 with 
tanks TK-003 and TK-004 
resulting in noat and rupture of 
tanks in Cell 3 

Tank connections are on top 
of tank 

Tanks TK-003 and TK-004 
may turn over if Cell 3 fills with 
water 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

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 afler a certain 
level is reached in a particular 
cell 
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Item ID 

!MAR-New.10 

~ 

Guide 
Word 
i igh 
__ 

- 
Hazardous 
Condition 

ielease of 
,adioactive 
:ontaminated 
d e r  from 

Process 
Variable 

.eve1 

Possible Causes 
of Deviation 

Seal Pot ovemow 

Potential 
sscs 

Neight 
actor level 
3larms 

Uone 

qone 

Potential 
TSRs 

ic: Fill 
anks to 
)revent 
urnover if 
ntrusion 
:an7 be 
;topped 
piping is 
iresent) 

iC: 
vlonitor 
;ump level 

Remarks Consequence 

Water intrusion ~~ 

into 244-AR 
Cell 3 with 
potential 
movement of 
radioactive 
contamination in 
cell to soil 
through cell 
leaks 

Potential for 

No ovemow from Cell 3 with 
tanks TK-003 and TK-004 
resulling in float and rupture of 
tanks in Cell 3 

Tank connections are on top 
of tank 

Tanks TK-003 and TK-004 
may turn over if Cell 3 fills with 
water 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

244-AR crane not operational 

:subsurface) 
jug to Mull 
eaks in 
244-AR Cell 3 

floating tanks in 
244-AR Cell 3 

Spill of 
radioactive 
waste to the cell 
due to rupture of 
tank, leakof 
radiological 
material to soil 
(subsurface) 

Longituainal crack from Ce.13 
to Ce I 2  (slats unknown) 

Cel interconnect on n fact .ty 
creates siLa1 on where all 
cel s mu3 f l l  afier a cenain 
level is reacned n a partied ar 
cell 

002 
remperature .ow None uone done Cell 1, Cell 3 and Failed 

Equipment Storage Tube 
same as Cell 2 for this 
condition 

Not considered a 
problem - below 
ground conditions 
maintain constant 
temperature - 
there is no active 
ventilation to 
244-AR Cell 2 
Desired Condition 
of 244-AR Cell 2 

.ow/ 
40 

Uane vane .lone Material dry out and 
resuspension is not 
considered a concern 
because no active ventilation 
in 244AR Vault Facility 



Table B1. HAZOP Table - 244-AR Vault Facility 

Euv 
Cat 
i2 

19 Pages 

Item ID 

MAR-New.13 

Remarks 

Tank TK-002 connections are 
on top of tank 

Tank TK-002 may turn over if 
Cell 2 fills with water 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

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 aRer a certain 
level is reached in a particular 
cell 

Process 
Variable 

.eve1 

Guide Possible Causes 

i igh General Intrusion: 
Water line 
ruptures Snow, 
Rain 

Cons e q u e n c e 

Water intrusion 
into 244-AR 
Cell 2 with 
potential 
movement of 
radioactive 
contamination in 
cell to soil 
through cell 
leaks 

Potential for 
floating tanks in 
244AR Cell 2 

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

Potential for pool 
leak if cells 
overflow 

Hazardous 
Condition 

Release of 
radioactive 
contaminated 
water to soil 
from 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 

Potential 
s s c s  

Service 
d e r  flow 
totalizers 

iNeight 
factor level 
alarms 

Potential 
TSRs 

AC: Fill 
tanks to 
prevent 
turnover if 
intrusion 
can't be 
stopped 
(piping is 
present) 

AC: 
Monitor 
sump level 

AC: 
Service 
water 
monitoring 

- 
Con 
Cat 
52 
- 



Table B1. HAZOP Table - 244-AR Vault Facility 
19 Pages 

Item ID 

WAR-New.14 

!MAR-New.15 

- 
Guide 
Word 
iigh 
__ 

iigh 

Possible Causes 
of Deviation 

Roof leaks over 
244-AR Cell 2 

Waste 
mistransfers 

Consequence 
~ 

Water intrusion 
into 244-AR 
Cell 2 with 
potential 
movement of 
radioactive 
contamination in 
cell to soil 
through cell 
leaks 

Potential for 
floating tank in 
244-AR Cell 2. 
spill of 
radioactive 
waste to the cell 
due to rupture of 
tank, leak of 
radiological 
material to soil 

Potential for pool 
leak to 
environment if 
cells ovemow 
Aerosol release 
from Pool leak 

Radioactive 
liquid release to 
soil from Pool 
leak 

Hazardous 
Condition 

?elease of 
adioactive 
:ontaminated 
mter to soil 
from 244-AR 
Sell 2 via vault 
eaks 

Release of 
'adioactive 
:onlaminated 
mter to 
ground surface 
[pool leak) 
from 244-AR 
Cell 2 due to 
dault over flow 

Release of 
'adioadive 
:ankwaste 
from 244-AR 
Cell 2 to soil 
jurface (pool 
eak) due to a 
mste 
mistransfer 
ihrouah 

Potential 
s s c s  

fleight 
factor level 
elarms 

Leak 
jetectors 

Potential 
TSRs 

K: Fill 
anks to 
xevent 
urnover if 
ntrusion 
:ant be 
;topped 
piping is 
iresent) 

4C: 
&nitor 
sump level 

IC: 
rransfer 
:ontrols 
nterconne 
:led 
acilities 
rerificatin 
'equiremen 

4C: 
rransfer 
;ontrols 
nateriai 
ialance 

- 
Freq 
Cat  
F1 
- 

- 
FO 

- 
Env 
Cat 
i2 
- 

- 
i3 

R e m a r k  

Tank TK-002 connections are 
on top of tank 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

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 afler a certain 
level is reached in a particular 
cell 

Currently 244-AR is isolated 
from tank farms by removal of 
jumper in 244AR-151 

Requires very large quantity of 
material to fill up 244-AR 
facility (200K gallons 
approximately) 



W 
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19 Pages 
Table B1. HAZOP Table - 244-AR Vault Facility 

Item ID 

244AR-New.16 

244AR-New.17 

Process 
Variable 

.evei 

.eve1 

__ 
Guide 
W o r d  
'ligh 
~ 

__ 
High 

Possible Causes 
of Deviation 

!41-AR-151 leak; 
lrain back to 
!44-AR. Cells 1, 
!, and 3 

;enera1 Intrusion: 
Water line 
uptures Snow, 
iain 

Consequence 

ierosoi release 
rom Pool; shine 
lose from Pool 

7adioactiVe 
quid release to 
toil from Pool 
zak 

'otential for 
loating tank 
iK-002 in Cell 2 
If 244AR. Tank ~ 

upture of 
TK-002 with splil 
)f radiological 
vaste to csll, 
eak of 
adiological 
naterial to soil 
subsurface) 

Hazardous 
Condition 

Release of 
radioactive 
tankwaste to 
soil surface 
(pool leak) 
from Cell 2 du, 
to drain back 
from 
241-AR-151 t< 
244-AR Cells 

Release of 
radioactive 
contaminated 
water from 
ruptured tank 
TK-002 to soil 
(subsurface) 
due to vault 
leaks from 
244-AR Cell 2 

Potential 
s s c s  

Leak 
detectors 

Service 
mter flow 
tdalizers 

Weight 
factor level 
alarms 

- 
Potential 

TSRs 
4C: 
Transfer 
:ontrols 
nterconne 
:ted 
'acilities 
ierification 
'equiremer 

__ 

4C: 
Transfer 
:ontrols 
naterial 

4C: Fill 
anks to 
srevent 
.urnover if 
ntrusion 
:an't be 
stopped 
:piping is 
iresent) 

4C: 
%anitor 
sump level 

4C: 
Service 
water 
nonitoring 

,alance 

- 
Env 
Cat 

E3 
- 

- 
E2 

Remarks 

Currently 244-AR is isolated 
from tank farms by removal of 
jumper in 244-AR-151 

Requires very large quantity of 
material to fill up 244AR 
facility (200K gallons 
approximately) 

No ovemow from Cell 2 with 
tank TK-002, resulting in float 
and rupture of tankin Cell 2 

Tank TK-002 connections are 
on top of tank 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

244-AR crane not operational 

No steam supply available 

Service water is isolated from 
244-AR 

Tanks TK-002 appear to be 
anchored to cell noor 

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

Cell interconnection in facility 
creates situation where all 
cells must flii afls a certain 
level is reached in a particular 
cell 



Table B1. HAZOP Table - 244-AR Vault Facility 

Remarks 

No overflow from Cell 2 with 
tankTK-002. resulting in float 
and rupture of tank in Cell 2 

Tank TK-002 connections are 
on top of tank 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

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 parlicular 
cell 

19 Pages 

Item ID 

244AR-New.18 

8 
5 
r 
5 
0 

Process 
Variable 

.eve1 
244-AR Cell 2 

Water intrusion 
into 244-AR t-- Cell 2 with 
potential 
movement of 
radioactive 
Contamination in 
cell to soil 
through cell 
leaks 

Potential for 
floating tanks in 

'ZWAR cell 2 

Spill of 
radioactive 
waste to the cell 
due to rupture of 
tank, leak of 
radiological 
material to soil 
(subsurface) 

Hazardous 
Condition 

Release of 
radioactive 
contaminated 
mter to soil 
(subsurface) 
due to vault 
leak from 
244-AR Cell 2 

Potential 
s s c s  

Weight 
factor level 
alarms 

Potential 
TSRs 

4c: Fill 
anks to 
irevent 
urnover if 
ntrusion 
:ant be 
stopped 
:piping is 
iresent) 

4C: 
Vlonito r 
jump level 

Con F r e q  

T 
- 
Env 
Cat 
E2 
- 

- 



Table B1. HAZOP Table - 244-AR Vault Facility 
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I tem ID 

144AR-New. 19 

qode 3 - Cell 1 ii 
WAR-New.20 

MAR-New21 

Process 
Variable 

.eve1 

101 

.emperature 

.eve1 

~ 

Guide 
Word 
i igh 
~ 

~ 

__ 
LOW 

~ 

Low/ 
No 

Possible Causes 
of Deviation 

Seal Pot ovemow 

Not considered a 
problem - below 
ground conditions 
maintain constant 
temperature - 
there is no active 
ventilation to 
244-AR Cell 1 
Desired Condition 
of 244AR Cell 1 

Consequence 

Potential for 
noating tanks in 
Sell 2 affer filling 
3eil 3 and 
werilowina or 
eaking liqiid to 
Sell 2 

Xupture of tank 
spilling of 
'adioiogical 
waste to Cell 2 
3nd leakage of 
'adiological 
naterial to soil 
:subsurface) 

None 

None 

Hazardous 
Condition 

?elease of 
adioactive 
:onlaminated 
water from 
vptured tank 
TK-002 to soil 
:subsurface) 
Yue to vault 
eaks into 
244-AR Cell 2 

Potential 
sscs 

Ueight 
'actor level 
4arrns 

Potential 
TSRs 

4C: Fill 
anks to 
irevent 
urnover if 
ntrusion 
:an't be 
;topped 
piping is 
iresent) 

4C: 
donitor 
sump level 

- 
R e q  
Cat  
F1 
- 

- 
Env 
Cat 
12 
- 

Remarks 

Ovemow from Cell 3 with 
tanks TK-003 and TK-004, 
leak of water from Cell 3 to 
Cell 2 resulting in float and 
rupture of Cell 2 tank TK-002 

Tank connections are on top 
of tank 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

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 RII affer a certain 
level is reached in a Darticular 
cell 

Cell 2, Cell 3 and Failed 
Equipment Storage Tube 
same as Cell 1 for this 
condition 

Material dry out and 
resuspension is not 
considered a concern 
because no active ventilation 
in 244-AR facility 



Table B1. HAZOP Table - 244-AR Vault Facility 
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Item ID 

MAR-New.22 

Process 
Variable 

.eve1 

Guide Possible Causes 

i lgh General Intrusion: 
Water line 
ruptures Snow, 
Rain. Failed 
equipment tube 
leaks overflowing 
into Cell 1 

Consequence 

Water intrusion 
into 244-AR 
Cell 1 with 
potential 
movement of 
radioactive 
contamination in 
cell 

Potential for 
floating tank 
TK-001 in Cell 1 
with rupture of 
tank 

Spill of 
radiological 
waste to cell, 
leakage of 
radiological 
material to soil 

Potential for pool 
leak if 244AR 
vault cells 
ovemow 

Hazardous 
Condition 

Lelease of 
adioactive 
ontaminated 
dater to soil 
subsurface) 
rom 244-AR 
:ell 1 via vault 
?aks due to 
dater leak into 
.ells 

<elease of 
adioactive 
:ontaminated 
vater to 
[round surface 
Pool leak) 
rom 244-AR 
:ell 1 due to 
ault over flow 

Potential 
s s c s  

Service 
mter flow 
:otalizers 

Weight 
factor level 
alarms 

Potential 
TSRs 

4C: Fill 
anks to 
irevent 
urnover if 
ntrusion 
:an? be 
stopped 
:piping is 
iresent) 

4C: 
Wonitor 
sump level 

4C: 
Service 
d e r  
monitoring 

- 
Env 
Cat  
i 2  
- 

Remarks 

Overflow from vault to soil 
surface due to float and 
rupture of tank TK-001 

Tank TK-001 connections are 
on top of tank 

Service water is isolated from 
244-AR 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

244AR crane not operational 

No steam supply available for 
jetiing 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 sltuation where all 
cells must fill afler a certain 
level is reached in a particular 
cell 



Table B1. HAZOP Table - 244-AR Vault Facility 
19 Pages 

Item ID 

244AR-New.24 

Process 
Variable 

.eve1 

.eve1 

__ 
Guide 
Word 
iigh 
- 

__ 
iigh 

Possible Causes 
of Deviation 

?oof leaks over 
244AR Cell 1 

Waste 
mistransfers 

Consequence 

Water intrusion 
into 244AR 
Cell 1 with 
potential 
movement of 
radioactive 
contamination in 
cell 

Potential for 
floating tank 
TK-001 in Cell 1 
with rupture of 
tank 

Spill of 
radiological 
waste to cell, 
leakage of 
radiological 
material to soil 

Potential pool 
leak if facility 
cells ovemow 

Aerosol release 
from pool leak 

Radioactive 
liquid release to 
soil from pool 
leak 

Hazardous 
Condition 

ielease of 
adioaclive 
:ontamhated 
mter to soil 
from 244-AR 
Cell 1 via vault 
eaks 

Release of 
adioactive 
:ontaminated 
mter to 
ground surface 
[pool leak) 
from 244-AR 
Cell 1 due to 
vault over flow 

Release of 
radioactive 
tankwaste 
from 244-AR 
Cell 1 to soil 
surface (pool 
leak) due to a 
waste 
mistransfer 
ihrough 
diversion box 
241-AR-151 

Potential 
sscs 

Neight 
'actor level 
alarms 

teak 
detectors 

Potential 
TSRs 

\C: Fill 
anks to 
wevent 
urnover if 
nlrusion 
:an7 be 
;topped 
piping is 
rresent) 

\C: 
donitor 
;ump level 

4C; 
rransfer 
:ontrols 
nterconne 
:ted 
acilities 
ierification 
'equiremen 
AC: 

rransfer 
:ontrols 
naterial 
)alance 

Remarks 
~ ~~ 

Tank TK-001 connections are 
on top of tank 

There is no current 
mechanism to empty sump or 
tanks 

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 ail 
cells must fill afler a certain 
level is reached in a particular 
cell 

Currently 244-AR is isolated 
from tank farms by removal of 
jumper in 244-AR-151 

Requires ve!y large quantity of 
material to fill up 244-AR 
facility (2WK gallons 
approximately) 



Table B1. HAZOP Table - 244-ARVault Facility 

lrain back to 
!WAR, Cells 
1,2,3) 

19 Pages 

Item ID 

244AR-New.25 
from pool 

Shine dose from 
pooi 

Radioactive 
liquid release to 
soil from vool 

244AR-New.26 

uptures Snow, 
tain, Failed 
:quipment tube 
saks overflowing 
i t0 244AR, 
:ell 1 

Process 
Variable 

.evei 

TK-001 in 
244-AR, Cell 1 

Tank rupture of 
TK-001 with spil 
of radiological 
waste to cell 

Leakage of 
radiological 
material to soil 
(subsurface) 

.eve1 

~ 

Guide 
Word  
i i gh  
~ 

i i gh  

I leak 

floating tank 

-. . 

Water line 

Hazardous 
Condition 

Release of 
radioactive 
lank waste to 
soil surface 
(pool leak) 
from Cell 1 due 
to drain back 
from 
241-AR-151 to 
244-AR Cells 

Release of 
radioactive 
contaminated 
water from 
Nptured tank 
TK-001 to soil 
(subsurface) 
due to vault 
leaks in Cell 1 
of 244-AR 

Potential 
sscs 

Leak 
detectors 

Service 
water flow 
totalizers 

Weight 
factor level 
alarms 

Potential 
TSRs 

4C: 
Transfer 
:ontroIs 
nterconne 
:ted 
'acilities 
ierification 
equiremen 
: AC: 
Transfer 
:ontrols 
naterial 
2alance 
4C: Fill 
:anks to 
xevent 
:urnover if 
ntrusion 
:an't be 
stopped 
:piping is 
,resent) 
4C: 
Monitor 
jump level 
AC: 
Service 
mter 
nonitoring 

- 
Con 
Cat  
53 
- 

- 
so 

- 
Env 
Cat  
i 3  
- 

- 
i 2  

Remarks 

Currently 244-AR is isolated 
from tank farms by removal of 
iumper in 244-AR-I51 

Requires very large quantity of 
material to fill up 244-AR 
facility (200Kgallons 
approximately) 

No overflow from vault due to 
float and rupture of tank 
TK-001 

Tank TK-001 connections are 
on top of tank 

Service water is isolated from 
244-AR 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

244-AR crane not Operational 

No steam supply available for 
ietting 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 811 alter a certain 
level is reached in a particular 
cell 



Table B1. HAZOP Table - 244-AR Vault Facility 

Not considered a 
problem - below 
ground conditions 
maintain constant 
temperature - 
there is no active 
ventilation to 
244-AR Failed 
Equipment 
Storage Tube 

I 9  Pages 

I tem ID 

!MAR-New.27 

None None None None N/A N/A 

Process 
Variable 

.eve1 

__ 
Guide 
Word 
i igh 
~ 

torage Tubes 
r I .  

?ossible Causes 
of Deviation 

loof leaks over 
144-AR Cell 1 

Consequence 

Water intrusion 
into 244-AR 
Cell 1 with 
potential 
movement of 
radioactive 
contamination in 
cell to soil 
through cell 
leaks 

Potential for 
floating tank 
TK-001 in 
244AR Cell 1 
with spill of 
radioactive 
waste to the cell 
due to rupture of 
tank 

Leakage of 
radiological 
material to soil 

Potential pool 
leak to 
environment if 
244-AR vault 
cells ovemow 

Hazardous 
Condition 

Release of 
radioactive 
contaminated 
water to soil 
(subsurface) 
due to vault ' 
leak from 
244-AR, Cell 1 

Potential 
sscs 

Weight 
factor level 
alarms 

Potential 
TSRs 

4C: Fill 
anks to 
irevent 
urnover if 
ntrusion 
:an? be 
stopped 
:piping is 
,resent) 
4c: 
Monitor 
jump level 
AC: 
Service 
Nater 
nonitoring 

- 
Con 
Cat  
SO 
- 

- 
Env 
Cat 
I2 
- 

Remarks 

No overflow from vault due to 
float and rupture of tank 
TK-001 

Tank TK-001 connections are 
on top of tank 

There is no current 
mechanism to empty sump or 
tanks 

Ventilation system not 
operational 

244-AR crane not operational 

No steam supply available for 
jetting purposes 

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

Tank TK-001 appears lo be 
anchored to cell floor 

Cell interconnection in facility 
creates situation where all 
cells must fill afler a celtain 
level is reached in a particular 
CPll 

Tube same as 244AR, Cells 
I, 2, and 3 for this contition 



W 
tj 
0 

maintain constant 
temperature - 
there is no active 
ventilation to 
244-AR Seal Pot 
Pit I 

Table B1. HAZOP Table - 244-AR Vault Facility 

I I 

19 Pages 

Item ID 

244AR-New.29 

244AR-New.30 

Process 
Variable 

.eve1 

.eve1 

.eve1 

__ 
Guide 
Word 
LOW/ 
NO 

~ 

__ 
4igh 

i igh 

Possible Causes 
of Deviation 

Iesired Condnion 
if 244AR Failed 
iquipment 
jtorage Tube 

3oof leak over 
:ailed Equipment 
>torage Tube 

;enera1 Intrusion: 
Water line 
uptures, Snow, 
tain 

Consequence 

None 

Flooding of the 
244-AR Failed 
Equipment 
Storage Tube 
and leak of 
radiological 
material to soil 
(subsurface) 

Flooding of the 
244-AR Failed 
Equipment 
Storage Tube 
and leak of 
radiological 
material to soil 
(subsurface) 

Hazardous 
Condition 

None 

Release of 
radioactive 
contaminated 
water to soil 
(subsurface) 
from 244-AR 
Failed 
Equipment 
Tube due to 
roof leak and 
leakage from 
tube 
Release of 
radioactive 
contaminated 
water to soil 
(subsurface) 
from 244-AR 
Failed 
Equipment 
Tube due to 
roof leak and 
leakage from 
tube 

Potential 
sscs 

None 

Weight 
factor level 
alarms 

Weight 
factor level 
alarms 

Potential 
TSRs 

None 

4C: 
Monitor 
sump level 
n Cell 1 

4C: 
Monitor 
jump level 
n Cell 1 

Not considered a None 
problem - below 
ground conditions 

None I None 

None 

- 
Con 
Cat 
NIA 
- 

- 
so 

- 
so 

Remarks 

Material dry out and 
resuspension is not 
considered a concern 
because there is no active 
ventilation in 244-AR facility 

For Failed Equipment Storage 
Facility no liquid in the cell is 
the desired condition 
Any inflow into Failed 
Equipment Storage Tube 
results inflow into Cell 1 due tc 
interconnecting drain pipe at 
bottom of cell and tube 

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

Any inflow into Failed 
Equipment Storage Tube 
results inflow into Cell 1 due to 
interconnecting drain pipe at 
bottom of cell and tube 

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

Seal Pot same as 244-AR 
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 soil (subsurface) 



Table B1. HAZOP Table - 244-AR Vault Facility 
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Item ID 

14AR-New.33 

!4AR-New.34 

Process 
Variable 

Level 

Level 

Abbreviations: 
AC - Administrative Control 
BIO - Basis far Interim operation 
DF - Desigo Feature 
LCO -Limiting Condition for operation 

__ 
Guide 
Word 
LOW/ 
No 

~ 

~ 

High 

__ 

Possible Causes 
of Deviation 

Desired Condition 
of 244-AR Seal 
Pot 

Genera Intrusion: 
Vessel vent 
prefilter drain, 
Main vessel vent 
filter vault. 
Vessel Vent 
Stack 

Consequence 

4one 

~ 

'otential for 
loating Seal Pot 
n Seal Pot Pa 
esultino in 
upturek Seal 
'Ot 

%pill of 
adiological 
mste to Pit, leak 
>f radiological 
naterial to soil 
'subsurface) 

Hazardous 
Condition 

4one 

Gease of 
adioactive 
mtaminated 
vater to soil 
subsurface) 
rom 244AR 
Seal Pot Pit 
jue to in 
eakage of 
iquid into pit 
esulting in 
upture of pot 

Potential 
sscs 

done 

done 

Potentia 
TSRs 

None 
~ 

None 

Remarks 

dater a dry out and 
esuspension s not 
:onsidered a concern 
>ecause there is no active 
tentilation in 244AR Vault 
:acility 

:or seal pot low level is the 
iesired condition, no lwel is 
indesirable but not a 
significant threat 
:ell interconnection in facility 
:reales situation where all 
:ells must fill after a certain 
eve1 is reached in a particular 
eve1 
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Freq 
Cat Hazardous Condition 

Table B2. Hazardous Conditions With Potential Significant Offsite Consequences (S3) 

Env 
Cat 

1 Page 

ID 

244AR-New.05 Release of radioactive tank waste from 244-AR 
Cell 3 to soil surface (pool leak) due to a waste 
mistransfer throueh diversion box 241-AR-151 

244AR-New.06 

FO 

244AR-New.15 

Release of radioactive tank waste to soil surface from 
Cell3 duetodrainbackfrom241-AR-151 to 
244-AR Cells (pool leak) 

Release of radioactive tank waste f?om 244-AR 
Cell 2 to soil surface (pool leak) due to a waste 
mistransfer throughdiversion box 241-AR-151 

244AR-New. 16 

FO 

FO 

244AR-New.24 

Release ofradioactive tank waste to soil surface (pool 
leak) from Cell 2 due to drain back from 
241-AR-151 to244-AR Cells 

244AR-New.25 

FO 

Cause 

Waste mistransfers 

Release ofradioactive tank waste fiom 244-AR 
Cell 1 to soil surface (pool leak) due to a waste 
mistransfer through diversion box 241-AR-151 

241-AR-151 leak; drain back to 
244-AR, Cells 1,2, and 3 

Waste mistransfers 

FO 

241-AR-151 leak; drain back to 
244-AR, Cells 1,2, and 3 

Release of radioactive tank waste to soil surface boo1 
leak) from Cell 1 due to drain back from 
241-AR-151 to 244-ARCells 

Waste mistransfers 

FO 241-AR-151 leak, drain backto 
244-AR, Cells (1,2,3) 

E3 

E3 

~ 

E3 

E3 

E3 

E3 
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General Intrusion: Water line 
ruptures Snow, Rain 

Table B3. Hazardous Conditions With Potential Significant Onsite Consequences (S2) 

Release of radioactive contaminated water to soil 
(subsurface) from 244-AR Cell 3 via vault leaks due 
to water leak into cells 

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

2 Pages 

ID 

244AR-New.03 

Roof leaks over 244-AR Cell 3 244AR-New.04 Release of radioactive contaminated water to soil 
(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 
Cell 3 

244AR-New.13 

Release of radioactive contaminated water to soil 
(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 

244AR-New. 14 

General Intrusion: Water line 
ruptures Snow, Rain 

244AR-New.22 

Release of radioactive contaminated water to soil from 
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 

Cause Hazardous Condition I 

Roof leaks over 244-AR Cell 2 

General Intrusion: Water line 
ruptures Snow, Rain, Failed 
equipment tube leaks overflowing 
into Cell 1 

Release of radioactive contaminated water to soil from 
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 

Release of radioactive contaminated water to soil 
(subsurface) from 244-AR Cell 1 via vault leaks due 
to water leak into cells 

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

- 
Freq 
Cat 

F1 

F1 

__ 
F1 

F1 

F1 

__ 
F1 

- 
Env 
Cat 

E2 
- 

- 
E2 

- 

E2 

- 

E2 

- 
E2 

- 

E2 

- 
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over 244-AR Cell 1 

Table B3. Hazardous Conditions With Potential Significant Onsite Consequences (S2) 

Release of radioactive contaminated water to soil from F1 E2 
244-AR Cell 1 via vault leaks 

Cause Hazardous Condition Freq Env I cat  I Cat I 

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

B-26 
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Table B4. Hazardous Conditions With No Significant Consequences (SO) 
- 
Env 
Cat 

1 Page 

ID 
- 
Freq 
Cat Cause Hazardous Condition 

244AR-New.08 General Intrusion: Water line 
ruptures Snow, Rain 

Release of radioactive contaminated water from 
ruptured tank TK-003 or TK-004 to soil 
(subsurface) due to vault leaks in 244-AR Cell 3 

F1 E2 

__ 
E2 244AR-New.09 Roof leaks over 244-AR Cell 3 Release of radioactive contaminated water to soil 

(subsurface) due to vault leak from 244-AR Cell 3 
F1 

244AR-New.10 Seal Pot overtlow F1 E2 Release of radioactive contaminated water from 
ruptured tank TK-003 or TK-004 to soil 
(subsurface) due to vault leaks in 2 4 4 4 3  Cell 3 

Release of radioactive contaminated water from 
ruptured tank TK-002 to soil (subsurface) due to 
vault leaks from 244-AR Cell 2 

F1 E2 244AR-New. 11 General Intrusion: Water line 
ruptures Snow, Rain 

244AR-New. 18 Roof leaks over 244-AR Cell 2 Release of radioactive contaminated water to soil 
(subsurface) due to vault leak from 244-AR Cell 2 

F1 E2 

244AR-New.19 Seal Pot overflow E2 Release of radioactive contaminated water'from 
ruptured tank TK-002 to soil (subsurface) due to 
vault leaks into 244-AR Cell 2 

Release of radioactive contaminated water from 
ruptured tank TK-001 to soil (subsurface) due to 
vault leaks in Cell 1 of 244-AR 

F1 

F1 E2 244AR-New.26 General Intrusion: Water line 
ruptures Snow, Rain, Failed 
equipment tube leaks overflowing 
into 244-AR. Cell 1 

244AR-New.21 Release of radioactive contaminated water to soil 
fsubsurface) due to vault leak from 244-AR. Cell 1 

F1 E2 Roof leaks over 244-AR Cell 1 

Roof leak over Failed Equipment 
Storage Cell 

Release of radioactive contaminated water to soil 
(subsurface) from 2 4 4 4 2  Failed Equipment Tube 
due to roof leak and leakage from tube 

F1 E2 244AR-New.30 

244AR-New.3 1 General Intrusion: Water line 
ruptures, Snow, Rain 

Release of radioactive contaminated water to soil 
(subsurface) from 244-AR Failed Equipment Tube 
due to roof leak and leakage from tube 

F1 E2 

244AR-New.34 F1 E2 Release of radioactive contaminated water to soil 
(subsurface) from 244-AR Seal Pot Pit due to in 
leakage of liquid into pit resulting in rupture of pot 

General Intrusion: Vessel vent 
prefilter drain, Main vessel vent 
filter vault, Vessel Vent Stack 
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Table B5. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR 

ione Rewired 

lone Required 

With Potential S3 and S2 Consequences. 

Currently 244-AR is isolated 
fromtankfmbyremovalof 
jumper in244-AR-I51 

Requires very large quantity of 
material to fill up 244-AR 
facility (200K gallons 
approximately) 

Currently 244-AR is isolated 
fromtankfmbyremovalaf 
jumperin244-AR-151 

Requires wry large quantity of 
material to fill up 244-AR 
facility (ZOOK gallons 
approximately) 

Pages 

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

up of 100 gallons of 
sludge and post 
transfer line flushes), 
and Cell I sump 
contents (leakaee 

one 

from failed equipmem 

sludge and 1950 

AC: 5.24Safety None 
Management 
Programs - 
SUNdhCe  Of 
244-AR Vault 
Building 

A C  5.21 Tank 
Service water 
intrusion Monitoring 
program - service 
water usage 

AC: Surveillance of 
liquid level of 
244-AR cells 
(Wei&l Factor 
Level) 

gallons water 

(200 gallons ofwater 
transfers), TK-004 

fiomtransfers and 50 
gallons ofsludge), an, 
cell contents (3400 
gallons water from 
roof leakage and seal 
Dot O"emOWS> 

11-AR-ISI leak; 
.ai* back to 
14-AR, Cells 
2 3  

eneral Intrusion: 
later line rupturos 
ROW, Rain 

Iazardous Condition 

(elease of radioactive 
d waste from 
:44-AR Cell 1 to soil 
urface @ool leak) due 
3 a waste Inistransfer 
hmu& diversion box 
:41-AR-l5L 

(elease of radioactive 
ankwastetosoil 

(om Cell 1 due l o  
lrain back from 
:41-AR-151 to 
:44-AR Cells 

urface @ool leak) 

(elease of radioactive 
anlaminated water l o  
oil (subsurface) from 
:44-AR Cell 3 via 
,mull leaks dueto 
vater leak into cells 

leiease of radioactive 
onlaminated water lo  
round surface @ool 
e a k )  from 244-AR 
:ell 3 due to vault 
lverflow 

Potential 
Mitigative TSR Ren,arks 

I 
L C  5.14 I Tank connections are ontop of 

tank 

Tanksmayturnoveriflheyare 
top-heavy in Cell 3 

There is no current mechanism 
to empty sump or larks 

Ventilation system not 
0peratiO"al 

244-AR m e  not operational 

No steam supply available 

Service water is isolated from 
244-AR 

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

Cell inlerconnedion in facility 
creates situation where all cells 
must fill a& a certain level is 



Table B5. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR 

Potential 
Preventive SSC 
'one 

With Potential S3 and S2 Consequences. 

Potential 
Preventive TSR 

A C  5.24 Sa€ety 
Management 
Programs - 
Surveillance of 
244-AR Vault 
Building 

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

Page __ 
temID 

44'4% 
'ew.04 

~ 

~ 

44AR- 
lew.07 

mergency 
-epeparedness 
'001 Leak) 

C 5.14 
mergency 

MAR 

:antents of TK-003 
SO gallons ofresidual 
ludge and 1950 
allans water 
axfen), TK-004 

'om transfen and SO 
allons ofsludge), and 
ell contents (3400 
allons water from 
oof leakage and seal 
01 OVerIlOWs) 

200 gallons ofwater 

tank 

Tanks mayturn over iflhey are  
top-heavy in Cell 3 

There is no cwent mechanism 
to empty sump or tankr 

Ventilation system not 
operational 

244-AR crane not operational 

No steam supply available 

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

Cell interconneAion in facility 
creates situation where all cells 
must fill ailera certain level is 
reached in a paaicular cell 
Tank connections are ontop of 
tank 

:ontents ofTK-003 
50 gallons ofresidual 
ludge and I950 
rllans water 
ransfen), TK-004 
200 gallons ofwater 
romtransfen and 50 
:allom of sludge), and 
ell contents (3400 
:allom water from 
oof leakage and seal 
801 OVemOWS) 

oof leaks over 
44-AR Cell 3 

14-AR Seal Pot 
v d o w  into Cell 3 

Hazardous Condition 

Release of radioactive 
conlaminated water to 
soil (subsurface) from 
244-AR Cell 3 via 
vault leaks 

Release ofradioactive 
contaminated water to 
ground surface @ool 
leak) 244-AR Cell 3 
due to vault over flow 

Release of radioactive 
contaminated water to 
soil (subsurface) from 
244-AR Cell 3 via 
vault leaks due io 
water intrusion into 
seal pot 

Release of radioactive 
contaminated water l o  
gmund surface @ool 
leak) from 244-AR 
Cell 3 duetovault 
over flow 

Management 

SUNdlanCe of 
244-ARVaull 
Building 

A C  5.21 Tank 
Service Water 
Intrusion Monitorin! 
Program - Service 
water usage 

AC SUNei~~ance of 
liquid level of 
244-AR cells 

Programs - 

(Weight Factor 
LeVel) 

Potential 
atigative SSC 
one 

reparedness 
'001 Leak) Tanks may turn over iflhey arc 

top-heavy in Cell 3 

There is no current mechanism 
to empty sump or tanks 

Ventilation system not 
operational 

244-AR wane not operational 

No steam supply available 

Longitudinal wack from Cell 3 
to Cell 2 (stztus unknown) 

Cell interconnection in facility 
weates sirnation where all cells 
must fill after a certain level is 
reached in a particular cell 



Table B5. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR 

Cause 

eneral Intrusion: 
later line ruptures 
now, Rain 

oaf leaks over 
44-AR Cell 2 

With Potential S3 and S2 Consequences. 

Hazardous Condition 

Release ofradioactive 
cantaminated water to 
soil From 244-AR 
Cell 2 via vault leaks 
due to water leak into 
cells 

Release of radioactive 
contaminated water to 
ground surface @ool 
leak) fmm 244-AR 
Cell 2 dueto vault 
oyer flow 

Release of radioactive 
contaminated water to 
soil From 244-AR 
Cell 2 via vault leaks 

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

Page 
tent ID 

44AR- 
lew.13 

~ 

~ 

__ 
44AR- 
lew.14 

__ 

Potential 
Preventive SSC 

lone 

lone 

MAR 

:antents of TK-002 

vater containing GOO 
allons of sludge), and 
0 cell contents 
Cell 2 sump empty) 

12,250 gallons of 

Potential 
Preventive TSR 

AC 5.24Safety 
Management 
programs - 
Surveillance of 
244-AR Vault 
Building 

A C  5.21 Tank 
Service Water 
lntlusion Monitoring 
Program - service 
water usage 

A C  SUNdlanCe of 
liquid level of 
244-AR cells 
(Weibt Factor 
Level) 

A C  5.24Safety 
Management 
Programs - 
SuNeillance of 
244-AR Vault 
Building 

A C  Surveillance of 
liquid level of 
244-AR cells 
(Weight Fador 
Le"@ 

:ontents ofTK-002 

vatu containing GOO 
:allons of sludge), and 
10 cell contents 
Cell 2 sump empty) 

12,250 gallons of 

Potential 
6itigative SSC 
one 

one 

Potential 
Mitigative TSR 
L C  5.14 

Remarlis 

I Tank TK-002 connections are 
hergency 
',epU&leSS 
Pool Leak) 

L C  5.14 
lrnergency 
'reparedness 
Pool Leak) 

ontop oftank 

Tank TK-002 may turn over if 
Cell 2 fills with water 

There is no arrent mechanism 
to empty sump or tanks 

Ventilation system not 
operational 

244-AR crane not operational 

No steam supply available 

Service water is isolated from 
244-AR 

Lon&dinal mack fmm Cell 3 
to Cell 2 (status unknown) 

Cell interconnection in facility 
meates situation where all cells 
must till afler a eeaain level is 
reached in a particular cell 
Tank TK-002 connections are 
ontapoflank 

There is no current mechanism 
to empty sump or la& 

Ventilation SySfem not 
operational 

244.- m e  not operational 

No steam supply available 

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

Cell interconnection in facility 
mates siluation where all cells 
must fill &r a eeaain level is 
reached in a particular cell 



Table B5. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR 
With Potential S3 and S2 Consequences. 

Pages 

sludge and post equipmenttube leak 

and Cell I sump 
c0ntentS (leakage 

Cell 1 

from failed equipment 
storage tube) 

Hazardous Condition 

Release of radioadive 
contaminated water l o  
sail (subsurface) from 
244-AR Cell 1 via 
vault leaks dueto 
water leak into cells 

Release ofradioactive 
contaminated water to 
gound surface (Pool 
leak) from 244-AR 
Cell I due to vault 
over flow 

Management 
Programs - 
Surveillance of 
244-ARVault 
Building 

A C  5.21 Tank 
Service Water 
Intrusion Monitoring 
Program - Service 
water usage 

A C  Surveillance of 
liquid level of 
244-AR cells 
(Weiat Factor 
Level) 

Potential 
Mitigative SSC 
ione 

Potential 
Mitigative TSR 
iC 5.14 
:mergemy 
'reparedness 
Pool Leak) 

Rernarh 

Overtlow from vault to soil 
surface due to float and rupture 
of tank TK-00 1 

Tank TK-001 conneclions are 
antopoftank 

Service water is isolated from 
244-AR 

There is no current mechanism 
to empty sump or tanks 

Ventilation system not 
operational 

244-AR -e not operational 

No steam supply available for 
jetting purposes 

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

Tank TK-001 appears10 be 
anchored l o  cell floor 

Cell interconnection in facility 
mates situation where all cells 
must till after a certain level is 
reached in a particular cell 



t? w 
P 

Potential 
Preventhe SSC 

one 

Table B5. Controls From BIO SSCs and TSRs That Potentially Address Hazardous Conditions For 244-AR 

Potential Potential 
Preventive TSR Mitigative SSC 

A C  5.24Safety None 
Management 
Programs - 
Surveillance of 
244-AR vault 
Building 

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

With Potential S3 and S2 Consequences. 

oofleaks over 
14-AR Cell 1 

Pages 

up of 100 gallons of 
sludge and post 
transfer line flush-), 
and Cell I sump 

from failed equipment 
storage tube) 

contenls (leakage 

Release ofradioactive 
contaminated water to 
soil from 244-AR 
Cell 1 via vault leaks 

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

Cause I Hazardous Condition 

!mergemy 
'kp3Iedness 
Pool Leak) 

ontapoflank 

There is no current mechanism 
to empty sump or tanks 

Ventilation system not 
operational 

244-AR crane not operational 

No steam supply available for 
jettins purposes 

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

TankTK-001 appearsto be 
anchored lo cell floor 

Cell interconnection in facility 
meat- situation where all cells 
must fill d e r  a certain level is 
reached in a particular cell 

Potential 
Mitigative TSR Renisrks 

L C  5.14 I T ~ ~ ~ T K - O O I  connections are 



HNF-4453 Rev. 0 

This page intentionally left blank 

B-35 



Table B6. S2 and S3 Hazardous Conditions Sequenced By BIO Accident Section 

BIN Cons Freq Cause Rep 
r.+ Pa+ Cm A r c  ID MAR Cause Hazardous Condition 

C-2.b 

244-AR Vault Hazardous Conditions 

WUYI-PREW An~m~ntufslurry tramfnred \kte*lran,mmplw mMp&vc re leas^ ofrndioactiy.durryrothr soil s2 F3 Dl7 26 
Q0,W to 1,W.OOO gduns) Peahups fihrre surfare from overllow in the SY-A o r  .W-B 

nJyc pH&vto  plphgsytenilcak(pool) .............................. .................... ....................... -~ ....... .. -. 

~ 

C-2-b 

__ 
C-2-b 

__ 
C-2-b 

__ 
C-2-b 

~ 

C-2-b 

~ 

C-2-b 

244AR-New.05 

244AR-New.06 

244AR-New. 15 

244AR-New.16 

244AR-New.24 

144AR-New.25 

Contents ofTK-003 (50 gallons 
ofresidual sludge and 1950 
gallons water transfers), TK-004 
(200 gallons ofwater from 
transfen and 50 gallons of 
sludge), and cell contents (3400 
gallons water from roof leakage 
and seal pot overflows) 
Contents ofTK-003 (50 gallons 
ofresidual sludge and 1950 
gallons watertransfers), TK-004 
(200 gallons ofwater from 
transfers and 50 gallons of 
sludge), and cell contents (3400 
gallons water from roof leakage 
and seal pot overflows) 
Contents ofTK-002 (12,250 
gallons of water containing 600 
gallons ofsludge), andno cell 
contents (Cell 1 sump empty) 
Contents ofTK-002 (12,250 
gallons ofwater containing 600 
gallons of sludge), andno cell 
contents (Cell 2 sump empty) 
Contents ofTK-001(1,300 
gallons made up of 100 gallons 
ofsludge and post transfer line 
flushes), and Cell 1 sump 
contents (leakage from failed 
equipment storage tube) 
Contents ofTK-001(1,300 
gallons made up of 100 gallons 
ofsludge andposttransfer line 
flushes), and Cell 1 sump 
contents (leakage fmm failed 
equipment storage tube) 

Waste mistransfers 

241-AR-I51 leak, drainbackto 
244-AR Cells 1,2, and 3 

waste mistransfers 

241-AR-151 leak, drain backio 
244-AR Cells 1.2, and 3 

Waste mistransfers 

241-AR-151 leak, drainback to 
244-AR Cells (I,2,3) 

mistransferthrough diversion box 241-AR-151 

Release of radioactive tank waste to soil surface 
from Cell 3 dueto drain back from 241-AR-151 
io 244-AR Cells (pool leak) 

Release of radioactive tank waste from 244-AR 
Cell 2 l o  soil surface (pool leak) due to a waste 
mistransfer through diversion box 241-AR-I 5 1 

Release of radioactive tank waste to soil surface 
(pool leak) from Cell 2 due to drain back from 
241-AR-151to244-ARCells 

Release of radioactive tank waste from 244.- 
Cell 1 to soil surface (pool leak) due to a waste 
mistransferthrough diversion box241-AR-151 

Release ofradioactivetank wasteto soil surface 
(pool leak) from Cell 1 due to drain back from 
241-AR-151 to 244-ARCells 

__ 
DO6 

~ 

DO6 

~ 

DO6 

~ 

DO6 

~ 

DO6 

__ 
DO6 

- 
26X 

- 
26X 

- 
26X 

- 
26X 

- 
26X 

- 
26X 

- 



Table B6. S2 and S3 Hazardous Conditions Sequenced By BIO Accident Section 

BIN 

C2-b 
__ 

~ 

C-2-b 

~ 

C-2-b 

~ 

C-2-b 

__ 
C-2-b 

~ 

C-2-b 

ID 

244AR-New.03 

244AR-New.04 

244AR-New.07 

244AR-New. 13 

244AR-New.14 

244AR-New.22 

MAR 

Contents ofTK-003 (50 gallons 
ofresidual sludge and 1950 
gallons walertransfers), TK-004 
(200 gallons ofwater from 
transfers and 50 gallons of 
sludge), and cell contents (3400 
gallons water from roof leakage 
and seal pot ovdows) 
Contents ofTK-003 (50 gallons 
ofresidualsludgeand 1950 
gallons water transfers), TK-004 
(200 gallons ofwater from 
transfers and 50 gallons of 
sludge), and cell contents (3400 
gallons water from roof leakage 
and seal pot overflows) 
Contmts ofTK-003 (50 gallons 
ofresidual sludge and 1950 
gallons water transfers), TK-004 
(200 gallons ofwater from 
transfers and 50 gallons of 
sludge), and cell contmts (3400 
gallons water from roof leakage 
and seal pot overflows) 
Contents ofTK-002 (12,250 
gallons ofwater containing 600 
gallons of sludge), and no cell 
contents (Cell 2 sump empty) 

Contents ofTK-002 (12.250 
gdlom ofuakr ;onmininy 600 
gallons ofsludge), mdno cell 
contmts (Cell 2 wmp cmpt,) 

ConlenlsofTK401(1,300 
gallons made up of IO0 gallons 
of sludge and post transfer line 
flushes), and Cell 1 sump 
contents (leakage fromfailed 
equipment storage lube) 

Cause 

General Intrusion: Water line 
ruptures Snow, Rain 

Roof leaks over 244-AR Cell 3 

244-AR Seal Pat overflow into 
Cell 3 

General Intrusion: Water line 
ruptures Snow, Rain 

Roof I& over 244-AR Cell 2 

General Intrusion: Water line 
motures Snow. Rain Failed . .  
equipmmthlbe leaks aveflowi, 
into Cell 1 

Hazardous Condition 

Release ofradioactive contaminated waterto soil 
(subsurface) from 244-AR Cell 3 via vault leaks 
due to water leak into cells 

Release ofradioactive contaminated waterto 
ground surface (pool leak) from 244AR Cell 3 
due l o  vault over flow 

Release of radioactive contaminated water to soil 
(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 

due to water intnrsion into seal pot 

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

leak into cells 

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

Relcase of radioactive contaminated water to 
ground surface (pool leak) from 244-AR Cell 2 
due to vault over flow 
Release ofradioactive contaminated waterto soil 
(subsurface) from 244-AR Cell 1 via vault leaks 
due l o  water leak into cells 

Release ofradioactive contaminated waterto 
ground surface (Pool leak) from 244-AR Cell I 
due l o  vault over flow 



? 
W 
00 

Cause 

Roofleaks over 244-AR Cell 1 

Table B6. S2 and S3 Hazardous Conditions Sequenced By BIO Accident Section 

Hazardous Condition 

Release of radioactive contaminated water to soil 
from 244-AR Cell 1 via vault leaks 

Release of radioactive contaminated water to 
ground surface @ool leak) from 244-AR Cell I 
due to vault owr flow I 

MAR 

Contents afTK-001 (1,300 
gallons made up of 100 gallons 
of sludge and post trmfer line 
flushes), and Cell I sump 
contents (leakage from failed 
equipment storage tube) 

r:OlLI I byeq cause 
Cat I cat Grp - . 
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