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1.0 INTRODUCTION

1.1 PURPOSE

Tank241-SY-101 (SY-lOl) wmtelevel groWhis reemergent, hlghpriority issue. The
purpose of this document is to record the hazards evaluation process and document potential
hazardous conditions that could lead to the release of radiological and toxicological material
from the proposed transfer of a limited quantity (approximately 100,000 gallons) of waste from
SY-101 to 241-SY-102 (SY-102).

The results of the hazards evaluation will be compared to the current Tank Waste
Remediation System (TWRS) Basis for Interim Operation (HNF-SD-WM-BIO-00 1, 1998,
Revision 1) to identify any hazardous conditions where Authorization Basis (AB) controls may
not besufficient ormay not exist. Compsrrison to LA-UR-92-3196, ASafety Assessment for
Proposed Pump Mixing Operations to Mitigate Episodic Gas Releases in Tank 241-SY-101. was
also made inthecase oftransfer pump removal activities. Thisdocurnent isnot intendedto
authorize the activity or determine the adequacy of controls; it is only intended to provide
itiomation about theh-dous conditions msociated titithls activity, The Unreviewed Safety
Question (USQ) process will be used to determine the adequacy of controls and whether the
proposed activity iswithinthe AB. Thishazard evaluation does notconstitute anaccident
analysis.

1.2 BACKGROUND

Episodic gas releases had been occurring inSY-101 since shortly after it was placed in
service in 1980. These episodic releases were prevented begiming inlate1993 with tie
installation ofamixerpump. However, between February and December 1997, the indicated
waste level in SY-101 increased approximately 4inches. In-ti&monitoring equipment detected
no change in the waste’s hydrogen release rate, temperature or mixer pump operational
characteristics.

Mixer pump run frequency was increased in late October 1997 and continued through
early December 1997 to determine if more aggressive pump operation would slow the rate of
indicated level rise. Datishowed that suchpmp operation didnotreduce therate of indicated
level increase.

In Febm~1998, aUSQ(TF-97-0975, 1997, Unreviewed Safe@ Question, Waste
Surface Level Growth in Tank 241-SY-I 01, Revision 1) was declared for this anomaly, and The

US Department of Energy – Richland Operations Office (DOE-RL) and its contractor team
developed aplrmto investigate andanalyze thelevel rise. Asa result of the ongoing
investigation admdysis activities, reduction of the waste level in SY-101 has been identitiedas

1-1
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pa~ofamitigation progrmforthe cmstlevel increase phenomena. Theintent istoregain
sufficient head space within the tank to allow routine operations to occur without concern that the
cmstwill impact theoperation ofequipment orreach unacceptable levels wittinthetmk. In
order toreduce thewaste level, adedicated transfer system is being designed to transfer

approximately 100,000 gallons ofwastefrom SY-101 tOSY-102.

I-2
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2.0 DESCRIPTION

SY-1OI is an underground double shell high level radioactive waste storage tank located
in the 200 West Area at the Hanford Site. It has a capacity of 1.16 million gallons and
currentty contains approximately 1 million gallons of waste. SY-102 is also an underground
double shell high level radioactive waste storage tank located adjacent to, and West of,
SY-101. It also has a capacity of 1.16 million gallons. SY-102 currently contains 1.1 million
gallons (388 inches) of waste that is being staged for cross site transfer.

A system to transfer waste from SY-I 01 to SY- 102 is being designed. This system will
consist of a transfer pump that will be installed in SY-101, construction of a dedicated transfer
line between SY-101 and SY-102, and installation of a drop leg in SY-102 to permit controlled
introduction of waste into SY- 102. The installation of a transfer primp in SY-101 will involve
placing an assembly in a spare riser that will maintain tank confinement and support the transfer
pump, and installation of a pit with cover block(s) to enclose the riser and associated transfer
piping. The major components/assemblies associated with the system include:

●

●

●

●

9

●

●

●

Transfer pump assembly
Prefabricated Pump Pit (PPP)
A pit with cover block(s) to surround the tank riser and PPP/transfer pump
assembly
Waste transfer line (ties into existing transfer line)
Drop leg in receiver tank
Necessaxy installation hardware
Control system
Facility upgrades

A diagram of the design concept of the waste transfer system is provided in Figure 2-1.

The presence of a mixer pump in the SY-101 pump pit riser makes the installation of a
transfer pump in the tank unique because it must be installed in a riser not specifically dedicated
to pumping activities. The riser selected for this purpose does not have any kind of pit
surrounding it. A new pump pit will be required, thereby creating a change to the physical
configuration of the facility. In order to determine hazardous conditions which exist, a Hazards
and Operability Analysis (HAZOP) was performed on the proposed waste transfer system design
on January 21, 1999.

2-1
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3.0 HAZARD IDENTIFICATION AND EVALUATION

The hazards identification and evaluation for the transfer of waste fromSY-101 to Tmk
SY-102 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
fired set of process parameters (e.g., flow, temperature, pressure) and guide words (e.g., high,
low, less, more). The combination of the process pamuneters and guide words are applied at
specific points or “nodes” in the system design to identi~ potential hazardous conditions
associated with the operation of the system.

The waste transfer HAZOP was performed by an interdisciplinary team to identifj 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 dkcussed. Thk 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 primzuy 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 B 1) was structured to ensure a systematic and
thorough evaluation of the potential hazards. The HAZOP table captured the following
information

Node description. 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 rhe system or process where the deviation from the desired condition
of a process variable is evaluated. Nodes are chosen to ensure that no area where an
undesirable condition could occur is left unevaluated.

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 Deviatiorx The causes of the deviation 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. Thk column identifies the sequence of hardware and operational faults required to
produce the postulated hazardous condition.

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.

Consequenccx The potential consequences that could result from the postulated deviation.

Suggested SSCS: Systems, structures, 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. These items should not be construed as being the ‘<official” controls
that would eventually be credited in the AB.

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

3-2
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Con Cat The consequence category is a code designator for the level of consequence associated

with a hazardous condhion. The consequence rankng is a “first cut, ” qualitative estimate of the
safety severity of the consequences assuming no controls are present. The following system is

used:

so Negligible safety concerns for the facility worker.

S1 Potential industrial injury, low radiological or chemical exposure dose
consequences to the facility worker.

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

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

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 1E-02/yr to O.l/yr.

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

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

FO Events categorized as “beyond extremely unlikely, ” with a frequency
less than 1E-06/yr. Events in this category (such as meteor strike) are so
unlikely they generally do not require special controls.

3-3
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Env Cati The environmental consequence rarrklng is a “first cut,” qualitative estimate of the

environmental severity of the hazardous condition assuming no controls are present. The

following system is used:

EO No significant environmental effect outside the facility confinement
systems.

El Limited environmental discharge of hazardous material outside the facility.

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

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

Remark: Miscellaneous observations or clarifying comments for a given item.

3.1.2 HAZOP Node Description

The 241 -SY-101 waste transfer system HAZOP was based on nodes chosen to capture points
in the process where deviations could result in significant consequences. The nodes are:

Node 1: Install PPP and pump into Tank 241-SY-101 42-inch riser.

Node 2: Install drop leg into Tank 241-SY-102 02A pit riser.

Node 3: Tank 241 -SY-1O 1 radioactive waste.

Node 4: Waste transfer pump transfer line in Tank 241-SY-101, below the PPP,
above waste surface.

Node 5: Transfer line within the Tank 241-SY-101 new riser pit.

Node 6: This node was deleted. The design was changed after the HAZOP was
completed eliminating this part of the system. The original design did
not have a pit surrounding the riser and the transfer line exited the PPP
above ground. A node was identified at this exposed portion of the line.

3-4
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Node 7: Encasement well in Tank 241-SY-101 new riser pit located at the low
point of the line. This node had a different designation during the
HAZOP but was changed due to a change in the design after the
completion of the HAZOP. The original design had a swab riser outside
the PPP assembly at the low point of the transfer line. A pit encasement
well inside the new pit replaced the swab riser. The hazardous
conditions at thk node were modified appropriately to reflect the change
in design.

Node 8: New transfer line tie-in to existing transfer line.

Node 9: New jumper in SY-B valve pit,

Node 10: Tank 241-SY-102 02A pump pit drop leg jumper.

Node 11: Tank 24 I-SY-102 radioactive waste

Node 12: Flush/dilution water supply line downstream of supply pump.

Node 13: Decon spray ring.

The location of the nodes is shown on the SY-101 Transfer System HAZOP Node diagram,
Figure 3-1.

3.2 MAJOR ASSUMPTIONS

The specific assumptions, as developed during the hazards identification/evaluation
team meeting, that are unique to this hazard analysis are:

b The important features of the waste transfer system design are captured in the

SY-1OI Transfer System General Schematic, Figore 2-1 of the preceding
section.

● Hazardous conditions associated with waste movement through existing transfer

lines, moving pit cover blocks, opening tank risers, vehicle activity, and waste
storage were considered to be adequately addressed by the existing AB Hazards
Analysis and the hazard analysis performed to address crust growth (HNF-3645,
Hazard Evaluation For Tank 24I-SY-1OI Waste Ssajace Level Growth). The
intent of the HAZOP was to identify hazardous conditions related to the unique
nature of installation of a transfer pump in an SY- 101 riser not located in a pre-
existing pit and the process and configuration for transferring the SY-1OI waste
to SY-102.

3-5
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● The SY-101 new riser pit will be constructed to the same level of leak tightness

as existing TWRS pits. Any penetrations above ground will be sealed (not
including the cover block(s)).

Q The transfer pump operation will have a maximum pressure less than the design

capacity of the existing transfer lines and pit jumper connections.

● Sealing of the Prefabricated Pump Pit (PPP) assembly to the Tank 241-SY-101 42
inch riser and the design of the PPP drain will prevent flammable gas generated in
Tank 241-SY-101 from collecting in the new pit.

● The design of the load bearing structure for the PPP assembly will prevent the

weight of the PPP transfer pump assembly from exceeding concentrated load
limits for the tank.

3.3 EVALUATION

A total of 77 hazardous conditions were identified as a result of the HAZOP process,
and are shown in the HAZOP tabIe, Table B1, Appendix B. Of these 77 hazardous condhions,
31 were assigned S2 or S3 consequences. All but 10 of the S2 and S3 hazardous conditions
were found to have characteristics stillar to the Representative Accidents under the BIO
Accident category, as shown in Table B7, Appendix B. Hazardous condition frequency was
not considered in assignment to an Representative Accident.

Tables B2, B3, B4, and B5 of Appendix B present the hazardous conditions grouped by
consequence category (S3, S2, S 1, and SO respectively). These tables contain the Item ID,
Hazardous Condition, Cause, Frequency Category Without Controls (Freq), and the
Environmental Impact Category (Env Cat).

Table B6, Appendix B, is a presentation of the potential applicability of current TWRS
AB controls to hazardous conditions with S2 or S3 consequences. This table is intended to
demonstrate that potential controls for prevention or mitigation of the identified hazardous
conditions exist in the TWRS AB. However, the specified controls are not to be construed as
the approved set of controls for the hazardous condition. Designation of the approved set of
controls is outside the scope of thk analysis. The hazardous conditions are listed in order of
Representative Accident number.

3-6
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Ten hazardous conditions were found related to flammable gas ignition events involving
potential flammable gas release from the crust. Although these hazardous conditions fall under
the general category of Flammable Gas Deflagrations – DSTS, the potential for additional
flammable gas being released from the crust makes these hazardous conditions unique compared
to those identified in the AB. The unique nature of these hazardous conditions is being
addressed in a quantitative analysis that has been initiated because of concerns issuing from the
Hazards Evaluation documented in HNF-3645, 1998, Hazard Evaluation For Tank 241-SY-101
Waste Surface Level Growth, Rev O. The results of this analysis will determine whether the
consequences from such events are boonded by the TWRS AB and whether additional controls
are required. The quantitative analysis is being based on the following hazardous conditions
identified in HNF-3645:

● ID # 101SYWLV-15A, caused by mixer pump failing with subsequent buoyant

displacement GRE combined with gas release from the crust with ignition
source present.

● ID# 101SYWLV-14A1, caused by crust growth with self collapse which creates

a GRE from the crust with ignition source present.

● ID# 101SYWLV-16A1, caused by a gas release event (GRE) during mixer

pump removal operations with ignition source present that results in ejection of
contaminated pump.

The 10 hazardous condhions are shown under the Representative Accident of Flammable Gas
Deflagrations - DST (BIO Section 5.3.2.14) and are further grouped under the applicable
HNF-3645 hazardous condition IDs. Because the quantitative analysis has not been completed
the columns for these hazardous conditions in Table B6 for SSCS and TSRS are marked TBD
(to be determined). Completion of the quantitative analysis will be subsequent to this HAZOP.
This analysis will determine, among other things, if SSCS and TSRS are required to prevent or

mitigate the accidents. The hazards evafrration is not intended to authorize an activity or
determine the adequacy of controls; it is only intended to provide information about the
hazardous conditions associated with the transfer of waste tlom SY-I 01 to SY- 102. The AB
control decision process will be used to determine the adequacy of controls and whether the

proposed activity is within the AB. This result will assist in the closure of USQ TF-97-0975.

Table B7, Appendix B, presents the S2 and S3 category hazardous conditions grouped
under the applicable BIO Accident Analysis Section. The Representative Accidents used in the
BIO accident analyses are shown as shaded rows in Table B7. As indicated above, all
hazardous conditions were found to tit under an existing Representative Accident in the BIO
Accident Analysis.
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Table 3-1. HAZOP DEVJATION GUIDE
I

Guide Words I

Process
Variables

FLOW

NO,

NOT,
NONE

No Ilow

LESS,
LOW,

MORE,
I I tip’s’ I ‘THERTHAN I ‘EWRSE I

PART OF
HIGH.

SHORT LONG
1 I I I I

Low Rat.,

Low Tofd
High Rate,
Hi& ToM

[ MissingIngredient I ~:a / WrongMaterial I EidJfow I

PRESSURE Open to Atnm$~here Low Pmss”re Hi.qbPressure I I I I vacuum I

TEMPERATURE Freezi.~ High Temperature I I I I A.to-mfiiwation I

LEVEL

AGITATION

REACTION

Empty

No Mixing

law Level High Level I L4W,”terface I ffi*I.terfacc I I I

Poor Mixing

S1OWReaction

Excessive Miti”g Mixing !ntmption FmminS Phase Separation

Runaway Reaction Ptii.1 Reaction Side Reaction Wm”g Reaction Decompos]ti.nNo Readi.n

TIME PROCEDURE

SPEED

Skipped or missing
step

Stopped

Too Short,
Too Little

Too Slow

Too Ian& Action(s) Skipped Extra Action(s) Wm”S Action Out of Ozder,

Too Much (Shortc”t$ Opposite

1 I 1 1
Too Fat out of sync Wcb m Belt Break Backward

High pH Additional Acid, Wrong Acid,
Additional Base Wm”g Base

Low PHpH

CONCENTRATION Low Co”ce”lmti.n 0HighConcentration , Mssi”slngedient I

I :%’% I ,

VISCOSITY

VOLTAGE

Iow Viscosity

VcdklgLaw

High Viscmity I I I I I

No vona~e Voltage High wrong W,vefornl Interference WronS Frequency, wrong Pol.nty
voltage AC instead of DC

DC ins-wadof AC

cURRENT

STATIC

SPECIAL

No Curd Clme”tH@ Current Low Current Wm”s Polarity
Fluct”atinS

Static Ch.r~e

External Ruptuce Tube Leak Tube Rupture Stafi”p>
Shutdown,
Maintenawx

External LCakUtility Fail”c.

STRUCTURAL

STRENGTH

SHIELDING

Structural Failure Las Sfren@h More Stren~h
I I I I I

Less Shielding More Shkldim I I I I I
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Encasement Well 1“ Tank 241-SY-101 New Riser Pit Located At the Low
New Transfer Line Tie-in to Existing Transfer Line
New Jumper in SY-B Valve Pit
Tank 241 .SY.I 02 02A Pump pit Drop Leg Jumper
Tank 24 I. SY-102 Radioactive Waste
Flush/Dilution Water Supply tine Downstream of Supply Pump
Damn Spray N“g

I Surface

Point of Line
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4.0 CONCLUSIONS

The 241-SY-101 Waste Transfer HAZOP identified 31 hazardous conditions having S2
or S3 consequences. These hazardous conditions fit into five of the TWRS BIO Accident
categories as shown in Table B7, Appendix B. All identified hazardous conditions were
judged to be bounded by the Representative Accidents in the current TWRS AB with the
exception often flammable gas deflagration hazardous conditions associated with crust gas
retention and release. Quantitative analysis is being performed to determine if the
consequences of such events exceed those specified in the TWRS BIO Accident Analysis and
whether additional controls are needed.
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HAZOP Team Biographical Information

Tony R. Benegas, PE – B. S., Mechanical Engineering; B. S., Engineering Science; PE, Mechanical
Engineering. Thirteen years experience in mechanical design, testing and fabrication of pumping
systems, remote equipment, and other various nuclear components and systems. Technical lead
for the 241-SY-1OI Mixer and Transfer Pumps.

Michael F. Erhart – B. S., Chemical Engineering. Eight years experience at HMord at Tank
Farms as a Cognizant Engineer and Test Engineer responsible for Safety Equipment associated
with the mitigation of Flammable Gas Watchlist Tanks. Worked for two of those years analyzing
and reporting the Tank 241 -SY-101 Gas Release Event Reports for Process Engineering.

J. Michael Grigsby -B. S., Mechanical Engineering. Twenty years experience in nuclear safety
and licensing, inchdng commercial nuclear power and DOE Hanford. Extensive involvement in
investigation, analysis and resolution of TWRS safety issues includ]ng ferrocyanide, organic
solvents, organic-nitrates and flammable gases. Contributor to TWRS Basis for Interim
Operation (BIO) for orgmic and flammable gas hazmds and controls.

Edward C. Heubach II – B. S., Chemical Engineering. Twenty-one years experience at Hanford in
the fields of nuclear waste management and nuclear safety. Specific experience includes Process
Engineering, Project Management, and Safety Analysis. The majority of his experience is with the
tank farms, including the past eight years in Safety Analysis. Among the key safety documents to
which Mr Heubach has contributed are: the Tank Farm Interim Operational Safety Requirements
(IOSR); the TWRS BIO; the Final Safety Analysis Report (FSAR); and, safety documentation for
deployment of the Light Duty Utility Arm.

Surya N. Maruvada – M. S., Electrical Engineering, Over twenty-seven years experience in
nuclear safety, reliability engineering, safety and hazard amalysis, probabilistic risk assessment and
regulatory compliance in nuclear power plants and DOE (Hanford) facilities. Four years in
reviews of Basis for Interim Operation (BIOS) and Safety Analysis Reports (SARS), including
Multifunction Waste Treatment Facility (MWTF), Accelerated Safety Assessment (ASA), TWRS
BIO, and TWRS FSAR.

Daniel. A. Reynolds, B. E. S., M, S., Chemical Engineering. Over twenty years experience at
Hanford with most time spent in tank farm process engineering. Has been involved in safety issue
resolution for flammable gas, orgamic nitrate, high heat, source term and compatibility.
Knowledgeable in waste chemistry.

Grant W. Ryan, PE -B. S., Physics; B. S., Nuclear Engineering; PE, Mechanical Engineering.
Eight years experience in nuclear facility safety analysis and general engineering support. Have
authored numerous documents at Hanford to support safe operations, These have included
operating and al~m response procedures, safety analysis reports (TWRS BIO, TWRS FSAR),
calculation notes, topical reports, and engineering studies.
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Mlton V. Shultz, Jr. - B. S., Nuclear Engineering Technology. Facilitator for Tank 241-SY- 10I
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 evahrations of reactor plant design and operation at
Hanford’s N Reactor.

Frederick A. Schmorde -B. S., Electrical Engineering. Thirty years of experience with nuclear
facility operations, including twenty-one years in the Navy nuclear propulsion program, and nine
years at DOE Hanford. Significant in-farm experiences, including field operations and
Characterization Projects sampling operations, Currently certified as a Tank Waste Operations
(TWO) Sbifl Manager and an Operations Engineer. Certified as an independent nuclear safety
integrated audit team leader, sub-team leader, and auditor.

Ryan D. Smith – B. S., Mechanical Engineering. Five years of experience at the Hanford Site with
the last two years specific to nuclear safety and licensing support, Extensive knowledge in
flanunable gas related issues related to pumping nuclear waste to and from TWRS facilities.
Licensing engineer and key team member in establishing the Authorization Basis (AB) for Interim
Stabilization and reconciliation of the LANL Safety Assessment (SA) with the TWRS BIO.

Robin S, Sullivan - B. S., Metallurgical Engineering, Assisted facilitation for Tank 241 -SY-1O 1
waste transfer HAZOP. Over six years of experience at the Hanford Site with the last two years
specific to the TWRS BIO and FSAR development and AB maintenance and clarification. Has
performed PHAs, HAZOPS and hazard evaluation reviews and is currently a contributor to the
safety analysis and documentation for the TWRS AB and the International Safety Program.

John C. Van Keuren, B. S., MS,, Ph. D., Nuclear Engineering. Twenty-seven years experience in
the Nuclear Industry. Experience in safety analysis areas includes extensive support for TWRS
FSAIUBIO including source term preparation, toxic consequence methodology, and a number of
accident consequence analyses including spray and pool leak consequences.
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Table B 1, HAZOP Table - SY-101 Waste Transfer System
Number of Pages =22

Itun ID Node Process Guide Word Possible causes of Hazardous Conwquence w:;: suggested Cm Freq En, Remarks
Variable deviation Condition TSRs cat cat cat

Node 1: Install PPP and pump into Tank 241 -SY-101 4? Riser

.Install PPP and pumD as a unit

.Insta[l lnstn

SYXFROI
11

3YXFROI -
)2

3YXFROI -
)3

ents

1

1

Confinement
(during the
opening of
riser)

Confinement
(during the
opening of
riser)

Personnel
Exposure

None

None

Excessive

Ventilation
system failures
result in positive
~ressure in tank
,vhiIe riser open
.esulting in
elease

‘Iammable gas
gnition

iuman error or
nadequate
>rotecfion from
;hine from open
iser

Unfiltered release

of radioactive
aerosols from Tank
241 -SY-101 dome
space

Accident
addressed under
BIO 5.3.2,2

Flammable gas
ignites in Tank
241 -SY-101 when
riser activities
cause spark

resulting in
radioactive aerosol
release

BIO 5. S,2,14

Personnel are
exposed to high
levels of ionizing
radiation during
PPP installation
activities

Genem~Ked
loss of
confinement
with release
of radioactive
aerosols

Flammable
gas ignition
causes
expulsion of
radioactive
aerosols
- through
open risers
- through
damaged
risers

Personnel
receive
excessive

radiation dose

None

DST
ventilation

Tank 241-
SY-I 01

hydrogen
monitor

None

Vane

#c: 5.10
4C:5.11

done

SI

S3

SI

F3

FS

F3

El

ES

:0

This is opening the
riser to prepare for
PPP installation.

This is opening the
riser to prepare for
PPP installation.

Covered by
radiation protedio”
program.



Number (
Item ID

SYXFROI -
)4

;YXFROl-
)5

;YXFROI -
)6

—

—

—

2

Process
VariabIe

31ruct ural
ntegrity
instalhng
JPP)

Jructural
ltegrity
installing
,PP)

IIruct ural
tegrity
nstaljing
PP)

Mdde Won

.ess

.ess

.ess

Table B 1. HAZOP Table - SY-101 Waste Transfer System

Possible causes of
deviation

Damage to riser
due to

Jam

Drop on tiser or
tank dome

Vehicle rnp.act

Werloaded tank
~ome due to PPP
nstallation

‘ump assembly
00 long resulting
n breaching tank
]ottom

Hazardous
Condition

Dropped
equipment during
Installation
damages Tank
241 -SY-I 01 riser
mdior tank dome

BIO 5,3.2,13

.ocalized load
potentially
iamagesTank
241-sY-l 01
iomelriser
;reating unfiltered
lath for aerosol
elease

rank 241-SY-I 01
]ottom punctured
jue to pump
%ssemblybeing too
ong resulting in
]olential release to
;oil (leak Into
mnulus)

Consequence

Release of
wiioactive
%erosolsto
atmosphere

?elease of
adioactive
ierosols to
atmosphere

3105.3.2.2
or

; (unfiltered
elease)

3elease of
ank waste to
mnulus with
jotential of
eak to soil

OF Load
frame

rimary tank
!ak
etection
vstems

Wg.st.d
TSR

kc: 5.10
AC 5.16

4C: 5.t6

{C: 5.16 ;0

—

Freq
cat
2

1

3

—
E,,,
cat
E2

F

Installing the
Pump and PPP.
Estimating 15,000
[bs (mixer pump is
-20,000 Ibs).
Load frame will be
installed prior to
PPP installation.

Damage due to
vehicle impact IS of

low hkellhood due
to the presence of
the Tank 241-SY-
101 new riser pit.

Vehicle fuel fires
covered in S10
5.3.2.3.

Load frame will be
installed before
installation of PPP
assembly. See
BIo ITK-FR-04 for
consequences of
riser damage,

Addressed by BIO
ITK-07, ITK-071D,
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Table B 1, HAZOP Table - SY-101 Waste Transfer System
Number,

Item ID

‘a esJ&

Node

3

3

3

%wted
TSRs

AC; 5.9

!C: 5.9

—
Env
cat
E3

E3

K

RemarksFreq
cat

F3

Ft

F2

Process
Variable

Temperature

Wide Won Hazardom
Condition

Chanae solubmtv

Cmq”me Suggested
Ssc,

W-l 01 Mixer
Pump

deviation

Failure of serwce
water heating
resulting in
addition of cold
dilution water

sYxFRo3-
12a

.Ow More freauent qone
causi;g larger ‘
quantify of
precipitated
material resulting in
increase of
flammable gas
being trapped on

oarficles with

or large!
GREs
creating

higher
Ukelihood of

ignition
events with

;gnifion m Tank
241 -SY-I 01

material
release

BIO 5.3.2.!4

Release of
significant
quantities of
radloact we
aerosols

iigh Hot flushldilution Ignition of
significant
auanfifies of

DST
tientilation

+3t a significant
:ontrlbution to

Iammable gas

WXFROS-
[2b

Temperature

water added
(failure of
temperature
control) coupled
with failure to
transfer material

fiammable gas in
Tank 241 -SY-I 01
released from
dissolution of crust BIO 532.14
causing radioactive
aerosol release

;YXF R03-
13a

‘ransfer takes aLevel ,Ow
xcessive

Human error or
instrument failure
results in
excessive
transfer or
siphoning

Failure to
continue GRE

prevention due to
inaMity to operate
mixer pump
- Mixer pump
suction in crust
- Mixer pump
suction out of
waste

Release of
radioactive

aerosols due to
ignition of large
auanfitles of

Buoyant
Displacement
GRE with
ignition
causes
release of
radioactive
aerosols

Tank 241-
SY-I 01 level
non[toring
3ystem

4C: 5.12
Material
3alance

mg period of time
would take a long

,eriod of time to

emove excessive
fiammable gas in
Tank 241-SY-I 01

t Flow
Total lzers on
Transfer Line

[mount of waste.

released from
buoyant
displacement GRE BIO 5.3.2.14

TSR Violation
- Occurrence

—



Number,

Item ID

sYxFRo3-
13b

SYXFR03-

14

‘age!

Node

3

I

2

Process
Variable

.evel

Table B 1. HAZOP Table - SY-101 Waste Transfer System

Guide Word

.Ow -
;xcessive

iigh

Possible causes of
deviation

Human error or
instrument failure

results in
excess we

transfer or
siphoning

1. Excessive

dilution without
!ransfer occurring

plugged transfer
ine
bad pump
bad flow meters
operator error

;oupled wth
nstrument error

2. Inadvertent
iraining from
lush tank

3. Inability to
~ump results in
:onfinued
ncrease of waste
evel

Hazardous
Condition

Dome failure due to
overload from
solidified waste
suspended from
intank equipment
due to low Ihquid
level in Tank 24I.
sY-iol

S10 5.3.2.13

?e[ease of
adioactive material
Yom waste tank
~ue to ovefill of
Tank 241-SY-I 01
esulting in pool
:see HNF-3645 for
ietails)

C.n.quence

Loltipops
cause
Iocaliied
dome loadina
Ieadlng to -
dome failure
and
radioactive

aerosol
release

See BIO

5.3.2.13

?adioactlve
natema
elease due
00001 leak,
;e~ HNF-
3645 and
3105.3.2.18

b’uggested
Ssc%

Tank 241-
SY-I 01 level
monitoring
system

ENRAF
Level
Oetecfion

Service
rvater Flow
Totahzers

Flow
Totalizers on
Transfer Line

AC: 5.21
4C 5.12
Max level

;2

Remarks

Lollipop issue
%ddressed in
Hazard Analysis
for level increase,

ID 101 SY-WLV-
3A, HNF-3645.

.arge sohdified
)Ieces of waste

xust adhering to
nstalled quipment
suspended from
he tank risers
:ould represent
significant
concentrated load
:lOllpOpShave
Ieen observed in
Xher tanks).

aroject has a
Iedicated h“e. “O
nistransfer from
dher facities
>ossible, or
nistransfers out.
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Process
Variable

Flow

Table B 1. HAZOP Table - SY-101 Waste Transfer System
Number I

ItemID

SYXFR04-
18

mvardous
Condition

Suggested
Sscs

None

ENRAF
Level
Detection

Sewice
Water Flow
rota~zers

Guide Won Possible ,*U,,, of
deviation

Rapid transfer
disturbs crust
greater than
postulated

Freq
cd

FI

F2

73

=3

suggest.
TSRS

Ac: 5,9
AC: 5.12
Material
Balance

AC: 5,21
4C: 5.12
Max level

cm
cat

S3

S2

so

30

Remark

Team feels thisExcessive
rate

Radioactive aerosol
release due to
ignition of
flammable gas
released from

Radioactive
aerosol
release from

flammable
gas ignition in
dome space

condition is

bounded by
dissolution
accident. (HNF-
3845 Itemsdisturbed crust in

Tank 241 -SY-I 01 101 SY-WLV-I 4A
and 101 SY-WLV.
22AT)

BIO 5.3.2.14
Also identified in
HNF-3645 Item
101 SY-WLV-22AT

3YXFR04-

19
RadioactiveFlow Human error or

equipment failure
results in running
flush water into
system,
discharge valve
closed on Tank
241 -SY-I 02,
backflow to Tank
241-SY-101 (See
item SYXFR03-

Release of
radioactive matetid
from waste tank
due to ovenill of
Tank 241.SY-I 01
resultlng in pool
(see HNF-3645 for
details)

None
material
release due
to pool leak
See HNF.
3645 and

8105.3.2.18
W
L

Also see item
SYXFR03-14

14)

Transfer pump
dead headed due

;YXF R04

!0
No hszardous
condfion, system
IS designed so that
exireme pressures
capable of
breaching piping
cannot be reached

No safetv%essure High ~one done :0

5-

—

None

to human error,
plugging, or
equipment failure

s“

Indication of.Ow Transfer pump;YXFR04-
!1

%essure No safety
consequences

(one None
failed, human
error caused

pump
mlsoperation,

transfer
failure only.
no safety
consequence
s associated
with low
pressure

control system

failure Causes
similar to low flow i



m,-.. .
2

Process
Variable

remoerature

Table B 1, HAZOP Table - SY-101 Waste Transfer System

Guide Word

numuer

Item ID

SYXFR04
22

SYXFR04-
23

Node 5 Tr

sYxFRo5-
24a

sYXFRo5-
24bl

Possible causes of
deviation

Ewardrms

Condition

Ignition of
significant
quantities of
flammable gas
released from
dissolution of crust
in Tank
241 -SY-I 01
causing rddioacfive
aerosol release

No safety
significance

Wwted
Sscs

DST

ventilation

Suggested
TSR.S

AC: 5.12
Material
balance

con
cat
S3

SO

$1

;3

RemarksConsequence En”
cd

F

EO

EO

E3

Ovenlow is
captured in other

accidents.

iigh Hot flushltilution

water added
(failure of
temperature
control) coupled
with failure to
transfer material

NO high
temperature
concerns

other than
those
idenfhled for
dilution

None Pump
performance
issue.

;oncentratior

Mhin the Tan

low

nadequate
2ikdion

Human error in
flow setup,
instrumentation
miscalibrafion, or
equipment failure

Potential for
transfer fine
plugging

None

Increased sofids
content of transfer
may cause
problems with
Tank 241 -sY-l 02,

11-SY-I 01 m

(o/Low

fRiser Pit

Personnel
exposure concern
due to waste
trapped in transfer
tine

significant None NoneEquipment failure
resulting in valve
acting as a
blockage

;overed by
adiafion proteciio”
xogram

Transfer pump
failure

Ruptured
tinelleating flange
or valve inside
Tank 241 -sY-l 01
new riser pit

Release of
ratioac five liquid
released in Tank
241 -SY-I 01 new
riser pit due to leak
from brie, flange m
valve

Aerosol
release of

Cover blocks rank 241-SY-I 01LCO
3.11
lC: 5.22

‘row Jo/Low
lew riser pit
;hould be treated
ike any other
ransfer system
)its.

‘Tank 241-
SY-I 01 new

riser pit
material
Consequence
s bounded by
BIO 53,2.20 Leak

detection

Spray leak BIO
5.3,2,20 ‘Drain in

PPP

‘Pump
Shutdown
Interfock —



Number ( !2

Process
variable

Flow

Table B 1. HAZOP Table - SY-101 Waste Transfer System

Conwquem %w~

LCO
3.1.1

4C 5.22

.Co:
).1.2

Item ID

3YxFRo5-
24b2

WXFRo5-
?4C

;YxFRo5-
!ktd

;YXF R05-

!5

wXFRo5-
‘6

Suggested
Sscs

%ide Wor, Possible causes of
deviation

Ruptured
inel[eaking flange
or valve reside
Tank 241 -SY-101
new riser Dit

Hazardous
Condition

Overflow of Tank rank 241 -SY-f 01
Iew riser p%
;hould be treated
Ike any other

ransfer system
its.

40/Low ~ool of
.adioac five
material
>onseauence

Cover blocks

“Tank 241-
SY-101 new
riser pit

Leak
detection

241 -SY-I 01 new
riser pit due 10 leak
from Kne, flange or
valve ; bounded by

3105.3,2,18
Pool release BIO
5.3.2.18

‘Drain in
PPP

‘Pump
Shutdown
Interlock

Service water
backflow
preventers

Pressure
Switch and
alarm

Flow

=Iow

tequlres multiple
:vents/failures to

10ILow

lo/Low

-tuman error

;ausing incorrect
Ia[ving (flush
mmp must be
]fn

Release of
radioactive kquid
from flush tank due
to pOOlleak caused
by backftow of
waste into flush
system

‘ormation of
wrface pool
Iue to
)vetffow of
lush tank

,ccur (flw+h pump

loperable, valve
nisposltion, and
ransfer occurring.

BIO 5,3.2.18

‘lugged he ~gnificant
lersonnel

aclafion
:xposure

Personnel
exposure concern
due to waste
trapped in transfer
fine

No safety
significance

None done

$one

done

:overed by
adiation protection
,rogram.

“ransfer rate
,bove desired
a[ue

None=Iow Ngh iuman error or
?quipment failure
;auses pump
low rate to be
ibove desred
)“int

+aw ;everse Siphon condlfion
rom receiv)ng
ank to supply
ank

No safety
significance

40 safety
ignificant

DF:
Antlsiphon
design

Siphon event
muld only

quaHze the
uanfify of matsmal

I the two tanks -
ley are at the
ame elevation.

perational
Ielay in order
) restore

mks to

sw!mE-- — —
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Number,
Ifem ID

2

Process
Vai,bk

Table B 1. HA.ZOP Table - SY-1OI Waste Transfer System
‘age!

Node

,

?ossible ..”,,, of
devi.tim

?uptured
nelleatdng flange
jr valve inside

‘ank 241 .SY-I 01
)ew tiser pit

Freq
cd

:3

“2

%wf.d
Sscs

Cover blocks

Suggested
TSRs

Transfer

Hazardous
Condition

consequence Remark

sYxFRo5-
28b2

Aerosol rank 24 f-5Y-fol‘ressure .Ow

.Ow

Release of [quid
waste in Tank
241 -SY-101 new
riser pit due to leak
from tine, flange or

valve forming pool

release of
radioactive

material
(consequence
es less than

high flow due
to low
pressure)
Consequence

s bounded by
BIO 5.3,2.20

system lew riser pit
should be treated

ike any other
ransfer system
~it.

“Tank 241-
SY-f Ol new
riser pit

skxleme

ntiicovw
JCO

Leak
detection m
PPP and

Encasement
well in Tank
241 -SY-I 01

new riser pit

Pool leak BIO
5,3.2.20

‘The transfer
;ystem will have
ts own leak
ietecfion system.

‘Drain in
PPP

‘Pump
Shutdown
Interlock

Backflow
prevention
devices
(spray leak)

‘ressure {uman error
ausing incorrect
alving (flush
lump must be

ffl

FormatIon ofWXFRo5-
2SC

Release of
radioactive [quid
We to pool leak
;aused by
>acktlow of waste
nto flush svstem

None tione
surface pool
wtside Tank
241 -SY-I 01
lew riser pit
Consequence

we flowing” flush
snk

s bouncied by
BIO 5.3.2.18

No significantWXFRo5-
?8d

‘ressure .Ow ‘lugged Une VO safety
significance

None

None

None ‘3

“3

3

safe~”
consequence
5

UO significant
;afety
:onseauence

WXFR05-
29

VOne ;urrently no heat

racing in the Tank
?41-SY-I 01 new
iser p%.

“emperat ure .Ow ine plug due to
taste cookng
ess than 110
egrees F due to
>wambient

?mp)

:o[d weather
auses tines to
.eeze

3perafional delay

We to low flow

WXFR05-
30

Vone (one‘emoerature .Ow ‘reezing of til”tion
mater Mes results
n operational delay

Qo significant
;afefy
consequence

None



2

Table B 1. HAZOP Table - SY-101 Waste Transfer System
(umber c
Item ID Guide Word

High

Cal
Cai

S3

SI

Env
cat

:3

:0

:0

Process
Variable

temperature

Suggested
Sscs

Tank 241-
;Y-101 new
iser pit

.eak

Ietection in
‘PP and
mcasement

vel[ in Tank
?41-sY-l 01
lew riser pit

Drain in

~PP

Pump
Shutdown
nterlock

~one

iuggested
TSRS

done

done

done

Freq
cat

=2

73

Remark
Condition

Flush wlfh high Tank 241 -SY-101;YXFR05-
)1

‘lush water too Release of
lot temperature flush

water wlfh
preexisting spray

high
temperature
radioactive

new riser pit
should be treated

fike any other
transfer system
pits.

leak causes
release of high
temperature
aerosols in Tank
241 -SY-I 01 new
riser pit

Bounded by
BIO 5.3.2.20 Higher

temperature flush
water does not
have a significant
impact on
consequences of
this accident
compared to cold
flush water,

BIO 5.3.2.20

WXFRo5-
12

rempemture High ndustrial hazard
hot valve

landles etc.

Personnel injured
due to occupational
hazards (high
temperature flush
water)

Personnel
injwy

Covered by
Insfituational
Health and Safety
Program.

$’YXFR05-
13

5

i due

S7ieldhg LOW lesign problem

mpleted

Personnel exposed
to high levels of
ionizing radiation.
Covered by

Ratiation
Protection

Radiation
overexposure

SI =3 Covered by
radiation protection
program.

May be included in
Tank 241 -C-1 06
hazard
identification.

(ode 6 Del hange in desi

:11In Tank 24

after HAZOP

f-i 01 new R Pit Located at the Low Point of the Line (Includes Transfer Line Encasem

lesired condtion I Noflowinside the I None 4A

Jode 7 Encasement

;YXFR07- 7

II
NA NA NAFlow Vo None

18a encasement well in

Tank 241-sY.I 01
new riser pit IS the
desired condition
for this system1 I
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Table B 1. HAZOP Table - SY-101 Waste Transfer System
Number of Pages =22

Rem ID Node Process Guide Word Possible causes of Hazardous
Variable

consequence suggested Suggested con Sreq Env Remarks
deviation Condition Sscs TSRS cat cat cat

Node 8 New Transfer Line Tie.in to Existing Transfer l-me

sYXFRo8- 8 Structural Low Excavation Excavation
4? lntegflty

T

E3
activities damage activities damage

Ttds activity is
covered by existln$

transfer hnes excavation tines in excavation
controls.

No significant
changes from
BIO analysis

8ounded by
8105.3.2.21

None

I I I I vicinity of the new
transfer tine tie-in

I I I I I
Node 9 New Jumper i“ SY.8 Valve pit

No unique featuresnmzards associated with new jumper- Project is installing new leak detection system in pit

Node 10 102-SY 02A Pump pit, Orop Leg Jumper

No unique featureslhazards associated with new jumper- Project is instahng new leak detection system in pit

Node 11: Tank 241-SY-102 Tank Wa

1 I

NA

so

so

S3

T
NA NoneSYXFRll-

44
11

11

Temperature Low Normal operating
condlfion

Low temperature is
the desired
operating condition
of the waste in
Tank 241 -sY-l 02

Creation of a tank
with waste
conditions not
covered by current
Authorization Basis

Excessive heat up
rate causes
thermal stress in
tank structural and
potential leak

None

No sig”ilicar
safety
consequervx
s-
admlnist rafiv
concern

Leak into
anmdus of
Tank 241.
SY-I 02

Flammable
gas evolution
and ignition
resulting i“
radloacfive
aerosol
release

NA NA

AC: 5.12
- Waste
compafili
Ilty

AC: 5.12
Waste

cOmpatiM
Iity

AC: 5.9
AC: 5.10
LCO
3.2.1

w
L
w Transfer of heat

generating waste
from Tank 241-
SY-101

SYXFRll -
45a

Temperature High !0 Thermal stress is
not a safety issue.
considered
ODeratiOnal

SYXFRll -
45b

Primary tank
leak
detection
systems

11

11

Temperature High Transfer of heat
generating waste
from Tank 241.
SY-101

not a safety issue -
considered
operational
concern.

SYXFRI 1-
48a

DST
ventilation

Level Low Drop leg design
error results in
waste level being
below discharge
point - entrained
gasses are
released as
waste is
discharged

Release of
radioactive
aerosols due to
flammable gas
deflagration in
Tank 241 -SY.I 02

SIO 5.3.2.14 L



Number (

RemID

WXFRI 1-
$Sb

WXFRI 1-
tac

YfXFRl 1-
t7

WXFRI 1-
!$a

WXFRll -
Bb

ages

Yode

1

1

1

!

1

!2

Process
Variable

Level

Level

Level

4gitati0n

Table B 1, HAZOP Table - SY-101 Waste Transfer System

Mide Word

.Ow

.Ow

iigh

‘oor Mixing

‘oor Mxing

deviation

Drop leg design
error results in
waste level being
below discharge
point - entrained
gasses are
released as
mste is
3ischarged

Drop leg design
srror results in
#aste level being
>elow dscharge
>oint

3ack pressure on
system due to
ncreased head
m drop leg

.OW hquid level
]revents drop leg
rom dlstrlbufing
jotids

.OW hquid level
xevents drop leg
Yom cktribufing
;otids

Hazardous
Condition

?elease of toxic
jas to environment
“rem Tank 241 -SY.
102 and exposure
If Dersonnel

aoor distribution of
;olids due to low
eve[ to be covered
mder agitation,
tern SYXFRI 1-4S
1through e

go safety or
operational impact

‘Iammable gas
Wlamafion due to
ncre&ed gas
Generation in Tank
?41-SY-I 02 results
n release of
Wioactive
lerosols

?edissolve TRU

;ausing
edlstrlbufion of

FRU location in
vaste

consequence

‘ersonnel
?xposure to
oxic material

See
3YXFRI 1-4s
%through e

~o safety or
operational
mpact

‘Iammable
]as ignition
Iue to
ncreased

;om increase
>fsolids layer

:ompatihfity
ssues

{ddressed by
3105.3.214

:ompatitihfy
ssues

Suggested
Ssc,

None

None

None

DST
{entilafion

!one

Suggested
TSRS

Vone

Vone

~one

4C: 5.12

Freq
cat

F3

NA

F3

F3

22

Remark

lccupafional
;afety and health

juidelnes for toxic
Ias exposure.

Fhis accident is
jounded by the
!nalysis contained
n BIo Section
;.3.2.11, Mixing of
ncompafible

4aterial-Toxic
lapor Generation.

done

)verflow covered
,y BIO.

done

lone
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E
L

Number
Item ID

sYxFRl2-
49b

WXFRI 2-
Wc

‘a l?~

Node

12

2

:2

Process
Variable

=Iow

low

Guide Word

No\Low

do\Low

Table B 1. HAZOP Table - SY-1OI Waste Transfer System

Possible C.UWSd
deviation

fVater supply
ank is emptylno
;Upply

“rozenldamaged
ne

Hazardous
Condition

Release and
ignition of
flammable gas In
transfer tine
resulting in
generation of
radioactive
aerosols

BIO 5.3.2,14

Plugged tine from
soMifying waste
results In
operational
consequences and
high radiation field
in Tank 241 -SY-
101 new riser pit

Release and
Ignition of
Mmmable aas in
Ikansfer Iin;
resulting in
generation of

radioactive
3w0sols

BIO 5.3.2.14

‘lugged hne from
solidifying waste
esults in
operational

wnsequences and
ligh radiation field
n Tank 241 -SY-
10lnewriserpil

Conseq”me

1 lnaMity to
flush line
when desired
creating
potential for
flammable
gas
generation in
the transfer
hne and
release wlfh
ignition BIO
5.3.2.t4

2 Failure to
provide
adequate
dilution for
transfer
resulting in
plugging (see
node 2)

1 lnatir~ to
flush hne
when desired
creating
potential for

flammable
gas
generation in

the transfer
bne and
release with
ignition BIo
5.3.2,14

2 Failure to
provide
adequate
dllufion for
transfer
resulting In
plugging (see
node 2)

Suggested
Sscs

Yone

done

suggested
TSRS

Ac: 5.10
Ac:5.11

AC 5 ~0
Ac: 5.11

Sreq
Cat

~1

—
ml”
cat
r

T

Remarks

None

done



‘a ef~

Node

,2

Process
Variable

~low

Table B 1. HAZOP Table - SY-101 Waste Transfer System
Number c

ItcmID

SYXFR12.

49d

Guide Word Possible ..”,S d

deviation

/alve shufffailure

suggested
Sscs

cm
Cat

SI

30

30

$3

Remarks
ICondition

Release and
ignition of
flammable aas in

1 lnablli~ to
flush bne
when desired
creating

potential for
flammable

12 No\Low None

None

None

transfer hn;
resulting in
generation of
radioactive
aerosols

gas
generation in
the transfer
Une andBIO 5.3,2.14

release with
ignition BIo
5.3.2.14

Plugged tine from
sofiddying waste
results in
operational
consequences and
high radatim field
in Tank 241 .SY.
tOf new riser pit

2 Failure to
provide
adequate
tilution for
transfer
resulting in
plugging (see
node 2)

OperationalsYXFR12-
50

sYXFR12-
51

SYXFRI 2-
52

Flush capability
impaired due to
vehicle Impact with

2

2

:Iow iigh fehicle ibnpacfhg
ush water
upply fine

None Vone
concern only

flush water tine
causing tine failure

No safety
significance

Vonetemperature .Ow operational
oncerns only
;ame as plugged

ne)

lot flushidllution
later added
“ai[ure of
?mperature
ontrol) coupled
fith failure to

ansfer matetial
;ee Node 3)

Operational
:oncern only

None

OST
venfilatlon

None

4C: 5.9

:0

z-

—

Release of
significant
zuanfities of

2 ‘temperature iigh Ignition of
significant

quantifies of
flammable gas in
Tank 241. SY.101
,eleased from
W+sohdion of crust
musing radioactive
3er0s01 release

May not be a
;igniftcant
contribution to

lammable gas
Generation.

idioactive
3er0s01s (see
31s0item
WXFRo3-
12b)

310532.t4



Table B1. HAZOPTable-SY-101 Waste Transfer System
N,,wbe. r,+Pswes=7?... .... ..

Item ID

sYxFRf2-
53a

.-e.. --

Node Proms, Guide Word Possible causes of Hazwdous
Variable deviatien condition

12 Pressure Low Pump is not Release and
operating due to ignition of
operator error or flammable gas in when desired
equipment failure transfer Ihne creating

resultlng in potential for
generation of flammable
radioactive gas
aerosols generation in

the transfer
BIO 5.3,2,14 fine and

release with

:l#&&frOy I ~t&lpo

II

I I I =::., 12 Failureto I
consequences and
high radiation field
in Tank 241 -SY-
101 newriser Dit

provide
adequate
ti[ution for
transfer
resulting in
plugging (see
node 2 and
item

cm
cd

SIT
Freq En,
cat Cat

FI El

I 1111

Remarks

None

L
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Number 01
ItemID

sYxFRl2-
53d

:2

Process
Variable

Wessure

Table B 1. HAZOP Table - SY-I 01 Waste Transfer System

Guide Word Possible causes of
deviation

Jalve shutlfailure

RmnarksFreq
cat

V

Hazardous %iw~ed
Sscs

~one

Con
cat
SI

;0

Condition

Release and
ignition of
flammable aas in

1 Inabillty to
flush fine
when desired
creating
potential for
flammable
gas
generdfion in

the transfer
tine and
release with
ignition BIO
5.3.2.14

Low None

transfer In;
resulting in
generation of
radioactive
aerosols

S10 5.3,2,14

Plugged tine from
solidifying waste
results in
operational
consequences ?md

high radiation field
in Tank 241-SY-
101 new riser pit

2 Failure to
provide
adequate
dilution for
transfer
resulting in
plugging (see
node 2 and
item 49 a-d)

No significant
safety
consequence
s

sYxFR12-
54

‘lugged
nelpump

Flush capabMy
Imuaired

done2 ‘ressure iigh None ,3 his condlfion has
]otentlal for
ncreased
>ersonnel radiation
xposure if inabMy
o flush results in
dugged hnes.

<ode 13 Oecon Spray Ring

n

13 Flow Low

mNone None SIWXFR 13-
j5

Transfer
pump not
adeuuatelv

Human error or Personnel
equipment failure exposure to

excessive radiation
due to msufflcient
decon

dec&tam~nat
ed during
removal
creating high
exposure
potential

Controls exist for

mixer pump spray
ring covered by
LAUR-92-3196
fWHC-SD-WM-
SAD-033), cover
decon ring.

I



m
b
n

Number t

Item ID

WXFR13-
56

‘a es~
Node

13

!2

Process
W&able

Flow

Guide Word

High

Table B 1. HAZOP Table - SY-101 Waste Transfer System

Possible causes of
deviation

Nozzle breaks off
~reating minor
disturbance of
:rusthvaste

* represents new controls that maybe required

Abbreviations:

AC – Administrative Control
BIO – Basis for Interim Operation
DF – Design Feature
LCO – L]miting Condition for Operation

Hazardous
Condition

Release of
radioactive
aerosols due to
ignition of
flammable gas in
Tank 241-SY-I Ot
released due to
crust disturbance

consequence

Potential for
minor gas
release,

ignition and
radioactive
aerosol
release

BIO 5.3.2.14

3uggested
Ssc$

DST
ienfilation T

hggested cm
TSRS cat

4C:5.10 S3
4C:5.11

Sreq
Cat

FI Y
Em Remarks
cat

E3 500 gal flush
raises hydrogen
concentration by
25 ppm.

Controls exist for
mixer pump spray
ring covered by

IAUR-92-3196
iWHC-SD-WM-
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d Significant Offsite Consequen

cause

Table B2. F

ID

xirdous Condhions With Poten

Haza,do.s Condition

L_

Env
cat

133

E3

I

SYXFRO 1-02 Flammable gas ignites in Tank 24 I-SY.1O 1
when riser activities . ..s. spark resulting in
radioactive aerosol release

B

SYXFRO1-OS Lmdimd load potentially dana~~ Tank
241-SY-1O1 domefriser creating untiltemd
pafb for aerosol release

Overloaded tank dome due to PPP assembly
!mfaRati.n

F1

SYXFRO 1.07 Flmable gas generafed and i~ited in Tank
241-SY-I 01 due to intrusive activity
resulting in ideas. ofmdiowfiw aerosols

Insertion .fPPP zssembly into fanl disf.rbs
wa.sfereleasing fbmunable sas

F3 I?3

SYXFR02-09 Flammable zas i~iti.m in Tank 241-SY-I 02
during dmp leg installation ES.lts i. awmol
release .fm.di.a&ve material

Flamable gas i~ition F3 E3

SYXFR03 -12a Charge ml.bility musinz larger quantity of
pr..ipi~~ nmtiri.1 res.l~g h i.mem. of
flmable gas being trapped m particles with
ignition i. Tank 24 1.SY-101

Failure of service water heating res”ltin~ in
addition of cold dil”tkm water

F2 E3

SYXFR03-f2b I@iti.. .f si@,.mt wntitie.s of flatmn.ble
g= iIIT~ 241-SY-1OI released from
dissolution of must .a.sing radioactive
aerosol release

Release of mdio+mtiw . . ..s.1s due to i~ition
of IarEe quantities of flammable gm i. T.nl
241 .SY-I 01 relezsed kom buoyant
displacement GRE

Hot fl”Wdil.tion water added (failure of
tmtpemt.re COntxol)coupled with failure to
transfer material

Fl E3

SYXFR03 -13a Hum~ ~IT.~ .r ~ent failure ESUM,Sin
excessive transfer or siphoning

F2

F2

E3

Failure to continue GRE prevention d.. to
inability to operate mixer pwnp

-Mixer pump suction in must
Mixer pump s“dion out of waste

1. Excessive dilution wifho”t fransfw
occurring
-plugged inmfm line
-bad pump
-bad flow meters
-operator error coupled wifh instrument error

SYXFR03-15 Radim.tive .emsol release due to waler
addition dissolving CTUStcausing GRE wilb
i~ition i“ Tank 241-SY-I 01 (Hf4F-
3645>10ISY-WLV-23 AT)

E3

2. fmdvertent draining from fl”sb tank

3. Inability t. pump remlfs i. ..ntinwd
imrease of waste kv.1

Hole in pip. (spray leak) inside dome spwegYXFR04-17 Radiwcfive . . ..s.1 release due to spray leak
dissolving am-f cm$i”~ GRE witi i~ition i.
Tank 241-SY-101

F1

F1

E3

E3SYXFR04-1 S Radioactive aerosol release d“. to ignition of
flammable gas relezsed hn disfurbed crest
in Tmk241-SY-101

Rapid transfer disturbs crust greater fhan
mfulated

.4fw identified i“ HNF-3645, Item 10lSY.
WLV-22AT

SYXFR04-22 biti.. .f $i@fimt quantities of flammable
%S r.1.=~ fi.m dissolution of crust in Tank
24 I-SY-1O1 ..usi”g radioactive aemml
release

Hot fl”sbJdilution water added (failurs of
temperature umtml) coupled with failure t.
transfer material heats tank mute

F1 E3

B-28
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Table B2. Hazardous Conditions With Potential Significant Offsite Consequences (S3)

ID Haardo.s Condition cause Freq En.
cat

SYXFR05-24b1 Release ofradiodiv. aerosol released in Ruptured Iineileaking flmge or valve inside F3 E3
Tank 241-SY-1O1new riser pit due to leak Tank 24 I-SY- 101 new rkerpit
tiom line, flang. or valve

SYXFR05-24b2 Overflow of Tank 241-SY-1O1new riser pit Ruptured Iidkking tlmg. or valve inside F3 E3
due to leak fimn line, flange m valve Tnnk 241-SY-1O 1 new riser pit

SYX3R05-24C Release of radioactive liquid from flush M Human error causimgintoned valving (flush F2 E3
due to Pod leak ..US& by backklmv of WM. pump musf be o~
into flush system

SYXFR05 -27a spray le~ at the 241-SY-B pit at jumper Pbl@lg at tie Tank 241-SY- 102 drop l,E F3 E3
.mmections d“. to high pressure due to wlidibti.n of waste res”lk in

pressures s“ili.ient to cause degmded
gasketskmuwtions to leak

SYXFR05-27b SP~.Yleak-$atfhe24I-102-SY 02A pump pit Pl”ggins at tie Tank 241-SY- 102 drop 1.s F3 E3
at jumper connection due to high pressure due to mlidifk.tio. of waste results in

pr~.r- s.fi.i..1 tO ,..s. d.w.d.d
gasketslconnectims to Is.k

SYXFR05-28b1 Release of aerosol generated in Tank 241. R“pturcd Iinelleakin$ flanse or valve inside F3 E3
SY.1 01 new riser pit d.. to spray leak ho Tank 24 1.SY-101 new riser pit
line, fringe or valve

SYXFR05-28b2 Release of liquid waste in Tank 241-SY- 101 Ruptured lkwle.king flange or valve inside F2 E3
new riser pit d.. to leak from line, !3..s. or TanX 241-gY- 101 new riser pit
valve fomin~ pool

SYXFR05-2SC Release of radioactive liquid d“. to pool leak Human error causing incorrect valving (flush F2 E3
caused by ba.kflow of wasfe into flush system p.mp m.~ b. 0f9
Overflowing flush tall

SYXFR05-31 Flmh wifh high temperature flush wafer witi Flush wat,r too hot E2 E3
Preexisting spray leak causes release .fhigh
temperature .emsols in T& 241-SY-101
“ew riser pit

SYXFR07-3Sb Spray leak from enwwnwnt well in Tml Primary line leak wfh pressurization (caused F2 E3
241-SY-1O1new riser pit due to primary line by e.~.m..t s..l 100Pl.fi C1.sed~er
leak with e“.asunent test port not fully open tesfi”s)

SYXFR07-40 Release of radioactive .erosols d.. to spray Primary Ii”e leak wifh pressurization (caused F2 E3
leak fi.rn .n.asenmnt well in Tank 241-SY- by m=~mt sed 100Pla .los~ &r
101 new riser pit d.. t. prirmuy line leak testing)
witi en.awne.t test port “.t filly open

SYXFR08-43 Excavation activities damase excavation lin~ Excavation .cfivities damage fmmfer lines F3 E3
in vicinity of fhe new transfer line fi*i.

SYXFR11 -46a Relea.w ofmdiowtive aerosolsd“. to Drop leg desi~ error results in wasfe level F2 E3
flammable gas defl.g@ion in T.nA 241-SY- bcing below dis.hmse point - entiained sasses
I02 are released as wa.sfeis discharged

SYXFR1 1-48. Flammable gas deflagr.tion d“. to incmzsed Low liquid level prevents drop leg from E3 E3
g= gener.ti.n i. T~ 241-sy- 102 r=ulh in distributing solids
release ofr.dim.tive aerosols

SYXFR12-S2 I&mitiOnof si~fimnt quantities of flammable Hot fl.siidil”fion wafer added (failure of F3 E3
‘#s rele~ed m T.ti 241-SY-1O1 km temperature cOn!ml)m“pkd wifh f.il.r. to
dissolution of crust Causingmdioa.five Wmsfer material
..,0s01 release

B-29
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Table B2. Hazardous Conditions With Poteni

ID Hazud..s Condition

SYXFR13-56 IRelease of radioactive aerosols due to imition
of flam.ble gtu in TanX 24 I-SY-1O1
released due to cmsf disturbance

1 Significant Offsite Consequen

cause

Nw.zlsbreaks .Eweating minor disturbance
of .rutiwaste 3

es S3

F,q En.
Cal

Fl E3

B-30
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Table B3, H

D

SYXFRO1-04

WXFR03-13b

}YXFR03-14

:YXFR04- 19

ardous Conditions With Potent

Hazard...C.nditi.n

Dropped equipment durins installation
darmse.s Tamk 24 I-SY-1O1riser andlor tank
done

Dome failure due to medoad from solid&d
waste wspendod from intank equipment due to
low Iiq”id level in Tank 241-SY- 101

Releass .fradio.tiive material tiorn wmfe
M d“eto overfill of Tank 241-SY- 101
msultin~ in pool (see HNF-3645 for details)

Release.ofradioa.tive material from waste
knk d“eto OVWtiii of Tti 241-SY- 101
as.lting in pool (see HNF-3 645 for details)

1 Significant Onsite Consequent

c.”,.

Damage to riser due to
Jam

- Drop on riser or tank dome
- Vehicle inmwt

Human error or instrument failure results in
excessive tifer or siph.nins

1. Exwssive dil”ti.a withcmt tr~fe.
Occu.in’g

-plugged transfer line
-bad pump
-bad flow m.t.m
-Operatorerror coupled witi imfmmmt error

2. Inadvertent draining firm flush fank

3. friability to pump results in continued
imrease ofwa$te 1.,.1

Human error w equipment failure results in
running flush water into @enL dis~h.uge
d“. closed on Tank241 -SY- 102>backlow
t. Tm3i 241-SY-101

N
Freq

—

F2

—

?0

:2

En,
cat

E2

E2

E2

E2
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Table B4. Hazardous Conditions With Potential Significant
Facility Worker Consequences (S 1)

ID Hazardous Condition cause Freq Env
cat

sYXFROI.01 Unfiltered release ofradim.tive aerosols Ventilation system failures results in positive F3 El
d.rin~ PPP assembly installation t?otn TaI& pr=u= h ~ while fise, .P~ ~nltinz in
241-SY-I 01 dome wax release

sYXFRO 1-03 Puxnnd are exposed to high levels of Human error or i“adeq. ate protection fiorn F? EO
ioniziig mdkti.n dwins PPP assembly shim from opal rise,
installation activities

sYXFR02-08 Un61bxed release of mdimmtive aems.ls Ventilation system failures results in positive P3 El
duri.s drop Ie$ installati.” from Tank 241- pr-... i. ~ wbil. riser p.. .=*lti.s j.
SY-101 dome ,p.., release

sYXFRO2-10 Personnel are expxwd to high levels of Personnel not adequately protected fi.m shine F3 no
ionK~”s radiation during drop leg installation
atiivitles

SYXFR05 -24a Personnd exposure concern du. to wale Eq.ipment fail~e ,=~ltiw in VAVSa~ng = ~ EO
trapped in transfer Ii”e . blockage

Transfer pump failure

SYXFR05-24d PeIsonnd exposure concern due to waste Plugged line P-3 EO
trapped in transfer line

SYXFR05 -32 Personnel injured due 10o.mpati..al hazards Ind”w’ial hazmd - hot valve handles tic F3 EO

sYXFR05 -33 Personnel exposed to high levels of m.izi”g Dmigmproblem inadequate shielding F3 EO
mdratim

SYXFR11.46b Release oftcmic sas to environment from Drop leg design error results in waste 1...1 I-3 El
Tank 241-SY- 102 and .Xp.,”., of pemmnel being below discharge point e“trai”ed gasses

are released as waste is dkcharsed

SYXFR12-49a Release and i@io” of flanmmble & i“ Fump is not operadns due to operator error or F1 El
transfer limeres”ni”s in Seneratio” of wipme.t f~l.=
radioactive .ercmok

SYXFR12-49b Release ad ignition of flammable gas in Water supply lank is emptylm supply H El
transfer line ms.lti.s in generation of
radioactive aerosols

SYXFR1%49C Release and igdtion of flammable gas in FmzmJdamaged hne r+ El
transfer line mwldng i“ s.nemtim of
mdioacfive aerosols

SYXFR12-49d Relax and i~ition of flamable sas i“ Valve shutlf.il”re F1 81
transfer line resulting in generation of
mdioactive aerosols

sYXFR12-53a Release and i~ition of flmabl. gas in Pump ISnot operating d“e to operator error or F1 El
transfer line resulti”z in WWatio” of wipme.t f.il~.
radioactive aerosols

SYXFR12-53b Release and i~iti.” of flammable gas i“ Water wpply tank is .~ptylmsupply F1 El
transfer line resulti”z in ge.erati.” of
radioactive aerosols

SYXFR12-53C Release and ignition of flammable gas i“ FromnJdama&d line F1 El
transfer line resulti”s in se.emti.n of
radioactive aerosols
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Table B4. Hazardous Conditions Whh Potential Significant
Facilitv Worker Consemmnces (S1 )

ID Hazardous Condition cause Freq Em
cat

SYXFR12-53d Relewe and ismition of flm.ble gas in Valve sh.llf.il.re FI El
transfer Ii.. resulting in generation of
radioactive aemw!s

SYXFR13.55 Personnel exposure to excessive mdiation due Human error or equipment failure F3 EO
to km. ff~.ient dec.on
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Table B5. Hazardous Conditions With No Significant Consequences (S{

ID Hazardous Condition cause

L_

Fmq Em
cat

E3

E2

EO

EO

EO

EO

EO

EO

EO

EO

:

EO

EO

EO

EO

E3

EO

EO

F,o

EO

SYXFRO 1-06 Tank 241-SY- 101 bottom pun.tured due to IPumpassembly too long resultins in
P.mP ~.mbly beins t.. 1..s resulting in bmwhi”g fank bottom
potential release to soil (leak into -“1”s)

F3

SYXfR02-11 Tank 241-SY- 102 b.ffom puncl”red due t. Desi~ error results in dmp leg being t.. long
dmp 1.s assembly too 1..s res”lti”g in - botbxn of fank puncf.red during installation
potential releas. to soil (leak into mn.l”s)

F2

SYXXR04-20 N. hazardous conditrm, sysfem is desi~ed
so that etieme pressures capable of
breading piping mot occur

No W&y cmsequenws

Tmfer pump dwd headed d“. to hum..
emx, *lu&ng, or equipment failure

F3

SYXFR04.21 Tramfer pump failed, human en., caused

P~P misOp.rati.~ ..nti.l system failure

B

Causes similar to low flow

SYXFR04-23 No s$ety si~ificance Human error in flow setup, imtmmentatio”
mmzdibmti.n, or equipment failure

B

F3SYXFROS-25

I

No safety si@Z,cance

I
Human error or eqtupment faihw causes
Dumu flow rate to be above desired mint

giphon condition tl.m receiving tmk to
SupplyW

F3

F3

Transfer pump failure

SYXFR05-28d No %afetysi@imme Plugged line

SYXFR05 -29 Operational delay due to low flow Line plug due to wuts .ooli”s (less than 110
degrees F d“. to low mnbie”t twnp)

F3

F3

SYXFR05 -30 Freezing of dilution water lines results in Cold weather causeslines to fm.sze
operational del.y

F3

SYXFR07-41 l+H, ., pote”fd for @s’& due to wtis
.rmtafhzati.n tiom coolirm

Low ambient gmu”d temperature

Heat trace overheats pipehoils waste

F3

SYXFR07-42

I
Production of sfeam when wasfe transferred
fhm”gb overheated framfer line

F3

F2

~

Creation of a tank uith W* conditions not Transfer of heat senemtins waste fkxn Tank
covered by c“rmnt Authorization Basis

Excessive heat up rafe muses thermal s&es in Transfer of heat s.nemtins waste from Tanl

Back pressure on system due to inweased

F2

F3

~

Redissolve TRU ca”sins redisfrih.tion of Law liquid level prevenfs drop 1.s from

High phosphates ftom other operations muses Low liquid level pmvenfs drop leg from
p.t.”fd for reztmn m“s,”g wl,d phosphates

The pH ITMYbe lowered enough to pre.,pitate Low liquid level prevents dmp leg from

F2

P2

F2
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Table 1

ID

SYXFRI 1-48,

SYXFR12-50

SYXFR12-51

SYXFR12-54

j. Hazardous Conditions Wkh

HazardousCondition

b$e “Ohl. .fti f.r fitUIe OPM&VISdw
to additional settled solids

Flush capability impaired due to vehicle
impact wifh flush water line .a”sins line
failure

No safety si~i!icance

Flush capability impaired

10 Significant Consequences (S

C.”se

f.owliquidlevelprevenisdroplesfrom
dimib.tin~wlid

V.hid.irnpwtin~flutiwaferSU@Ylin.

operationalConc,msOnlY(sam.asplugged
line)

Plugged Ii”e/pump 31
F,eq Env

cat

F2 EO

B EO

B EO

F3 EO
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Table B6. Controls From BIO SSCS and TSRS That Potentially Address Hazardous Conditions for
SY-101 Waste Transfers With Potential S3 and S2 Consequences

Nl,,rnhar ,mfPsoas. 19, .W1.lu-, u. . u~u.. , “

ID Material H-do., cause Potential Prev SSC Potential Prev TSR Potential Mit Potential Mit TSR HAZOP R,mks con
StRisk Condition Ssc cat

Rep Am 04, Flmab 1. Gas Deflagrations - DST

SYXFRO1- DST Flammable Em Flammable sa.s SC DST/AWF LCO: 3.2.1 DST and None None required

02

This is openingthe S3

inventory i~tes in Tank iaition Ventilation AWF T* Ventilation required
241-SY-101 when Sc SY-1OI

riser to prepare for PPP

sw~ assemblyinseallakon.

riser activities Hydrogen Monitor AC S.9 Flammability
cause spark Sc SY-101 Level Controls
resulting in Mo”itwins System AC 5.10 I@ion
radioactive aerosol Sc SY-101 controls
relezse Vwtil.tion Flow AC 5.1 I Flammable

Meter Gas Moniorins
Sc SY-101 controls
.4mmmi. Detection
system

sYxFRo2- DST Flmable gas Flammable zas SC DST/AWF LCO 3.2.1 DST and None
09

Non. required Hazards lessfortbe.se S3
inventory ignition in Tank ignition Ventilation AWF Tank Ventd.tion mq.ired h-do., omditions

241-SY-102 system tban!hosespecitiedin

during drop leg AC 5.9 Flammability
imkdlation results C’xdmls

theBIO.

in aerosol release AC 5.10 Ignition
of radimcdve Cmtml,

material AC S.1I Flammable
Gx Monitoring
Contiols

sYXFR1 I- DST Release of Dmp leg de.si~ SC DSTIAWF LCO 3.2,1 DST and None None required None S3

46. irwe”t.ry radioactive amr results i“ Ventilation AWF Tank Ventilation required
aerosol, d.. to wasfe level being system
flammable g~ below dis.hmge AC 5,9 Flammability
deflagmtion in point - entrained controls

Tmk241-SY-102 Z=S= =. AC 5.10 Ignition
released as waste control,
is discharged AC 5.11 Fkmmble

Gas Monitories
controls



Table B6, Controls From BIO SSCS and TSRS That Potentially Address Hazardous Conditions for

SY-101 Waste Transfers With Potential S3 and S2 Consequences
fPages: 12Number

Pofmtial Mit
Ssc

None
required T

HAZOP Remarks Con
cat

None S3

ID Material
at Risk

DST
invento~

DST
,“vmt.ly

Hwardous
Condition

cause

Low liquid level

pr.v..* dMP1,s
tiwn disfributins
solids

Potential Prev SSC Pofential PEWTSR Potential Mit TSR

Nom requiredSYXFRI 1-
4s,

Flammable gas
deflagmfim due to

SC DSTIAWF
Ventildi.”

LCO: 3.2.1 DSTand
AWF Tank Ventilation

stie~
AC 5.9 Flammability
Con!mls
AC 5.10 I@ion
Confrok
AC. 511 FlmaLde
Gas Mmitoti”X
Con!ml$

inmeased gas
generation in Tank
241-SY-102
res.lfs in release of
radioactive
aerosol,

I

I
I

tonsRepresentedby .4

I’BD

JF-3645

Nom required

Flammable Gas Detl.: ,sis for ID 10ISYWLV- 15AIdenfifkd in

Failure of service
wafer heating
res.ltin~ in
addition of cold
dilution water

sYxFRo3-
12.

Chmge volubility
causing larger
quantity of

p=.ipi~ted
material res.ltins
in irmease of
flmble gas
being trapped on
patkles witi
i@ion in Tank
241-SY-101

1

rBD None
required

Yone S3

S3

mable Gas Deflagmtiom Representedby AI his for ID 10ISYWLV-I 4A Identified in HNF.364s

;YXFR03-
12b

DST
inventoly

Itition of
significant
quantities of
flammable sa.s in
Tmk241-SY-101
released from
dissolution of crust

Hot flusbJdil.fion TBD
water added
(failure of
temper.tum
...t..1)coupled
wifh failure to
tramfer material

TBD

2
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Table B6. Controls From BIO SSCS and TSRS That Potentially Address Hazardous Conditions for
SY-101 Waste Transfers With Potential S3 and S2 Consequences

Number

D

12

cause %tentud Pr.v SSC

rBD

btenti.d Prev TSR Potential Mit
Ssc

PotentialMit TSR HAZOP RenwIksLlterial
d Risk

Eaza,dou$
Condition

WXFR12-
i2

WXlR13-
i6

XT Ignti.n of
signifkmt
quantities of
flamable gas
releued in Tank
241-SY-101 tiwn
dissolution of awl
causin~
radioactive aerosol
relezse

Relexe of
radioactive
mosok d.. to
ignition of
flmable sa.s in
Tank 241-SY-101
released d“, to
NUStdisturbance

Hot !h$~di[”ti..

water added
(faibm of
tenlper.t”rs
control) coupled
with failure to
tiansfer nlatwid

rBD TBD rBD May not be,
simifi.ant contribution
to flm.ble gas
generation.

XT Nozzle breaks 05
meting minor
disturbance of
Crust/waste

rBD rBD TBD rBD Covered by rad,.tion
protection pmgmn.

Flmable Gzs D.fla@ions Remsented by A ;isfor ID 101SY WLV- 16A1 Identified i. HNF-3645

Flamable sas
generated and
Ignited in Tank
241. SY-101 due
<. i“tntsive
activity resulting
in release of
radioactive
.,,0,01,

;YXFRO1-
)7

Insertion of PPP
assemblyinto
ti disturbs
waste releasing
flammable s=

rBD rBD TBD rBD Vone

Rep Acc 12, Tank Failure D.. to Excessive I&ids



Table B6. Controls From BIO SSCS and TSRS That Potentially Address Hazardous Conditions for
SY-101 Waste Transfers With Potential S3 and S2 Consequences

V,,rnhe. fifP~ee.. 17. .4..../-. -. . .A~-.. .4

D Material Hw.ardous cause Potential Prev SSC Potential Prev TSR Potential Ma Potential Mit TSR HA20P Remarks con
at Risk Con&tion Ssc cat

;YXPRO 1- Radioacti Dropped Damage to riser None required AC: 5.16 Dome None
)4

None required
V,

Installing the Pump S2

wbm~t dufi~ due to Loadl”g controls requ,red and PPP. Estinmting
aerosols imkdlation - Jam 15,000 Ibs (mixer
con!ain.d damages Tank - Drop on riser
i“ Tank 241-SY-1O1riser

pump is -20,000 lb,).
or tank dome Load awn. will b.

241-SY. mdlor tank dome - V.hi.le impact installed prior to pump
101 imbdlation.
headspace

Damace dw to vehicle
irnpacl is of low
likelihood due t. the

pr=e... .f ~. T~
241-SY-1O1 new riser
pit.

Vehi.ls fuel fires
covered in BIO
5.3.2.3.

;YXFRO 1- Radioa.cti Localized load Overloaded tank None required AC 5.16 Dorm None
15

None required Load frame will be S3
“e potentially dome d“, to PPP l.aadin~ Con!mk required installed befm
..10s01s damgcs T* assembIy itill.tion ofp”tnp
contained 241-SY-101 installation
inale lank

assembly. See BIO
domlriser ITK-FR-04 for

headspme .reating “filtered COmeq”encesof riser
paol for ..,0,01 damage.
releme

0



Table B6. Controls From BIO SSCS and TSRS That Potentially Address Hazardous Conditions for

SY-101 Waste Transfers With Potential S3 and S2 Consequences

l??@X 12Numbe]

D

lYXFR03-
13b

%tential Prev TSR Potential MitW3terial
,t Risk

1ST
nventory

Hazardous
Condition

cause ‘otential Pm. SSC

<onerequired

%enthl Mit TSR

ion. required

H.4ZOP Remarks 2..
w

S2

S3

S3

Ssc

Dorm failure due
to overload fim
solidified waste
suspended firm
in!mk equipment
due to low liquid
level in T& 241-
SY-1OI

Huron am, or
instnumnt failure
mulls in
excessive transfer
or siphmi”g

LC 5.16 Dome
.oading Co”!mlS

None
.eq.ired

Lollipop issue
addressed in Hazard
Analysis for 1.”,1
increase, ID 101SY-
WLV-8A HNF-3645.

f-w s.1~~1~ pi=
of waste CTuslKfberins
to imialled q.iprmnt
suspended from UK
ti risers could
represent si~ificant
.mcertmted load
(lollipops have been
observed in other
ti).w

k
m

Release of
m.dmmtive aerosol
mdm.wdin Tanl
241-SY- 101 new
riser pit due to leak
km line, flanse 0,
valve

YxFRo5-
4b 1

DST
waste

RUFtuced
Iineileakins
tlanse or valve
inside Tank 241-
SY-10 I new I&r
pit

None required None required SC Transfer
system
coven

LCO 3.1.1
Transfer S3stan
covers
AC 5.22 Transfer
SWm cover
mnoval COnfml,

Tank 241-SY-101 new
riser pit should be
freated like any 00IW
transfer system pits.

%.. requiredDST
wrote

Spray leaks at tie
241.SY-B pit.1

Nmp.r
mumtkm due to
high pmsurt

Pl”ggins at the
Tank 24 I-SY-
102 drop l.g due
to solidification
Ofwasie Ks”lfs
in prw”res
Stlff,c,ent to
cause degaded
@ets/cQnnectio
m to leak

w“, required SC Transfer
system
covers

LCO 3.1.1
Transfer System
covers
AC: 5,22 Transfer

lumper connections
evaluated for tie de.d
head pressure for SW

p.mpi.s ,y*em.
systemcover
removalCOntml,





w
L
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Table B6. Controls From BIO SSCS and TSRS That Potentially Address Hazardous Conditions for
SY-101 Waste Transfers With Potential S3 and S2 Consequences

\T,,mhar ,mf Do,,am. 1’7.. !4... ”-, “. . w~u., .’.

D Material Hazardous cause Potential P,.” Ssc Potential Prev TSR Potential Mil Potential Mit TSR HAZOP Remarks con
.1Rsk Condition Ssc cat

WXFR07- DST spray leak from Primary line leak Nom required
18b

AC 5.13 SC Tram.fer LCO 3.1.1
waste

LAakdetector interlock S3
enm.xment well in wifb Encasement Seal Loop ,*. Transfer System
Tank 241-SY-101

to shut doumJNlllp.

pr=u~tion controls covers Covers
newriwr pit duet. (caused by AC 5.22 Tmmfw

prim~ Ji.e le~ encasement s..1 system cover
with encasement loop Iefl closed removal controls
test pelt not fidly alter kstins)
open

WXFR07- DST Release of Primwy line leak No”. required
10

AC 5.13 SC Transfer LCO: 3.1,1
Umste

Leak detector interlock S3
radioactive with Encasement Seal Loop system Transfer System to skut down pump.
aemmls due to Pr=uri=tion controls coven covers
spray leak tiom (caused by AC 5.22 Tmfer
ema.sement well in encaenle”t seal system cover
Tank241-SY-101 Imp lefl closed removal control,
new riser pit d“e to .fler tfsfins)
primary line leak
viiti encasement
test port not fully
open

Rep Ac.c 16, sp,.y Leak fmm Underground Wrote Tram fer Lines

WXFRo8- Material Excavation Excavation N... required
13

AC 5,17 Excavation None
leaked

AC 5.17 3%!sactivity is covered S3
activities damage activities damage control, required Ex.watio” by e.i~iw .x.av.ti..

awn exmv.tie” lines in Irm.sfer lines C’mml, controls.

transfer vicinity of the new
line transfer line tie-in
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Table B6. Controls From BIOSSCs and TSRs That Potentially Address Huardous Conditions for
Y-1 01 Wasi

cause

Transfers Wh

P.tenti.lPrev SSC

‘otential S3 and!

Potentialtie. TSR

X.!?E!l rices

Potential Mit TSRHazardous
Condition

PotentialMit
X3c

HAZOP Remarks
atR&k

LCO 3.1.1
Transfer System
covers
LCO 3.1.3
Transfer Leak
Detection Systems
AC 5.12 Tmnsfer
Confrols
AC 5.14
Emergency

SYXFR05-
24b2

DST
.24s

Overflow of T&
241-SY-1OI new
riser pit due to leak
from line, flange m
valve

Ruptured
Ihlldfeakim

Wm.
-quid

Tank 241-SY-101 new
riser pit should be
treated hke any otier
transfer system pit

flangeorvii”.
ihsid.Tank241-
SY-101nwnser
pit

DST Releme of
radioactive liquid
rmm flush lank
3“. to pool l@k
:amed by
,ackkrow’of waste
,nto flush system

SYXFROS-
24.

Human error
a.sin~ incorrect
wlvin~ (flush
mrnp must be
JO

SC Press.m switch
interlocks or alarms
(water service lies)

LCO 3.1.2 Service
Water Pmss.re
Detection Sysfems
SR Verify service
water p,ess”re
detection sysfem.ssw
operable

IC Transfer
C*
Ietection
:ystem
IS Tank
,“.1
Ietection
,ystem
IS: Transfer
,@.111
:Overs
N: Service

Require multiple
evenwftilures to WcuI
(flush fl”~p

in.~.rabl.,WIV.
tnis~oski.~and
framferOCcting.

waste
covers
Lco 3.1.3
Transfer Leak

w
&

0

Detection Systems
AC 5.12 Trmsfer
controls
AC 5.14
Emergency
Prepardllass

Me,flow

otalizers

None requiredSYXFR05.
2Sb2

DST Release ofliq”id
Fast. in Tank
241-SY-101 new
.iser pit due to leak
imn line, flense or
J.IVSfonnin~ pool

?uptured
inefleaking
Iange 0, valve
mid. Tank 241-
IY- 10I new riser
lit

None required ;C Transfer
,&
M.@ion
y,tem
:S: Tank
evel
letecfion
pfmls
;S: Transfer
ysfem
avers

Lco 3.1.1
Tmfer Syte.
covers
AC 5.12 Transfer
Controls
AC 5.13
Encasement S.81
Loop COMAS

“d”. I@ dosed
AC 5,14
EmeIsency
Pr.pamxfncss

Tank 241-SY.101 new
riser pit should be
@ested like any other
hnsfer system pit.

*The framfer system
will have its own leak
detection system.

;3
waste
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Table B7. S2 and S3 Hazardous Cofiditions Ordered By BIO Accident Section
Nl]mher of Paue.s’ 6. . .... .. ------ .-
BIN ID MweTM at Risk Hdom Conddion CaW FM ~ cause REP

% ACC

The frequency ofihe BIO Analyzed Accident is based on No Controls Present. ‘fle frequency categmy oftheSY-101WasteTran.sfmHazardousConditionsisbasedonNOControlsPresentalso.
However,tieltequencydcestie intoconsiderationalreadypresentticlum andcomp.mnwandtieiceffectonlh.frequency.Theconw+mncecatezwyissimilarlySW&%.4

sY-101WASTE TSANSFSR HAZARDOUS CONDITIONS

B-l-a SYXFRO1414 Radioadive aerosols con!ained h Tank Dmppd equipment during installation Damase to riser due to F2 W D26 12X

241-sY-101 headspace tias= Tank 241-SY-101 riser - Jam
andlor ti dome

. DTOPon rkm or mnk dome

- Vehicle irnpwt

B-1-a SYXFRO1 -05 Radioactive aemsok contained in tie Lxaliied load potentially damages OvaloadedW d.m d.. bIPPP F1 S3
tankhwdspace

026 12x
Tank241-SY-1O1dome+kercreating assemblyinstallation
ufilteredpathformosolrelease

B-l-a SYXFR03-13b DST ilWfXNOv Dome failure due to OVW1O8.CI!?om Human mr or imuument fail”rt FO S2 D1l 12X
solidfied waste suspended tom intank results in excessive transferor
eq”ipmmt due to low liquid level in siphoning
Tank 241-SY-101 -



SY-10 I WASTE TRANSFER HAZARDOUS CONDITIONS
The followins Hazxdous Conditionshave the character of Flammable Gas Deflagrations in DSTS. T=. separate generalized gm.pirg$ have been identitkd

1. H-do.% Conditions havkg no significant difference&m tbe Repmsentativ. Accident (indicated as REP ACC 04X)

7. H=do.s Conditions involvins potential Tank 241-101-SY must flmble g,= release not specifically analyzed under the R.pmsenfativ. Accident (REP ACC column marked 04XX).
These Hazardous Conditions are similar to Hwdous Conditions identified in HNF-3645 that me beinc analyzed to determine if comes.encas me mater than those mecified in the CUrre.t
Authorization Basis analwis.

. .

A-1-a SYXFRO1-02 DST ilN@OW Fbimabk cm igmke.sin Tmk 241-
SY-10 1when riser activities .8.s.
spark resulting in radmmtive aerosol
release

A-1-a SYXFR02-09 DST inventory Flammable g,a ignition in Tank 241-
SY-102 durimgdrop leg imkdlation
results in aemwl release of radioactive
~.tai.l

A-l-a SYXFR1 1-46. DsT inventory Release ofradioactive aerosol, due to
flmable gas deflagration in Tank
241-SY-102

A-1-a SYXFR11.4S, DST inventory Flammable g,mdeflafm.tion due to
increased S=senemti.ninTmk241.
SY-102 msuks in release of radiodive
.,,.,01,

Flammable sas ignition ]F3 /s3

+

=

level being below d,schase, point.

Low liquid level prevents drop 1.%from F3 IS3

ditib.ting solids

B04

B04

BO1

04X

04X

04X



Table B7. S2 and S3 Hazardous Conditions Ordered By BIO Accident Section
Number of Pa~es 6

BrN ID Material at Risk Hzz.rdmu Condition cause F- Con cause RRP
cat % ACC

A-l-a SYXFR03-12b DST inventory Ignition of si@imnt quantities of Hot flushldil.tion water added (failure Fl S3 BO1 04XX
flammable szs in TanX 241. SY-101 of temperature CO.*O1)coupled uith
released from dissolution of ~SI failure to Imllsfer material
musing radioactive aem$ol release

A-1.. SYXFR03 -13a DST inventory Release of radioactive aerosols due to Human error or instmment failure F2 S3 B06 04XX
i~tion oflar~e quantities of results in excessive txansfer or
flmable sas in Tank 241-SY- 101 $iphoning
released fmm buoyant di$placemaf
ORE

Failure to continue GRE prevention
d.. to inability to operate mixer pump

Mixer pump suction in must

- Mixer pump suction out of
waste

k-l-a SYXFR03-I 5 DST inventwy Radioactive aerosol relea.w due to 1. Excessive dilution without transfer F2 S3 BO1 04XX
wafer addition di.sxdvin8crust wusins occurrin~
ORE wifh ignition in T& 241-SY- -plugged tmmfer line
101 (fINF- 3645,10 ISY-WLV-23 AT) -bad ~Ulllp

-bad flow meters
-operator error coupled wi!l imbmmnt
error

2. Inadvatent draining horn flush
tank

3. Jmbihty to pump ms”lts in
continued k.mase of wa.sls level

i- l-a SYXFR04-17 DST inventory Radioactive a.emml release d“. to Hole in pips (spray Ieti) inside dorm F] S3 BO1 04XX
spray leak dissolving .mst .a.shg space
GRE witi ignition in Tank 24 l-SY-
101

i-l-a SYXFR04-I s DST inventory Radimtiiv. aerosol release due to Rwid ~~f.r disturbs crest greater F1 S3 B04 04XX
i@ion of flmabl. ES released tiom than posl”l%ted
disturbed CT@in Tank241-SY.I 01

AISI identified in HNF.3645, Item
10ISY-WLV-22AT
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Table B7. S2 and S3 Hazardous Conditions Ordered By BIO Accident Section

Material St Risk

DST ii!”.$lltiq

Hzardo.s Condition

I@itiOn of$ism$cti quantiti= of
flammable EWSreleased from
dissolution of crest in Tank 241.sY.
101 causing radioactive aerosol releaw

co”
cat

S3

RSP
ACC

SYXFR04-22 Hot flutidilutio” water added (failure
oftenqxm.t”ra w“tml) coupled wifb
fail.ra to tmmfer material heats tank
waste

DST inventorySYXFR12-52 Mi.n of $itifiCmt quantities of
flammable gas released k Tank 241-
SY-101 from dissolution of cmsi
causing radioactive aerosol release

Hot fl.shJdil”fio” water added (failure
of temperature control) coupled with
failure to transfer material

SYXFR13-56 DST inventory ReIease of radioactive aerosols d“. to
ignition of tlmumble gas in Tank241 -
SY-101 released due to crust
disturbance

Nozzle breaks off weadns minor
disf”rbalm of mlsuwaste

Flammabk gas ~encmted and igited in
TanX 24 I-SY-1O1 due to intrusive
activity res”ltins in release of
radioactive aerosols

m
&

0!

0

SY.1 WASTE TRANSFER HAZARDOUS CONDITIONS

1. Excessive dilution without framfer
OCc”rring
plugged framfer Ii”.
bad pump
bad flow meters
-operator en., m“pled wi!l hsfmment
elmr

2. Inadvaient draining from flush
tank

3. Inability to p“rnpIS.llsin
conti””ed increaseof waste level

WXFR03-14 1ST waste Release of radioactive material km
waste tank d“. toO“ddlofTank241 -
SY-101 resultin~ in pool (see HNF.
3645 for details)
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CHECKLIST FOR PEER REVIEW

Document Reviewed: Hazard Evaluation For Transfer Of Waste From Trmk241-SY-1 01 TO Tank
241-SY-102

Scope of Review: Assumptions, model applicability, correct input.

Yes No NA

~ [1 [1

M [1 [1
M [1 [1
B [1 [1
[1 [1 M

N t] [1
N [1 [1
[1 [1 ~
[1 [1 N

[1 [1 M

[1 [1 M
[1 [1 N

M [1 [1

M [1 [1
M [1 [1
M [1 [1
N [1 [1
[1 [I*

M [1 [1

Previous reviews complete and cover analysis, up to scope of thk review, with no
gaps.
Problem completely defined.
Accident scenarios developed in a clear and logical manner.
Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.
Data used in calculations explicitly stated in document.
Data checked for consistency with original source information as applicable.
Mathematical derivations checked including dimensional consistency of results.
Models appropriate and used within range of validity or use outside range of
established validity justified.
Hand calculations checked for errors. Spreadsheet results should be treated exactly
the same as hand calculations.
Soflware input correct and consistent with document reviewed.
Soflwme output consistent with input and with results reported in document
reviewed.
Limits/criteria/guidelines applied to analysis results are appropriate and referenced.
Limits/criteria/guidelines checked against references,
Safety margins consistent with good engineering practices.
Conclusions consistent with analytical results and applicable limits.
Results and conclusions address all points required in the problem statement.
Format consistent with appropriate NRC Regulatory Guide or other standards
Review calculations, comments, and/or notes are attached.

Document approved.

Don Porton 3MU R. /& ~/J@l

Reviewer (Printed Name and Signature) Date

*Any calculations, conrnrents, or notes generated as pati of this reviewshouldbe slgred, datedandattachedto thk checklist
Such material should be labeled and recorded in such a manner as to be intelligible to a technically qualified thid pa~.
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