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1.0 INTRODUCTION

The Multi-Function Waste Tank Facility (MWTF) East site will be constructed on
the west side of the 200E area and the MWTF West site will be constructed in
the southwest quadrant of the 200W site in the Hanford area. Functional
Design Criteria (Kendall, 1992); a Conceptual Design Report (Nicholson, 1992);
an Advanced Conceptual Design Report (WHC, 1993) and a Preliminary Safety
Evaluation (Kidder, 1991) have been issued for the project. A Preliminary
Safety Analysis Report (PSAR) is scheduled to be completed in fiscal year
1995. The Westinghouse Hanford Company Safety Analysis and Engineering (SAA&E)
Department will be developing the PSAR; the Project Safety Analysis and
Nuclear Engineering (SA&NE) unit of SA&E will have the primary role in
performing the accident analyses for the PSAR.

-Firstistep in perform1ng an accident analysis is_to fdentify and
Qmﬁt&ﬁ:w&f v-assess the: fackl ity hazard® The results of the assessment are
“used to determine which abnormal events could initiate accidents with the
potential to expose site personnel or the general public to radioactive or
chemical hazards.

A number of systematic techniques for hazards identification are available;
the technique chosen for the MWTF is the Hazards and Operability (HazOp)
Study. The: HazOp-methodology was chosen because it is designed: specificaly
forzehemical: processing and-storage-areask It is also one of the most
exhaustive techniques because it is designed to examine process deviations in
exhaustive detail and because it ukilizes. a:multi=discipline team of
knowledgeable individuals in a systemat1c brainstorming effort. The HazOp
results are being used as a scoping tool to determine which potential accident
sequences must be analyzed in detail to demonstrate that the MWTF can be

safely operated.

The results of Revision 1 to the HazOp Study will assist in the resolution of
Cepmentsimade: by tie DO ‘Hidepe #: Review:Group during the MWTF PSAR
review . The subject comments were directed at obtaining a general
quantification of hazards to the MWTF facility worker and estimating a
frequency range for each of the various accident scenarios based on the
col]ect1ve engln ,r1 g judgement of the HAZOP team members. The originaT"

ifatogy was: notrchanged.

2.0 SCOPE

The HazOp covers equipment and facilities within the scope of Project W236-A
which could contain quantities of hazardous (radiologically hazardous or
toxic) materials with potential to cause significant consequences to site
personnel or the general public. The assumed configuration was that .
documented in the draft "Advanced Conceptual Design Report for the Multi-
Function Waste Tank Facility". In order to minimize duplication of effort,
the HazOp covered typical equipment. For example, the tanks were represented
by TK-103, since it was a "typical” tank, with the exception that drain piping

1
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provides additional sources of liquid. The process pits were represented by
the valve pit (considered typical); the flush pit was specifically considered
because of the design differences from the other process pits. Areas with
limited potential to cause consequences outside of the facility boundaries or
initiate significant events in other parts of the facility (change rooms, etc)
were not included in the scope of the HazOp.

Revision 1 of the study assigned one of four frequency ranges to the various
hazards and assessed the hazards involving consequences to the facility

worker.
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3.0 ORGANIZATIONAL RESPONSIBILITIES

The HazOp was performed by Westinghouse Systems Safety Analysis and personnel
designated by the MWTF project. Systems Safety Analysis (SSA) coordinated the
effort by providing methodology, facilitation, recording services, and the
final report. Other groups represented were the MWTF project, Kaiser
Engineers Hanford design personnel, WHC Safety, and Tank Farm Operations.
Information concerning the qualifications of the team members is included in
Appendix C.

The Supplemental HazOp Study (Revision 1) was performed by WHC Safety Analysis
and Engineering (SA&E) personnel and other personnel designated by the MWTF
project. WHC SA&E coordinated the effort maintaining the original
methodology. Other groups represented were the MWTF project, Kaiser Engineers
Hanford design personnel, WHC Safety, and Tank Farm Operations. Most of the
original HazOp team was retained.

4.0 METHODOLOGY

A Hazards and Operability study (described in detail in Appendix A) documents
the effects of deviations from the design intent of the various "process”
parameters. Flow diagrams were utilized to break the system into nodes. Each
major piece of equipment involved in the process is a node, and the piping
and/or instrument lines connecting the equipment are also nodes. Pertinent
process parameters (guide words) such as flow, pressure, level, and
temperature are chosen, and a series of questions are asked about each
parameter. Each "question" concerns an abnormal condition of the parameter
(for example, "no flow"). The team, based on design knowledge and operational
experience, postulated the cause(s) and effects of the abnormal process
condition. From this information, a qualitative estimate of the consequences
of the abnormal condition was obtained. The estimate can then be used as a
screening tool to determine the need for further analysis.

The HazOp product is a series of tables (Appendix B) showing the results of
the team discussions. The results are further categorized to include a list
of potential abnormal conditions which might cause consequences in the various
categories, a list of accidents to be considered for analysis in the MWTF
PSAR, and a list of comments and recommendations made by the team.

5.0 RESULTS

The summary of the results of the studies performed is included in this
section.

The results of the HAZOP analyses were a number of postulated abnormal events
which were ranked by the team members with respect to safety consequences. The
first cut, qualitative, consensus estimates of the safety severity of the
consequences were ranked by the following alphanumeric system:
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SO no effect outside the facility confinement systems and no safety
concerns for the facility worker, the onsite worker, or members of
the general public.

S1 ‘potent1a1 industrial injury, radiological dose consequences or
chemical exposure to the facility worker

S2 potential significant radiological dose consequences or chemical
exposure to the onsite worker at the nearest adjacent facility

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

The following Table shows the number of events considered to have potential
consequences in each category, for each study node. Note that the number of
ranked abnormal events does not have a one-to-one correlation with the node
deviations. In some cases, deviations of a parameter associated with one node
would cause another deviation of a parameter associated with a second node.
(For example, high flow through a feed 1ine node might cause high level in the
destination vessel.) In some cases an abnormal event caused by a particular
deviation has more than one consequence ranking, depending upon the state of
associated equipment or parameters. Because consequence calculations have not
been performed for any abnormal event, some events have a dual (S1-S2 or S2-
S3) ranking . These events are tabulated in both consequence categories. In
some cases, the cause and consequences of a particular deviation at a node are
identical to a deviation at another node. These are cross-referenced in the
HazOp tables and not generally included in the count as separate ranked
abnormal events. Thus, the count of abnormal events in the following table
should simply be used as a guide to the severity of possible consequences in
the MWTF. Only those abnormal events having a potential safety consequence of
S2 or S3 will be considered for detailed accident analysis.

Tab]e : HazOp Results Summary
Node # SO | #S1 | #S2 | # S3 | TOTAL

1. High level waste transfer lines 5 3 8 0 16
(represented by spare line from
diversion box to valve pit)

2. Flush jumper assembly 3 7 3 0 13

3.  Piping from flush Pit to flush 0 0 | o 0 0
Jumper (deviations encompassed by
flush jumper assembly)

4. Process drain line from valve pit 4 0 0 0 4
to drain pit to TK-103




WHC-SD-W236A-PHA-001
Rev. 1

Table: HazOp Results Summary

l 5. Process waste jumper in valve pit 0 0 0 0 0
l 6. Valve pit 0 13 6 0 19
7. ~ Valve pit drain line from valve 0 1 0 0 1
pit to drain pit
8. Valve pit Exhaust line from valve 2 11 0 1 14
pit to vent building
9. Process line encasement 3 3 1 0 11
10. Flush pit 0 7 1 0 12
11.  Primary tank (TK-103) 10 9 9 3 31
12.  Secondary tank (TK-103) 5 0 2 0 7
13. Sampler 5 9 0 0 14
14. Sampler pit 0 3 0 0 3
15. Sampler cell 0 18 0 0 18
16. Decontamination solution tanks 3 10 1 0 14
17. Mixer pump pit 3 7 2 0 12
18. Weather enclosure 9 19 3 2 33
19. Tanker load-in station 1 14 1 0 16
20. Piping from the load-in station to | 12 |12 0 0 24
the chemical addition lines
including piping within the pump
station
21. Primary tank ventilation system 0 7 0 0 7
air intake '
22. Primary tank once-through exhaust 4 8 2 0 14
23. Combined exhaust tunnel and stack 0 0 2 0 2
24, Heat removal system on primary 1 6 0 0 7
tank
25. Inlet to annulus ventilation 0 0 0 0 0
system (basically the same as the
primary ventilation system)
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Table: HazOp Results Summary

Node

26.

27. Cross-over spool between annulus 10 9 9 3 31
ventilation system and primary
ventilation system

Annulus exhaust

The HazOp tables are included in their entirety in Appendix B. Abnormal
events having potential safety implications are summarized here. One hundred
seventy-two deviations were postulated as having S1 (potential facility worker
injury, radiation exposure, or exposure to toxic materials) consequences; many
of these would be due to recovery actions necessitated by equipment failures
or operating errors. The combined and summarized S1 deviations are:

1.  Potential warker injury-or exposure to radfoactive- contamination
0¥ toete: fumes during repair of process solution transfer piping
or equipment

2. Potential h¥gh'radiation exposu®e or industrial injury to
operations/maintenance personnel during unplugging of process
solution transfer lines due:-to-loss of:flush watexr flow or failure
to flush a line segment due to misrouting of flush solution

3. Potential radiatfonaxposure®or industrial injury to
operatlons/matntenance personnel due: to:repair of broken equipmertt:
in flush pit

inatidm due to

4, Potential worker=exposure: to: radicactive cont
' taading,of flush pit

5. Potential high radiation exposure to personnel if process solution
(feed for another waste tank) is erroneously transferredsto flush
pit

6. Worker “¢he
flush line

7. Possibility of awerflowin
of flush solution

rajcexposure due to transfer-of‘wrong chemical to

¢ waste:tankhdue to wrong-time transfer

tive: contaminatien
g repair:of: equipment»in valve pit

8. Potential worker 1nJury or eﬁﬁosumﬂwtnaraéfﬂ*f
Ormwm il




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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Unﬁ‘ltered mleasewaﬁ contaminated ai® from valve pit if
es; -dues k:reactton, ctosed valve op vent line,
e, or -wiz drain: Fine to waste tan

izl of- pro “soFuttomfrom valve pit piping spreading
contammatmn which might be resuspended during contact
maintenance/repair operations

WOrker e@a&w $os chemic Fugas resulting from mistransfer .af
1 atible chemical solution to TK-103 via the flush Tine drain

Worker exposures to: toxic gases. due to chemical reaction in valve
pit

saseof radioactive: contamination from valve pit due: to:reverse
ﬁmﬁ&;. ag samplemebuilding exhaust

Welcaseraf contaminated: material to the environment due to broken
issi:king encasement pipes (assumes that encasement is
contam1nated)

F* contaminated: material due to failure of
emeasement: pipingrduring hydrotest (assumes that encasement is
contam1nated)

YEalrof W %ﬁﬁr&ﬁapi‘%‘ (S1 due to potential worker injury

from repalr‘ _The flush pit is not ventilated, so cemfined:space
-possibiy:occur. )

g .fie@‘ehemcaﬁswfm “fTush pTt potentially causing equipment
damage and worker injury

Env1 ronmenta'l reles

EOm: petmar ."?Wku&&ﬂS]hQ Ancreased: worker: radiation exposure
due to recovery actions
Potential werker“fijiry: due:to recovery: actmm from pumping out a
tank at the wrong time

Potential werker:injuries:from: recovery-actfons due to letting
tank liquid level to go low enough to damage equipment

Sructural: damage: tor primary:-tartks due to high temperature from
chemlca] reactlon or ventilation failure

Cintamtnation: of Sampler pi4 due to mmng breaks or failure to
1nsta'H Jumper (as-&umedw X : ntenancg)




23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.
" 34.

35.

36.

37.

38.
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creased. warker expasuwe because of difficulty in gett]ng samp1e
due to residua¥ Frush-so ution, decon solution or air in the
sampler lines

- of toxic:gax.in sampler due to 1ncompat1b111ty of waste

and decon solution

ontantiation: b caT and caskR due to leaks of process
so]utlon (cou]d potent1a1]y spread to operating area and
ventilation controls)

iﬁ”v?wwmmmfm from sampler cell due to ventilation
ailures

"'Nﬁ&ﬁﬁﬁifYom mixer pump pit if drain plugged

rat-fon spread due to: dropping coverblocks™ into contaminated

process pit

veaminatfon spread from: weather enclosure fire: starting either
1nterna1 ‘to the weather enclosure or external to the weather
enclosure (range fire)

s ”f;aﬁ?¥nenmnat§b%ezdeenntam%nat1on~chemﬁcaﬂ to the tank via
the decon area drain line

.ofshagardous materfal: from decon solution tanks via tank
vent stack due’ to solution overheating

| 1 smateriak into decon area from barrel pump if
1ncompatlee soTut1on is transferred into decon tank

T

sedy #pad¥ation’ exposuré®due to inadvertent transfer of
process so1ut10n to decon tank

8




39.
40.

41.

42.
43.
44.
45,
46.
47.
48.

49.

50.
51.

52.
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e " "’ifi“""l&from process pits drammg water from
frozen utility pipes or fire protection water into the tank

ination spread: due.-to.ventilation. system problems caused by
accumulation of windbTown debris around cooling tower or

ventilation intakes

Marker. exposure: to: vehicle exhaust™in weather enclosure due to
fafTilre of vehicle exhaust ventilation system

: A : dous: chemicalshdue to failure of equipment
in chem1caT’add1t1on system

wry-die to Fuel FireMin chemical supply truck

“paactiormin waste tank caused by mistransfer: of*
@ chemica® from truck load-in station resulting in tank

adtation exposure™due to suckback:of contaminated: tank
Y& due to loss of steam in steam mixer

gl diffavential pressure across once-through or annulus
vent11at1on system duesto‘excessive-moisture i the:airTor
transport of biota into intake (Sl rating due to hazards of filter
changeout)

Contamination of inlet HEPA filter resulting from loss of
ventilation outlet flow and subsequent reverse flow to inlet (Sl
rating due to hazards of filter changeout)

Failure of inlet air heater control causing failure of inlet HEPA
filter or damage to duct insulation (S1 due to hazards of
recovery)

Contamination spread due to breach of inlet ductwork (could have
normal stack flow with negative pressure not maintained in waste
tank)
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53. Contamination spread from inability to maintain annulus negative
pressure with annulus crossover spool in place and open annulus
riser (assumed that leak into annulus has occurred)

54. Steam from chemical addition system in tank vapor space causes
plugging of exhaust HEPA filters (S1 ranking based on hazards of
filter changeout)

55. Worker radiation exposure from replacement of equipment in exhaust
system following fire in exhaust system

56. Worker radiation exposure resulting from repair of failed
equipment on primary tank heat removal system

57. Transfer of corrosive flush solution to heat removal piping
causing worker exposure during recovery

58. Release of propylene glycol due to heat removal system condenser
failure

59. Transfer of propylene glycol to waste tank due to condenser
failure (ranking depends on compatibility with contents of tank)

60. Release of contamination from annulus ventilation system due to
pressurization

61. Release of process solution aerosol into annulus atmosphere due to
small Teak of. primary tank

! deﬁzgtlong were postulated as hawing SZ- (potential onsite worker
exp to“dirborne radioactivity or hazardous materials) consequences. The
combined and summarized S2 deviations are:

1. Major environmental release of process solution due to the failure
of both the primary and encasement piping

2. Major environmental release of process solution due to misrouting
process solution to disconnected process line.

3. Major environmental release resulting from overflow of equipment
due to reverse flow of process solution into equipment

4. Major environmental release from process lines damaged by chemical
reaction of incompatible wastes, water hammer or steam addition
from another facility (the latter considered very unlikely)

5. Major environmental release from equipment damaged by overpressure
caused by operational problems with cross-site transfer line

10
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12.

13.

14.

15.

16.

17.

18.

WHC-SD-W236A-PHA-001
Rev. 1

(pressure design for cross site line is greater than MWTF
equipment)

External leak from pressurized process pit resulting in release of
contaminated air to environment due to incompatible chemical
mixtures, closed valve on vent line, equipment failure during
pneumatic test, or from tank event which might pressurize pit via
the drain line.

Release to the environment of process solution due to structural
failure of equipment and process pit liquid confinement

Environmental release of process solution inadvertently
transferred to flush pit

Release of airborne radioactive contamination resulting from
overfilling of primary waste tank combined with failure of the
ventilation system to maintain confinement

Release of airborne radioactive contamination from pressurization
of tank vapor space due to chemical reaction, high temperature,
nuclear criticality

Release of toxic vapors from tank due to reaction of incompatible
chemicals

Nuclear criticality due to excess fissile material non-
homogeneously distributed (may not be credible)

Tank breach and airborne aerosol due to dropping heavy equipment
(mixer pump or other) on tank floor

Potential for release of radionuclides or toxic material if
incompatible waste transferred to tank via flush Tine.

Backup of process solution into flush pit with overflow and major
environmental release

Hydrogen explosion in waste tank vapor space due to multiple mixer
pump failures and ventilation failure

Release of airborne radioactive contamination resulting from
overfilling of primary waste tank due to flooding of the weather
enclosure by frozen pipes or discharge of the fire protection
system combined with failure of the ventilation system to maintain
confinement

Collapse of weather enclosure causing contamination spread from
nearby structures

11
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19. Potential for release of radionuclides or toxic material if
incompatible chemical transferred to tank via chemical addition
system.

20. Inadequate cooling of primary tank due to blockage of flow through
once-through ventilation system (long-term effect)

21. Inadequate cooling of primary tank due to failure of heater
control on ventilation inlet (once-through or annulus)

22. Fire in tank exhaust train causing unfiltered release of residual
ventilation system contamination

23. High temperature causing release of residual contamination in
primary tank exhaust from malfunction of electric exhaust heater.

24. Chemical reaction resulting from mixture of tank airstreams
resulting in release of toxic emissions (current decision is not
to combine airstreams)

25.  Ammonium nitrate explosion resulting from buildup of ammonium
nitrate on ventilation exhaust equipment due to mixing airstreams
(current decision is not to combine airstreams)

Three deviations were postulated as having S3 (potential public exposure to
airborne radioactivity or hazardous materials) consequences. The combined and
summarized S3 deviations are:

1. Airborne release of contamination due to natural phenomena and
external events in excess of the design basis (airplane crash,
tornado, greater than design basis earthquake, etc)

2. Collapse of weather enclosure from greater than DBE or high wind
resulting in damage to Safety Class 1 equipment

3. Spray leak from process piping not mitigated by process pit
confinement system (cover blocks/ventilation)

Re . L @dded a column for the frequency range on the original HazOp study
sheets. The column for "Rank" was modified to indicate consequence levels for
the facility worker.

6.0 RECOMMENDATIONS/COMMENTS

The recommendations and comments on the design made by the team during
the HazOp are listed; in some cases, the comments will have been resolved
during the design review process. The recommendations and comments are as
follows:
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'“giiq;e;numﬁk for use in

The team does ma = Submersit
exper1ence of the team members

the sampling system, base
with operational experience.

FLemde,

recomends 3 hose conneéckion be provided in the truck
load-in station toﬁg;ganeuﬂ;m%ngﬁwsggiT} dur1ng chemical load-in.

Equipment connecting to the cross-site lines must be designed to
the same pressure spec1f1cat10n or must have code- approved device
to Timit pressure. EgiifpmenEtosdimit:p
is not yet provided by e1ther the cross- s1te transfer project or
the MWTF project. MWTF piping is.destgnéd-tas400:psj.

Consideration should be given to -spects®-connecters for chemical
couplings in the decontamination area. Normal chemicals assumed
to be;used are: ﬁu»}g’Lihg&guxrde,,sedwumgn&tga¢eg sedium:nitrite,

d- oxatic acid.

‘ts: should be specified.

d Eined-space rules make the flush pit piping difficult to
repa1r becauseﬁﬁtﬁﬁ%ﬂﬁiﬁvenfitated

Functional Deswgn Cmtema statement oféphel4 maxsiis-inconsistent
with -generalicorvastony wspecifidd. An upper 1imit on pH is
still being determ1ned Note that some tanks contain solutions
with higher concentrations of caustics than that which corresponds
to pH 14. Thus, the issue of caustic stress corrosion cracking
must be carefully examined.

Is it necessary tg:use demineralized wator:for flishesy etc. due
to chloride concen rat1ons7 Thls is pr1mar1]y a consideration for
transfer piping, but the team is uncertain about whether addition

of flush water could be a problem in the tank.

It was noted that .no:specifications.hGve been developed for
agigified{usutral wastes#in this tank farm.

$ on the ventilation system

has estab11shed 1thhe Functfona] Design Criteria.
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13. i¢athodici protection has been provided for
all appropriate equ1pment wh1ch meets National Association of

Cathodic Engineers (NACE) code requirements.

14. The team assumes that since the weather enclosure design is

according to national codes that a}r“qualftx_a}arﬁs may be
peduired. The need for air quality alarms will be resolved during
definitive design.

15. Analysis must be performed to determine the effects. of colTapse of
the weather enclosure on safety class® “Fequipment.

16. The team recommends that hoth;vendummaadgwﬂc;trucksxshou]d be

Ekingiy tJemaof;x"’f‘ff&ffsteeI Tining from design might eventually
creat%g%“¥?icuT1y in decontamination: of the’exhaust tunnel.

SR e e

17.

18. The team suggests that the« enmaaﬁ;ﬂi&iﬁgfoftprupylene glyca® with
_ stored waste be evaluated.

7.0 CONCLUSIONS

The results of the studies performed on the MWTF show a limited number of
events with potential consequences which would impact the onsite worker or
members of the general public. Based on a summary of abnormal events with
consequences in the S2 and S3 categories, the following 1ist of preliminary
Design Basis Accidents has been developed:

1. Environmental release of process solution from a failure of both
primary and secondary waste tanks; failure of both primary and
encasement piping; or overflow of equipment or ancillary
structures due to misrouting of process solutions.

2. Expulsion of contaminated air from pressurized contaminated
process pit.

3. Release of airborne particulates or aerosols from pressurized tank
dome.

4. Release of toxic vapors due to chemical reaction in the primary
tank.

5. Nuclear criticality.

6. Unfiltered release of aerosol from a primary tank riser due to
dropping of heavy equipment into solution in the tank during
maintenance activities.

14
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Combustible gas explosion (or other energetic event) in tank dome.

Design basis natural phenomena (winds, seismic event, range fire,
ashfall) resulting in collapse of weather enclosure.

Tank bump from tank thermal gradients caused by loss of mixing
pump and cooling systems.

Release of aerosols from tank resulting from heating the solution
to boiling.

Spray leak from pressurized piping.

Release of radioactive particulates from heating of exhaust
filters and contaminated exhaust paths (due to fire or electric
heater malfunction). .

Airborne release of contamination due to natural phenomena and
external events in excess of the design basis (airplane crash,
tornado, greater than design basis earthquake, etc.).

From this preliminary 1ist of abnormal events, scoping calculations and/or a
literature search of previous analyses will be performed to determine the
bounding consequences from the listed abnormal events. Based on these
calculations, some events may well be eliminated from detailed analysis
because their consequences are not sufficiently severe to require safety class
equipment for prevention and/or mitigation. Other events (such as a nuclear
criticality or beyond design basis accidents) may not be credible, and will be
eliminated from consideration if warranted.

15
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HazOp FORMS

A HazOp study consists of a detailed examination of the possible deviations of
various process parameters from their design intent, with the causes and
consequences of the deviation listed.

The HazOp process consists of subdividing system flow diagrams into segments
known as study nodes. Each major piece of process equipment is a node, and
all lines (piping, electrical, etc, connecting the equipment pieces can be
divided into one or more nodes (usually at branch points). Process parameters
of importance are designated for each node, and a series of appropriate
"questions" are asked about the process parameters. Guide words, phrases or
words used to describe process deviations, are used as question-asking tools
to explore the means by which the process parameters might vary from their
design intent. The causes and consequences of the deviations are examined, and
the consequences ranked to determine possible safety significance.

Process parameters which may be examined include flow, temperature, pressure,
viscosity, composition, phase, level, addition, reaction, maintenance,
testing, instrumentation, sampling, etc. Guide words which are applied to
process parameters and their meanings are listed below:

"No/none" --- negation of design intent
"More" --- quantitative increase
"Less" --- quantitative decrease
"As well as"--- qualitative increase
"Part of" --- qualitative decrease
"Reverse" --- logical opposite of intent

"Other than"--- complete substitution.

An example of the HazOp form to be used is shown in Figure 1. The form
consists of the header (top of page) and several columns that make up the body
of the text. The information in the header includes the date the work is
performed, the location for which it is performed (area), the page number, and
the names of :the participants. Directly below this header is a sub-header
that identifies the designated "Node". The Nodes are listed numerically and
contaig a "Description” of the plant location and functional description of
the node.

The remainder of the form is the text body. The columns within the text body
(of which there are 8) contain the information/data obtained from this HazOp
study. The column titles, when reading from the left to the right, are:
Column 1 - "Process Parameter"; states which parameter is being analyzed.
Column 2 - "Guide Word"; is one of the guide words or a variant which applies

to that node. Many of the nodes have a number of guide words for the various
possible parameter deviations associated with the node.
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Column 3 - "Possible Cause(s)"; Tists the potential cause or causes of the
deviation.

Column 4 - "Detection”; lists the means by which the parameter deviation could
potentially be discovered or the potential consequences of the deviation
mitigated.

Column 5 - "Consequences"; contains a qualitative estimate of the result of
the deviation. Both the immediate consequence of the deviation (overflowing
vessel, for example) and the potential release consequences are listed. The
Consequence Ranking column is a "first cut", qualitative, consensus estimate
of the safety and operational severity of the consequences.

Column 6 - "Freq" (frequency); the expectation of the consequence occurring

during facility operating life. The alphanumeric system (key) is directly
below.

FREQUENCIES (f)

F1 = Expected/Ant1c1pated during facility 11fet1me (10° /yr < f < 1l/yr)
F2 = Unlikey during 11fet1me of facility 510 bryr < £ < 10°%/yr) .
F3 = Extremely Unlikely (10°%/yr < f < 10 /yr)

F4 = Beyond Extremely Unlikely (f < 10° 6/yr)

Column 7 - "Rank"; identifies the overall severity of the consequence listed
in column 5. A system has been developed to encode the severity level. This
system assigns an alphanumeric identifier to a specific level of severity and
rates each consequence with a certain level of risk. Included with this
system is the predicted outcome/effect of a probable peril exposure to
facility workers. If the level of severity has the potential for facility
worker hazard an alpha identifier will be included with the severity level.
This will distinguish the predicted effect or outcome of the hazard. The
alphanumeric system (severity level and effect/outcome) keys are listed below:

SEVERITY LEVEL OF PROBABLE CONSEQUENCE
no effect outside the facility confinement systems and no safety
concerns for the facility worker, the onsite worker, or members of

the general public.

potential industrial injury, radiological dose consequences or
chemical exposure to the facility worker

potential significant radiological dose consequences or chemical
exposure to the onsite worker at the nearest adjacent facility
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$3 = potential significant radiological dose consequences or chemical
exposure to the offsite population

FACILITY WORKER HAZARD PROBABLE CONSEQUENCE QUTCOME

S1-L = First Aid Case/Any Additional Dose
S$1-M = Moderate Lost Time Injury/Exceeding Allowable Dose Guidelines
S1-H = Permanent Injury/Death '

Column 8 -~ "Remarks"; contains information that the team judges requires
documentation. This includes (but is not limited to) assumptions about
facility operation or recommendations for changes in the planned design or
operation.

A-4 Appendix A




v xipueddy S I<

Jojauwesed
syJeuRy yuey *boay 9ouanbasuog U0 §399320 sasne) 2)qissog uoLIBIASG /PJON BPIND §83004d
uogydiassaq :(x) 3NON
JOURS pue "y3fws '4y3od9 "NiZDPAH "LLeH 'PURpIJIOlg :juasand saaquaj weaj ¥6/1¢/11 :Apnis jo ajeq

1 "A%y _ (viva Mvd) dOZvH LMW
100-YHd-Y9EZR-0S-IHN _




WHC-SD-W236A-PHA-001
Rev. 1

APPENDIX B

HazOp TABLES
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Multi-Function Waste Tank Facility
Hazard and Operability Study

** STUDY SHEETS **
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APPENDIX C

HazOp TEAM QUALIFICATIONS

Codes
D effect atsik the frility crfremt o cotainet ssts ad ro sty covars for the fility wiler, the asite waker, o nabrs of the gewsl pi
petd st hiay, mﬁu‘ddlema'd-iﬂemmtyteﬁﬂi!ywh‘@aﬁthibddﬂdlw&bﬁilﬂvwbshaﬁﬂm
potential significant radiological dose consequences or chemical exposure to.the onsite worker at the nearest adjacent facili
potential significant radiological dose consequences or chemical exposure to the offsite population

not applicable C-1
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The key members of the MwTF_HaZOp team, in alphabetical order, are

0. L. Bjorklund
B. D. Groth

B. W. Hall

J. E. Hydzik

J. M. Siemer

P. L. Smith

In addition to the key team members D.E. Bowers and B. Gilbert were in the
initial HazOp meetings following reassignment to other duties.

The key members of the MWTF HazOp team brought to the study the following
education and experience:

D. L. Bjorklund

Thirty two years experience at the Hanford site where the majority of time (17
years) was spent as a process operator at tank farms, B-Plant and PUREX. Also
spent 12 years following the project design, construction, testing, safety
documentation and readiness review. Has extensive knowledge of electrical
systems from being an armed services instructor in the area of aircraft
electrical systems. On the job training has been in the area of instrument
controls, computer operation, and environmental law. Represented operations
in the preparation of the Double-Shell Tank RCRA Part B permit.

B. D. Groth

B.S. Degrees in Math and Chemistry. Two and a half years experience in
process support for Hanford Tank Farms. Involved in process support, minor
equipment design, development of design criteria, maintenance, and operation
of instrumentation, data acquisition, electrical, and mechanical systems in
Nuclear Waste Storage Tank Farms. Primarily worked on developing,
fabricating, installing and operating new gas monitoring systems for both
process control and analytical purposes in special Watchlist Tanks.

B. W. Hall

B.S., Chemical Engineering. Over 4 years of experience at the Hanford Site in
project safety analysis; 1 year in tank waste characterization. Experienced
in hazards discovery analysis (e.g., HAZOP analysis, PHA, OHA), consequence
analysis, safety class analysis, risk assessment, and atmospheric dispersion
modelling. Mr. Hall co-authored Chapter 9 (Accident Analysis) of the Hanford
Waste Vitrification Plant (HWVP) Preliminary Safety Analysis Report and
provided safety oversight on the HWVP design effort for over 3 years. He
also performed accident analysis to support the Cesium Demonstration Unit
Preliminary Safety Evaluation and developed safety class requirements for
various systems proposed to monitor and remediate watchlist tank 101-SY. Most
recently, Mr. Hall developed a detailed safety equipment 1ist for the MWTF.

J. E. Hydzik

B.S. Degree in Mechanical Engineering. Two years experience in mechanical
engineering with current emphasis on piping and vessel systems. Involved in
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the initial stages of the MWTF; provided input to system parameter definitions
and preliminary calculations.

J. M. Siemer

B.S. Industrial and Management Engineering. Three years in the nuclear
industry in the areas of Stress Analysis and Reliability and Risk Assessment;
eight years in Safety Analysis for nuclear fuel reprocessing plants; and two
years independent safety appraisal/review for nuclear fuel reprocessing plants
and waste management. Experienced as a Hazard and Operability Study Team -
leader, Ms Siemer has received training on performing Hazards and Operability
Studies from Science Applications International Corporation. Additional
training courses completed include Management Oversight & Risk Tree Accident
Investigation, Basic Risk Assessment Technology, System Reliability and Risk
Assessment, Human Reliability in Engineered Systems, Advanced System
Reliability and Risk Assessment, Probabilistic Safety Assessment, and
Communicating Under Pressure--Dealing with Difficult People.

P. L. Smith

B.S. Degree in Engineering with emphasis in Civil Engineering, 8 graduate
level courses in Mechanical Engineering, also completed a Criticality Safety
Course. Over 40 years experience in engineering. Has received training in
safety of nuclear facilities, risk evaluation, root cause analysis, radiation
protection as well as other courses related to safety at WHC.
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