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Problem Statement

NRC Conclusmns

— ANO’s reliance on manual actlons in Ileu of
providing separation design features is in vnolatlon |
~.of Appendix R Co A 3

— ANO S strategy for lmplementmg manual actlons |s
madequate , .




'Risk Assessment Overview

N

. NRC S prehmlnary SDP e\/aluatron concluded
| unacceptable (greater than green) Increase in core
- damage frequency e o

i, Key assumptlons in NRC evaluatrons vs ANO’s

prehmtnary assessment
- Heat retease rate
- Human error probablhty

 -\ Subsequent srte specrflc |n~depth assessment

— Results mcorporated into Unit 1 PSA model to
denve ACDF




| ‘ Risk lln;,fofmed Strategy for Zone 99V
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- . Generic HRA

Risk Assessment Comparison

N

- .
)
o S

. NRC, . ANO
425°Fcablefailure . » 700° F cable failure -
temperature '\ o temperature SN

. Zone wrde prompt o Limited time phased
damage S damage | o
- Plant\specific HRA

— Based on zone wide - — Scenario specific operator
. profmpt damage | ~ actions evaluated . -

~ Included LOOP ~ . - NoLOOP
Green finding

| :“f. + Greater than Green.
flndlng

TN




-~
)
Y
. .
.
-
1
\

.
-

N
: ~ -
)
v P
L
B
. §”
~
’ ~
: i
.
N
. f
<
'
\
»
. )
{
)
N
.

W]

4

Bijan Najafi
SAIC Analyst

\




11

'Risk I\.nformeql Strategy for Zene 99M

Circuit Analysis & )
lLocation Evaluation
99M _

Simulator Scenario
Development

X o Jy ~ : ¥
R ‘ N

Procedure
Development

- EOP/AOP/Pref re Plans "”{ Simulator Exermse |
. 99M

.‘) . -~ -. ) 1

HRA Development - | . )

~

Total Unlt Risk
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ln our anaIyS|s we will show that

—~ Damage to equment and instruments needed for safe -
- shutdown will be limited to portlons of the room |

- Fallures will occur over a penod of tlme ‘and

— No credlble fire can be postulated that leads to zone-wide
damage

Summary. -




F|re Modelmg in the 4KV Switchgear Room
(Flre Zone 99-M)

. Unit 1 4KV switchgear room (f|re zone 99M)
. ’"Flre scenano selection .
» Fire charactenzatlon

. Fire modeling, evaluatlon of the consequences and tlmlng
of the fi iIre scenarios-

J

a Results and conclusmns

g
aof

, .
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Unlt 1 4KV Sywtchgear Room (flre zone 99M)
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o Urjit 14KV SWitchgear Room (firg 'zoyin'_é 99M) "

AN

Typical ANO switchgear cabinet wiring,
-, control'cubicle | L

/

B6 Léﬂad .centér |

" 99M - south view

Dry-type
transformer

~




Fire Scenario Selection:
General Approach R

17

e Flre scenanos define potentlal ranges of damage by a flre

. (.f

- They define sequence.and. timing of fallures .e.,
| equupment and instruments o |

- Ensure that nsk-sugmﬂcant fallure sets are ldentlﬂed

. Consnderatlons for selection of fire scenanos

- Loca’uon of cntlcal cables in the room

- Potentlal characterlshcs of the fire sources located in
~ the zone, thermal and high energy

- Conf_lguratlon of the combustibles in the room




Fire Scenario Selection: -
General Approach

18

- Three distinct fire scenario classifications:

— An electrical fire (non energetic) in any of the electrical cabinets in the
room -

* Fire may spread in the cable trays but reqwres considerable time

» Circuit damage/fallures follow a time-phased sequence with fi rst damage
after 10 mmutes

— Ahigh energy arcmg fault swntchgear fire that may mutuate secondary
. fire -
_¢ The event has an mltlal (immediate) pressure phase that causes damage
to targets and ignites exposed cables in the vucmlty

. The fire may continue in the swﬂchgear and grow within the ignited
combustibles (e.g., cable trays) in the vicinity

» " There is an initial/immediate circuit damage/fanIUre followed by potential
tnme—phased circuit damage/failures

— A transient fire that may spread into cable trays

'« Atransient fire between B55 and B56 was selected as the maximum -
.expected scenario.due to its potential for extent-and timing of damage -

- “Circuit damage/fallures follow a time-phased sequence with first damage
-after 10 minutes

S

. Ve N . {




'~ Fire Scenario Selection:
‘Scenarios Modeled in Zone 99M

. Elght flre scenarlos selected represent credible f|re rlsks for
99M |

T Scenano la.- Flre in A4 smtchgear
- Scenarlo 1b'- High energy fire in A4 switchgear
— Scenario 2-- Fire i in the B35 motor control center
- Scenario 3 - Fire in the B56 motor control center.
- Scenarlo4 Fire in the Y22 inverter .
- Scenarlo 5 - ‘Fire in the B6 load center

— Scenario 6a - Transient fire between B35 and 856 below three
- stack tray " - '

' —"Scenarjo’6b - Weldung/cuttmg fire between 855 and 856 below -

- three stack tray

K Illustratlon of these scenarios is provuded in the attachment to
thls presentatlon .

{
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| '“F'ire Scenario Select‘ion"' |
NRC and ANO SDP Analyses

K NRC SDP flre scenarlos

~ — Based on fire size
* Total room heat-up and zone-wide damage |
- — Electrical cabmet and electrical equupment ﬁres

. ANO SDP fi re scenarlos |

— Based on source and target-set characteristics and .
. configuration.

~ '+ Local as well as zone-wude damage
- Electrlcal cabinets in zone

)

- — High energy-arcing faults i in the 4KV swutchgear ( “beyond |

© design baSIS event’)
R Tran3|gent fi ires mcludlng\' hot work

) .

b )\..

20
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Fire Characterization

T

[

r @

Electncal cablnet flres

= The heat release raté data profile is |
based on the best available fire test
~data
e Sandia Nat|onal Lab (NUREG/CR-45

87/88) and VTT (Valtion Teknillinen
~ Tutkimuskeskus, 94/96) in Finland

« Same test used in the NRC SDP analysis
— The ANO HRR is based on the highest
:peak of ST5 (unqualified, open 110
'KBTU loading) and all quallﬁed vertical
~ cabinets (excluding PCT6 and test 23
- with 1,5 MBTUloading)

yooe The NRC HRR is based on test 23

\

(qualified, open 1.47 MBTU loading) and

' test 24 (unqualif' ed, open, 1.44 MBTU)
= Tlme-to-peak is based on the average
. — Tests are based on control panels

—- The switchgear, MCC's and load
- centers are enclosed with sealed
penetratlons ¢ . ’

Used for scenanos 1a 2 5

HRR [kW]

10 15

;rime [min]

20 . .‘




| Transnent f ires: 150KW

{
L

- Fire Charadteriiatio_n (cont.)

Cable tray fire heat release rate - Q,=0.45-q,,-A,
— Widely used model from L
. Society oFFlre Protection Engmeers

« Used for scenanos that mclud‘

L= Typlcal réfuse based on fi ire tests at SNL/LLNL documented in EPRI
’ Flre PRA Gunde ‘ .

. Used forscenarlos 6aand6b . - '  R
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Flre Characterlzatlon (cont) . WWX .
ngh-energy SWItchgear Arcmg Fi o

" 23

sure phase is derived c;SfQ '

from.US nuclear experience (next slide (EPRI SU105928 Supp to \0

o -EPRI Fire PRA Guide) R N R
. Ensumg electncal cabinet fi res (the SW|tchgear or others exposed/

~ to'its arcing fault) follow the same behavior as the non energetu
N electncal cablnet fires 3 |

: | A
- Potentlal ensumg cable fires spread horlzontally and spread faster b ¢
»vertrcaﬂy through cable tray stacks |

. Observations B .

- Expenence of the US nuclear industry mdlcates that
damaglng/severe swntchgear fires tend to be of the energetlc arcing
fault type- |

" ,"Used in scenarlo 1b
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" Fire Characterlzatlon (cont )
ZOl of the ngh-energy S hgear Arcmg F|re
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e Electncal cabmets

. L '

 Fire Characterization:

NRC a‘nd‘ANO SDP 'Analyses\‘

— NRC: 200- 500KW peakmg in 1 05 seconds
— ANO 100KW, peaklng in 12 minutes

. ngh energy fires in switchgear
— NRC: Assumed covered by the range of HRR

- — ANO: Empmcal model based on expenence (prevuous shde)

damagellgnmon W|th|n f|ve ft.

e Transnent fires

~ = NRC: Out'of scope (AR
- ANO 150KW, peaklng in 10 mlnutes | -

e




F|re Modelmg

| | | o
- Model for Prediction of Fire Gra @
+ Hand calculations used to calculate time tg localize target,
~ damage. | . o

- Targettmmersed in flame | : th‘(#'&
~ Target in the fire plume - 4

~ Target in the ceiling jet, and - | @ U /90
. | ) T

— Target in the flame radiation zone

o CFAST used to calculate room temperature and target
damagelrgmtron due to hot gas layer "

'~ 'CFAST and simple correlations such as Heskestad, are valldated and
widely used for the range of fire conditions expected in zone 99M

Cable fires: Used fire tests for both growth through stacks and
horrzontal cable tray

~— An empmcal model used to determine the extent and tlmmg of the

‘spread through the stack (based on SNL tests documented in
NUREG/CRS5384 and.in the EPRI Fire PRA Guide)

= Tenlinear ft/hr is the generally used available model for t" ire .
propagatlon along horlzontal cable tray (EPRI NP 7332) |

< ) : .
§ ‘ ‘ \ : ¢ A A




~Fire Modellng
Target Damagellgmtlon

N verif ed through orlglnal and current desrgn and mstallatlon

| specn° ications - / .
- Thermoplastic insulated cables are not used in ANO Unit1 (M \ .
| high nsk zones , | o Y

. This is the cntlcal dlfference between the NRC and AN _' :
\ analy3|s as itrelates to the extent and t|m|ng of fil Ire damag

- 425°F vs 700°F \ -
- Cntlcal to extent and timing of damage and fire growth

4




o Fh_iir\e Modeling: - .\
- Target,.Damage/Ignition

oo froom heat—up |
Hngh energy arcmg ﬂre

Jok: .-_ llp.es) where they are hkely to survnve the
) ort-llved (seco, ds) initiat pressure s .

. Spurlous operatlon of damaged circuits were modeled

~ In some cases, the likelihood of the spurious actuation:
N ._was obtained from the EPRI Expert Elicitation report.

~ (EPRI 1006961).which was estimated in part based on
" ~the data from’ EPRI/NEI circuit fanlure charactenzatlon

«.,fre tests ' . |




- Resuits

Lmr

‘CFAST Results

- Scenario 1b, Open door

0 .2 4 6 8 10 12 14

[';‘_ o | :,Time [Min]

Calcuiated HRR et Input HRR ema—= UL Temperature

P [oFT

“Tem

~




Results (conf) S o w

A hlgh energy switchgear fire (scenano 1b) is the maximum expected fire scenario

~~ Initial HE phase could lead to ignition of as much as 12 linear ft of cable tray., | |
— After the initial HE phase, ensuing cable fire may grow although at a very slow rate - @

'The floor-based sources of fire in fi ire zone 99M are electncal cabmets and
transients -

~ The likely location of electrlcal cabinet fires (flame) is below 5ft off the floor onc /
.v\ ~ - breaker cubicle’is open in the high-energy event .

+ = The floor-based fi iré |ntenS|ty needed to generate damaging (700°F) GLI ,~2M V.
\N ‘\- None of the floor-based fires are capable of such intense heat .

le, | Only cable fires are potenhally capable of generatmg such mtensuty if
; is’ lnvolved

- — Cable tray fires are elevated fires (none of the cable trays in fire zone QQM are
located below the 8ft door opening)

— Cabile fires are expected to be in the smoke layer once the.smoke layer reaches the
top of the door. Once in the smoke Ia?ler intensity of the cable fire will be controlled
by the oxygen availability, which is no enough to sustain the combustion process e\

. Wnth an eIevated cable fire that grows at a rate of (10 mear ft/hr as input )/P
. = The oxygen depletion occurs very quickly, regardless o 0penqr closed door.
— The cable fire does not grow beyond the initial 12 ft

— The temperature peaks at 500-535°F

/Y The fire has to be below the settled smoke layer (4-5 ft) for the cable fire to contl' L
togrOW' o | o )




" .. (per.EPRIFire PRA Guide)

-Results(cont). ~ a
"+ The I|m|t|ng fire scenario, one that can generateadamagmg HG'—
-~ s not credible ‘

. = The non-suppressuon probablhty by the bngade for very long duratlon
cable fires (100 minutes for the high-energy switchgear event) is 0.01

f

- "Fuel depletlon cables ignited earlier have burned out

' — Parts of the cable trays are coated with flamastics Wthh both delays ‘
- .Iignition and slows propagatlon of cable fires - .

- -Conflnued growth of the non-piloted cable fi ire for a long tlme is not
likely. (Tests reported in. NUREG/CR-5387 state that cable fires,
. “spreading horizontally only as it progressed from level to level”)

- . . )
O . t Y }

‘Maximum expected fire is a high;en‘ergy switchgear fire

.No credlble fire reaches 700°F in this room (limiting fire @
scenarlo) AR | » -,

< '

.




L . circuits and timing

N

Results (cont )
Comparlson of NRC and ANO Results

32 -

. Damag’e,thres‘hold‘ '
'—- NRC: 425°F -

~ ANO: 700%F *

"« Heat release rate

'~ NRC: 500KW
" fire peaking in, 105 sec.

“ — ANO: 100KW peaking

~ in 12 min (Scenario 1a) + cable ' ‘,J)
fires and high energy fault in A4 0 goad=t=— nbnpBtS et QQX |
| _swntchgeal_' and-cable fires | ' ' B ¥
| \(Scenario 1b) o 0 250 500 750 00 %)P\ |
. ngh energy arcing fault - . . -\,'
' |n the 4KV switchgear : " ANOULTempScenano1a Open Door/ (f'\ p
— NRC: Not analyzed | e —0_—NRQu.Tenp | e
* = ANO: Limiting scenario in terms e ANO-UL Termp, Scenerio 16, Open Door/ “}p '_

ofits consequence, i.e., affected

. " Neither analysis reaches 700°F

N
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'Frequency of Fire Scenarios s

Fire risk = ¥ (Scenario Frequency); x CCDP,
Scenano Frequency is derived from multlpllcatlon of
~— Generic fire frequency
- ' Based on the EPRI FIVE method (EPRI TR 105928 page 4-7)
— Seventy Factors |
.+ Based on type and location of fire (EPRI TR 105928)
= High energy weighting factor for the 4KV switchgear
- Based on operating experience (EPRI fire datd base) |
- Prompt suppression of transient fires by plant personnel or ﬁre watch
"+ Based on operating experience (EPRI TR 105928 Appendlx K)

" ~“Manual suppression by fire brigade

.+, For scenarios that critical target is beyond plume celllng jetor ﬂame
g raduatlon 20ne :

‘ . - 1 N
) . . /
N :
( . ' BN N : ,
. . \ A
- ‘ . +

If\!ext p&esentatlon d|scusses déve!opment of the CCDP and
ire ris S o
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Results

!
v

)
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Frequency of Fire Scenarios in Fire Zone 99M

ANO SDP Analysis ﬁesults

° ! ‘
2 ’ wEl Wis Fioor Ratio of HE Pns by
8 : ; (ignition event for a plant Pns by
3 ( Source Fm:y w":.;":'m source :!;ea::z’n: m‘y . severe personnel fire ~Resufts .
: factor) welghting fires) - switchgear or fire brigade | <
! factor) fire watch
18" Fire in the M swlrchgear : . ' . i
Nominal valos, 100 KW fire : 1.50E-02 2.50E-01 588E-01] 100E+00]  1.20E-01 2.50E-01 1.00E+00| 1.00E+00|  6.82E.05
b High enargy arcing fault in any of . ) (
the A4 switchgear bfeaker cubicles . ) : .
: N 1.50E-02 2.50E-01 §.88E-01 1.00E+00 1.20E-01 7.508-01 1.00E+00 1.00E+00]_1.99E-04
2 Fire In the 855 MCC. Nominal _ ) :
: - 100 KW fire. Fires in Inverter Y28 o, -\
, 8re bounded by this scenario. ‘ . : . I IR N :
K - "1.50E-02 2:50E-01 . 5.86E-02 1.00E+00 1.20E-01 1.00E+00 1.00E+00 1.00E+00 2.65E-05
3 -Fire in the B568 MCC. . Nominal : : ' '
; 100 KW fire 1.50E-02 2.50E-01 5.88E-02 1.00E+00 1.20E-01 1.00E+00 1.00E+00 1.00E+00 2.85E05
4 Fire in the Y22 inverter. Base i
’ case, 100 KW fire. Firesin Y24
-and Y 25 sre bounded by this : . '
scenano. .50E-02 2.50E-01 5.88E-02 1.00E+00 1.20E-01 1.00E+00 1.00E+00 8.00E-01 1.32E-05
5 Fire in the Load Center B8, ' , ‘ , ~
_100KW nominat HRR { : 1.50E-02 2.50E-01 5.88E-02 1.00E+00 1.20E-01 1.00E+00 1.00E+00 2.00E-01 5.20E08
6a .| - Translent fire in areas of the room . . ‘ » .
"7 where cable trays are exposed to . PR N
- & floor-based fire. Nominal Valuo ! ) ' h :
. of 150KW, 3.60E-02 2.00E+00 1.80E-02 1.00E-01 1.00E+00 1.00E+00 GCOO_E,-Ot 1:00E+00 8.43E-08 .
6 " Cable fire causad by weiding and . : !
cutting in areas of the room where
cable mys are exposed 1o a floor- ;
. < hasedfirs. NominaiValuaof . .
150"<WA ‘ _ 1.30E-03 2.00E+00 200E-02]  1.00E-01 1.00E+00 1.00E+00 S.OOE-OZ 1.00E+00 2,60E-07 ]
\ ¢ \ ) . - N
> N RC SDP Analysis Results ( May 15, 2003 Supplemental Letter: Page 25) .
Source o > . Frequency
. o, .
Elettrical cabinets B . 2.3E-04.
Transforers . , i ' 1.6E-05
Ventitation Subsystems h 4.4E-06




Fire ModeJi“ngISummary o

[

. Maximum expected fire scenario |n flre zone 99M Is a hlgh
| energy switchgear fire ' - .

— Immediate damage caused by hlgh energy event will be
- limited to portions of the room o «

= Followed by tlme delayed fa|lures caused by secondary cable

fres T O

Credlble fnres wnII not result ina hot gas ldyer (hmltmg fnre

/ ' N |
- Adequate margln ’ " . < (
- / - ; . w N
‘N - ‘. \ ) \F\B u l"’ ' ‘)
( \( N ﬂ J '
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E-ro’babilistic Safety Assessment
. Jessica Walker o
R ~'PSA Engineer
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. .
Int;[o‘duetlon ~

Key system fallures in 99M |

?Affected components due to cable fallure
f. Key operator action/responseﬂ |
‘.Slmulator scenano/results

Operator actnon probablhtles

rCCDP calculatlon s

| De_lt.a} .C-DF detler\rnlna’ﬁorf

R
N

37
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- Risk Informed Strategy for Zone 99M -

~ o o - Procedure
|EOP/AOP/Prefire Plans| ™|  Simulator Exercise Development
) — 99M
| ).\' . _ Y- | ' ", : I, .‘ < “ . " . ,
S , HRA Development o
. i R , |
A ':' ! Y . . PSA - J‘ . ' . \ ’A
B! < . ’ . ' . . l . ' B .
¢ ~ Total Unit Risk I
. ] . | , | » »

s




Key Systems Affected in the Risk-
| Slgnlflcance Determmatlon (Fire Zone 99M)

» The following systems/trains are

fire induced power losses of A4 an )

— One train and the swing purp of service water | ‘

W One train and the swing pump of HPI (makeup) \MX #,W\
- - The A4 assocnated diesel is no Ionger usable @U;V\\ﬁ \




Circuit Analysis e
. Detailed' circuit analysis performed on zone 99M

. Investlgatnon of cables located in the trays and condurts
- associated WIth the target sets /

Analysus showed no loss of offsnte power assocuated with

'Szone 99M | |
~ NRC evaluatlon did use loss of offsite power | S o

)

. Analysrs of assocrated failure modes for affected cables

. Fallures unrelated to safe shutdown also examined to

provrde accurate portrayal of the risk caused by the flre

] : - _) . . : ‘ .
\ )‘ . a : toe ‘ R : \ :




Systems Affected in the Rlsk-Slgmflcance
Determmatlon (Fire Zone 99M)

{

Scenano specn’r" c failures are based on cable Iocatlon

" subsets of the following are |mpacted for each scenarlo

- EFW flow control valves |
= Loss of power to these valves will fa|l them open (desnred state)
. Subsequent spurious operation not probable
A DC control power to the A3 switchgear fails
« Breakers to remain static and require manual closure at the switchgear
— P-7B (motor driven EFW pump) suction valve could spurlously close

+ Cablein condmt spurious operatlon not probable but assumed i |n
evaluation ’

e S.team admission valves for P-7A (turbine-driven EFW pump)

.+ Requires local action to start P-7A |
_Aux_-lube oil pumps for the unaffected HPI train. . .
. » Requires local start of HPI pump when affected

41
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Operator ActlonsIResponse in the Rlsk-Slgnlflcance |
Determmatlon (Flre Zone 99M) - @

<o
. L .

. A subset of the followmg operator actrons are requrred in each

scenario

— Startlng turbrne-dnven EFW pump P-7A manually and the
posmomng of its associated valves

[- Controlling EFW (A or B) flow to prevent overil

L= Local closure of A3 swutchgear breakers for P- 7B and HPI A

~ Startrng HPI for make-up (long term actlon)
i . May requrre Iocal start of pumps dependmg on f' re scenano

~

R VA

Emergency dlesel generator recovenes were not necessary
due to the Iack of a LOOP event

¢
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Prewous Procedures Vs Zone Specmc
Procedures T o

. Prewous procedures |
- Combmahon of EOP/AOP/Pre-FIre plan
- Oppor&umstlc approach”
= Plant condntron determlnes actlon

New proc:edures

- _Zone-specific fire procedures

. - Tactlcal approach |

— Reduces |mpact and probabullty of spunous operahons

a3




- -Summary of Procedural Guidance

\ -

) B

i RTevoUS ProcedUres

po 4 N

{manually and positioning

1

associated valves s

mentioned which could delay operator
nesponse

A}

st Key Aptighiie Lasdisbas. 2o 2k i New Proeedurs; ~ RN |
oy The pre\nous procedures discuss thls in gi‘eat ‘ ‘
Starting EFW P-7A detail. Spunous and false indicators are not Discussion in héw p roce dure includes

functional indicators.

| controtiing EEW (A or B

==lto prevent overfill -

Previous procedures discuss this local or
contml room action.

{

.|Lack of adequate and comect indication is’

directly discussed in the new procedure
which makes this action more likely in the
new procedure. '

|Ldeal closing of bus A3

svitchgear for P-7B and

'ihis action not explicitly discussed in the
normal operating procedures but is discussed
ift Altemate Shutdown.

The new.procedure explicitly addresses
locally closing these breakers.

1A (e.g., inverter fires )

N 4 N . Discussed in previous. p,roy,edures. The_tlmﬁ)g . : .
§0 < Startin HPI'MaKeuP‘- of this action depends on when letdown is . |The new procedure addresses the
B |Ster 9 are P isolated. possibility of startmg the HPI pump Iocaily.
" [isotation of letdown to “ In both the previous and new procedures, this {In both the previous and new procedures
. 1 5]awid needing HPI ' * |action is discussed and can be perfonned in |this action is discussed and can be '
1 |(Makeup) sooner the control room. performed in the contro! room.
1. . , In both the previous and new procedures, this |In both the previous and new procedures,
6 z‘:‘m‘::r:: ;'eilr;'ulation action is discussed and can be performed in |this action is discussed and can be
| Jengtem cooling. |the control room. : performed in the control room.
. -~ B A 1’ :
. . ) > A 4 ’L‘
y ' ’ “o
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Simulator Scenario for Zone 99M

’ ' ) . C -/

. ‘. . Flre damage chosen {o provide HRA mformatlon for multlple

operator actions
— Fire model beglnmng W|th an A4 switchgear ﬁre

— Fire propagated throughout zone causmg W|de spread cable
damage - -

— Damage for scenano extends beyond credlble fires

]

Reallstlc control room communlcatlon challenges |

- — Fire brigade leader communication
e Tlmehnes based on actual fire drill
K . Included need to contact local fire department -

- =In plant auxullary operator used for operator actnons
L e Rad|o and telephone. communucatlons used

J
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Slmulator Scenano for Zone 99M

o Slmulator scenario fallures mcluded |

- Dlrect faﬂures |
M swutchgear (4KV)
' B6 load center (480 VAC)
- EFW flow control valve power fallure
e HPI aux-lube 0|I pump power fallure
- Include6 spurious operations
L P 7BEFW suction valve closed at T—15
L - Included failed and mcorrect indications
| ., MU|tlp|e panel indications. failed (EFW, HPI Power)
-' e Random annuncnators spunously alarmed |

46




Simulator Scenario for Zone 99M

(. v

| Three crews ran srmulator wrth prevrous procedures

\

o Two crews ran simulator wuth trarnrng on zone specrfnc fire
__procedure - . .

‘One crew with each procedure oontarned operators in the |

plant srmulatrng Iocal actions

Controllers were present in the f|eld to evaluate local
, \manual actions | '
- = Timeto location-

- Potential hazards |

. Communrcatlon barriers . ¢

Observers in the simulator to evaluate control room actlons
e Includrng time to perform in control room actions
~« Procedure usage
- ‘Work practices due to loss of indications

-

-
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d Strategy for ZAone99M

n

~ Simulator Scenario
Development

N 7
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’ - 37 <
R - ‘
. 4
N - .
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v ¢

Circuit Analysis &
Location Evaluation

—

)

.HRA Development - | . e
3 ) : | ’ , N \. - \
. ¢ j “ ' ‘ "
PSA = ‘ —
' 'J. | . | -
i J " .\
Total Unit Risk - -
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Slmulator Scenarlo Results

N A ‘ /

. Slmulator runs using prevrous EOP/AOP/ Pre Flre
plan approach and unrehearsed crews (3)
. — EOP approach for plant trip provided adequate initial core cooling

~ Pre-fire plan used to show faulty mdrcatuons and possrble Iocal
-actions = .~

— ‘Crews responded appropnately and ina tlmely manner | |
N Plant mamtained at a safe stable sfate

S|mulator runs with crews tramed on new tactlcal
procedure approach (2) \ |

R EOP for plant trip still used untrl fire confi rmed

- Usmg new prOcedures crews dlrectly |mplemented local control of
core cooling § ,_ .

— Plant maintained ata. safe stable state | | o

P

- Crew performance using either prevrous or new

‘procedures met Appendix R requrrements for
| ach|eV|ng safe Shutdown v .
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Manual Actions are Reliable = = =
. HRA m‘e'thodsfror quantification demonstrate there is an
B impact of fire on reliability of human actions
Prevrous vs new procedures for shutdown

- Prevrous procedures use an opportunrstrc approach to control,
“where crews respond to cues and symptoms by selecting:
‘EOPs for that condition with the aid of pre-fire plans

~ New procedures assist crew to rrespond using a more: tactrcal
control process , Vo

{

. Use of erther approach demonstrated

Identlfylng symptom or cue will generate approprlate response
~ for either procedure

- Abllrty to recover from spurlous actuations
. Enhanced in-new procedures




Method for Updatrng HRA Assessments to
Account for F|re o

o

| »The current Unlt 1 model for human recovery actlons in mternal
events PRA s based on a time rellabrlrty curve

o HRA accounts for operatlonal context by adjustmg parameters
o such as: |

- Rule- based 'vs knowledge- based behavior

| I Lo- No burden vs burden

— Other performance influencing factors

) In current assessment, effects of fire are not addressed nor -are
model parameters available; therefore a dlfferent adjustment
7 method was identified -

EPRI HRA calculator used to assess dlfferences of fire'

.- /




. EPRI CanUIator

i

. Industry sponsored method provrdes a process for book
Keeping HRA evaluations | -

. Addresses HRA requrrements in ASME PRA Standard 2002

. |nc|udes several methods for quant|f|cat|on

Indust_ry_ and NRC sponsored |
— Generic data quantitatively differentiate human error

probabllltles (HEP's) for key characteristics of procedures and

o " man machine interface
. HRA analyst judgment is still requnred

. 53
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'Evaluation °‘.f, Fire Impact}on Probability

+ Seven cognitive assessments on differences in procedures
— Availability of information
—- Failure of attention |
= Mlsread/mlscommumcatlon data
- Informa’hon mlsleadmg |
\— \Sklp(a .step_‘ m procedure

; = Misihterp'ret instruction

- Mlsmterpret decision logic

54

. Probablllty of execution also calculated for fires based on mputs in

the HRA calculator
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Summary of AHEP Applications Due to Fire

v ¢

- o

;o

LY

Event ID

A Pgon

| Case’ Basic Event Description APee | AHEPg,
1 FIREOLDP Actions are carried out within the 9.8E-03 -7.50E-04 1.1E-02
o control room - previous. :
2 FIRENEWP Actions are carried out within the 2.6E-03 6.10E-04 3.2E-03
o control room - new ' ' _ ’
3 99-MFIRECR Realistic fire in 99M decisions in . 9.8E-03 - 2.00E-02 » 3.0E-02
: —_— ' | control room with local manual
‘ - , actions - 1 , :
4 - | 99-MFIRECRE _Realistic fire in 99M early control -~ 4,7E-03 4.3E-04 5.1E-03
‘ _Toom actions ) ' .
5 99-MFIRELOCAL Local actions taken by field operators 1.56E-02 2.6E-02 4.1E-02
6 Not Feasible . ' 1 1 1
7 < |. No Change) 70 0 0
- = 6
‘ { N
\ ' N '
A- ('

S5




Comparmg HFEs from PRA baselme W|th
'HFEs iri 99M fire = '

Fire in 99M increases. human failure event (HFE) for typlcal feasible actlons over
initial internal events PRA from zero to a value in range of 3E-3 to 4E-2 for various
sceparios and condmons : .

e

If action is not feasuble then HFE assessment is set at 1.0
Very small dlfference in |mpact of prevuous versus new procedures

N
' - .
."> B ‘ Comparlson of previous and new proooduros on tho HFEs for fire Impact in 99M
| pe—— ' *“-—- . —t Y et ik -"b—f'“ L —*”"__;'_;*l kb i 9
= ne T = - - 1 171
R l
- o z ¥ ‘
8 ™ _ -
O o= — - -
£ : &
g . 7” L . ) _/I\ 1. 4 : . : \J ‘ Ay | . . : = N ,\
B s - : TR N ' ‘ 1T -
& e e i — r' = ’ ’ 4Combined Fire Value usi
S —== T F B ol B = T~ previous procedure (HFE)
§ ; F L2t - T 1 | ®Combined Fire Value using
g |\ : , o new AOP att (HFE)
ﬁ 0.00H=—t —— _ = » — . ==Base PRA Probability
" - Z= > -
- <1 — =
vg » ,v)
< R q, v R LI . . - v ’
. . BB . \ 4 - Ny K B
0.0001 e : L. L
© (00008 ¢ 0.001 0.01 ' ' 0.1 ¢ ‘ |
\‘- o Value of current HFEs In the Bass PRA model ' '
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'Human Error Probablllty Comparlson

. NRC approach assumes zone wide damage at tlme zero'

. NRC apprqach included loss of offsite power

NRC Value No

ANO Value

wnth no Service .
Water -

.G

N

075

s

power

' Operator Action NRC Value ANO Value
- N Procedure W/Procedure Previous [New.
Establish EFW _ 1 0.6 011 -0.098 .
(A3 local start) | | ‘ |
Establish EFW | + = 1 ,\ 06 | 0038 0026
K(Control EFW) - ' |
| EstablishFeed | 075 0.55 - 0008 | 0.008
& Bleed Lo ; o )
| EstablishFeed | - 075 055 o 0.098"
‘ &Bleed R . , \ )
. |3 Local Start) |
Secure Dlesel | 'Not needed due to no Ioss of offsﬂe

<A\
A
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~ the baselrne CCDP values for 99M

'Erght fire scenarios in zone 99M quantifi ed

CCDP Determination for Zone 99M =

.

- Current Unit 1 PSA model used | \_
F|re modellng targets used to determine failed components

Spunous operation probabllrtres used in hrgh energy electrrcalr

1 fault scenarro 1b:

— All other scenarros conservatively assume the spunous operatron erI ‘
occur > - r

‘(AII components failed together (conservatrve) __
.- Trmrngs only used to disallow spurious operation of components

- whose control cable would be lost after power loss

HRA values for.the prevrous and new procedures used to recover




PN N )
. 4
~ . bl

—

SDP Process Review -

Created eight fire scenarios
Used fi re modelrng/charactenzatlon |
— Determlned faJIures for each scenarlo

3 Used sumulator exercrses and mdustry experts to determme
r el|ab|||ty of necessary operator actions

s -

L Comblned mteractlon into plant specrt‘ iC PSA model

~ Calculated change in I'ISk between the prevrous and’ new
procedures R e '

,.60 -




Fire Risk in Zone 99M

B S |

R 7, - g - ,; 2 o = ..
B - . B 2e as c u 3 2 , ©
g ~ 3 o3 > o Qs 1 08
i 8- -2 | 88 g °8 | & 3
) . _ . \ | . E &= [~ Q (¥ o .
Fire in the A4 switchgear, . . . , : )
. 1a___|Nominal value, 100 KW fire 6.62E-05| 3.12E-04| 2.06E-04| 2.06E-08] 1.37E-08| 6.98E-09
! - |High energy arcing fault.in any of ' .
. .. |the A4 switchgear breaker g ‘ . : R "
~_1b___|cubicles. 1.99E-04| 1.28E-03| 9.01E-04] 2.54E-07| 1.79E-07] 7.55E-08
Fire in the B55 MCC. Nominal
' "|100 KW fire. Fires in Inverter Y28 . s S :
2 are bounded by this scenario. 2.65E-05| 2.78E-04| 1.79E-04| 7.35E-09| 4.74E-09} 2.61E-09] ¢
Fire ih the B56 MCC. Nominal . - : ’
3 1100 KW fire. 2.65E-05| 2.78E-04] 1.79E-04| 7.35E-09] 4.74E-09] 2.61E-09
» |Fire in the Y22 Inverter. Base ' / A
*|case, 100 KW fire. Fires in Y24 )
_ |and Y25 are bounded by this | |
4 scenario. . 1.32E-05| 3.98E-05| 3.86E-05| 5.27E-10| 5.10E-10{  1.60E-11
_ _|Fire in Load Center B6. . ' : b
‘5 . |100KW nominal HRR. 5.20E-06| : 3.02E-02] 1.88E-02] 1.60E-07| 9.93E-08| 6.07E-08
* |Transienit fire in areas of the room : ‘
" |where ‘cable trays are exposed to ,
- a floor-based fire. Nominal value ‘ .
6a :__|of 150KW. 6.48E-05| 3.24E-03| 2.12E-03| 2.10E-07| 1.37E-07| 7.25E-08
Cable ﬁre caused by welding and :
cutting in areas of the room where
. jcable trays are exposed to a floor-
' |based fire. Nominal value of . . v
6b__ |150KW. 2.60E-07] 3.24E-03] 2.12E-03| 8.41E-10] 5.50E-10| 2.91E-10
‘99M ' 6.61E-07 4.39E-07| 2.21E-07
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Cntlcal RISk Inputs R

« Time- phased fire- mduced fallures are a
crttlcal element - |

- Realtstlc assessment of fi re progressuon faulures in'0 - 60
- minutes (targets of the high-energy switchgear damage
. immediate, the rest tlme-dependent fallures are from ensumg
- cable fire) .. : .

Crttlcal cable msulatlon used is thermoset
— 700°F cable damage temperature

Operator actlon probabllltles

~— New procedures offer slught HEP improvement over previous
‘ procedures |

‘— Human rellabllity analysis: CCDP mdlcates that impact of
AHEP is measurable but small
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Fire Modeling 99M

"

!

Simulator Scenario

Risk Infernﬁed 1St{'at'egy for Zone 99M

- 63

Circuit Analysis &

Development |~ Locatloré gh\zeluatlon

\ .’J' v | _
oA S N ~ Procedure
EOP/AOP/Prefire Plans| Slmulator Exerc|se Development
. ' ‘ oM

{ HRA Development ]
Lo " |
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Total Unit ,R\isk' | ‘

. Focus on zones that have delta risk due to the drfference in
manual actions between two types of procedures |

Qualltatrve revrew of zones where manual actions are
. utilized |
"~ Alternate shutdown zones screened

- — Zones with automatic suppression screened

) . Agrees with NRC SDP approach — Suppressron provides at least one
-7 . order of magnitude in risk results and provrdes time for operator actlons to

‘be performed
~ Zones with MFW unaffected screened
> MFW greatly extends time needed' for EFW local actions
— Zones with one complete train of core cooling unaffected screened

« Control room operatron of equrpment removes |mpact of local operator
actlons L ¢ . .

Srmrlar to NRC results the followrng zones remam

- 100N . o
- 1048 ¢ Y
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Total Unlt RISk

* The assessment of f|re risk | |n 99M was extrapolated to two
| other Unit 1 fire zones:

— Each was assessed with walkdown and examlnatlon of the |
potent|a| fire scenarios threatenlng the other train raceways
(e.g:, red train raceway in a green-train room)

Lo Unit 1 A3 4KV switchgear room (1OON)
«. -+ Similar to 99M in combustibles and fire sources
. Consrderably Iess redundant train cable routed through zone
~ Umt 1 electrical equlpment room (1048)
¢ Lack of hrgh energy switchgear
e Consnderably less redundant train, cable routed through zone |

-

!t

r Each zone is bounded by the results of 99M

IR Conservatwe estlmated fire risk (ACDF) for thrs Condltlon
’ 7_‘_‘_ °Un|t1<6@E07/yr | , o

(-

- . .
R 0 . - . . .
7 ) o . > ’
. . St ‘ /
- d o . .
Vo [ < N . \ N
\ ‘ N - l . A .
EETEEN . . -
\ .
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Uhit-'z Risk

» The four Umt 2 zones |dent|f|ed as I'ISk 3|gn|f|cant by NRC
were qualltatlvely evaluated

!

. Each was assessed with walkdown and exammatnon of the

potentlal fire scenarios threaténing the other train raceways
(e g., red traln raceway in a green train room)

e Concluslon

- The four Umt 2 zones contam srmllar characterlstlcs to the Unit
1 zones - ST

“ Two swrtchgear rooms

)

. . Two rooms contalnlng MCCs similar to 104S .

A

- The results from Q9M bound these zones

{
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‘Summa,ry of "*Risk Assessment

‘.

g‘ . ANO risk assessment concluded that e , ,

2 Reallstlc fires will not achieve whole-zone damage as
- onglnally assumed in NRC evaluatlon o -

—. Reallstlc f ires will result in tlme phased damage of cables

- Manual actlons required to achleve safe Shutdown for a flre in

~ ~zone '99M are ¢redible

e Slmulator scenarlos valldated that operators could achleve safe

shutdoWn A - |
- Met Appendlx R requurements for achlevmg safe shutdown

. Conclusmn | |
o= Delta CDF .
: . Un|t1 <66E-07/yr S s

. 67
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~ Overall Summary.
Detalled analysus of zone 99M

- Credlble fires result in tlme-phased failures W|thout zone-wnde
- “damage (700°F damage temperature for thermoset cables)

— Detailed.circuit anaIySIs indicates there is'not aloss of offsite power |

from any fire scenario

— Simulator scenarios provided realistic data for assessment of
operator rehablllty in the use of previous and new procedures

g "ACDF for 99M is 2.2E- 07/yr

. Total Umt Risk

- Two addltlonal zones considered risk significant for Unit 1

= RISk assessment of zone 99M conservatnve with respect to other
. ' zones-~

- Conservatlve estlmate of total unit ACDF is < 6.6E-07/yr :

The significance of the use of manual actions to achieve safe |
- shutdown has very low safety signifi cance and should be
charactenzed as GREEN

,‘ . b}
. ’
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- Overall Summary (cont.)

( .

.
®

ANO fi re protectlon program

— Defense in depth strategy to prevent and mrtlgate f ires
- Explicrt control of combustlbles

~ Fire brigade effectiveness

ermarrly rely on barriers or physical separation for equrpment
* required for safe shutdown - ,

- Fire detection and suppressron
= Limited use of manual actions utilized for Appendlx R compllance .

'+ Actions taken to further reduce risk
. Valldated circuit ‘analysis
- Feasibility evaluation of manual actions (IE 71111 05)
— New procedures developed to enhance operator response .
— Fire detectron reliability improved »

. ANO can successfully achieve safe shutdown in the event of a fire |

in any zone

70
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| N Scenario 1a -3
£C204 : EC204 | EC205 , . ' ' ,
) EB202 EB202 | EB202 ‘
203 EC236-
enters) )
Y '
’ B-56 .. - |ec236 ecz08 " [EB201 N EC1088
, , Ec1193 EC2 R ot . \ ,
. \ - : :
T Ta \ 2% - | | x
e | g8 Y-28 B ] R
\ ! N
~ ™~ ™ M ' .
. % EC1163 g Q EC1275
EC1258]|. - §8 1 59‘116-5 §§ EC1237 ‘ ,
SN aALL IR gg " Ec22a| Ec202  Ec202 | Ecoor EC1190 ° ) dhsy EC221 | EC222 . EC1257
N - lgg EC238 | EC230 :' EC239 | EC240 . eao | o '
1 / .
. \ N
P ; / oo \
‘ e [ o ) ( -
| ‘8l-gl8| 5| B 3| 3181 83| °2 EC1580
LN - L L | )] 1 i )| )] 1
N a IR AR IFEIRIEIEIRIEIE:
DA0S \ | S EC1236
\ - } '
L - . . .
AN (.ﬁl\ lN?‘ 1 I B ' ! | \ ' :
SOl B | | \ : . EJ1004
; . — — — — . EC1530 &
) \ ; o EC1504
N N -\ . ' . -
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5‘ ' . . ' R Y
\ EC204 | EC205 . : -
cenario 1b
1N - . ‘
¢ A 56 o ' - l _ l '‘EC1088
EC236. EC205 EB201
" EC1193| - END:! ENDS | ENDS \ .
D EE N\ ) ‘ b . 3
. ‘ Located near the ceiling.
Out of damage zone g
! 2 _ ' ( ‘
8. | Yon-|
] 4 EC1275
- EC1258 EC
L - r EC1276:
EC1175]. - goos | 'Ecagn  EC1190 EC1257 -
: " EC239} EC2¢0 (
¢ ' R |
b ) : \
| «. Sl | | o | "’% 0| ol = | a 9
‘" |- ¢ | 0 | o o | O o |l ol o ~ EC1589
S i } 1 v T ) ) 3 >
. ne < p < & <'t. 7& <| <| «<| < ‘
S D/ N 1/ EC1236
; NN - ‘ e
1= . . . EA201 /| 3
‘\ » . L4 [ . . K3
/1 o S . ;
. ] > L ) X EJ1004
' - // .
g — — ~— EC1530 & .
| N : 4 EC1504
, 4 k\
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' ' ) A ‘n . 75
; EC204 . EC204 | EC205- : \
‘ - 'EB202 . . EB202 | EB202 ~ S 2 y b
\ - ) ] ' )
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i ( B-56 1 ecba oo EC1088
A\ . . [Eck3e EC205 EB201 :
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‘ B-6
o - Y-28 . :
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) : ‘., "r- - ' ECZO1
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BIJAN NAJAFL,P.E. .
MANAGER, FIRE PROTECTION SECTION

- -

EDUCATION: S o

University of Washington: _‘ ] - M.S,, Nuclear Engmeenng, 1979 |,
Shiraz University: - ) BS, "Electrical Engineering, 1976 ~

Registered Professional Mechanical Engineer, State of California ..

'SUIWNIARY OF CURRENT POSITION .
Mr. Na)aﬁ is the Manager r of the Fire Protection Secuon at SAIC responsible for oversecing a program that
includes domestic and international nuclear utilities, DOE facilities and commercial/industrial facilities. .

‘EXPERIENCE: : : S
Mt. Najafi is 2 nuclear engineer with over 23 years of experience, anphasxzmg Rehabllxty, Risk Assessment,
Fire Protection and Systems Analysis. His background includes development of methods for risk assessment
and fire protection as well as application of these techniques in solving plant-specific problems. S’

Mr. Najafi is the SAIC Manager for Electric Power Research Institute (EPRI) fire risk analysis and fire
protection program. Over the past decade he has been instruniental in development of the EPRI fire risk
technology currently in use in the U.S. nuclear power industry. This technology has also been used
internationally in Europe and parts of Asia and South America. M. Najafi has conducted training courses in
U.S. and Europe on Fire Technology, most recently a series of Fite Modeling courses for nuclear power plant
fire protection engineers.

Mr. Na)aﬁ is an active member of the fire protection community. Hls contributions include:

. e Principal member of the Nauonal Fire Protection Association’ (NFPA) Technical Cormmttee on F1re
Protection for Nuclear Fac:.hues (801 /805) ’

e  Principal member of the Amencan Nuclear Soaety‘s com:mttce for the developmcnt oT the Fire PRA
Standards ; ‘

. Pa:ucxpaungmauba of various taskforces at Nuclw Energy Institute mcluding the circuit failu:s issues
taskforce in the development of the NEI-00-01, “Guidance for Post-fite Safe Shutdown. Analysis.”
Invited panelist at the NRC-Industry fire-induced circuit failures wotkshop on February 19, 2003, g

¢ Member of the NRC-Indusl:y team fof the revision of ﬁtp protection Slgmﬁmnce Dct&tmnauon

_ Process (SDP) . -

"o Member of the NRC’s “Intunauonal Collabomuve Pro]ect to Evaluatc Fire Models for’ Nuclm Power
Plant Applications.” - Y

¢ Member of the Soctcty of Fire Protection Engmeets (SFPE) MSk Groups for development-of the, “SFPEJ

. Engineeriig Guide to Performance-Based Fire Pmtecuon,” complcted in 2000 and “Risk Assessxncgt

Guidelines,” in progress. . - { , .

-~
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EMPLOYMENT HISTORY: .. B o -

. M Na]aﬁ is the Manager of the Fire Protection Program at SAIC responsible for overseemg a-business area
" that includes domestic and mtemauonal nuclear utilities, DOE facilities’and commercial/industrial facilities.

He is one of the principal 1 mvesngators for Electric Power Research Institute (EPRI) fire risk analysis and fire

", protection projects. These projects included development of EPRI’s Fite PRA Implementation Guide and

Fire-Induced Vulnérability Evaluation (FIVE) methodalogy and application of these technologies to US
nuclear power plant support. Over the past decade Mr. Najafi has been instrumental ifi development of the -
fire research program at EPRI to support nuclear power industry move  towards a Risk-
Informed/Petformance-Based (RI/PB) fire protection rule. Under this program data and methods are being
developed 2 more engineering-based (as opposed to prescriptive-based) approach to fire protection. Several
methods where also developed to demonstrate use of the technology, such as “Methods for Evaluating Cable
Wrap Fire Barrier Performance.”

As part' of this process of continuous enhancement of technology, Mr. Najafi is currently the pnnapal
“technical manager of 2 joint project between EPRI and USNRC office of Research for dcvelopment of the
next generation of Fire Risk Analysis Methods that can support the fire protection industry in RI/PB rule.
This is 2 ground braking exercise in cooperative research between EPRI and NRC and key to improving the
environment for risk-informed rule in fire protection. Mr. Najafi is the key in providing goals and directions
to this prograri that includes the development of the first documented methodology for assessment of fire
rsk du.nng low power and shutdown modes of operation. .

Between 1991 and 1997, Mr. Najafi managed Fire PSA projects at over e1ghteen (18) U.S. nuclear plants in
tésponse to NRC’s Individual Plant Examination for External Events (IPEEE) as well as Dodewaard Plant in
the Netherlands. The experience was part of the process to improve the Fire PSA data and methods
developed by EPRI (with Mr. Najafi as the Project Manager). ‘

Between 1988 and 1993, Mr. Najafi served as SAIC Project Mamger for GE's ABWR/SBWR chEl T PRA,
Comanche Peak Level I/II PRA support, Project Engineer (Technical Project Manager) for the Turkey Point
Nuclear Power Plant (PWR-W) Units 3 and 4 Level 2 PRA with external events (excluding seismic), and
Systems Analysis Task Leader for the River Bend Station (BWR) Level 1 PRA. He also served as an’
instructor in a course on Seismic PRA and Unresolved Safety Issue (USI) A-46, "Seismic Quahﬁmuon of
Equipment in Ope.tatmg Plaats," for the Omahz Public Power Dlstnct staff. 4

7

. During 1987-1988, he was the manager of 2 p:o]ect to-update the PRA for the Indian Point Unif 3 plant and
.. perform a SAIC/Utility-conducted Level 1 PRA for 2 BWR-4 plant (conﬁdenaal client). Mr. Najafi was
involved in- the N-Reactor Saféty and Reliability Evaluation program as the task leader responsible for
analyzing the Confinement, Reactor Trip, HVAC, and Emcx:gency Core Coohng Systems. .
Mr. Najafi was one of the pnnupa.l authors of tbc Reliability-Centered. Ma.mtcnance studies for the Dwsel‘
Generator Systems at the Catawba (PWR-W) and Palo Verde (PWR-CE) Nuclear Powcr Plants; and the River . -
" Water Makeup System for the Susquchanna Steam Elecunc Station. (BWR). i - -
During 1985, Mr. Na)aﬁ was one of the pnnqxpal authors of a PRA study for the Peach Bottom plant (BWR) |
as part of the NUREG-1150 program for Sandia National Laboratories. He was primarily responsible fot‘the
modeling of the plant Safety Support Systems including Electric Power and Service Water Systems ’
During 1985 and 1986, Mr. Najafi directed an NRC-sponsored” work to develop 2 meﬂnodo{ogy for
‘assessmeant of uncertainties in the phenomenological events: (back-end). This.effort involved development of -

b
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a computer-based probabilistic framework to integrate the vast body of knowledge that -exists tegard.in‘g'

LMFBR core disruptive accidents and their inherent uncertainty. The methodology not only estimates the
uncertainties, but also can display the nature and extent to which the state of knowledge: (ot lack of

o knowledge) contributes to them. The potential application of the methodology to the PWR steam explosion-

events in a large, dry containment was mvsugatcd. The tesults of this study were pubhshcd in the Nuclm
Science and Engineering Journal. :

Over the period 1982-1984 Mr. Najafi was the pdncipal investigator of several system safety studies on the
Clinch Rivetr Breeder Reactor Plant (LMFBR) that were presented to the Advisory Committee on reactor
safeguards as part of a technical assistance effort for the NRC staff. This effort covered a variety of limited-
scope studies for both systems and consequence evaluations, including radioactivity release frequencies,
unprotected reactivity insertion accidents, reliability analysxs of the Decay Heat Removal System, and Core
Disruptive Accident Energetics. He was also involved in teview of the CRBRP Reliability Assurance
program for the NRC to ‘ensure that the LWR licensing requirements and associated Regulatory Guides that

During 1980-1981, Mr. Najafi acted as the task manager for the SAIC tu—m to perfoﬁn the probabilistic

systems analysis part of the probabilistic risk analysis study for the SNR-300 (LMFBR) Nuclear Power Station
in Kalkar, West Getmany The objective of this two-year project was to prov1dasafety—onented -information

to a special commission of the German Parliament that was considering appropriate energy policies for West
Germany, mcludmg continuation of the SNR—3OO construction. :

-

PR 7

Mr. Najafi has been one of the pnn_c:pal parucnpa.nm in the risk reduction program conducted by the Nuclear
Safety Analysis Center to investigate the PRA methodology for anmaung incremental changes in plant
reliabilityand risk due to modifications. The methodology was validated using VEPCo's Surry (PWR-W, with

several shared systems) plant by estimating the incremental change in system reliability and plznt safety as the

result of the modification in system design and operation and specifications implemented since the original
WASH-1400 study. He was also the Task Manager and conducted the probabilistic analysis part of the
accident evaluation chapter for the Seabrook Nuclear Power Plant (PWR-W) Environmental Report. This
study was prepared for Yankee Atomic Electric Company in support of the Seabrook Station licensing. ~ *

Mr. Najafi was the principal investigator of 2 Heat Rate Improvement Study. petformed by SAIC. A'steady-
state model of the Morgantown plagnt usmg the PEPSE computer code was developed covering the boiler,
turbine and-balance of plant systems. A limited sensitivity analysis was performed to investigate the

sensitivity of plant heat rate to different plant opgrational condmons The long-term ob)ecuve of this project

was to prov1dc optimum operating strategies to be used'as paxt ofa plant petfotmance monitoting system.

¥

On several occasions Mr. Najafi has served as a lecturer: for the reliability and safety a'nalysxs coutses
conducted by Argonne National Laboratories on' the applxcatlon of p:obabihsuc techmqm for acctdmt

' sequence quantification in nuclear power plants.

Joining SAIC in 1979, Mr. Najafi participated in :the system modd dcvelopment as pa.tt of the Seistnic Safety
Margin Research Program (SSMRP) for the Lawrence Livermore National Lzboratories, where he developed
the models for Emergency Core Cooling System aid Residual Heat Removal System for thié Zion Nuclear
Power Station Unit 1 {(PWR-W). Later he developed 2 fault tree model for the auxiliary fecglwptet system for
San Onofre Nuclear GmmM&Smuon Unit 1 (PWRE to ptedtct the systems rehabihty under seismic

loading. _ <~

- . w -
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SELECTED PUBLICATIONS: T ' -
1. “Fire Modeling Guide for Nuclear Povée; Plant Applications,” EPRI 1002981, August 2002. -~

2. “Fire Events Dambase for U.S. Nuclear Power Plants: Fire Initiation and Trends”, EPRI 1003_111,
December 2001,

3. “A Pilot Plant Evaluation Using NFPA-805 "Performance-Based Standa;d for Fire Protection fot nght
* Water Reactor Electric Generating Plants", EPRI 1001442, May 2001

4. “NFPA 805: Perfotmance-Bascd Standard for Fire Ptotecuon for Light Watet Reactor Electric
Generaung Plants”, National Fire Protection Assocmuon, 2001 Edition (Contributing Author) -

“Fire Batrier Penetration Sa.l Handbook,” EPRI 100196, ]uly 2000

“SFPE Engineering ( Guide to Performance-Based Fire Protection” Soclety of Fire Protection Engineers,
Fisst Edition 2000 (Contributing Author) _ -

7. “Planning for Risk-Informed/Performance-Based Fire Protection at Nuclear Power Plants”, EPRI TR+
108799, December 1997 .

8. “Reducing Operauons and Maintenance Costs of Nuclear Power Plant Fire Protecuon Programs” EPRI
TR-107337, December 1996

9. “Methods for Evaluating Cable Wrap Fire Barrier Performance” EPRI TR-106714 August 1996

10. “Fire Ignition Frequency Model at Shutdown for U.S. Nuclear Power Plants” EPRI TR-105929,
Decémber 1995

11. “Fire Probabilistic Risk Assessment Implementation Guide”, EPRI TR-105928, December 1995 (and
Supplement EPRI SU-105928)

12. “Fire-Induce Vulnerabﬂ1ty Evaluation (FIVE) Software”, EPRI AP-100530 Febtuaty 1994

13. “Automatic and Mariual Suppressmn Rehabxhty Data for Nuclear Power Plant Fire Rlsk Analyses”,
) NSAC-179L, February 1994 _

14. “Fire Risk Analysis Code, FRANC”, EPRI AP-103733 ]anuary 1994
15. “Fire-Induced Vulnerability Evaluation (FIVE)” EPRI TR-100370 May 1992 (Contn'hutmg Author)
" 16. “Fire Events Database fox: U.S Nuclear Power Planls NSAC-178L, Decembet 1991 -

\y

17. *Reference Plant Acadent Sequence Likelihood Ghm':actenzauon Peach Bottom, Uhit 2," NUREG/ CR~

. 4550, Volume 3. (With Alan Kolaczkowski, et al.) 5

18. "An Assessment of Steam Explosions Induced Containment. Fa.ilure, NUREG/ CR-5030 February 1989
"~ and Nuclear Science and Engineering, Pecembet 1987, ‘

" 19. "On the Probabilistic Aspects of a-Mode Containment leu:e " T G. Theofanous B. Najafi and E
Rumble, Nuclear Science and Engineering, Novembet 1985.

20." Incorporation of Phenomenolog1cal Uncertainties in Safety Ana.lys1s A/pphcauon to LMFBR Core.
Disruptive Accident Energetics,” Proceedings of ANS/ENS International Topical Meeting on
- Probabilistic Safety Methods and Applications, Vol. 1, San Francisco, CA, February 1983.

21, "SSMRP, Phase I, Systems Anilysis," 'NUREG/CR-2015, November 1981 (with J.E. Wells, et al)-

hY
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G. WILLIAM HANNAMAN, PHD

- EDUCATION: _
. PhD, Nuclear Engineering, Iowa State Umvers1ty, 1974

. MS, Nuclear Engineering, Iowa State University, 1971 -

BS, Electrical Engincering, lowa State University; 1965

WORK SUMMARY:

Dr. Hannaman is a Professional Engmeer w1th over 25 years of progressxve consulting experience in solving
electrical and nuclear engineering problems for a wide range of nuclear reactor types, process plants and
industrial facilities. Applied educational background and experience to resolve -technical issues using
reliability and probabilistic risk assessment (PRA) techniques during the design process and on operating
plants. Developed and applied humian reliability assessment (HRA) methods to consider the impact of
operator interactions before and during accident conditions. Supporting elerhents include data collection
from training simulators, database development and integrating the results into risk and reliability studies to
identify management priorities for enhanced design, operanon, and maintenance.

" PROFESSIONAL EXPERIENCE:

1999 to present, Senior Staff Engineer, Data Systems & Solutions

1988 to 1999 Senior Staff Engineer, Science Applications Internatiorial Corporation

Recent Projects
¢ Support for EPRI projects in the followmg areas:
;0 Development of simplified trip monitor for use in generahon risk modeling of nuclear power plants.
o Support Probabilistic Risk Assessment Evaluation of Spent Fuel Dry Storage Belted Cask Designs in
the area of initiating events, HRA and data evaluations. -
o Write guideline for efficiently developing derate and trip monitors for v use by control room operators )
o Support development of a procedure for addressing HRA in fire PSAs
~o Upgraded Monte Carlo Simulation software (STEIN) for evaluanng the impact orf NDE ineasures on
structural integrity
o Developed template for performing Human Rehabxhty Analysns lesson plans ’
‘o Support project on methods for evaluation of organizatiofial factors
¢. . Independent safety reviewer.for CANDU plant PSA in Romania. - Peer review of PSA modelmg
.- results to recommend changes and upgrades. Also supported HRA training and. apphcatlons _
o - Developed uncertainty analysis tools for predxctmg the quality of glass/ nuclear waste m1xtures for
~~ DOE/Bechtel. A
Steam Generator Assessment Sofiware develapment S
e  Evaluate primary safety valve reliability under severe accident condmons givena leakmg SG tube.
¢ Compare EDF COMPRIS software code with STEIN to identify areas for enhancement in addressing
PWSCC through the use non-destructive (NDE) test measures. .- = *
- ~Product manager for establishing EPRI web site for SG SGDSM for maintaining and updating a
quality assured (10CFRS0) electronic database containing data-from tests on pulled SG tubes to. -

-
.
R

Ajoint venture between Rolis-Royce and SAIC
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support burst and leak rate correlations. The secure web site developed under an 1ISO-9000 and
10CFRS50 approved quality program supports data searches.

¢~ Product manager for development of the STEIN Monte Carlo code for use in evaluating.Steam
Generator ODSCC NDE results to predict operational assessment and condition monitoring criteria.

. Developed methodology using Monte Carlo. Simulation of uncertainties for assessing margin between

an allowed 1131 dose and a predlcted accidental release from degraded steam gererator tubes.

Human Reliability Assessments

¢ Planned and documented human relxa’mhty assessments (HRAs) for four utilities as part of their IPEs.

e Developed and delivered a weeklong training course on HRA to Eletronuclear in Brazil.

- Supported update of VC Summer IPEEE fires assessment as HRA task leader under SAIC and VCS
quality assurance programs. - Evaluated risk of using fire emergency procedures for the current
control room configuration. HRA methodo]ogy used NUREG/CR 4772 &1278 and EPRI-TR-
100259.

¢ Cantributor to development of ASME PSA standard HRA and data sections. -

e Instructor on the subject of human reliability for Argonne National Labs Inter-reglonal Training
_Course on Prevention and Management of Accidents at Nuclear Power Plants
. Managed 3-year project to extract data from events to enhance human reliability for activities during
less than full power operation. Reviewed the operator event data collection programs, updated the
. Systematic Human Action Reliability Procedure (SHARP), presented examples and information at
EPRI’s human reliability assessment workshop, and applied SHARPl on specific accident sequences
- (e.g., Interfacing System Loss of Coolant Accidents).
Developed procedures, guidelines and project instructions for performing HRA in two PRAs.
Supported use of control room training simulators in HRA studies for six utilities including Hope
Creck and Laguna Verde.
PRA and Risk Informed Applicgtions ‘
* For Entergy Operations, assisting in update of PRAs for ANO-2 (accident sequence overview), and
. Waterford nuclear power plants (ISLOCA and ATWS support).
¢ . Applied time dependent integration of system recovery assumptions and human reliability models
with thermal hydraulic transient output to produce estimates of large early release frequencies in
severe accidents for use in evaluating the risk of operating steam generators with degraded tubes.
e Supported Entergy (ANO2) and SCE (SONGS) in evaluating human reliability during severe
accidents to support risk informed evaluation of steam generafor tube integrity including review of

" . SAMGs, EOPs, plant mterfaces, and simulator training. Presentatnons on results ‘were glven to the

NRC.

e Performed multl-compartment fire risk analysw in support of the IPEEE at Quad Cities.
L ]

For CEGA contributed to guidefines for PRA gpplication during the NPR-MHTGR des1gn process.
Provide mini PRA study for the Envxronmental Impact Statement for'the NPR-MHTGR.
Risk management ~

e Supported development of methodology for blending’ nsk~1nformed PSA with deterministic rules to

demonstrate compliance with NRC's regulatlons governing steam generator operation. .

e Developed qualitative risk assessment methodology and delivered training course on quahtatxve

.~

_safety assessments including consideration -of HRA for non-reactor facilities as part of a Sandia
National Labs pro;eet to comply with DOE orders 5480 23, 5481 1B, and ‘standards 1027-92 ‘and
3009-94. Cn

¢ Applied methodology on two facllmes (Rocket launch and Accelerator) Results support sa.fety

. documentation suitable for a facility safety analysis report ifi a risk-based format.

¢ For DOE-used PRA and HRA methods to support reviews of DOE reactor projects and facllnty
operations. . T, ,

Reliability Database development

¢ Establish a reliability and safety database for use duririg the MHTGR des;gn process.

¢ Developed data based mechanical reliability models for sa.fety relief valves usmg test demands and flow
conditions to 1mptove risk assessment results. , -~

~

A
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Ram analysis

« . Supported the MHTGR conceptual des:gn through incorporation of applicable operational experience,
development of technical position papers to demonstrate that lessons learned from previous operating
experience were considered in the advanced design, dnd updated safety, availability, and plant capacity
factor reports working with Stone and Webster Availability Assessment team: This involved building -
. reliability block diagrams for various systems to evaluate reliability and nsk

Overszght profects N .. N
e _Served as secretary on senior review comrmttee to evaluate selection criteria for the NPR-MHTGR .
- contamment

¢ Project manager for mdependent reviews of PSA/HRA and human factors for Union Fensoa on a
Spanish Reactor to identify cost effective risk reduction upgrades for control room interface

Review of a spent fuel processing design for a DOE site. .

Performed review of human rehablhty assessments in the IPEs,

Performed independent safety reviews of safety analysis reports and risk assessments mcludmg analysis
of spray leaks during tank transfer operations, and evaluation of two different pump system operating
lifetimes for Westinghouse Hanford using FMECAs, fault trees, aging models and data evaluations.

e Performed independent review of INEEL’s ISLOCA méthodology. . ‘

w8 & @

Lmsl to 1988, Seior Executive Engineer, NUS Corporation -~~~ |
. Pnnc1ple Investlgator for EPRI projects included development of a human reliability analysis
- framework, (SHARP), human cognitive reliability (HCR) models, and international HRA benchmark
projects.

" e Project leader for mtegratlon of HRA models to support simulator trammg, and model verification
studies involving collection of data at control room simulators (e.g., for boiling water reactors (BWR's)
at ComEd, PP&L, and PE). Supported use of simulator data gathering for verification of BWR EOPs.
Technology transfer of HRA/PRA methods to ehents performing in US and internationally (e.g., EdF).
Transferred technology via: (1) seminars, (2) reviews of PRAs and HRAs, (3) HRA task definition and
supervision of analysts and (4) guidebook development such as PRA procedures guide and HRA
gundelmes for specific ‘projects (5) performing benchmark comparisons, (6) performing analysis, (7)
reviewing work, (8) planning risk related projects, and (9) recommending programs.

e Reviewed use of the newly designed symptom based procedures in response to steam genemtor tube
rupture.and small break LOCAs to identify key operator actions.

s Probabilistic risk accident analysis of fires for the Limerick BWR. ’

. Detalled safety reviews of deS1gn concepts such as the advanced modular gas turbine reactor.

- bl "

L1974tol981 Staﬁ'Engmeer,Genera]Atonncs~ I - P |

P

. Performed probablhstxc safety: analysxs, rchablhty and avmlabllxty assessments and evaluations oh all of
* GAs operating and proposed plant designs.
¢ Developed and operated a computerized data base system of component and systern rehablhty measures
© to analyze Fort St. Vrain availability experience as a: ‘way of i xmprovmg new designs, including the Gas
Turbine-HTGR, steamer, fusion designs and others.
¢ Lead engineer for Chemical and Proctss System Analysxs Group on a 6-man-year effort to oolleet data’
_and develop-reliability evaluation methods including feliability block diagrams for process ‘system
hazard . analysis rehabzhty allocations, rehablhty predlctlons, avaxlabxhty, and mmntmnabxhty
.- quantification.
¢ Provided training seminars on probab:hstlc risk assessment for PRA practitioner training and for shift
technical advisors.
‘e Performed system reliability analysis to support quahﬁcatlon of reactor protection, oontrol heat -
' ‘removal main power systems, circulators and support systems for the large HTGR. .
. & Team member and key author of the PRA study known as the Accident Initiation Progression Analysis.

- et
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Established . and maintained -thé component and system reliability data bank supporting the
quantification of event- tree/fault-tree scenario frequencies and uncertainties.
-Developed and applied probabilistic operator models and common-cause failure models:”

[ 1970 to 1974, Graduate Assistant and Senior Reactor Operator, Jowa State University |

Obtained licenses for reactor operator and senior mctor operator through the NRC on a umversrty
training reactor, with over 100 startups and shutdowns.

Taught lab courses and helped prepare and present trammg course for Dua.ne Amold Energy Center
operators in support of NUS training.

| 1965 to 1970, Supervrsor Wesnnghouse Electnc Corporatlon Apparatus Repair DIVISIOﬂ |

Planned repairs and directed maintenance crews on chemical, utility and industrial sites and in repair
plants for over 10,000 unique power system equipment failures.

Designed and implemented an 1&C temperature protection system for large electrical motors, and
" design of a transformer oil storage and transfer system. )
Developed procedures, criteria, and equipment for testing, welding, and evaluating insulation and :
mechanical structures for serviceability and, if needed on the basis. of predicted failures, applied
methods for repairing, balancing and tésting electrical and mechanical apparatus including electric
motors, breakers, controls, transformers, generators, turbines compressors, magnets etc,

"While in Westinghouse's Graduate Student Program performed rotating assngnments m manufacturing
facilities for transformers and apparatus repair.

COMPUTER PROFICIENCY
Language/Tools: Microsoft Oﬁice Software Math soﬁware Monte Carlo Sumllatlon, CAFTA

Hardware Systems PC and Mac

Operating Systems: Wmdows 95 2000, XT; 0S8, and DOS

MISCELLANEOUS Co

Professional Associations and Memberships:

State of California - Professional Nuclear Engmeermg Regtsﬂatron NU 1948 Since 1982
Member American Nuclear Society - , c

San Diego Section chairman 1979 . - ~
~ {San Diego Section executive committee, various yeaxs ' :

~  Technical program chairman for Embedded topical meetmg on Advanced Nuclear Installatron~

" Safety, 2000, .~
. Assistant Technical Program Chainman for Risk Managcment -E:q;andmg Honzons 1992 _
Hurnan Factors Division, Executive Committee, 1987 / ] , . :
Safety Division Program Committee 2000. ) . o _
‘Organized and chaired numerous technical sessmr;sforANS s R
Paper reviewer for Nuclear Technology ‘

’

Member of Institute of Electrical and Electronics Engmeers

N\

Corresponding member of the Nuclear Enginéering Subcomrmttee SC-S on human factors and -
~_reliability responsible for standards on reliability methods. 2000 -2003 ‘
. SC-5 Committee member on Reliability 1976 to 1980, - o _
SC-7 Committee member on Human Performance 1984-1986. ' S
" Organized and chaired technical sessions atanIEEEnwetmg ) '

Soclety for Risk Analysis - : ) .

Executive committee of the Southern California Chapter in 1989 - L
Organized and chaired-technical session a6 PSAM II . L - -
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Patents, Selected Publications, and Awards: ‘ -

¢ Elected to Sigma XI, the research honor society in 1973 -

¢ Elected to National Academy of Sciences 6-member panel on cooperation with USSR on reactor
safety to identify needs and means for enhancing reactor safety. 1987

e “Elected to Strathmore’s Who’s Who 1996-03

« OQutstanding technical paper awards in ANS Meetings (e g., ANS Midwest student conference 1974
and ANS summer meeting Human Factors Division 85, 88, and 93).

o . Toastmaster CTM and ATM levels and Toastmaster of the year for Area 17 Dlstnct 51999-2000

- e Academic credit_ for ‘ -

. Reliability Assurance, UCLA 1975
Global Business Management, University of Phoenix 1998
Reports
Hannaman, G. W. and L B. Wall, “Lesson Plans for Human Rehabtlxty Assessments in PSAs,” EPRI
1003329 June 2002.

" Hannaman G. W (DS&S), V. Durbec and C. Bauby (EdF) “Feasibility Study for the Integration of EDF’s

models for PWSCC into EPRI’s STEIN code,” Joint EDF and DS&S Report to EPRI, May 19, 2002.

Mickey M. B.,-G. W.-Hannaman, B. W. Johnson, K. M. Batemen Verification of IHLW Product Quality
by Analysis of Uncertainty and Reliability in the HLW Process Control System,” Data Systems & Solutions
Report to Bechtel National Inc. May 2001. .

. Hannaman G.'W., and S. A. Fleger, Evaluation of HCR Methodology Implementation in PSA and

Control Rdom Human Factors Review for J‘ 0sé Cabrera Nuclear Power Plant, EPRI, Palo Alto, CA, April
2000, 000000000001000028. -

Hannaman, G. W., B. W. Johnson, Maureen K. Coveney, “Methodology For Steam Generator Condition

Monitoring and Opérational Assessment, Applying Monte Carlo Simulatién,” SAIC-97/ 1078, Science
Apphcatlons Internatlonal Corporation, San Diego, CA Dec 1998.

E. Fuller, E. Rumble, G. W. Hannaman, and M Kenton, “Risk Assessment Methodology for Complymg
. with NRC Regulations on Steam Generator Tube lntegnty Diablo Canyon as an Example Plant” LR

EPRI 550-7, Sept. 1997.

' Hanhaman G. W., M. Lloyd, B. Putney, G. Klopp, B. Johnson, A. Farruk, E. Fuller, and G Pod “PSA
.lSupport For Steam Generator Degradation Specific Management™ SAIC-1326, EPRI 550-7, March 1996.

A Dabiri, F. Johansén, B. Johnson, and B. Hannaman, “241-Y-101 Mixer Pump L1fet1me Expectancy, for

'W&stmghouse Hanford Company Richland, Washington, Nov. 1995.

Mahn’] A,G W l-}annaman and P. M. Kryska, “Qualitative Methods for Assessmg Rlsk,” Sa.ndxa
National Laboratories, SAND?95.-0320, Albuquerque New Memco; May 1995. ° o

. Hannaman, G. W “Transforming. PRA Resplts ‘into Performance-based Criteria for PWR. steam

generator Inspecﬁons and Management” White paper on EPRI project 550-07, March 1995.

Otis, M. D. D. A. Bradley and G. W, Hannaman Technical Basis for.Conmdenng Uncertamtles in Il3l J

Release and Dose Lumts fora Postu!ated Accident. EPRI'TR-103878. EPRI, Palo Alto, CA March 1996. -

Hannaman G.-W., W Parkinson, and C. Donahue, Lessons Leamned from Documented Events about t

Human Rehablltty during Less Than’Full ‘Power Operations, EPRI report TR-104783, Sept. 1993..

Hannaman G W.CG Donahoe and E. M., Dougherty, Insights from Human Rehahnhty Assessments’

Performed during Less Than Full Power Operations, EPR] report SAIC-92/1056, SAIC San’ Diego CA,
March t992. ’ o .

- NSAC 154*]SLQCA Evaluatlon Guidelines,” HRA methodology, EPRI Palo Alto, CA Sept 1991

Hannaman G. W. and J. Forester Analysis of Initiation of Boron Injection i in Response to an ATWS, .
SAIC91/ l 132 SAIC Report for Task 2 of Gulf States Utilities Rlyer Bend project, April 22, 1991.
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Hannaman G. W. and R. J..Budnitz, "Case Study on the use of PSA methods: Human Rehablllty
analysis,” IAEA-TECDOC-592 International Atomic Energy Agency Vienna Austria; April 1991.

SHARPI - A Revised Systematic Human Action Reliability Procedure, (wrth G. Parry A. Spurgin and
D. Wakeﬁeld), EPRI NP-7183-M, December 1990.

Contributor to Operator Reliability Expenments Using Power Pla.nt Simulators, EPRI NP-6937 Volumes
1,2, and 3, July 1990.

Hannaman G. W. Apphcatlon of SHARP1 to Interfacmg System Loss of Coolant Accldents (ISLOCAs),
SAIC-90-1351, Science Applxcatlons International Corporation Report on EPRI Pro_;ect 3206-14,
September 19, 1950. ‘

P. Lobner, L. Goldman, G. W Hannaman and S. Langer Prelumnary Risk Assessment of the NPR-
MHTGR, App. B, Generic Reactor Plant Descnptlon and Source Terms, Environmental Impact
Statement, EG&G-NPR-8522, June 1989.

Atefi, B.,, M. Droum, W. Hannaman and J. Young, “Perspective on Application of Probabilistic
Modeling Techniques to the Heavy Water and modular High Temperature Gas-Cooled New Productlon
Designs,” SAIC-89/1146, McLean, VA Sept.-29, 1989. )
Models and Data Requxrements for Human Reliability Analysis (with A. D. Swain, G. Mancini, L.
.- Lederman, et al.). IAEA—TECDOC-499 Techmcal Document issued by the International Atomic Energy
Agency, Vienna, 1989.

“. Hannaman G. W. F, S. Dombek and Y. D. Lukic, Evaluation of Key Human Interaction Postulated for

EDF 1300 Mw(e) Nucléar Plants STGR and SBLOCA Accident Sequences. EDF Project, NUS Report
5105, May 1988.

“Probabilistic Safety Study Caorso NPP, (co-author) ENEL DCO 401.V40.VR.001, NUS-4954, Nov.
1986.La Salle Human Reliability Measurements Progxam. Data Analysis. Prepared for ComEd, NUS-
4965, December 1986. A
Incorporation of Transient Response Implementation Plan Procedures into the Limerick Generating
Station Probabilistic Risk Assessment. NUS-4887, August 1986.

Hannaman G. W. AJJ. Spurgin and Y. D. Lukic, Quantification of A3 and H2 Procedures for a Standard
900 Mwe PWR Plant . Prepared for CEA, NUS Report 4935, August 1986.

Hannaman G. W. A.J. Spurgin and Y. D. Lukic, Human Cognitive Reliability Model for PRA Analyses .
EPRI Project 2170-3, NUS Report 4531,"October 1984.

Hannaman W.,-and A. Spurgm Systematic Human Action Relnab:hty_Procedure {(SHARP) EPRI NP-

3583 June 1984. ‘ -

‘Review of the Sizewell B Probabrhstrc Safety Study " (with S. Levine, )NUS-3446 Apnl 1983

Hannaman G W., W. Breher, R. Cantrell, and H. Hopkins, Reliability, Avaxlablhty, and Maintainability
Plan for the Solvent Refined Coal Demonstmtlon Plant, VI&I GA-C-163?2 Solvent Refined Coal
Int., Inc., July 1981. : . "4
Hannaman G. W.,\et.‘al Safety Program Plan - Snmmary USDOE Report GA-C-l6244 Volumes II, and
I performed for Solvent Refined Coal International, Inc., January 1981, App. June 1981. v

" Hannanian G. W et. al. HTGR-RPR Capaclty Factor Estimate, GA-A-16242 General Atomxc Co, P
January 1981. £ <

- Hannaman G. W. GCR-Data Bank Status Report, US’DOE Report GA-A-14839 General Atomic Co,"

July 1978. - -

. HTGR Accident Initiation and Progressmn Analysns Phase II, (co-authored wrth K. N Fleming, et al.).

‘ USDOE Report, GA-A-ISOOO General Atomic Co., April 1978.
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Papers ' ' o
Hannaman. G. W., “Safety Valve Reliability Assessments for PSAs * PSA 2002 ANS Probabxhsuc Safety
Topxcal Meeting, Detroit Oct, 2002 :

, Johnson, B, G. W. Hannaman, and M AStutzke, ‘Gperatmg Reactor Safety, Regulahon and the Real World,”

in ANS Procéedmgs Operating Reactor Safety Topical Meeting, Oct. 11-14, 1998.

FulIer, Ed, E. Rumble, G. W. Hannaman, and M. A. Kenton, “ Assessment of Risks from Thermal Challenge -

to Steam Generator Tubes During Hypothetlcal Severe Accndents in ANS Opetatmg Reactor Safety’ Toplcal'
Meeting Oct. 11-14, 1998.

Mahn J. A,, GW. Hamxaman P. M Kryska, “Quahtatlve Methods for Assessmg Rlsk” 1995 ASME con£

- 1995.

Hannaman, G. W. and Avtar Smﬁx “Human Reliability Database for In-Plant Application Of Industry

Experience,” PSAM 11, 1993

Hannaman G. W. and A Singh "Assessments and Apphcatlons to Enhance Human. Reliability and Reduce
Risk during Less Than Full Power Operattons of EPRI, LANS Risk Management embedded topical, June 1992.

Hannaman G. W. “Human Reliability Methods for Enhancing Performance, m Risk-Management Expanding
Horizons Hemisphere Publishing, New York, 1991.

Hannaman G. W. and-D.H. Worledge, "Some Developments in Human Reliability Analysis. Approaches and |
. Tools", Reliability Engineering and System Safety, Elsevier Publishers Ltd. England, V22 24 235-256,1988.

Hannaman G. W, F. S. Dombek, B. Y. O. Lydell, and Y. D. Lukic, "Using Risk Analysis to lmprove Testing
and Maintenance". Forth [EEE Conference on Human Factors and Power Plants. Monterey CA. June 1988.

Hannaman G. W., G.R. Crane and D.H. Worledge "Application of 2 Human Reliability Model to Operator

Response Measurements"” in PSA and Risk Management PSA'87, Zurich, Switzerland, September 1987.

Hannaman G. W., F.S. Dombek and P. Moieni "A PRA-Based Human Reltablhty Cat_alog , for Probabilistic
Safety Assessment and Risk Management PSA'87, Zurich, Switzerland, September 1987. A ~

‘Haninaman G. W. et. al. “Applications of Human Rehabxhty Models to Structure Measurements of Human.

Performance in Slmulauons Job Performance M&surement Technologles Conference, DOD, Wash., D.C.
3/87.

Guymer P., G. Kaiser, T. McKelvey and G. W. Hannaxmn “Probablllstlc Risk Assessment in the Chemical

Procm Industry” Published in-Chemical Engineering Progress, “January 1987. J -

Hannarmn 'G. W. "The Role of Frameworks, Data, and Judgment in Human Reliability Analysxs" Nuclear
Sciencé and Engineering. North Holland Publishing Company, NEDEA 98L93 May 1986. : .

. Crane G. and G. W. Hannaman," ReahstlcOperatorResponseM@asurements InputstoI.aSallePRA" V5,

International Toplcal Meetmg on Nucléar Reactor Safety No. 700106, ANS; La Gxange Par[’c, IL, Feb. 1986..

" “Synthesis of Experience Data for Risk Assesstient and Design Improvement" of -Gas‘Cooled Reactors”

(with AP. Kelly), Proc’eg:lmgs of Probablhsuc AnalySIs of Nuclear Reactor Safety, Amencan Nuclear - -
Soc1ety,ﬂ.,May 1978. - -~

"Probabilistic Risk Assessment of HTGR's (wuh Fleming, Houghton, and Joksxmovxch), Rehabxhty"'

o Engmeenng, Apphed Sctence Pubhshers, Ltd, England (1981) pp. 17-25.
". Treatment of Opexator Acuons in the HTGR Risk Assessment Study, GA-A-15499, Wmter ANS Dec.1979

?lennngKN and G. W. Hannaxmn CommonCauseFaxlmeAnalysesmtherdxcauonofCoreCoolmg
Reliability" IEEE Transactlon of Rehabxhty,Specna] Issue on Nuclear System Safety and Rehablhty, R-25
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