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The technical methods and data used were consistent with the published state-of-the-art and
relevant ANO design and operation data. Detailed analysis was done for the unit 1 4KV .

" switchgear room 1A4 (fire zone 99-M) and extrapolated to two other fire zones in unit 1, the
4KV switchgear room 1A3 (fire zone 100-N) and electrical equipment room (fire zone 104-S)
where use of manual actions were considered potential contributors to fire risk. These fire zones
are not equipped with automatic suppression.

Rgsults
The results of our analysis are as follows:
Fire analysis:

. Cable damage criteria (700’? for ANO) is mncal inthe extent/txmmg of circuit damage and
our conclusion

Energetic arcing fire in the 4KV sthchgw is the maximum expccted and bonndmg fire in |
the fire zone 99-M - - -

A damaging 700°F hot gas layer in fire zone 99-M is not credible bccause of the
configuration of the room and the combustibles in it.

Manual actions feasibility and reliability »
Both the current and the new emergency pmccdme_s_adgguitely deal with a fire in 99M

Kcy manual actions, needed in response to the bounding fire scenario in 99-M, mcet the 7
" NRC “inspection criteria for fire protection manual actions,”

The impact of the new versus the current procedures on human error probabilities (? HEP) is
measurable but small.

Fire-risk

The cumulative ﬁre-mdnced nsk inunit l reflective of the manual actions necded to achieve
hot shutdown in fire zones where thesc actions are determined to impact fire risk, is
Green, i.e., less than 1E-6/reactor-year.

The defenso-in-depth is maintained and adequate margin exists in our analyses of fire
scenarios and HRA to ensure confidence in our conclusions.

Mixad c..!a/,%?
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I INTRODUCTION

This section provides an overview of the issues and its assmmmt in accordancc witha phase 3
Significance Dctcrmmauon Process (SDP) -

11 Background

On August 20, 2001 thc NRC issued a triennial fire inspection report (IR 01-06), which
discussed a finding concerning the acceptability of the ANO use of operator actions to remotely
operate equipment necessary for achicving and maintaining hot shutdown, in lieu of providing

- protection to the cables associated with that eqmpmcnt, asa mcthod of complymg wlth lOCFRSO

Appendix R Section 111 G.2

1.2 Descrlptlon of the Issue

In a March 25, 2003 supplement to IR 01-06, noted above, the NRC stated that by usmg the
Significance Determination Process the above finding was preliminarily determined to be

Greater than Green. The preliminary significance of this finding was due to the number of safe
shutdown components potentially affected as a result of fire (¢.g., main feedwater, bigh pressure -
injection, emergency ac power and emergency feedwater), the ability of the ANO fire brigade to
manually suppress the fire before damage to safe shutdown components occurs, and the
uncertainty regarding the timing and impact that po! tential failures may have on the opcrators
ability to accomphsh required shutdown functions in time to prevent core damagc

1.3 Overview of the Assessment :

The Reactor Oversight Process (ROP) describes the need for a method for assigning a risk
characterization to mspcchon findings. The staff developed a method forthisrisk . -
characterization, which is referred to as Significance Determination Process (SDP). 'I‘he enuy

conditions for the Fire Protection SDP are defined for i mspecnon ﬁndmgs the de C' ~
conditions associated with the plant “approved” fire protection program, {Therefore, thc SDP

( secks to estimate the change in risk between the approved" and the “dcgmded" conditions and M :

determine the risk-significance of this change. —

' Mo e,/
In the case of the manual action feasibility issue at ANO we maintain that such an analogy does WW“/—

not apply as the perceived “degraded™ (by the NRC) condition has always been an integral part
of the ANO “approved” fire protection program.

Therefore, in our assessment we do not calculate a change in risk between a perceived
“degraded” and a “hypothetical” approved condition. Rather we investigate the risk-significance
of the existing (and “approved™) condition at ANO as they relate to adcquacy of the procedures
for safe shutdown in post-fire conditions. We conduct this investigation through the following
clements:
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1. Fire Modeling — This is a detailed assessment of fire hazards and mth:g‘at:on of the extent
and timing of fire damage leading to potential loss of safe shutdown eqmpmcnt and
functions. -

2 Reliability of the Manual Actions ~ In this assessment we examine rcliability of the post- -
fire safe shutdown manual actions to demonstrate that they can be performed with reasonable

confidence under the fire conditions. We developed quantitative assessment of the manual . M(Y-’U

actions using state-of-the-art human reliability analysis (HRA) methods and plant-specific
data obtained from review of safe shutdown procedures and training program, as well as Vi
simulator exercises. In the simubtor exercises we observed and evaluated the response of
two operator crews through simulation of maximum expect fire scenarios in the unit 1 4KV
switchgear room. This examination was done for two sets of procedures. One with the :
procedures in existence prior to this assessment and another with revised procedures. : /ﬁ

3. Risk-Significance of the Current Symptomatic Procednm -Tbc safc . shutdown strategy

and its associated manual actions are reflective of a level of fire risk that also depends on a
number of other factors. These factors include,

Fire hazards prment and typw and s1ze ﬁr&s they may mmatc and sustam within thc
room,

Fire protection systcms dcsrgn and other c)cmcnts of the ﬂrc protecnon program that can
delay and/or prevent spread of fire,

. kY
I

_ Cable and circuit design that dctcrmmes the cxtent, nmmg, and failure modes of the safe
shutdown systems, -. :

* Plant safety funchons and systcms and how thcy mn mmgatc post ﬁrc conditions.

I this assessment we cxammed the ﬁre risk for those areasof the plant where these manual
" actions are a contributor to determine whether the level of fire risk is acceptable. The current
documented statc-of the~art in fire risk asscssmcnt was uscd for this assessment. [Ref. 1}

The remainder of this report contains the following mforrnahon

Section 2 contains a phase 3 SDP examination of the Unit 1 4KV switchgear room (fire zone 99-
M). Detailed assessment was conducted for Unit 1 4KV switchgear room (fire zone 99-M).
Qualitative assessment of other fire zones in unit 1 was done with plant walkdown and, where
possible, extrapolation of the results obtained for fire zone 99-M. Section 2.1 covers
determination of realistic fire scenarios and examination of sensitivities and factors contributing
to uncertainty. Section 2.2 documents qualitative and quantitative evaluation of the manual
actions including discussion of simulation of fire scenarios. Sections 2.3 and 2.4 document the
approach and the results of the development of the conditional core damage probabilities
(CCDPs) and fire risk (CDF) respectively.

Section 3 of this report is 2 quantitative assessment of the issue that includes qualitative

examination of other fire zones where manual actions are critical to post-fire strategy and may be
to fire risk. Section 4 contains the conclusions of our assessment with respect to the four

clements listed above. References used in the conduct of our assessment are listed in section 5.



4 Scope and Key Assumptfons

Following are the scope limitations and important assumptions in our assessment:

Risk estimates are developed using the documented state-o f-the-art in fire risk assessment. As
such these estimates have the general limitations of these methods. However, in the technical
arca where there are known uncertainties in the state-of-the-art and our conclusions are
sensitive to the technical area, we seek to establish the margin needed to provide confidence
in our conclusions. For example, the models for cable fires and the distance and the rate at X

which th is somewnhat uncertam. At the same time our conclusions is sensitive to
w far ow TasT a cable Iife in 2 18 case we .
supplement our conclusion wi of the margin between what is the best-estimate
model and what may Iead to undesirable consequences.
Consistent with the requirement of the fire protection SDP (IMC 0609 Appendix F), this Ol
assessment defines risk-significance in the context of change in fire-induced Core Damage
Frequency (CDF). .
This assessment is limited to fires occurring during at-powct mode of operation. Nature and O /Q

frequency of fire scenarios and fire | protechon systems and features may be affected during
low power and shutdown modes of operation in such ways that may not be reflected in our

assessment.

Detailed fire risk analysis was paformed for the unit 1 4KV switchgear room (fire zone 9-M). .
The estimates of fire risk in the remaining fire zones of the plant are derived through 1”‘/ /2 ’[/
walkdown and approximate extrapolation of the estimates for fire zone 99-M. Even though M- :

care was exercised to use conservative bounding estimates, we should emphasize the
difference in the pedlgn:e of the risk estimates for 99-M versus the risk estimate for the entire .
site,

We did not perform a systematic, quantitative assessment of uncertainties. Where approprmc a
possible alternative approach, such as use of safety margin, was used to establish confidence a/&

in the face of the uncertainties.
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I ASSESSMENT OF FIRE RISK IN UNIT 1 4KV
SWITCHGEAR ROOM (FIRE ZONE 99-M)

The section contains a detailed, phase 3 SDP assessment for unit 1 4KV switchgear room at
ANO ss it relates to the issue of adequacy of procedures for post-fire manual actions.

Section I1.1 describes the detailed fire modeling done for this fire zone to determine the
conscquences of fire in the room in terms of the extent and timing of the damage to the raceways

in the room. Selection and analysis of the fire scenarios is donc in such way as to ensure
sufficient margin and confidence intheresults. : = -

Once the affected raceways are :dcnuﬁed for cacb ﬁrc scenario, thc next step dctcrmmcd thc

circuit and equipment lost and their failure mode, including instrumentation and control (1&C). /
The equipment Jost defines the core damage sequences and the manual actions needed in

response to these sequences, including the timing for these actions and the state of the 1&C

following potential damage resulting from the fire scenario. Details of the identifi catxon and
assessment of the rclxablhty of thc manual actlons is documented in sccnon 2.

With fire-induced core damage accldcnt sequences and human error probabilities known, the aﬁ- :
conditional core damage probabxhtn&s (CCDPs) for cach ﬁre sccnano were derived. Details of T
this step are documented next, in sccnon 11.3. :

Fmally, calculation of the ﬁre-mduced core damage frequcncy for ﬁre zone 99-M is documcnted
in section 11.4. This calculation includes development of the frequency of the fire scenanos ,
analyzed in section I1.1 and use of the CCDPs calculated in section 13. -



.1 Selection and Analysis of Fire Scenarios

/I.1.1 Switchgear Room, Fire zone 99M

Fire zone 99M is approximately 34.5" x 25." x 12" switchgear room with 2’ thick concrete ceiling
and floor, and 1’ thick concrete walls (north and south walls are concrete masonry units). The
room has two normally closed 8’ x 8° access doors located at the center of the north and south
wall respectively. Four hundred forty (440) CFM’s of air are mjected into the room through a
14’ x 6' fire damper on the south wall near the ceiling. The room is eqmpped with a smoke
detection alarm system.

The fixed fire sources inside the fire zone 99M consists of a 4 KV switchgear cabinet, three \V
motor control centers (MCC), four inverters, and a load center with its associated inert gas filled O /
transformer. Cables are routed both in metal conduits and 24™ wide cable trays.

Figures 1 and 2 provide a pictorial representation of the electrical equipment (potential fixed fire
sources) and cable tray layout in room 99M. Table 1 provides additional dctmls about ﬁmct:on

and location of the cabinets,

Table 1: Function and location of slectrical cabinets in room 99M.

B6S MCC *-9" from porth wall

Y22 Inverter T from west wall

Y24 Inverter 6'-2" from west wall, 1’4" from north wall
Y25 Inverter Next to Y22

Y28 Inverter 7°-3" from A4

B6 Load center/Transformer *-3” from A4

B55 MCC 5°-8" from east wall

B56 MCC North-east comer of the room

As illustrated in Figures 1 and 2, there are two areas of the room where a two or a three-cable
tray stack is present. A two -cable tray stack (EC 201, EC 240) starts between cubicles A406 and
A407 of the switchgear cabinet, extending north and turning east along the north wall over the
door. This two-tray stack turns south between MCC cabinets B55 and B56. Once between B55
and B56, a third cable tray comes into the room from the north wall, aligning itself between the
two trays turning south. This three-tray stack runs up to where the B56 MCC cabinet ends. The
three trays have different lengths. Details about this three-tray stack are provided in Figure 2.
Notice that cable tray labeling varies throughout their lengths.
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11.1.2 Selection of Fire Scenarios in Swftchgear Room 99M

Eight fire scenarios have been sclccted as nprwcntauve of th ¢ fire nsk in room 99M. The
selection of these scenarios is based on the following considerations:

1. Location of critical conduits and cable trays in the room with respect to floorbased in -situ
and transient fires — the selected scenarios capture all critical targets. .

2 ?otenhal lugggg charai:tcnsgg of switchgear mbmets and transformer fires~ thcrc is’
historical evidence of such events. ‘ .

3. Combustible characteristics of electrical cabmets- there is evidence in EPRI’s Fire Events
Database of switchgear cabinet fires.

4 Combustible characteristics of cable tray stacks- there is evidence in EPRI’s Fire Events
Database of cable fires, and Tires propagatmg from cabinets to mble txays

S Electncal connections between cabmcts, cablc trays and condmts

Scenario 1a:

A non-energetic fire in the A4 switchgear starts near the A 409 cubicle just below the two -stack

cable tray. This fire may propagate to the trays above and cause subsequent damage to adjacent

-trays and conduits. As the fire continues to grow and burn, a hot gas layer will develop and .

expose other targets in the room to adverse thermal conditions.”

Scenario 1b: : , L . Cn

An enerpetic fire in the A4 switchgear starts near the A 409 cubjcle just below the two-stack -~ .

cable tray. This energy release is assumed to IgHITE The trays (exposed intervening combustibles

as well as potential targets) above and cause subsequent damage to adjacent trays, conduits, and - .. .
cabinets. Mechanical damage, but no ignition of cabinets and conduits (non-exposed

combustibles) away from the energetic source is expected. An ensuing fire may continue to burn

that could expose other targets in the room to adverse thermal conditions. .
Scenario 2:

A non-energetic fire in the BSS MCC starts in the vicinity of the three-stack cable tray. This fire .

Thay propagate to the trays and cause subsequent damage to conduits. As the fire continues to
grow and burn, a hot gas layer will develop and expose other targets in the room to thermal M
conditions, . 5 7



Scenario 3:

A non-energetic fire in the B56 MCC starts in the vicinity of the threc-stack cable tray. This fire
may propagate to the trays and cause subsequent damage to conduits. e firc continuesto .
grow and burn, a hot gas layer will develop and expose other targets in the room to thamal
conditions,

Scenario 4:

A non-energetic fire in the Y22 inverter starts in the vicinity of a cable tray. This fire may

. propagate to the tray and cause subsequent damage to conduits above. As the fire continues to
grow and bumn, a hot gas layer will develop and expose other targets in the room to thermal
conditions. This scenario bounds fires in cabinets Y24 and Y25.

Scenario 5:
A no jc fire in the B6 load center jac This fire may propagate

to the tray and cause subsequent damage to conduits above. As the fire continues to grow and
burn, a hot gas layer will develop and expose other targets in the room to adverse thermal
conditions.

Scenario 6: , .

transient fire between B53 CCs starts below tack cable tray. This fire may
propagale 1o the Trays and cause subsequent damage to conduits, As the fire continues to grow
and burn, a bot gas layer will develop and expose other targets in the room to adverse thermal
conditions. The effects of this fire in terms of target damage are expected to be similar to
Scenarios 3 and 4. It should be also noted that strict administrative controls prevent the presence
of transient combustibles in this room.

Pictorial representations of fire scenarios 1 thru 6 are shown in Figures 3 thru 9 respectively.
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I.1.3 Quantitative Fire Analysis /
The following aspects of the fire scenarios listed above are analyzed: 1) a localized damage zone/
limited to the plume and flame irradiation region, and 2) a global hot gas layer that can damage
equipment away from the ignition source and immediate target/intervening combustible. First, a
discussion about heat release rates from cabinets, cable trays, and transient fires provides the

basis for the selected fire intensities, This discussion is followed by the description and

implementation of the models in the analysis. Fire modeling rwults are presented in Table 2 and
Figures 13 thru 22;

11.1.3.1 Heat Release Rats for Cabinet Fires

One of the imp ortant parameters to define in a quantitative fire analysis is the heat release rate
profile of the postulated fire. The fixed fire sources inside the fire zone 99M consists of a 4 KV
switchgear cabinet, three motor control centers (MCC), four inverters, and a load center with its
associated inert gas filled transformer. Generally these electrical cabinets (all except control

panels) are similar in parameters that contribute to the HRR, namely, combustible load, / G’)
combustible configuration and ventilation. Therefore, one heat release rate profile was selected

for all these sources. The selection is based on empirical evidence of electrical cabinet fires, and
a visual examination of the combustible configuration (cables) in the 4KV switchgear cabinets of
room 99M. ThE ;m;t_u;md.ﬁnun an5 of the electrical cabinets in the room reaches a peak heat
release rate of 100 kW in 12 minutesjand bums at that peak intensity for 8 additional minutes.

A ¢ function has been selected Tor representing the growth phase of the fire.

The fire growth rate is affected by two principal factors: 1) the flammability properties of the

fuel, and 2) the combustible configuration. ' The flammabiljty properties of the cables inside the -
cabinets are unknown. In terms of configuration, although the cables in the switchgear cabinet
present a consistent layout, cable configuration in other cabinets in the room are unknown.

Given these uncertainties, an average of the time to reach peak heat release rates in all of the
cabinet fire experiments reported in NUREG 4527 [Ref. 2] was selected. The average time to
peak heat release rate was calculated as 12 min. Similarly, the average bumning duration of all

the cabinet fire experiments was estimated to be 8 min. It is important to mention that the’\g"?.

average time to peak for qualified and unqualified cable fires in cabinets reported in NUREG
4527 are similar. These values were used in the heat release rate profile regardless of the peak
fire intensity. That is, in all cascs, the peak intensity will be reached in 12 min, and burn steadily
for 8 additional minutes. Ignition of nearby cable trays will alter this profile.
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Figure 10: Selected heat release rate profile for cabinet fires In switchgear room 93M.

EPRI’s Fire PRA Implementation Guide [Ref. 1] recommends a HRR value of 65 kW for
electrical cabinet fires in which the fire would be limited to a single cable bundle. The 65 kW
value is the highest value of the fire experiments described in ﬁﬁﬂc 4527, [Ref. 2] in contro}
cabinets with IEEE-383 qualified cable and open or closed doors. In these experiments, the fire
was limited to one cable bundle. Switchgear cabinets are distinctly different from control panels
inthat:

1) they have significantly lJower combustible loading,

2) the combustibles are confined/separated into sheet-metal walled cubicles (control,
breaker and busbar cubicles), and

3) the wires in the cubicle with the most of the heat load, namely the control cubicle are low
voltage (120VAC or DC) wires with lower combustible mass.

Figure 10 shows the configuration of the combustibles in the control cubicles of the 4KV

switchgear A4. Based onthe small amount of ible ingi ia ~
test, a peak value of a 100 kW fire is a reasonable assumption. This nominal value is higher than

the 65 kW recommended by the EPRI Fire PRA Guide. Furthermore, this fire intensity is

expected to produce flames capable easily reaching cable trays above the cabinet.

Another parameter in characterizing a fire is its location. The location of an electrical cabinet
fire could be significant as assuming a fire on the top of the panel versus one at the location of
the vents could mean the difference between ignition or no ignition of the overhead cabling with
fire intensities in the 100KW or less range. Also, in a closed-top or mechanically -sealed-top_
cabinet an assumed fire at the top of the cabinel could mean no-1lame heating where the flames
are Tikely to be at the location of the vents or warped panel doors. -

o ———
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In the case of the A4 switchgear, the fire is assumed to occur at the top of the cabinet. This is
close to the location of the top-front cubicle, where the cable bundle is located. Notice in Figure
10 how the cables come into the cabinet and form a bund le along the left side of the cubicle. The

metal boundaries of the cabinet are assumed to have no effect in the fire heat ielease rate profile. '

This is, the fire is assumed at the described elevation without any obstruction altering its
development. This is not a critical factor in any of our defined fire scenarios due to the
proximity of the first raceway and the nominal HRR selected. -

Fxgurc 11: Cable confi guratlon in A4 sthchgear cubxclcs

11.1.3.2 Charactenzabon of the High -Energy Sw:tchgear Fires

Some in situ fire sources in a nuclcar power plants are capable of fires that are prcccded bya
high-energy initial phase. Historical evidence points to smtcbgcars and transformers as a
potential source of such events in a NPP. The energetic phase of a' high-energy fire in switchgear
typically initiates as the result of an arcing fault in the breaker cubicle. The initial high-energy
phase is then followed bya potential fire in the switchgear (now possibly venilated , at least in the
breaker cubicle) andpossibly a fire in any nearby exposed combustible. .

The model (zone of influence) for the energetic phase used in this analysis is an empirical ohc )
based on such events at Oconee (1989), Waterford (1995) and San Onofre (2001). The model -
assumes damage and ignition of exposed combustibles within 5 ft. This includes panels across

from the switchgear and exposed cable trays overhead. The evidence as it relates to conduits in e

the zone of influence is not strong. ‘None of three events involved switchgears with conduits
nearby to determine the potential for damage. Note that conduits are stamless steel piping far
. more resistant to pressure spikes than trays. Nevertheless for this assessment, we have assumed

functional damage to the cables in the conduits within the zone-of-influence but not ignition and

secondary fires. T . o S

11.11.3.3 Heat Release Rate for Cable Tray F‘res :

The heat released by a smglc cable tray fire is estlmatcd usmg thc bcnch scalc to full-scalc cable
tray heat release rate correlatlon [Ref. 1,3]. The correlatlon :

-045 q,,-A (kW) Co

@

Rt

N’) \\ 19
v
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has the following input parameters: Ao- the cable tray bumning area (m’), and qus-the 0

experimental bench scale heat release rate value (kW). A, is assumed to be W . :

cable tray (24™) times the characteristic length of the fire, which is assumeg ¢ length of .
the cabinet. Due to the uncertainty in the cable type, a value sclected for Q.

Notice that this is the highest value that can be selected from the Gench scale experiments used

for developing the comrelation. This selection will result in a conservative estimate of the heat

release rate. . Jl D?

The model described in EPRI TR-105928 [Ref- 1] Tor cable tray propagation in a stack is used

for estimating hieat release rates from the two and three tray stacks currently present in the room,
The model assumes the characteristic length of the fire below the first tray in the stack times the

. tray width as the burning area in the lowest tray. The fire then propagates to trays above in a 35° ' 27
angle to each side of the trays. A five-minute delay between cable tray ignitions is 7;—' .
recommended based on experimental observations. Figure 11 provides a pictorial representation
of the model.

Assuming the fire in the switchgear cabinet A4 will have a characteristic lengthof 3° (A |
conservative assumption due to the limited openings in the top of the switch gear.), the first tray
will have a burning area of 6 ft2, and a heat release rate of 100 kW. The second tray in the stack
will have a burning area of 7.1 f2, and a heat release rate of 120 kW.

Assuming the fire in the MCC cabinet B5S will have a characteristic length of 3°, the first tray

will have a burning area of 6 %, and a heat release rate of 100 kW. The second tray in the stack
will have a burning area of 8.4 ft2, and a heat release rate of 140 kW. Finally, the third and last
tray in the stack will have a buming area of 9.7 ft%, and a heat release rate of 160 kW.

" \ast %
IL ]

CX
\
| S ¥

AT

y AR |

/
[ AY 7 ]

Ignition
Source

Figure 12 Cable tray stack fire propagation mode}

1.1.3.4 Localized Damageto Targets -

and conduits located inside the flames, in UV&A Jw

n . Targets are considered damaged or ignited when
thei ace temperature reach 700 °F. Jit is assumed that only cable trays (not metal conduits)
will i contnibute to room heat up. Cables inside metal conduits assumed damaged at the

Localized damage to targets can occur to cable
the fire plume, or subjected to flame radizst
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same critical temperature, but will not contn’bute to room bwt up. Fora given lgmtlon
source/target set combi matxon

1. Determination of the hme at whlch the target was xmmersed in ﬂames usmg Hmkestad' o

flame height correlation, L = 0.235Q(t)y s =1.02D[Ref. 4], were D is the diameter of the ﬁre

(assumed as 3°), and Qyis the heat release rate s a function of time. The time to damage is
assumed as the time the flames reach the target

" 2. Determination of the time to damage for targets inthe plume. ‘The heat ﬂuxts inthe plume
affecting the target are estimated as a function of time usmg

q',, = o.y _‘Q] (“W’.',‘?) [Ref. 4, _51

where H is the height of the target above the fire. Fmally, the time to target damage glvcn
the incident heat ﬂux profile is estunated using:

-t 7}?—«1 ReL 6,7]

where Tu is the surface tempemturc of the farget q(t) is the incident heat flux as a function ...
of time and kpc is the thermal inertia of the target. kpc is conservatively calculated assuming :*
PE/PVC cable with the following properties [Ref. 8): k = 0.0001 kW/mK, p = 950 kg/nd, -

and ¢ =225 kJ/kg. This assumption only affects the targct heating time and not the ngmtxon
or damage temperature in the fire modeling analysis. -

3. Dectermination of time to damage for targets in the ccihng. jet.-"l'hehmt ﬂuxeé in the ceiling
jet affecting the target are estimated as a function of time using:

= %%—3 kWif) [Ref4,5]

where H is the height of the target above the fire, and R is the horizontai mdfai distance. The
time to target damage is calculated using the integral equation described above in item 2.

4. Determination of time to damage for targets adjacent to flames subjected to thermal .
radiation. The radiated heat flux as a function of time is calculated using the point source
model,

o),

qbr. 4’CR1

[Rf4l

where X, is the radxauon fracnon, assumed as 0.35 and R is the horizonta} dlstance from the
flames to the target. The time to target damage is calculated usmg 'the integral equation '
described above in item 2. Notice that irradiation from flames is considered for targets
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adjacent to the ignition source, as well as for targets adjacent to ignited intervening
combustibles, such as cable trays.

Table 2 lists the results for the localized target damage analysis. The second column, “Fire
Sources”, lists the first item ignited or ignition source. The “Conduits” column lists the conduits
that are thermally challenged by the ignition source. The types of exposure and calculated time
to target damage are reported in the fourth and fifth column respectively.

The “Cable Trays™ column list the cable trays that can be ignited by the fire in the ignition
source. A fire in the trays will contribute to the room heat up at the calculated ignition times,
reported in the eighth column of the table.

Columns 9 to 11of Table 2 refer to conduits that can be damaged by a fire in any of the
intervening combustibles. Notice that the time to damage of these conduits is relative to the
ignition of the trays. The absolute time to damage is the time to cable tray ignition plus the time
to conduit damage (cotumns 8 and 11).

1.1.3.5 Smoke Detection Analysis

Switchgear room 99M is equipped with a smoke detection alarm system. With the exception of
afire in the swnchgcar cabinct A4, the alarm system will indicate the main control room of any

fire detected in the room. A fire in the switchgear cabinct A4 will disable power to the fire
_g;"}’&ﬁl“ﬁiﬁ& the information provided to the control room. In this case, the control room will

mty Tecsive a trouble alamm due to an “unknown cause™_ |

No model is currently validated for estimatin, nse time from smoke detectors,/ Time to
etection 1s therelore calculated using the DETACT model {Ref. 9). The DETACT model
widely used to estimate response of heat detector devices such as sprinklers. When used for
estimating the response of smoke detectors, a 55 °F temperature change in the location of the
device has been traditionally assumed. This value is conservative since studies have shown that
for modern smoke detectors, a value of 41 °F is appropriate [Ref. 10). Time to detection values
were calculated using both activation temperatures. Furthermore, smoke detectors are not
modeled using the Response Txmc Index parameter (RT1), characteristic of heat detectors.
Therefore, a value of 1.0 (m s) has been assumed as input to DETACT. With this assumption,
temperature at the detection device is close to the temperature in the ceiling jet.

DETACT also requires inputs defining the position of the detector with respect to the fire and the
fire heat release rate profile. A fire located on the floor will be the most conservative
configuration for calculating response time. The elevation of the detector above the fire was
selected as 12°, which is the height of the room. The detectors are approximately 7 apart from
cach other. Therefore, a fire located midpoint between them is also the most conservative
configuration. The horizontal radial distance from the detector to the centerline of the fire plume
was sclected as 3.5,




Finally, the heat release rate profile used For the DETACT analyms is described in Tabie 3
below. DETACT results are listed in the last column of Table 2. .
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Table 2: Localized targets and Intervening combustibles.

Non-energetic fire in the A4 EC1589 EA201. D
j , , DA0OS,
1a  kwitchgear, Nominal value, 109 EC1236 in plume EC222, EC240
KW fire :
. ' Damage to
etic event in any of the A4 [EC1589, s [EA201, DA0OS,
1b mgw breaker cubicles. ~ [EC1236 ;‘u";‘:m cvent. In EC222, EC240
8C1504,[Damage dus to
EC1530,fenergetic event, e
. [EJ1004 No flames,
Damage due to
Y28, B6 fenergetic event, —eeee
_ No flames,
ire inthe BSS MCC. Nominal [ECI163,
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1.1.3.6 Hot Gas Layer Analysis

tate profile from the ignition
to determine hot gas layer A
the ignition source is assumed when they
ich is the'"damage criteria for targets in the

Once the time to localized damage is calculated, the heat rel
source and intervening combustibles (cable trays) were
temperature. Damage or ignition of targets away
become immersed in ahot gas layer of 700 °F,
room.

Hotgas layer tcn?pmt\m are estimated using the zone model CFAST [Ref. 11], developed by
the National Institute of Standards and Technology (NIST) using the room characteristics
described earlier in this document.

Ignition of intervening combustibles produce sudden increases in the fire intensity profile due to -
the fact that cable tray heat release rates have no growth model. In order to avoid step-functions / .
in the HRR profile, and provide a more realistic representation of the fire intensity, a £ fimction

. was super imposed.  The peak heat release rate is the sum of the cabinet and cable tray peak

“Intensitics and the time to reach the peak is the time when the last tray is ignited. Thet? function
is of the form . . :

2
s !
df)= Ml’{Qme’“g : (;‘) ) W)
where 1 is the time to reach the peak heat release rate. Figure 12 illustrates the concept of
superimposing a t? growth curve to a heat release rate profile including ignition of adjacent cable
trays. Table 3 lists the heat release rate profiles and door positions used in the CFAST runs.

Heat Release Rate Profile
600 - =
Ignition of [~
400 3%ty
z .
o, Ignition of
[+ 4 1*tray
x 200 Ignition of
2™ty
0 v Y v
0 500 1000 1500
Time [sec]
—o— Step function =12 model

Figure 1X Conceptual representation of the use of ¢ fire growth model for representing ignition of
adjacent cable trays.
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Table 3: Fire scenarios ovalumd with zone model CFAST

¥
H

Cabmctﬁrebmreleasemuootw 3 oftray) ‘
s  EC201 & EC240 stack fire starts at S min (100, lZOkad3'md .
3.5" of tray respectively) S
®  DAOOS tray fire starts at 5 min (100 kW, 3’ of tray)

*  EA201 tray firc starts at (100 kW, 3' of tray)

®  Peak heat release rate (= 520 kW ) firc intensity due to horizontal
ﬂam;s?zr;ndmubk spread rate of 10 fi/hr, Ref EPRI

> ¢ Model: Ot)=Mi> szo+(1os-1.).szo (m)z]xw

WbmlOSLuobtamedfrvm S
10, =045.g, -4, « o

mmmngutbcabmetmdrh(OGm)mtbekngthoﬂbehnmg

trxy. 'Ihclcnxthoﬂbe tray, L, is calculated as a function of time

propagating to cable
cabinet fire are ignited, the
cable trays. )

‘the equipment affected by the
18 assumed to spread horizontally in the

1b

Energetic
Firc in A4
cabinet

Cabinet fire beat release rate (100 kW)

EC201 & EC240 stack fire starts at 0 min (100, 120 kW)

DA0O3B tray fire starts at 0 min (100 kW, 3° of tray)

EA201 tray fire starts at 0 min kW, 3’ of tray) ——- -

Peak heat relcase rate (= 520 kW + Iie intensity due 1o horizonta!

rate of 10 ftr, Ref EPRI NP

. ey

3> #Model: Q(t)_=520+108-L WL

definit fpmmnaLinmriolalbové.ﬁis
scenario sssumey & 520 kW fike as the initial heat output due tothe -,
explosion, and a shtained cable fire that spreads honzontallym the trays. -

See discussion

Fire in BSS
cabinet

*  Cabinet firc heal 1etoasofate (100 kW)

* ECQ201, ECZOS&ECBGmckfnmn'lmm (100, 140, 160 XW
and 3%, 42° and 4.8° of tray )

»  Peak beat release rate & 500 kW

> ¢ Model: Off)= Mi,{soo,soo (Ts%o)z ].kw

- .- [N

Closed and

| open doors
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[xt] {‘;'iffl"(i.“‘ 3T P ||‘(‘ h"‘:'"" S ;.'K..\L'nr 5:’-23:--"“:"\”1 F"IB"Y\'T}""M"”
3 ®  Cabinct fire heat release rate (100 kW) Closed and
* EC201, EC205 & EC236 stack fire starts at 7 min (100, 140, 160 kW | open doors
Fire in B56 and 3°, 4.2° and 4.8" of tray respectively)
cabinet ®  Peak beat release rate = 500 kW ‘
2
> ¢ Model: (t)= Mir{ 500,500+ w
lS(X)
4 Closed and
open doors
Firein Y22
cabinet
5 s Cabinet fire heat release rate (100 kW) Closed and
L]
Firein B6
cabinet .
4
6 Bounded by scenarios 2 and 3

Notice that the highest fire intensity in the initial zone of influence occurs in scenarios 1a and 1b.
Notice however, that cable fires, not the clectrical cabinet itself, contribute to the majority of the
heat release rate. This is also the case for scenarios 2 through 6. All the cable trays in room

99M assumed to burn in the selected scenarios are around 8 ft above the floor. Based on this
argument, the fires were located 8 ft above the floor. Given that scenario 1 resulted in the
highest heat release rate, it was decided to extend the duration of the fire for two hours, Cable
fires would continue propagation during the entire duration of the simulation.

The following graphs provide numerical results calculated with CFAST for scenario 1. Upper
layer temperature values are read in the right y -axis heat release rate in the left y-axis. In j

general, no upper layer temperature exceed ed 500
cenario 1b. This is the scenario with the high¢st heat releasc rate.
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CFAST Results S
Scenario 1a, Open room door - oL
2500 - - r—— 400,
2000 { - 3 300
£ 1900 - 200 £
1000 — =
500 < . - 1100 _
04 - - —to.
—s— Calcuiated HRR —+—inptt HRR —e—UL Temperature »

FAgure 1& CFAST results for upper layer and heat release rate In scenario 1a.

CFAST Results
Scenario 1a, Closed room door
2500 1~ - 400 -
- N - 4350
i15oo : — . -L::E.
1000 T 150 .
500 4 + 100
. . 4 5
04 T —p y 0
0 S 2000 . 4000 - 8000 - 8000
o Time[Sec) .
" =s—Calcutated HRR ~=e— Input HRR —~+—UL Temperature :

Figure 15 CFAST results for upper layer and heat release rate In scenario 1a.
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CFAST Results
Scenario 1b, Open room door

0 T L Lg

0 2000 4000 6000 8000

i Time [Sec)
—a— Calculated HRR —e—Input HRR —a— U\, Tomperature

Figure 16 CFAST results for upper layer and heat release rate In scenario 1b.

CFAST Results
Scenario 1b, Closed room door
2500 800
1500 1
£ P&
.
1000 1
+ 200
m‘ b % "1°°
0 [
0 1000 2000 3000 4000 5000 6000 7000 8000
Time [Sec)
—— Calcutated HRR —e— Input HRR —+— UL Temperature

Figure 17: CFAST results for upper layer and heat release rate in scenario 1b.

The following characteristics are noted from the four graphs above associated with scenario 1:

1. The heat release rate decreases to 0 kW in the first tep minutes of the simulation.
to lack of oxygen m the smoke Tayer, where the cables are buming. The
oxygen availability in the fire intensity can be observed by comparing the input heat rele
to the code with the calculated heat release rate. Notice how the calculated profile reaches
in less than 1000 seconds of simulation.

This is due

2. The upper layer temperature reaches a peak value of around 500 °F in the explosion scen. Lo
(Figure 16 & 17) The temperature then returns to ambient as the fire intensity decreases.

&% :\AIAA. ‘wu,ﬁll
pok~ buetf ok Ryfutle
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The following graphs illustrate CFAST results for the remaining scenarios. Note that scenarios 2
and 3 bound scenario 6, and therefore, no results are presented.

4 .~

CFASTResults =
. Scenario 2 & 3, Closed room door
250 ‘ - &
200 T&
150 '
01 — 1o E
§-1oo - i
0 ' - 7
0 1000 2000 3000 4000
T Timefsee) - Y )
—e— Cakulated HRR —4—UL Températus

Figure 3: CFAST results for upper layer and heat release rate in scenario 2 & 3.

.

"CFAST Results
Scenario 2 & 3, Open room door
250 . - p— R 82
200 :
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Figure 19: CFAST results for upper layer and heat ﬁleds'c rate in s’cc‘mario 2 & 3.
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Figure 20: CFAST results for upper layer and heat release rate In scenario 4.
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- Figure 24: CFAST results for upper layer and heat release rate in scenario 4.



' CFAST Results
Scenario 5, Closed room door )
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Figure 22: CFAST results for upper layer and heat releass rate In scenario 5.
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Figure 23: CFAST results for upper laye} and heat release rate In scenario 5.

1111.3.7 Graphical results associated with scenarios 2 through 5 present similar
profiles. This is expected because the heat release rate profiles are very similar.
Compared with scenario 1, these other scenarios have slower growing fires and
lower peak heat release rates. As a consequence, the model suggest that there
is enough oxygen at the beginning of the fire to support rapid fire growths, and
therefore, higher temperatures. Slower growing fires consume the oxygen

before temperatures increase to hazardous levels.
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Summary
Several parameters contribute to the extent and—tim'ing of fire dama.gc.in fire zone 99-M. The§c
include: . ) e
¢ Size and profile of the initial ﬁrc, ie, how fast the ﬁﬁ'g}bwﬁ toits pcak aind how ‘l‘ohg‘ it \/
takes before it begins to decay

o The cable damage temperature. ANO verified through review of the original and current ‘
" plant design and installation documents that the cables installed throughout : \)(0“)

antly thermoset. Thermoplasticca however,usedona

basis. A review by the ANO staff identified no therm iccables in the 3 fire zonesin . %
unit 1 where this issues was examined for risk, namely, 99-M, 100N and 1048S. . ,”

“Therefore our assessment assumed Wm tcmpcrannc of 70—0" for cablcs
L—__@—e—z‘o_ns'i‘* h

* Size and location of any cable ﬁre that may be mmated by t.hc mmal ﬁre

The following is a summary of the insights from the firc modclmg IR

e The maximum cxpcctcd fire scenario in the room js an energetic arcing fire in the 4KV
switchgear. This is for two reasons. First, this eventis capablc of the largest set of
immediate ctrcuxt/eqmpmcnt damage and, second, the event is capable of initiating e -
secondary cable fires that can cause additional time-phased circuit/equipment failures. , 5 ? ?

e A credible fire scenario cannot be postulatedin this zone which would resultinan .~ I

immediate damaging 700°F hot gas layer. A large ~2My_/ fire is needed to produce a
damagjng 700°F HGL in this firc zone, Only cable fires in the room are capable of -

generating such intensity if enough cables are buming. Even if such a large cable ﬁrc can
be sustained (unlimited oxygen) it will take about 2 hours for the ca5|e %re to propagate

to this size. :, . : . . Cm e .
lotms size., .
o Large elevated cable ﬁres lhat contmuc to grow unabated can n not bc sustamcd due to -
oxygen limitation: " S f’ﬁ . i

1) Cable ﬁm can only bum msnde thc hot gas laycr Assummg no man ual .
intervention, with either closed or open doors, the cable trays will be immersed in -
smoke because the height of the door is not high enough to allow for smoke ~ T
movement from the top section of the room, and no automatic extraction systcm IS Voo T
in place. The fire eventually would be oxygen controlled if i owj

“such an environment. CFAST results are consistent with this argument.

2) Ifthe simulation is run with open doors, AND the fire is assumed at the elevation
lower than the steady state posmon of the hot gas layer, the fire will have enough ..
oxygen to burn at the stipulated intensity. Therefore, assuming open doors, and a s
cable fire located about 1 m high growmg upto2 MW in 1.5 hours can gencratc a
hot gas layer of 700 °F. . All cable trays in fire zone 99-M are located above the .
steady state position of the hot gas layer, i.c., 6 fi. With closed doors, the smokc
layer would reach the ﬂoor, and eventually the ﬁrc will be oxygen controlled.



.2 Analysis of Operator Response and Rellability
i1.2.1 Information Collection and Simulation of Fire Scenarios

1.2.1.1 PurpoSe

The Human Reliability Analysxs (HRA) team of Bil] Hannaman and Alan Kolaakowsh lead by
Bijan Najafi visited the ANO-1 site on April 14 through 18th to obtain input for the HRA task,
and support other parts of the evaluation of a hypothetical fire in location 99-M. Parallel work *
on fire modeling was performed by, Francisco Joglar. The aim is to support a reevaluation of the
CCDP for 99-M that includes the impact of realistic fire growth timing and fire damage on
human actions. This work follows a significance determination evaluation by the NRC. The
significance determination process reached a conclusion that there was a lack of adequate
procedures and the strategy for implementing the manual actions was inadequate, which may
result in a potential for a greater than green condition for ANO-1.

Additional information has been obtained to evaluate the potential for more clearly addressing -
the analysis assumptions used in modeling both the fire scenario (growth and damage of the fire),

. and a crew"s ability to manage the plant cooling from the control room and locally. To evaluate
the feasibility of control room and manual actions the ANO-1 plant simulator and local task
walkdowns were used to evaluate the feasibility of performing local control actions.

n.2.1.2 Keyactxvﬂies

The key activities accomphshed for thc HRA evaluanon with ANO-1 were to (1) Idcnufy aset of
realistic fire scenarios for zone 99-M, (2) ldennfy and visit locations in the plant where local
manual actions could be performed to maintain cooling and avoid core damage given a fire in
99-M, (3) Observe two simulations of a fire in 99M originating in the A4 switchgear (one with
the original procedures and one with new procedures that include pre-emptive actions, (4)
Review the ANO-1 PRA model for addressing the fire issues in 99-M, (5) Adjust the H )
values (based on walkdowns and simulation observations) in the existing model to account for
fire dependencices, (6) IdEmITy actions that are fire unique that should be added to the model.
“Then develop findings for the HRA. .

I1.2.1.3 Plant Support

The HRA team was well supponcd by the: plant operational personnel in this effort. Dale Jamcs,
Engineering manager made a:rangcmcnts and provided information as needed. Ron Rispoli, and
Tom Robinson, fire protection, prov:ded information and escort during the walkdowns, Mike
Cooper, licensing, dxscusscd elements of the work, Ron chdnx, Dale Smith and Randy
Kulbuth, electrical engineering, provided evaluations of circuits in the cable trays to support
development of the component damage as a function of cable locations. Ken Canitz, provided
integration of the fire growth damage mode} into the inputs of the simulator and testing of the
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scenario. Gerald Storbakken, provided the updated procedure attachment for fire in 99-M. .
Jessica Walker, PRA support, calculated the CCDP using information from the equipment failure

listing and adjusted HRA values, collected mformahon on thc local actxons, and made sxmulator "

observations for additional crews. - BT A _

Dan Smith and Nolan Edwards opcrated the sn'nulator with Andy Chnkmgbwrd s support.

Marlm Fletcher provided the fire brigade communications to the control room crew.- Two full
ting crews (5 control room and 2 local to orted the simulation) and Bo
enberger provided management oversight of the crews. Additional manual action observers

included Kathy Ashky and Bob Clark. ST

- .".(_”"

-

I12.1.4 -Site Activities i

Thc following on -site achvxtm were aecomphshcd for thc HRA. _ »
Identified fire-generated cues for action. Note that for the sunu]atcd zone 99M A4 sthchgear
fire, a specific fire alarm was not expected, although a fire system trouble alarm does occur -

due to loss of fire panel electrical power in this fire. Since an immediate and automatic
reactor trip was also not expected even with a loss of A4, a manual trjp is still initiated

cvidenced by actual response of crews during the simulated fire) because a stc' ificantly large

number of alarm tiles were lighted. The loss of A4 prompts a check of the switchgear area
“by a Tocal opemtor who will report, after a few minutes time delay, that a fire has occurred. |
For other scenarios and other ﬁre locat:ons the cucs could bc sumlar and/or mcludc afire '
alarm. '

Identified possible false signals from the fire sccnario'. Itis feco@ izcd that fires mi%t cause thc V
lack of or spurious alarms. For the simulated 99-M A4 switchgear fire, such conditions were

simulated. it was observed that thoseassociated with non-working or unneeded systems or

equipment were put on lower priority by the crew, thus no time was wasted on working on
Talse alarms.
/

Identified hot shorts that might activate equxpmcnt Itis rccogmzcd that ﬁre mx@t cause hot
s uriously operate equipment. For the simula A4 switchgear fire,
a few significant equipment failures (e.g., failure of service water cooling to an operable
@%WWmﬂmfm‘%wm
“emergency fecdwater pump 7B which when closed, could lead to over-heating and failure of
the pump). Ip the simulated event, the operators nonced and protected the eqmpment from.
damage by shutting it down.

Assisted in converting the equipment damagcd ina reahstxc fire sccnano in 99-M mto a tlmmg
sequence for the simulator. . .
Assisted in establishing event timing and order bascd on information from the 99-M A4

switchgear fire scenario timing and circuit failure analys:s (Four time trigpers at T=0, T=2
mm,T=5to9mm andT—lSm_)_ e P

ldcntxf ed equipment that i is unavailable due to the A4 fire (equxpment sndulatcd to progwsswcly
fail in an undesired state). .
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Assisted in identifying the success path equxpmcnt if zone 99-M equxpment 1s moperable (SG
cooling success paths initially includ feedwater motor , CMeTgency

-feedwater steam pump, and MFW turbines to atmosphere or condenser; also HPI coolmg to

Assisted in the mock—up of the zone 99-M fire scenario on the simulator (decision was made to
model failures in the entire room by T=15 min, because that way, observations could be'
made of crew tesponse for both the realistic fire and the worst case bot gas layer ﬁxe).

denti or ex-contml room actions to confy eeded

99-M fire scendrio by walking down each location where a manual action could need to be
taken.

Revised the fire brigade script to match the hypothetical fire in 99-M. Fire brigade
communications with the crew were also made part of the zone 99-M fire simulation to add
realism and additional workload burden and distractions. See Appendix B.3 for the script
basically follo wed during the simulation.

Observed simulated zone 99-M A4 fire scenario and crew actions (in-contml room acnvxtxec; ex-
control room activities were also observed by ANO-1 engincering staffusing a form
designed to document the observations) using current procedures to address fire issues.

Symptom based proeedmes with ﬂoatmg steps illustrated oppomxmsnc responsive control
behavior.

Observed same simulation and crew acnvmes usmg updated procedtm to address fire issues.
This time, symptom based procedures were used with specific directions to manage cooling
with specific cooling trains, Steps 1llustrated tactical- pre-emptwe control behavior

Collected data for human nehab:lnty assessment of ex-control room actmns. Developed a form for
collection of information on the details of cach action cued by a call from the control room at

the simulator. Took notes and documented timing for key actions leadxng to establishing the
key system alignments for plant cooling. -

Reviewed the PRA model for CCDP calculations applied to the zone 9%-M A4 fire including the
HRA assessments, and assisted in establishing the process for updating the model for fire
conditions using current EOPs and new fire attachment,’

12.1.5 Analysis Activities
Reconciled notes between observers and simulator printouts.
Compiled HRA data for use in the evaluation.

Evaluated the impact of the new procedure on the HRA values and identified the changw
expected in the simulation. :

Developed HRA model and descrﬂ)cd issues for use in the CCDP evaluation.

Assisted in quantifying the CCDP given a sxgmf' cant A4 fire in 99-M and required operator
actions due to effects of the fire.

Added new HRAs to address modeling needs and simulator observations.
Documented results. 4
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1.21.6 Walkdown items

“The following items were observed to demonstrate feasibility of the action. .

Emergency lighting was avaxlablc at each loeal snc whcrc a ]o&l recovery or mpan' acuon was Co ‘
postulated. ‘/ '

Al elccmcbreakcrs for ahgnmg EFW valves were easy to get to. and well labeled and coded
acoordmg to a matrix scheme,

Local breaker operational procedures and tools (e.g., hooks) for opcratmg the breakers were N
available in cabinets near each breaker location.

Bus position indications are avm'lable on the breakcr cabmcts tonote bmaker opcn -closed ‘/

condition. ‘

Local manual valve operatlons for opemng or closmg and contmllmg could be casily handled for - / ‘
EFW 7A and 7B trains. Some of the isolation valves could be operated only with Jadders in-
place. Valve position was dctcnmned pnmarily by stem position, as some of the posmon

indicators were hard toread. . ‘ o FE N JJ’T\
Feedback on SG fevel is availa h]gﬁmnmeconmlroommthcphonesym — . s a- Available

The EFW turbine driven| pump islocatedina ﬁre-protected environment. Local pmwdurw are -
on the wall for repair of over speed and other protective trips (Procedure 1 106 .006).

All local control valves, breakm, and mstrumcntatlon used in this scenario were . within thc mam o N >
plant buildings. - L Ts ;, ~e -(- .//d"“p -
The local actions are cued by verbal § jons from the control room. o o '

ﬁ__\ > p ; "L ‘d “w C‘a—&
11.2.1.7 .Procedure review and training simulator - "« - _ [T %

EOPs

ANO-1 uses symptombased emergency operating procedures, and functional recovery

procedures. Operators are trained on a full scope control room+raining simulator. Ina

simulation of a realistic fire in zone 99M, the crews pursued multiple paths for maintaining or

restoring one of three feedwater systems: (1) the turbine driven emergency feedwater system, (2)

the motor driven emergency feedwater system, and (3) the main feedwater system which was - u/é;\l

available. Anoth 1 cooling, but tive. The # ‘_{W
selection of trains to use was up to the operators when choosing the floating steps from the EOPs . .

to apply. The new procedure attachment (1203 .009) provides a clear line up and protection
strategy. This reduces the potcntral of errors in selecting the trains and components. This
advantage is reduced by the time it takes to reach the procedure as the fire could be out before
the operators reach the protective steps. . .
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Simulator

The fire damage mode} was tied to several time phases in the simulator as summarized in
Appendix B.1. Equipment failures and timing are shown in Appendix B.2. The simulator
fidelity was very good. No indications of differences in the control room and simulator were
noted except the fire indication panel is not modeled in the simulator. In this scenario the fire
alarm panel power supply is lost on the A4 bus trip with only the fire panel trouble alarm
activated.

11.2.1.8 Simulation of 99-M Fire Scenarios

The simulation of a fire in zone 99-M mtcgrated the efforts of six acuvmu. T!me are (1)
identification of the equipment failures as a function of timing from the fire growth model, (2)
testing the simulation to identify unusual or unexpected behaviors, (3) providing
communications that would be expected (fire brigade, manual actions, and external
communications), (4) modclmq crew organization for fire (Ieaving four in the control room and

“one of the three local operators '), (5) observing the control room crew actions and
communications during the simulation, and (6) verifying the local manua] actions called for by
the crew. This information is used to verify feasibility of the local actions and to provide HRA
inputs to the evaluation of the conditional core damage probability (CCDP). Typical requested
actions during the simulations included:
Investigate A4 bus

Go to A3 and be ready to Check equ:pment

Check position o@“ '

Local manual control of EFW 7A (throttle 2620 and 2627)

D1512 -(CV2663 P7A turbine steam admission valve power) OPEN from breaker room
D5241 - (CV2667 P7A turbine steam admission valve power) OPEN from breaker room
Verify location on declaration of Site Emergency

Y

The simulation observations are summarized in Appendix B.1.
‘IL.2.2 Feasibllity ofManualAcﬂon‘s

The potential control room and focal achons for managing a significant fire in 99M were
demonstrated to be feasible by walkdowns, and by obscrvahon of the application in the
simulation with Jocal auxiliary operators carrying out a'simulation of the instructions in the plant.
The observations from the week at the plant were evaluated from the perspective of the nine -
inspection criteria for assessing manual actions issued by the NRC 3 /6/03.

! Upon initial investigation they may call for the Jocal fire department. This does not reduce the number of licensed
operators in the contro] room below the minimum needed, and supervisory personnel might be available to provide
support. :

39



1221 lnstmmentationfordiagnosisofcore cool‘ngstatus

Sunulator observations presented in Appcndxx B illustratc that the dxvcrsxty of mstmmcnmtx
permitted the control room crew to evaluate the hot shutdown cooling process equipment and

defineneeded local actions wben some tmns of tnstmmcnts faded in spunous and odd ways.

. Onceinto the hot sbmdown-eoolmg phasc the opmtors were ab)e to prioritize then' actzons :
based on the systems and equipment they had available. They were able to dnagnose the need to
throttle back on the fecdwater flow to the steam generators to avoid overfilling using control
circuits unaffected by the fire. The feedback on actions taken locally - (inserted by the training
simulator supervisor upon verbal communication from the ﬁc]d) ~was clearly observed by the
board operators and relayed to the procedure reader. . . , , .

11222 Envnronmental oonsiderahons enoountered when petformlng manual action -

Foraﬁrcmzone”—Mnolmlamomwmrequmdwnhmthezonctomammeorccoolmg,' .

thus the temperature, smoke, toxic fumes and humidity conditions due to the fire and fire brigade
actions would not likely effect the Jocal action within the initial 1 hour of the simulation.

The environmental conditions that the operator would be expected to encounter during the
simulated fire were provxded verbally to the local operator (¢.g., the door is hot and smoke is in
the room and you can't enter here). All actions were in the auxiliary building where radiation
levels are at a minimum. Emergency lighting was available for all pathways from the control

room to the location, including special reflectors in the stairwells. Should the smoke and fumes
be released from the affected fire zone, protective breathing gear is available for breaker
operations in rooms connected by adjacent hallways )

11.2.2.3 Staffing in control room and ﬁre bngade

The simulation showcd that the ANO] staff' ing plan for ﬂrcs to be adequatc for the 99-M ﬁrc
event and it is above the minimum required by the NRC.

The operating staff at the two-unit plant includes 4 Jicensed operators and a shift engineer inthe
mwmmmmw Inthe
case of a fire, a fire brigade of five people is formed Two memb ers of the bngadc will be from
the affected unit. The brigade leader will be the waste control operator and the 2*! member from
the affected unit will be an auxiliary operator. ‘This lcaves the fo trol room licensed
operators, the shift cngmcerand one Jocal mmm—___ Eggthccorccodm g safety systems

1.2.2.4 Communicahons wntrol room supemsor. local operators and ﬁre bngade '

Communications observed dunng the s:mulauon dcmonstmted thc fcasibxl:ty of usmg enthcr set
of proceduresto successfully manage thc core safety ﬁmctlons



Communications between the control room and all others involved in the simulation were of a
high volume, but the self powered radio phones permitted each person to hear the others
communication. The communications were provided on a multiple channel self powered radio
system, which is independent of the fire effect in any zone and loud speakers for plant

. communications from the control room (e.g., site emergency). The volume of communication
was high, but each person focused on only the important communications during the initial
stages of the event; which involved verification of the mstmcuon. and verification of the action
completion. ,

11.2.2.5 Spedial tools for executing a local action
Most of the actions could be pcrfom'xed without any special tools.

In addition to the special tools of gloves, dosimeter, keys, flashlights, etc. somé special tools
were needed for the A3 breaker operation, because control power to the breakers failed in this
event. In particular, a grounding stick, which was available from a nearby locatxon. was neoded.
The valves all had attached hand wheels formanual operation. -

11.2.2.6 Training on local actions and use of procedures

The local auxiliary operators demonstrated good knowledge of the locatwns and how to operate -
cach equipment type. _ .

For actions called for by the control room crew there was no discernable d:ff'erencc between an

) cxpcncnccd operator and a recently licensed operator for ﬁndmg the location, the cqmpmcnt,
and assessing the condition and implementing requested actions using either generic procedures
or verbal requests the requested action. The conclusion from this observation is that the training
process for field operators provides the key knowledge for operating any eqmpmcnt specxf ied by
the control room in addmon to the gmdance provnded by procedurw for generic operation of the
equipment. -

1.2.2.7 Accessibility for perfomging local actions

The plant walk down demonstrated that the location and the equipment for performing cach
action were accessible. The simulation confirmed that the timing for performing the actions was
adequate. .

A walk down of the pathways prior to the simulation was undertaken to verify that the possible
Tocal actions could be undertaken. While mo st of the valves and breakers were easily accessible
from normal height or by climbing permanently fixed ladders, one valve for steam admission -
from Steam generator A to the 7A EFW turbine had very difficult access over several pipes and
in a cramped area. Its redundant valve from steam generator B to 7A EFW turbine was more
easily accessible via a fixed ladder. Hazard wamings or other obvious obstacles did not restrict
operators from operating the key safety valves or breakers. The pathway to each location was
assessable without going through fire zone 99-M.
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11.2.2.8 Procedures for response to a complex ﬁra soenano

The evolution of a fire in zone 99-M is expected to be a vcry rare evcnt, cvcrt so it was )
demonstrated during the simulation that the current EOPs and new attachment could be used to
manage an extcnswe fire in that zone. e o _ :

Cunant EOPIAOPIPre-Fire Plans

The current ANOI symptom based EOPs provxded adcquate gmdance fora crew hcensed on the
ANOT1 plant to manage all of the systems needed to protect thc core followmg a fire in 99-M.

This was demonstrated by observauon of one mw in the sxmulator, who succusfully cooled thc
core following the procedures and sclecting the necessary floating steps.: There Was no time

required for studying any element of the procedure, as the crew appeared to have in mind all the
elements of how to mamtam coolmg glvcn a oontxnuously crodmg man-machme mtcrfacc The

in the sequcnce however, the operators did not anticipate protecting the operating equipment
from spurious operations by removing power from the valves that were manual posxtxonod.

New fire prooedura attachment

The new attachment provides specific guidance for lining up, controllmg, and preventing -
spurious actions from stopping a key safety train ngen a fire in 99-M.

In simulation of this event the crcw d:d not start thc new attachmcnt for about 15 mmutes aftcr
the fire started. By this time it is expected that the damage to cables and the potential fornew
spurious actions would be over, cven if %mpcraturc of the damaged switch gear was high
cngggh to cause additional self i ortunately, the ncw atiachment provides a process for .
moving valves and breakersinto cxr comct posmons for core cooling, and then removing the
tlectric control power to prevent a future spurious opemtxon ‘The fact that the new attachment
- provides specific valve and breaker identification numbcrs for communication to the Jocal
operators fora fire in 99-M means that the control room is more likely to be operating a taclu:al
manner for managing core ooolmg cquxpmcnt during the event. Since the new attachment had -
only recently been written, the crew had not practiced on the proccdm'e before the simulation.

229 Verification and validahon of local manual act:ons ‘

Our walk down and simulation exercise pro\ndcd avenﬁcatlon and vahdat:on that the current -
proccdms as well and the new attachmcnt could be pcrformcd to protect thc core m the event of ’

a ﬁrc in 99-M. _

The control room 1dentlﬁumon of thc actlon, the tumng of the action, the route to the local

stations was clear of the fire zone, and the use of current auxiliary operators in the simulation

clearly showed that the such actions can be performed.* The only issue remaining is the effect
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that a real fire might have on the local envxromncnt (e 8., smoke, heat and toxic gases)., The
crew is trained in the use of’ protectwe gear mcludmg special breathing packs

Once the actions are shown to be feasible the next step is to dctcrmme the rehablhty of the action

considering the details of the clcmcnts used in quantifying the error potential for each action as is
done in the next section.

11.2.3 Reliabllity of Manual Acthns (Human Rellability Analysis — HRA)

To evaluate the imiaadt of a fire on the crew actions a human reliability modeling approach was
developed using the current buman error probability (HEP) values developed from the SAIC
TRC model [Ref. 14], which is an integrated single model that considers timing and other factors
to produce a single human failure event (HFE) value.- The HFE represents an integration of
ervor factors that apply to the scenario, whereas HEP refers to the human error associated witha
defined task not yet integrated into the overall scenario; The EPRI HRA calculator was used to
supplement the initial assessments with revisions in the P1 and P3 assessments.

11.2.3.1 Cument HRA model in the CCDP

The equation for the SAIC TRC is a lognormal distribution of the following form:

P(')aﬂ-—z::a, i% p{ In(:/m)T]d

The HRA analyst accounts for the operational context by adjusting the paramcters m and og for

rule-based versus knowledgebased behavior, no burden versus burden, and other pcrformance
influencing factors.

The HFEs for non -recovery are based on the TRC system, w}nch asslgns an error mode category,
location, response time, time available, error factors, and other uncertainty factors. Defaults are
provided based on the event categorization, and rules of thumb are provided for the application
context. This system is useful for single scenario recovery models. T?nmml&v_:m; &
lication of the TRC model assumes good control and indication interfaces in the control room /
i instrumentation and no smoke or flame nearby, It does jeit

a it jon, situation assessment, planninp, md ex
(in the control room or locally).

The CCDP model for zone 99-M was developed by considering the bounding corﬁponcnts that ry/; »
Y

could be damaged in a realistic fire as summarized in Appendix B.2. Based on the fire growth

model this included all equipment in an A4 breaker cabinet and the two cable trays above it. In “ﬁ
the realistic fire the amount of combustible material to feed the fire is not sufficient to form a hot

gas layer that damages the remaining equipment in the roon?.  Thus, the fire model used to (\y“)

21 the simulation the realistic fire was panded to assume a hot gas layer at T=15 min 1o extend the simulation by damnging all
tquipment in the room.  Even in this case both crews demonstrated that the current and enhanced EOPs were sufficient 1o

43



update the CCDP includes the effects of failure of the wiring in the A4 breaker cabinet and the
cable trays above it. Since the hot g2s| layer would not affect the cables that are remote from the
fire, these mbls are expectcd to remain msulatcd and operablc

232 Update Modeﬁng Proeess )

The existing HFEs in the modcl wcre extmcted from the basc case mtunal events CCDP model

as calculated above with the SAIC TRC as the starting point for the HRA evaluation. The aim

of the HRA fire evaluation is to update the HFEs provided for a transient model by considering

the nnpact of the fire on the ability to identify and take key actions given that the base case "~ - S
assumptions of actions in the control room, relisble instrumentation and working controls are C k

available. In the fire scenarios for 99-M the instnments are not yeliable, the controls may . ——
M_WMMWO update the ’ "
existing 1t 1s assumed that the impact of the fire is to increase the error probability. To - - :
systematwally evaluate this effect, methods discussed in EPRI -TR-000259 [Ref. 15] are used to

examine potential cognitive errors and NUREG/CR-1278 [Rcf 16] is uscd to cvaluatc errors m
execution of the task. Lo

HFE gy = HF Eryausient + AHE Py - HFEpyprea 'AHEP""
. . . . ‘.'..u.-.: ';" Pl

Thus, for any fire scenario the HFEs for the basic action can be examined and adjusted to
account for the fire effects on local actions taken when the MCR environment is unaffected by
the fire. The main effect is that some instruments are Jost, some may indicate the wrong =~

osition, and some ._The basic local action must be feasible, where
the feasibility of the action can be demonstrated by having the time available, proper tools,
interface capability, etc. A fire impact delta HEP was developed to account for the increase in
failure potential caused by the fire by considering additional cognitive failures in dealing with_

“unreliable instrument and controls and implementation (execution) errors in the manual’

actions due to_local conditions. TheAH om estimates of the change in the

cognitive and execution failure probabilities as impacted by the fire conditions as shown below.

AHEP,, =AP,,, + AR, - AP, -AP,, . S L

No effort has been made to adjust the original TRC value for similar error modes considered in
the initial assessment. chce, the valucs gencmtcd may bc considered to be conscrvauvc in that
regard. ) ‘ K

The process used for generating a set of generic conditions for eacﬁ HEPis discussed in - :
Appendices A and B. - . . e

manage core cooling. mmmwmmmummmmmmmmm '
in the fire zone, .

4



1.2.3.3 HRA Quantification Elements

The values for APcog and APexe that are impacted by the fire have been obtained by considering
different combinations of actions in version 2 of the EPRI HRA calculator [Ref. 17). The cases
assessed are listed below and presented in Appendix A.1. The cases described bdow were
selected to address changes in the HEP for fire conditions that are needed for risk comparison.
Primarily they address the use of the existing procedures and the revised procedure. Since
detection, planning and execution of the actions could take place either in the contro] room or
locally, a vancty of cases are needed to address the specific conditions for the key actions
identified in the base intemal events study. Thus, cases 1 and 2 address the impact of 2 remote
fire - when all actions are carried out within the control room - for current and new procedures.
Case 3 addresses decisions in the control room that direct local actions. Case 4 addresses -
immediate actions following a trip decision, Case 5 addresses cases where the cvaluztxon and
decision on how to proceed is pnmanly locally, "

Cases 6 and 7 address thosc HFEs where the fire condmons would mcult inno cbange (eg.,2
pre-initiator action for restoring a system alignment), or the action is not fcasible (e.g., openor
close a breaker in the affected fire zone as a Tecovery actxon)

Case 1 FIREOLDP - generic assessment for current EOPs with floating steps in MCR

Case 2 FIRENEWP - generic assessment for new attachment with identification of spcc:ﬁc
equipment and protectiv e actions in MCR * .

Case 3 99-MFIRECR - assessment for decisions in CR and actions local

Case 4 99-MFIRECRE ~ assessment of CR actions carly (¢.g., immediate actxons)
Case 5 99-MFIRELOCAL - assessment of both decisions and actions made lomlly
Case 6 Equipment not available ~ assxgn 1to the HEP

Case 7 No difference identified— Assxgnment of the same AHEP to both the Current and New
procedure.

Data to support the assessment were 6btaincd from plant walkdowns to the locations where the
local manual actions can be performed, observation of two simulator runs for a fire growing in
99-M, and observation of simulated local actions during the simulator runs.  The resulting

changes in HEP due to the hypothetncal fire in 99-M are shown in Table 4 for cases described
above.

The existing HFEs in the CCDP model were then updated by assigning the values in the Table 4
as changes to the overall scenario description.

Table 4: Summary of potential HEP Increase cases due to Fire In zone 99-M

IplaIn e BN 6 1 G D N Ran AR eV o TG KT A G BT Iy XA R E R AVED ST
Realistic fire in 99-M failures a 9 8&03 7.50E-04 1.1E-02
1 FIREOLDP TOT2T-5T-9and T-15
FIRENEWP Realistic fire in 99-M with new .2.6¢-03 - | 6.10E-04 32E-03
" | procedures al] actions in CR
3 9.-MFIRECR Realistic fire in 99-M decisions 9.8¢-03 2.00E-02 3.0E-02
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. in CR with local manual actions .
4 99-MFIRECRE Realistic fire in 99-M Early CR 4.7¢-03 4.30-04 5.1E-03

. actions .
5 99-MFIRELOCAL | Localactions taken by field - 1.5¢-02 2.60-02 4.1E-02 - S 4
operators .
6 Not Feasible L 1 ] -1
1 No Change - ‘ - (] [1] 0

The detailed evaluations are proyided in Appendix A.1 s output from the EPRI HRA calculator.
234 Naw Manual Actions

New manual actlons, not m the ongmal PRA. were |dcnhﬁed dunng both the observattons of
actions in the simulator and during the CCDP analysis. -~

Potential manual aclions from simulator observations . . . . - . : Co-
- \v——’_ . B
From the simulator observations three potential new manual actions were identified. m

(1) 1f the manual trip did not occur quickly, then the fire might remove power from the 7A and
7B pump train valves and there would be no automatic start alignment. This might lead to
Jocal manual actions for alignment of the steam admission valves to the mrbme and tram '
alignment for the water supply to the steam generators (SGs). *

Response is - the CCDP model does not have to be changed becausc a]l valvcs in 7B arcin
correct alignment during standby and only a check valve opens when EFW starts. Inthe
Case of 7A only the steam admission valves are closed and these are modeled as if they can
be opened manually if spunously shut The new procedurc also wou]d rcopcn and xso]ate the
power supply. _
(2) If the operators fail to isolate letdown or -another | pnmaxy  valve fails open and HP] pumpsare = . o
unavailable then a loss of | pnmary coolant could lead to core damage. Thus, the small loss of Sanotn

coolant accident (SLOCA) scenarios might be included in the CCDP model to rcpresent the ,
spurious opening of a primary system valve leading to the' contzinmient.

Response is - the CCDP model does not have to be changed because the lctdown flowis =~ - ?
small, and under these conditions including rapid cooldown and HPI pumps av:ulablc (m the w7y [
tcalxsuc fire) is not a core damage concern, but an operational one. - - P r

(3) Failure to address spurious c!osure of CV—2800 damagm the 7B pump causing loss of one . ' /bf!- wa.
train of EFW.

Response is -the CCDP modc] does not have tobc cbangcd bcmuse thls is accounted ﬁa_[ o ‘ of W
within the random failure ' Spurious closure of this valve requiresa botshortand . - "~ '+

applics only if the hot gas layer occurs which is shown to be not possible with the material

loading in the fire zone. This was modeled in the simulator assuming the worst failure mode

for an extended fire.

N Not Sowctl. Fine t tht Shoot= L wc§u<\,
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Manual actions identified during analysis of CCDP
(1) RECA3LOCAL

Operator fails to locally close 4160 Volt power breaker as a result of loss of dc control power
due to open circuit.caused by the fire. This manual action re-establishes the electrical power for
all systems (except the 7B motor) drawing from the A3 bus including high-pressure injection
pumps. The operators open the breaker door and use the manual push button to close the
breaker.

1
*

The operators are highly trained on this action, which is proceduralized as part of the Alternate
Shutdown action steps. The procedures require use of flash protection, which takes about five
minutes to don. A base case assessment without fire was performed using the same model as thc
other recovery actions.

The resulting HFE for this action is 5.12E-2 with a hardware failure of .02 yieiding abase case
result of 7.12E-2 for manually closing a 4160-volt breaker.

(2) RECP7BLOCAL .
This action and context condmons are thc same as above except it s for the breaker that supplies
the 7B pump directly. The resulting HFE is calculated in the manner described above yielding a
base case result of 7.12E-2 for manually closing a 4160-volt breaker.

1.2.3.5 CCDP Input Results

The base PRA integrates recovcry actxons (restormg the ﬁmctlon reprcsentcd by a failed
component) on a cutset by cut sct basis. Only one recovery was in each cutset of the CCDP .
model. Each action in the initial model was evaluated to estimate the likely impact of the fire.”
In cases where the component was clearly damaged by the fire the HEP was set to one. In other
cases the elements from Table 4 were used to represent the HEP case. When there was no
perceived difference between the current and new attachment the delta HEP increase was the
same for both. The results shown in Table 5 are inputs to the CCDP model.

The values in Table 5 are the combmatlon of thc basic HFE and the A Pcog and A Pexe from
Table 4 for a specific case assigned. The case identifies the values applied. If two numbers
appear in the case column, then the first is the A Pcog and the second is the A Pexe. This was

- applied when the rclatxonshlp between the procedures and local action were different than the
base cases. The events in italics were added as a result of the observations in the simulator and
needs of the CCPD cvaluation. The base modeling process was used to provide the initial cases
for the new events,
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Table 5: Summary of ad]umd HRA values In the CCDP model for fire In zone 99-l|

OPERATORFAILS'IDSI'ARTDGMC

. OPERATORFAI!.STOAUGNSW!NOINVERTER(YI’PORRSVJ,YB
INVALTREC  [FORRS24) -. .. . e teen o = s s HI3IE0) | 1.00E400

:
-

OFERTS 0per stor fauls 1o open CV1276/77 to allow for ptegyback durng mmjection 2.53E48 | 431ER

7
3
.
T
=1
3 [IEW] 3
ormmxsrmmnv:mmormm TOEWF 3 - -
OPERF-15 ULIGNMENT VALVESTA&TB - . - = ~7. o | aoog+oo| 106802 | 45 | 206E02| 43
OPERF.16 (DPERATORS FALLTO CORRECTLY SOLATELETDOWNLIVES - - | aoazvao | 335502 33 |205202] 23
OPERF-17 OPERATORS FAIL TORECOYER CY2300 TORESTORE IBEFW TRAIN | O.00E+00 | 4.06E-02 | 3 |296E02] 3 .
1 |7s@]| 2
1 [1ocE+00] 2
T [S.0E) 7
IQHFIPTBTNL  [MAINTENANCE 3.00E4 | 3.00E | 7 |3.00E3] 7
MW—JMWWN TXRED | T J33E| 2
FEREFW
|SUCTION FROM CSTTO SW. 360E04 | 4.10e2 | 5 |3.00E 2| 3
ormmxrwmmnwuramzuwxummmnm -
[PORER TO A3 BUS rE® | 10oE0!1 5 |9.s7Ew2] 3
OPS. FAILS TO CROSSTIE POWER SUPPLY 400EO1 | 421E01 35 |4.14E0] 23
[OPS. TAILSTO ALIGN POWER TO B36 [TO0ED] | TAOE+00 6 |1.00E+00]
DOIB) R 2.00E01 | 1.00E+00 ~ 6 J1.00E+00] 6
[TO0E+00 | T.00E+00 6 {T.O0C+00] 6 °
OPERATOR FAILS TO OPEN CV 140506 ON FAILURE TO REMOTELY — 1.
OPEN . . o02E {12701 - s |aE0] 3 -
JOPERATORFAILS TOSWITCHEFWFROM 1418 1O 141 } JI6EAR | TOSEDT 41 | I.OOEDI| 4.2
OPERATOR FAILS TO OFEN CV1407/08 OR CLOSE CVI300m1 IF FALL - ;
TOOPREMOTELY NONT3 192601 [ 225E01 s J216E01] 3
OPERATOR FAILS TO OPEN MU-23, 24 ONLOSS OF 24 HPILINES SIS -
INON-D 276E0! |30sE01 5 |297E-01| 3
JOPERATOR FAILS TOALIGN THE SWINGINVERTER - - > .| 1.00£+00 | 1.00E+00 ~ 6 ]1.00E+00] 6~
[OFERATOR FAILS TO OPEN CVIZI&TIAFIER FAIL TO OFEN -
REMOTELY TBX 94sE02 | 132601 s imE01] 3
mmmﬂ'SMsmuuﬂm
REMOTE OP FAILURES 106E01 | 142E01 S5 [132E01] 3
IOPERATOR FAILS TO OPEN BRKR LOCALLY AT A1 FROM UAT AND
.CLOSE BKR FROM SUT1-R -S LITED | 193E08 5 |143E01) 3
lOPERATOR FAILSTOOPENBRKRLOCALLY ATAIFROMUATAND | .. - (). & )
CLOSE BXR FROM SUT1 TBX LISES2 | S4E 5 |46sE®@| 3
A ] i N .
m&?ﬁmm LTS LSRG S0 2
FARLYSTMADM ™~ ~ | - - ;
OPENING (TBX, RBX) L 2136 |27 40 J270Em) 42
OPERATOR FAILS TO MAN START/CONTROL P7A REC STM ADM .
RECP7TAMOV  [XFER CLOSED OR FTO-B . | raseon frsseor s [rosEor]| 2
RECPIAMOV3  |OPERATOR FAILS TOMAN START/CONTROLPTARECSTMADM N . '
' XFER CLOSED OR FTO TBXRBX St e -~ | 795E00 | 9.40E02  S.) fs25ER] 2
OPERATOR FAILS TO MANUALLY ALIGN 4160 BREAKER TO SUPFLY 78 1. i
RECPTBLOCAL |POWER 712602 | tosE01 s |9a7E-02] 3

® HOA} Nc/\‘ /é:uwef



SWSWINGREC _[AVAILABLE POWER SOURCE (NON-T3 . o lieee J267E . 1 [195E@
[UAFTTHPFIAD  [OFERATORFAILS TOATIEMPTRFCOOLING - TRED [INES 4 [L0ED|
%mmrmmumnmmmomm 21008 | 210E08 7 _|210E-04

OFERATOR FAILS TOBEGINHPRFOLLOWING SLOCA | ZTOEO8 | JI0ED8 7 | Z10E4]

I1.2.4 General Observations
1.2.4.1 key points

Procedures
Both the current and new EOPs adcquatcly deal with a fire in 99M

The current EOPs identify opportunistic actions for cstabhshmg key core coo]mg systems.

The new EOP attachment clearly identifies sets of components for tactically establishing and
protecting the core-coo)ing pathways. .

The new EOPs offer sllght HEPi 1mprovemcnt over current EOPs.

A comparison of key actions with the NRC i inspection criteria indicates that they pass a
qualitative feasibility test.

Simulations
No core damage was detectcd during sxmulatlons
Operators were able to maintain large margins on all safety parameters during the sxmulanon.

Simulation of 99-M fire, walk down and observation of local actions called for in EOPs indicates
that they are feasible, .

A general control room operator comment was demonstrated and repeated duiing interviews on
this process - “Because practice in simulators, very complex accident events seem to be
routine and cause no significant additional stress.”
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Human reliability analysls . . .. .. - o . -

- The CCDP evaluations indicate that unpact of AHEP 1smeasurab1e but small between the two

procedures.

A fire in 99-M is expected to increase the AHEP for fmible achons over the initial mternal
events PRAresults. - - i ,

'f'be EPRI HRA calculator faeihtates quant:ﬁeat:on and docmnentatlon

Change in the HFEs ranges ﬁom zero to one dependmg on the ﬁre séenario context. In most
cases the change is less than 0, 05 -

1242 Qualitative Evaluation of Feaslbility for Manual Aetions B

SemenfngforHRA S P : IR SRR ‘
Both the control room actions and local manual actions have reasonable likelihood's of success
in preventing core damage for the realistic fire and the complete room affected fire when failures
occur over a time period using the existing procedures. This was demonstrated in the simulation
when the control room operators were exp osed to the type of alarms and control malfunctions
expected from a fire in the 99-M zone. The operators also eontacted local operators mtmctmg
at the local plant sites as they would under fire conditions. -

The strategy for using symptom based— emetge'n'ey proeeduree requires operators to think

beyond the opportunistic approach of respondmg to the situation to protect against hot shorts and o

. erroneous signals. o
The current fire emaxmcyproceduramefude 'Qafr:xiﬁgs abottt possr’bie hot Shone ttxtd o
unreliable indications, but it is up to the operators to select coolmg equipment and identify
protective actions. During simulation of the zone 99-M fire using current procedures, the
process revealed that the operators are able to "think” how to adapt to dev e]op a conceptual

approach for dealing with a wide spectrum of fires, especially since there is time to do so when’ »

the fire damage is simulated to occur progressively rather than unrealistically assuming all fire
damage occurs instantaneously.

The revised fire EOP attachment includes explicitly identified cooling systems to line up for

operation and protective actions such as opening specific breakers to remove power from valves
that might spuriously close and inhibit operation of the EFW system. The simulation revealed
that the crew needs additional training on the new attachment, and as used it was started about 15
minutes after the trip and by this time the fire damage is expected to have potentially caused
spurious events. The procedure supports systematic realignment after spurious closures.

Application ofinspection criteria

The NRC inspectien criteria for fire protection manual actions [Ref. 13] werc also used as a
measure of the qualitative identification of feasibility for performing operator actions. Table 6
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provides both a listing of key actions from the simulation (1-4) and through iteration with the
PRA model (5-6). These actions were evaluated via walkdown, simulation and observation to
support the feasibility evaluation. =

Table 8: Summary of key local actions

Both current and new EOPs Feaslblemderbothpmcedm

discuss this local action in CorrecﬂonsforspmousacmaﬂonsmNOT
great detall (also in focal nunﬂonedhwmﬂproeodtnwhldmwy
: procedure delay full manual control of P-7A

2 [Controlling EFW ! |Both current and new EOPs Feasible under both procedures, Spedﬂc
(A or B) to prevent|discuss this local or control |corrective actions to countsract spurious
overfill |room action operations of the EFW ars provided explicitly |-

: in the new procedure :

3 JLocal Closing A3  |[This action is NOT expiicitly | Feasible in both current and new EOPs, The
switchgear for - [discussed in the current new EOP sattachment expicitly calls for local

7B and HPI A ‘EOPsbutblntMMemate acﬁonsbmanmuycbsobmakenformls
(e.9., Inverter fires|Shutdown procedure .. lequipment ]

4 [isolation of In both current and new Feasible CR action that is highly
letdown to avold  [EOPs -~ K pmeedmnzedstnpandcanbopeffonned
needing HP! . bealy
(Makeup) sooner : . -

5 [Starting HPI In both current and new Feaslble CR action. New procedure adds
cooling long term  |[EOPs direct discussion of possibility of localty

- starting the HPI pump due to aux lube ol
. _lpump R 64 problems

8 [Switch to in both current and new Feasible CR action that is performed only
recirculation long |[EOPs after all the equipment needed Is verified to
ﬁerm cooling be operational

Assummarized in Table 7, application of criteria in column 1 to onsite actions listed above was
used to evaluate the fcasibnlnty of key local actions using methods in columns 2 to 6. The actions

called for during the simulation and anticipated as possible requests were feasible according to
the criteria. The key test becomes how reliable are they and what is their impact on the CCDP.
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Table 7: Basis for feasibillty of local action used to protect the core during a 89-M fire

X
Staffing . Yes X X
Communications * Yes - X - X X
* ISpecial toots Yes X <. X -

raining Yes ‘X . - X X
JAccessibility N Yes X X -
Procedures | Yes - X X [E—
Nerification and validation [yves |~ X - X -X

11243 QuanttaveHRA =~

In devcloping the CCDP there is a need to address special fire specific manual actions that are
identified in the fire procedures and to recover key components needed to ensure safe shutdown

of the reactor core under the fire scenario conditions.. The manual action for closing a 4160-volt.
breaker to start 7B is parallel tothe actions for 7A for opening the steam admission valves to '
supply power to the tm'bmc o . - .

. The fire in 99M is expected to increase the AHEP for typical feasible actions over the intial
* internal events PRA results from zero to a value in the range of 3E-3 to 4E-2 for various
scenarios and conditions. If the action ls not fmsible, then the HEP asswsment xs sct at1.0.

There is actually a vcry small dxﬂ'crcnce in thc unpact of the current prooedxn-es versus thc new
attachment on the likelihood of core damage, however, the EOP new attachment helps the crew )
move from an opportunistic approach to control (where the probability of action failureisinthe . " -
range of .5 to 1E-2) to a more tactical control process (where the probability of action failure is

in the range of 0.1 to 1E-3) [Ref. 18] * Figure 23 illustrates the impact of the fire onthe

estimate of the AHEPs for the current EOPs and the new EOP attachment for a fire in zone 99- T
M. It shows a slight decrease for some of the HEPs. The basic i inputs to this figure are derived "’
from the inputs to Table 4. When the AHEPs arc combined with the current HFE assessments as
provided in Table 4 it is interesting to  compare the nmpact of the fire on the HFEs ordered from -
smallest to largest in Figure 24. The i impact for most of the act:ons consxdcred is very sma]l in-

terms of change in overall frequency oo o
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| 3 Quanﬁﬂwﬂon of the COndltional COre Damage Probabllitles
(CCDP) - : .

The conditional core damagc probabihty (CCDP) isa kcy clcmcnt in the cvaluanon ﬁnc nsk. - | - : ’
The CCDP represents the likelihood that for a given hypothetical fire scenario, “the core would be a
damaged. It uses fire frequency and addmonal ﬁm modchng evaluauons to smbhs hthe ovcrall

corcdamageﬁ'equcncy \ ) o o A ()Jl’} \Q
The CCDP calculat:on bcgms thh thc creation of an updatcd base mode] for the fire analysis. - uu &)\'

Starting with the current PSA internal events model the following modifications and assumptions * '

. were used to create the bae CCDP model. All non-transient sequcnow were deleted from the /") o l‘ao
‘fault tree using the “Delete Subtree”™ option in CAFTA, since the primary impact of the fireis < /. :
expected to damage electrical cables lcading to a loss of buses, electrical control pointsanda ~ ~<° '
plant trip. Next, all non-trip initiators were set to False and the trip initiator was set to True, thxs '

accounts for those fires large enough for the operators to manually trip the plant, if not already . oL ‘ 2° w
tripped automatically. The compress true/false option in CAFTA was used to simplify the * - ) A M
CCDP model by removing these fire independent initiators from the tree. Thetreewas - - . - ": St e JVS\/
compressed and saved as firestart.caf. This fault tree now represents the basic CCDP model fora -

manual trip. It contains the key systcms and components needed for managing core coolingin™ /2 [ 7 - e

parallel with fighting the fire. The base CCDP model result includes the reliability evaluation of -

those components and operator actions contributing to the success of hot and cold shutdown -
We base CCDP mode] assumes that the fire hasno ° .

impact on the systems, structures, components and operator actions used to reach hot and cold

shutdown. For any specilic firc zone the basic events can be set tofail if the components are
“affected by the fire. The files for each fire sccnano are storcd ina PRAQuant fi le

The next step is crcatnon of a componcnt fanlure hst for each of the fire scenarios described . e l-,—
previously. h _ ‘ o

A Microsoft Access databas.c' was‘t;;mted to eipeditc the crlcatioh of the failure lists for each - l
zone. The access file takes the scenario table and the conduit/raceway table and provxd&s alist of c
affected components represented as basic events in the CAFTA model for each scenario. | R QL ) z A D-

Each individual scenario list was rcvxewad for logxcal mconsxstcncncs, whxch would thcn be ' . 0( ] A “/
removed from the event listing or ad_]ustcd by adding spccxal fire related actions or lmpacts The 5 C
following rules were apphed to the scenarios. , : - :

Power failures that occur before or at the same time as thc control cnrcumy w:ll prevcnt spunous

operations of components. These components will fail as is or in their normal loss of power
condition.

Components were included in the basic event failures list that were not included in the cable
lists. These were components that were directly impacted by the fire either as the fire . /
initiating source or as a component impacted by failure of cables for electric power supply ori ..o 'J‘{ /0
control circuits which was included in the list of conduits or cable trays s st T l/’l1 ' /
D-1104 removes control power from the A3 bus. This will not allow any of the breakersto P o
change position without local action. Instead of setting these events to TRUE in the tree, ¢ ll_ a )
. . ¢
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they are set as equivalent to a new HRA action to focally closé the associated A3 breakerto ——
start the component of interest. 2 HRAs were created RECP7BLOCAL and RECA3LOCAL.

CV-2663 will not open due to loss of power; however an HRA already existed in the QRecover -
file to manually open tlns valve. The failure of this event was set to RECP7AMOV instead
of to True. .

-

Using Table 7-2 of EPE R 1006961 purious Actuation of Electrical Circuits ducto Cablc -
Fires”, a probability of spurtous operation was included in scenario 2 in the case of cables
near th ¢ fire source but outside the impact of the direct explosion. These hot short

probabilities differed depending on the presence of a control power transformer (CPT) in the -
circuit. Analysis of each key zone by fire protection engineers provided a list ofthe cables

and HSNOCPT and were added to the basic event listing.: HSWCPT was given a value of
0.3 originally to judge its importance in the cutsets. The value will be changed to match the
case B11 value of 0.075 during the recovery process. HSNOCPT was given its correct value l
of 0. 6basedond1enoCFl‘wsefmecfmce3 See Attachment C., - -

[}
of interest and whether or not they contained a CPT. These cvents were named HSWCPT * &)y,/

. Using the above rules, an excel spmdsheet was created for each of the scenarios. This

. spreadsheet contained the unique set of events and how they would be set during the scenario
quantification. In order to expedite the quantification process, these events were then added
to the existing flag file for the current model. Each scenario now had a unique flag file that
‘contained all of the flag settings and the new basic event settings to implement the eﬁ'ccts of
a fiire scenario on the evaluation of the CCDP for that fire scenario.

- PRAQuant was then used to quantify each scenario by recvaluatxon of modified CCDP logic

tree. .
The quantification then provided 7 starting cutset files, one for each fire scenario in Zone 99M.
The following adjustments were done to each of the cutsets before any recoveries were added. = 7 —I

To eliminate unrealistic plant states ETM1A1XXX and ETM1A3XXX were set to false. 1L
- ANO-1 would not continue to run with cither of the mam sthchgears out of service, !
so this conservatism is removed.

. To climinate unallowed actions in the fire zone RECBS6 and RECBSORS are set to b
TRUE. These events although valid in the normal model could not be performed in /
the zone 99-M fire because B55/56 and B6 are Jocated in the room. Even if the
componcnts were not damaged by the fire, operations would not crosstie equipment
in 2 room with possible fire and water damage. The possibility of shorting out the
good power side would be too much of a risk, and special heroic actions are not
modeled in the CCDP evaluation.

The cutsets were then subsumed and sortcd by probability for cach fire scenario
Specific human actions were mtroduced into the model by running QRecovcr on thc base

recovery file for each scenario. This step places basecase recoveries in the cutsets. 2 copies of
the newly created cutset files were then created.
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Finally the HRA QRecover files with the HRA values previously discussed were used to update
_the scenario cutset files for each of the scenarios wnth the prcwous symptom based procedure
method and the new fire zone specxﬁc procedmu “ :

calculation process. PRAQuant post true(falre subsume, Base QRecovcr, Old QRecover and

NewQRecover. e x{’”\

Table 8: Smnmaryof _cucu!quq Copdlﬂop_al.(:opbmgq Probabilities - . - o '

. ! "\ The following table pmvndw the Sécnarios and their mults for each of the 4 stages of the E ' J },/

PN o
AFY 9
1a . 0,9 ¢ 0
1b 4
> o
4 34E05 . 40E-05] . 38E05 1206 - '):
S ~_33E02 . 30EA@| - . 19E02 I1IEO2 - . - :
6 ~ 10B02 © . - 32E-B{ -  2.1E03 11503..

[ JL SR SR EETRT

Note that scenario no. 5 currently has thé largest CCDP; however many of compbnent failures

resulting from this scenario occur at a time > 20 minutes. ‘This time would allow the fire brigade

to mitigate the fire and would prevent many of the HRA necessities existing in this fire. _ ,

However, the current projected fire ﬁ'cquency for this fire is also very low (~E-6) so no further ~

work will be done on this fire scenario to remove these known conservatisms, because this '
. conservatively calculated scenario frequency i is within an acceptable risk value.

L4’ Assessment Fire ﬁi.sk in9oM .

Core damage frequcncy (CDF) is selected as thc ﬁgurc of mcnt rcprw:nnng nsk inour
assessment.

114.1 Calculation Flre-lnduoed Core Damégé Frequency

The fire-induced core damagc frequcncy for thc ﬁre zonc 99-M is calculated as the sum of the

risk associated with each fire scenario using the following equatwn - R s )
CDF = SR XM XM X SF EF x Fa X CCDjscenario 1% Z "JF 5
where A, is the gcncnc firei lgmuon frequency for electrical cabinets in the sthchgmroom L G O s F -

reported in EPRI's Fire PRA implementation guide [Ref. 1], W) and W; are the location and -
ignition source weighting factors respectively, SF is the severity factor, EF is an explosion factor
(applicd only to a high-energy fire in the 4KV switchgear), Pu is the probability of the failure to
manually suppress the fire prior to damage to the first target and CCDP is the conditional core -

damage probability given the damagecaused by the fire scenario. Tlns sw:tchgear room (fire .
zone 99-M) does not have an automatic suppression system. ~ :© .-

(BR
[ ace (737 o)
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The fire ignition frequencies for the switchgear room and individual fire scenarios are calculated
using the EPRI FIVE and Fire PRA Guide methodology [Ref. 1). Although ANO has only 6
distinct switchgear arcas, the EPRI guidelines indicates that “weight” of a sthchgear room
should be assigned according to the amount of electrical equipment located in the location. Each
of the two switchgear areas located in the turbine building has approximately twice the electrical
equipment located in the individual auxiliary building switchgear rooms. Consequently, the
number of switchgear rooms was increased from six (j.c. based on physical areas) to eight (i.e.
based on amount of electrical equipment). The location weighting factor, W1's for electrical
cabinets are assigned a value according to the room location, For 93-M (i.e. switchgear room)

WFL = 0.25 (number of units per site divided by the number of switchgear rooms or 2/8). In this -

"."study, 7 of the 8 fire scenarios include cabinets as the ignition source of the fire. There are 17
cabinets in 99M, including the 10 cubicles in A4 switchgear. Therefore, WE is calculated by
dividing one over the number of cabinets in the room (1/17 = 0.06) or fires in individual
cabinets, and (10/17 =0.59) for a fire in the switchgear cabinct. This value apportions the
generic frequency to each cabinet in the room, The location weighting factor (WE) for the p lant
wide components-transformers was obtained by dmdmg the number of components in the
specified room by the total number of components in the plant.. There are two transformers in
99-M. The total number of transformers is 98. Therefore, WR s estimated 2s 0.02. One of the
transformers in 99-M is an instrument transformer, while the other is totally enclosed gas-cooled
unit using non-combustible gas. Neither is deemed to be a credible ignition source, but both
were conservatively included i in the ignition source frequency calculation.

The severity factor, SF, adjusts the value of the generic fire frequency, which includes fires that
pose no challenge to plant safety, to reflect the number of fires that are of sufficient magmrudc to
potentially cause damage to componcms/cablcs other than the ignition source. EPRI’s Fire PRA
Implementation Guide [Ref. 1] Appendix D provides severity factors (SF) for various ignition
sources. For switchgear room clectrical cabinet fires, the suggested severity factor is 0.12. For

indoor transformer fires, the suggested severity factor is 0.10. No severity factor however is
provided for transient fires.

An explosion factor, EF, has been also included in the equation to reflect the potential for a high-
energy fire in the 4KV switchgear. The operating experience indicates that high-energy arcing
fault is a credible mode for high-energy clectrical cabinets. This conditional probability, which
only applies in scenario 1b, is calculated to reflect the percent of the fires in a switchgear that
will likely lead to a high-energy arcing event followed by a fire in combination with the
potentially ignited intervening combustibles. The conditional probability is derived by dividing
the number of energetic cvents in EPRI'sFEDB [Ref. 12] by the total number of fires in similar
ignition sources. The derived conditional probability shows that severe (potentially damaging)
fires in switchgcars are more likely to begin with high-energy arcing. This is supported by the
operatin g experience where more significant switchgear fires tend to be of arcing nature
(Waterford 1985, Ooonee 1995, and San Onofre 2001).’

Additional factors are uscd for the case of transient fires. The floor area factor is the percentage
of the floor area wh ere the postulated transient fire has to occur to ignite the threo-tray stack.
This area constitutes 10% of the open space in the room. A transient fire in any other locations
in the room either has no raceways in the plume (therefore requiring larger fires to be threatening
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through formation of high temperature ceiling jet or HGL) or affects a single raceway
threatening significantly less circuits/components.

Two types of suppression are credited in our assessment. One is prompt suppression by plant
personnel or fire watch in case of a transient fire or a fire during welding & cutting (hot work),
Operating experience supports the assertion that work activity (hot work or not) is the cause of
many transient fires. And the presence of the plant personn ¢l (in many cases the same that
initiated the fire) is the most effective means of suppression for a transient fire in its incipient
stage. In case of a fire initiated during welding & cutting (hot work), nearly all US commercial
nuclear facilities require a fire watch present at the time of the activity. The operating
expericnce clearly reflects the effectiveness of these. trained individuals as the first line of
defense in the suppression. The probability of suppresslon by the plant pcrsonnel and fire watch
for transient and welding & cutting fires was calculated from the operating experience and
documented in the EPRI Fire PRA Guide [Ref. 1, pagc K-3}.- These values are used in this

assessment.  The other form of suppression credited in this assessment is suppression of an o ,

electrical cabinet fire by the plant fire brigade prior to damage to the target set. The probability 4‘1' yv'{/
of non -suppression was obtained from Figure K-1 of EPRI's Fire PRA Guide [Ref.1]. The WL/{ ':'
calculation of the txme-to~damagc (time avaxlable for suppression) is described in section 11.2. ) ﬁM
The non-suppression No . < }M *

energy phase of the 4KV switchgear fire. : " ? ; . : d
The conditional core damage probabxhtxes including dcta:]ed analysxs of the manual actions

needed to achicve safe shutdown was calculatcd for eacb sccnano Thc detanls of this cvaluatlon

are documented in section I1.3 of thisreport. - -~ -- .

- Table 9 lists thc calculated fire-induced CDF’s for the fire sochari_bs in fire zonc 99-M.
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Table 9: Generic Ignitlon froqucnélos and calculated CCDP's.

[ on-cnugcﬁreinthcA*i - 1 - )
la fswitchgear. Nominal value, 100 [15E-02] 0.25 | 059 N/A| 042 [ 025 | 1.0 [ 1.0 21E-04 2.1E-08| 1.4E-08[ 6.6E-09
KW firo : R R
I E\;‘;?;;‘:;‘g‘r“c;l‘:‘ nanyofthe A4 115602 025 [ 059 nia| 042 | 075 | 1.0 | 10 {138.03]908-04 26E-07) 1.88-07| 7.98-08
Firc in the B35 MCC, Nominal . T :

2 [I00KW fire, A fircinInverter |1.5E-02] 0.25 [ 006 N/A[ 012 | 1.0 | 1.0 | 1.0|2.85.04| 1.8B-04 7.4B-09] 4.88-09 2.6E-09
Y28 is bounded by this scenario. : B N .
3 [Fe 0 ihe BSSMCC. Nominal 1) sp.02{ 025 {006 N/A| 042 | 1.0 | 1.0 | 1.0|2.88-04| 18804 7.4B-09] 45E-09)2.6B-09
Firc in the Y22 Inverter. Basc _ . )
4Ly 2 e bonedea s | [15E-02| 025 | 006 NAf 012 | 1.0 | 1.0 03, )4.01-‘,05 38E-05 S3E-10| 5.08-10{26E-11
kscenario. _ o o
5 oo oLead Comer BS. - 11.58.02] 025 | 006 N/A| 042 | 1.0 | 10 ﬁz/ 3.0E-02| 19E-02 1.6E-07| 1.0E-07| 5.8E-08

) ! : - ,
b X
0,J7 (W 7 59




Tmnsxentﬁremarcasofthemom s ; ) : . i T IR B N
6a floor-based fire. Nominal Value ?_'GE'OZ :2':00 002 010 10 1.0 050 l', 3'25' 3 03 N R G
of 150KW. ~ S I e I N N R B
Cable fire caused by welding and | Lo 1 |- 1 FERE : R 1Y
Jeutting in areas of the room where| - e I ' 1 RN P -_.-
6b cable trays are exposed to a floor- | 1.3E-03] 2.00 | 0.02 0.10] .1.0- :l._O 005} 1.0}3.2E-03| 2.1B-03- 83B-10 ;.SE-,IO 2.95-10 ot
based fire, Nominal Value of _ SRR AR R S e REIN A
150KW. i : ; RN I i N RS I D
OTAL L T s s 0T G6E-0T44E-0T2.2E07) |
Notes: e - o . :
1. Generic frequency from EPRI TR 105928 page 47, .'" K e TR N Lo o
2. Severity factors from EPRI TR 105928, page D-7. R : A
3. ThismiohdenvedﬁmnthencofdsoflhemtchgenﬁminubleD}ZoftheEPRlTRlOS”B mtsshownhntoﬂhosemtchgmevmutMuom - .
4. e, likely of external damage, more are the result of high-energy events rather than low energy thermal fire, nmmmlikelyoufmifMostm:ﬂoﬂnvolvinz .
targetdmgetolbeﬁmmd:eoondtargeuetinvo!vesbortumbetwecndetecummddamgundmmfmnouednforﬁnbnglda ’
5. A fire in the switchgear affects the power supply to the fire protection lind)euontrolmnnukingMyddecdonofd\cﬁmdwbtﬁxL In the simulator exerciss te °

fire was not detected until lOminuteslmo!heﬁntefrect(d:mxe)ofmeﬁmwuobsemd. The CCDPs are based on damage to all the primary and socondary target
sets. No demaging (700 F) hot gas layer could be evaluated that cause Joss of all cicuits in the room. A 7000F HGL can only be generated in this room as the result of &
large cable fire that involves bumning of 12-15m of 24-inch wide cable tray (based on cable trny HRR of 41.85 Btwh2/sec from EPRI TR 105928 page !-ll). Sucha
cab!efterequimltozhmmtodeveloph2md3ublehysuckmpedively(basedonubleﬁrespmdntooflon).




11.4.2 Examination of Defense -in-Depth and Safety Margin

11.4.2.1 Fire Protection Defense-in-Depth

In commercial nuclear industry, fire safety objectives, i.¢., minimize probability of
occurrence and the consequences of fire, are achieved through a defense-n-depth
phnlosophy where defensive measures are put in place at different level of fire initiation,
progression arid damage to ensure that a fire will not prevent the performance of
necessary safe shutdown function and the and radioactive releases to the environment in
the event of a fire. The principals of fire protection defense-in-depth are aimed to:

Prevent fires from occumng
Detect, control, and extxngmsh promptly those fires that do occur, and

Provide protection for structures, systems and components needed for safe sbutdown so B
that a fire that is not promptly extmgmsbed will not prcvcnt safe shutdown

Preventionis achieved thmugh preventive maintenance pmgmm axmcd, in part, at
prevention of fixed fires (through repair of faulty electrical equipment or leaking oilon a--
pump) and transient combustible control program aimed at prevention of transient fires
by controlling the amount of th ¢ transient combustibles introduced in the area and the
activities that can cause their ignition. Quantitatively, the fire scenarios in this room
show at least 3 orders of magnitude (1E-3) for frequency of damaging fires. Even though
these frequencies are, for the most part, indicative of generic industry experience, -
nevertheless they are consistent with the occurrence (or non- occurrence) of severe fires
at ANO over the past ~50 reactor-years.

Detection and control/extinguishment of fires in the area is achieved through a smoke

detection alarm system. With the cxccpnon of a fire in the switchgear cabinet A4, the:

alarm system will indicate the main control room of any fire detected in the room. A fire

in the switchgear cabinet A4 will disable power to the fire panels, limiting the:

information provxded to the control room. Early detection for fires resulting from

welding & cutting is achieved through use of fire watch. In addition ANOhasa

dedicated full-time fire brigade trained to respond to fires in the 99-M switchgear room as

well as elsewhere in the plant. Aﬁ

Quantitatively, the fire scenarios in thxs room all have fire m -dq/
detection/control/extinguishment capability in the range of 1E-01 for prompt suppression |

of transient fires by pant personnel or fire watch and suppression, by fire brigade, of fires

before they spread to the entire room. Refer to section I1.1 for the description of fire

scenarios and thcxr timing.

Protection for SSD systems{components in this fire zone is achieved through a
combination of the following:
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Enough of physical separation of critical cables and circuits to limit fire progressionin - . a7 .
some cases and provide the needed hme for the ﬁre bngade to control and extmguxsh v~
the fire, . '

Feasible and reliable means of safe shutdown (' ncludmg manual achons) to safely .’ p o> f , e S
shutdown the p]ant after the postulated fire scenarios. . L—'/

anmatxvely. this elemént was estimated to prov:de at least 1.5 orders of magmtude :

(fire scenario CCDPs range from 4E-5 to 3E~02) for most fire scenarios in th area.

" 1422 Safety Margin

A critical aspect of risk-informed decision -making is recognition of inherent uncertainties
in the estimates and consideration of these uncertainties in the decision-making.
Determination and use of margin is one way to ensure appropriateness of the decision in
the face of these uncertainties. The following discussion is a qualitative assessment of

the safety margin.

We used the concept of limiting fire scenario described in the NFPA 805 (sections 1.6.36
and C.3.3) to ensure confidence in our estimate of fire consequences. The NFPA 805
define a limiting fire scenario as,” “Fire scenario(s) in which one or more of the inputs to
the fire modeling calculation (e.g., heat release rate, initiation location or ventilation rate)
are varied to the point that the performance criterion is not met. The intent of this
scenario(s) is to determine that there is a resale margin between the expected fire scenario
conditions and the point of failure.”

Having already included a high-energy fire in the 4KV switchgear where considerable
failures occur in virtually no time followed by additional time-phased failures (if

circuits in the room) as the “point of failure.” We determined the following conditions )
required to reach this hypothetic “point of failure.” W

suppression is failed), we defined the creation of a hot gas layer (feading to failure of all
W el

Cable damage temperatures of 400-S00°F and a SOOKW fire that ramps in 12 minutes can [ — -
reach the “point of failure™. The cables at ANO were investigated and confirmed to '

be thermoset with 700°F damage/ignition temperature ’

The only credible means of generating a 700°F HGL is through a large cable fire (over 24
linear ft of 24" cable trays). Even though such a cable fire can theoretically be
developed if the cable fire continues for nearly 2 hours unchecked, there are realistic
considerations that make such occurrence non -credible. Foremost, a cable fire of
such magnitude requires considerable volume of oxygen to sustain. These cable fires
are expected to be in the smoke layer once the smoke layer reaches the top of the
door. Once in the smoke layer, intensity of the cable fire will be controlled by the
oxygen availability. Withan elevated cable fire that grows at a rate of 10 linear fi/hr
asinput;

— The oxygen depletion occurs very quickly, regardless of open or closed door
— The cable fire does not grow beyond the initial 12 ft and
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— The temperature peaks at 500-535°F

o

The cable fire has to be bclc;v; the settled smoke layer, 4-5 ft belowihe door opening,
for the cable fire to continuc to grow.

Therefore, the scenarios analyzed in our analysis particularly the high-energy arcing fault
in the 4KV switchgear and the ensuing cable fires is bounding with sufficient margin.
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Il DETERMINATION OF THE RISK-SIGNIFICANCE
OF THE ISSUE

To determine the risk-significance of the manual attions at ANO the estimates for other fire
- zones need to be generated. The NRC SDP provided 2 other ANO-1 zones to evaluate. The
. estimates of fire risk for other areas of the plant were generat ed using walkdown and
" approximation.

o

The fire risk estilnates forthmﬁrezonwissummaﬁzédin;nble 10.



Table 10: Summary of the Risk-Significance of the Safe Shutdown Manual Actlons |ssue at ANO Unit 1

Unit 1 4KV (1A4)]

Switchgear room

Unit 1 4KV (1A3)
Switchgear room

e

X - ‘-‘h
MIRLE | B =15 3

Assumed similar risk profile as the Unit | 4KV Switchgear room

104S

Unit 1 Electrical
Equipment Room

The hazard profile in the room similar to 99M, i.c., MCCs and inverters (no controt panel
was observed in the room). The primary source of fire is the MCCs 21 (Black or non-
safety) and §1 (Red division) with Red division 3-stack cable tray above. Fire zone 104S
is a compartment in the auxiliary building. Therefore the clectrical cabinet ignition
frequency will be a fraction of the total AB clectrical cabinet ignition frequency, i. ¢,
1.9E-02 and therefore lower than the 99M switchgear room electrical cabinet fire
frequency, by an order of magnitude assuming 20% of the electrical cabinets in the AB
are in this room. There are some 4160V circuits in the room. The circuits are related to
the swing makeup pump (P36B) and are routed to the Motor Operated Disconnect (MOD)
switch. Essentially, it's a switch that connects to either a red division breaker or a green
divisionbreaker. This switch is treated as switchgear with potential for a high-energy
arcing fault. The consequence of an MCC fire in this room or an energetic fault in the
Motor Operated Disconnect (MOD) switch does not appear to be worse than the fire zone
99-M, :

Therefore the risk in this room is estimated at half an order of magnitude lower than 99-M
for the following reason: 1) frequency of a fire is 5 times lower, b) consequences of loss
of circuits to a fire are no worse than 99M based on the known Appendix R
components/circuits in the room (assumption), and c) a damaging 700°F hot gas layer is
non-credible without a large cable fire (sce discussion under 99M) based on the type of
the ignition sources (MCCs and inverters), room size and configuration of the cable trays,

TOTAL

L.5SE06 | 9.7E07

4.9E07
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IV CONCLUSIONS

In response to the issu ¢ of adcquacy of the manual actions at the ANO powcr stat:on afire’

significance determination process (SDP) exaxmnatxon was pcrformed Fol]owmg are thc
conclusions of this cxammatxon..

Reliability of the Manual Actions - The manual actions 1dent1ﬁed dunng the sunu]atmn and
from the ANO unit 1 PRA were evaluated. The plant walk down and simulator exercise showed
the equipment was accessible and the operators had enough knowledge to use their procedures to
perform each of the actions necessary .Our assessment of the manual action using generally
accepted human reliability methods show that the manual actions, usmg both the old and the new
pmoedm'es are reasonable and reliable. Detailed simulation of the maximum expected fire
scenarios were done with two independent crews to obtain data for the dcvcfopmcnt of the
human reliability wnmats Followmg are a few insights:

Previous proccdures use an oppommxst:c appmach to control where crews respond to cues and
symptoms by selectmg the appropnatc proccdurc for that condition

New AOP attachment assists crew to respond using a more tactical control procws )
Identifying symptom or cue will generate appropnatc response for cither proccdurc
Ability to recover from spunous actuations i$ enhanced in new AOP’s

Risk -Significance of the Current Symptomatic Procedures — Our assessment of the risk-
significance of the current procedures used to reach safe shutdown for a fire in fire zone 99M
'shows thatthe ? CDF to zone specific procedures is less than 1E- 06/yr i.c,, a Green finding. An
examination of elements of defense-in-depth (DiD) and safety margm shows that an adequate
balance in the DiD clemcms is mmntamed thh adcquatc margm m the dctcrmmatlon of the
consequences of the fire, " .

The following are some of the key observations and xmportant factors in our cxamlnanon of the ‘
issue, particularly as it relates to the fire zone 99-M E : -

The bounding fire results froma hlgh -cncrgy axcmg fault in the 4KV swuchgear and the cnsumg
fire. This fire starts with and immediate set of failures followed by time-phased secondary
failures caused by the ignition of the mtervemng combustibles Tlmcophascd faxlm'cs are -
critical in the effectiveness of the operators. -

A 700°F damaging hot gas layer in the fire zone 99-M is not credible due to the configuration of
the combustibles in the room. A zone-wide damagc scenario through a large cable fire is not
possible due to the location of the cable tray, i.c., in the smoke layer above the door opening.
Even if such scenario was assumed its timing to reach da.magmg hot gas laycr willreach2
hours due to slow growth (10 ft/hr) cable fire. " . ~ , .
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APPENDIX A.1: BASIS FOR INCREASE IN HFES
DUE TO FIRE S

This Appendix provides 2 summary of various cases for evaluating the effects of the fire -
on the ability to carry out various actions needed to cool the core and maintain primary
integrity as a result of a fire in Zone 99-m where the A4 bus breaker control cabinets are
located. Table 11 shows the results in terms of the change in cognitive and execution
errors due to the context of the fire for specific tasks. The calculated HEPs are combined
with the existing HFEs and then mapped to the CCDP model. The values were based on
the use of the logic trees described in Appendix A.2.

Table 11: Summary of HFE Increases due to Fire In zone 99-M . _

FIREOLDP Roelstic fre In 59-M tkres  TOT2 7579 | 9.80-03 | 7.56-04 | 1.1B02 5
"FIRENEWP  Feakss ire b 00 wity o - -
AL % oW procedes 260-03 6.10-04; 3.2503 5
mmm 98e-03 | 20002 | 3.0502 5
99-MFIRECRE  Rsalstc frs In 99-M Early CR actns 47003 | 43004 | 5.1E03 5
99- Tocal acbons taken by held operaiors 130-02 | 26002 | 4.1502 5
MFIRELOCAL i

A11 FlﬁEOLDP, Realistic fire in 99-M failures at T-0 T-2 T-5 T-9

Basic Event Summary

FIREOLDP SUMMARY
Without Recovery With Recovery
7.06-02 9.8¢-03
1.00-02 7.50-04 .
1.1e-02
5

HFE Scenario Description: V}B\{

The operators are required to establish cooling to the SGs- the MFW and EFW 7A and
7B are all available if the trip is early (as simulated for a fire even with a hot gas layer).

This is a moderate to high stress evolution because of the large number of alarms, but one
that bas been trained on in the simulator, The old symptom based procedures provide
details and wamings related to fires. The operator should manually trip the reactor
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because of excessive alarms. | In fact the challenge is to prevent S | and maintain -
the cooling as additional failures cause loss of indications, loss of power to valves, and
even spurious closures and alarms. . | Even with no fire alarm, loss of instrumentation,
loss of power to valves and spunous closures the core was clearly protected throughout
the fire evolution of a simulated growing fire in 99-m that eventually took outall .-
equipment in the room. The old procedures provided sufficient guidance, however no

~ consideration was given to protecting equipment from hot shorts—Man anual local actions
were required and were initiated by verbal communication over phone.

All local actions requwted were feesibh.

Related Human Interactions:

Adjust the bascline HEP values established for the internal events. This calculation -
provides additional errors due to the fire context that was not applicable to the intemal
events assessment. Uses floating steps derived from symptom based procedures -

Performance Shaping Factors:

cavy communication is required between two field operators, the fire brigade, offsite,
and in the control room.

CI i ,IW) During simulation some equipment started then failed and indications were lost requiring
detective work by the operators and the shift technical advisor (STA).

Operators stated that they focused on alarms on runmng cqmpmcnt and tbose used in the i
V selected cooling strategy. o , ) ) : .
Manual reactor trip is applied early bcmuse of the laréé nmnbér'of alarms. ‘
Control room operators identify and request the local manual achons using procedurcs
Specific components (e.g., valvw, bmkers and some pumps) wbosc oontm] circuit
cables fail open due to the fire are not remotely operable from the control room, however
i might be operated locally by manual achons

%[ Restoration actions depend on the spcc:ﬁc failure mode of the circuits (e.g., Joss of powcr '
cables, loss of control cables, spurious operation induced by fire). _

The operators go to locahon vmhout gomg through thc aﬂ'ected fire zone.

The time to reach the zone and take actxon is sufﬁc:cnt (cons1dermg secunty and
radiation protection).

Lighting is available along path.
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Local man-machine interface permits the action (open, close, cortrol, monitor).

Local environment permits éction (témpemnn'e, noise, smoke, lighting, etc.).

Local action is vcrbally mstructed and local procedure (generic or spccxfic) is available,
Special tools are available. '

Feedback on action is available (sound, visual position, feedback from control room).

Time to implement action is sufficient.

Procedure and step governing Hi:

l';loating steps in EOPs as selected by the control room crew

Cognitive Unrecovered
FIREOLDP
Cue: ‘
Feedback from local report because failure of alarm when A4 bus is lost
Multiple alarms

Duration of time window available for action (TW): 1950 Seconds. The base case
models used 40min or 2400 seconds of which about 450 seconds are estimated for
hearing a report back on the fire and location.

Table 12: FIREOI.DP cogt_\ltlve un;ecovend

BRCIEAN OreiMactAn “J-R- Aahc)

Pc,: Availability of information e 5.00-02
Pcu: Fallure of Attention ! 7.50-04
Pc.: Misread/miscommunicate data g 4.00-03
Pcg: Information misleading b 3.0e-03
Pc,: Skip a step in procedure e] 6.00-03
Pc¢ Misinterpret Instruction’ f 6.0e-03
Peg: Misinterpret decislon fogic i 3.00-04
Pcy: Deliberate violation

Sum of Pc, through Pey = Initial Pc = 7.00-02

Tota] Reduction in TW = 450.0 Seconds
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Cognitive Recovery
FIREOLDP
Table 13: FIREOLDP cognitive recovery

: 2 2 -] 2 B. o
O <ol uws 2 Final § %
Initial HEP s g 3 = il s gg 2
3& Slw2 ﬁs wel g & gg Eé Value Eﬁ
5.08-02 - X - - - 5.0e-01 - 5.0e-01 .107 5.46-03
7.56-04 X - - - - 1.0e-01 CD 1.0 1.56-04 5
4.06-03 - - X - - 1.06-01 MD 1.56-01 6.08-04 5
3.0e-03 - X - - - 5.0e-01 - 5.0e-01 1.56-03 15
6.00-03 - - - - 1.0e-01 MD 1.56-01 9.06-04
6.0e-03 - - - - 1.0e-01 LD 5.60-02 J.46-04 15

Recovery Factors Identifled: .
Self Review by Stars . ‘
Extra crewmembers
STA review

Local feadback

Execution Unrecovered
FIREOLDP
Table 14: FIREOLDP execution unrecoversd . )

‘J_'.iﬁg;;x:@- STRAT] ; Vi ST
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Execution Recovery

FIREOLDP :
Table 15: AREOLOP executlon recovery

> .53:':1’.'
Ly 44 "'—
RRBEHS
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Al2 FIRENEWP Reallstlc ﬂre ln 99-M wlth new procedures all.
actions In CR e

BasicE Event 8ummary
GWH
04723103
CDBTM/THERP

Without Recovery With Recovery
8302 .. - 2.60-03
6.00-03 i 6.10-04 .
3.20-03
A -
HFE Scenario Description:

The operator should manually trip the wactor bmusc of excessive alarms, and venfy or
perform immediate actions and call for jnvestigation of A4 breaker room. :

This is a moderate to hxgh stress evolution because of the Jarge number of alarms, but one
that has been trained on in the simulator. The new attachment to the symptom-based
procedures pmvrdw specific details for both establishing cooling with manual local "~
actions assuming the worst-case fire conditions. The operators are required to establish
cooling to the SGs - the MFW and EFW 7A and 7B are all ava'lable xf the tnp is caﬂy (as
simulated for a fire even with a hot gas layer). -

Early trip causes all valves to be in the proper positions for cooldown to hot shutdown; if
the trip were delayed the alignments would have to be locally manual]y established. In
carly trip cases the challenge is to prevent SG overfill and maintain the cooling as
additional failures cause loss of indications, loss of power to valves, and even spurious
closures and alarms. Control room operators define actions for local operators. Even

with no fire alarm, loss of instrumentation, loss of power to valves and spunous closures
the core was clearly protected throughout the fire evolution of a simulated growing firein

99-m that eventuallyresulted in failure of equipment located throughoutthe room. The
old procedures provided sufficient guidance, however no consideration was givento
protecting equipment from hot shorts. ' Manual Jocal actions were required and were
initiated by verbal commtmxcatxon .

All local actions requcsted wcre feasib]e

Related Human Interactions: . .
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Start with new procedures. This calculation provides additional errors due to the fire
context that was not applicable to the intemnal events assessment. Adjust the baseline
HEP values established for the internal events. This calculation provides additional
errors due to the fire context that was not applicable to the internal events assessment.

Performance Shaping Factors:

Heavy commqnfcation is required between two field operators, the fire brigade, offsite,
and in control room.

During mmulatlon some equipment started thcn failed and m‘hcatlons were lost requiring
detective work by the operators and STA.

Operators stated that they focused on alarms on running equipment and those used in the
selected cooling strategy.

Manual reactor trip is applied early because of the large number ofalarms,

Control room operators identify and request the local manual actions using procedures.
Specific comboncnts (e.g., valves, breakers and some pumps) whose control circuit
cables fail open due to the fire are not remotely operable from the control room, however

might be operated locally by manual actions.

The restoration actions dqicnd onthe specific failure mode of the circuits (e.g., loss of
power cables, loss of control cables, spurious operation induced by fire).

The operators go to location without going through the affected fire zone.

The time to reach the zone and take action is. sufficient (considering security and
radiation protection).

Lighting is available along path.

Local man-machine interface permits th§ action (open, clése, control, monitor).

Local environment permits action (tcmpcraiure, noise, smoke, lighting, etc.)

Local action is verbally instructed and local procedure (generic or speciﬁcj is available.
Special tools a.re‘availablc.

Feedback on action is available (sound, visual position, feedback from control room).

Time to implement action is sufficient.
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Procedure and step governing HI:

New procedure 1203.009 Fire Protection System Annunciator Corrective action

Cognitive Unrecovered
FIRENEWP

Cue:
Report from*ficld because fire panel lost on A4 bus trip

Duration of time window available for action (TW): 1950 Seconds. The bas¢ time for

the initial HFEs was 40 min or 2400 scconds. Based on the simulator results and
discussions it appears the about 7.5 minutes is an estimate of the time to reach and report
on the event.

Table 16: FIRENEWP cognitive unrecovered

lity o d '
Pcy: Fallure of Attention m 1.56-02 °
Pe.: Misread/miscommunicate data N g -4.00-03 .
Pce Information misleading b 3.0e-03 -
Pce: Skip a step in procedure g 6.0e-03°
Per Misinterpret Instruction d 3.0e-03 -
Pcg: Misinterpret decislon logic i 3.0e-04
Pcn: Deliberate violation

Sum of Pc, through Pc, = Intlal Pc = 3.36-02 ) .
Total Reduction In TW= T . 450 Seconds

Effective TW= . : 1950 Seconds | .
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Cognitive Recovery

FIRENEWP

Table 17: FIRENEWP cognitive recovery

Recovery Factors Identifled:
Self Review by Stars

Extra crewmembers

STA review

Logal feedback

: 3 2l o 2 & > 2 <2
_ =2 0¥ <2lgQuesE & €5 Final 8
Il HEP | 53 .%«3 b3 55|53 gg & Sk gs Value 55
i 15003 | - | X | - 0 - | - | 50601 | - 50601 ~7.56-04
CE| 15602 | - | - | X | - [ - | 10e01 | 2D _ 1.5e-02 — 22004 18
r&[!@‘ 40003 | - | - | X | - | - | 1.0e01 | - 1.0801 4.06-04 15
30003 | -1 - [ X - | _1.0001 | - 1.0e-01 3.00-04 15
60003 | X -} - | - | - | 10601 | - 10e01 6.00-04
30003 | - | - | X1 - | - | 10001 | - 10601 3.00-04 15
30004 | - | - | X | - | - | 10601 | - 1.0e01 3.00-05 15
| - L X -1 -1 10001 | - 10601 - 15
266-03_____
Seconds
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Execution Unrecovered
FIRENEWP

Table 18: FIRENEWP execution unrecovered

] 27€2 | 2070 |

v

Execution Recovery
- FIRENEWP . -
Tablo 19: FlRENEWP oxocutlon recovery

78




A.1.3 99-MFIRECR, Realistic fire in 99-M decisions in CR for local
actions

Basic Event Summary
3 GWH
i 04/23/03
D § COBTM/THERP
; 99 MFIRECR SUMMARY
Without Recovery With Recovery
6.70-02 9.8e-03
2.0e-02 T 2.0e-02
3.00-02
5
HFE Scenario Description:

Fire in 99-m is known and this addresses fire effects later in the event.

Local operators are required to control cooling to the SGs through EFW 7A or 7B to
prevent SG overfill and maintain cooling.

Local actions to isolate EWF feedwater valves to ensure that fire will not spuriously close
the valves are assumed not to have occurred.

This is a moderate to high stress evolution because of the large number of alarms, but one
_that has been trained on in the simulator. Early trip causes all valves to be in the proper
positions for cooldown to hot shutdown, if the trip were delayed the alignments may have
to be locally manually established. In early trip cases the challenge is to prevent SG
overfill and maintain the cooling as additional failures cause loss of indications, loss of
power to valves, and even spurious closures and alarms. Control room operators define
actions for local operators to control valve positions because the control circuits are lost.
The old procedures provided sufficient guidance, however no consideration was given to
protecting equipment from hot shorts. By the time that the operators got to the
protective steps in the procedure the fire damage assuming a breaker fire would be
completed. ‘ .

Manual local actions were required and were initiated by verbal communication over
phone. Thus, valves such as CV-2800 could go closed. This was no problem for plant
cooling since both MFW and EFW 7A were available.

All local actions requested were feasible.



Related Human Interactions:

Adjust the baseline HEP values established for the mlanal events, . This calculation provides additional

errors due to the fire context that was not applicable to the internal events assessment. Uses floating steps
derived from symptom based procedures

Performance Shaping Factors: :

Heavy commumcahon is required between two field operators, the fire brigade, offsite,
and in contro! room.

. During simulation some equipment started then failed and mdmnons were lost requiring
detective work by the operators and STA.

Operators stated that they focused on alarms on runnng eqmpment and those used in .
cooling strategy.

Manual reactor tnp apphed eerly because of the large number of alarms

Control room opemtors 1dent1fy and reqnest the local manual actions usmg procedures
Specific componems (e.g., valves, breakers and some pumps) whose control circuit . .
cables fail open due to the fire are not remotely operable from the control room, however .
mightbe operated locally by manual actions. 0

The restoration actnons depend on the spcc:ﬁc failure mode of the circuits (e - loss of
power cables, loss of eontml cables, spurious opemtron induced by ﬁre)

The operators go to Jocation thhout going through the affected ﬁre zone.

The time to reach the zone and take acnon is sufficient (considering security and
radiation protection).

Lighting is available along path.

Local man-machine interface permits the action (open, close, eohtml., monitor).

Local environment permits action (temperature, noise, smoke, lighting, etc.).

Local action is verbally instructed and local procedu e (generic or specific) is available.
Special tools are available.

Feedback on action is available (sound, visual position, feedback from control room).

Time 1o implement action is sufficient.
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Procedure and step governing HI:

Symptom based with floating steps plus fire cautions

Cognitive Unrecovered
99 MFIRECR

Cue: *

Report from the field (either A4 or security) See fire brigade script

Duration of time window available for action (TW): 1950 Seconds. Thé base case
models used 40min or 2400 seconds of which about 450 seconds are estimated for
hearing a report back on the fire and location.

Table 20: 99-MFIRECR cognitive unrecovered

LI BRI R T SRR LINt (i) L LR ST L LR gy C A\ ST VY

Pc,: Availability ommation - ¢ e 5.00-02
Pey: Failure of Attention j 7.50-04
Pc.: Misread/miscommunicate data * g 4.00-03
Pcg: Information misleading b 3.0e-03
Pc.: Skip a step in procedure e 2.00-03°
Pc¢ Misinterpret instruction f 6.0e-03
Pcg: Misinterpret decislon logic i 1.00-03
Pcy: Deliberate violati - -
. Sum of Pc, through Pc), = Initia] Pc = 6.76-02 :
Total Reduction in TW = 300 Seconds
Effective TW= 1950 Seconds
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Cognitive Recovery
99-MFIRECR
Table 21;: 99-MFIRECR cognitive recovery

3 z[ o 3E > 2 4
13| 82 <3| & ogg w o g Final Sg
Initial HEP > 2l =73 « S =
3& gij * 3 55 5&3 o 3 Eg Value Em
5.0e-02 - X - - - 5.00-01 - 5.0e-01 1 . 5.06-03
{75004 | X | - | - | - | - | 1.0e01 - 1.06-01 7.50-05
M 40003 | - | - | X1 - | - 1.06-01 - 1.0e-01 4.00-04 15
7508 3.0e-03 - - X - - 1.00-01 - 1.0e-01 3.06-04 15
k8] 20603 | - | X 1| - | - | - | 50801 - 5.00-01 25 5.06-04
W 60603 | - | X [ - | - | - | 5.0e01 . 5.06-01 3.06-03
7= 1.0e-03 - X - - - 5.06-04
HECEN| -1 X 1 o =5
'?, -3"*-‘.:.’3" .80-03

Recovery Factors identified: This applies to the hidden instrumentation cases
Self Review by Stars
Extra crewmembers

"STAreew 7 - T T T 0 R ‘ U
Local feedback . - . . N e




Execution Unrecovered
99-MARECR
Table 22: 99-MFIRECR executlon unrecovered

Al e "ry?
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Execution Recovery

99-MFIRECR
Table 23: 99-MFIRECR execution recovery

Ao LN~ L NS YT A
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A4 99-MFIRECRE Realistic fire In 99-M Early CR actlons

Basic Event Summary.
GWH
0412303
} COBTMWTHERP
99-MFIRECRE SUMMARY
o )
Without Recovery Wlth Rceovery
T 14002 . .. 47603 ¢
43004 Lo . 43004
L. . - .52003
oom SZE
HFE Scenario Descﬂpﬂon": '

Complete immediate actxons and call for local evaluatxon of A4 bus.
This is a moderate to high stress evolution because of the largc number of alanns, but one that

has been trained on.  This case addresses the immediate actions following a trip. The operator
should manually trip the reactor because of excessive alarms. The operators are requiredto .
establish cooling to the SGs - the MFW and EF W 7A and 7B are all available if the trip is early.
Early trip causes all valves to be in the proper posmon for cooldown to hot shutdown, if the trip
were delayed the alignments would have to be locally manually established. In early trip cases
the challenge is to prevent SG overfill and maintain the cooling as additional failures cause loss
of indications, loss of power to valves, and even spurious closures and alarms.

Related Human Interactions:

Adjust the bascline HEP values established for the internal events. This calculation provides
additional errors due to the fire context that was not applicable to the internal events assessment.
Uses floating steps derived from symptom based procedures.

Performance Shaping Factors:

Well-known steps.

Reactor trip applied early because of the large number of alarms.

Control room operators identify and request the Jocal manual actions using procedures.
Procedure and step governing Hi:

Immediate actions
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Cognitive Unrecovered
99-MFIRECRE

Cue:
Loss of A4 breaker and many alarms

Subsequent cues for loss of instruments and control cxrcuxts are later.

Duration of time window available for action (TW) 1950 Scconds. The base time for the
initial HFEs was 40 min or 2400 seconds. Based on the simulator results and discussions it
appears the about 7.5 minutes is an estimate of the time to mch and rcpon on tbc event.

Table 24: 99-MFIRECRE cognitive unrecoversd

" 1.5603

3 e s
Pc.. Avallabimy ot lnfoumation d
Pc,. Fallure of Attention ) 7.50-04
data ° : 3.0e-03
Pc,. Information misleading . b 3.00-03
Pc,: Skip a step in procedure e 2.00-03
Pc¢ Misinterpret instruction b 3.00-03
Fecg: Misinterpret decision Jogic ; 3.00-04
Fea: Deliberate violation - .
Sum of Pc. through Pon = Inftial Pc = 1.4e-02
Total Reduction in TW = 450
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Cognitive Recovery

89-MFIRECRE
Table 25: 99-MFIRECRE cognitive recovery
2 Y] B ) g 2
: 2l <o ey 2 2 S Final
Inttial HEP | %5 S § sl 25l 2= L g é
dgfngagegel = ny (M| W :
1.56-03 - X - - - 5.0e-01 - 5.00-01 8 9.0e-04
7.56-04 X - - - - 1.00-01 HD 5.0e-01 3.80-04 15
3.0e-03 - - X - - 1.0e-01 MD. 1.5e-01 4.50-04 15
3.0e-03 - - X - - 1.00-01 MD 1.50-01 4.50-04 15
2.06-03 - X - - - 5.0e-01 - 5.0e-01 1.00-03
3.0e-03 - X - - . 5.0e-01 - 5.0e-01 1.56-03 15
3.0e-04 - - 1 X - - 1.0e-01 MD 1.40-01 4.28-05 15
: - - X - - 1.0e-01 - 1.00-01 15
4,7¢-03
Recovery Factors identified:
Self Review by Stars
Extra crewmembers
STA review . :
Localfesdback . ... . .. .. . .. L e e e e eme
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Execution Unrecovered

99-MFIRECRE
Table 26: 99-MFIRECRE execution unrecovered

R T ST L ORI 2 RO S S SN T ST CATEV YR -
B A Blatlap: .vm:‘:mm%mm- W ’F‘iﬂ.’l’!"‘ﬂm 1mrm~:‘-. : Eimipthat
RS l"‘ffm"l"‘"‘ "'f‘l"-".?r’f' .-.tl TN 7
4.3
Actions: Manual acion 1 control room Comments:
I | | I | | | | |
Execution Recovery
99-MFIRECRE
Table 27: 99-MFIRECRE execution recovery ] .

Manua! acuon eontrol room

Th en v TR
RGO A e B A NS
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A.1.5 99-MFIRELOCAL, Local actions taken by field operators

- Basic Event Summary
04/23/03
g COBTM/THERP
" 99-MFIRELOCAL SUMMARY
- Without Recovery With Recovery
54002 - - .- -~ ' T 1.56-02 D
2.6e-02 26e0-02 -
e 4.1e-02 . -
L 5
HFE Scenarlo Descrfption

y -

Local actions for inspecting and repomng back as well as manual actions for cstabhshmg
cooling to the SGs with either EFW 7A or 7B are required.

Need to travel to local station.

This is a moderate to high stress evolution because of the large number of alarms, but one
that has been trained on by classroom instruction and walk down with simulated actions
and communications. Manual local actions were required and were initiated by verbal
communication over phone, Pathways to the loml statnons were not allowed through the
fire zone,

All local actions requested were feasible.

Related Human Interactions:

Adjust the baseline HEP values established for the internal events. This mlcu]a'tio.ﬂ
provides additional errors due to the fire context that was not applicable to the internal |
events assessment. Control room decision-making in APcog

Performance Shaping Factors:
Time to Jocation is generally 1 to 2 minutes (all less than 5 min from pfevious location).
Local lighting was available. -

Smoke could exist in areas but air packs not needed.
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Valve position indication judged by stem location.
Feedback from control room on flow rate and adjustmcn.ts required.

Heavy co mmunication required between two field operators, the fire brigade, offsite, and
in control room. _

Wireless oommunication petmitted evcryone to hear conversations.

During sunulanon some eqmpment started thcn failed and indications were lost requiring
" detective work by the operators and STA.

Control room operators xdcnnfy and request the local manual actxons usmg pmcedm'cs
Specif ¢ components (¢.g., valves, breakers and some pumps) whose eontrol circuit

cables fail open due to the fire are not remotely operable from the control room, however -
might be operated locally by manual actions.

Restoration actions depend on the specific failure mode of the circuits (.g., loss of power
cables, loss of control cables, spurious operation induced by fire).

The operators go to location without going through the affected fire zone.

The time to reach the zone and take action is sufficient (considering security and
radiation protection).

Lighting is available along path.

Local man-machine interface permits the action (open, close, control, monitor).

Local environment penx;its action (temperature, noise, smoke, lighting, c&c.).

Local action is verbally instructed and local procedure (generic or specific) is available.
Special tools are available.

Feedback on action is available (wtmd. visual position, feedback from control room).

Time to implement action is sufficient.

Proce&ure and step governing HI:

Verbal instruction and local procedure (manual control of EFW) both new and old
procedures and isolation of power to valves in train to prevent spurious operation in case
of new procedure



Cognlti\}e Unrecovered

99-MFIRELOCAL
Cue: .

~ Phone call with verbal instructions

Duration of time window available for action (TW): 1950 Seconds. The base time for
the initial HEEs was 40 min or 2400 seconds. Based on the simulator results and
discussions it appears the about 7.5 minutes is an estimate of the time to reach and report
on the event.

Table 28: 99-MFIRELOCAL cognltive unrecovered

EEACEEN HUT RO L M HENN

[P '- R

H

Pce: Avallability of ation d s o

Pcy: Fellure of Attention o 30002 . -

Pcc: Misread/miscommunicate data 9 - 40003

Pcg: Information misleading c . 1.0e-02

Pc,: Skip 8 step In procedure e ' 2.0e-03

Pc¢ Misinterpret instruction f . 6.0e-03

Pcy: Misinterpret decislon logic i T, 3.0004

Pc,: Deliberate violation IR -

Sum of Pc, through Py, = nltlal Pc= . 54e-02 .. . . -

Total Reduction In TW= 300 Seconds

i

‘
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Cognitive Recovery

Recovery Factors Identifled:
Self Review by Stars

Extra crewmembers

STA review

Local feedback

99-MFIRELOCAL
Table 29: 99-MFIRELOCAL cognitive recovery
2 z| ol 3% > S g
o O Pl <e| 2 uwsl $E a ] Final
Initial HEP | §' = g" =5 E'§l €5 a & 3 §
BE US| wE G5 3 83 38 |53 | v =g
1.5e-03 - - - - - NC - 1.0 1.56-03
2P 3.0e-02 X - - - - 1.0e-01 - 1.0e-01 3.0e-03
4.00-03 - - - - - NC . 1.0 4.00-03
1.00-02 - - - - - NC - 1.0 1.0e-03
2.00-03 X - - - - 1.00-01 - 1.0e-01 2.00-04
6.0e-03 - - - - - NC - 1.0 4.8e-03
| 3.00-04 - - - - - NC - 1.0 3.00-04
- - - - - NC - 1.0 z
1.50-02
N Seconds
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Execution Unrecovered
99-MFIRELOCAL
Table 30: 99-MFIRELOCAL execution unrecovered

e, r-m,»,ﬁjg‘u ‘t'l"‘"l ‘ e ne S ——— . ..
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Execution Recovery
99-MFIRELOCAL
Table 31: 99-MFIRELOCAL execution recovery
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APPENDIX A.2 COGNITIVE EVENT TREE SCREENING

LOGIC

pc:lnﬂlyd"c-n‘h.
DdcationAvail | RN Warning!. Training on
[= Accurste n Precedy » |
i {a) neg-
1Y —L-___.Mm
—
. (4) 15043
1".! (o) Roea2
—'E:nuo-n -
(B
Pcbs Falure of attention
Lowve M Chetk ve. Monker |  Frond vs, Back Alarmed ve, Not
Workiead Panet Altsrmed
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Training on Step

Yes)

(a) neg.
) 30003

(c) 30002

e vt e . . e e

(d) 3.00-03
(e} 3.00-82

(1) 6.90-83
() 6.00-02

pcix: Deliberate violation

Bebel in Adequacy
of Instruction

Consequence ¥

Reasonable
Atermatives

Yes]

(a) neg.
(b) 5.00-01

(c)1.0
[d) neg.
(e) neg.
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APPENDIX B. 1 SlMULAT OR OBSERVATIONS

The simulation of a ﬁre in zone 99-M mtegrated the efforts of e:ght actxvmes ’l'he activities are:
1. ldenﬁﬂeaﬁondﬂweequlptmntfaﬂuesasahmcﬁmdﬂninghomﬂwfhgmﬂmndel
2 Tesﬁngtheslrmiaﬁontoldenﬁfywmuﬂormweeted behavlors

3. valdingeonmmlcammatwoddbeexpeded(ﬁmbdgade mmaladions andoxtemal
communications),

4. Modeling crew organization for fire,

5. Obsewhgttwcontolmomuewawomandeomwnleammﬂngmeskmnaﬁonand
6. Vedfylnghelocalmanualacﬁonsca!edforbyﬂnm '

7. Smmmmmeresmmommfeasunymbedmmedfmmmsewm)
8. Supporttheavah:atbnofhumanmﬂabmtylormeawons (AppendixA) :

B.1.1 Fire Damage to Plant Equlpment | o

The fire growth model was convened mto a ﬁrc damage effects by ldcnufymg the equxpment in
the breaker cabinet and the components serviced by the cables in the two trays above the cabinet.
The effect of the fire damage and possible failure modes of the associated equipment was
evaluated by the engineering team and the failures were then introduced in the simulator
programming. The failures modeled addresses loss of signals, false alarms, and spunous
actions. The eqmpment fax]ures and tmung an: shown in Appendlx B.2 )

B.1.2 Inltlal Scenarlo Testlng T

The initial mockup was testcd to understand the mtemctwe effects of the failures on the
simulator model. A surprise was identified — when time phasing the failures, and if the operators
opt for an carly trip the EFW valve alignments are automatically positioned to the shutdown :
core-cooling mode. This along with conthuation of the main feedwater pumps resultsina -
steam generator overfill condition. Steam generators dry out results if all equipment is assumed -
to fail at the same time. Thus, the course of the scenario is highly dependent on the previous
actions of thecrew, as well as the hardware failures and thexr ummg mtroduced intothe -
simulation. Ct e T P L SRR N S U

The simulator fidelity was very good.‘ No indications of diﬁeﬁdcw inthe co_ﬁtrol room and :
simulator were noted except the fire indication panel is not modeled inthe simulator. In this
scenario the fire alarm panel power supply is lost on the A4 bus trip with only the fire panel

trouble alarm activated (K12D1), but this alarm was not used by either crew to detect the fire. -. . .- -

PO - .
le. e '
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B.1.3 cOmmunlcatIonS

It is expected that a large communication load will occur to the procedure reader and coordinator
during a fire, and to make this realistic a script was written for the fire brigade to match the fire
modeled. The script is shown in Appendix B.3. The multiple channel radio phones were very
good at kecpmg every one informed. Both the local operators and the fire brigade were careful
in being precise in communications. At aboit 15 minutes into the cvent the control room team
had to limit communications to maintain path though the procedures.

B.1.4 Crew organization for fires

Different plants handle the organization of the crew during fires in different ways. At ANO1 and
2 the practice is to establish a fire brigade by selecting a waste contro] and auxiliary operator
from the affected unit to be part of the five man brigade. This leaves the 4 licénsed operator and
shift engineer in the control room and an auxiliary operator to implement recovery actions.
Upon initial investigation of the fire the five-man brigade may call for additional assistance from
the local fire department. This does not reduce the number of licensed operators in the control
room below the minimum needed, and supervisory personnel will be immediately available to
provide support on most shifts. Thus, for the simulation onenon-shift crewmember was
available to support the simulator crew. One auxiliary operator was available to perform local
actions in the plant and as additional actions were needed outside the control room on of the
licensed operators was dispathched to perform actions outside the control room..

B.1.5 Observatlons of the slmulatlon

The aim was to verify the ncccssary actions to maintain core coolmg could be carried locally and
in the control room. Thus the key actions could be tied to various phases of the fire scenario by
selecting a cue form the new damage condition and noting the operational response. Table 32
provides a listing of selected key actions taken in the control room and with instructions for local
actionusing the current procedures (crcw 1) and the procedure thh anew ﬁre attachment (crew
2).

Table 32 is constructed to help undcrstand the cﬂ'ectivcncss of the EOP and the new attachment
for dealing with a fire in 99M.: The first column is an index for the key cue, request or action
described in the second-column. The descriptions came from the training printout and notes
taken during the observation. The third column describes the location where the cue originated.
The fourth column provides a basis for th ¢ cue (e.g., a simulated fault or a crew request). The
fifth column describes the response to the cue. Columns six and seven provide the clock time
and the difference in time from the cue to the action for the first simulation using the current
EOPs. The eighth and ninth column repeat the results for the same evmt with the new EOP
attachment.

The information in arow can be intcrprcted as follows: a simula!ed loss of the A4 bus signal

appeared at 8:39 am on 4/16/03 in the case of crew 1 and at 8:26 4/17/03 in the case of crew 2.
Both responded by sending an auxiliary operator to investigate. Meanwhile, multiple alanms
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appeared about 10sec later and the response by both crews was to trip the reactor. The selected
items are some of the key actions associated with maintaining the core cooling, controlling :
"primary inventory and fighting the fire. The location is where the cue and action start. Reports
or actions taken locally are reported back to the control room.- The basis for that action is a
component failure, verbal instruction, alarm or procedure to carry out an action. '

The clock times were observed by using a combination of the simulation-training file, which
includes all ebanges in the simulator conﬁgnrauon, and observational notes taken during the
simulation, which give times for key communication acuom. Tbe delta tunes mdxeate the time
fromacueto the.eompleuon ofa specrﬁc actxon S : .

Some of the msxghts thateanbedrawnﬂ'omthxs table aretbat.

1.
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Asmnbeseenﬁ'omthctablethe mteracnonoftheoontrolroomcrewandthelooal _
operators was very good in terms of timing and communication. Verbal confirmation
from the local operators indicating the action was complete (e.g., opening a valve) cued
the simulator training staff to implement the change in the simulator . - -

The mwrwponswmthetwoeaswwe:everymfomthrough action 11, althoughthe
timing differed somewhat.”

The difference in the responses  for steps 12 -13 and 15-16 can be attributed to the
difference in the procedm'es The pew attachment appears to bring clarity on specific
actions for preventing spurious operations (e.g., move specific valves and open specnf c
bmkers) whereas the current proeedures leave the means for protecting agamst spurious

to the A3 bus).

In both cases the reactor was tnpped thlun one mmute of the major alarms appearing.
There was no automatic trip. Both crews tnpped the plant quickly whichsimplifiedthe = -
scenario and allowed the emergency systems to be aligned before fire damage to control
cables would prevent the realignment. If the crews had not tripped early the scenario ™~
would change, because the EFW systems mxght not alxgn automat:cally, and would
require manual operation initially.: .

Even with heavy communication loads the crews were able to protect the core from
damage by a wlde margin.

Differences in the timing between ¢ crews for most actxons were well w:tlnn tbe mnge of
typical simulator observations in most complex accident scenarios. However, itisnot
enough to establish overall uncertainty ranges. There were some large timing -
differences, which is indicative of “knowledge based™ behavior (¢.g., step 14). This was
a case where the MCR control circuits for the HPI pump were lost due to the fire, and the
operators had to use secondary xnd:canons to track down the i nssue and then reqnest Jocal
control actions.

Numerous false’ sxgnals were provxded to ‘the operator to see 1f they would waste tune
tracking down somethmg that was not xmportant Both crews useda screcmng approach
to focus on only those systems that were operatmg 'and that were needed for core cooling.

Thus, very little time was spent on the spurious alarms, -and no unneeded actions were
taken.



8. Theimpact of the new procedure attachment was actually very small except that the-
requests for local actions could be much more precise. However, the results of the
changes are quantifiable when using the HRA calculator to evaluate differences in the
procedures. It was also clear that the crew using the new procedure had only had a brief
training session on it application.

Table 32: Summary of selected actions for maintaining core cooling during simulated fire

MCR
MCR
CV2017 Tubine
C3 Stean fom SG B) Auto
Lﬂow-oszl.oo(o&mm MCR
A4 tus notes fire Local
D1512Cv2663 P7TA TURB STM .
WV POWER) OPEN Fire
dispatch) Firs Bigade  MCR Fire procedure script 8:48:00 | 0:03:00 | &:33 | 0:01:30
CV CV2800 EFW R7B Sucion : : Tum off P7B to protect
0 Flro falkwe - pump . 8:49:14 | 0:08:48 | 8:38:46 | 0:08:14
p HS2805 STOP, EFW PUMP manual  Introduced into simutationy
P78, HS-2805 TRUE Local " uponfocalcal " - 8:55:00 | 0:02:00 | 8:39:42 | 0:00:34
s . Adust SPEED CNTR on : . . :
Local manual contrdl of EFW 7TA . oﬂEFWMbEFWWA.mOM) -
(Bwotte 2620 and 2627) Local over fill 0.85 8:53:00 | 0:16:00 | 843 020:00
11 L Verity location on
. dectaration of Stte ,
Call for sits emergency MCR procedures Emergency 9:08:00 | 0:02:20 | 8:48 0:03:00
u ms12-(cvmmum New atachment to Fre s byﬂs
admission power) prevent spurious damage over
OPEN from brecker room Local Hosiure Bme 8:56 { 0:0220
1305241 - (CV2667 P7A turbine . . -
stearm admission vaive power) . Fire damage over by this :
OPEN from breaker room Local New sttachment *  time 8:56 0:02:30
[t injoction
Manual start of HP1 from A3 Local operation Use local contrdl 9:04:00 | 0:22:00 | 8:34 0:54:00
154 Go 1o A3 and be ready 1o Check oct A3 safely Al location ready for
- |equipment Local action 9:32 0:02:00
. h8 I A3 safety
ICheck position of A 308 Local : ' : 9:38 | 0:02:00

B.1.6 Summary of data from manual actions during simulation

Tables 33 and 34 summarize the notes taken by observers of the Jocal actions called upon by the
simulator crew. In both cases’an observer followed the local operator from the control room to
the local control point, or from the previous control point to the new control point, There were
two operators who took action outside the control room, the auxiliary operator and 2 licensed

operator dispatched fromthe control room The notes were supplcmented by mter\ncws after the
simulation.

99



Based on the observations the local actions requested were all feasible in timing, tools,
instructions, knowledge, lighting, pathway to local action is outside the fire zone, procedures
available, indications, and feedback on action. In the case of the current procedures the
instructions for guarding against the effects of spurious actions (loss of control power to the A3
breakers) was undertaken by local observations in the A3 breaker room. The local operator was
not sure what the assignment was other than being on alert for a possible action. 'In the case of
the new attachmenit the restoration of spurious actions was undertaken by specific local actions to
isolate the power to specific valves.

H

‘ e L .
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Table 33: Local manual actions current EOPs with experienced auxiliary operator crew 1

T —
Heptrenhitani

Local manual control of
IGo to A3 and be ready 1o | EFW 7A (throttie 2620 | Check position of Ar  Vertfy location on
Requested task Investigats A4 bus Check equipment and 2627) 308 Ske emargency
Location Local Local Local st ol 335 Local Local
Time %o location (minutes) 1 2 1.8 1.5 1
Procedure used or not Verbal Verbal Procedure 1108.008 Verbal Verbal
Communication verification Yes Yes : Yes Yes Yeos
Speciaj tools i any (ladder . :
flashight, cioves) 1 door keyl Gloves Gloves Gigves /Dosimeter Gloves * Gioves
’ Must transmit only vital | Must tansmitonly  Must transmit only
Difficutties or complaints by Confusinonwhatto | Information tocontrol | vitel kformation o vital information to
opedator check room control room control room
Indications for judging Can't compare status - Used cabinet
posiion/status Smoks het without further instruction|See Vaive Stem position Indication Smoke heat
Estimate of timing for
implementstion (minutes) 1 1 5 0.8 - 1
Verification of task (Stars?) Yeos Yes Yoo Yes Yes
Communication complets Yes Yes Yes Yes Yos
Error potential Selection Error Comparison emor Mistake Mistake Communicat lon
1 min for call back ) ‘
and report of § min for completa
Notas fira/smoke throttle
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Table 34: Local manual actions new EOP attachment with new auxillary operator crew 2

D1512 -(Cv2683
PTAturbine steam | D3241 -(CV26687 PTA
Local manual control {|  admission valve turbine steam admission
. Vertty beation on She| of EFW 7A (throte | power) OPENfrom | vaive power) OPEN from
Requestad task investigats A4 bus emarpency 2620 and 2627) room breaksr room
Location Locs! Local Local elevation 335 Local of 335 Local el 333
Time 1o focation (minutes) 1 1 1.5 1 2
Procadurs usad or not Verbal Verbal Procedure 1108.008 Verbal Verbal
|_Communication verification A (.. Yes Yoo Yoo Yes
Special tools ¥ any (ladder
flashiight, gloves) Gloves 1 door key Gloves Gloves /Dosimeter Gloves Gloves
Can'teasly
Difficutties or complaints by Went through communicate with
operator radiation protection control room None None
Indications for judging Fire brigade See Vaive Stem :
posion/status Smoke heet communications position Breaker indication, Brasaker indication
Estimate of timing for,
implementation (minutes) 1 1 5 0.5 1
Verification of task (STARs?) Yes Yes Yes Yes Yes
Communication compists Yes Yeos Yes Yes Yes
Error potential Communication Mistake Mistake Mistake
1 min for call back and 5 min for complets
Notes report of fire/smoke throttle (One of 2 needed)

(One of 2 needed)




APPENDIX B.2 SUMMARY OF SIMULATED

EQUIPMENT FAILURES AS A FUNCTION OF FIRE
GROWTH IN FIRE ZONE 99-M

The following descriptions of events in Table 35 and 36 are in the langiage of the simulator
control system. They relate to the plant nomenclature and are provided here to help support
repeats of the simulation.

)
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Table 35:

Equipment damage for realistic fire in the A4 breaker cabinet and cable trays

-

T=0 A BK___B6315 INVERTER Y25 IRF B6315 (-1 0) OPEN
~EL EDIS88 LOSS OF 4.16 KV BUS A4 MF ED188 (1 0) TRUE
— "K12K12D]_FIRE PROT SYSTEMTROUBLE -~~~ JIRFKI2DI(1I0)ON -~ - -~ -
AC19 DO_KI125A6 . AMB LP.FPS, C463 PANEL TROUBLE IOR DO_K125A6 (1 0) ON
T=2 ~ |~ C19 DI_HS6034T TRIP,CHLR,CNTR RM,VCH2A POWER llOR DI_HS6034T (1 0) TRUB
[~ C19 DO_HS6034G___ GRN LP,CHLR.CNTR RM,VCH2A POWE________ |IOR DO_HS6034G (10) ON_____ ,
FCI9 DO,_VCH2ASLG _GRN LP.CHILLER CNTR RMCOMPRES «uox DO_VCH2ASLG (1 0) OFF -
[~ CV CV2630 FW Isol Control Valve to OTSG *B* -~ -~~~ - - - - [IMF C¥2630 (1 10) 0.000000 60 ooooooo
ABK  CS40BKR - Y28 OUTPUT BREAKER FEED TO C540 ~ ~ -~ |IRF C540BKR (1 20) OPEN -
~FK12K12C7 EFIC SYSTEM TROUBLE . IRF K12C7 (1 25) ON ,
) X CV CV3644_P-4A to P-4B Discharge Crossover .- . _|IMF C¥3644 (1 30) 0.000000 33 0.000000
— JACV CV3642 P-4B to P-4C Discharge Crossover -~ - - - - UIMF C¥v3642 (1 35) 0.000000 37 0.000000 -
| CV CV2617 EFW Pump Turbine K3 Steam from SG B “1IMF CV2617 (1 40) 1.000000 0 0.000000 - - -
AC16 DI_HS1293S. START,HPLP36B,AUX,HS-1293 10R DI_HS12938 (1 40) FALSB
- |~ C18 DI_HS1292S _ START,HPI,P36B,AUX,HS-1292 10R DI_HS1292S (1 40) FALSE
_ [~ C09 AO_RIC6601.- DEMAND, EFW PUMP PTA, HIC-6601 TOR AO_HIC6601 (1 45) 100.0000 0 0.996124
_|~ C09 AO_S16601- . EFW PUMP P7A, SPEED, SI-6601 .- - — - ~ [TOR AO_SI6601 (1 46) 0.000000 0 0.000000
A CV CV3805 SW.TO RB SPRAY. PMP CLR EA7B IMF CV3805 (1 30) 1.000000 10 0.000000
- P CV CV3841 SW P34B BRG.CLRESOB . . . ... .. .. .. VMF CV3841 (I 55) 1.000000 4 0.000000 _
A CV CV1432 Decay Heat Coolet E-35B Bypass - -~ = - - .- . . <ec . .. YMF CV1432 (1 0) 0.000000 0 0.000000
- RK02K02B7 A4 LORELAY TRIP _ ~ - -~ .~ -~ ~ |IRF K02B7 (1 57) OFF - . - .
I~ K09 K09C8_DH PUMP A/B SUCT TEMP HI IRF KOSC8 (1 58) ON___. :
i~ C10 DI_A30ST. _ TRIP, DG OUTPUT A-308 fmméﬂ’wﬁm——',‘ j

IRF D1512 (1 15) OPEN

.

~BK _ DI512 -CV2663 P1A TURB STM ADMISSION VLV POWER
~BK - DI1514 CV2620 P7A TO BSQ EFW ISOL VLV POWER - -~

IRF D1514 (1 15) OPEN

—FBK D52
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CV2627 PTA TO A SG EFW ISOL VLV POWER

' .

IRF D1522 (1 15) OPEN



Table 36: Fallure of remalning equipment If a hot gas layer Is assumed

A ‘UT""?: ‘f.!rnfa‘ DU T T N,W Fe "W’W"‘ 'v'“. s &
e e b Il LR ARSI 5{{ ’
s L Degertis % 1{ ?‘l"a; ek EORE D P

£ Hol Si 3 i) A et
i i &
T=15 ACV CV2800 EFW P -7B Suction from CST L 600
ACI18DL_HS1261 BUS A4, P36B BUS SELECTOR 10R D1_HS1261(1 O)TRUB__
* C18 DI_HS1241SP STOP, P36A, HS-1241 IORDI_HS1241SP(1 15) TRUB

ACI8DIL HS1241S START, PI6A, HS-124]

A C18 DI_HS1242SP_STOP, HPI, P36B, HS- 1242 1OR DI_HS1242SP(1 1S TRUB

CISDI HSI242S STARTHPLEISBHS:1242 " " JORDI HSQ4SOLISFALSE

A CI8DLHSI291SP STOP, HPL P3 D L LA IR
10 {(11%)

i

[~ C18 DLHS1291S S'TART.HP!I P36A|A27_(, HS-1 29!
IOR DI_B312C(1 60) TRUB

AC10DL
j»Cl10DI_BS12C CLOS&AJ FEEDTO BS B-sz
IORDI_HS7410S(1 60) TRUE

A CI8 DILHS7410S START, RB COOLING FANS, VSFIA

- IACI8DI_HS7411S START, RB COOLING FANS, VSFIB : - - IOR DI_HS7411S(1 60) TRUE - -
~JFCi0DO_B312G _ORN LY. A3 FEEDTO BS, .B-"S‘_——_——_*-_l_l-lz - i i TOR DO_B3120 (1 60) ON

A C10 DO_BSI2R-_RED LP, AJ FEED TO B3, B-312 - . ORDO_B3 S0)OFF
ACI0DO _BSI13G __GRN LP, BS-B6 CROSSTIEB-S$i3 OR DO_BSi3G (1 60) OFF
~CI10DO _BSI3R__REDLP, BS-B6 CROSSTIEB-S12 ORDO_BS13R (1 60) OFF
ACI0DO _BS12R _REDLP, A FEED TOBS, B-512 ' _IORDO_BSI2R(160)OFF "'~ - -
~C10DO_B312G__GRN LP, A3 FEED T0 BS, B312 - ORDO_B3T2G (160) OFF_

2 C10DO _B3S12G _GRNLP, A FEED TO BS, B-512 10R DO_B3512G (1 60) OFF

IAC18 DO HS741

AC13DO HS7410G2 GRNLP, RB COOLING FANS, VSFIA - JIOR DO HS741002 (1 60 OFF

AC18DO HST411G2_GRNLP, RB COOLING FANS. VSF1B IORDO HS7411G2 (1 60) OFF
ACI8DO_HS7411R2 RED LP, RB COOLING FANS, VSFIB JOR DO_HS7411R2 (1 60) OFF
i *CI0DIA30IC. CLOSE, A3 FEED TO BS A-301 IOR DILA30IC(1 85) TRUE ... :
"C!ODLAJOIT TRIP, A3 FEEDTOBS A-301. . xonnusalr(m)ml.sa
AC 03C__CLOSE, DG1 OUTPUT A 308 / - OR 5) FALSE
AC 309C__CLOSE, Al FEEDTOAJA=309___ on wac $) TRUB
A CI0DI_A309T _ TRIP, Al FEED TO A3 A-309 OR DI_A309T (1 85) FALSE
X C10 DLAJ mc.ﬁcuose,—_'-mao' SSTIEA <310 OR DI_A310C () 83) FALSE
"MPF CO_PI4A__ DECAY HEAT PUMP P34A IRF CO_P34A (1 83) OFF
wrroo ngA u,c.«roxm.oosrmvrw PFIZA IRF CO_P3SA (1 85) OFF
IRECO P 85)OFF
AWA_EEMCWMLBA IRECO _P4A (1 8$)ON
AMPFCO_P4B3 __ SERVICE WATER PUMP PAB MOD IRF CO_P4B3(1 85) OFF
2 MPECO P78 EMERGENCY FW PUMPPTR e IRECO PIR(123)ON
AClODO AIA _AMBLP AYFEEDTOBS. A301 - IORDO_A301A {1 50)OFF
~Cl0DO_AJ0IO GRNLP,A3FEEDTOBS,A-301 10R DO_A301G (1 90) OFF
AC10DO_A30IR__REDLP, A3 FEED TOBS, A-301" 10R DO_A30IR (1 50) ON

2C10DO _A30IR_REDL P, A3 FEED TO BS, A -301

IOR DO _A30IR (1 90) OFF

f
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Table 36: Fallure of remaining squipment If a hot gas layer s assumed continued

Timerof fire 3 fl i pe ey it St i f,:;,‘ s
?‘Hduted faﬂh ’g.- ﬁbmpzq ) 3 ’ t %‘L’W '«j_"" x‘l{g‘&"k‘v rad PR L rx‘h‘g, »
T=15 ~Cl10 DO_AJOlW WHT LP, A3 FEED TO BS A-301 IOR DO_ABOIW [ 90) OFF .

» C10 DO_A308A  AMB LP, DG! OUTPUT A-308 . 1OR DO_A308A (1 90) OFF -
* C10 DO_A308G  GRN LP, DG! OUTPUT A-308 IOR DO_A308G (1 90) OFF
~» Cl10 DO_A308R  RED LP, DG1 QUTPUT A-308 10R DO_A308R (1 90) OFF
» C10 DO_A308W  WHT LP, DG! OUTPUT A-308 10R DO_A308W (1 90) OFF
»C10 DO_A309A  AMB LP, Al FEED TO A3, A-309 IOR DO_A309A (1 90) OFF
A~ C10 DO_A309G  GRNLP, Al FEED TO A3, A-309 IOR DO_A309G (1 90) OFF .
~» C10 DO_A309R  RED LP, Al FEED TO A3, A-309 IOR DO_A309R (1 90) OFF _ -~
~C10 DO_A309W  WHT LP, Al FEED TO B3, A-309 IOR DO_A309W (1 90) OFF_ s
" C10 DO_A310A_ AMB LP, A3-A4 CROSSTIE A-310 I0R DO_A310A (1 90) OFF -
~C10 DO_A310G  GRN LP, A3-A4 CROSSTIE A-310 I0R DO_A310G (1 90) OFF
~Cl10 DO_A3I0R _ RED LP, A3-A4 CROSSTIE A-310 IOR DO_A3I0R (I 90) OFF
» C10 DO_A310W  WHT LP, A3-A4 CROSSTIE A-310 JIOR DO_A310W (1 90) OFF
» C18 DO_HS1241G  GRN LP, P36A, HS-1241 10R DO_HS1241G (1 90) OFF .
A C18 DO_HS1241W2 WHT LP, P36A, HS-1241 IOR DO_HS1241W2 (1 90) OFF s
* C18 DO_HS1242G!  GRN LP, HP], P36B, HS-1242 IOR DO_HS1242G1 (1 90) OFF ’
i~ C18 DO_HS1242W2 - WHT LP, HPI, P36B, HS-1242 I0R DO_HS1242W2 (1 %0) OFF
~ C18 DO_HS3611R___RED LP, SERVICE WATER, P4A I0R DO _HS3611R (1 90) OFF
~ C18 DO_HS3611W  WHT LP, SERVICE WATER, P4A IOR DO_HS3611W (1 90) OFF .-
~» C18 DO_HS1417G _ GRN LP, LOW PRESS INJ, P34A 10R DO_HS1417G (1 90) OFF
~ C18 DO_HS1417W2 WHT LP, LOW PRESS INJ, P34A JOR DO_HS1417W2 (1 90) OFF
~ C18 DO_HS2403G  GRN LP, RB SPRAY, P35A IOR DO_HS2403G (1 90) OFF
* C18 DO_HS2403W2 WHT LP, RB SPRAY, P35A IOR DO_HS2403W2 (1 90) OFF .
» C09 DO_HS280SA  AMB LP, EFW PUMP P7B, HS-2805 IOR DO_HS280SA (1 90) OFF PR
* C09 DO_HS2805G GRN LP, EFW PUMP P7B, HS-280S IOR DO_HS2805G (1 90) OFF - . e
A C09 DO_HS280SW  WHT LP, EFW PUMP P7B, HS-2805 [OR DO_HS2805W (1 90) OFF T

[ C09 DO_HS2805R

RED LP, EFW PUMP P7R HS-2805 10R DO_HS2805R (1 90) OFF

~ C18 DO_HS3609G1

GRN LP, SERVICE WATER, P4B T0R DO _HS3609G! (1 90) OFF -

» C18 DO_HS3609W

WHT LP, SERVICE WATER, P4B IOR DO_HS3609W (1 90) OFF
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APPENDIX B.3 FIRE BRIGADE COMMUNICATION
SCRIPT

Table 37 is a summary of the communication script betwecn the fire brigade and the control

. room from the simulator exercises.
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Table 37: Fire Scenario In 1A4 4KV Switchgear (Fire Zone 99-M)

Control Room/AO

Send o check out A4 Breaker in room 99-m

X+ lmin,  AO/ICR

There is a fire in the A4 (North) Switchgear Room 372 el Unit 1.

X+Y . Control Room

“Announce to CR and Plant that fire exists™

Y + | min. FBL/CR

Fire in A4—1I will be FBL—reporting to locker for equipment. Staging area for thh fire will be outside con'idor
98 near the stairs and Cardox tank,
We will need Security assistance to maintain the door to the corridor open.

Y + 4 min. FBL/CR

Ask Security to station an officer inside the South Switchgear Room and to not allow anyone access through to
the North Switchgear room,

Y+10min.  FBLICR

Fire Brigade is on scene at A4 Switchgear room. No smoke or ﬁre showing from door 46. We are preparing to
enter and investigate with breathing packs.

Y +12 min.  FBL/CR

Entry team is entering A4 Switchgear room with two COz fire extinguishers, -

Y +12min. _ CRFBL

“Will you need off site assistance?

Y +12 min.__ FBL/CR

Off-site assistance will be needed at this time Call the fire Department.

Y+ 12min, Entry I/FBL

Y + 13 min.__ FBL/CR
Y +14min. CR/FBL

There is damage to breaker with smoke in the cable trays above. It is very hot in here, Can't sce flame, We are
using CO; on the breaker at this time, Request that A 4 bus be de-energized.
Request that you de-energize A4 bus.

Is there any indication that this fire was intentional—a security threat?

Y + 14 min.___ FBL/CR

That is unknown at this time,

Y + 20 min. Entry I/FBL

Y+Z'min. CR/FBL A4 Is de-energized,
Y + 19 min, Entry /FBL No flames visible, but 8 lot of smoke and heat, it is very hot in here. Consider ventilating this room.
Y + 19 min. FBL/CR Entry team reports no flames visible, but a lot of damage and heat. We are preparing to ventilate this room.

We nieed water to cool the room and we will need a ladder to assess the cables above the brcaker cubicle. Geta
hose Into this room to cool the damaged breaker and cables,

0+22min.  Entry I/FBL

The fire is much worse than we thought. We are starting water spray, The trays above are damaged and on
fire. We will need to continue cooling this breaker and assess damage to the adjoining breakers.

Y +Z” min. FBL/CR

We think the fire is out, We will continue cooling the damaged breaker, and assess damags to the adjoining
breakers.

3 Z* is when the reactor side is stable and controlled with a success path established.
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