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ON LOSS OF SPENT FUEL POOL COOLING EVENTS Docket Nos. 50-387
PLA-4069 FILE R41-2 and 50-388

Dear Mr. Miller:

Attached is PP&L’s response to your November 23, 1993 Request for Additional Information concerning
personnel access questions resulting from postulated loss of spent fuel pool cooling events.

Please-contact Mr. James M. Kenny at (215) 774-7914 should your require additional information.
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OF

NRC 11/23/93 RAI
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ATTACHMENT 1 to PLA-4069

QUESTION 1

Provide a detailed description of the modeling techniques used to generate the 4.22 Rem cited
in the August 16, 1993 submittal as the dose received during the operation of the spent fuel pool
emergency service water supply valves. Describe in detail the time-motion analysis performed
to determine exposure time associated with required operator actions. Include the parameters and
assumptions used to generate the contained and airborne source terms and calculate the respective
dose components associated with each segment of the time-motion analysis.

RESPONSE 1

The following provides a complete response to question 1 of the November 23, 1993 NRC RAI
concerning radiological evaluations for the Loss of SFP Cooling issue. As discussed in PP&L’s
May 24 and August 16, 1993 submittals, restoration of the normal SFP cooling system prior to
boiling is expected. Consequently, PP&L would not expect it to be necessary to use ESW for
make-up since the normal systems could be used or make-up from the non-accident unit could
be provided. This response is separated into two parts. Section 1.0 provides a description of
the modeling techniques and assumptions used for evaluating operator access to the ESW make-
up valves. Also included in this section, is a discussion of how the results time-motion study
were factored into the analysis. Section 2.0 provides summary tables of the doses (both airborne
and contained) for each of the segments assumed in the calculation. These tables show doses for
a DBA LOCA with 1% clad damage, 100% clad damage, and 100% fuel melt (i.e., Reg. Guide
1.3 source term).

1.0 Detailed Description of Modeling Techniques

1.1 Overview

The TACTS computer code is used to evaluate post-LOCA radiation sources inside the reactor
building using the FSAR Chapter 15.6.5 DBA-LOCA activity flow path model with realistic
estimates of containment leakage rates. Airborne activity concentrations in the reactor building
and activity concentrations in the suppression pool water are evaluated for postulated cladding
failure (NUREG-1465) and fuel melt (Regulatory Guide 1.3) source terms.

Using these post-LOCA source terms, radiation dose rates inside the reactor building from
airborne activity and from suppression pool water contained sources are evaluated using the
MICROSHIELD computer code.

Operator access requirements inside the reactor building were determined for establishing ESW
makeup to the spent fuel pool under post-LOCA conditions. Operator access routes and missions
were identified and divided into sequential segments for the purpose of evaluating operator access
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ATTACHMENT 1 to PLA-4069

doses. Operator access doses are computed by multiplying the radiation dose rates from both
airborne and contained sources in a given mission segment by the time spent by the operator in
that mission segment. The sum of the radiation doses for all segments of the mission provides
the total mission dose.

1.2 Detailed Description

This analysis evaluates personnel access doses inside the reactor building for the following
postulated LOCA initiated core damage cases: 1% clad damage, 100% clad damage, and 100%
fuel melt.

The clad damage cases are evaluated using assumptions consistent with the accident source terms
described in NUREG-1465. The fuel melt case is conservatively evaluated using accident source
terms consistent with USNRC Regulatory Guide 1.3 and the FSAR Chapter 15.6.5 DBA-LOCA
licensing basis evaluation. For all cases, realistic estimates of the containment leakage rate are
used.

For the activity flow path model used in this analysis, the activity concentrations inside the nodal
volumes are calculated by dividing the activity in the node at the time of interest by the nodal
volume and therefore are directly proportional to the activity source term released from the fuel
into the containment and suppression pool.

For the postulated LOCA’s that assume clad damage, the amount of activity released is directly
proportional to the amount of clad damage. Therefore, a complete source term and dose analysis
is performed for the 100% clad damage case and source terms and dose results for the 1% clad
damage case are obtained by multiplying the 100% clad damage results by 0.01 . NUREG-1465
was used to supply release data for the clad damage cases. Since no specific numerical guidance
is provided in NUREG-1465, the amount of clad activity released from the core which becomes
airborne inside containment or remains in the suppression pool water is based on taking credit
for fission product scrubbing and retention in accordance with Standard Review Plan 6.5.5. In
addition, for the clad damage cases, an aerosol removal rate of 0.73 hr! for particulate iodine and
cesium is assumed based on information provided in NUREG-1465, Table 5.6 for the La Salle
Nuclear Power Plant which is also a BWR Mark II containment design. No credit for aerosol
removal was taken in the 100% fuel melt case.

Core activity release fractions for a LOCA with 100% fuel melt are based on the requirements
of Regulatory Guide 1.3 and NUREG-0737 and are that 25% of the iodines and 100% of the
noble gases are instantaneously airborne in primary containment and available for leakage and
50% of the core inventory of iodines and 1% of the particulate are released to the suppression
pool water. Due to the number of particulate isotopes in the core and the number of dose
calculations required, the particulate activity release from the core was not explicitly included in
the suppression pool activity source term for the 100% fuel melt case. Instead, bounding dose
calculations using post-LOCA suppression pool contained sources with and without particulate
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ATTACHMENT 1 to PLA-4069

were used to determine a dose multiplier which was used to account for the dose contribution
from 1% particulate in the suppression pool water. The iodine and noble gas activities released
for the 100% fuel melt case are obtained from the FSAR DBA-LOCA analysis given in PP&L
calculation FX-C-DAM-014. The bounding analysis for the dose contribution from particulate
is based on post-LOCA suppression pool liquid activity source terms given in Susquehanna
Project Bechtel Calculation 200-201.

For all clad damage and fuel melt cases, the isotopic chemical form of the activity released from
the core is assumed to be as follows:

Iodines = 91% elemental
4% organic
5% particulate

Cesiums 100% particulate

Noble Gases = 100% elemental

This assumption is consistent with USNRC Regulatory Guide 1.3 for core fuel damage. For the
clad damage cases, NUREG-1465 indicates that the chemical form for iodine entering
containment is 95% particulate and 5% elemental, but without Ph control of the suppression pool
water, a relatively large fraction of the particulate iodine dissolved in suppression pool water will
be converted to elemental iodine. Therefore, the above chemical forms assumed for this analysis
are conservative for the clad damage cases.

The primary containment design basis leakage rate is 1 %/day. For the FSAR licensing basis
DBA-LOCA analysis this leakage rate is assumed for the duration of the accident. For this
evaluation, a time dependent realistic containment leakage rate based on containment Integrated
Leakage Rate Testing (ILRT) results and the calculated containment post-LOCA pressure
response is used for both the clad damage and 100% fuel melt cases. The ILRT test pressure
corresponds to the maximum calculated containment post-LOCA pressure with a design margin
applied. The realistic containment leakage rate was calculated by reducing the ILRT measured
leakage rate proportionately to the ILRT test pressure and the calculated containment pressure
response for a LOCA. For this analysis, the most up-to-date leakage rate data is used so that the
dose estimates reflect the most up-to-date containment leakage conditions.  Therefore, the
measured leakage rate of 0.606%/day from the Unit 1 ILRT performed 5/5/92 is assumed for this
analysis. A leakage rate of 0.606%/day is also representative of typical measured leakage rates
at SSES Units 1 & 2.

NUREG-0737 ﬁrovides guidance for evaluating operator access to vital plant areas for post-
accident operations. It states under Item (2) Systems Containing The Source that for post-LOCA
accident operations, "Radiation from leakage of systems located outside of containment need not
be considered for this analysis". Therefore, it is assumed for this evaluation that the leakage of
post-LOCA containment airborne activity through containment penetrations that are water sealed
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ATTACHMENT 1 to PLA-4069

need not be considered. The realistic containment leakage rate used for both the clad and fuel
damage cases are based on the measured leakage rates through containment penetrations that are
not water sealed.

Based on the above activity flow pathways, the TACTS5 code provides total activity in the reactor
building and suppression pool as a function of time post accident. At the required evaluation time
(24 hours post accident), isotopic activities were taken from the TACTS output edit and divided
by the appropriate dispersal volume to give activity concentrations.

Radiation doses inside the reactor building are evaluated for both-airborne activity and for
suppression pool water contained sources. Operator access doses or area radiation dose rates are
evaluated in each of the areas that require access to provide ESW makeup. Radiation doses are
evaluated using the MICROSHIELD computer code with the TACTS generated activity
concentration source terms.

The dose rate from airborne activity inside the reactor building is actually an immersion dose.
However, since the MICROSHIELD computer code cannot calculate dose rates internal to the
source, slab geometry is used. One half of the source volume is modeled as a rectangular volume
source and a dose rate on the surface of this volume is calculated. The immersion dose is then
calculated by multiplying the contact dose rate from half of the source volume by a factor of 2.
All immersion dose rates are conservatively calculated at the centerline of the room. Dose rates
from the contained suppression pool liquid piping sources are calculated using cylindrical source
geometry with receiver at side.

In order to evaluate operator access doses, operator walking rates and stair climbing rates are
required. A time motion study was performed to verify operator access travel times inside the
reactor building under LOCA conditions. An operator was dressed in protective clothing and
wore a Self Contained Breathing Apparatus and actual transit times to valves located on
elevations 670’ and 749’ of the reactor building were measured. Access to these valves is
required to provide ESW makeup to the spent fuel pool. Based upon the results of this time
motion study, an operator walking rate of 200 ft/min and a stair climbing rate of 50. ft/min are
conservatively assumed for operator ingress/egress dose calculations for access to the reactor
building under LOCA conditions. Also as part of this study, using spare valves, the valve opening
time for the 2 inch valves used for ESW system tie-in and flow control was measured to be 10
to 15 seconds, but for calculational conservatism, a valve opening time of 1 minute was used.
The incorporation of the time-motion study into the final calculation resulted in the preliminary
dose to the operator increasing from 4.22 Rem. to 4.57 Rem., for access to the valves on
elevations 670. The 4.22 Rem value was reported in PP&L’s August 16, 1993 submittal.

Operator access doses are only evaluated for Unit 1. The operator access area locations for
Units 1 and 2 are identical except for the area containing the valves required for tie-in of the
ESW system for makeup ( Valve Nos. 153500, 153501 and 253500, 253501). Based on the
post-accident radiation levels given in Figures 18.1-3 and 18.1-4 of the SSES FSAR, the area
containing the Unit 1 valves for ESW system tie-in has higher dose rates than the Unit 2 area.
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ATTACHMENT 1 to PLA-4069

Therefore dose rates calculated for the Unit 1 area will be conservative for the Unit 2 area.
Therefore, all of the calculated operator access doses for Unit 1 are applicable to Unit 2.

Operator access doses are evaluated at 24 hours post-LOCA. For loss of spent fuel pool cooling,
the fuel pool begins to boil in approximately 48 hours. For the condition where a Loss of Offsite
Power (LOOP) is also postulated, power is expected to be restored within 24 hours. Therefore,
24 hours was chosen as the latest time operator action could be taken to restore cooling and/or
make-up to the pull and assure those actions would be completed prior to SFP boiling Some
dose rates are also calculated at other times post-LOCA and to show that post-LOCA dose rates
are decreasing for time periods greater than 24 hours.

For the 100% fuel melt case, a dose factor is used to take into account the dose contribution from
particulate in the suppression pool liquid (see Section 5.1, Assumption 5). The particulate dose
factor is defined as the ratio of the dose from suppression pool liquid sources containing core
iodine and particulate activity to the dose from suppression pool liquid sources containing iodine
activity only. All doses from contained sources for the 100% fuel melt case are calculated using
the MICROSHIELD computer code with a suppression pool source term that contains iodines
only. The MICROSHIELD results for contained sources for the 100% fuel melt case are then
multiplied by the particulate dose factor to take into account the dose contribution from
particulate. This dose factor is calculated at 24 hours post-LOCA and can only be applied to
operator access doses from suppression pool liquid sources evaluated at this same time period
post-accident.
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2.0 Summary of Operator Doses for ESW Make-up Valves

ATTACHMENT 1 to PLA-4069

TABLE 2.1 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO PROVIDE ESW MAKEUP TO SPENT FUEL POOL -
- REACTOR BUILDING UNIT 1 -- ACCESS TO VALVES 153500 AND 153501 -- ELEV. 670’
OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA Tl
®) |
100% CLAD DAMAGE 1% CLAD DAMAGE (1) * 100% FUEL MELT Ib
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From
. Airborne Contained Airborne Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
Ingress/Egress To Valves 7.22-3 0.476 7.22-5 4.76-3 0.198 4.12
153500 & 153501
Operator Stay Time At Valves 7.45-3 4.21-3 7.45-5 4.21-5 0.204 0.0476
153500 & 153501
Totals 0.0147 0.480 1.47-4 4.80-3 0.402 4.168
Total Ingress/Egress 0.4833 4.83-3 4.318
Total Operator Stay Time 0.0117 1.17-4 0.252
TOTAL ACCESS DOSE 0.49 4.90-3 4.57

NOTES:

of 0.01 .

(1)  Post-LOCA radiation doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor
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" TABLE 2.2 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO CONTROL ESW MAKEUP FLOW -- REACTOR
BUILDING UNIT 2 -- ACCESS TO HEAT EXCHANGER PUMP ROOM (I-514) -- ELEV. 749’

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA
®)
100% CLAD DAMAGE 1% CLAD DAMAGE (1) 100% FUEL MELT
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From ‘
Airborne Contained Airborne Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
Ingress/Egress To Heat Exchanger 0.028 0.0288 2.80-4 2.88-4 0.704 0.292
Pump Room (II-514)
Operator Stay Time In Heat Exchanger 0.0225 2.77-4 2.25-4 2.77-6 0.615 2.65-3
Pump Room (II-514)
Totals 0.0505 0.0291 5.05-4 2.91-4 1.319 0.295
Total Ingress/Egress 0.0570 5.70-4 0.996
Total Operator Stay Time 0.0228 2.28-4 0.618
TOTAL ACCESS DOSE 0.0798 7.98-4 1.61

NOTES: (1)
of 0.01.

Post-LOCA radiation doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor
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ATTACHMENT 2 to PLA-4069

QUESTION 2

Provide operator dose estimates for those operator actions needed to maintain the normal spent
fuel pool cooling function under DBA accident conditions, assuming the normal spent fuel pool
cooling system is operational following an accident. Consider those actions needed to restore
normal spent fuel following automatic or manual load shed of the spent fuel pool cooling system.
Include the same level of detail as in your response to question 1.

RESPONSE 2

The following provides a complete response to question 2 of the November 23, 1993 NRC RAI
concerning radiological evaluations for the Loss of SFP Cooling issue. For this evaluation, ESW
was evaluated as the source of make-up water since it is safety-related. Other sources of non-
safety related water could be used but were not evaluated in order to minimize the amount of
calculations performed. As noted in the response to question 1, restoration of normal SFP
cooling is the expected course of action for responding to a Loss of SFP cooling event. This
response is broken into three parts. Section 1.0 provides a description of the modeling techniques
and assumptions used for evaluating operator access to restore normal Spent Fuel Pool (SFP)
Cooling. Section 2.0 a description of the actions required to restore and maintain normal SFP
Cooling. It is important to note that no time-motion study was performed for these actions. The
timing is based on operator experience since these actions are performed on a regular basis.
Section 3.0 provides summary tables of the doses (both airborne and contained) for each of the
segments/actions assumed in the calculation. It should be noted that several separate actions, at
different locations-are required to restore and maintain normal SFP cooling. These tables show
doses for a DBA LOCA with 1% clad damage, 100% clad damage, and 100% fuel melt (i.e.,
Reg. Guide 1.3 source term).

1.0 Detailed Description of Modeling Techniques

The calculation performed to determine the operator doses for restoration of normal SFP cooling
is based on the calculation performed for the response to question 1. The only differences are
associated with the stay times and location of the operators with regard to distance from
contained sources. The results of the time-motion study performed for question 1 were used to
determine operator transit times, while operator experience was.used to determine the time to
perform the actions.
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ATTACHMENT 2 to PLA-4069

2.0 Actions for Restoration of Normal SFP Cooling

The actions are based on the following sequences of events and plant configuration':
TIME DESCRIPTION

0 hrs. Fuel Pools are isolated; Both are filled; U2 pool heat load = 8.2
MBTU/HR (just completed a 40 day outage); Ul pool heat load = 6.27
MBTU/HR (last outage began 135 days ago); Pool Temp = 110°F.

U2 LOCA/LOOP occurs; Loss of fuel pool cooling occurs to both pools;
Reactor building HVAC recirculation system starts; SGTS starts.

ON-135(235)-001 LOSS OF FUEL POOL COOLING/COOLANT
INVENTORY entered.

Ul controlled shutdown begins due to the LOOP condition.
24 Hus. Access available to ESW in both Units.

Offsite power is restored.

Implement Off Normal Procedures (LOSS OF FUEL POOL COOLING)
to check that the system can be operated and then implement
OP-135(235)-001 to place fuel pool cooling into operation.

The ON-135(235)-001 (LOSS OF FUEL POOL COOLING) would have been entered at time 0
of the event and would have been implemented to check that the system can be operated. It
would have been determined that it could not due to a LOOP. Once power is restored (assumed
to occur at no later than 24 hours after event initiation) the ON provisions would guide the
operator to determine that the system and the necessary support systems are available.

Implementation of the ON’s will assure the support systems are operable and function as required
to support fuel pool cooling system operation. These procedures require a check to assure no
system breach has occurred. When entrance is made to restore the system, it will be assumed that
at this time any breach would be obvious and that no special entrance to look for a system breach
is necessary. The demineralizer portion of the system will not have to be inspected as it will be
isolated from the cooling portion of the system by valves 15406/25406/05406 and
15444/25444/05444. These valves go closed on the loss of power at time 0 of the event. None
of the other ON actions require entrance to the reactor building (except for than fuel pool cooling
system start-up and fuel pool level makeup which will be discussed below).

! A UNIT 2 LOCA IS ASSUMED FOR THIS CONDITION SINCE IT RESULTS IN THE
WORST CASE RADIOLOGICAL CONDITIONS.
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ATTACHMENT 2 to PLA-4069

Once the support systems are assured functioning and available, the fuel pool cooling system
operation will be restored. The demineralizer function will not be restored until some time later
when conditions have improved such that it can be inspected for possible system breach. It will
be assumed however that an operator will go to the demineralizer panel 0C207 on elevation 779’
to determine that the fuel pool filter demineralizer subsystem is appropriately isolated. It is
conservatively estimated that the operator will spend 10 minutes at the panel. The skimmer surge
tank and fuel pool level will be more than adequate to support system operation as the pool swell
due to heat up (including evaporative losses) will cause a slight increase in SFP level. It has
been calculated that it will at most take 20 minutes to makeup the volume of water lost due to
evaporation during the 24 hours in which it is assumed cooling is lost. This assumes one loop
of ESW at 35 gpm make-up rate. Thus the pumps may be started once the bypass valve 153013
is closed, which takes at most 2 minutes (assuming the valve was full open at time 0 of the
event). This valve is a manually operated valve and would not change position at time 0 of the
event. Also, it takes approximately 5 minutes to turn on the three pumps and adjust the bypass
valve 153013 open to pass the 1800 GPM flow. Once the bypass valve is properly adjusted and
the three pumps are operating, no other actions are required. Thus for Unit 1 in which the
153013 valve is next to the 1C206 panel, it will take one operator a maximum of 7 minutes to
place the system in operation with three pumps excluding ingress and egress times. The dose
associated with an ingress and egress time of ~ 6 minutes is calculated and reflected in the tables
in section 3.0. On Unit 2, one operator will have to operate the 253013 valve (approximate 4
minute operation) and one will have to operate the pump control buttons (2 minute operation) as
the valve is not in the vicinity of the panel.
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3.0 Summary of Operator Doses for Restoration of Normal SFP Cooling

ATTACHMENT 2 to PLA-4069

TABLE 3.1 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO RESTORE THE SPENT FUEL POOL COOLING
SYSTEM -- REACTOR BUILDING UNIT 1 -- ACCESS TO CONTROL PANEL 1C206/VALVE 153013 -- ELEV. 749’
OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA
®) B
100% CLAD DAMAGE 1% CLAD DAMAGE (1) 100% FUEL MELT
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From
Airborne Contained Airborne Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
Ingress/Egress To Control Panel 0.0272 0.0471 2.72-4 4.71-4 0.689 0.50
1C206/Valve 153013
Operator Stay Time At Control Panel 0.040 0.445 4.0-4 4.45-3 1.079 4.914
1C206/Valve 153013
Totals 0.0672 0.492 6.72-4 4.92-3 1.768 5414
Total Ingress/Egress 0.0743 7.43-4 1.189
Total Operator Stay Time 0.485 4.85-3 5.993
TOTAL ACCESS DOSE 0.559 5.59-3 7.182

NOTES: (1)

of 0.01.

Post-LOCA radiation doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor
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ATTACHMENT 2 to PLA-4069
d

TABLE 3.2 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO RESTORE THE SPENT FUEL POOL CdOLING "
SYSTEM -- REACTOR BUILDING UNIT 2 -- MISSION 1, ACCESS TO CONTROL PANEL 2C206 -- ELEV. 749’

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

100% CLAD DAMAGE

1% CLAD DAMAGE (1)

100% FUEL MELT

DOSE LOCATION/ :
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From
Airborne Contained Airborne Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
Ingress/Egress To Control Panel 2C206 0.0272 0.0471 2.72-4 4.71-4 0.689 0.50
Operator Stay Time At Control Panel 0.040 0.445 4.0-4 4.45-3 1.079 4.914
2C206
Totals 0.0672 0.492 6.72-4 4.92-3 1.768 5414
Total Ingress/Egress 0.0743 7.43-4 1.189
Total Operator Stay Time 0.485 4.85-3 5.993
TOTAL ACCESS DOSE 0.559 5.59-3 7.182
NOTES: (1)  Post-LOCA radiation doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor

of 0.01.
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ATTACHMENT 2 to PLA-4069.

/

TABLE 33 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO RESTORE THE SPENT FUEL POOL COOLING *

SYSTEM -- REACTOR BUILDING UNIT 2 -- MISSION 2, ACCESS TO VALVE 253013 -- PLATFORM ELEV. 762°-10"

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

® i
100% CLAD DAMAGE 1% CLAD DAMAGE (1) 100% FUEL MELT
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From
Airborne Contained Airborne Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
Ingress/Egress To Valve 253013 0.0272 0.142 2.72-4 1.42-3 0.746 1.569
Operator Stay Time At Valve 253013 0.0396 0.538 3.96-4 5.38-3 1.079 6.08
Totals 0.0668 0.68 6.68-4 6.80-3 1.825 7.649
Total Ingress/Egress 0.169 1.69-3 2315
Total Operator Stay Time 0.578 5.78-3 7.159
TOTAL ACCESS DOSE 0.75 7.50-3 9.47

NOTES: (1)

Post-LOCA radiation doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor
of 0.01. " i
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TABLE 3.4 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO CHECK DEMINERALIZER PANEL 0C207 -
REACTOR BUILDING UNIT 1 -- ACCESS TO PANEL 0C207 -- ELEV. 779’ .

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA
®R)
100% CLAD DAMAGE 1% CLAD DAMAGE (1) 100% FUEL MELT
DOSE LOCATION/ '
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From
Airborne Contained Airborne Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
Ingress/Egress To Control Panel 0C207 0.0243 0.0288 2.43-4 2.88-4 0.668 0.292
Operator Stay Time At Control Panel 0.0564 0 5.64-4 0 1.54 0
0C207
Totals 0.0807 0.0288 8.07-4 2.88-4 2.208 0.292
Total Ingress/Egress 0.0531 5.314 0.960
Total Operator Stay Time - 0.0564 5.64-4 1.54
§
TOTAL ACCESS DOSE 0.11 1.10-3 2.5
NOTES: (D

of 0.01.

Post-LOCA radiation doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor
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TABLE 3.5 SUMMARY OF CALCULATED OPERATOR ACCESS TO PROVIDE MAKE-UP WATER TO THE SPENT FUEL POOL -
- REACTOR BUILDING UNIT 1 -- ACCESS TO ROOM 1-514 AND PANEL 1C206 -- ELEV. 749’

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

- ®
100% CLAD DAMAGE 1% CLAD DAMAGE (1) 100% FUEL MELT
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From
Airborne Contained Airborne Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
Ingress/Egress To Room 0.0241 0.0326 2.41-4 3.26-4 0.662 0.334
1-514
Dose To Check Water Level 0.00681 0.0567 6.81-5 5.67-4 0.186 0.632
At Panel 1C206
Dose Inside Room I-514 0.101 1.24-3 1.01-3 1.24-5 2.749 0.0118
Totals 0.132 0.0905 1.32-3 9.05-4 3.597 0.978
Total Ingress/Egress 0.0567 5.67-4 0.996
Total Operator Stay Time - 0.166 1.66-3 3.579
TOTAL ACCESS DOSE 0.223 2.23-3 4.58

NOTES: 4]
of 0.01.
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6UESTION 3

Provide operator dose estimates for those operator actions needed to maintain alternative spent
fuel pool cooling functions under DBA accident conditions (i.e. use of accident and non-accident
unit spent fuel pool cooling system to cool the accident unit fuel pool, etc.) assuming the accident
unit normal spent fuel pool cooling system has failed as a result of a LOCA. Include the same
level of detail as in your response to question 1.

RESPONSE 1

The following provides a complete response to question 3 of the November 23, 1993 NRC RAI
concerning radiological evaluations for the Loss of SFP Cooling issue. This response is broken
into two parts. Section 1.0 provides a discusses the availability of alternative SFP cooling under
DBA (Reg. Guide 1.3) LOCA conditions. Section 2.0 provides a summary table of the doses
(both airborne and contained) for RHR SFP cooling in the non-accident unit. This table shows
doses for a DBA LOCA with 1% clad damage, 100% clad damage, and 100% fuel melt (i.e.,
Reg. Guide 1.3 source term).

1.0 Availability of Alternative Spent Fuel Pool Cooling

As discussed in PP&L’s May 24 and August 16, 1993 submittals, RHR SFP Cooling in the
accident unit and the Refueling floor are inaccessible for a DBA LOCA with an assumed Reg.
Guide 1.3 source term. PP&L has not performed a calculation for a Reg. Guide 1.3 source term
for RHR SFP cooling mode, however, the dose rates for 100% clad damage are on the order of
50 to 440 Rem/hour. Based on these results, the dose rates for a fuel melt (Reg. Guide 1.3)
would prohibit operator access. Under DBA LOCA conditions (i.e. 1% clad damage) operator
access would be possible since the dose rates would be on the order of 0.5 to 4.4 Rem/hour.
Therefore, use of the accident unit’s RHR system for alternative SFP cooling is not an option if
a Reg. Guide 1.3 source term is assumed, but is possible for the conditions expected in a DBA
LOCA.

As reported in PP&L’s May 24, 1993 submittal, the dose rate on the Refueling floor at 24 hours
after a Reg. Guide 1.3 DBA LOCA is 79.8 Rem/hour. The doses for the 100% and 1 % clad
damage conditions were reported to be 3.8 and 0.038 Rem/hour, respectively. Since the time to
pull the cask pit gates is on the order of a shift, it is not possible to accomplish this activity and
incur an acceptable dose to the operator for under Reg Guide 1.3 conditions with airborne
radiation. Therefore, use of the non-accident unit’s systems (normal SFP cooling and RHR) to
cool the accident unit’s SFP is not an option if the cask storage pit gates are installed and a Reg.
Guide 1.3 source term is present. These actions could be performed for the DBA LOCA for the
100% and 1% clad damage conditions.

The calculation used to determine the above dose rates is the same calculation described in the
response to question 1.
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2.0 Summary of Operator Doses for the Non-Accident Unit’s RHR SFP Cooling

The following table summarizes the dose that an operator would experience establishing RHR
SFP cooling to the non-accident unit. While this is not specifically requested in the RAI, PP&L
is providing this information to establish the accessibility of the non-accident unit even if the
ventilation is not isolated from the accident unit. Non-isolation of non-accident unit is assumed
for this case in order to maximize the dose in the non-accident unit. As noted in PP&L’s August
16, 1993 submittal, the non-accident unit can be isolated from the reactor building HVAC
recirculation plenum, thereby preventing the spread of radiation to the non-accident unit. The
doses are based on the same calculation used to obtain the doses for the answer to question 2.
The time to stroke the RHR valves from full closed to full open is 2 minutes per valve and a
separate operator would be sent to manipulate each valve.
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[ 4

TABLE 2.1 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES FOR RHR FUEL POOL COOLING ASSIST FROM
NON-ACCIDENT UNIT -- REACTOR BUILDING UNIT 1 -- ACCESS TO VALVES 151060 AND 151070 --

PLATFORM ELEV. 705’

¢

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA
: ®)
100% CLAD DAMAGE 1% CLAD DAMAGE 100% FUEL MELT
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dose From Dose From Dose From
Airborne Contained Airborne _ Contained Airborne Contained
Activity Sources Activity Sources Activity Sources
)
Ingress/Egress To Valves 151060 & 0.026 5.17-3 2.60-4 5.17-3 0.714 5.17-3
151070
Operator Stay Time At Valves 151060 & 0.0231 6.67-3 2.31-4 6.67-3 0.634 6.67-3
151070
Totals 0.0491 0.0118 4.91-4 0.0118 1.348 0.0118
Total Ingress/Egress B 0.0312 5.43-3 0.719
Total Operator Stay Time 0.0297 6.91-3 0.641
TOTAL ACCESS DOSE 0.0609 0.0123 1.36

NOTES: (1) Post-LOCA airborne radiation doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor .

of 0.01.
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‘-,@ m Pennsylvania Power & Light Company

Two North Ninth Street » Allentown, PA 161011179 « 218/ T74-8151

Robert G, 8yram
Senvor Vica President-Nuclear
218/774-7802 .

JAN 4 - 1994

Director of Nuclear Reactor Regulation
Attention: Mr. C, L. Miller, Project Director
Project Directorate -2

Division of Reactor Projects

U.8. Nuclear Regulatory Commission
Washington, D.C. 20555

(2]

SUSQUEHANNA STEAM ELECTRIC STATION
REQUEST FOR ADDITIONAL INFORMATION

ON LOSS OF SPENT FUEL POOL COOLING EVENTS Docket Noe. 50-387

PLA-4069 FILE RA1-3 apd 40-388
@ Dear Mr, Miller:

Attached is PP&I.'s responsa to your November 23, 1993 Request for Additional Information conceming

personnel access questions resulting from postulated loss of spent fuel pool cooling eveats.
Pleass contact Mr. James M. Kenny at (215) 774-7914 should your require additional information,

) - -
- 9401180006 .

cc: NRC Document Control Desk (original)
NRC Region { '
Mr. G, S. Barber, NRC Sr. Resident Inspector - SSES

Mr, R. J. Clark, NRC Sr. Project Manager - Rockville
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@ ATTACHMENT 1 to PLA4069

QUESTION 1

Provide a detailed description of the modeling techniques used to generate the 4.22 Rem cited
in the August 16, 1993 submittal as the dose received during the operation of the spent fusal pool
emergency service water supply valves, Describe in detail the time-motion analysis performed
to determine exposure time ussucinted with requited operator actions, Include the parameters and
assumptions used to generate the contained and aitborne source terms and calculate the respective
dose components associated with each segment of the time-motion analysis,

RESFONSE 1

The following provides a complete response to question | of the November 23, 1993 NRC RAI
concerning radiological evaluations for the Loss of SFP Cooling issue. As discussed in PP&L's -
May 24 and August 16, 1993 submittals, restoration of the normal SFP cooling system prior to
bolling is expected. Conscquently, PP&L would not expect it to be necessasy to use ESW for
make-up since the normal systems could be used or make-up from the non-accident unit could
be provided. This response is separated into two parts, Section 1.0 provides a description of
the modaling techniques and assumptions uxed for evaluating operator access to the ESW make-
up valves. Also included in this section, i3 a discussion of how the results time-motion study
" were factored Into the analysis. Section 2.0 provides summary tables of the doses (both sirborne
and contained) for each of the segments assumed in the calculation. These tables show doses for
@ a DBA LOCA with 1% clad damage, 100% clad damage, and 100% fuel melt (i.e., Reg. Guide
1.3 source term).

1.0 Detailed Description of Modeling Techpigues

1.1 Qverview

The TACTS computer code is used to evaluate post-LOCA radiation sources inside the reactor
building using the FSAR Chapter 15.6.5 DBA-LOCA activity flow path model with realistic
cstimntes of containment leaksge rates. Airborne activity concentrations in the reactor building

* and activity concentrations in the suppression pool water are evaluated for postulated cladding
failure (NUREG=1465) and fuel melt (Regulatory Guids 1.3) source torms,

Using these post-LOCA source terms, radiation doso rates insids the resctor building from
airborne aotivity and from suppression pool water contained sources are evaluated using the
MICROSHIELD computer cods,

Wmsqunmenﬂhﬁdethomtérhuﬂdkmmdﬂamimdforemblhhingﬁsw
mskeup to the spent fuel pool under post-LOCA conditions. Operator access routes and missions
wero identified and divided into sequential sogments for the purpose of evaluating operator access

e -
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doses, Operator access doses are computed by multiplying the radiation dose rates from both
airbome and contained sources in a given mission segment by the time spent by the operator in
that mission segment. The sum of the radiation doses for all segments of the mission provides
the total mission dose.

1.2 Detailed Description

This analysis evaluates personnel access doses inside the reactor building for the following
postulated LOCA initiated core damage cases: 1% clad damage, 100% clad damage, and 100%
fuel melt, ) \

The clad damage cases are evaluated using assumptions consistent with the accident source terms

described in NUREG-1465. The fuel melt case is conservatively evaluated using accident source -

terms consistent with USNRC Regulatory Guide 1.3 and the FSAR Chapter 15.6.5 DBA-LOCA
licensing basis evaluation, For all cases, realistic estimates of the containment Icakage rate are
used,

For the activity flow path model used in this analysis, the activity concentrations inside the nodal
volumes are calculated by dividing'the activity in the node at the time of interest by the nodal

-volume und therefore are directly proportional to the activity source term released from the fuel

into the containment and suppression pool.

For the postulated LOCA’s that asrume clad damage, the amount of activity released is directly
proportional to the amount of cled damage. Therefore, a complete source term and dose analysis
is performed for the 100% clud damage case and source terms and dose results for the 1% clad
damage case are obtained by multiplying the 100% clad damage results by 0.01 . NUREG-1465
was used to supply release data for the clad damage cases. Since no specific numerical guidance
is provided in NUREG-1468, ths amount of clad activity released from the core which becomes
airborne inside containment or remains in the suppression pool water is based on taking credit
for fission product scrubbing and retention in accordance with Standard Review Plan 6.5.5. In
addition, for the clad damage cases, an aerosol removal rate of 0.73 hr! for particulate iodine and
cesium is assumed based on information provided in NUREG-1465, Table 5.6 for the La Salle
Nuoclear Power Plant which is also 8 BWR Mark II containment design. No credit for aerosol
removal was taken in the 100% fuel melt case.

Core activity release fractions for a LOCA with 100% fuel melt are based on the requirements
of Regulatory Guide 1.3 and NUREG-0737 and are that 25% of the iodines end 100% of the
nobls gases sre instantansously airborne in primary containment and available for leakage and
50% of the core inventory of iodines and 1% of the particulate are released to the suppression
pool water, Duse to the number of particulate isotupes in the core and the number of dosc
calculations required, the particulate activity releass from the core was not explicitly included in
the suppression pool activity source term for the 100% fusl melt case. Instead, bounding dose
caloulations using post-LOCA suppression pool contained sources with and without particulsts
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wero uscd to determine a dose multiplier which was used 10 account for the dose contribution
from 1% particulate in the suppression poo!l water, The iodine and noble gas activities released
for the 100% fuel melt case are obtained from the FSAR DBA-LOCA analysis given in PP&L
calculation FX-C-DAM-014. The hounding analysis for the dose contribution from particulate

is based on post-LOCA suppreasion pool liquid activity source terms given in Susquehanna
Projoct Bechtel Calculation 200-201, 3

For all clad damage and fuel melt cases, the isotopic chemical form of the activity released from
the core is assumed to be as follows: .

lodines = 91% clemental
= 4% organic
= 5% particulate

Cesiums = 100% particulate
Nobie Gases = 100% eclemental

This assumption is consistent with USNRC Regulatory Guide 1.3 for core fusl damage. For the
clsd damage cases, NUREG-1465 indicates that the chemical form for iodine cntering
containment is 95% pasticulato and 5% elemental, but without Ph control of the suppressioa pool
water, a relatively large fraction of the particulate iodins dissolved in suppeession pool water will
be converted to elemental jodine. Therefore, the above chemical forms assumed for this analysis
are conservative for the clad damage cases. ‘

The primary containment design buxis leakage rate is 1 %%/day. For the FSAR licensing basis
DBA-LOCA analysis this leakago mate is assumed for the duration of the accident. For this
evaluation, a time dependent realistlc containment leakage rate based on containment Integrated
mermmnmmmmwmmm
responss is used for both the clad damage and 100% fuel melt cases The ILRT test pressure
correspondds to the maximum calculsted containment post-LOCA pressure with a design margin
applied. The realistic containment leakage rate was calculsted by reducing the ILRT measured
leakage rato proportionately to the ILRT test pressure and the calculated containment pressure
response for 8 LOCA. For this analysis, the most up-to-date leakage rate data is usod 20 that the
dose estimates reflect the most up-to-date containment Jeakage conditions. Therefore, the
moasured lcakago rato of 0.606%v/dsy from the Unit 1 ILRT performed 5/5/92 is sssumed for this
analysis. A lnt‘k:gta1 2mo of 0.606%/day is also representative of typical messured leakage rates
at SSES Units 1 & 2.

NUREG-0737 provides guidance for evaluating operstor access to vital plant areas for post-
wccident operations. It states under Item (2) Systems Containing The Source that for post-LOCA
accident operations, "Radiation from leakage of systems located outside oi:cminmcm need not
be considered for this analysis®, Theeefore, it is assumed for this evaluation that the leakage of
post-[,OCA containment airborne activity through containment penetrations that are water sealed
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need not be considered. Tho realistic containment lcakage rute used for both the clad and fuel

damage cases are based on the measured leakage rates through contzinment penstrations that sre
not water sealed

Based on the above activity flow pathways, the TACTS cods provides total activity in the reactor
building and suppression pool as a function of tims post accident. At the required evaluation time
(24 hours post accident), {sotopic activities were taken from the TACTS output edit and divided
by the appropriate dispersal volume to give activity concentrations,

Radiation doses inside the reactor building are evaluated for both airbomne activity and for
suppreasion pool water contained sources. Operator access doacs or aren radiation dose rates are
evaluated in cach of the areas that require access to provids ESW makeup. Radiation doses are

cvaluated using the MICROSHIELD computer code with the TACTS generated sctivity _

concentration source terms,

The dose rate from airborne activity inside the reactor building Is sctually an immersion dose,
Howesver, since the MICROSHIELD computer code cannot calculate dose rates internal to the
source, slab goometry is used. One half of the source volums is modeled as a rectangular volums
source and a doss rate on the surfice of this volums is caloulatad. The immersion dose is then
calculated by multiplying the contact dose rate from half of the source volume by a factor of 2.

-All immoersion doso rates arc conservatively calculated at the centerllne of the room, Dose rutes

from the contained suppression pool liquid piping sources are calculated using cylindrical source
goometry with recelver at side,

In order to evaluate operstor access doses, operator walking rates and stair climbing rates are
roquired, A time motion study was performed to verify operator access truvel times inside the
reactor building under LOCA conditions, An operator was dressed in protective clothing and
wors & Self Contained Breathing Apparstus and actual transit times to valves located on
clevations 670’ and 749’ of ths resctor huilding were measwed. Access to these valves is
required to provide ESW maksup to the spent fuel pool. Based upon the results of this time
motion study, an operator walking rats of 200 f/min and a stair climbing rate of 50. ft/min are
conservatively assumed for operator ingress/cgress dose calculations for access to the reactor
building under LOCA conditions. Also as part of this study, using spere valves, the valve opening
tims for the 2 inch valves used for ESW system tie-in and flow control was messured to be 10
to 15 seconds, but for calculational consecvatism, a valve opening time of 1 minuts was used.
The incorporation of the time-motion study into the final calculstion resulted in the preliminary
dose to the operstor increasing from 4.22 Rem. to 4,57 Rem,, for access to the valves on
clovations 670, Tho 4.22 Rem value was reported in PP&L's August 16, 1993 submittal.

Operator access doses are only evaluated for Unit 1, The operator access area locations for
Unlts 1 and 2 are identical sxcept fur the area containing the valves required for de-in of the
ESW system for makeup ( Valve Nos. 153500, 153501 and 253500, 253501). Based on the
post-accident radiation levels given in Figures 18.1-3 and 18.1-4 of the SSES FSAR, tho arca
containing the Unit 1 valves for ESW system tie-in has higher dose rates than ths Unit 2 area.
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Therefore doso rates calculatod for the Unit 1 arca will be conservative for the Unit 2 area.
Therefore, all of the calculated operator access doses for Unit | are applicable to Unit 2,

Operator access doses are evaluated at 24 hours post-LOCA. For loss of spent fusl pool cooling,
the fuel pool begins to boil in approximately 48 hours, For the condltion where a Loss of Offsite
Power (LOOP) is also postulated, power la cxpected to be restored within 24 hours, Therefore,
24hourswmchosmuﬁ:elmndnwopcmorﬂctioncouldbeukcntoremrecooﬁnznnd/or
make-up to the pull and assure those actions would be completed prior to SFP boiling Some
dose rates are also calculated at other times post-LOCA and to thow that post-LOCA dose tates

are decreasing for time periods greater than 24 hours.
For the 100% fuel melt case, a dose factor is used to take Into account the dose contribution from

particulate in the suppression pool liquid (see Section 5.1, Assumption 5). The particulate dose ]

factor is defined as the ratio of the dose from suppression pool liquid sources containing core
iodine and particulate activity to the dose from suppression pool lquid sources containing iodine
astivity only. All doscs from contined sources for the 100% fuol melt case are calculated using
the MICROSHIELD computer code with a suppression pool source term that containg iodines
only, The MICROSHIELD results for contained sources for the 10054 fel melt cage are then
multiplied by the particulata dose factor to take into account the dose contribution from
particulste. This dose factor is calculated at 24 hours post-LOCA and can only be applied o
operator access doses from suppression pool liyuid sources cvaluated at this same tims period
posteaccident.
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TABLE 2.1 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO PROVIDE ESW MAKEUP TO SPENT FUEL POOL -

ATTACHMENY 1 10 PLA- 4069

- REACTOR BUILDING UNIT 1 — ACCESS TO VALVES 153500 AND 153501 — ELEV. 670°

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

R)
. 180% CLAD DAMAGE 1% CLAD DAMAGE (1) 108% FUEL MELT
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dose From | Dose From | Dose From
Ingresa/Egress To Valves 7.22-3 0476 71.22-§ 4.76-3 0.198 4.12
153500 & 153501
Opersior Stay Time At Valves 7453 4213 7455 421-5 0.204 0.0476
153500 & 153501
Totals 0.0147 0.480 1474 4.80-3 0.402 4.168
Total Ingress/Egress 0.4333 4.83-3 4318
Total Operator Stay Timc 0.0117 1.17-4 0.252
TOTAL ACCESS DOSE 4.90-3 4.57
)i()’l‘ES:r 1)) Past-LOCA radistion doscs for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor

of 00}
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TABLE22 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO OONTROL ESW MAKEUP FLOW — REACTOR
BUILDING UNIT 2 — ACCESS TO HEAT EXCHANGER FUMP ROOM (I-514) —- ELEV. 49

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

®R)
100% CLAD DAMAGE 1% CLAD PAMAGE (1) 168°% FUEL MELT
DOSE LOCATION/
SOURCE Dase From Dosc From Dose From Dose From | Dote From | Dose From
Ingress/Egress To Hest Exchanger 0.028 0.0288 2.80-4 2834 0.704 0.292
Pump Roon (11-514)
Operatoe Stay Time In Heat Exchanger 0.0225 2.77-4 2254 2.71-6 0.615 2.65-3
Pump Roors (11-514) .
Totals 0.0505 0.0291 5.054 2914 1319 0.295
*  Total Ingress/Egress 0.0570 5.70-4 0.996
Total Operator Stay Time 0.0228 2284 0618
TOTAL ACCESS DOSE 0.0798 7.984 L6l

(1)  Post-LOCA radistion doscs for the 1% ciad damage case are obtained by multiplying the 100% clad damage doses by a factor
of 0.01.
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QUESTION 2

Provide opcmor dose estimates for those operator actions needed to maintain the normal spent
fusl pool coohng function under DBA accident conditions, assuming the normal spent fuel pool
cooling system is operational following an accident. Consider those actions needed to restore
normal spent fuel following automatic or munual lpad shed of the spent fucl pool cooling system,
Include the same level of detail as in your response to question 1.

RESPONSE 2

The following provides a complete response to quastion 2 of the November 23, 1993 NRC RAI
concerning radiological evaluations for the Loss of SFP Cooling issue. For this evaluation, ESW

was svalusted as the source of make.up water since it is safety-related. Other sources of non- .

safety related water could be used but were not evaluated in order to minimize the amount of
calculations performed. As noted in the response to question 1, rcstoration of normal SFP
cooling is the expected course of action for responding’to a Loss of SFP cooling event. This
response is broken into three parts. Section 1.0 provides a description ot the modeling techniques
and assumptions used for evaluating operator sccess to restore normal Spent Fuel Pool (SFP)
Cooling. Section 2.0 a description of the actions required to restore and maintain normal SFP
Cooling. It is important 1o nots that g timesmotion study was pecformed for thoso actions, The
timing is based on operator experience sincs these actions are performed on a regular besis,
Seedon30prowdummuymbluofﬁwdom(boﬂzmbommdconwmd)formhofme

sogments/actions assumed in the calculation. It should be noted that several separate actions, at

different locations are required to restore and maintain normal SFP cooling, These tables show
doses for a DBA LOCA witb 1% olad dumage, 100% clad damage, and 100% fuel melt (i.e.,
Reg. Guide 1.3 source term),

1.0 Detailed Description of Modaling Techniques

The calculation performed to determine the operator doses for restoration of normal SFP cooling
is based on the calculation performed for the responso to question 1. The only differences are
associatod with the stxy times and location of the operators with regard to distance from
contained sources. mm«ummmmmqm1WMw
determine operator transit tines, while operator expericnco was used to doteemine the tims to
perform the actions.
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2.0 Actions far Remoration of Normal SFP Cooling
The actions are based on the following sequences of events and plant configuration';
TIME DESCRIPTION |

0 hes. Fuel Pools are isolated; Both are filled; U2h pool heat load = 8.2
MBTU/HR (just completed a 40 day outage); Ul pool heat load = 6,27
MBTU/HR (last outage began 135 days ago); Pool Temp = 110°F.

U2 LOCA/LOOP occurs; Loss of fuel poul cooling vccurs to both pools;
Reactor bujlding HVAC recirculation system starts; SGTS starts,

ON-135(235)-001 LOSS OF FUEL POOL COOLING/COOLANT -
INVENTORY entered,

Ul controlled shutdown begins due to the LOOP condition.
24 Hrs, Access available to ESW in both Units.

Offsite powcr'ls restored,

Implement Off Normal Procedures (LOSS OF FUEL POOL COOLING)
to check that the sysem can be operated and then implement
QP-135(235)-001 to place fuel pool cooling into operation.

The ON-135(235)-001 (LOSS OF FUEL POOL COOLING) would have been entered at time 0
of the event and would have been implemented to check that the system can be operated. It
would have been determined that it.could not due to a LOOP. Once power is restnred (assumed
to occur at no later than 24 hours after event initiation) the ON provisions would guide the
operator to determine that the system and the nocessary support systems aro available.

Implementation of the ON's will assure the support systems are operable and fimction as required
to support fucl pool cooling system operation. These procedures require a check to assure no
system breach has occurred. When entrance is made to restoro the systeny, it will be assumed that
at this time any breach would be obvious and that no special entrance W look for a system breach
is nacessary. The demineralizer portion of the system will not have to be inspected as it will be
isolated from the cooling portion of the system by valves 15406/25406/05406 and
15444/25444/05444, Those valves go closed on the lots of power at tima 0 of the event. None
of the other ON actions require eatrance to the reactor building (except for than fuel pool cooling .
system start-up and fuel pool level makeup which will be discumed below).

1 A Tz 2 LOCA I8 ASSTMED YOR TRIS COMDITION SINCE IT RESULIS 1IN TXB
WORST CASS RADIOLOSICAL CONDITIONS.
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Once the support systems are asaured functivning and available, the fuel pool cooling system
operation will be restored. The demineralizer function will not be restored until some time later
when conditions have improved such that it can be inspected for possible system breach. It will
be agsumed however that an operator will go to the deminsralizer panel 0C207 on elevation 779°
to determine that the fuol pool fllter demineralizer subsystem is appropristely isolated. It is
conservatively estimated that the operator will spend 10 minutes at the panel, Tho skimmer surge
tank and fuel pool level will be more than adequate to support system operation as the pool swell
due to heat up (including evaporative losses) will cause a slight increase in SFP level. It has
been calculated that it will at most take 20 minutes to makeup the volums of water lost due to
evaporation during the 24 hours in which it is assumed cocling is lost. This assumes one loop
of ESW at 35 gpm make-up rate. Thus the pumps may be started once the bypass vatve 153013
is closed, which takes at most 2 minutes (assuming the valve was full open at time 0 of the
event), This valve i3 a manually operated valve and would not change position at time 0 of the
event, Also, it takes approximately 5 minutes to tum on the three pumps and adjust the bypass
valve 153013 open to pass the 1800 GPM flow, Once the bypass valve is properly adjusted and
the three pumps arc operating, no other actions are required. Thus for Unit 1 in which the
153013 valve is noxt to the 1C206 panel, it will take one operator 8 maximum of 7 minutes to
place the system in operation with three pumps excluding ingress and egress times. The dose
associated with an ingress and egress time of & 6 minutes is calculated and reflected in the tables
in section 3.0, On Unit 2, ons operator will have to operato the 253013 valve (approximate 4
minute operation) and one will huve to operate the pump coatrol buttons (2 minuto opezation) as
the valve is not in the vicinity of the panel,



ATTACHMENT 2 to PLA-4869

TABLE3.1 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO RESTORE THE SPENT FUEL POOL COOLING
SYSTEM — REACTOR BUILDING UNIT 1 — ACCESS TO OONTROL PANEL 1C206/VALVE 153013 — ELEV. 749°

OFPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

108% CLAD DAMAGE 1% CLAD DAMAGE (1) 100% FUEL MELT
- DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dosc From { Dose From | Dose From
' Activity Sources Activity Sources Activity Sources
To Costrol Pancl 00272 0.0471 2724 4714 0.689 0.50
1C206/Valve 153013 ‘
Opecrstor Stay Time At Control Paned 0.040 0.445 4.04 4.45-3 1.0 4914
1C206/Valve 153013
Totals 0.0672 0.452 6.72-4 4.92-3 1.768 5414
Total Ingress/Egress 0.0743 7434 1.189
Total Operator Sey Tnc 0435 4.85-3 5993
TOTAL ACCESS DOSE 0.559 5593 7182

NOTES.
of 0.01.

(1) Pest-L.OCA radistion doscs for the 1% clad damage case arc oblained by multiplying the 1005 clad damage doscs by a factor »
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TABLE32 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO RESTORE THE SPENT FUEL POOL COOLING
SYSTEM — REACTOR BUILDING UNIT 2 - MISSION 1, ACCESS TO CONTROL PANEL 2C206 — ELEV. 49’

ATTACHMENT 2 te FLA-4063

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA
(R)

T5t1TT pEET-PO-T0

100% CLAD DAMAGE 1% CLAD DAMAGE (1) 108% FUEL MELT
DOSE LOCATION/
SOURCE Dose From Dose From Dose From Dosc From | Dosc From | Dose From
Airborme Coatzined Axboree Contained Airborsc Contained
Activity Sources . Activity Sources Activity Sources
Ingress/Egress To Control Pancl 2C206 00272 0.0471 2724 4714 0.689 0.50
Operstor Stay Time At Control Pascl 0.040 0.445 404 4453 1.079 4914
20206
Totals 0.0672 04952 6.724 4.92-3 1.768 5414
Total Ingrese/Egress 0.0743 7434 1189
‘Totsl Operator Stay Time 0485 4.85-3 5993
rOTAL ACCESS DOSE oss ss93 -

NOTES: (D)
of 0.01.

Pest-LOCA radistion doscs for the 1% clad damage case arc obtrined by mltiplyirg the 10056 clad damage doscs by a factor
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TABLE33 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO RESTORE THE SPENT FUEL POOL COOLING
SYSTEM — REACTOR BUILDING UNIT 2 — MISSION 2, ACCESS TO VALVE 253013 — PLATFORM ELEV. 762°-10"

e

ATTACHMENT 2 10 TLA-9065

OPERATOR ACCESS DOSES AT 24 HOURS POST-1.OCA

FC1TT 66T-y0-10

100°% CLAD DAMAGE 1% CLAD DAMAGE (1) 10¢% FUEL MELT
DOSE LOCATION/ .
SOURCE Dot From | Dose From Dose From Doec From | Dosc From | Dosc From
. Ai h‘ M. Ai w‘ cmﬂ.wl Anh. e ‘ M-
. Activity Sousces Activity Sources Activity Sowrces
- Ingresy/Egress To Valve 253013 00272 0.142 2.724 1.42-3 0.746 1.569
Operstor Stay Time At Valve 253013 00396 0.538 3.96-4 5383 1079 6.08
| Tonls 0.0663 0.68 6.68-4 6.503 1.825 7.649
|- Total [ngress/Egress 0.165 1.69-3 2315
Total Operator Stay Tine 0.578 5.783 7.159
TOTAL ACCESS DOSE 0.75 7.50-3 9.47

NOTES: 1)
of 0.01.

Post-LOCA madiation doses fot the 1% dad damage casc arc obtained by multiplying the 100%6 clad damage doses by a factor

Page 15
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TABLE34 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES TO CHECK DEMINERALIZER PANEL 0C207 -

REACTOR BUILDING UNIT 1 — ACCESS TO PANEL 0C207 -- ELEV. 779

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

ATTACHMENT 2 to PLA-9069

22117 »667~-¥0~-10

{®)
108% CLAD DAMAGE 1% CLAD DAMAGE (1) 108% FUEL MELT
DOSE LOCATION/ _
SOURCE "Dosx Frem | Dose From Dose From Dase From | Dosc From | Dose From .
Activity Sources Activity Sources Activity Sources
Ingress’Egress To Coatrol Pancd 0C207 0.0243 0.0288 2434 2884 0.668 0.292
Operstor Stsy Tie At Controd Panel | 0.0564 0 5.644 0 1.54 0
. 0C207
Totals 0.0807 0.0288 8.074 2.884 2208 0292 -
Total Ingress/Egress 0.0531 5314 0960
Total Opcrator Stay Time 0.0564 5.64-4 1.54
011 1.10-3 25

TOTAL ACCESS DOSE

. NOTES: (U]
of 0.01.

—

Pest-LOCA radiation doscs for the 1% diad damage casc arc obtained by multiplying the 100% clad damage doses by a factor
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ATTACHMENT 2 ung

TABLE 3.5 SUMMARY OF CALCULATED OPERATOR ACCESS TO PROVIDE MAKE-UP WATER TO THE SPENT FUEL POOL -
- REACTOR BUILDING UNIT 1 -- ACCESS TO ROOM [-514 AND PANEL 1C206 — ELEV. 749’

OPERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

NOTES: ()

of 0.01.

R)
100% CLAD DAMAGE 1% CLAD DAMAGE (i) 108% FUEL MELT
DOSE LOCATION/
SOURCE Dosc From Doss From Doec From Dose From Dosc From | Dosc From
Activity Sources Activity Sources Activity Sources
IngresvEgress To Room 0.0241 0.0326 2414 3264 0.662 0334
I-514 .
Dose To Check Water Levd 0.00681 00567 6.81-5 5.67-4 0.136 0.632
. At Panel 1C206
Dose Inside Room 1-514 0.101 1.24-3 1.01-3 1.24-5 2.74? 0.0118
’ Totals 0.132 0.0905 1.32-3 9.054 3.597 0978
Total Ingrew/Egress 0.0567 5674 0.996
Total Opemstor Siay Tine 0.166 1.66-3 3.5
TOTAL ACCESS DOSE 0223 2233 458

Post-LOCA oadistion doses for the 1% clad damage case are obtained by multiplying the 100% clad damage doses by a factor
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9 ATTACHMENT 3 to PLA-4069

ATTACHMENT 3
RESPONSE TO QUESTION 3

ﬁ OF

NRC 11/23/93 RAI
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ATTACHMENT 3 to PLA4069

QUESTION 3

. Provide operator dose estimates for those operator actions needed to maintain alternative spent

fusl pool cooling functions under DBA accident conditions (i.e. ure of accident and non-accident

unit spent fuel pool cooling system to cool the accident unit fuel pool, ete.) assuming the accident
uait normal speat fuel pool cocling system has fuiled as & result of a LOCA. Include the same
level of detail as in your response to question 1.

RESPONSE 1

The following provides a complets responses to question 3 of the November 23, 1993 NRC RAI
concerning radiological evaluations for the Loss of SFP Cooling issue, This response is broken

into two parts. Section 1.0 provides a discusses the availability of alternative SFP cooling under *

DBA (Reg. Guide 1.3) LOCA conditions, Section 2.0 provides a summary table of the doses
(both airborne and contained) for RHR SFP cooling in the gon-accident unit. This tuble shows
doses for a DBA LOCA with 1% clad damage, 100% clad damage, end 100% fuel melt (i.c,,
Reg. Guide 1.3 source term).

1.0 Availability of Altemative Speat Fuel Pool Cooling

As discussed in PP&L’s May 24 and August 16, 1993 submittals, RHR SFP Cooling in the
accident unit and the Refueling floor are inaccessible for a DBA LOCA with an assumed Reg,
Guide 1.3 source term. PP&L has not performed a calculation for a Reg. Guide 1.3 source term
for RHR SFP cooling mode, howsver, the dose rates for 100% clad damage are on the order of
50 to 440 Revhour, Based on these rosults, the dose rates for a fuel melt (Reg. Guide 1.3)
would prohibit operstor access. Under DBA LOCA conditions (i.e. 1% clad damage) operator
access would be possible since the dose rates would be on the order of 0.5 to 4.4 Re/hour,
Thesefore, use of the accident unit's RHR system for alternative SFP coaling is not an aption if
a Reg. Guide 1.3 source term is assumed, but is possible for the conditions expected in a DBA
LOCA. )

As reported in PPAL's May 24, 1993 submittal, the dose rate on the Refueling floor at 24 hours
after & Reg. Guide 1.3 DBA LOCA is 7.8 Revhour. The dosss for the 1006.aad 1 % clad
damage conditions were repartad to be 3.8 and 0.038 Rem/hour, regpectively. Sinoe the time te
pull the caske pit gasce {5 oo the order of & ahift, it is not possible to acoomplish this activity and
incue an. - Gbis"%D e opecstor for under Reg Guide 1.3 conditions with airbomns
radixtiodk use of the noa-socident unit’s systems (normal SFP cooling and RHR) to
ool the sccident unit's SFP is ot an option if the cask storage pit gates are installad and a Reg.
Guide 1.3 souros term is prosent. Thess actions could be performed for the DBA LOCA foe the
100% and 1% clad denage condittons:

The calculstion used o dotermizs the above dose rates is the same calculation described in the
response to question 1.
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The following table summarizes the doss that an operator would experience establishing RHR
SFP cooling to the non-sccident unit,. While this is not specifically requested in the RAI, PP&L
is providing this information to establish the accexsibility of the non-accident unit even if the
ventilation is not isolated from the accident unit. Non-isolation of non-accident unit is assumed
for this case in order to maximize the dose in the non-sccident unit. As noted in PP&L’s August
16, 1993 submittal, the none-accident unit can be isolated from the resctor building HVAC
recirculation plenum, thereby peeveating the spresd of radiation to the non-sccident unit, The
doses are based on the same calculation used to obtaln the dosey fur. the answer 10 question 2.
The time to stroke the RHR valves from full closed to full open is 2 minutes per valve and a
separate operator would be sent to manipulate each valve,
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ATTACHMENT 3 10 PLA-4069

TABLE21 SUMMARY OF CALCULATED OPERATOR ACCESS DOSES FOR RHR FUEL POOL COOLING ASSIST FROM
'NON-ACCIDENT UNIT - REACTOR BUILDING UNIT 1 — ACCESS TO VALVES 151060 AND 151070 .

OFERATOR ACCESS DOSES AT 24 HOURS POST-LOCA

(R)
. 108% CLAD DAMAGE 1% CLAD DAMAGE 100°% FUEL MELT
" DOSE LOCATION/
: SOURCE Dose From Dosc From Doee Frem Dosc From | Dos From | Dosc From
Activity Sources Activity Sources Activity Sources
(1)
legrew/Egress To Valves 151060 & 0026 5.17-3 2604 5173 0714 5.173
151070
Operstor Stay Time At Valves 151060 & 0.0231 6623 2314 6613 0634 6.67-3
, 151070
Totals 0.0491 0.0118 4914 00118 1348 0.0118
Total Ingress/Egress ' 0.0312 5433 0.719
Total Operator Stay Time 0.0297 6913 ' 0.641
TOTAL ACCESS DOSE 0.0609 0.0123 1.36

NOTES: (1) Pod-LOCAn'xbancudidioudoanﬁx&cl%dﬂ&mgcaxmo&incdbymlﬁplﬁngthcl&%doddmagcdombyaﬁcu
' of 0.01.
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Fuel Pool Cooling Issue
Background

= Issue raised by two contractors

= Contractors contend that a loss of FPC,
concurrent with LOCA results in:

- boiling SFP and fuel melt outside containment
- loss of all ECCS and failure of containment
integrity | | |

= PP&L maintains that adequate capability exists
to respond to a loss of FPC event

2 JYNSOTIN3




& e
Fuel Pool Cooling Issue
Background

= | oss of normal FPC system due to:
- Seismic
- LOOP
-LOCA

= Normal FPC system is first line of defense

= Other systems available to provide: |
- makeup to SFP
- cooling to SFP




& |
Fuel Pool Cooling Issue

'LOCA

- = Hydrodynamic Loads

=.FPC not designed for hydrodynamic loads

= PP&L assessment concluded normal FPC °
system may remain functional after LOCA




e e e
| Fuel Pool Cooling Issue |
PP&L Position

= SSES Licensing Basis does not consider loss of
FPC for other than Seismic events

. Operatdrs have time to react (50 to 130 hrs)
= Safety-grade makeup source always available
= Safety-grade cooling via RHR FPC mode

= Boiling environment can be mitigated
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SUSQUEHANNA CONTAINMENT DESIGN

¢ GE MARK 11 CONTAINMENT DESIGN - DRYWELL OVER
'SUPPRESSION CHAMBER

¢ REACTOR COOLANT PRESSURE BOUNDARY COMPONENTS
LOCATED IN DRYWELL -

¢ 87-DOWNCOMERS TO ROUTE NON-CONDENSABLES AND
STEAM FROM THE DRYWELL TO SUPPRESSION POOL DURING
A LOCA

¢ INTERNAL DESIGN PRESSURE - 53 PSIG
¢ SUPPRESSION CHAMBER DESIGN TEMPERATURE - 220 °F
¢ DRYWELL DESIGN TEMPERATURE - 340 °F




LOCA HYDRODYNAMIC LOADS

¢ DESIGN BASIS LOCA: POSTULATED DOUBLE ENDED BREAK
OF THE RECIRCULATION SUCTION PIPE IN THE DRYWELL

¢ PRODUCES HYDRODYNAMIC LOADS DUE TO FLOW OF NON-
CONDENSABLES AND STEAM FROM THE DRYWELL TO
SUPPRESSION POOL VIA THE DOWNCOMERS

¢ POOL SWELL

¢ STEAM CONDENSATION LOADS - CONDENSATION
OSCILLATION (CO) AND CHUGGING

¢ DISCUSSION THAT FOLLOWS ARE THE DESIGN BASIS
LOCA HYDRODYNAMIC LOADS PREVIOUSLY APPROVED
BY THE NRC - NO NEW INFORMATION
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- POOL SWELL LOADS

¢ NON-CONDENSABLE AT THE DOWNCOMER EXITS GROW
AND COALESCE INTO PANCAKE BUBBLE AND CAUSE RAPID
RISE IN POOL »

¢ MAXIMUM POOL SWELL HEIGHT IS 18.2° ABOVE INITIAL
POOL SURFACE

¢ POOL SWELL ZONE EXTENDS FROM DOWNCOMER EXIT
ELEVATION TO MAXIMUM POOL SWELL HEIGHT

¢ POOL SWELL CAUSES

— IMPACT, DRAG AND FALLBACK LOADS ON COMPONENTS
(LE., PIPING, DOWNCOMER BRACING, ETC.) LOCATED IN
POOL SWELL ZONE

_ AIR BUBBLE LOADS ON SUPPRESSION POOL STRUCTURE

¢ POOL SWELL DOES NOT PRODUCE LOADS ON
STRUCTURES OR COMPONENTS LOCATED OUTSIDE THE
POOL SWELL ZONE '







POOL SWELL LOAD METHODOLOGY
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BASED ON GENERIC MARK Il LOAD METHODOLOGY

METHODOLOGY APPROVED BY NUREG-0487 (AND
SUPPLEMENTS) AND NUREG-0808

POOL SWELL ANALYTICAL MODEL (PSAM) TO CALCULATE
PRESSURE, POOL VELOCITY, ACCELERATION AND HEIGTH




(o) POOL SWELL AIR BUBBLE LOAD

CONTAINMENT COLUMN . PEDESTAL
WALL
g '—J EL.890"-1"
U I NN L. R S SO o . EL672-0"
-
? ¥ ) £L 648"-0"
IASI'UAT

0 « LOAD STATICALLY APPLIED TO CONTAINMENT BOUNDARY

IN ACCORDANCE WITH NUREG-0487

* AIR BUBBLE LOAD DOES NOT AFFECT COMPONENTS
LOCATED IN REACTOR BUILDING



POOL SWELL LOADS ON COMPONENTS

¢ AFFECTS COMPONENTS LOCATED IN WETWELL BETWEEN
DOWNCOMER EXIT ELEVATION AND MAXIMUM SWELL
HEIGHT (PIPING, SUPPORTS, BRACING, ETC.)

¢ LOADS ON VERTICALLY ORIENTED COMPONENTS ARE
NEGLIGIBLE AND ARE NOT CONSIDERED FOR DESIGN

¢ VELOCITY AND ACCELERATION VS. TIME AND ELEVATION
CALCULATED WITH PSAM

¢ IMPACT, DRAG AND FALLBACK LOADS BASED ON |
ACCELERATION, VELOCITY, COMPONENT ELEVATION AND
SIZE

¢ LOADS ON COMPONENTS ARE NOT TRANSMITTED TO
REACTOR BUILDING - LOCAL AFFECTS ONLY




LOCA STEAM CONDENSATION LOADS

¢ BASED ON GENERIC MARK 1 ACOUSTIC METHODOLOGY
APPROVED IN NUREG-0808

¢ ACOUSTIC MODEL OF SSES WITH CHUG AND CO ‘SOURCES’
" PLACED AT THE DOWNCOMER EXITS

¢ CHUG AND CO SOURCES DERIVED FROM PLANT-UNIQUE
GKM-IIM LOCA TEST PROGRAM CONDUCTED BY
KRAFTWERK UNION (KWU)

¢ GKM-1IM TESTS COVERED SPECTRUM OF LOCA BREAK SIZES




LOCA STEAM CONDENSATION LOAD

4

4

KWU SELECTED 4 CHUGS AND 1 CO PRESSURE TRACE FROM
THE GKM-IIM DATA FOR SOURCING

DESIGN CHUG AND CO ‘SOURCES’ APPLIED TO ACOUSTIC
MODEL OF SSES SUPPRESSION POOL

PRESSURE LOADS CALCULATED AT POOL BOUNDARY FOR
EACH SOURCE

PRESSURE TIME HISTORIES INPUTTED TO STRUCTURAL
MODEL OF CONTAINMENT

DBA LOCA DOES NOT PRODUCE THE LARGEST CHUGGING
AND CO LOAD

LOCA LOAD IS THE ENVELOP OF ALL CHUG AND CO
PRESSURE TIME HISTORIES FOR ALL BREAK SIZES
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« SIGNIFICANT CONSERVATISM IN LOCA LOAD






PRESENTATION OUTLINE

DEVELOPMENT OF LOCA RESPONSE SPECTRA IN THE
REACTOR BUILDING

- LOCA ANALYSIS OF THE CONTAINMENT
- LOAD TRANSFER
- LOCA ANALYSIS OF THE REACTOR BUILDING

COMPARISON OF LOCA AND SSE RESPONSE SPECTRA
IN THE REACTOR BUILDING







¥

LOCA ANALYSIS OF CONTAINMENT

PRESSURE TIME HISTORIES FROM THE ACOUSTIC
MODEL ARE CONVERTED TO NODAL FORCE TIME
HISTORIES

FORCE TIME HISTORIES ARE APPLIED TO A 3D
FINITE ELEMENT MODEL

- MODEL DEVELOPED FOR HYDRODYNAMIC LOAD
ANALYSIS

- MODEL CONSIDERS SOIL STRUCTURE INTERACTION

DYNAMIC ANALYSIS PERFORMED USING ANSYS
PROGRAM ‘

ANALYSIS RESULTS (ACCELERATION TIME
HISTORIES) USED TO DEVELOP INPUTS FOR THE
REACTOR BUILDING ANALYSIS









NOTE:
; RPV X - AXIS IS IN PLANT EW AND
Z Y - AXIS IN PLANT NS DIRECTION
\ 2R
N \;:.\;‘ ‘\
\', 2D ’ ,‘
RPV SHIELD

CONTAINMENT

RPV PEDESTAL

Rev. 9, 07/85

SUSQUEHANNA STEAM ELECTRIC STA
UNITS 1 AND 2
DESIGN ASSESSMENT REPORT

3-D CONTAINMENT FINITE
ELEMENT MODEL
(ANSYS MODEL)




LOAD TRANSFER

NO DIRECT COUPLING OF THE CONTAINMENT AND
REACTOR BUILDING EXCEPT AT BASEMAT

HORIZONTAL MOTIONS ARE FULLY TRANSFERRED.
ACCELERATION TIME HISTORIES AROUND THE
PERIMETER ARE AVERAGED

VERTICAL MOTIONS ARE TRANSFERRED TO THE
REACTOR BUILDING THROUGH THE ROCK. LOAD
ATTENUATION (BASED ON DISTANCE AWAY FROM THE
SOURCE) IS CONSIDERED




LOCA ANALYSIS OF REACTOR BUILDING

"AVERAGED" TIME HISTORIES ARE APPLIED TO THE
BASE OF STICK MODELS

3 STICK MODELS ARE USED

- ONE FOR EACH DIRECTION

- SAME MODELS AS THOSE USED IN THE SEISMIC
ANALYSIS

TIME HISTORY ANALYSES PERFORMED USING
BECHTEL IN-HOUSE PROGRAMS

RESULTING NODE POINT TIME HISTORIES ARE
CONVERTED TO NODE POINT RESPONSE SPECTRA

LOCA FLOOR ENVELOPING RESPONSE SPECTRA ARE
DEVELOPED -
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FUEL POOL COOLING
PIPING ASSESSMENT

e SCOPE OF EVALUATION

1. FUEL POOL COOLING PIPING
LOCATED IN REACTOR BLDG. ABOVE
ELEV. 749:-0"
- 6" T0 10" MAIN LINES
- ASME/ANSI NON-SAFETY RELATED,
~ NON-SEISMIC
@ - PORTIONS ARE SAFETY RELATED,
SEISMIC

2. SERVICE WATER PIPING
- LOCATED IN REACTOR BLDG. ABOVE
ELEV. 719:-0"
- 4" TO 14" MAIN LINES
- ANSI NON-SAFETY RELATED,
NON-SEISMIC

3. CONDENSATE PIPING
- LOCATED IN REACTOR BLDG. ABOVE
ELEV. 683:-0"
- 1" TO 6" MAIN LINES
- ANSI' NON-SAFETY RELATED,
NON-SEISMIC
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o HYDRODYNAMIC LOAD INPUT |
- MAXIMUM HORIZONTAL ACCELERATION = 0.9 c's
- MAXIMUM VERTICAL ACCELERATION = 0.5 a's |

- PEAK ACCELERATIONS OCCUR AT
FREQUENCIES > 20 Hz.

o PIPE STRESS AFFECTS

- NON-SEISMIC PIPING FREQUENCY
TYPICALLY < 10 Hz. -

- DISPLACEMENTS OF PIPE ANTICIPATED TO BE
SMALL DUE TO HIGH FREQUENCY INPUT

- PREDICT ACCEPTABLE PIPE STRESSES DUE TO
LOW DISPLACEMENTS

- REVIEW OF SAFETY RELATED ANALYSIS
DEMONSTRATES LOW MAGNITUDE PIPE
DISPLACEMENTS/STRESSES DUE TO
HYDRODYNAMIC LOADS |






PIPE SUPPORT ADEQUACY

HANGERS ARE MAINLY COMPONENT TYPE SUPPORTS
(SPRING CANS, STRUTS, RIGID RODS, ETC.) .

OTHER SUPPORTS COMPRISED OF STRUCTURAL
STEEL MEMBERS

PIPE SUPPORT CATALOG COMPONENTS TYPICALLY
HAVE LARGE SAFETY FACTORS

PREDICT SMALL PIPE SUPPORT LOAD INCREASES
DUE TO INPUT MAGNITUDE

REVIEW OF SAFETY RELATED ANALYSES IN THE
R/B DEMONSTRATES THAT HYDRODYNAMIC LOADS
ARE LESS THAN 25% OF DEADWEIGHT LOADS

SPATIAL INTERACTION/ANCHOR MOVEMENTS

SMALL PIPE DISPLACEMENTS WILL MINIMIZE
ADVERSE AFFECTS DUE TO:
DIFFERENTIAL ANCHOR MOVEMENTS
IMPACT OF ADJACENT COMPONENTS/SYSTEMS
SLIPPAGE OF PIPE OFF SUPPORTS ‘






