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Hardened Wetwell Vent Capability for the
James A. FitzPatrick Nuclear Power Plant

Reference: 1. NRC Generic Letter 89-16, 'Installation of a Hardened Wetwell
Vent,* dated September 1, 1989.

2. NRC letter, S. A. Varga to J. C. Brons, *installation of a Hardened
Vent Capability at the James A. FitzPatrick Nuclear Power Plant,"
dated January 24, 1991.

Dear Sir:

Generic Letter 89-16 (Reference 1) requested that utilities with BWR Mark I
containments volunteer to install a hardened wetwell vent system. The Authority's
response to this Generic Letter requested that the decision whether to modify the existing
FitzPatrick plant hardened wetwell vent be deferred until after completing the FitzPatrick
Individual Plant Examination (IPE) which was then under development. The NRC
concurred and requested that the Authority submit its final position regarding the Boiling
Water Reactor Owners Group (BWROG) hardened vent design criteria within 60 days of
completing the FitzPatrIck IPE (Reference 2). In addition, the NRC requested that the
Authority use the results of the IPE to re-examine venting procedures and training of
operators.

This letter contains the Authority's response to Reference 2. Attached is an
evaluation of venting during seveie accidents at the FitzPatrick plant. It includes the
Authority's final position regarding the BWROG hardened vent criteria and a re-
examination of venting procedures and training. In addition, it describes insights the
Authority gained from performing the IPE and the status of investigations into accident
management strategies associated with severe accidents.

The Authority concludes that the current design of the FitzPatrick hardened wetwell
vent meets Generic Letter 89-16 by providing a reliable venting capability with significant
scrubbing of fission products during specific severe accident conditions. The evaluation
also concludes that several procedural changes associated with the operation of the vent

91i210eU 8I 911206
PDR ADOCK 050003C)QC)C Kp PC#R 11~b f~



*;. • .•. • .•- ,

equipment may be beneficial as accident management strategies. These venting
!' ,:R , strategies include:

Venting until the containment pressure Is reduced to near atmospheric
pressure; and,

. Initiating the vent early, i.e., venting under certain circumstances prior to the
containment pressure reaching the currently established vent pressure.

Implementation of these procedural enhancements would require changes to the
currently approved emergency procedure guidelines and emergency operating
procedures. The Authority will bring these issues to the attention to the BWROG for
generic consideration. When those changes are approved by the BWROG and NRC, the
Authority will provide the NRC with an implementation schedule.

If you have any questions, please contact Mr. J. A. Gray, Jr.

Very truly yours,

Ralph E. Boodle
Executive Vice President
Nuclear Generation

cc: U.S. Nuclear Regulatory Commission
475 Allendale Road
King of Prussia, PA 19406

Office of the Resident- Inspector
U.S. Nuclear Regulatory Commission
P.O. Box 136
Lycoming, NY 13093

Mr. Brian C. McCabe
Project Directorate 1.1
Division of Reactor Projects - 1/11
U.S. Nuclear Regulatory Commission
Mail Stop 14 B2
Washington, D.C. 20555



New York Power Authority
Attachment to JPN-91-065

Hardened Wetwell Vent Capability
for the

James A. FitzPatrick Nuclear Power.Plant

Background

Generic Letter 89-16 (Reference 1) requested that utilities with BWR Mark I containments
volunteer'to Install a hardened wotwoll vent system. The Authority response (Reference 3) stated
that any decision whether or not to modify FitzPatrick's existing hardened wotwoll vent design
should be deferred until after completing the FitzPatrick Individual Plant Examination (IPE), then
being developed in accordance with NRC Generic Letter 88-20. The Authority provided a
significant amount of additional Information (References 6, 8, 9, and 11) to support this position.
The NRC concurred and requested that the Authority submiltwithln 60 days of the completion of
the FltzPatrick IPE, its linal position on the Boiling Water Reactor Owners Group (BWROG)
hardened vent critoria (Reference 10). In addition, the NRC requested that the Authority use the
results of the IPE to reexamine the venting procedures and training of operators. On September
13, 1991, the Now York Power Authority provided the James A, FitzPatrick Nuclear Power Plant
Individual Plant Examination to the NRC (Reference 11).

This attachment provides the Authority's detailed response to Reference 10. Section ii describes
several insights concerning post-accident venting. These insights were gained from performing
the IPE and from performing other severe accident studies and evaluations. The Authority's
detailed evaluation of the FitzPatrick vent design to the BWROG hardened wetwell vent design
criteria is provided In Section 1Il. Section IV discusses issues associated with venting
procedures and training. The status of Investigations Into certain accident management
strategies associated with venting and station blackout events, is contained In Section V.

As detailed In References 6 and 9, the FitzPatrick plant already has a hardened vent. The vent
piping originates at the primary containment suppression chamber air space and terminates at
the Inlet to the standby gas treatment system (SGTS), which is located in a separate structure
adjacent to the reactor building. All of the vent piping is rated for 150 psig Internal pressure.
Because the FitzPatrick plant already has a hardened wetwoll vent, the remaining vent-related
issues are mostly related to the need, if any, for modifying the existing venting procedures or
adding now vent equipment to moot the BWROG vent design criteria. The need for, and the
nature of such additional venting procedures and equipment has boon determined from insights
gained from the FitzPatrick plant IPE and other severe accident analyses.

Ii. Severe Accident (TW and SBO) Venting Insights

TW Sequence Definition

In TW accident sequences, a plant transient causes the reactor to trip. The reactor is
automatically shutdown with reactor water level maintained above the reactor core, providing
core cooling by using one or more plant systems (e.g., condensate, HPCI, RCIC, LPCI, core
spray, etc.). However, normal means of decay heat removal (e.g., sloam dump through the
turbine bypass valves, RHR shutdown cooling, RHR suppression pool cooling, and RHR LPCI or
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containment spray Injection through an RHR heat exchanger) are all unavailable. Instead, decay
heat Is transferred to the suppression pool by steam flow through one or more safety/relief
valves (SRV). This heats up the suppression pool, and when pool temperature, In conjunction
with reactor pressure, approaches the heat capacity temperature limit (HCTL) curve, the
operator manually doprossurizes the reactor by opening additional SRVs. The suppression pool
absorbs this additional heat and continues to condense the steam generated from decay heat.
When the water temperature approaches 212 0F, the suppression pool can no longer condense
all of the steam being added through the SRVs. Steam then evolves from the surface of the
suppression pool into the containment atmosphere. Eventually this begins to pressurize the
containment. After approximately 20 hours, the containment pressure approaches 44 psig,
which Is the FitzPatrick primary containment pressure limit (PCPL). The emergency operating
procedures (EOPs) then direct the operators to vent the containment to maintain pressure below
the PCPL

Wotwoll venting at this time prevents the containment from overprossurizing, while providing a
stable, long term decay heat removal pathway (the steam generated off the suppression pool is
directed to the environment). The release to the environment from TW venting would be slightly
contaminated steam mixed with the inventory of nitrogen gas which was initially In the
containment. When one of the normal decay heat removal pathways is restored, the TW
accident Is over. The vent is then closed with the plant remaining in a stable cold shutdown
condition.

If the containment is not ventc i, then pressure continues to rise. When the containment
pressure rises to within 50 ps of the containment instrument nitrogen pressure (or at
approximately 70 pslg), the I RVs close due to Insufficient dp across their air actuators and the
reactor repressurizes. If th, i-gh pressure coolant Injection (HPCI) system is not available, then
all coolant Injection to the reactor ceases. Reactor water level then drops duo to boil-off and
core damage follows. The containment continues to pressurize from gases generated from
metal-water reactions within the reactor and, following reactor vessel failure, from core-concrete
reactions within the drywell. When the pressure within the containment exceeds its failure
pressure, structural failure occurs. With HPCI available, core cooling is maintained as the
reactor repressurizes. However, this does not prevent containment from overpressurizing from
steam generated off the suppression pool. HPCI is then assumed to fail with the other ECCS
systems when the containment fails as described below, and core damage follows.

The sudden depressurization of the containment upon its failure has several effects: Some of the
water in the suppression pool flashes to steam, and with reduced containment pressure, the
SRVs may reopen, depressurizing the reactor. Suppression pool flashing reduces the not
positive suction head (NPSH) available to the emergency core cooling system (ECCS) pumps
taking suction from the suppression pool and may cause them to fail from cavitation. It these
pumps do not fail from reduced NPSH, then the IPE assumes that all ECCS pumps (RHR, Core
Spray, and HPCI) fall from environmental effects (temperature/humidity) due to steam released
from a rupture or leak of the suppression pool. Since one or more of these pumps were
providing cooling water to the reactor, core damage would follow.
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SBO Sequence Definition

In a long term station blackout (SBO) all sources of AC electrical power are unavailable. The
reactor Is automatically shutdown and the steam driven HPCI and RCIC systems maintain water
level above the reactor core. As with the TW sequences, decay heat Is transferred to the
suppression pool by steam flow through the SRVs and the containment eventually pressurizes.
Since the HPCI and RCIC turbines are dependent upon DC control power, depletion of the
station batteries after about eight hours leads to their failure. Once HPCI and RCIC fall, the water
Inventory In the reactor boils away and core damage begins. The onset of core damage occurs
approximately 13 hours Into the SBO. At this time, the containment pressure is significantly
below the PCPL vent setpoint pressure of 44 psig.

A. IPE Insights- TW Sequences

I

The FitzPatrick IPE was used to estimate the risk reduction associated with successful
venting of the wetwell airspace for the TW accident sequences. This is shown by comparing
the total core damage frequency (COF) with and without Venting. Based on the FitzPatrick
IPE, we find:

CDF, without venting
CDF, with venting

- 2.72 E-5/yr.
- 1.92 E-6/yr.

The total core damage frequency Is reduced by a factor of 14 due to venting during TW
sequences. This factor of 14 is conservative because it assumes that all overpressurizations
of the containment from TW sequences lead to a loss of core cooling. Nevertheless, venting
during TW sequences is an important mitigating action.

For FitzPatrick, the dominant TW sequences are those that result from a nonrecoverable
loss of either of the two 4160 VAC emergency busses (10500 or 10600). Loss of either of
these busses results In having three of the four RHR pumps functionally unavailable for
decay heat removal. The RHR and RHR service water (RHRSW) pumps are organized and
powered as follows:

Division A

RHR pump A
(10500)

RHR pump C
(10600)

RHRSW pump A&C
(10500)

Division B

RHR pump B
(10500)

RHR pump D
(10600)

RHRSW pump B&D
(10600)
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To provide decay heat removal, at least one RHR and one RHRSW pump from the same
division must function. Given a loss of a single emergency bus, both RHRSW pumps from
one dMsion as well as one RHR pump from the other division lose power, leaving only one
RHR pump and two RHRSW pumps available for decay heat removal. Random failure of
that one remaining RHR pump leads to a loss of decay heat removal, i.e. a TVV accident
sequence.

Since loss of an emergency bus is the dominant TW event Initiator, in all likelihood, the vent
would have to be manually operated. This Is because valves in the vent path are powered
or controlled from both emergency busses. Loss of either 4160 VAC emergency bus require
that at least some of the valve manipulations would be performed manually. In addition, if
ofisite power is also lost, then the wetwell vent containment Isolation valves, 27AOV- 117 and
118, would have to be manually opened duo to loss of the instrument air system. (These
valves are designed to close upon loss of Instrument air.) All of the valves in the vent path
are located within the reactor building and accessible depending on radiological conditions
within the building. Since the PCPL pressure Is reached only after 20 hours into the TW
event, the IPE determined that sufficient time is available to predict that venting would be
necesssary and carry out all manual actions necessary to establish the vent path prior to the
containment reaching the PCPL

B. Other, Non-IPE Insights- TW Sequences

The Authority looked at venting at containment pressures below the EOP specified vent
pressure to see if this affects the risks associated with TW, Early venting might cause RHR
and core spray pumps to cavitate from reduced NPSH due to flashing within the
suppression pool. Flashing couldn't occur until the pool temperature is above 212 0 F.
Analyses indicate that It would take approximately ton hours for the suppression pool to
approach 212 0 F. Venting prior to 10 hours into a TW sequence does not result in pool
flashing and should not cause an NPSH concern.

After 10 hours into a TW event, the core spray and RHR pumps might fail from cavitation
upon venting. However, the IPE assumes that the RHR and core spray pumps will fall upon
venting anyways, with core cooling only available through alternative means such as the
condensate, condensate booster, condensate transfer, RHRSW, and fire pumps. Low
pressure venting could only accelerate this effect The potential earlier loss of the core
spray or RHR systems due to early venting would not alter IPE calculated core damage
frequencies.

If the HPCI or RCIC systems were being used for core cooling, they would be unaffected by
early venting. These systems initially take their suction from the condensate storage tanks
and their suction auto-swap to the suppression pool is required to be inhibited by
procedure. Early, low pressure venting does not increase IPE calculated TW risk.
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C. IPE Insights- Long Term SBO Sequences

The FitzPatrick IPE did not take credit for using the hardened wetwell vent during SBO
sequences. Based on the EOPs, the operators would not vent until the containment
pressure approached the PCPL Studies performed as part of the IPE project show that
SBO core damage following battery depletion occurs 13 hours after the SBO began. This is
significantly less than the 20 hours necessary to reach the PCPL venting pressure. At the
time of reactor vessel breach, a containment pressure spike may occur. Then containment
pressurization would continue at an accelerated pace from the gasses evolved from core-
concrete Interactions and will eventually reach the PCPL pressure. However, once core
damage occurs the operators lose access to the reactor building, and cannot manually
open the vent path.

The IPE confirmed the previous analyses which supported the FitzPatrick 10 CFR 50.63
SBO coping duration. As noted above, core damage does not occur until 13 hours into an
SBO, whereas under 10 CFR 50.63. the FitzPatrick plant is required to be able to withstand
an SBO of four hours duration.

D. Other, Non-IPE Insights - Long Term SBO Sequences

If new equipment such as a small engine driven source of DC power Is installed and venting
occurs during a postulated SBO, the SBO is essentially converted Into a TW sequence by
providing long term core cooling with the HPCI or RCIC systems and decay heat removal to
the atmosphere with the vent. (See Section V.) In this scenario, venting Is identical to that
described for the TW with the exception that all valves would have to be manually operated.
In this situation core damage frequency from an SBO would be reduced.

As noted earlier, core damage during an SBO occurs long before the containment reaches
the PCPL vent pressure. The Authority Investigated the possibility of opening the wetwell
vent early during an SBO - before core damage occurs. In this scenario, the containment
is vented significantly below the PCPL pressure. The HPCI and RCIC pumps, which draw
their water from the condensate storage tanks, would be unaffected by venting. Early
venting does not prevent nor postpone core damage, since core damage follows directly
from station batteries depletion. However, once core damage occurs, the previously
opened wetwell vent could scrub the evolved gasses In the suppression pool and reduce
the amount of fission products released from the containment. Without the vent, the
containment would eventually fall, releasing the fission products without the benefit of
scrubbing. Therefore, Initiating the vent at a lower containment pressure during an SBO
would reduce the severity of the release to the environment.

E. Potential Vent Modifications

The Authority has Identified several possible hardware modifications to the FitzPatrick plant
which may help mitigate core damage during SBO and TW sequences. These
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modifications are unrelated to wetwell vent operation and are discussed as accident
management stragegios In Section V.

The potential to Identify cost beneficial modifications to the vent Itself is small. Vent
modifications considered Include providing dedicated motive power (AC power and/or
compressed air) for the normally closed valves In the vent pathway, and providing a hard
piped bypass around the SGTS filter trains. There are several reasons why these vent
modifications are not cost beneficial:

(1) The mean core damage frequency at RtzPatrick due to SBO sequences Is already
relatively low at 1.75 E-6/yr. (Reference 11, FitzPatrick IPE, Table 1.4.5.1).
Consequently, the economic value of reducing this frequency Is also low. This Is
demonstrated by comparison to an earlier NRC analysis of venting at the FitzPatrick
plant (Reference 5). This NRC analysis assumed 25 more years of FitzPatrick
operation and calculated 1637 person-rems averted as a result of reducing the
FitzPatrick core damage frequency by 4.5 E-5/yr. Using a simple ratio of core
damage frequencies, the person-rems averted by eliminating SBO sequences at the
FitzPatrick plant would be:

1.75 E-6 (1637) - 63.7 person-rems averted
4.5 E-5

At $1,000 per person-rem averted, only about $64,000 would be justified for the cost
of modifying the FitzPatrick plant to reduce SBO offsite health and property risks to
zero.

This justifiable expenditure Is less than 10% of the $660,000 the Authority estimated to
provide a hard pipe bypass around the FitzPatrick Standby Gas Treatment System
(SGTS) filter trains (Reference 3). Although the cost of providing dedicated power
supplies to the vent valves has not boon determined, It will most likely also exceed
$64,000. However, neither of the modifications reduce the CDF, their benefits only
reduce, but not eliminate the off site dose. Therefore, their benefits are considerably
less than $64,000.

(2) Based upon expert opinion, the two dominant containment failure modes during long
term SBO sequences are direct liner attack from the core debris and rapid
containment overpressurization at the time of reactor vessel broach. (Reference 11,
FitzPatrick IPE, Section 4.7). Should containment structural integrity be lost by either
of these mechanisms, wotwell venting would be Ineffective (i.e., fission products
would escape from the containment through the breach caused by the failure rather
than be scrubbed by the wetwell vent).

(3) Several accident management strategies based upon insights gained from the
FitzPatrick IPE are under review. (See Section V.) Should any of these strategies
prove to be technically feasible and cost beneficial, It will be considered for
Implementation. If implemented, the frequency of SBO sequences loading to a core



,,.•. ,,, ,..,New York Power Authodlty

JAMES A. FITZPATRICK NUCLEAR POWER PLANT
Attachment to JPN-91-065

page 7 of 18

melt would be reduced. These strategies would also reduce the cost benefit of
modifying the vent to cope with SBO conditions.

Based on the above, hardware modifications to the FitzPatrick hardened vent to cope with
SBO sequences are not justified.

III. Evaluation of the FitzPatrick Plant to the BWROG Design Criteria

In Reference 10, the NRC compared the FitzPatrick plant's existing vent capability to the
BWROG hardened wotwell vent design criteria. The NRC concluded that the existing FitzPatrick
vent design satisfies several of these criteria and may have acceptable deviations from several
others. The following information provides the Authority's final position regarding each of the
BWROG criteria.

BWROG Criterion (a)

The vent shall be sized such that under conditions of (1) constant heat input at a rate equal
to one percent of rated thermal power (unless lower limit justified by analysis), and (2)
containment pressure equal to the primary containment pressure limit (PCPL), the exhaust
flow through the vent Is sufficient to prevent the containment pressure from increasing.

NYPA Response to Criterion (a)

The Authority compared the FitzPatrick wetwell vent configuration to the NRC approved
design for Boston Edison's Pilgrim Plant. The Pilgrim plant is rated at 1998 MWth and has
a limiting vent diameter of 8 inches (approximately 50 in2). The FitzPatrick plant is rated at
2436 MWth and has a limiting vent area through a set of parallel 6 and 12 inch valves
(27MOV.121 and 120) comprising a total cross section area of over 140 In2. The limiting
FItzPatrIck vent flow area is over 2 3/4 times the size of Pilgrim's, and the limiting flow area
per M'th is over 2 1/4 times greater than that of the Pilgrim design. However, the
FitzPatrick 18 inch wetwell vent containment Isolation valves, 27AOV-1 17 and 118 are
blocked from opening beyond 500 (Ref. Technical Specification 37.D). Nevertheless, the
wetwell vent should be capable of passing steam flows corresponding to greater than
24.36 MWth (one percent of rated thermal power). The Authority will confirm the minimum
heat removal capability of the hardened wetwell vent by formal calculation.

Since the NRC considers the Pilgrim design to be acceptable, the FitzPatrick design, being
proportionally larger, should also be acceptable. In addition, the NRC concluded in
Reference 10 that the suppression chamber vent path was acceptable for satisfying
Criterion (a) when using the main suppression chamber vent containment isolation valves
(27AOV-117 and 118).

This criterion Is fully met.
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BWROG Criterion (b)

The hardened vent shall be capable of operating up to the PCPL It shall not compromise
the existing containment design basis,

BWROG Criterion (1)

The hard vent path shall be capable of withstanding, without loss of functional capability,
expected venting conditions associated with the TW Sequence.

NYPA Response to Criteria (b) and (1)

With the exception of the Standby Gas Treatment System (SGTS) room, the vent path from
the primary containment to the environment has a design pressure rating of 150 psig,
which is greater than the design pressure rating of the containment and significantly
greater than the PCPL pressure of 44 psig. The PCPL pressure of 44 psig is less than the
56 psig design pressure of the containment due to limitations on the closing capability of
the containment vent Isolation valves.

The Authority analyzed the SGTS and determined that the Inlet transition pieces are
capable of withstanding an Internal pressure of approximately i/2 psig. The SGTS filter
train enclosures are rated for an internal pressure of a few psig. At the pressures expected
to be encountered during TW venting, the transition pieces may rupture and, possibly, the
SGTS enclosure as well. The vent effluent would then enter the SGTS room and, once the
room is slightly pressurized, would be relieved through a set of double doors that open to
the environment. The functional requirement of the wetwell vent (i.e., to remove decay
heat from the containment and provide a scrubbed vent path) would not be compromised.
In Reference 10, the NRC concluded that this vent flow path, including damage to the
SGTS, could be an acceptable deviation from this criterion.

Based on the IPE, the Authority concludes that loss of the SGTS Is an acceptable
consequence of severe accident venting. Nevertheless, the Authority is investigating the
possibility of opening the SGTS charcoal filter access doors and the SGTS room door to
the environment prior to venting. This action would make the SGTS inoperable, thereby
eliminating the required secondary containment differential pressure and, consequently,
making the secondary containment Inoperable as well. But this action may reduce the
damage to the SGTS during severe accident venting. This procedural action will be
Investigated further. If the Authority determines that these actions will prevent SGTS
damage during venting and allow the SGTS to be returned to service following venting,
then it will be considered for inclusion in the venting procedure.

The FitzPatrick vent design is an acceptable deviation from criteria (b) and (f).
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BWROG Criterion (c)

The hardened vent shall be designed to operate during conditions associated with the TW
sequence. The need for station blackout venting will be addressed during the IPE.

NYPA Response to Criterion (c)

Venting During the TW Sequence:

The capability of the FitzPatrick hardened vent to operate during postulated TW sequences
is discussed in the responses to criteria (a), (b) and (1). The FitzPatrick hardened vent
should be capable of removing at least one percent of the rated thermal power and of
withstanding the anticipated pressures for the section of the vent path within the reactor
building.

Operation of the valves in the vent flow path has been demonstraed since the same flow
path is used to depressurize the suppresslon chamber following primary containment
Integrated leakage rate tests (ILRT). During both ILRT and TW venting operation, the
containment Is initially at high pressure (44 psig for "W and 45 psig for ILRT). The flow
path for both modes of operations is virtually identical; initially through a 2 Inch bypass line
around the 18 inch containment isolation valves, 27AOV-1 17 and 118, and later through
the larger valves. The only significant difference is that during TW venting, the 2 inch
bypass line may not be sufficient to depressurize the containment and the transition to the
larger valves would occur sooner. This procedure is successfully employed during an
ILRT and should also work for venting during a TW event.

The FitzPatrick hardened vent satisfies flow rate, pressure retention, and operability
requirements during TW sequences.

Venting During the Station Blackout (SBO) Sequence:

The.SBO sequences require essentially the same heat removal rates and pressure
retention capabilities as do the TW sequences. The valve operations for venting during
SBO must be done manually due to the lack of motive power to the valves (AC and
compressed air). All of these valves are located in the reactor building and could be
accessed during SBO prior to onset of core damage. The effectiveness, or need for
venting during an SBO, as opposed to the capability to vent, is discussed in Sections Il
and V,

This criterion is fully met.
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BWROG Criterion (do

The hardened vent shall include a means to prevent Inadvertent actuation.

NYPA Response to Criterion (d)

The NRC's review of this critorion (Reference 10) correctly stated that "to prevent
Inadvertent actuation of the vent, the plant relies on operator training and adherence to the
EOPs.' It is highly unlikely that an operator would deviate from the EOPs. The actions
necessary to initiate the vent are significantly more complicated than merely turning a
control switch. Venting the containment requires an exact sequence of manipulations
Involving six valves within the containment vent and purge system. These valves are
operated from the primary containment panel in the relay room, not from the control room.
And in the most likely 1W sequences (loss of emergency bus 10500 or 10600), venting
would require manual operation of many of these valves In the reactor building.

In addition, drywell pressure and possibly high containment radiation Instrumentation
would be generating continuous containment Isolation signals to the vent Isolation valves.
Those signals would have to be bypassed as directed by the venting procedure, F-AOP-35.,
Leaving the control room to operate valve controls in the relay room, to bypass
containment Isolation signals, or to manually reposition valves during a severe accident
would occur only under the specific direction of the Shift Supervisor or the Emergency
Director.

Inadvertent actuation during an SBO is even less likely than during a "W event. In SBO
sequences, every valve manipulation would have to be performed manually. Therefore, It
Is highly unlikely that Inadvertent vent actuation would take place during an SBO. For
more detailed Information, see the FitzPatrick IPE, Appendix E.

The Authority has determined that Inadvertent actuation of the FitzPatrick hardened vent is
highly unlikely. Existing procedure and training provide an adequate means to prevent
inadvertent vent actuation.

This criterion Is fully met.

BWROG Criterion (e)
; "The vent path up to and including the second containment isolation barrier shall be

* .designed consistent with the design basis of the plant.

NYPA Response to Criterion (e)

The hardened vent path uses the currently installed suppression chamber purge exhaust
containment penetration. The containment Isolation provisions for this penetration meet
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the design basis of the FitzPatrick plant. The NRC also concluded In Reference 10 that the
existing FitzPatrick design satisfies Criterion (o).

This criterion Is fully met.

BWROG Criterion (g)

Radiation monitoring shall be provided to alert control room operators of radioactive
releases during venting.

NYPA Response to Criterion (g)

The currently Installed post accident sampling system (PASS) has the capability to sample
the wetwell atmosphere for the presence of radionuclides such as noble gases and
Iodines. This system is designed for the environmental conditions associated with
accidents and would be available during TW events. The FitzPatrick vent procedure calls
for Its use stating, 'If time permits, the Radiological and Environmental Services
Departments should analyze the containment atmosphere prior to venting to aid in
formulation of protective action recommendations.'

As discussed previously, TW accident sequences evolve slowly, providing ample time to
draw and analyze a PASS sample of the wetwell atmosphere prior to venting. By sampling
from the wetwell atmosphere, the PASS system will analyze the actual gasses that will be
released from the wetwell vent. Therefore, accurate venting source terms can be
determined. Once venting has begun the operators will know what is being released and
additional samples can be drawn as necessary to determine if the radiological content of
the vent effluent has changed.

In addition, the PASS system is designed to sample the drywell atmosphere and
suppression pool water for radioactive liquids, gasses, and disolved gasses. The drywell
PASS sample, in addition to other accident qualified containment radiation detection
Instrumentation, can be used to assess the radiological consequences of venting. Since
the drywell atmosphere has not been scrubbed through the suppression pool, these
radiological assessments would give conservative Indications of what would be released
from the wetwell vent.

There are conditions under which operators are directed to vent the drywoll directly. (See
Section IV.) Under these conditions, the drywell PASS sample together with containment
radiation monitoring instrumentation would provide direct Indication of the radioactivity
associated with drywell venting.

The Authority considers the installed radiation detection ýand sampling systems adequate
for TW venting. Since operation of the PASS requires AC power, It would not be available
under SBO conditions.
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Assuming an AC Independent dedicated venting radiation monitoring system wore to be
Installed, it would have little accident mitigation/management function. Only during those
rare, long term SBO sequences leading to core damage whore early, low pressure wetwell
venting Is employed (contrary to current emergency procedures), and the containment
does not fail from other SBO phenomena, could significant radiation be detected in the
vent path.

Even It a dedicated vent monitor detected radioactive materials passing through the vent,
this would not be the basis for any operator action. The operators are Instructed to vent
regardless of radiation releases. In addition, the vent cannot be manually isolated during
the release because of the high radiation levels expected within the reactor building.
Therefore, a dedicated vent radiation monitor would not servo any useful operational
purpose.

In the most likely, long evolving TW and SBO accident sequences, emergency response
decisions and recommendations to County and State agencies for sheltering or
evacuation of the public, would be based on conservative radiological estimates
prior to venting. The actual dose rates and radiological assessments made during venting
would not have any effect on the previous decision and recommendations for public
protective actions. Radiation monitoring needs associated with ofisito emergency
responses are met by currently Installed sampling systems, instrumentation and off site
monitoring capabilities.

A AC Independent dedicated vent radiation monitoring system serves no useful purpose in
the decisions to open or close the vent nor in decisions related to offsite responses. The
existing radiation monitoring capability at the FitzPatrick plant is sufficient for venting
during both TW and SBO events.

The FitzPatrick vent design is an acceptable deviation from criterion (g).

BWROG Criterion (h)

The hardened vent design shall ensure that no ignition sources are present in the pipeway.

NYPA Response to Criterion (h)

Hydrogen and other combustible gases would not be generated during venting under TW
conditions because core damage would not have occured. Therefore, the presence of
Ignition sources are unimportant during TW.

Combustible gases such as hydrogen or carbon monoxide are generated only during core
damage events such as SBO. Not only are SBO sequences unlikely, but by their very
nature they minimize concerns about equipment being energized (ignition sources) in the
vent path including the SGTS room. Once AC power is restored, accident mitigation
activities would reduce or eliminate combustible gas generation.
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In letters previously provided the NRC on the hardened vent (References 6 and 9), the
Authority noted that:

Combustion within the vent piping and SGTS room Is unlikely due to high steam
concentrations.

*. Even if combustion were to occur, it is unlikely to cause structural failure of the
SGTS room; particularly failure of the 2 foot thick reinforced concrete common wall
between the SGTS room and the reactor building, and

:., Even if the SGTS room failed structurally, It would be unlikely that this failure would
propagate such that the primary containment would also fall.

The alternate action would be to Install a hard pipe bypass around the SGTS at an
estimated cost of $680,000 (Reference 3). Since combustion In the existing vent path is
not risk significant, the Authority does not plan to modify the FitzPatrick vent design to

¾• ireduce Ignition sources.

The FitzPatrick vent design Is an acceptable deviation from criterion (h).

IV. Examination of Venting Procedures and Training

In Section 2.0 of the Enclosure to Reference 10, the NRC concluded that:

(1) operators are untrained regarding venting consequences and do not
expect a rupture In the SBGT portion of the venting pathway;

(2) operators are not familiar with other methods expected to be employed
to stretch out the time to reach containment failure pressure and other
decay heat removal pathways;

(3) present simulator scenarios involving loss of decay heat removal
sequences do not result in containment venting; and

(4) procedural guidance is not provided to determine when to secure
venting once it has been started.

In addition, the procedures do not clearly Indicate the conditions which would
require use of the drywell, suppression chamber, or both, vent paths. Also, 'F-
AOP-35 contains human factors weaknesses which could prove detrimental to
operator use of the procedure.

With respect to Issue (1), the more general issue is operator training In the various severe
accident Insights and phenomena revealed through the IPE process. Recommendations for
operator training with respect to the results of the IPE have been Identified and are being

I
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Integrated Into the operator training program. Included with this training will be training In severe
accident phenomena such as the consequences of venting during severe accidents.

Item (2) Is more appropriately handled under the accident management program which Is being
coordinated by utilties through NUMARC and the NRC. In any event, both TW and SBO
sequences evolve slowly and, even without employing other methods of heat removal, require
approximately 20 hours to reach the PCPL pressure. This provides ample time for operator
action. The IPE did not consider means of extending the time to reach the PCPL or containment
failure pressure or alternate methods of heat removal necessary. Succussfuf operation of the
FitzPatrick vent resolves any concern about reaching containment failur, pressure, eliminating
the need to providing measures to stretch out the time to reach this pressure.

With regard to present simulator scenarios In Item (3), the FitzPatrick simulator cannot simulate
TW sequences which require venting. The FitzPatrick simulator Is designed to meet the
requirements of ANSI/ANS-3.5-1985, "Nuclear Power Plant Simulators for Use in Operator
Training" which has very specific requirements for the capabilities of the simulator and for
validation of simulator models. Operators are not simulator trained with unvalidated simulator
models because modeling Inaccuracies may mislead them. The simulator suppression pool
temperature model has not been validated for beyond design basis events (above approximately
1200F), such as would be generated by long term TW sequences. This limitation is of little
significance for scenarios which evolve slowly, especially where emergency procedures are
available and operators well trained. In addition, the actual valve manipulations to effect venting
cannot be performed In the simulator because the vent valve control switches are not located in
the control room and, therefore, are not provided in the simulator. Operators are fully classroom
trained on those portions of the EOPs which represent beyond design basis events.

With respect to Item (4), F-AOP-35 was significantly revised, providing more detailed instructions
and improving human factors considerations, subsequent to the NRC's visit to the FitzPatrick
plant (Reference 8) and their review of the procedure. The revised format of F-AOP-35 should
alleviate the human factors weaknesses noted by the NRC.

F-AOP-35 directs operators to vent "only as necessary to reduce and maintain Primary
Containment pressure below the Primary Containment Pressure Umit... A pressure control band
should be chosen such that offsite radiological consequences are expected to be minimized."
This procedure could be revised further to provide more specific guidance in selecting the limits
of the pressure control band. However, such guidance would have to account for differing
pressurization rates from many postulated accident sequences and would be very cumbersome
and would not Improve vent operation.

The Authority is investigating whether this procedure should be modified to direct the operator to
continue venting until the containment has boon depressurized to near atmospheric pressure
instead of using a pressure control band, There are only minimal adverse radiological
consequences In the TW sequence by allowing the vent to remain open until near atmospheric
conditions are reached In the containment. In SBO or other core damage events, this approach
has a number of potential benefits. Terminating venting at a low containment pressure is
discussed further in Section V.
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F-AOP-35 Is very specific on when the venting of the suppression chamber or drywell shall be
conducted. This procedure states, "A Primary Containment vent path taking Its suction on the
Torus airspace Is preferred due to an expected decrease In radioactive release rate due to pool
scrubbing of fission products." If the suppression pool water level Is above 28.5 feet (just below
the height of the vent penetration), then the procedure requires that venting be conducted
directly from the drywell, regardless of the radiological consequences. There are no conditions
under which simultaneous venting from both the suppression chamber and the drywell would be
required. Furthermore, the flow limiting valves In the vent path are common to both the
suppression chamber and drywell vent paths. Opening both paths simultaneously does not
Increase the limiting flow area and should not significantly Increase the overall vent flow rate,

V. Accident Management Strategies

The Authority is currently examining several accident management strategies. Neither the
feasibility nor the cost effectiveness of these strategies have been determined. However,
preliminary analyses indicate that should these strategies be implemented, the risk significance
of S8O sequences could be lowered by a factor of about 4 to 6.

One accident management strategy Is to provide a small engine driven generator to supply 600
VAC power to one or both battery chargers or to supply 125 VDC power directly to one or both
DC systems. The FitzPatrick IPE verified that SBO sequences lead to core damage due to
inability to maintain core cooling once DC power is exhausted. Use of an additional electric
generator could extend the availability of DC power and prevent core damage.

Another IPE Insight is to install a crosstle between the fire protection system and the emergency
service water system (ESW). This will allow one or both of the diesel driven fire pumps to supply
cooling water to one or more of the jacket water cooling heat exchangers on the four emergency
diesel generators (EDGs). Based on the FitzPatrick IPE, loss of ESW was a major contributor to
EDG unavailability. When at least one EDG becomes functional, core cooling would be possible
through use of the core spray system or the LPCI mode of RHR, thereby terminating the SBO.

A single operating diesel generator can power an RHR service water pump and all necessary
auxiliary equipment In addition to the RHR and core spray pumps to provide simultaneous core
cooling and containment heat removal. With an EDG providing AC power, there Is no need to
Initiate the vent, and If the vent Is already open, there Is AC power to close it. Three modes of
ECCS system operation can provide the heat removal path from the reactor core to the ultimate
heat sink (Lake Ontario) using a single EDG; shutdown cooling, suppression pool cooling, and
containment spray through an RHR heat exchanger.

In shutdown cooling mode, an RHR pump circulates reactor coolant through an RHR heat
exchanger and then back to the reactor vessel. In suppression pool cooling mode, an RHR
pump circulates water from the suppression pool through an RHR heat exchanger and then back
to the suppression pool. In containment spray mode, an RHR pump circulates water from the
suppression pool through an RHR heat exchanger and then through the containment spray
headers. The water then collects on the floor of the drywell and spills back into the suppression
pool through the downcomers. These last two modes require using the core spray system to
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provide core cooling. In all three of these modes, an RHRSW pump provides cooling water from
Lake Ontario to the tube side of the RHR heat exchanger and returns the heated water back to
the lake.

Another IPE Insight Is the use of the existing fire protection system crosstle to the RHRSW to
. provide cooling water flow to an RHR heat exchanger Instead of using the RHRSW pumps. The

crosstie was originally Installed to provide cooling water to the reactor core during SBO
-conditions. This new use of the crosstle would mitigate certain TW sequences where an RHR
pump Is available, but the corresponding RHRSW pumps are not. This strategy can be
Implemented through simple procedure changes since all necessary crosstie hardware have
been previously Installed and only new valve manipulations are required,

The Authority plans to bring several other venting strategies to the attention of the BWROG for
generic consideration prior to any decision to Implement on a plant specific basis. Two of these
strategies are early (low pressure) venting during SBO and venting the containment to near
atmospheric pressure Instead of maintaining containment pressure just below the PCPL. These
strategies were mentioned previously and are described in greater detail below.

The first strategy involves manual opening of the vent valves prior to the containment pressure
reaching the PCPL during an SBO if loss of core cooling is Imminent. Due to the long time
between loss of core cooling and core damage during SBO sequences, there should be
sufficient time to manually open the vent valves. This would not significantly Increase risks, and
could be useful In SBO sequences if the containment does not fail early from other SBO
phenomena (e.g., direct drywell liner attack). In fact, venting in SBO sequences may also
reduce the probability of early containment failure from postulated containment pressure spikes
at the time of reactor vessel failure. Regardless of when the vent Is opened, the suppression
pool would be available to scrub radionuclides from the vent effluent. Therefore, the release to
the environment would not be adversely affected by Initiating the vent at a lower containment
pressure during SBO. If this strategy were not Implemented, then adherence to the current
EOPs and postulated radiological conditions would prohibit any vent operation during an SBO.

The second strategy Is to modify vent operation such that Instead of maintaining a containment
pressure control band, the vent would remain open until the containment Is fully depressurized.
This mode of vent operation would apply to TW sequences where core cooling Is provided
throughout the vent operation. I1 early venting during SBO Is Implemented as described above,
then once core damage has occurred the vent could not be reclosed due to radiological
conditions within the reactor building. Nevertheless, there are significant benefits to maintaining
the vent open during both TW and SBO. Maintaining the vent open will:

* Reduce the number of operator actions and vent valve manipulations. There would be no
concern that the vent could not be reclosed, and It reclosed, that It could not be reopened
as would be necessary to maintain a pressure control band. This improves the reliability of
the vent,

* Purge most combustible gases from the containment.

. I"..
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* Minimize the driving force (pressure difference between the containment and the

atmosphere) for fission product release through other openings In the containment.

. Cool the containment and reactor vessel surfaces to retain radlonuclides. And,

, Scrub all vent effluent through the suppression pool to trap the maximum amount of

radionuclides.

' , VI ... Conclusion

'~ The existing FitzPatrick hardened wetwell vent Is adequate to meet the accident conditions

*associated with TW and SBO conditions. It meets many of the BWROG design criteria and

represents an acceptable deviation from the remainder. The hardware modifications needed to

'.fully meet the BWROG design criteria are not necessary to ensure that the vent performs its

,..,decay heat removal and scrubbing functions and would not produce significant public benefits.

: :!iProcedures and oprrator training with respect to vent operation are adequate and the Authority

is fully confident thv plant operators will use the existing hardened wetwell vent when plant

conditions dictate.

The hardware modifications associated with the accident management strategies described In

.... Secaton V are unrelated to the hardened wetwell vent and would be preventive In nature. These

strategies are currently being evaluated, with the fire protection to ESW crosstie modification

expected to be Installed in the near future. Accident management procedural changes which

have the potential to Improve the operation of the vent will be brought to the attention to the

BWROG for generic consideration. When these operational changes are approved by the

BWROG and NRC, the Authority will provide the NRC with an Implementation schedule,
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