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ABSTRACT

Supplement 2 to the Safety Evaluation Report (SER) for the application filed by
General Electric Company for the final design approval for the GE 8wWR/6 nuclear
island design (GESSAR II) has been prepared by the Office »f Nuclear Reactor
Regulation of the Nuclear Regulatory Commission. This report supplements the
GESSAR II SER (NUREG-0978), issued in April 1983, summarizing the results of
the staff's safety review of the GESSAR Il BWR/6 nuclear island design.

The review is carried out in accordance with the procedures for demonstrating the
acceptability of the design for the severe-accident concerns described in draft
NUREG-1070, "NRC Poiicy on Future Reactor Designs: Decisions on Severe Accident
Issues in Nuclear Power Plant Regulation.” Supplement 2 also provides more re-
cent information regarding resolution or upcate of the confirmatory items and
FDA-1 conditions identified in SSER 1.

Subject to favorable resolution of the items discussed in this supplement, the
staff concludes that the GESSAR II design satisfacterily addresses the severe-
accident concerns described in draft NUREG-1070.

GESSAR II SSER 2 iid
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1 INTRODUCTION AND GENERAL DISCUSSION

1.1 Introducfion

On April 8, 1983, the Nuclear Regulatory Commission staff fstaff) issued a
“afety Evaluation Repsrt (NUREG-0979) “egarding the application by General
Electric Company (GE) for a Final Design Approval (FDA) for GE's BWR/6 nuclear
island design (GE Standard Safety Analysis Report, GESSAR II). In July 1984,
Supplement 1 to the Safety Evaluation Report (SSER 1) was issued for GESSAR II,
and on July 27, 1983, the Office of Nuclear Reactor Regulation issued FDA-1
for General Electric Company's BWR/6 nuclear island design. This approval
allows the GESSAR II design to be referenced in operating license (OL) appli-
catics for plants that referenced the GESSAR-238 nuclear island design Pre-
liminary Design Approval (PDA-1) at the ccnetruction permit (CP) stage of the
Ticensing process. FDA-1 is the first Final Design Approval issued by the
Office of Nuclear Reactor Regulation for a standard nuclear plant design or
major portion thereof.

This report is the second supplement to the Safety Evaluation Report (SSER 2).
It provides more recent information regarding resolution or update of the con-
firmatory 1lems and FDA conditions identified in SSER 1. It also provides a
discussion and evaluation relating to the staff's review of GESSAR II for
severe-accident concerns. The evaluation is based on GE submittals through
July 1984. The evaluation includes independent as well as confirmatory
analysis by the staff and its contractor, Brookhaven Nationa) Laboratory
(BNL). The aralysis is carried out in accordance with the procedures for
demonstrating the acceptability of the design for severe-accident concerns
described in draft NUREG-1070, "NRC Policy on Future Reactor Designs:
Decisions on Severe Accident Issues in Nuclear Power Plant Regulation."

Each of the following sections and appendices of this supplement is numbered tte
same as the SCR section or appendix that is being updated, and the discussions
are supplementary to and not in lieu of those in the SER unless ctherwise noted.
Accordingly, Appendix A is a continuation of the chronology of the safety review.
Appendix B is &n updated list of references. Appendix C has been updated to
include a further discussion of unresolved safety issues and a discussion of
medium-priority and high-priority generi. safety issues required by draft
NUREG-1070. Appendix £ is a 1ist of principal contributors to this supplement
Appendix G is a discussion of compliance with the CP/ML rule (10 CFR 50.34(f))
and in Appendix M, compliance with the Standard Review Plan (SRP) rule

(10 CFR 50.34(g)) is discussed.

The NRC Licensing Pr-ject Manager for GESSAR II is Mr. Dinc Scaletti.

Mr. Scalett) may be reached by calling him at (301) 492-9787 or by writing to
him at the Division of Licensing, Office of Nuclear Re :tor Regulation, U.S.
Nuciear Regulatory Commission, Washington, D.C. 20555,

GESSAR IT SSER 2 -1
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1.8 Summary of Qutstanding Issues.

In SSER 1, all outstanding issues had been resolved to the staff's satisfaction.
Three of the issues that ware potentially outstanding were made conditions of
FDA-1. These issues are to be resolved before a construction permit or oper-
ating license is. issued tc the first applicants referencing GESSAR II. Presently
one FDA-1 condition has been resolved (fuel rod internal pressure), and this will
be reflected in FDA-1 at a later date.

During the course of the staff review of the GE probabilistic risk assessment
(PRA) of the BWR/6 nuclear island described in GESSAR II additional issues
have beer identified that remain unresoived. The issues relate to severe-
accident concerns and their unresolved status is attributable to the fact
that (1) the staff needs to review existing information or (2) GE needs to
supnly additional infermation. The outstanding issues as well as the FDA-1
conditions are tabulated below. For those items discussed in this supplement,
the relevant section i; indicated in parentheses following the item.

Issue Status

Fuel rod internal pressure (4.2.1) FDA-1 condition (resolved)

Humphrey issues FDA-1 condition

Postaccident monitoring instrumentation FDA-1 condition

External events (seismic PRA) (15.6.2.3) Under review

Containment structural analysis (15.6.2 Awaiting information
and Appendix G)

Hydrogen control measures, USI A-48 Awaiting information
(Appendixes C and G)

Potential design modification (15.6.4) Under review

Safety parameter display system (Appendix G) . Under review

Containment emergency sump reliability, USI A-43 Under review
(Appendix C)

Safety implications of control systems, USI A-47 Under review
(Appendix .

Loads, load confirmations, stress limits, GSI 8-6 Under review
(Appendix C)

Passive mechanica! failures, GSI B-38 Under review
(Appendix C)
Beyond-design-basis accidents in spent fue! pool, Under review

GSI 8-2 (Appendix C)

1.9 Confirmatory Issues

SSER 1 listed nine confirmatory issues that were 2ither under staff review or
awaiting information. The tabulation below shows the current status of each o

the nine issues as well as the new confirmatory issues. For those items discussed
in this supplement, the relevant sectisn is indicated in parentheses following

the item.

lssue tatus

Soil-structure interaction (3.7.1) Resolved
Fuel assembly seismic-and-LOCA loads (4.2.1) Resolved
Overheating of gadolinia fuel pellets (4.2.3) Resolved
Containment long-term response (6.2.1) Resalved
Subcompartment analysis (6.2.1) Resolved

GESSAR II SSER 2 1-2
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Issue Status

Revised small-break LOCA methods (6.3.3) Resolved

Factor of safety against sliding Awaiting information
Software engineering manual Awaiting information
Optical isclators - Awaiting information
Containment repressurization (6.2.2) Resolved

Combustible gas control Under review

Station blackout, USI A-44 (Appendix C) Awaiting information

Shutdown decay heat removal, USI A-45 (Appendix C) Awaiting information

1.10 Interface Information

GESSAR II describes a standard BWR/6 nuclear island design. Consequently.
GESSAR II does not describe an entire facility, but is limited in scope to those
design and safety features associated with the nuclear island design. The
ces’gn scope is defined in the SER and GESSAR II Section 1.2. GESSAR II also
defines interface requirements that must be imposed on the reference plant (in-
dividual applicant referencing GESSAR II) so that the balance of plant (BOP)
will provide compatible design features that will ensure the applicability,
functional performance, and safe operation of the GESSAR II systems.

A summary of the interface reguirements resulting from the staff review of the
GESSAR II for severe-accident concerns is presented in Table 1.2 of this supple-
ment. For a complete list of interface requirements, see GESSAR II (Section 1.9)
and Table 1.2 of the SER and SSER 1.

Table 1.2 Interface items

SER Section Item

4.2.3 Fuel rod mechanical fracturing

4.2.3 Fuel assembly structural damage

4.2.4 Post-irraaiation surveillance

6.2.1 Subcompartment pressure analysis

6.2.2 containment repressurization

15.6.2 Quality assurance and interface requirements

15.6.2.3 Internal and external flooaing analysis

15.6.2.3 Aircraft strike

15.6.2.3 Snow and ice loadings

15.6.3.1 System interaction (USI A-17)

15.6.3.2 Behavior of BWR Mark III containments (GSI 8-10)

15.6.3.2 Proposed requirements for improving the reliability of
open cycle service water systems (GSI 51)

15.6.3.2 Probatility of core melt due to comporent cooling water
system (GSI 65)

Appendix G CP/ML rule items

Note: USI = unresolved safety issue; GSI = generic safety issue.

GESSAR II SSER 2 1-3



3 DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS

3.7 Seismic Uis}gg

3.7.1 Seismic Input

As reported in the SER, there were two outstanding confirmatory issues related
to GE's soil-structure interaction (SSI) analyses. The first issue dealt with
the input location of the design ground motion in the finite elenent S$SI analy ]
sis. GE applied input design ground motion (Regulatory Guide (RG) 1.60) at the

grade level rather than at the foundation level in the free field as specified by

the staff acceptance criteria. The second issue arose from the fact that GE's

SSI analysis using a compliance function approach also deconvolved the input

motion from the grade level to the foundation level. Thus, the staff's require=

ment regarding the input location of the design grouna motion was not met.

In order to resolve these issues, GE had committed to perform an additional
eight cases of SSI analyses of the reactor building using the compliance-
function approach with RG 1.60 motion as input at the foundation level to dem-
onstrate that the existing design envelopes and design parameters exceed those
produced by these additional analyses. B8y a letter dated August 17, 1983, GE
submitted results of the additional analyses for the staff's review.

GE performed the additional eight analyses using the CLASSI series of computer
programs. The following two items emerged from the staff's review of these
CLASSI analyses: (1) the CLASSI approach included kinematic interaction effects
which modified the input motion at the foundation level. Kinematic interaction
occurs as a result of wave scattering at the soil-foundation interface. Both
kinematic constraints imposed by the geometry of the problem and the differences
in stiffness between the structure and the soi] contribute tu the resultant wave
scattering. For an embedaed structure subjected to vertically propagating shear
waves, the net effect is typically a reduction in rigid body translational
response, accompanied by the introduction of a rigid body rocking component;

and (2) GE assumed that Lhe reactor building behaves like an embedded cylinder
in direct contact with the soil for evaluating the embedment effects.

The first concern arises from the fact that the GE approach stil) alters (re-
duces) the input motion at the foundaticn level in the free field fram the

RG 1.60 motion and complies neither with an earlier GE commitment nor with the
staff's position that the RG 1.60 motion be used at the foundatior level in the
free field. The cause for the second concern arises because the reactor build-
ing is surroundec by the control and auxiliary building and thereby physically
separated from the soil; however, to evaluate embedment effects, GE assumed the
reactor building was in direct contact with the soil.

The staff met with GE and GE's consultant on February 16, 1984, to discuss SSI
analyses and the above concerns. As a result of this meeting, GE performed an
additional analysis for the bounding soil case by completely disregarding kine-
matic interaction and conservatively assuming the reactor building tc be sur-

face founded. The comparison of spectra resulting from this analysis with the

GESSAR Il SSER 2 3-1
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GESSAR II design envelopes indicates that except for the low frequency range

(<4 Hz), the GESSAR II design envelopes still bound the new spectra with consid-
erable margin. Therefore, on the basis of the above review findings and the
consideration of GE's previous commitment to limit the fundamental frequencies
of structures, equipment, and components above 4 Hz, the staff concludes that

all issues relative to the input location of the design ground motion and SSI
analyses are resolved.

GESSAR II SSER 2 3-2
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4 REACTOR

4.2 Fuel System Design

4.2.1 Design Bases
4.2.1.1 Fuel System Damage Criteria
4.2.1.1.6 Fue! and Poison Rod Pressuras

In the SER, the staff stated that GE has proposed a design basis on rod interna)
pressure which does not limit the fuel rod internal pressure to a value less
than the reactor coolant system (RCS) pressure as specified in Standard Review
Plan (SRP) Section 4.2.1I.A.1.f. The staff made this issue a condition of FDA-1
pending a demonstration by GE that a fuel rod internal pressure greater than RCS
pressure would not (1) lead to fuel system damage during normal operation and
anticipated operational occurrences, (2) prevent control rod insertion when
required, (3) result in an underestimate of the number of fuel failures in or

radiological consequences of postulated accidents, or (4) lead to loss of
coolable geometry.

In a letter dated February 25, 1983, GE described a design basis for rod pres-
sure in which the effects of fuel rod internal pressure during normal steady-
state operation will not result in fuel failure from excessive cladding pressure
loading. GE contended that a roc internal pressure limit of less than or equal
to the RCS pressure is not necessary. Instead, GE proposed that the rod pres-
sure be limited sc that the instantaneous cladding creepout rate from internal

pressure greater than RCS pressure is not expected to exceed the instantaneous
fuel swelling rate.

To demenstrate that this propesed criterion is accentable in terms of conditions
(1) through (4) abcve, GE demonstrated that for the design-basis transients and
accidents of interest in a BWR, either t"e cladding does not heat up signifi-
cantly or the existing fuel damage criteria used are still applicable when the
initial fuel rod internal pressure exceeds the initial RCS pressure.

In the case where the cladding acoes not heat up significantly, that is, the
safety 1imit minimum critica! power ratio (MCPR) is not exceegec, ther2 is no
significant change in the fusl rod geometry sc that control rod insertion and
bundle coolability will be maintained.

For those events in which the cladding does heat up significantly above its
normal temperature, GE has demonstrated that there are other criter.a which
assure that conditions (1) through (4) will not occur. For example, the
loss-of-coolant accident (LOCA) event is governed by the criteria set forth in
10 CFR 50.46 that the cladding temperature will not exceed 2200°F, the maximum
amount of local oxidation on any fuel rod will not exceed 17%, and that a cool-
able geometry will be maintiined. These criteria are independent of the initial
internal pressure of the fuel rod. However, the internal pressure far the fue)
rod is taken into account explicitly in determining the stored energy anc in

GESSAR II SSE: 2 4-1



calculating the amount of fuel rod swelling and rupturing. In addition, the
number of failed fuel rods assumed for radiological calculations is 100% of
those in the core. Therefore, a rod internal pressure greater than the RCS
pressure will not result in underestimating the radiolegical consequences of a
LOCA. Thus, a fuel rod internal pressure greater than RCS pressure is accept-
able for LOCA. . --

Similarly GE has evaluated the rod drop accident and has demonstrated, in re-
sponse to a staff guestion, that the criterion for fuel failure in a rod drop
accident is still applicable (GE letter, April 23, 1984).

The staff reviewed all the transients and accidents postulated for a B8WR and

concludes that there is no case in which a fuel rod internal pressure greater
than the RCS pressure results in an existing specified acceptable fuel design
limit becoming invalid.

Therefore, the GE design criterion for rod internal pressure is acceptable.
4.2.1.2 Fuel Rod Failure Criteria
4.2.1.2.8 Fuel Rod Mechanical Fracturing

In the SER, the staff stated that mechanical fracturing of the fuel rod was a
confirmatory issue because the review of GE's document, NEDE-21175-3-P, was not
yet completed. This term "mechanical fracturing" refers to a cladding defect
that is caused by an externally applied force such as a hydraulic load or a
load derived from core plate motion. These loads are bounded by the Toads of a
LOCA and safe shutdown earthquake (SSE), and the mechanical fracturing analysis
is usually done as a part of the seismic-and-LOCA loads analysis (see Sec-

tion 4.2.3.3.4 of this supplement). GE has described the seismic-and-L0CA
loads analysis, inzluding fuel rod mechanical fracturing, in NEDE-21175-3-P,
which the SER has referenced.

The staff has compieted its review of NEDF-21175-3-? and approved that report
for use in licensing safety analyses (NRC letter, October 20, 1983). The staff
concludes that fuel rod mechanical fracture criteria in NEDE-21175-3-P are
acceptable for GESSAR II.

4.2.1.3 Fuel Coolability Criteria
4.2.1.3.4 Fuel Assembly Structural Damage From External Forces

In the SER, the staff stated that the analysis of seismic-and-LOCA loads for
GESSAR II was a confirmatory issue because the review of NEDE-21175-3-P was not
yet completed. Earthquakes and postulzted pipe breaks in the reactor coolant
system woulcd result in external forces on the fuel assembly. SRP Section 4.2
and Appendix A to that section state that fuel system ccolz ‘lity should be
maintained and that damage (including 1iftoff) should not be so severe as to
prevent control rod insertion when it is required during these low-probability
accidents. GE has described the seismic-and-LOCA analysis in NEDE-21175-3-P,
which GESSAR Il has referenced.

The staff has completed its review of NEDE-21175-.-P and aporoved that report
for use in licensing safety analyses (NRC letter, October 20, 1983). Thus, the

GESSAR II SSER 2 4-2



staff concludes that the design criteria for seismic-and-LOCA loadings anm fuel
assemblies are acceptable for GESSAR I7T.

4.2.3 Design Evaluation
4.2.3.1 Fuel System Damage Evaluation
4.2.3.1.6 Fuel and Poison Rod Pressures

In order to calculate whether the criterion of cladding creepout rate less than
fuel swelling rate is met, GE first used the approved fuel performan-e code
GESTR-MECHANICAL (NEDE-23785-1-(P)A) to get fuel and cladding irradiation con
ditions including temperature, pressure, fluence, etc. Then a bounding peak
rod power was chosen for the analysis.

Using these conditions in the cladding creepout and fuel swelling equations, a
comparison was made between cladding creepout rate and fue) swelling rate. GE
stated (GE letter, February 25, 1983) that confirmation has been done for the
current GESSAR II fuel designs of P8x8R and BP8x2R that the cladding creepout
rate does not exceed the fuel swelling rate throughout the lifetims of the fuel
rod. If for any reason this new fuel design criterion were to be vioclated, GE
could modify such physical parameters as fill rod pressure or peak rod power
limit to correct the problem. Since GE used cladding creepout and fuel swelling
equations from the approved GESTR-MECHANICAL code, the staff considers the
analysis method acceptable.

4.2.3.2 Fuel Rod Failure Evaluation
4.2.3.2.4 OQverheating of Fue) Pellets

Fuel melting temperature as a functicn of exposure (burnup) and gadolinia con-
tent (of burnable poison rods) is discussed in Section 2.4.2.5 of NEDE-24011-(P)A
In that report, Genera) Electric stated that the fuel is not expected to melt
during normal operation, and that prediction is based on fue!l temperature cal-
culations performed with a mode! described in the proprietary supplement to
Amenament 14 of GESSAR II (STN S0-477). Although limited meiting during certain
events such as an uncontrolled control red withdrawal is permissible, such
meiting is not predicted to occur.

The staff reviewed the UO, properties (thermal conductivity and melting point)
that are important in reaching this conclusion and agrees that U0, melting wil)
not De a problem at GESSAR II piants during normal operation and anticipated
transients as long as the 1% plastic strain criterion discussed in SRP Sec-
tion 15.4.2 is not exceeded. At that time, however, the staff also noted that
the effects of gadolinia concentration on thermal conductivity and melting tem-
perature were addressed in an unreviewed GE topical report on gadolinia fue!
properties (NEDE-20943-(PJA). That report has been replaced by another topical
report (NEDE-23785-1-(P)A), which describes revised fuel thermal performance
methods and gadolinia properties (Appendix B of NEDE-23785-1-(P)A). The NRC
staff has reviewed and approved the more recent report.

General Electric has stated (GE letter, February 2, 1984) that gadeliinia pro-

perties described in Appendix B of NECE-23785-1-(P)i are generica17y‘aoc1icable
to new plants such as GESSAR Il and has also confi-med that the applicable
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limits for overheating of gadolinia fuel remain valid. Because these limits

were previously found acceptable for other BWRs and because GESSAR II ha.

“tilized approved methods and gadolinia properties to show that these limits
“*inue to be met, the staff considers the issue resolved.

"  Mechanical Fracturing

Since . ring analysis is site dependent, utility
applicanw.. .averer ... must provide a plant-specific analysis of fuel
rod mechanizal fracturing .. conform to the SRP Section 4.2, Appendix A,
requirements using the approved model described in NEDE-21175-3-(P)A or an
acceptable alternative.

Since the mechanical fracturing analysis is usually done as a part of the
seismic-and-LOCA loads analysis, further discussion can be found in Sec-
tion 4.2.3.3.4,

4.2.3.3 Fuel Coolability Evaluation
4.2.3.3.4 Fuel Assembly Structural Damage from External Forces

The staff has approved the GE topical report NEDE-21175-3(P)A (NRC letter,
October 20, 1983) which describes an analytical method for evaluating seismic-
and-LOCA Toads. The utility applicants referencing GESSAR II must submit
plant-specific values of liftoff and acceleration for staff review. If the
results show that the vertical 1iftoff is insignificant, and the accelerations
are within the evaluation-tasis limits, then the structural integrity and con-
trol rod insertapility uring seismic-and-LOCA everts can be assured. Since

these analyses are sits “ific, the utility applicants referencing GESSAR Il
must provide a plant-¢ : analysis of seismic-and-LOCA loads to demonstrate
conformance with the Sk .tion 4.2, Appendix A, requirements using the
approved model describe NEDE-21175-3(P)A or an acceptable alternative.

4.2.4 Testing, Inspectior and Surveillance Plans
§4.2.4.3 Postirradiation Surveillance

In the SER, the staff stated that a commitment to provide a minimal postirradi-
ation surveillance program before reactor startup will be required by utility
applicants referencing GESSAR II. In a letter dated November 23, 1983, GE pro-
posed a generic fuel vendor surveillance program, which would satisfy the

intent of SRP Section 4.2.11.D.3 that each licensee perform postirradiation fuel
surveillance on fuel irradiated in the licensee's reactor. The program proposed
by GE will allow that company to assume the responsibility for postirradiation
fuel surveillance of GE-designed and GE-manufactured fuel. The staff approved
this program in a letter dated June 27, 1984, Therefore, the staff concludes
that the license condition for utility applicants referencing GESSAR Il is not
required as long as they reference the GE fuel surveillance program.
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6 ENGINEERED SAFETY FEATURES

6.2 Containmént Systems

6.2.1 Containment Functional Design
6.2.1.4 Long-Term Response

The containment 1.ng-term response is used to determine the limits for the
design pressure and temperature of the containment. In the SER (NUREG-0979),
the staff concluded that the containment design pressure of 15 psig and tempera
ture of 185°F were acceptable pending confirmatory evaluation. In the long-term
analysis, as reported in NUREG-0979, GE accounted for potential postaccident
energy sources including decay heat, pump heat, sensible heat, and metal-water
reaction energy.

GE's long-term model also assumed that the containment atmosphere is saturated
and at a temperature equal to the suppression-pool temperature at all times.
Therefore, the containment pressure is equal tc the sum of the partial pressure
of air and the saturation pressure of water corresponding to the pool tempera-
ture. Thirty minutes following onset of the aczident, the containment cooling
mode of the residual heat removal (RHR) system is activated and suppression-poo]
water fs circulated through the RHR system heat exchangers establishing an
energy transfer path to the service-water system and the ultimate heat sink.

On the basis of the above assumptions, GE :alculated a peak suppression pool
temperature of 174.7°F for the most limiting RHR system cooling mode; that is,
only one operating RHR heat removai system pump is available. The calculated
long-term secondary peak containment pressure is 9 psig. The containment is
designed for 15 psig and 185°F.

The staff has evaluated the containment anaiysis performed by GE and has made a
comparison between it and other similar Mark III plants, particularly the Perry
nuclear plant for which the staff performed a CONTEMPT LT/028 analysis to verif,
the Perry applicant's peak suppression-poo) temperature and containment pressu
calculation. The GESSAR II design and the Perry plant both have a reactor powe
level of 3,651 MWt as the initial condition for their analyses. In addition
they have the same containment type, a free-standing stee! shell each with a
free air volume of 1.14 million cubic feet and suppression pool surface area of
5,900 ft2. The GESSAR II design has approximately 11% more suppression-poo)
water volume at the minimum level than does Perry (117,510 ft? vs. 105,950 ft3)
as well as a larger upper pool makeup capability (37,665 ft? vs. 32,830 ft3).
In addition, the GESSAR Il ..ntainment minimum heat removal capability with one
RHR train in operation is approximately 13% greater than that of Perry

(187 million Btu/hr ve, 166 million Btu/hr). The Perry applicant's calcula-
tions, confirmed by the staff, indicated that the maximum containment pressure
was 12 psig and the maximum temperature was 185°F. The valves envelope those
calculated for GESSAR II, which, as described above, has a greater heat removal
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capability than does Perry. On the basis of these considerations as well as a
review of the other ralevant assumptions and initia)l conditions used by GE in
its analysis, the staff concludes that GE's design containment pressure and
temperature valves are acceptable.

6.2.1.6 Subcompartment Pressure Analysis

As indicated in the SER, the forces and moments used to design the reactor
cavity subcompartment were obtained through prior engineering experience with
similar Mark III designs and were not obtained from a detailed analysis of the
GESSAR II design data. The staff considers this to be an interface item and
will require utility applicants to provide the forces and moments from a sub-
compartment analysis that they must perform based on GESSAR II design data. In
addition, the staff will complete its analysis on the other subcompartments
completed by GE at the time the first utility applicant references GESSAR II.

6.2.2 Secondary Containment

As indicated in SSER 1, the staff has stated that the preposed containment re-
pressurization limit of 30% of containment design pressure was not acceptable.
In response to this, GE has indicated that it will comply with the 50% contain-
ment repressurization limit. The staff wil) require that utility applicants
referencing GESSAR II provide the analysis to verify that the 50% repressuriza-
tion 1imit can be met.

6.3 Emergency Core Cooling System

6.3.3 Performance Evaluation

Revised Small-Break Loss-of-Coclant Accident Methods (TMI) Action Plan
tem [[.K.3. 30

The SER indicated that the draft safety evaluation for the GE small-break mode!
was under management review and that any concerns that were raised would be
reported in a supplement to the SER. The draft safety evaluation concludes
that the test data comparisons anc other information submitted by GE acceptabl,
demonstrate that the existing GE small-break model is in compliance with

10 CFR 50, Appendix K, and that, therefore, no mode! changes are reguired. The
staff has completed its review and finds the GE mode! acceptable to resolve
Item II.K.3.30.
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15 TRANSIENT AND ACCIDENT ANALYSIS

15.6 Severe Accidents

15.6.1 Introducticn

In order to achieve design certification through the rulemaking process, the
design described in GESSAR II must be shown to be acceptable for severe-acciden’
concerns. The procedure for demonstrating this acceptability is detailed in
draft NUREG-1070, "NRC Policy on Future Reactor Designs: Decisions on Severe
Accident Issues in Nuclear Power Plant Regulation.”

To summarize from the policy that covers future plants, the following four steps
must be accomplished in order for the design to be shown acceptable for severe-
accident concerns and to achieve certification through rulemaking.

(A) Demonstration of compliance with current Commission regulations including
the Three Mile Island requirements for new plants as reflected in the CP
(construction permit) rule (10 CFR 50.34(f)).

(8) Demonstration of technical resolution of all applicable unresolved safety
Issues (Usls) and the medium= and high-pricrity generic safety issues
(GSTs). -

(C) Completion of a probabilistic risk assessment (PRA) and consideration of
the severe-accident vulnerabilities it exposes along with the insights
that it may add to the assurance of no undue risk to public health,
safety, and property.

(D) Completion of a staff review of the design with a conclusion of safety
dacceptacility.

Step (A) was largely accomplished during the initial 'icensing review and SSER 1,
of the GESSAR II submitta), and is documented in the SER (NUREG-0979) which
recommended issuance of FDA-1. Discussion of GESSAR II comgliance with

10 CFR 50.34(f) can be found in Appendix G to this supplement. However,

Item (1)(i) of 10 CFR 50.34(f) remains in part to be performed. tem (1)(1)
requires a PRA to seek significant improvements in plant design, which improve:
containment and core heat removal capability. This action along with Steps (B)
(C), and (D) have been performed under the direction of the staff, to demon~
strate acceptability for severe accident concerns and to support design certif
cation through rulemaking. Completion of the requirements of these steps 1is
essential for approval of GESSAR Il as a design referenceable in new CP applica-
tions. Documentation of resolution for these topics is detailed in this
supplement. A more complete description of each step and the actions taken to
satisfy the requirements follows.

GESSAR I1 SSER 2 151



Topic (A): Compliance With Regulations

Item (1)(i) of 10 CFR 50.34(f) requires in part that potential improvement, be
considered which address the reliability of core and containment heat removal
systems that are significant and practical and do not impact excess’veiy on the
plant. -

-
o

To meet this recuirement the NRC staff proposed a list (discussed in Sec-
tion 15.6.3) of potential design improvements for GESSAR II arranged in 14
groupings according to the functional improvements that they potentially
achieve.

(1) Accident Management/Human Factors
(2) Reactor Decay Heat Removal

(3) Containment Capability

(4) Containment Heat Removal

(5) Containment Atmosphere Mass Removal
(6) Combustible Gas Control

(7) Containment Spray Systems

(8) Prevention Concepts

(9) AL Power Supplies

(10) OC Power Supplies

(11) ATWS Capability

(12) Seismic Capability

(13) System Simplification

(14) Core Retention Devices

GE was asked to evaluate the proposed list of improvements and to provide cost-
benefit analyses to ascertain the desirability of the proposed modifications.
To accomplish this, GE assessed the approximate costs associated with the pro-
posed design and the related potential risk reductinn. GE submitted this mate-
rial and the staff currently has it under review. A Erel‘minary assessment of
the GE material was made and the staff's conclusions ‘>n dgsign imprevements are
presented in Section 15.6.3 of th's supplement. Additional information on the
staff's evaluation will be provided in a future supplement to the SER.

Topic (B): Resolution of USIs and GSIs

To satisfy this topic, the staff must conclude that all applicable USIs :nd
high/medium priority GSis, as identified in NUREG-0933, have been resolved for
GESSAR II. Resolution has been accomp)ished through engineering evaluations and
application of ‘nsights from the PRA to demonstrate that the issues contribute
little risk to the public or in some cases resolution has been deferred for
utility applicants that reference GESSAR II.

GE was required to ajsess all relevant USIs and high/meédium priority GSIs. To
demonstrate resolution for each USI and GSI, it had to be showe. where possible,
that the c..tribution to the risk to the public from the USI or GST is insigni-
ficant or tha: ‘here is some other basis through which the p.nlic risk can be
dismissed. Wwher focessary, the limitatiors in PRA methodology, completeness,
and the scope of design of GESSAR Il were supplemented by furthe: engineering
assessments to show low societal risk. Where this could not be shovn, GE was
required to consider what remedial actions are necessary to reduce societal
risk. The staff findings on the resolution of applicable o Sls and GSIs are
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found in Appendix C of this supplement. In some  cases, the present state of
plant design does nct permit complete assessment of an issue's risk impact.

USI A-17 (dealing with systems interaction) and USI A-47 (dealing with the
safety implications of control systems) are in this category. For these situa-
tions, deferral of USI or GSI resolution for utility applicants who reference
GESSAR II is appropriate.

Topic (C): Completion of Probabilistic Risk Assessment

The GESSAR II PRA was submitted in March 1982 to satisfy in part the severe-
accident policy requirement presently identified in draft NUREG-1070. The PRA
approach provides a systematic method for evaluating the vulnerability and
potential interaction of the plant systems and components. Normal cperating
systems as well as safety-related and support systems were considered.

The staff and its consultant, Brookhaven National Laboratory (BNL), evaluated
the PRA submitted by GE to assess the validity of the assumption, methodologies,
and results. A number of modifications to assumptions and methodologies were
made in the course of review. The GESSAR II PRA originally dealt only with
internal events. Subsequently, upon staff request, uncertainty analyses on
internal and external event findings were provided. Further, a source-term
sensitivity analysis has been provided to support the consequence analysis.

The source-term methodology used by GE constitutes a departure from previous
industry PRAs in that parameters were used to account for phenomena not pre-
viously considered. Although GE provided a "best esLimate” source term, the
staff believes that the state of the art of source-term methodology is such
that a range of source terms is all that can be justified. The staff is in the
process of developing mechanistic codes for source-term calculations and is
obtaining an in-depth review of the methodologies used to develop these codes
by the American Physical Society (APS) The appropriate methodologies will be
applied to the GESSAR II design, and if the results of the staff's present
review change significantly, the staff's review will be suppliemented in the
course of certification of the GESSAR II design. The source-term methodologies
used Dy the staff and GE ara discussed in Section 15.6.2.5.

The GESSAR II PRA assesses the probability of core damage and risk associated
with a BWR/6 nuclear island design at a representative average site for a full
range of internal events. The impact of selected external events was also
considered--seismic, fire, and internal flooding. Staff conclusions on fire and
flooding are presented in Section 15.6.2.3. The staff will present the resulis
of its evaluation of GE's seismic analyses in a future supplement. Additionall:
other external evenis identified and the impact of these are to be assessed by
utility applicants referencing GESSAR II.

A description of the BWR/6 nuclear island, GESSAR II, can be found in Section 1
of the SER.

Topic (D): Conclusion of Safety Acceptability of GESSAR II Design

To resolve this topic. the staff is considering the results of the PRA study
along with qualitative input to determine whether the GESSAR II design provides
an acceptable level of risk to the public from severe accidents. 5taff findina:
in regard to topics (A), (8), and (C), described above, provide the basis for
conclusions of safety acceptability.
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Staff evaluation of the GESSAR II PRA is provided in Section 15.6.2 of this
supplement. Unresolved safety issues and generic safety issues are discussed
in Appendix C, and potential beneficial design improvements are considered in
Section 15.6.3. Section 15.6.4 contains staff recommendations and conclusions.

15.6.2 Major Reyiew Results and Conclusions From PRA Review

The probabilistic risk assessment (PRA) on GESSAR II was carried out by General
Electric to satisfy the proposed Commission requirements relating tc severe
accidents (presently embodied in draft NUREG-1070). The intent of the study is
to provide a systematic evaluation of the design and operational features of
the BWR/6 nuclear island, GESSAR I1, based upon the techniques of reliability
and risk analysis. Using these analysis tools, it is poscible to identify
potential weaknesses in the plant design, gain some insight into tha overall
safety of the design, and evaluate potential modifications to the dusign which
would reduce public risk.

Contrary to the standard NRC licensing evaluations which compare plant design
features tc deterministic standards, a PRA study investigates the likelihoog
and consequences of multiple failures and the pathways which could Tead to
core damage and release of radionuclides. As such it should be considered a
complement to, not a substitute for, current licensing standards.

A PRA analysis cunsiders and quantifies the probability of core damage occurring
following scwe upset plant condition (transients or accidents) where failures

in plant systems inhibit the ability to respond successfully. Results are pre-
sented as accident sequences and their associated frequency of occurrence. The
GESSAR II PRA analyzed the core-damage frequency for all recognized internal
accident sequences as weil as for the external events of earthquake, fire, and
internal flooding.

Although calculations of the frequency of core damage are useful, they do

not by themselves provide a complete picture of the public risk resulting from
plant accidents. This is because the actual consequences of an arcident are
dependent upon the amount, timing, and pathway of radicactive release, which
vary among the various accident sequences. Therefsre, the GESSAR I PRA also
presented the results as expected consequences. This was done by grouping the
various important accident sequences into representative subgroupings having
similar behavior. The timing and mode of containment failure was an important
element in the analysis. Utilizing consegquence models (described in Sec-

tion 15.6.2.5) it was then possible to express pubiic risk in the form of ex-
pected exposure (person-rem) from the various accident groupings. The resultir
exposures along with the frequency of the event allow one to determine the
importance of accident sequences with respect to public risk. Hewever, because
of the nature of the parametric study used for the source-term evaluations, the
uncertainty of the risk that is calculated must be considered along with the
point values. The cost/benefit evaluations, therefore, are used as a scraenirg
tool.

Although the PRA provides very usefu) insights for evaluating the ruclear
island design described in GESSAR Il for vulnerabilities to severe accidents,
the guantitative risk estimate results must be viewed with some caution since
the design is not site specific. Additionally, the nuclear island does not
include some balance-of-plant (BOP) features, .which could potentially impact
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plant risk. Because of these considerations, GE had to mate 2ssumptions of
various interface criteria and of the reliability of various systems and
components.

The validity of the PRA insights depends on meeting the interface and reli-
ability assumptions discussed above. GE documented its program for assuring
that interface criteria are properly met, and provided a table of interface
requirements to he satisfied by a utility applicant in order to validate the PRA
results. However, in assembling this 1ist, GE excluded elements in which the
assumed component reliability or operator action time satisfied the recognized
industry data base, or the assumed values were of little importance to the PRA
conclusions (e.g., 100X change in unavailability changes the corresponding
overall PRA results by less than 1X).

The staff is concerned that these exclusions may adversely impact the validity
of the PRA results. Using an assumed component reliability in the PRA corres-
ponding to a recognized data base does not ensure that a purchased component or
system will meet required reliability goals. Likewise, a non-plant-specific
operator-action time would not account for plant- or site-specific features
that could degrade operator performance. Additionally, the exclusion of com-
ponents where a 100% change in unavailability impacts PRA results less than 1%
is suspect. A 100% change in component unavailapility is very minor compared
with the possible reliability impact from problems in design, maintenance, or
potential common-mode effects.

For the above reasons, the staff believes that a utility applicant referencing
the GESSAR II design must provide an evaluation to support the PRA interfaces
and assumptions to demonstrate that the PRA is applicable to its proposed plant.
Of particular concern are the impact of site-specific hazards such as tornado
and hurricane on large non-safety-relat2d BOP structures (i.e., cooling towers).
This evaluation must also address the potential for debris damaging safety-
related equipment such as buried piping.

In addition tu the above evaluation to demonstrate satisfaction of PRA inter-
face assumptions, the staff is concerned that PRA findings remain valid through-
out the operational life of a GESSAR II plant. To this end, the staff recom-
mends that any applicant referencing the GESSAR Il design propose a program,
similar to that discussed in draft NUREG-1070, to ensure the PRA findings remain
valid. This program should provide an engoing evaluation of the plant's opera-
tional performance o ensure that plant safety is not being degraded. t should
consider transient and accident initiation frequencies, comocnent and system
reliability, and operator-action performance. Operational experience should b:
continually reassessed and compared with the initial PRA assumptions to provide
an cngoing validation of the PRA conclusions.

Remedial actions should be taken if operational experience indicates signifi-
cant PRA assumptions are not being satisfied.

15.6.2.17 Dominant Accident Sequences

(1) Summary of Core-Damage Sequences--Internal Events

The review cf the GESSAR II PRA has confirmed that the standard plant core-
damage frequency is dominated by transient initiators, with loss of offsite
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power (primarily station blackout) as the major contributor to the probability
of core damage. Tables summarize staff/BNL review results of estimates of the
frequency of core damage due to internal events for the nuclear island design as
compared with the original GE estimates. The numbers expressed in those tables
represent estimates of core damage before the consideration of design improve-
ments. The impact of these improvements is discussed in Section 15.6.3. From
staff/BNL revféw, the point estimate frequency of core damage was 2.2 x 10-5 per
year for a site associated with a grid in the Mid Atlantic Area Reliability ’
Council (MAAC). This frequency for core damage is to be compared with the

4.4 x 10-® value presented in the GESSAR II PRA (for a site in the same region).
The frequency of core damage is sensitive to the assumed frequency of the loss
of offsite power (LOOP). If a national average estimate for LOOP is used, the
staff/BNL estimate of frequency of core damage increases to 3.8 x 10-5.

As mentioned above, station blackout events (comprising most of sequence TEUV)‘

are the major contributor to the protability of core damage. These involve
transients caused by a loss of offsite power coupled with failure of the high-
pressure (U) and Tow-pressure (V) injection functions. These sequences contri-
bute 68% to the frequency of core damage for the MAAC site and 79% for the
national average site. The important failure combinations ieading to this g
sequence were common-mode failure of the three emergency diesel generators and

failure to recover either an onsite or an offsite ac power scurce in time to

avoid core camage, and a failure of two emergency diesel generators coupled with

some other failure in the high-pressure core injec*ion systems (high=pressure

core spray, HPCS, and reactor core isolation cooling, RCIC). Other LOOP tran-

sients (TEH) invoiving successful injection with the HPCS, failure to recover

offsite power and common mode failure of Divisions 1 and 2 diesel generators or
batleries, and failure to recover power in 27 hours constitutes approximately
a 4% contribution to the core-damage frequency for the national average site.

The values given for the LOOP events were based upon a 2-hour station blackout
capacity in which the plant battery was assumed to supply dc power for opera-
tion of the RCIC which provides core cooling. Cooling of the RCIC pump roor
was a major limiting factor in establishing successful operation periods. Sub-
sequent to the initial submittal of the PRA, GE has indicated that with minor
procedure and hardware modifications, the RCIC plus station batteries can supply
core cooling in excess of 10 hours. This capability results in reductiors in
core-damage frequency (COF) of at best a factor of 3 for this specific accident
category. This design modification is discussed in deta2il ir the seguince dis-
cussions later in this section. The rest of the results in this section assume
only a 2-hour blackout capacity, and the national average grid reliability.

ATl of the anticipated transient without scram (ATWS) events, taken together,
contribute about 9% of the total cora-damage frequency (based upon the national
dverage grid reliability). The reassessed core-damage frequency o1 these
sequences wa< increased significantly as a result of staff review of the origi=
nal GE submittal, where it represented approximately 1% of the core-damage fre-
quency of the initial GE unrevised core-damage frequency. Although the revised
ATWS sequence freguencies were increased consideridbly in the course of staff

*Sequences are defined in note to Tables 15.1a and 15. 1b.
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review, their absolute magnitude at 3.4 x 10-€ core-damage events per year is
relatively low. These numbers reflect the reduction in risk achieved through
ATWS modifications incorporated in the plant design, as a result of staff and
industry efforts to resolve ATWS. These modifications are discussed in detail
in the ATWS sequence presentation.

Another domindnt accident sequence (TFQV) is one initated by an isolation tran-

sient involving failure of feedwater systems and the containment heat-removal
systems (RHR and power conversion system). This sequence contributes approxi-
mately 5X to the CDF for the national average site. The GE PRA showed essenti-
ally no contribution to the COF impact from this sequence. The staff/BNL
evaluation (1.9 x 10-%) resulted in a significant increase from the GE value
(4.4 x 10-%). Changes to the analysis of recovery of containment cooling
largely contributed to the increase.

A1l remaining transients and accidents together contribute approximately 5% to
total frequency of core damage. The highest remaining categories are isolation
transients, at approximately 1.4%, involving failure of high-pressure systems
and the autcmatic depressurization system (ADS). The loss of dc power transient
contributes approximately 1X, and the inadvertent opening of relief valve tran-
sient zontributes approximately 0.3%. There are no dominant LOCA sequences;
together all LOCA events contribute less than 0.1% to core damage. Table 15.1
compares the GE and BNL results for the deminant seguences of internal events.

(2) Modifications to PRA Analysis Resulting From Review

As mentioned previously, the staff/BNL review results differed significantly

+ from GE's core-damage frequencies. A difference of a factor of 5 between the
staff/BNL point value (MAAC site) and 9 for the national average site can be
attributed to two factors. The first is related to additional dependencies
between safety functions that the review identified ana to certain modeling
modifications that were made to the accident sequence event trees and system
fault tree parts of the GESSAR II PRA. The dependencies between the safety
functions exist as a result of the use of common support systems for different
systems in the GESSAR II design. Dependencies between the initiating events
and mitigating systems were z1so modeled in the staff/BNL analysis. A detailed
account of these changes will be presented in the BNL GESSAR Il evaluation.

The second factor that led to a difference between staff/BNL and GE results is
the different values that were used for the frequencies of some of the accident
initiators.

For the MAAC site, the first factor accounts for 72% of the increase: 28% comes
from the second factor. For the national average site, 3&% of the increcse is
Cue to the first facto= and 62% is due to the second factor. It is noteworthy
that the GESSAR II PRA did not present a national average freguency for LOQOP
and, hence, the second staff/BNL point value should be regarded with this
perspective.

The staff/BNL review of the GESSAR II PRA identified the following major areas

of disagreement in modeling methods and data between BNL and GE. These are
discussed below:
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(a)

(b)

(c)

The probability of common mode failure of all three emergency diesel
generators: he design includes two emergency diesel generators
that supply emergency power to the various safety loads in the event of a
LOOP, and a third, separate, and dedicated diese) generator that powers

the HPCS system. According to the design, this third diesel will be housed
in a different building, will be supplied by a different manufacturer, and
further, “all efforts will be made to ensure separation and diversity
between this diesel and the other two. On the basis of this information
and on the analysis presented in NUREG/CR-2989, “Reliability of Emergency
AC Power Systems at Nuclear Power Plants," the staff assessed the proba-
bility of common-mode failure of the three diesels at 4 x 10-4 per demand.
This value is to be compared with the initial 6 x 10-* value used in the
GESSAR II PRA. In September 1983, GE submitted an updated common-mode-
failure analysis for the diesel generators in which the use of the 1 x 10-4%
(or smaller) value for this failure is advocated. The staff/aNL performed
a limited review of this submittal and do not believe that the 1 x 10-4
value is adequately supported by the submitted analysis. In any event,
even if the value of 1 x 10-* were to be used in the assessment the core-
damage frequency (staff/BNL value) would be reduced by about 32% for the
MAAC site and 40% for the national! average site, and the relative ranking
of the various accident sequences would not change.

The freguency of failure of the reactor protection svystem: The staff/BNL
review used 4 rajjure rate of 3 x 10-° per demand (1 x 10-° for the
mechanical subsystem and 2 x 10-5 for the electrical subsystem), as pro-
posed in NUREG-0460, "Anticipated Transients Without Scram for LwWRs." The
GESSAR II PRA used a failure probability of 1 x 10-7 per demand for failure
to scram (this value includes the failure of the alternate rod insertion
(ARI) system). The staff/BNL believe that such a low failure probability
for a system cannot be supported by analysis alone and there is no experi-
ential evidence that can support such a low value. If the 10-7 value is
used, the staff's estimated frequency of core damage would decrease by 15%
for the MAAC site case and 9% for the nationa) average site.

The freguency of transients: There is a difference of about a factor of

2.5 1n the frequency of turbine trip and loss-of-feedwater transients
between the staff/BNL estimates and those presented in the GESSAR II PRA.
The staff/BNL values are based solely on the operating experience of the
various boiling water reactor (BWR) power plants. The GESSAR Il PRA
values are also based on the operating experience of BWRs but modified to
include the effect of design changes in the GESSAR II design, as well as
the fact that the frequercy of transients in operating plants exhibits a
reduction with operating time ("burn in" effect). The staff/BNL believe
that, in general, there is merit in these approaches. They dia not, how-
ever, agree with the details of the analysis that supported the GESSAR II
PRA arguments. Since the frequency of these transients has a small effect
on the frequency of core damae~e, as wel]l as on the relative ranking of the
various accident sequences, the decision was made not to allocate substan-
tial review resources to pursue this point further.

If the GE values were to be used in all these three areas (paragraphs a, b,
and ¢ above), the staff's estimate of frequency of core damage would
decrease by 55% to the value of approximately 1 x 10-%5 for the MAAC site,
and by a comparable amount for the national average site.
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(d) Containment event tree - loss of decay heat removal: In the GESSAR 11

, the core-damage freguency for sequences with successfl injection but

with loss of decay heat removal - Class 2 sequences: CT2T, L 72., CT2A - is

calculated in two stages. The first stage evaluates the failure of the
decay heat removal system from the onset of the transient or LOCA wp to
the time the containment pressure and temperature are about 29 psig and
250°F, respectively. The second stage, utilizing containment event trees,
continues the evaluation of the sequences up to containment failure and
core damage. This stage calculates the probability of RHR recovery from
the endpoint of the first stage (containment pressure of 29 psig) up to
containment failure (58 psig), and considered the failure probability of
core injection systems under the adverse containment conditions.

Tables 15.1a and 1b present the accident sequence frequencies (first stage
in Tables 15.1a and 1b) and the core-damage freguencies (second stage in
Table 15.2) for the Class 2 sequences as calculated in the GESSAR II PRA.
The impact of the containment event trees analysis given by the ratios
between the first and second stage (reduction factor) is also presented in
Table 15.2.

The review of the Class 2 containment event trees by the staff/BNL identi-
fied three areas that are different from the GE evaluation.

The first area relates to the time at which the zontainment will fail.
This time directly affects the recovery of the containment heat removal
systems beyond the first-stage period.

The second area involves the operability of various instrumentation given
the fact that the containment temperature is already in excess of 250°F for
an extended period of time. No detailed information is available to allow
a more realistic modeling of the instrument failures.

The third area of disagreement relates to the ability of the operator to
ensure core injection and coolant makeup using the control rod drive (CRD)
and condensate bocoster pumps. On the one hand, there is ample time (order
of hours) to assess and arrest the situation. Additional technical personr-
nel will be on site to assist the operator to perform his task. On the
other hand, the lack of procedures in dealing with these situations tends
to provide less confidence in the operator's ability to succeed. Also, in
some of the CT2T sequences initiated by a LOOP (TEN), a failure to recover

the offsite power disables the CRD and condensate booster pumps.

Table 15.2 shows that the re-evaluation of the containment event trees
increased 'he core-damage frequencies by factors of 6.5, 3.2, and 2 for
Classes CT2T, CT2L, and CT2A, respectively. These changes are reflected n
the revised core-damage frequencies for dominant seguences given in

Table 15. 1la.

A staff estimate of the frequency of core damage from Class 2 transients
yields a value of about 4 x 10-%. These changes are reflected in staff/BNL
revised core-damage frequencies for dominant sequences.

The staff will complete its evaluation in this area. If preliminary eval-
uations 2re revised, the staff will present modified sequence frequencies
in a future SER supplement.
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A discussion of each dominant accident sequence follows; more details can be
found in the BNL draft NUREG/CR, "A Review of BWR/6 Standard Plant Probabilistic
Risk Assessment," Vol. 1.

15.6.2.2 Description of Sequences
Loss of Offsite ﬁé;er: T

uv, T.W

E 3
Loss of all offsite power (LOOP) followed by failure of the onsite emergency
diese]l generators (station blackout) constitutes the dominant contributing
factor to the frequency of core damage. On the basis of the national average
LOOP frequencies, sequence TEUV (primarily station blackout) has a frequency of

3.0 x 10-5 per reactor year, and contributes 79% of the total core-damage
frequency for internal events.

Upen the loss of offsite power, the feedwater, power conversion, and condensate
injection systems become unavailable because those systems cannot be powered by
the emergency ac system (diesel generators). At this point, core cooling could
be provided by HPCS, RCIC, or, if the reactor pressure vessel (RPV) is depres-
surized, the low-pressure coolant-injection systems. However, for the TEUV

sequence, all three diesel generator sets have failed because of random or
common-cause effects. In this situation, the HPCS and low-pressure injection
systems are unavailable, but the core can continue to be cooled by the steam
turbine RCIC system utilizing battery dc control power. With the RCIC operating. ‘
as gescribed above, core flow is provided by naturai circulation and excess

reactor vessel pressure is relieved through the safety/relief valves intoc the
suppression pool. The GE evaluation assumed that dc battery capacity and RCIC

room heat loads were sufficient to enable operation of the RCIC system for g
2 hours. Although no heat removal is available from the suppression pool, the

large water volume provides sufficient heat sink capacity during this time

period to accommodate core-decay heat. If offsite or onsite ac power is, not
restored in sufficient time, the RCIC system becomes unavailable when dc control
power is depleted, or room temperature exceeds allowable limits. Without

further injection, the level of water in the vesse]l will drop until the core
uncovers, and the core is damaged.

Subsequent to the PRA submittal, GE has provided additional information claiming
that with procedural medifications and minor design improvements, it is possible
to provide core injecticn for 10 hours or more following loss of all ac power.
Assuming, however, that the GESSAR II design does incorporate 10-hour station
blackout capability, the frequency of core damage for the TEUV sequence is

estimated to be approximately 1.0 x 10-5 per reactor year (for the national
average LOOP frequency). These are maximum reduction estimates not reflecting
impacts of human error for successful operation beyond 2 hours.

The TEUV sequence (with 10-hour station blackout capabilities) is reduced by a
factor of 3, which equates to almost a 50% reduction in total core-damage
frequency from internal events.

In addition to improvements in dc power capability, GE has proposed a diverse
core-injection system called the ultimate plant protection system (UPPS). This
system would utilize the plant fire system or fire trucks to provide makeup
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water for extended periods of time, assuming no ac or dc power was available.
The staff has not quantified the impact of this system on core-damage freguency,
however, it would likely have a significant impact on the station blackout
sequence, which is the major internal contributor to core damage at GESSAR II.

An additional LCOP transient sequence also make: a contribution to the plant's
core-damage freéquency. Seguence Tew invoives L/OP followed by successfu)

injection and failure of containment heat removal and accounts for approxi=
mately 4.2% of total core damage.

Isolation Transients (non=ATWS): . TFCH, TFQUX

These events are initiated by isolation of the reactor from the turbine (TF)'

In the first sequence, isolation is followed by failure of the feedwater systam
(Q) and failure of the containment heat-removal function including RHR and power
conversion system (W). In the PRA, this sequence contributed an insignificant
amount to core damage. The GE analysis concluded that 36 hours were available
to restore containment cooling, and utilized a containment failure event tree to
calculate a greatly reduced core-damage frequercy for this event. These assump-
tions have not been used on PRAs for similar plants, which assumeu core damage
would occur in 24 hours. The staff/BNL concerns have been identified in the
areas of containment failure timing, operator actions, and critical instrument
survivability. Specifics of staff/BNL-GE differences are described in Sec~

tion 15.6.2.1(2)(d) above. The reassessment of this sequence has resulted in a
core-damage frequency of 1.9 x 10-® per year. This makes TFQH the seccnd

leading dominant seguence at approximately 5X, which is comparable with results
from similar plants. Even with the large ircrease in sequence frequency tne
absolute magnitude of the sequence is quite small.

In the second dominant isolation transient, isolation (TF) is ‘ollowed by fail-

ure of the feedwater system (Q), fail're of HPCS and RCIC coolant injection (U)
ind failure of timely automatic depress. ization system (ADS) actuation (X).

Without ADS, the RPV cannot be depressurized to allow cure cooling through

use of the low-pressure systems. This sequence was calculated to be 5.3 x 10-7
per reactor year, which contributes approximateiy 1.4% to the modified core-
damage frequency.

Anticipated Transients Without Scram (ATWS): T.C,U.P.. T.C.L

I -
TeCuPa TeCuP1UnPas TECYC1Coy, TCWU

e TeCME,Pas

Al

Anticipated transients without scram (ATWS) as a grour constitute about 9% of
the modified staff/BNL COF values. The GESSAR II PRA reported ATWS contributior
as approximately 1% of the initial core-camage frequency (~4 x 10-® per reactor
year). Staff/BNL review resulted in a significaitly increased ATWS core-damage
frequency. This difference is primarily attributed to differences in assumed
prabability of mechanical and electrical scram failure.

An ATWS occurs when 4 nuclear power plant experiences some upset or transient

requiring prompt shutdown, but the scram system malfunctians. The seven domi-
nant ATWS sequences shown above constitute the events contributing approximztiel
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7% of the plant's modified core-damage frequency. Each dominant sequence is
initiated by transient TF' reactor isolation. The top two dominant ATWS se-

quences consist of (1) those caused by a transient (TF) followed by mechanical/
hydraulic failure of the control rods ta insert (C") coupled with a failure of
the high-pressure injection system (UH) and failure to inhibit depressurization
(?A)--TFC"UHPA, or (2) failure to control the vessel level (LH)' without
successful high-pressure injoctfon--TFCHLH. Staff/BNL estimate tne core-damage
frequencies for the TFCMUHPA and TFCMLH sequences to be 8.7 x 10-7 and

7.6 x 10-7 per reactor year, respectively, providing about 50% of the total
ATWS contribution to the COF. A number of other ATWS sequences provide the
remaining <ontribution (see Table 15.1a).

The total frequencies presented here are higher than GE's values by more than
2 orders of magnitude. The major discrepancy between the GESSAR II PRA and
the staff/BNL review lies with the different probability for the mechanical/
hydraulic failure to scram (CM) used by the staff/BNL, as ciscussed previously.

The /.7WS results presented here reflect improvements and modifications known as
the ATWS Resolution Alternative 3a, developed by the staff and incorpcrated by
GE into the GESSAR II design.

The ATWS Resolution Alternative 3a modifi:ations include:

(1) Aiternate rod insertion (ARI) function--A system that is diverse and
independent from the reactor protection system, meeting IEEE-279 and
acting as backup to the electrical portion of the current scram system,

(2) Recirculation pump trip function.

(3) Feedwater control system runback function--Changes in logic to reduce
vessel 1solatioi events and permit feedwater runback.

(4) Automatic 36-gpm standby liguid control system (SLCS)--Modified SLCS
piping to assure delivery of 86 gpm of poison and automatic actuasion
circuitry with reliability equivalent to the mechanical portion of the
SLCS.

(3) Containment isolation - Closure of containment isolation valves upon
occurrence of high containment radiation.

(6) Reduncant reactivity control system - To provide automatic initiation
signal to bring reactor to subcritical state.

(7) Scram discharge volume modifications:
fa) Increased number of scram level sensors (with design diversity),
(b) Nonsubmergad vent line for scram discharge volume,
(¢) Vacuum breakers and redundant vent valves on vent line,

(d) Redundant scram discharge volume (SDV) isolation drain valve,
(e) Repiping of scram instrument Tines.
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Without these modifications, the contribution to the total CDF by ATWS events
would have been significantly increased.

Loss of DC Power: _TDCUV

The staff/BNL.review of the GESSAR II PRA identified one additional accident
sequence beyond those identified by GE, the loss of dc power initiated by a
common failure of two dc busses followed by failures of the high-pressure
systems (U). The low-pressure injection system (V) is unavailable because of
the loss-of-dc-power initiation event. This sequence contributes about 1% of
the total core-damage frequency. Failure of the two busses is attributable to
operational or test and maintenance errors which propagate to system failure.

A frequency of occurrence of 6 x 10-5 per year was chosen for this initiator

on the basis of information provided in NUREG-0666, "Probabilistic Safety
Analysis of DC Power Supply Reguirements for NPPS." It was assumed that if the
two dc Dusses were lost, the reactor would scram as a result of loss of feed-
water. It should be noted that a number of assumptions were made in the
development of the event tree for this analysis. These were: (1) failure prob-
ability of two dc busses, (2) the operability of the RCIC system without dc
power, (3) the validity of a 19-hour mean time to repair (MTTR) of a dc bus, and
(4) the failure probability of 0.01 of the RHR given failure of the dc busses.
Since this analysis was not submitted by GE, the staff/BNL made the above esti-
mates in the evaluation. The uncertainty associated with this sequence guant‘-
fication is assumed to be large because of substantial Jjudgmental inpul in t >
above assumed probabilities. Nevertheless, this scoping analysis indicates this
sequence would not Tikely be a significant contributor to core-damage freguency.

I[nadvertent Opening of Relief Valve: TIUX

This sequence involves an inadvertent opening of a relief valve, follcwed by
failure of the HPCS and RCIC coolant injection (U) and failure of timely ADS
operation. This sequence contributes approximately 0.3% to the core-damage
frequency for internal events.

Inadvertent opening of a relief valve results in loss of reactor coolant into
the suppression pool. If the valve remains open, it is necessary to provide
makeup to the RCS to prevent core uncovery and damage. The preferred way of
accomplishing this is through the high-pressure systems (RCIC or HPCS). If these
systems are not available, injection can be provided through low-pressure
systems (core spray or coolant injection) following operation of the ADS to
reduce reactor pressure. failure of the high-pressure systems and failure of
timely actuatioi. of the ADS described above results in continued discharge of
water from the RCS into the suppression pool, with no means to provide makeup.
The results of the staff/BNL review supported the conclusion that this event is
a very small element of the total core-damage frequency.

15.6.2.3 Externa) Events

The initial GESSAR II PRA submitta) inc)uded only internal events. Subseguently,
at the staff's request, an external-events analysis was provided incorporating
seismic issues, fire, and internal flooding. GE concluded that there were no
significant risk impacts from these areas. The staff is stil) assessing the
seismic submittal. The staff findings on external events are summarized below.
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(1) Seismic

GE assessed the risk attributable to seismic initiating events and presented
this assessment to the staff. GE stated that the purpose of the assessment is:
(a) to demonstrate the capability of the GESSAR II design to accommodate a low-
probability seismic event beyond the safe shutdown earthquake (SSE) design
basis, and (b)-to meet the intent of the NRC draft policy statement on severe
accidents. GE has submitted a representative hazard function to medel the
seismic acceleration for a generalized site location. They have also presented
component and structure fragility values to model the ability of structures and
components to withstand seismic events.

The staff has not yet completed its review of the hazard function or fragility
analysis. Additionally, the staff is evaluating the seismic systems analysis
tc determine if all important seismically induced failure mcdes have been con-
sidered. At this time the staff is not able to validate GE's claim for low
seismic risk for GESSAR II. Staff findings in this area will be presented in
a future supplement to the SER.

(2) Fire Events

GE performed a fire probabilistic risk analysis of six critical fire locations
which were identified by a screening process. For each of these locations, a
frequency of occurrence of fires was established using raecent data. These fire
frequencies serve as initiation probabilities for event trees characterizing
the fire sequences. Fire growth times were obtained from experiential data, a
deterministic fire model computer code (COMPBRN), and engineering judgment.
Suppression times were taken from a distribution of reported fires. Next, the
fire-induced accident sequences and the core-damage contribution for each crit-
ical location were quantified. The total fire contribution to the frequency of
core damage was then determined. The release frequency was then evaluated by
linking the fire-event sequences to the internal-event PRA and the fire-induced
plant risk was determined. However, it is the staff's judgment that the fire-
risk analysis and documentation do not meet the expectation of what a PRA fire-
risk assessment should entail. The staff's major concerns are:

(a) A1l critical areas have not been fully identified.

(b) Equipment affected by fire which may either cause an initiating event or
hamper the performance of accident-mitigating systems (even during a
so-called stage-1 fire growth) has not been sufficiently addressed.

(¢) Fire-frequency estimates still remain questionable.

(d) The fire scenarios analyzed do not, in some respects, correspond to the
physical layout of the fire aresa.

Therefore, by present standards the staff finds the subject document incomplete
when compared with other fire-related external-event safety studies.

As a result of these concerns it is not possible to make any def'nitive quanti-
tative judgments or appraisals on the relative degree of fire risk associated
with the GESSAR II resign. These concerns, coupled with the prevailing large
uncertainties in fire-risk analysis, preclude making any substantive judgments
or appraisals of the analysis.
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It is difficult to accurately quantify the fire risk for GESSAR II plants.
Newer plants and piant designs which comply with current fire-safety standards
and which are, perceptibly, more fire safe on a relative basis when compared
with older plant designs may not have the more "obvious" fire hazards and
potential fire progagation scenarios that have been identified in previous
fire-risk studies on the older olants. Accordingly, for these newer plants to
assess fire risk would require more detailed analysis and, in some respects,
would require analyses that are beyond the state of the art. This is largely
due to the fact that major fire contributors have been “designed out” of the
plant and, therefore, for one to investigate how fires contribute to the risk-
based measures, other nuances or aspects associated with the phenomena of fire
would have to be included.

A case ir point is barrier effectiveness. In other probabilistic studies
dealing with fire risk, this issue was addressed but not pursued further since
the change in core-damage frequency would be judgmentally smaller, relative to
the fire-related contributors to core damage that had already been calculated
for single enclosure fires. The staff believes this to be largely the case
also for the GESSAR II design since those other potential contributors to fire
and its subsequent propagation and attendant effects on the plant's safety
function would aiso be small.

[t is the judgment of staff/BNL that the contribution to core-damage frequency
resulting from fires within a GESSAR II plant appears to be small. This percep-
tion is primarily due to the GESSAR II design's close adherence to those deter-
ministic fire-protection guidelines and requirements found in Section 9.5.1 of
the Standard Review Plan (SRP), especially the design features that can be
accommodated in a new plant, such as separation by 3-hour fire barriers.

Thus, in conclusion, the staff finds that:

(a) The GESZAR II risk related to fires appears to be rather lTow, based on the
staff's deterministic analysis.

(b) The GE probabilistic fire-risk analysis in the GESSAR Il study does not
adequately make the case for this assessment.

(c) In order to appropriately assess the low fire risks at GESSAR II plants,
one would be required to perform more detailed analyses such as barrier
effectiveness, probability of penetration installation deficiencies, venti-
lation, and smoke toxicity effects. These analyses, in some respects, are
beyond the state of the art or entail a level of analytical detail that ha
not appeared in other safety studies. Such studies are not needed to asses:
the licensability of GESSAR II plants.

(3) Internal Flooding

The GE study considered two types of potential flood sources for GESSAR I1:
cracking or rupture of pipes or water containers, and leakage of seals or leak-
age past glands. The study evaluated the possible ways that an internal flood
can initiate severe accidents. Several locations that are susceptible to inter=
nal flooding were identified: the containment building, the drywell, the auxi-
liary building, the fuel building, the radwaste building, the control building,
the diesel generator building, and the turdbine building. A screening analysis
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was performed for these areas based on either the internal flood-initiating
frequency of the individual area or the iudgmental evaluation of the likelihood
of an internal flood leading to a core-gamage accident. Flood-initiating fre-
quency for these buildings was evaluated for pipe cracking or rupture of water
container. The GE study deemed the leakage from seals and glands to be small.

The result of "the screening analysis indicated that two areas may have a greater
potential for flood-induced core-damage events. These areas are the diesel
generator building and the turbine building. In the GESSAR II analysis, it was
conservatively assumed that flooding these buildings would mean all safety-
related equipment in them would be unavailable. Two functional event trees were
developed to model the progression of the flooding-accident sequences. The
frequency of total core damage attributable to internal flooding was calculated
in the GESSAR II PRA to be 6.4 x 10-? which is an insignificant contribution to
the frequency of core damage from internal events. There are two criteria that
a fiooding event has to satisfy before it will eventually develop into a credi-
ble flood accident sequence. One of the criteria is that there has to be a
large enough water source to cause a potential threat of flocding safety equip-
ment. This is called the flood precursor. Given the occurrence of a flood
precursor, a reactor shutdown will be initiated; this may either be in the form
of a plant transient or a contro)led manual shutdown. At this point, a flood-
initiating event has occurred. With a flood-initiating event, various safety
systems will then be challenged and combinations of these system failures will
resuit in different core-damage sequences. The other criterion is the time
required to arrest a flooc. This criterion directly affects whether a flooding
precursor would eventually develop into a flood-initiating event. For instance,
if flooding occurs in the RCIC room and the flow rate is relatively small, this
would imply that ample time is available for the operator to identify ana arrest
the flood before critical equipment is endangered. This increased probability
of a successful operator action would prevent the flood precursor from develcp-
ing into an initiating event and, hence, from challenging the safety systems

In the review of the GESSAR II flood analysis, these criteria were used to help
focus the concerns. In general it was found that the GESSAR II analysis is
rather limited in terms of its depth and the effort devoted to address the
question of flood-initiating events or their impacts. Part of the reason is
believed to be the lack of detailed information on the location of aquipment.
The analysis relies heavily on what is presented in GESSAR II and what was
reported in two other flood PRAs. Owing to the deterministic approach used in
GESSAR II, it is limited in scope in analyzing all potentially severe flooding
accidents.

In the area of the flood precursor, the staff/BNL finds that the frequency
reported in the GESSAR II flood study for the different areas is not consistent
with those of other PRAs. For instance, in the evaluation of the containment
building, the GESSAR II analysis considered a crack in the 24-in. suppression
pool mvkeup line. A flow rate of 150 gpm was assumed and a 30-hour pericd was
calculated as necessary to drain 232,000 gal of water. The 160-gpm flow rate
was small in comparison to what other PRAs have assumed. A higher flow rate
reduces the time that is available to the operator to arrest the floed. Fure
thermore, no distinction was made in the GESSAR Il analysis between maintenance-
induced floods 2nd rupture-induced floods. An assessment of the precursor
frequency by the staff/BNL is presented in Table 15.3. The flood-precursor
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frequency was calculated using a Markovian model and it is divided into twe
groups. The first groun represents the maintenance-related floods. The calcu=
lation considered the frequency of online maintenance practices and the proba-
bility of inadvertent opening of isolation valves which results in a flooding
precursor. The frequency was found to range from 1.5 x 10-4 to 2.0 x 10-%5 for
the different systems.

The second group of the precursor frequency relates to rupture-induced floods.
The components that were considered in the staff/BNL evaiuation included valves,
pipes, and pumps. Since a rupture is not normally detected until the system is
in demand or in test, the precursor frequency was calculated for three types of
plant challenges, namely, turbine trip, MSIV closure, and manual shutdown. The
frequency varies between 2 x 10-* and 2 x 10-5.

Given the occurrence of a flood precursor, credit should be allowed for the
operator to respond to the flood annunciators and to follow procedures to
determine the location of the flood and to arrest the flood. The time a)lowed
for these operator actions depends greatly cn the flooding rate within the
particular building or compartment of interest and the locations of the critica)
components. These parameters are plant specific and some of them cannot be
readily derived based on the GESSAR II design. However, if one assumes that
the human failure probability to diagnose and arrest flood is 0.5, then the
flood-initiating frequency is on the order of 5 x 10-%. There are, however,
considerable uncertainties in potential flood-initiating frequencies, and the
location of essential equipment. It is also not pessible to cetermine with
accuracy the conditional probability of core damage given a flood, because of
the above limitation. Since the GESSAR II design calls for inaividual compart-
ments for different safety equipment, the potential for common-mode failure of
redundant dependent systems is believed to be low. On these bases, the staff
Judges that the flood contribution to core damage is probably small as compared
with the contribution of other initiating events,

In conclusion, staff review of the GESSAR II fleood analysis 'ndicates that the
study may not be representative of the GESSAR Il design, since the detailed
information needed is yet to be developed. The study did not address the
different flood-related topics in any depth. However, an estimate of the con-
tribution to core damage from flood events based on reassessed flood-inftiating
frequency and the conditional core-damage freguency from other internal events
suggests that it would not be significant as compared with other initiating
events. It is required that the flooding issues be reevaluated when future
appiicants reference GESSAR II. This would allow a location-specific flooding
analysis to be performed, to account fo, the uncertainties discussed previousl,
fn conditional core-damage estimates. The evaluation should consider that rup-
ture of lines to the suppression pool has the potential for remova! of water
from the pathway of the release of fission products and hence might produce a
release category more severe than any considered for internal events. The
impact of this evaluaticn on plant risk should be addressed.

(4) Other External Events

The only external events treated to a quantitative analysis in the PRA were
those previously discussed: seismic, fire, and internal flooding. However,
there are other external events which would potentially impact the plant such
as hurricanes, tornadoes, external floods, aircraft strike, hazardous materials.
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and snow and ice loading. GE conducted brief qualitative assessment of these
other external events to evaluate their potential risk impact. The PRA Proce-
dures Guide (NUREG/CR-2300) provided guidance in the evaluation, suggesting
screening criteria for the inclusion of external events into PRA studies. An
external event is excluded from PRA studies (a) if it is included in the defini-
tion of another event or events, (b) if the event can be shown not to occur
close enough té the plant to affect it, (c) if the event has a significantly
lower mean frequency of occurrence than other events with similar uncertainties
and could not result in worse consequences than those events, or (d) if the
wvent is of equal or less damage potential than the events for which the plant
has been designed. These screening criteria have been utilized in these
qualitative assessments. Each event is discussed below.

Hurricanes

In Table 10-1 of ASCE Paper No. 3269 (American Society of Civil Engineers,
1961), hurricane events are considered to be included under external flocding
and the wind forces are coverad under extreme winds and tornadoes. Thus
hurricanes are addressed in GESSAR [I, Sections 2.2 (Tornadoes) and 2.3
(External Floods). This follows the suggestions of NUREG/CR-2300 to exclude
treatment of a specific event that can be included in the definition of another
event or events.

Tornadoes

In Section 2 of the GESSAR Il SER (Site Characteristics), the discussion of
regional meteorological conditions for design and operating bases contains the
specific considerations for high winds and tornadoes. These include:

(1) The structures are designed to withstand wind velocities of 130 mph at
30 ft above plant grade with a velocity distribution and gust factor as
described in ASCE Paper No. 3269.

(2) The safety-related structures and equipment are designec -or the design-
basis tornado described in NRC Regulatory Guide 1.76 for iegion I. The
characteristics of this tornade are:

Maximum wind speed (mph)........covveinrunns 360
Rotational speed (MOA)........ovviniminnnnnns 2590
Translational speed:

Maximum (MPR). . ...iiiiinnnnnnnnnens 70

R THRY .26 5052 s 5anptnthensadheril 5
Radius of maximum rotational speed (ft)...... 150
PIOSRRIE BPOD CUBY e os i it oo conesintehonesais 3.0
Rate of pressure drop (psi/sec).............. 2.0

Using these conditione the wind velocity probability for y = 360 mph
is estimated to be ~1lu-% (GE letter, Nov. 7, 1983).

Additional informaticn on wind and tornado loadings is contained in the

GESSAR 11 FSAR, Section 3.3. The design of structures to withstand the design=
basis tornado or an operating-basis wind of 130 mph is expected to result in a
low=risk contribution from these events. However, the staff is concerned that
the failyre of nonsafety structures has a potential to damage safety-related
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components. Utility applicants who reference GESSAR Il will be required to
demonstrate that the risk resulting from the failure of nonsafety structures
is low.

External Floods

Section 2.4.271 of GESSAR II and Section 2.2 of the staff's SER (NUREG-0979)
commit the applicant to provide site-specific flood data, including the date,
level, peak discharge, and related information for major flood events in the
regior where a GESSAR II plant is to be sited.

Included in the GESSAR II plant design is consideration of the probable maxi-
mum flood potential. Seismic Category I structures that may be affected by
floods are designed to withstand floods using the "hardened" flood-protection
approach. Through the hardened protection approach, structural provisions are
incorporated in the plant's design to protect safety-related structures,
systems, and components from postulated flooding. Seismic Category I struce
tures required for safe shutdown remain accessible during all flood conditions.

Safety-related systems and components are protected from flooding either because
of their location above the design-flood level, or because they are enclosed in
reinforced-concrete seismic Category I structures. The flood protection
requirements are addressed in Section 2.2 of the staff's SER.

Additional flood protection from external sources is discussed in Subsection
3.4.1 of GESSAR II.

Structures of safety significance are designed for a design-basis flood, as
defined in Regulatory Guide 1.539, up to an elevation 1 ft above plant grade
including allowance for the effects of coincident waves and the resultant runup
as calculated from site-unique parameters.

On the basis of information presented in GESSAR II, and the results obtained
from the evaluation of internal flood events (GE letter, Nov. 7, 1983), the
probability of core damage from external flood sources is believed to be a
small contributor to core-damage risk. However, because of wide uncertainties
in site-specific flooding potential, utility applicants referencing GESSAR I
will be required to demonstrate that the risk from external flooding is low.

Aircraft Strike

The nuclear island is intended for use at sites where the probability of an
afrcraft impact is <10-7 per year. It is the responsibility of a utility
applicant to show compliance with this requirement. [f the applicant's plant
is located at a site where this probability is not <10-7 per year, the appli-
cant will be required to provide an evaluation of the consequences, as they
relate to the PRA evaluation, of an aircraft crash considering the freyuency
and type of flights of aircraft germane to the site.

Hazardous Materials

[n assessing the risk from hazardous materials, NUREG/CR-2300 suggests includin.
the risks from industrial or military facilities, pipeline accidents, release
of chemicals in onsite storage, and transportation accidents. A1) cf these are
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site dependent, and require site-specific information to quantify any potential
impact. Utility applicants referencing GESSAR II will provide the information
to demonstrate that the risk from hazardous materials is low.

Utility applicants will provide a determination of design-basis events (i.e.,
probability of occurrence >10-7 per year and potential conseguences serious
enough to affeéct the safety of the plant to the extent that 10 CFR 100 guide-
Tines could be exceeded) for each of the following accident categories:
explosions, flammable vapor clouds (delayed ignition), toxic chemicals, fires,
collisions with intake structures, and liquid spills.

Snow and Ice Loading

Structural integrity of safety-related buildings can be impacted by snow and
ice buildup. However, GE did not address the impact of snow and ice load on
structures in the GESSAR II PRA. The GESSAR II design value of snow load
(50 1b/ft?) may be exceeded at some locations in the ncrthern United States;
therefore, a utility applicant referencing GESSAR II must assess the risk
impact from snow and ice in the plant-specific FSAR.

15.6.2.4 Effects of Uncertainties

Like any other probabilistic analyses, the GESSAR Il PRA contains large uncer-
tainties. These can be grouped into fou~ genera! areas: statistical, moceling
(assumptions such as human error, common cause mcdels, and others), omissions,
and computational. Each of these types of uncertainties ig applicable to the
various PRA segments such as the core-damage seguence estimates, the containment
analysis, the source term, and the site/consequence analysis. An excellent
discussion on the subject of uncertainty which pertains directly to this review
can be found in "Evaluation of Risk Estimates," in Section II.A of the Indian
Point ASLB "Recommendations to the Commission" (ASL8, October 24, 1983). The
Inaian Point ASLB points to two major omissions (sabotage and equipment aging)
in the Indian Point PRA which may cause the risk estimates to be low. These
omissions apply to GESSAR II plants ¢s well. The staff/BNL review of the

GESSAR II PRA points out the tendency for modeling assumptions to be conserva-
tive in some areas and nonconservative i other areas. The overall significance
's not known. Systems-modeling assumptions exist in the values of various input
parameters such as hardware failure data, human error data, frequency of acci-
dent initiators (especially loss of offsite power), large and medium LOCAs,
fires, and seismic events. These sources of uncertainties are still dominant
sources because of (1) a relatively sparse data base on severe earthguakes in
the Eastern United States, (2) inadequacies in quantifying certain human errors
during accident scenarios, and (3) no data on large LOCAs. Since the LOCA
contribution is so minor for the GESSAR II design, the impact of uncertainties
would be very small. There is also a large uncertainty attributed to varying
degrees of systems success/failure modeling assumptions, completeness, and
statistical and arithmetic errors. Since GESS*" II is a standard plant design
as yet unsited, there are additional uncertainties regarding external event
hazards and effects of plant interfaces which could introduce adverse interace
tions. These are not specifically quantified but must be recognized.

The staff/BNL point estimates of core-damage frequency and their associated

uncertainties for the MAAC site and the national average site were calculated.
For the MAAC site, the core-damage frequency (COF) for internal events ranges
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from 3.7 x 10-® for the 5% confidence 1imit to 6.0 x 10-% for the 95% confidence
limit with an error factor of 4. For the national average site, on the other
hand, the COF ranges from 6.8 x 10-® for the 5% confidence limit to 1.1 x 10-4
for the 95% confidence 1imit. However K this range only includes a limited con-
sideration of statistical unccrtainties. Recognizing the other sources of
uncertainties, such as completeness, it is the staff's judgment that uncertainty
estimates shodTd not lead to a core-damage frequency much larger than a factor
of 10 above the reported point estimate. This is especially true with the
inclusion of the ultimate plant protection system in the GESSAR II design.

15.6.2.5 GESSAR II Risk Findings
(1) Risk Overview

Fission products may be released into the containment building during a core-
meltdown accident, and a number of systems are available to help contain or
mitigate this radionuclide release. If these systems fail or are compromised,
a fraction of the radionuclides may be released to the atmosphere with cor-
responding adverse effects upon the surrounding environment. These effects or
consequences can be measured in terms of health effects on the surrounding
population and property damage in the surrounding area (damage indices). A
number of these damage indices (e.g., early fatalities ang injuries) are short
term (within months of the accident) and require a dose that exceeds certain
thresholds. For example, a dese of 320 rem to the blood-forming organs, with
supportive medical treatment (175 rem without treatment), will result in an
early fatality in a small fraction of the population receiving such a dose.
These damage indices are a strong function of the timing and magnitude of the
fission=product release and also of the emergency response of the population.
Other damage indices such as latent fatalities and interdiction of crops or
land are long term (50 years after the accident) and are measured over large
distances (500 miles around the reactor site). These damage indices are a
function of the type and amount of radionuclides released and are relatively
insensitive to the :mergency response of the population. [t is, therefore,
possible for the short-term and long-term damage indices to be dominated by
Quite different dominant accident sequences and failure modes. This must,
therefore, be taken into account when discussing risk-dominant sequences.

In PRAs previously submitted to the NRC, the less probable but more severe
accident categories usually dominated early fatalities (more severe impliies
early release, short warning time for evacuation, and large fractior of fission
products released), whereas the more probable but less severe release categories
dominated the long-term damage indices. This was largely because the less
severe release categories were usually below the thresholds necessary to result
in early fatalities. In this regard, the GESSAR II PRA is different from previ
ously submitted PRAs because none of the release categories were calculated by
General Electric to result in early fatalities. In Table 15.4 are reproduced
long=term risk (person-rem) for each of the 15 re.case sequences and failure
modes as reported in GESSAR II.

Table 15.5 groups the 15 release sequences into similar "events" and indicates
that transients without suppression-pool bypass account for approximately 70%
of the long-term damage indices. This "event" grouping covers a wide range of
Class [ accident (see Table 15.8) sequences and failure modes. However, the
general characteristics of the fission product release path for all the failure
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modes within the "event" are similar. For this "event" the containment building
is assumed to fail from a variety of hydrogen phenomena (global burns, local
detonations, local burns, or standing flames), but the drywell wall and ceiling
are assumed to remain intact. (See Figure 15.1 for a description of the Mark
T11 containment.) Suppression-pool scrubbing results in significant reduction
in the aeroscl fission products. In general, the staff and its consultants
agree that if"the containment failure mode results in all of the released fis-
sfor products passing though the suppressior pool, then radicactivity associated
with any aerosols carried by the steam/air/hydrogen mixture entering the pool
will be substantially reduced. However, the staff considered a wider range of
uncertainty associated with this failure mode (Section 15.6.2.5(4)) than did
General Electric.

Table 15.4 also indicates that Class I transients with pool bypass to the
vaporization release (limited bypass events in Table 15.5) account for 25% of
the magnitude of the long-term damage indices. For this "event" GE assumes
that a global detonation will occur in the wetwell and the shock wave will fail
the drywell ceiling. Hence, a limited fraction of the f'ssion products are
assumed to Dypass the suppression pool. However, by comparing the GE estimates
of perscn-rem/event in Table 1.5, it will be noted that the limited bypass
sequence is not significantly more severe than without bypass (in terms of off-
site consequences: 70,000 vs. 52,000 person-rem/event). This is cdue to a
number of factors. It takes time to generate hydrogen and reach global deton-
ation 1imits in the wetwell. During this time, a significant fraction of the
fission products would have been released from the fuel with much of the fission
products either peruanently retained in the primary system or scrubbed in the
suppression pool. The global detonation is assumed to occur close to the time
of reactor pressure vessel melt-through and GE assumes that the detonation shock
wave fails the drywell head, thus draining water (from above the drywel] head)
into the drywell. The water floods the region under the reactor vessel and
terminates any further release of fission products from the fuel ex-vessel
(core-concrete interaction). Therefore, although this "event' results in
suppression pool bypass, the fraction of fission products actually bypassing
the pool is very limited.

dThe staff/BNL do not entirely agree with the way GE has analyzed the above
"event” or fission-product-release path. These differences are discussed in
greater detail in Section 15.6.2.5(4), but in summary, the staff/BNL are con-
cerned with GE's assumption that the drywell head is the only possible failure
location. Extensive analysis by the staff/BNL has lead to the consideration of
the possibility of other failure locations in the drywell wall (BNL, May 1984,
May 15, 1984). These other failure locations would allow fission products to
Oypass the suppression pool and also would not result in guanching of the .ore
debris ex-vessel. Thus, fission-product release during core/concrete interac-
tions would continue for these alternative failure locations and would result
in a significantly grealer fission-product release than GE calculated.

The GE PRA includes predictions of best-estimate plant risk levels for the 15
release sequences analyzed (Table 15.4). The staff has reported consequences
for three sequences based on source terms that resulted from a parametric study.
The reasons for the difference in procedure and tie methods used in conducting
the study are discussed in Section 15.6.2.5(€).
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Genera! Electric has calculated a best estimate of the risk to the public from
internal events at what may be characterized as a "composite site,"” expressed

as fatal latent cancers, to be 1.7 x 10-% per reactor year. GE's 15 release
categories have contriduted to the total, each weighted by its appropriate
probability. Because the staff is of the opinion that the current state of the
art of source-term methodology allows only a range of source terms to be calcu-
lated at this“time, the staff has not calculated a corresponding value. Staff
calculations, however, currently indicated an overal) core-damage frequency that
is about a decade higher than the GE estimate. As far as consequences are con-
cerned, since the lower range of release fractions calculated by the staff is
comparable to GE's best estimate, the lower range of consequences would also be
comparable. However, the high range of conditional consequences calculated oy
the staff is one to two decades higher than those calculated by GE. Therefore,
the risk of latent fatality may range from 1 to 3 arders of magnitude larger
than that calculated by GE. It is important to note that both estimates are
significantly smaller than those shown in the Reactor Safety Study (NUREG-75/014,
formerly WASH-1400), due both to the plant design and to changes in source-term
methodology. The staff has calculated that there is an exceedingly small prob-
ability that early fatalities might result from releases at the high range for
early containment failure times (short waraying times for protective actions) and
adverse meteorological conditions. These calculated values, again, are negli-
gibly small compared with values in the Reactor Safety Study.

(2) Risk Insights

A major conclusion of the GESSAR II PRA is that for a wide range of potential
severe accident sequences initiated by internal events, General Electric pre-
dicts that no early fatalities would cccur, and the staff/BNL ijuependent ca)-
culations predict an exceadingly small number for early fatalities only when a
high value is used for thc release. This is a .ery significant risk insigit and
depends on a number of important factors. These factors can be subdivided into
two broad groups related to methodology and containment design. Each group is
discussed in detail below. Because the wetwell is predicted to fail as a result
of hydrogen phenomena, the focus of both the GE analysis and the staff/BNL
review has teen on the integrity of the drywell and fission-product evelution
and transpert within the plant. This emphasis i different from the emphasis

in previous PRA analysas which focused on containment integrity.

The determination of fission product release and transport in the GESSAR II PRA
T a significant departure from other recently published "industry" PRAs. In
the past, PRAs have generally used the prescriptions in the Reactor Safety Stuadyv
to determine the release of fission products from the fuel and the movement of
these fission products throughout the primary system and containment building.
However, there has been significant research activity in this area since the
publication of the Reactor Safety Study in 1975. A basis for estimating fission
product behavior (NUREG-0772) was published in 1981 by the NRC's Office of
Research (RES). 1In additiorn, updated fission-product source-term prediction
methods are currently being developed by the Accident Source Term Program Office
(ASTPO, 1983) and are receiving extensive peer review. PRAs have generally
recognized the potental influence of the new source-term methods, but the impact
has been expressed only in the form of uncertainty (e.g., the level 2 risk
curves (see PECO, 1982, CECO, 1981; PASNY, 1982)). The point estimate risk
curves for the PRAs (PECO, 1982; CECO, 1981; PASNY, 1982) are based on the
Reactor Safety Study prescription with regard.to fission-product release from
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the fuel and transport in containment. The GESSAR Il PRA departs from this

practice and incorporates new factors to determine the source terms. These

changes relative to the Reactor Safety Study are significant and some of the
more important are:

. Fission product release rates are calculated as a function of core
temperatare.

. Permanent retention of some fission products in the primary system is
presumed.

. High suppression pool decontamination factors are used, which are stated
by GE to be based on experiments and modeling.

Taking credit for the above mechanisms tends to reduce the fission-product
source terms relative to the releases that one would calculate using Reactor
Safety Study methods. The use by General Electric of the above mechanisms in
"best-estimate” calculations should, therefore, be clearly understood when com=
paring the GESSAR II PRA with PRAs previousl,s submitted to the NRC in which

Reactor Safety Study source terms were used to generate the best-estimate risk
curves.

However, even allowing for differences ‘n methodology, there are unigue design
features associated with the GESSAR II Mark III containment that help to miti-
gate the consequences of severe core-damage accidents. The staff agrees with
General Electric that for most of the core-damage-accident sequences, drywell
integrity will be maintained. For these sequences, the vast majority of the
fission products released from the fuel will be directed through the suppression
poal. In adaition, for the highest frequency sequences (Class I), the suppres-
sion pool will be subcooled, resulting in the fission products being subjected
to significant pocl scrubbing. Even when the suppression pool s saturated
(Class IV sequences) the NRC staff/consultant calculations indicate significant
pool scrutbing. In summary, the combination of the ability of the Mark III
centainment to maintain drywell integrity and the fission-product scrubbing
effectiveness of the suppression pool is a significant mitigation feature in
terms of reducing offsite con.equences of severe core-damage accidents

(3) Effects of Uncertaﬁnties on Risk Results

when the GESSAR I PRA was originally submitted to the NRC on March 19, 1982,

it presented best-estimate calculations for core-damage frequency, containment-
failure-mode conditional probabilities, release fractions, and offsite conse~
quences. Several subsequent submittals by General Electric presented the
effects of uncertainties relative to the original best-estimale calculations.
However, GE treated uncertainties associated with determining the frequency of
a particular release category differently from uncertainties associated with
the me nitude of the fission products released and, hence, offsite consequences.
GE calculated uncertainties in the core-damage frequencies by propagating uncer
tainties in reliability data through fault and event trees. Uncertainties in
accident phenomenology were considered in the context of a range study. These
range studies are discussed further throughout this report. Ffurther, there are
uncertainties in the calculation of consequences, given a release. These
uncertainties include those that result from simplified calculations of radio-
nuclide transport from the plant to the receptor, lack of precise dosimetry,
and statistical variations of health effects.

GESSAR IT SSER 2 15-24




(4) Differances in GE Results and Staff Results

Containment Event Trees

The staff/BNL containment analysis is described in detail in Section 15.6.2.5(5)
of this supplement and in BNL's draft NUREG/CR (May 1984). In this section
major differences between the NRC/BNL assessment and the GE approach will be
discussed. Although the GE containment event trees appear to be comprehensive
in the selection of potential containment failure modes, the staff is not con-
vinced that the more severe failure modes have been given sufficient importance.
The appropriateness of the branch point split fractions is discussed in Sec~
tion 15.6.2.5(5). Huwever, the most obvious failure modes that have been
omitted by GE are steam explosions, basemat penetration, and long-term bypass
of the suppression pool. At this stage, the staff is reluctant to give these
failure modes zero probability, as was done by GE. However, steam-explosion-
induced failure of containment is now considered less probable (Sec-

tion 15.6.2.5(5)) than it was in the Reactor Safety Study. The approach taken
by GE in assuming containment failure via overpressurization before basemat
penetration (and hence eliminating the latter as a potential failure mode)
dppears to be a conservative assumption in terms of health consequences.
Finally, sequences that bypass containment have been given very low probability
in the GE PRA. The failure to isolate containment is considered improbable, as
s the potential for excessive leakage through the main steam isolaticn vaives
(MSIVs). These potential failure modes are addressed in greater detail in
Section 15.6.2.5(5).

Loss-of-Offsite-Power Transients and Effects of Hydrogen

The most frequent accident sequences are the Class I transients. In the

GFSSAR IT PRA, Class I transients initiated by a LOOP including diesel failure
»: @ represented by two separate containment event trees. The total probability
.ssociated with the CT1-P class was subdivided into the probability of restoring
power within 60 minutes of the start of core damage (CTI-P‘) and the probabil-

ity of restoring power after 60 minutes (CTI-PD). Each of these event trees is

discussed below. Differences between the staff/BNL and General Electric
assessments of the CTl-Pa tree relate primarily to differences in the assigned

conditional probabilities of various hydrogen phenomena (global combustion or
detonations vs. local combustion or detonations). Genera)l Electric allocated
approximately 10% of the frequency of the CTI-P‘ to global detonations, which

were assumed to fail the drywell head. The NRC/BNL assessment did not predict
global detonations at all during the time frame associated with the CTI-PG tree

and the staff, therefore, gave global detonations zero probability within
1 hour. General Electric allocated approximately 30% of the frequency of the
CTl-P. *o local detonations but concluded that such an event would not fai! the

drywel] head or wall. The staff/BNL assessment predicted a lower conditional
probability of a local detonation (approximately 7% of the total frequency) but
concluded that such an event might fail the drywell head and possibly also the
drywell wall. If the drywel)l head fails, water wil) drain into the drywel! and
GE assumes that this water will then flood and quench the core debris ex-vesse!
This assumption results in the termination of the ex-vessel vaporization
release. A failure i1n the drywell wall allows fission products %o bypass the
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suppression pool; also, the core debris would not be flooded and quenched
ex-vessel. The impact on risk of the staff/BNL assumption was described in
Section 15.6.2.5(1). Leakage from the drywell via previously existing small
leak paths, as well as MSIV leakage, has a high probability. These leak paths
by themselves, however, do not constitute a major contribution to severe-
accident risk because of the relatively small mass which can be released via
these pathways. Therefore, these leakage pathways are not treated as separate
branches on the containment event trees, but are ircluded in the assessment of
the drywell/suppression-pool fission-product attenuation effectiveness.

Fission-Product Release

In the following sections, staff/BNL predictions of fission-product release
during severe accidents are compared with GE predictions. The comparisons are
maje for various phases of accident progression, the classes having been chosen
from the dominant core-damage sequences. Staff predictions span a range of
values for fission-product releases. GE has performed sensitivity studies and
provided a range and "best estimate" release (GE letter, May 17, 1984). The
staff/BNL calculations are described in detail in Section 15.6.2.5(7) of this
supplement.

In-Vessel Release Phase

Both General Electric and the staff considered two release mechanisms
during in-vessel core degradation. The first release mechanism includes
cnre heatup and degradation prior to core slump. This mechanism was
traditionally referred to as the "melt" and "gap" release phases. The
second release phase occurs after core slump begins, as the core is melting
through the vessel head. The first release mechanism is terminated at the
time of core slump because *he core is assumed to slump into water present
in the bottom of the vessel. This water evaporates and cocls the core.

The core heats up for a second time prior to head failure and during this
time additional fission products are ass med to be released from the fuel.

There is close agreement between the staff and GE fission-product-release
factors for the first in-vessel release mechanism (prior to core slump).
There is even better agreement for the more volatile species. The staff
and GE do not agree as well for the second release phase (in-vessel heatup
following core slump). However, the total in-vessel fission-product
release is dominated by the first mechanism and thus differences during
the second in-vessel heatup are not crucial. Conseguently, the staff and
GE values of total in-vessel fission-product releases are near ‘greement.

In-Vesse)l Retention

In the GE sensitivity study, the fraction of fission products retained in
vessel was assumed to be either 0.0 or 0.95. The same retention factors
were applied to all the fission-product species except noble gases and
organic ifodine, which were not retained. [n the staff study, different
ranges were assigned to the iodine, cesium, tellurium, and aerosol groups
(the noble gases and organic fodine were not retained). See Sec

tion 15.6.2.5(6).
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mission of Retai Fission Products

In the staff analysis, an attempt was made to gauge the effect of re-
emitting a fraction of the fission products initially held up in the pri-
mary system. The re-emission would be caused by the post-release heating
by fission products deposited in the primary system. GE did not consider
this effeét in its analysis. In the staff analysis fodine, cesium, and
tellurium were assumed to be re-emitted during the same time as the ex-
vessel release. The remaining fission-product species were assumed not to
be re-emitted. See Section 15.6.2.5(6).

Ex-Vessel Vaporization Release

The factors used by the staff to describe the ex-vessel vaporization
release phase were based on the QUEST study (Quantitative Uncertainty
Estimation of Source Terms), a proaram to estimate the uncercainty in
selected specific radiological sou .e terms being performed by Sandia
National Laboratory for the NRC (Sanaia, March 1984). QUEST is the only
study that estimates uncertainties in a comprehensive manner. For the
less-volatile species of fission products, the range of releases estimated
in the QUEST study spans many orders of magnitude; for the volatile
species, any remaining inventory of fission products which was not emitted
during the in-vessel release phase is simply assumed to be emitted during
the ex-vessel phase. Thus, in the staff's analysis a unit release fraction
was assumed for the noble gases, iodine and cesium, but the high release
fraction from the QUEST range was used for the other fission=product
species. In the GE analysis, a much narrower range was considered for this
phase of the accident. GE started with the Reactor Safety Study vaporiza-
tion source term and varied it by a factor of 2. The implication of
varying the release during this phase of the accident has a very direct
bearing on all sequences with suppression-poo) bypass.

Suppression=Pnol Decontamination Factors

in the staff study it was assumed that the maximum suppression pool OFs
are given by the GE values. GE reduced the suppression-pool DFs by cne
order of magnitude in its sensitivity study.

The NRC OFs were based, in part, on an evaluation of differing conditions
for different times in the accident sequences, and, in part, account for

pre-existing bypass paths as discussed in Section 15.6.2.5(7).

See Table 15.6 for a comparison of staff and Genera! Electric OF values.

(5) Containment Analysis

The staff/BNL analysis of GESSAR II containment design is presented in the
following sectiors.

Orywel) and Containment Failure Modes

Containment event trees are used to relate a given accident class to a number
of potential containment failure modes or release paths. Before proceeding,

1t 1s useful to first gescribe the process of ."binning" as it relates to the

staff/BNL containment failure analysis.
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The process of binning is a way of reducing a large number of accident sequences
into a smaller number of “representative" sequences or classes that can be
analyzed in detail to determine potential containment building failure mocas.
Each of these failure modes will have unigue fission-product-release character-
istics. It is intended that the failure modes and fission-product-release
characteristics associated with a particular accident class will be representa-
tive of the mdny individual accident sequences binned into the class. The
accident classes consist of accident sequences with similar parameters.

In Table 15.7 the frequencies of the various accident classes as reported in
GESSAR II are compared with the values suggested by the NRC staff and their
contractors at Brookhaven National Laboratory. From an inspection of

Table 15.7, it is apparent that ten accident classes were identified in

GESSAR II (e.g., considering CTI-P' and CTI-Pb to be a single class). However,

containment event trees, used to relate a given accident class to a number of
potential containment failure modes or release paths, were developed for only
eight of the accident classes (Table 15.8). The fregquencies associated with

the other two accident classes were calculated to be relatively low in GESSAR II
50 that individual trees for these classes were not necessary.

5ix potential containment failure modes were identified in GESSAR II and they
are reproduced in Table 15.9. Of these six modes, two (i.e., the y and & modes)
are caused by long-term gradual overpressurization and represent 14% of the
containment failure probability in the PRA. The other failure modes b o

M, and p') result from various hydrogen-related phenomena and comprise the
remaining 86% of the containment failure probability. Clearly, hydrogen
phencmena are potentially very important contributors to containment failure

in the GESSAR II design.

On the basis of the staff/BNL analyses of these phenomena, hydrogen events such
as combustion and detonation become important once the effective zirconium
(metal)-water reaction raaches a level of about 30% of the effective fuel
claading in the active c.-e region. GE considers other potential failure modes,
such as steam explosions, isolation failure, or penetration of the basemat by
the core debris, to be not mechanistically possible for GESSAR II design. The
subjects of leakage of the containment large enough to prevent overpressure
failure (leak before break) and purposeful venting of the containment to accom=
plish the same end are under review by the staff and have nct been taken into
account as yet in the staff analyses. Current emergency procedure guidelines
incorporate venting instructions. These instructions are meant to enable the
operators to mitigate Class II type events (see Table 15.8) which represent a
small fraction of the total core-damage frequency. (See Table 15.4.)

From an inspection of the reference Mark IIl containment, and on the basis of
current understanding of potential core debris/concrete interactions, the staff
's unable to confirm that the core debris would be permanently retained in the
containment bufldiiy after a core-meltdown accident. However, it is 'ikely
that containment failure will occur either by overpressurization or hydrogen-
related phenomena before basemat penetration.

The rationale that justified General Electric's eliminating in-vesse! and ex-
vessel steam expliosions as potential failure modes for GESSAR Il is presented
in Appendix M of the PRA. The phenomena associated with steam explosions have
been under extensive investigation at Sandia National Laboratories under the
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sponsorship of the NRC. Application of this research by the NRC to an evalua-
tion of severe accidents in the Zion and Indian Point facilities has resulted
in the conclusion that the probability of a steam-explosion-induced failure of
containment is much lower than assumed in the Reactor Safety Study. However,
both of the Zion and Indian Point facilities are pressurized-water reactors
(PWRs) with large ary containments. From staff review of the GESSAR II con-
tainment and of the probability of steam-explosion=-failure modes, it appears
that the probability of such failures in the GESSAR Il design will also be
significantly lower than assumed in the Reactor Safety Study. Although the
staff has concluded that steam-explosion-containment-failure modes have a lower
probability than previously thought, research on the subject is continuing and
the influence of smaller explosions on the source term is being reviewed as part
of the development of mechanistic codes for ASTPO. In addition, sequences that
bypass containment have been given very low probability in the PRA. General
Electric considers that the containment-isolation-failure mode is improbable,
as is the potential for excessive leakage through the MSIVs. These potential
failure modes will be addressed in greater detail in the following sections.

The containment event trees relate the accident classes in Table 15.8 to the
six failure modes in Table 15.9. Cleariy, there is a potential for a very
large number of fission-product-release paths and, hence, source terms. GE
reduced the large number of potential release paths to a more manageable number
of release categories using a computer code that GE developed. The various
release sequences in the containment event trees were binned into a smaller
number of consolidated sequences (release categories). The conditiona) proba-
bilities for each of these consolidated sequences can be obtained from the
event trees and they relate the accident class to the release description. The
accident-class frequencies can be combined with the conditional probabilities
for the consolidated release categories to calculate the frequencies of each of
the 15 release categories. Each of the ‘¢ release categories has the potential
to result in a variety of offsite conc ~ences (or damage indices). Two poten-
tial damage indices (ramely latent “it. ities and person-rem) are given in
Table 15.4 for each release categor:  of calculated the health consequences
shown in Table 15.4, and no early facalities were predicted for the 15 GESSAR I!
release categories. The mean-damage indices are multiplied by the frequencies
of the release category to give a mcasure of the overall risk for the GESSAR [I
standard plant. The risk is expressed in terms of accident descriptions in
Table 15.5.

From an inspection of Table 15.7 it is clear that Class [ transients initiated
by loss of offsite power (CT1-P) are important contributors to the frequency of
all the accident classes. The staff and its contractor, BNL, have, therefore,
reviewed the containment event trees for this class in more detail than the
event trees for classes with lower probabilities. In GESSAR II, Class I tran-
sients initiated ty loss of offsite power (LOOP) and the failure of the diesel
generators were represented by two separate containment event trees. The tota!
probability associated with the CT1-P class is subdivided into the probability
of restoring power within 60 minutes of the start of core damage (CTl-P‘) and

the probability of restoring power after 60 minutes (CTI-Pb). As a result of

this review process, the two event trees shown in Figures 15.2 and 15.3 were
constructed. (Qifferences between the event trees developed by the staff/BNL
and those developed by General Electric are discussed in the following sections
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Suppression=-Pool Broass

Suppression-pool bypass pethways may be pre-existing or may develop through
failure of the c¢intainment isolation system, failure or leakage of drywell
penetrations, or failure or leakage of drywell hatches. In addition to the con-
sideration of the formalism of failure evaluations in probabilistic assessments,
the staff is aTso considering operating experience. In regard to pre-existing
leakage, Weinstein (1980) reports review results of containment leakage at or
below technical specification limits, based on operating experience through
1578. The author concluded that the achievement of containment integrity was
low (no higha= than 0.92) and had remained constant over time, but the severity
of the leakage above technical specification limits had been decreasing.
Although no BWR plants with Mark III containments are included in the operating
data, it s clear that most plants experience the personnel, design, ~ainte-
nance, ¢~ wperating errors that contribute to leakage in excess of technical
specifizations. GE has not considered this pathway in the PRA; GE's "unidenti-
fied dryw21] leakage" consists of leakage at a typical Mark II] technical
soecification limit. GE ha: considered failures in lines from either the reac-
tor pressure vessel or the drywell which could bypass the suppression pool by
opening to either the containment area above the pool or the secondary contain-
men.. Table 15.11 gives the coding used to define different degrees of pool
Dypass and scrubbing and Figure 15.4 provides a graphical description of the
three cases used in the risk assessment of the GESSAR II design. Table 15.12
lists these lines and also 1ists the barriers to fission-product release for
€ach pathway. GE assumes no suppression pool Dypass paths resulting from iso=-
lation system failures consisting of multiple isolation valves failing to close
concurrent with pipe breaks. Valve failure rates are assumed to be unaffected
Dy the severe accident because: (1) valves inside the drywell generally close
before the time when severe accident conditions develop and are consequently
qualified for drywell LOCA environmeits, and (2) valves which are outside the
containment are generally unaffected by the severe-accident environment before
their closing. The staff is currently investigating containment isoiation
valves in operating plants to establish a more extensive data base covering
actual Teakage and reliability under cperating conditions. Results of this
effart will enable the staff in the future to understand better the basic
oper«bility and failure data concerning containment isolation systems. The
staff does not expect the results of this investigation to change conclusions
that are relevant to GESSAR II.

Som» of the largest potential bypass paths listed in Table 15.12 are the

26='n. main steam lines. The main steam isolation valves (MSIVs) are designed
to close automatically before a severe accident has progressed to the core-
damage stage. Automatic closure should occur, at the latest, on the low reactor
water level signal. The environment for the MSIVs located inside containment
is bounded by the environmental qualification conditions (NUREG-0588, Rev. 1)
which is based upon drywell LOCA conditions. The outboard MSIVs are located in
the steam tunne)l and will be exposed tc “uch lower temperatures. Consequently,
the containment isolation system can be expected to function, and these valves
are expected to close inftially. However, once closed they will be subjected
to the severe accident environment

«eakage through MSIVs has been observed to exceed current technica) specifica-

tion Timits (11.5 scfh) at several operating plants. Values of several thousan
cubic feet per hour hive been observed occasionally. For these high=leakage
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valves, the leakage is currently postulated to be occurring because of a com-
bination of oxidation buildup on the valve seats and inadequate guidance of the
valve stem as it strokes toward the valve seat. Although leakage through such
paths is likely to be very small, it should be noted that this type of bypass
path may provide the effective limit on fission-product removal if high
suppression pool_scrubbing is estimated.

In addition to containment isolation system and MSIV failure, another potential
source of pool bypass is through failure of disabled reactor-pressure-vesse)
instrument lines following hydrogen combustion in the containment. It is
assumed that three assemblies must fail in order for significant Teakage to

occur. This failure is listed in the containment event tree, CTI-P.. under

the columnar heading "no breach of RPV [reactor pressure vessel] pipes," with
failure symbol "8'." This conditional failure probability of three elements
is believed to be small.

Examples of RPV instrument 1ines considered are l-inch lines (including control

rod drive lines), 14 inch standby 1iquid control lines, and 3/8<inch sumple
lines.

Pool bypass can also result if drywel) penetrations are breached. These types
of failures are assigned the failure symbol "&" in the event trees. This is
postulated by GE to result from either the failure via continuous burn of
hydrogen near a large penetration or guard pipe, or failure of a vacuum breaker
set. For the penetrations and guard pipes, the failure is assumed to have a
probability of 0.01 in the containment event tree, CTI-P‘, and is determined

by taking the product of the conditional probability of a continuous burn given
fgnition, 0.31, times the conditional probability of a failure of the
penetration/low-pressure coolant-injection guard pipe as a result of the con-
tinuous burn, 0.03, f.e., 0.31 x 0.03 = 0.01. GE did not consider pathways
through small electrical penetrations and hatches in its event tree because of
the assumed plugging effect of aerosols (Morewitz pluggirj) inside tortuous
paths which are expected to limit releases. The staff has assumed in its
assessment that the Morewitz plugging model may not apply for certain leakage
paths (e.g., the guard pipe) so that a bDypass pathway may remain,

Breach of the drywell may also result from failure of the vacuum breakers. The
GESSAR II design employs redundant air-operated vacuum breakers in series. The
design flow direction is from the containment to the drywell. A potential
bypass flow must involve failures of both the normally closed, fail-closed
vacuum breaker and the associated check valve. GE predicts the probability of
both the power-operated valve and the mechanical (check) valve failing to be

(2 x 10-3) x (1 x 10-%) = 2 x 10-7. This value is lower than the value of 0. -
previously mentioned resulting from failure of a penetration or guard pipe from
continuous burn.

For event trees not invelving hydrogen ignition, the failure probability "§,"
's governed by the GE estimate of 10-% of a sudden change of the drywell leakage
rate from about 200 cfm to 1,500 cfm.

In general, the staff/BNL agree with the Genera)l Electric evaluation that
implies a relatively low probability of significant suppression=poo! bypass
However, the staff/BNL have been unable to confirm the applicability of the
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Morewitz plugging model, which was developed for dry, inert aerosois, to highly
radioactive fission products under light-water-reactor (LWR) conditions, and,
therefore, has not explicitly considered the effects of Teak-path plugging oy
aerosols.

(6) Fission Product Transport and Consequence Analysis

In this section the staff provides an assessment of the fission-product release
from the damaged reactor core, the transport of fission products in containment,
the ultimate release of these fission products to the envircnment, and the
potential health consequences that ensue. This portion of the stafi's review
is, therefore, specifically related to the following sections of the GESSAR II
PRA:

Section 5: Magnitude of Radicactive Release
Section 6: Consequences of Radicactive Reliease
Appendix F.3: Fission Product Release and Transport
Appendix F.4: Consequence Analysis

In addition, the information pravided by General Electric at the Third and
Fourth General Electric+NRC Technical Update Meetings (BNL letters, Aug. 20 and
Oct. 27, 1982) is relevant to this section and suppi2ments the descriptions in
the PRA. Because this rapidly evolving subject is so important, the staff's
formal questions to General Electric addressing source-term behavior we. e
extensive, and numerous meetings were held to discuss this part of the PRA.

The NRC staff took cognizance of the m~thocology currently being developed by
the Accident Source Term Program Office that is receiving extensive peer review
in performing a parametric study to reflect many of the phenomena of interest.
The flexibility of the MARCH 1.1 and CORRAL codes was utilized to perform this
parametric study in: primary system hold-up, re-emission, suppression pool
decontamination, and release from core/concrete interactions. The following
sections discuss the rationale for the range in each parameter as utilized in
the study. It should be recognized that this does not represent a rigorous
application of the most recent methodoiogy but, rather, a method of approxi-
mating the major factors believed to be significant to source terms based on a
review of the literature. Both the staff's consultants and General Electric
performed such an exercise.

Range of Parameters Used in Source-Term Sensitivity Study

In-Vessel Release From Fuel

The staff/BNL model for in-vessel fission-product release during core
degradation is based on the release rate mode! described in NUREG-0772.
In this model, the fractional rates of fission products released from the
fuel are a function of both time at a certain temperat: : and the rate of
temperature change. This implies that the fission products released
during core degradation will be a function of the seguence being studied.
In the calculations for GESSAR II, the NUREG-0772 fission-product mode) is
included directly in the MARCH code, and thus, as the core heatup pro-
gresses, the fission-product emission is calculated simultanecusly.
Because of recently available data on tellurium behavior, two sets of
release fractions were used for tellurium releace. The data of Lorenz,
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Beahm, and Wichner (1983) account for the possibility of zirconium-
tellurium compound formation which will inhibit the release of tellurium;
this was not included in NUREG-0772.

Besides the core-degradation phase of the accident, there is a second
in-vessel release phase, during which fission products could be emitted.
This phasé corresponds to the time during which the core is reheating after
it has slumped into the inlet plenum and is starting tc attack the bottom
head. This ralease was estimated by using the same fission-product

release model described above and limiting the fuel temperature rise to

the temperature corresponding to that of melting steel.

In summary, the staff/BNL parametric study is based on the NUREG-0772
release-rate model included directly in the MARCH code. The release of
fission products is thus both a function of time at temperature rise and
in the case of Te, the amount of Zr metal available. Results using this
method are shown in Table 15.13. The corresponding Genera) Electric
resuits are shown for comparison. Also shown are the corresponding
results from WASH-1400, and preliminary results from a study by Battelle
Memorial Institute (BMI-2104), the latter using the methodology being
developed for ASTPO. The results determined by Ceneral Electric and BNL
are the total in-vessel release (core melt and second in-vesce) heatup).
It can be seen that with the exception of Te, the agreement among the
release fractions is quite good. The volatile components (Xe-Kr, I, and
Cs) are largely emitted (90%-100%); the less-volatile groups (Ba, Ru, and
la) are amitted to a lesser degree. The release of Ba-Sr and La in the
wSH-1400 mode! are respectively low and high when compared to the methods
based on NUREG-0772. In the case of Te, the WASH-1400 release is partic-
viarly low; General Electric and BNL are close if the NUREG-0772 release
rates are used, and BMI and BNL are close if the modification of Lorenz,
Beahm, and Wichner (1983) (assuming Ir oxidation) is used.

The in-vessel release fractions presented in Table 15.12 are in acceptable
agreement, with the exception of Te. The Te release fraction is a function
of the availability of Zr metal and varies by a factor of approximately 2.
This factor is not significant for the present state of the art of source-
term methodology development but may become important in future assess-
ments using more-established mechanistic models.

Primary Svstem Retention

The staff's estimat < of the range of primary system holdup are based on
TRAP-MELT calculati. - reported in a draft copy of 8MI-2104, Volume 3 (ASTPO,
1983). This analysis was based on the Grand Gulf facility, which has 3 primary
system similar to the GESSAR II design. In order to estimate an appropriate
range of primary system retention, the retention factors as a function of
sequence and time within a sequence w ‘e inspected. The high and low values
for various nuclides were found by taking the highest and the lowest values
from the BMI study and these are shown in Table 15.14. In contrast, GE assumed
the same retention for all fission precducts (assumed tc be either 0.0 or 0.95)
except for ncble gases and organic iodine which were not retained.
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Primary System Re-Emission

The X2-Kr and organic icdine groups are not retained in the primary system, so
this issue does not affect these groups. The re-emission of fission products
was assumed to affect only the more-volatile aeroso) groups, namely, I, Cs-Rb,
and Te=Sb. The Jess-volatile aercsols were not zssumed to be re-emitted. The
range assumed in this analysis varied from 75% re-enission (for the highly
volatile nuclides) to no re-emission for the aerosols. The values were based on
engineering judgment, using limited experience gained in a single iteration of
an in-vessel transport calculation. In the General Electric sensitivity study,
no re-emission was assumed.

Suppression Pool Decontamination

While the primary purpose ¢f the pressure-suppression pool is to condense steam
which would otherwise pass into the containment atmosphere, the water in the
pool can alsc be expected to absorb fission products and other debris which may
be carried into it durirg an accident. With the exception of the noble gases
and orjanic forms of iodine, all other fission-product elements can exist only
as vapors which are soluble in or react with water, or as materials which are
solids at or below the boiling temperature of water. The fission-product
retention in che pcol is based on a mode] that a)lows gases injected rapidly
into the pool to disperse intoc i;mall bubbles which quickly approach therma! and
chemical equilibrium with the pool water as they rise to the surface. The
absorption by the water of vapors and entrained particles from these bubbles
can occur through sevaral prucesses, the overall effect of which is referred to
as "“scrubbing."

Critical parameters in estimating scrubbing efficiency are the particle-size
distributicon of entrained material swept into the pool, the relative amount of
nencondensible gases entering the pool, the size and shape of the bubbles, and
the temperature and chemical properties of the pool water.

Additional factors limiting the overall effectiveness of the poocl are bypass of
the suppression pcal and re-evolution of dissolved fission products from the
pocol surface. The latter effect includes vaporization of volatile fission-
product compounds (e.g., volatile iodine forms) and entrainment of small water
droplets during vigorous bubble bursting and flashing of pocl water. Although
these phenomena are considered to be of secondary impcrtance, they could place
an effective limit on fission product removal when very high pool DFs (e.g.,
the value of 10,000 used by General Electric) are estimated.

Examples of the variability in the critica) parameters that can be obtained at
various times in different accident sequences are given in Table 15.6. Given
in the table are also the high and low OF values used in the staff's parametric
analysis for fission-product removal by the pool, and the corresponding DOF
values used by GE.

Core/Concrete Interaction Release

The release of fission products during core/concrete interactions is highly
uncertain and the range of uncertainty was cbtained from a series of VANESA
calculations pubiished as part of the QUEST study (Sandia, 1984). The fraction
of fission products released from the melt during core/concrete interactions is
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shown in Table 15.15. As can be seen from this table, the fraction released

for any given nuclear species is expressed as a range. Essentially, no Ru or

Mo are released during this phase of the accident and thus they do nct appear

on the table. Furthermore, Ce acts as a volatility-level surrogate for Pu and
Np whereas La acts as a surrogate for Y, Pr, Nd, and Am. The release of fission
products during core/concrete interaction is scenario dependent since it has to
be consistent“with the in-vessel release, which is scenario dependent. The high
and low release values are shown on Table 15.15. It is clear that essentially
all the noble gases and volatile fission-product groups are emitted. The GE
values for core/concrete release were obtained from the Reactor Safety Study,
from which they varied by a factor of 2.

Transport Within Containment

The aerosol transport within the containment, including such processes as
plateout and settling, is determined by the CORRAL code. This model is known to
have shortcomings, such as neglect of aerosol agglomeration and overly simpli-
fied moasling, which tend to overestimate the airborne aerosc] concentraticn.
This results in an enhanced leakage of aerosols at the time of containment
failure. However, this effect would be lessened for the design described in
GESSAR II because of the sizes of particles. Additional calculations with the
methodology currently under development by ASTPO will be performed and if the
results differ from those presented here, they will be reported in a future
supplement to the SER.

(7) Releases to the Environment

Release Categories

To render risk computations tractable, a comparatively small number of specific
release descriptions and avenues of escape to the environment are chosen to
represent the continuum of all possible releases. These release categories,
consist of specification of the time after the accident, initiation of the
start of release, its duration and location, the heat energy discharged during
the rejease, the relative time at which the operators would be aware that a
severe accident was evolving, and the quantities of each of the fission
procducts released to the environment.

The staff evaluation of release categories is based on a parametric study .f
severe accident phenomenology. This parametric study gives high and low esti-
mates of the release fractions for important nuclides which differ by severa)
orders of magnitude. Therefore, at the present state of the art of the staff
review, there is no reliable information on differences in release fractions
ameng various seguences; any such actual differences are masked by the jarge
range of the parameters used in the study. The staff's low estimates are com-
parable to the General Electric baseline estimates (see Table 15.16). The
staff's high es’ ‘mates of non-noble-gas-release fractions are markedly lower
than those employed in the Reactor Safety Study which modeled a Mark I contain-
ment. Much of this difference in fission-product release is due to differences
in the design between the Mark I and Mark III containments.
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Element Groups

The radiologically important elements have been assembled into groups in the
staff's computation. These element groups are used in Table 15.16 and are as
follows:

(a) krypton and xenon

(b) iodine

(c) cesium and rubidium

(d) tellurium and antimony

(e) strontium

(f) barium

(g) technetium

(h) molybdenum, ruthenium, and rhodium

(1) lanthanum, yttruim, praeseodymium, and neodymium
(j) cerium, plutocnium, neptunium, and americium
(k) cobalt, curium, zirconium, and niobium

(8) Meteoroloqgy

The offsite doses computed to result from the accidental release of radio-
activity into the environment can span a very large range because of norma)
variations in the wind direction ard other weather conditions at the time of
the accident. Releases from a coastal site, for example, may be blown off
shore by strong winds, resulting in virtually no radiological impact to the
surrounding population. It is also possible that the release could occur
during a period of heavy precipitation, causing virtually all of the radio-
active aerosols in the release to be deposited on or near the site and per-
mitting only the noble gas and organic iodine radioisotopes to be carried to
the surrounding population. At other times, however, the wind may blow in the
direction of a heavily popuiated area, and precipitation may not occur until
the release has been transported to the area, thus depositing a large fraction
of the ralease among the greatest density of people.

During a representative year, weathar conditions apgroaching the most and least
favorable for each category of potential offsite risk will occur. In general,
extreme weather conditions by normal standards (hurricanes, droughts, etc.) do
not greatly affect the distribution of conditions during an entire year for
purpises of modeling the dispersal of radiocactivity in the environment, and
such extreme observable conditions do not lead to more extreme offsite radio-
lojical consequences than those sampled during a typical year. In brief,
meteorological conditions conducive to both the most and least favorable
dispersals might easily be seen as comfortable weather conditions by lecal
inhabitants.

Hourly measurements at Shippingport, Pennsylvania, during the calendar year
1979 were used in the consequence calculations. GE used the data for site § of
the Reactor Safety Study.

(9) Population Density

The average population densities within 20 miles of existing U.S. nuclear power
plants vary from a few people per square mile to several hundred people per
square mile. These plants include many situated in sparsely inhabited regions
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and some in the far outskirts of large metrcpolitan areas. In most cases these
average population densities describe very nonuniform population distributions
consisting of towns and small cities having local densities of tho. 'nds of
people per square mile along with large areas with little or no population.

For virtually all plant sites, the number of people who could be affected by an
atmospheric release varies greatly with the direction in which the wind carries
the release. =~

For purposes of calculating risks of severe accidents at a plant of the
GESSAR II design, the staff has selected a site intended to represent a rea-
sonable upper bound of a U.S. population that could be at risk. By several
measures of local and regional population density, this site possesses a
greater surrounding population than 90% or more of the existing nuclear plant
sites in the United States. It is also comparatively uniformly surrounded by
inhabitants, without large uninhabited areas neardby, minimizing the dependence
of risk upon wind direction frequency. The site selected is that of the U.S.
government-owned Shippingport power reactor, located 25 miles from Pittsburgh,
Pennsylvania, which was recently decommissioned after 25 years of operation.

Increasing populaticn and other demographic changes will affect the population
density of all sites, both those that are currently occupied by nuclear power
plants anc those that may be selected in the future. To account for such
changes, census data have been used to extrapolate the population densities of
towns and cities surrounding Shippingport to the densities expected in the year
2010.

General Electric performed consequence computations using a hypothetical
constructed-site population approximating methods used in the Reactor Safety
Study. The staff, using the criteria out)ined above, has selected a site that
could be described as typical of existing reactor sites in the more densely
inhabited portions of the United States.

(10) Projected Accident Consequences

CRAC Code

"Release Categories" (Section 15.6.2.5(7)), the Shippingport site meteorogical
data (Section 15.6.2.5(8)), and the populition distribution (Section 15.6.2.5¢
were used in the CRAC (Computation of Reactor Accident Consequences) coge to
estimate radiological effects of severe accidents. For each release category,
1,456 dispersals into the surrounding environment were computed, correspeonding
to each of 31 rep csent: tive weather sequ irces with wind direction assumed to
be into each of 16 compass headings from the site. The probability of the wind
blowing into each of the compass headings was taken from the observed wind
direction distributions at Shippingport during 1979.

Potential radiological consequences are dominated by doses received from radio-
activity deposited during the passage of the released plume. It would be unrea
sonable to assume that heavily contaminated areas would remain populated for
long periods of time following the accicent. The CRAC model permits evacuation
of selected areas “ollowing an accident and also the later relocation of
pecpulation from heavily contaminated areas after the plume passes.
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For slowly evolving accidents, offsite protective measures can significantly
reduce radiological conseqguences to the nearby population in computing dose
consequences. Therefore, the inhabitants within 10 miles downwind of the plant
were assumed to begin evacuation 2 hours after plant operators warned of an
impending severe accident. These evacuees were assumed to move downwind at an
effective speed of 2.5 mph, escaping from the plume's path 6 hours later after
having travel&d an effective downwind distance of 15 miles. For those sequences
in which more than 8 hours would elapse between warning and the beginning of

the release, the population within 10 miles was assumed to have evacuated before
the release. For all the remaining sequences, the warning time has been esti-
mated to be less than 2 hours, and the evacuation of the nearest inhabitants

may occur within the released plume.

In real evacuations, it is likely that some fraction of those who shou'd have
been informed cf the need to evacuate will either decline to evacuate or will
not have received the warning, while most will leave at speeds greater than
2.5 mph or with less delay. It is possible, therefore, that risk to evacuees
has Deen either cverestimated or underestimated,

The health-effects calculaticns used the same methods as the Reactor Safety
Study, but with minor improvements in data. The thyroid doses received by
iodine inhalation depend upon the chemica) form of iodine in the environment,
and the thyroid dose calculations used data consistent with either soluble
iodide adsorbed on o-e l-y~diameter aerosol particles or elemental iodine vapor.

For areas so heavily contaminateg that a dose of 200 rem to bone marrow could
be received in fewer than 7 days, it was assumed that relocation of the area

population would occur 12 hours after the plume passed. For areas of lesser

contamination, ground exposure was limited to 7 days in calculating all non-

chronic dose effects.

CRAC I AR

haracterize the consequences of the release of radioactive material
AR II design, three of the release categories were chosen for fur-
Since a parametric study was used to estimate source terms for the

nt release categories, rather than a detailed phenomenologic assessment,

conclusions based upon a simple inspection of differences are unwarranted.

Taple 15.16 lists the plume characteristics and the high and low release frac-

tions determined in the parametric study for one of the categories to illustrate
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Computed Accident Conseguences

Accident consequences include a large number of human, environmental, and
economic impacts. To represent the impacts related to GESSAR II, the staff has
chosen several important categeries to reflect both early and chronic impacts
as indices of al) .accident consequences.

Selected damage indices (calculated as discussed in Appendix VI of the Reactor
Safety Study) for the three release categories in Table 15.16 are listed as
conditional means in Table 15.17. Conditional means are average consequences,
assuming the release to have taken place, of the 91 meteorclogical sequences
for each of the 16 wind directions, each weighted by wind directional freguency
Damage indices for the low-release fractions are not shown, as they are compar-
able to those calculated by General Electric (see Table 15.4).

Only the 1-SB~El (high) release category gave doses greater than 200 rem to
bone marrow for 5 of the 91 meteorological sequences sampled. Further, in one
of the 5 sequences, calculations gave bone-marrow doses above 320 rem. The
resulting small probability of death shared Dy a small number of people as
calculated by TRAC is shown in Table 15.17 as a small fraction of a fatality.

To illustrate the importance of plume characteristics, the timing of the
release and evacuation assumptions, the damage index of early injuries (55-rem
dose to the bone marrow) in Table 15.17 may be compared for the two release
categories with comparable release fractions but different timing (Seguences
2-T-L3 and ATWS in Table 15.16). The release category with short warning time
produced estimated exposures high enough to be considered early injuries for
some meteorological sequences, but no such doses were computed for the category
with a Tong warning time. The meteorological sequences for which early damage
indices are shown in Table 15.17 were dominated Dy those with precipitation
which concentrated the release of radioactivity in the vicinity of the site.

Also shown in Table 15.17 are "person-rem" and total cancer fatalities.

Conclusions Regarding Risk

General Electric calculates no risk of early fatality and the staff, using a
high estimate of release fractions, calculates an exceedingly small average
early fatality. This is attributable both to improvements in source-term
methodology compared to the Reactor Safety Study and to the GESSAR II design
where the majority of fission products released from the reactor vessel (or the
drywell) to the wiiwe)) are direcied through .(he suppression poot. Siice th
release fractions used in the staff's consequence calculations are cnaracteriz.d
as high-range estimates, and the low-range estimates are comparable to General
Electric's estimates, the staff has concluded that the risk of an early fatality
is negligibly small.

General Electric has not presented calculaticns of early injuries. The staff
calculated bone-marrow doses above 55 rem for the cases where little warning
time is availabie for the population in the vicinity of the site to take pro-
tective action. This emphasizes the importance of the containment and the
improvement that could be obtained by delay of containment failure.
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15.6.3 Consideration of Overall Potential Design Improvements
15.6.3.1 Compliance With Severe Accident Policy

The Commission's proposed policy (draft NUREG-1070) regarding severe accidents
requires that an application for a standard plant design comply with the
requirements of 10 CFR 50.34(f) (CP/ML rule). Paragraph (1)(i) of the rule
requires the applicant to assess improvements in the plant design that have
potential for significant risk reduction that are practical and do not impose
an excessive economic impact on the plant.

In accordance with the severe-accident policy statement, the decision process
for certifying the GESSAR II design will include a multifaceted approach.
Deterministic calculations, engineering judgment, rulemaking on various specific
issues, design principles such as defense in depth, as well as PRA methods, will
all be used.

With respect to severe accidents caused by internal events, the methodology
available today as described in this supplement allows the staff to predict
with reasonable confidence that the consequences of severe accidents are Tikely
to be significantly less than those predicted in the Reactor Safety Study.

This is due to several factors including differences in plant systems and con-
tainment design between GESSAR II and the Mark I Reactor Safety Study plant, in
updated fission-product source-term methods, and increased confidence in appli=-
cation of those methods. On the basis of the results of current staff analyses
using currently available methodology, the staff believes that very costly pre-
ventive or mitigative plant design modifications to the GESSAR II design cannot
be justified on a risk-reduction basis.

Cost/benefit analysis has been used as a screening tool for the potential design

improvements discussed more fully below. As stated in the proposed Commission
policy statement relating to severe accidents (draft NUREG-1070) final staff
decisions will be based on engineering judgment, insight and experience, under-
star.ding of phenomenology, and on the staff's confidence in its understanding,
and attributes such as reduction in core-damage frequency, cost and ease of
modifications, and maturity of the technology.

15.€.3.2 Potential Design Improvement

The staff prepared a list of potential design improvements and guidance regard-
ing methods of assessing the relative benefits of the improvements (NRC letter,
April 13, 1984). The list consisted of 14 different groups by subject and
included such things as human factors (accident diagnostics, maintenance, and
emergency procedures), augmented decay heat removal, combustible gas control,
venting systems, ac/dc power supplies and other system improvements (see
Section 15.6.1, this supplement). The staff's guidance for General Electric's
assessment of the potential des jn stated that the assessment should include:
(1) A discussion ¢f each potential design improvement included on the list
(and any other considered appropriate by GE) with a qualitative assessment
of the relative advantages and disadvantages of each item.
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(2) A quantitative ranking of each item cunsidering its potential relative
impact on overall plant risk using an acceptable ranking method such as
is describea in NUREG/CR-3385, "Measures of Risk Importance and heir
Applications” or NUREG/CR-3568, "A Handbook for Value Impact Assessment."”

(3) An identiﬁication of the most promising means of risk reduction with pre-
liminary cost estimates for a selected set of improvement schemes, this
set to be chosen after discussion with the staff.

(4) Detailed risk, incremental risk, and cost-benefit analyses for some
selected subset of potential design improvements after discussion with
the staff,

In response to the staff's request, GE provided a preliminary assessment to be
used for an initial ranking of each of the potential design improvements in the
staff's suggested 1ist (NRC letter, April 13, 1984). Seventy-three concepts
(potential improvements) were reviewed for which estimated costs, risk reduction,
and cost/benefit ratios were reported.

The staff met with GE on May 1, 1984 to discuss the preliminary assessment and
to provide GE with comments and guidance for followup work in this area. On the
basis of staff comments, GE submitted a more-detailed assessment (NEDE-30640).
This assessment included a description of an ultimate plant protection system
(UPPS) intended to accomplish a number of preventive/mitigative actions
including inventory makeup, depressurization, and heat removal - all without
dependence on electrical power. The UPPS is described further below.

On the basis of the cost/benefit assessment performed by GE, a ranked design
improvement 1ist has been prepared and is shown in Table 15.18. Table 15.18
gives design modifications for which GE calculated a cost/benefit ratio of
about 150 or less and indicates that there are a number of diverse systems
falling within this range of cost/benefit.

In NEDE-30640C, GE concludes that since none of the design modifications analyzed
were shown to have a cost/benefit ratio of 1 or less, there are none that are
cost beneficial for the GESSAR Il design. It is also concluded that if any
modification is to be implemented, the addition of the UPPS would reduce risk
the most and would lessen the importance of generic and unresolved safety
issues.

It is the staff's opinion that if uncertainties in core-damage frequency and
source terms are accounted for, cost/benefit ratios lower than those presented
in Table 15.18 by as much as 3 orders of magnitude could result. For this
reason, the staff is continuing to consider the items in Table 15.18 as well
as other items, and will require that GE perform more detailed studies of a
selected subset of improvements before the staff reaches conclusions about the
need for improvements in the GESSAR II design.

On the basis of a preliminary review of UPPS, the staff agrees that the UPPS
appears to have merit in providing a backup low-pressure coolant makeup supply
and in mitigating containment overpressurization. Figure 15.5 is a simplified
schematic drawing of the UPPS. This system is designed to provide a connectior
allewing hookup of the fire protectior system or a fire truck to the low-
pressure core spray (LPCS) system injection line, thus supplying makeup to the
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vessel. Containment heat removal capability is provided by venting the con-
tainment atmosphere through the air-operated containment high-flow valves. RPV
depressurization is to be accomplished in the absence of electric pcwer by
actuating selected SRVs using air from the pneumatic system air supply (bottles).
GE states that none of the above actions are dependent on the availability of
electric power, . -

In summary, initial screening of potential design improvements to eliminate
from further consideration plant modifications that are nct believed to be cost
beneficial is nearing completion. The staff is considering a set of design
options (including UPPS) for further study. The resulting set is to be
evaluated in detail independently by GE and the staff, utilizing all of the
analytical tools addressed for in the proposed severe-accident pelicy statement.

The completed results of the staff's review of the design improvements will be
reported in a future supplement to the SER.

15.6.4 Staff Recommendations and Conclusions

Section 15.6.1 identified the actions necessary to satisfy the proposed severe-
accident policy statement requirements for standard plants. The staff's
conclusions regarding these requirements are discussed below.

(1) Topic A of the proposed policy statement requires that plant design
improvements be considered and that cost-beneficia) improvements be incorporated
into the design. The staff directed GE to evaluate the desirability of more
than 70 design improvements. Details of this process are described in

Section 15.6.3.

After a preliminary assessment the staff finds certain improvements that are
worth further study. The staff will continue its evaluation and will determine
which modifications should be incorporated into the GESSAR II design. Staff
findings will be reported in a future supplement to the SER. Completion of the
staff's evaluation will demonstrate satisfactory treatment of Topic A from
NUREG-1070.

(2) Topic B of the proposed policy statement, regquires the technica) resolution
of all applicable Unresolved Safety Issues anc high- and medium-priority Generic
Safety Issues. A1l applicable USIs and GSIs are discussed in Appendix C. Where
sufficient detail in plant design is available, resolution has been demonstrated.
except for USI-48 which remains open. Where design information is insufficient,
actions necessary for utility applicant resolution are documented. Issues
requiring applicant evaluation are summarized in Appencdix C. The staff judges
that Item B of NUREG-1070 has been satisfactorily treated when the hydrogen-
control issue is resolved.

(3) Tepic C requires a probabilistic risk assessmen. and consideration of
severe accident vulnerabilities. The GE risk assessment was reviewed by BNL
and the staff. Minor elements of review are still ongoing. Details of staff
evaluation of the PRA are found in Section 15.6.2.

The results of the staff/BNL review indicate that the core-cdamage frequency
from internal events is relatively low, at 3.8 x 10-5 per reactor year. This
frequency is further reduced with implementatton of the UPPS. Station blackout
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events contributed the major portion of this frequency. The PRA alsc evaluatec

the external events of seismic, fire, and internal flooding. Fire and internal
flooding were determined to contribute insignificantly to the GESSAR II core-

damage frequency. The results of the staff's review related to GE seismic

analysis will be reported in a future supplement to the SER.

The staff is utilizing results from the PRA to draw insights regarding plant
vulnerability to severe accidents, and to assist in the evaluation of design 4
improvements. Some risk insights for internal events have been gained. The

risk of latent cancer is significantly smaller than that shown in the Reactor

Safety Study, owing both to changes in the source-term methodology and to plant

design. The risk of early fatalities is negligibly small. ‘

Two issues related to the PRA remain open, seismic analysis and containment
structural analysis.

The resolution of these issues will be addressed in a future supplement to the
SER. At this time, the staff believes that te basic PRA conclusions will not
be significantly changed. With the resolution of the above issues, Topic C of
draft NUREG-1070 will have been satisfactorily treated.

Topic D of draft NUREG-1070 regquires that the staff complete its review cf the
design and conclusion of safety acceptability for the design. Topics A, 8, and
C above constitute staff review of the GESSAR II design. With completion of the
areas discussed in those topics and resolution of the open issues listed in
Section 1.8, the staff expacts to be able to confirm the safety acceptability of
the GESSAR II nuclear izland, and recommend rulemaking for design certification.
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Table 15.1a Ranking of BNL and GESSAR II PRA
sequences by core-damage frequency

Staff/BNL estimates of the
frequency of dominant accident
sequences*

National
Sequence MAAC site average site

(68%) 3. (7
(8.6%)

sequences consi
nant sequences listed.




w

Table 15.1b: Ranking of GESSAR II sequences.
by core-damage frequency

GESSAR II original GE estimates of the

Sequence frequency of dominant accident sequences*
r & TEUV : 4.0E-6 (°0.0%)
c. TEPIUV 1.2E-7 (2.6%)
3. TEUX 1.38-7 (2.1%)
4. TFPIUV 1.6E-8 (0.4%)
S. TFQUX 1.3E-8 (0.3%)
5. TIUV 1.2E-8
Total 4.3E-6

*1.56-5 = 1.5 x 10-8.

DEFINITION OF SEQUENCE TERMS

M _0O < >x

¥ O UV V r o o

C . C - —4 -4 -

VD L e MM

b T

L |
(]

N o moxX
b

Loss of two dc buses (Divisions 1 and 2)
Loss of offsite power

Isolation

Inadvertent open relief valve
High-pressure core spray system

Reactor core isolaticn ccoling system
Failure of HPCS and RCIC coolant injection
Failure of timely ADS actuation
Low-pressure ECCS unavailable

Mechanica! failure to scram

Electrical failure to scram

Two standby liquid control loops

One standby liquid control Toop

Level control

One stuck-open relief valve (SORV)

ADS inhibit

Feedwater system

Containment heat-removal function (including residual
heat removal system and power conversion system)



Table 15.2 (lass 2 transient containment analysis*

First stage Second stage Reduction factor

Transient GESSAR II Staff/BNL GESSAR II Staff/BNL GESSAR II Staff/BNL
cTaT 1.8E-5 3.8E-6 4.7
cT2L 1. 487 1.4E-8 10.0
CT2A 7.4E-7 1.28~1 11.7

1
Proprietary Infarmation 4l
Withheld From Public Disclosure

Pursuant to 10 CFR 2.720(d)

*1.0€-6 = 1.0 x 10-°.

Table 15.3 Internal flood precursors
Flood Frequency*
Maintenance-induc: floods
1. RCIC system 1.5E-4
2. HPCI system 1.5E-4
3. Core spray - 3 1 g
4. LPCI system 4. 1E-5

8 5. Service water system 2.1E-5

Rupture-i

nduced floods

1. HPCI discharge 4.8E-5
2. Core spray discharge Q.4E-5
3. LPCI discharge 2.0E-5
4. Service water 8.0E-5
5. Fire protection system 2.3k-5
6. RCIC suction 6.5E-5
7. HPCI suction 3.4E-5
8. Core spray suction 4. 6E

9. LPCI suction 4.8t
564 = 1.5 x W02,

0
1
9]
~
'
on




Table 15.4 GESSAR II risk results by release category!?
Release Mean latent Mean
category Event? fatalities person-rem Probability3
Proprietayy Infarmation
Withheid From Public Disclosure
Pursuant b LaCqR 2.730(d)
Total - - - 4. 3E-6

!This table is reproduced from GESSAR II.

2 T = transients
SB = small breaks
LB = large breaks
A = anticipated transients without scram

(See Tables 15.10 and 15.11 for containment release time and pool
scrubbing coding shown as last two characters in event coding.)

55.6E-7 = 5.6 x 10-7,

/
{
A3
”
no



Table 15.5 GESSAR II risk by event tree!

Core damage Annualized
event freguency Public exposured'+ public risk

Type of event? . .. (event/yr)3 (person rem/event) (person-rem/yr)

Transients w/o 3.7€-6 52E3 0.183

bypass y

Transients with 9.5€-7 70E3 0.068

limited bypass®$

Breaks w/o bypass 1.6E-9 60E3 0.0001

Breaks with 7E-10 1300€3 0.0009

limited bypass®

Containment 2E-8 10E3 0.0002

cooling loss

ATWS SE-8 40E3 0.002

Totals 4.7€-6 - 0.265

‘From GESSAR II.

2Includes core damage and containment failure.
33.76-6 = 3.7 x 10-5; 52E3 = 52 x 103.
‘Assumes WASH-1400 site § with 81.5 million people within a 500-mile radius.
SIncludes drywell bypass leakage after RPV failure only.
SIncludes breaks outside the dryweli and drywell bypass leakage.
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Table 15.6 Representative parameters critical to determination of

pool decontamination factor

-

In-vesse)l release

Ex-vessel release,

Parameter - Early Class I Late ATWS early ATWS
Particle density (gm/cm) 2.9 2.8 2.8
Hydrogen flow (gm/s) 60 8.7 S5
Steam flow (gm/s) 3600 319 350
CO fliow (gm/s) 0 0 1400
CO, flow (gm/s) 0 0 1500
Pool temperature (°C) §3 87 100
Pool depth (cm) 610 610 150
Bubble diameter (cm) 75 .73 .75
Aspect ratio 1.5 1.5 1.5
Decontamination Factors
(DFs)

Pocl OF min (staff) 90 20 6

Pool OF max (staff) 10,000 10,000 600

Pool DF (GE) 10,000 10,000 600

GESSAR II SSER 2
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Table 15.7 Frequency of core damage for various
accident classes

BNL initiator:?

o National
Llass? GESSAR II PRAZ MAAC loop average loop :
CTl-7T 5.8E-8 1.1E-6 1.1E-6
CTl'P. 1.7E-6 2.5E-6 5.0E-6
CTI-Pb 2.5E-6 1.25¢-S 2. 56-5
CT2-T 3.3E-8 2.9E-6 3.8E-6
CT3 7.5€E-10 1.3E-7 1.3€=7
CT4 1.1E-8 3.0E-6 3.1E-6
CTA 2.4E-10 1.2€E-7 1.28=7
CTi-L 3.16+9 3.0€E-9 3.0€E-9
CT2-L 3.4E-9 1.4E-8 1.4E-8
CT5 1.9€-11 2. 3811 .11
CT6 3.4E-10 ' 1.2E-9 1.2E-9

Total 4.4E-6 s. 38~8 3.8E~5
accident
sequence

'See Table 15.8 for class definitions.
25.8E-8 = 5.8 x 10-8.
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Table 15.8 Containment event trees!

Class Tree name Description

~ Proprietary Infarmation
Withheld Fram Public Disclosure
Pursuant to 10 CFR 2.730(d)

'Reproduced frem Table C.16-3 of the GESSAR II PRA.

2 . . 3
Thg frequengy ;ss_ocxated with this event is relatively small and does not
Justify an individual tree. This sequence was processed by other trees.




Table 15.9 Containment failure modes identified in GESSAR II

Failure

mode Description

Y Slew tontainment static overpressurization (on the order of hours)
Caused by either noncondensible gas generation during core-concrete
interaction, or steam generation following loss of containment heat
removal

Y' Loss of containment integrity caused by a continuous burn

y'' Fast containment static overpressurization (within seconds to
minutes) caused by global hydrcgen combustion

My Containment dynamic overpressurization (within a fraction of a
second) caused by local hydrogsn detonation

u' Containment dynamic overpressurization caused by global hydrogen
detonation '

5,8' Loss of drywell integrity caused by continuous ourn of piping or

guard pipes
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Table 15.10 Containment release time coding

Accident Release
class time Description
I and III " E_..-- Early release, where containment integrity is lost
shortly after core damage
1 Interim release, when loss of containment integrity
occurs sometime after core damage
L Late release, when containment integrity is lost after
a slow overpressurization oy noncondensible gases
I1 8 when lenythy loss of heat removal causes joss of
containment integrity followed by core damage
c Core damage leading to loss of containment integrity
by overpressure
Iv F Fast loss of containment integrity followed by core
damage
S Slower ioss of containment integrity followed by core
damage
Table 15.11 Suppression=pool scrubbing code
Code Relative degree of release scrubbing
1 Suppression poc! scrubbing of the in-vessel melt release; all other
releases (second in-vessel heatup and ex-vessel core/concrete inter-
action release) bypass the poo)
2 scrubbing of in-vessel melt and second rieatup releases until RPV melt
through. Ex-vessel core/concrete release bypasses the pool
3 Continuous scrubbing of all releases - in-vessel me't and second

heatup, and ex- ‘essel core concrete

GESSAR I1I
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Table 15.12 Potential suppression-pool-bypass paths

Line

Isolation harrier

From RPV to containment:

1" instrument line
1%" SLC line

1" CRD lines

3/8" sample lines

From RPV to secondary containment:

20" RHR shutdown cooling

10" RCIC steam line
6" RCIC pump discharge
12" HPCS pump discharge

14" LPCI/LPCS discharge

6" RWCW lines

P
-

Orifice

Check valves (2)

Ball valve (1), drives
Ball valves (2)

Check valves (2), motor-operated globe
valve (1)
Motor-operated gate valves (2)
Air-operated stop check (2)
Air-operated stop check (1),
operated gate valve (1)
Air-gperated stop check valve
motor-operated gate valve
Motor-operated gate valves

rom RPV to outside secondary containment:

26" main steam
20" feedwater

3" main steam drain
4" RWCU to main condenser

Airlock/equi
Guard pipe

-

rom drywell to secondary containment:

drywell bleedoff

Air-operated gate valves
operated gate valve (1

(3), motor-
)
Check valves (2), motor-cperated gate
valve (1 ¢
Motor-operated gate valves
Motor-operated gate valves
regulator, check valves

Air-operated butterfly va)
valve (1)

ODrives

Seals

Piping

Motor-operated

containment
- 4" ne .

Motor-operated
Motor-operated




Table 15.13 In-vessel release fractions for Class I

transients
Nuclide WASH-1400? GE? BMI? BNL!
Xe-Kr 9. 1.0 9.08E-1
0l 6.3E-3 e 3.0E-4
3s
I 8.94E-1 £§s8 1.0 9.09€-1
= .2 2
- Qo
Cs 8.1E-1 Eg = 1.0 9.09E-1
£33
Te 1.56-1 4% 4.3E-1 5.06E-13
sse 8.41E-14
-
ga 1.0E-1 E'?' 2 3.7€-1 3.75€-1
g -
3
Ru 3.0E-2 §" 2.0E-2 3.66E-2
La 3.0€-3 1.9€-5

1. 0E-1 = 9.0 x 10-1.

20rganic (penetrating) forms of iodine.

3Using Te release data from Lorenz, Bezhm, and Wichner
(1983).

4Using Te release data from NUREG-0772.

Table 15.14 Fraction of fission products
retained in primary system
after vessel release

Nuclide category High Low
Xe-Kr _Eio 0.0 7
07 .0 0.0

I . 89 01
Cs 55 25
Te . 95 85
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Table 15.15 Percentage of fission products
leaving primary system released
during core/concrete interaction

i High Low
Nuclide? (percent) (percent)
Te 50 20
Ba 20 10
Sr 50 10
Te 40 10
Ce? 1
Lad 2
Xe=Kr 100 100
Cs 100 100
I 100 100

1Release of Ru, Mo, and Rh is essentially

neglible.

2Ce represents Ce, Pu, and Np

3La represents La, Y, Sm, Pr, and Nd



Table 15.16 GESSAR II release fractions

BNL

Release i GE 1-SB-E1
characteristic
FRTAY 1-SB-E1  ATWS 2-T-L3 HIGH LOW  ATWS  2-T-83
Characteristics
Release time (hr) | .56 .56 1.17  31.5
Release duration (hr) . 11.64 11.64 10.0 15.8
Warning time (hr) _ Proprietary Information .3 .3 0.6 21.6
Release energy Withheld From Public Disclosure 1.1 1.1 15.0 4.4
(10 cal/s) Pursuant to 10 CFR 2.790(d)
Radionuc]ide
groups
(1) Kr, Xe 1.0 1.0 1.0 1.0
(2) 1 3E-2 1E-2 3E-2 2E-2
(3) Cs, Rb an BN E- 3E-2  1E-2 2E-2  26-2
(4) Te, Sb o TCNIRTY IMIBTRIOR . gf.3  SE-3 0B} . 96-3
(5) Sp wiithhzld From Puilic ﬁfg‘u.'?eufB 1E-2 6E-3 4E-3 4E-3
(6) Ba Pursacnt 3 10 CFR 2.783{a) 3E-2 6E-3 7E-3 7€-3
(7) Tec 2E~-2 6E-3 4€ 3 6E-3
(8) Mo, Ru, Rh, Co* 7E-6 3E-7 3E-4 2E-4
(9) La, Y, Pr, Nd 1t-3 6E-7 2t-4 3E-4
(1C¢) Ce, Pu, Np, Am 6E-4 6E-6 1E-4 1E-4 I .=

6E-7 6E-9 1g~7 1E-7

(11) Co**, Cm, Zr, Nb

* In GE analysis.
**In staff analysis.
HOTE: 7.3E=3 = 7.3 x 10-3.

Table 15.17 Damage indices! for GESSAR II

Early Early Latent

fatality injury fatality
2 rerson-rem<

nelczse category (persons) (persons) (persons)

1-5B-E1 0.006 10 600 SE6




Table 15.18 GESSAR II potential design improvements - cost-benefit ranked
listing (General Electric assessment, MNEDE-30640)

. Calculated

Rank Design modification cost-benefit
1 Larger battery capacity for 10-hr blackout (3.10.a)* < 10

2 Ultimate plant protection system (UPPS) (App. A) < 10

3 Impro.ed or additional Tow-pressure system (3.2.e) < 10

3 AC bus cross-ties (3.9.¢) < 10

S Improved maintenance procedures/manuals (3.1.¢) < 10

& Computer-aided instrumentation (3.1.b) < 10

7 Alternate pump power source (3.8.3) < 10

8 Batteries for dc pump power (3.10.¢) < 10

9 Larger battery capacity for 16-hr blackout (3.10.1) < 10

10 Simulator training for severe accidents (3.1.h) <1

1 Improved high-pressure system (3.2.a) < 20

12 OC bus cross-ties (3.10.4) < 20

13 Additional active HP system (3.2.b) < 50

14 Uninterruptable power supplies (3.9.0) < 50

2 Fuel cells for diverse dc pump power (3.10.c) < 50 M
16 Additional diese! generatér 3-5.4:1) < 50

17 Gas turbine (3.9.d) < 50

18 Passive HP system (3.2.¢) < 50

18 Steam-driven turbine generator (3.8.1) < 50
20 Increased electrical divisions/diesels (3.9.a2.2) <100

21 Increased design margin (3.12.b) <100

22 Juckey pump system (3.2.g.1) <100
23 Reduction in common cause dependencies (3.8.¢) <150

2 Passive ultimate heat sink (3.4.b) <150

25 Improved operating response (3.8.b) <150

*Section in GE report NEDE-30640, where design option is discussed.
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APPENDIX A
CONTINUATION OF CHRONOLOGY

July 18, 1983 Letter from Gt trar..itting Amendment 18 to GESSAR II
regarding postaccient menitoring instrumentation and
stress-corrosion cracking.

July 20, 1983 Letter to GE transmitting Supplement 1 to SER (NUREG-0979).

July 22, 1983 Letter from GE transmitting proprietary portion of Amend-
ment 19 to GESSAR II regarding human factors.

July 22, 1983 Letter from GE transmitting nonpreoprietary portion of
Amendment 19 updating Section 3.11 on enviroamenta) quali-
fication and responding to Qutstanding Issue 3 to GESSAR II
SER (NUREG-0979).

July 26, 1983 Letter from GE transmitting responses to action plan for
resolving containment design issues.

July 27, 1983 Letter to GE transmitting Final Design Approval FDA-1 for
GESSAR II BWR/6 nuclear island gesign.

August 1, 1983 Letter from GE transmitting responses to BNL/NRC questions.

August 17, 1983 Letter from GE forwarding Impell Corporation report on con-

firmatory soil-structure interaction analysis.

August 22, 1983 Letter from GE informing that drywell structure drawings
will be used in review of PRA regarding containment strur-
tural system pressure-carrying capacity.

September 1, 1983 Letter to GE transmitting Supplement 1 to NUREG-0979
regarding GESSAR II.

September 2, 1983 Letter to GE requesting additiona) information on severe-
accident review.

September 3, 1983 Letter from GE transmitting supplemental contairment vesse |
dimensions needed in review of GESSAR II PRA regarding con-
tainment structural system pressure-carrying “ssessment.

September 14, 1983 Letter from GE transmitting proprietary response to request
for additional information on severe accident portion of
GESSAR II.

September 21, 1983 Letter from GE transmitting GESSAR [I Seismic Event
Analysis.
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October 4, 1983

October 4, 1583

-
-

November 7, 1984

November 17, 1983

December 5, 1983

Decemper 29, 1983

January 19, 1984

January 26, 1984

January 31, 1984

February 1, 1984

March 13, 1984

April 13, 1984

April 20, 1984

April 20, 1984

GESSAR II SSER 2

Letter from GE transmitting proprietary portion of Amend-
ment 20 to GESSAR II regarding environmental qualification
of safety-related equipment.

Letter from GE transmitting Amendment 20 responding to
Confirmatory Issue 18 of SER, Supplement 1, revising re-
sponses to letter on communication and lighting systems
and updating interface tables.

Letter from GE transmitting proprietary information regard-
ing “GESSAR II Fire and Flood External Event Analysis" in
response to draft policy statement.

Letter from GE transmitting "GESSAR II Internal Event PRA
Uncertainty Analysis" in support of the severe accident
review.

Letter from GE transmitting marked-up draft Appendix 1SE
pertaining to “Station Blackout Capability."

Letter from GE transmitting proprietary draft “GESSAR II
Seismic Event Uncertainty Analysis."

Letter from GE transmitting proprietary information regard-
ing seismic fragility analysis.

Letter from GE transmitting proprietary response to request
for additional information on severe accident review.

Letter from GE transmitting proprietary draft amendment
regarding leak-before-break approach.

Letter from GE . ‘ansmitting proprietary response to request
for additional iiformation on rationale for treatment of
fire and flood event uncertainty analysis.

Letter to GE regarding comments on "Severe Accicent Pro-
gram for Nuclear Plant Regulation" (NUREG-1070).

Letter to GE regarding requirement to assess improvements
in the reliability of core and containment heat removal
systems. Potential design improvements included for
consideration.

Letter from GE responding to April 13, 1984, request for
additional information. Design modifications will be
evaluated per "Measures of Risk Importance and Their
Applications” (NUREG/CR-3385).

Letter from GE transmitting response to requests for addi-

tional information on seismic PRA review and interna)
flood PRA review.
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May 30, 1984

-+ B

Letter from GE transmitting response to GE commitment in
Section 7.2.2.2 of SER regarding testing of optical
isolators.

Letter from GE transmitting "Evaluation of Proposed Moci-
fications to GESSAR II Design" (NEDE-30640) in response to
request for additional information cn specific potential
design improvements including consideration of risk reduc-
tion capability and cost/benefit assessment.

Letter from GE transmitting containment structural analysis
plan to support conclusions reached in Appendix G to PRA on
containment failure mode and pressure.

Lettier from GE transmitiing "GESSAR II External Event Risk"
providing gualitative assassment of risk from hurricanes,
tornados, external floocs, aircraft strike, and hazardous
materials.

n of Applicable
ssues for GESSAR
lution of issues.

T™TTH
44

Le
Un
(N

tter from GE transmitting "Resolutio
resolved Safety Issues and Generic I
EDO-30670), providing technical resc

Letter from GE transmitting information regarding nuclear
island/balance-of-plant interfaces, including interface
assumptions in PRA and documentation of design evolution
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APPENDIX C
-UNRESOLVED SAFETY ISSUES AND GENERIC SAFETY ISSUES

Resolution of unresolved safety issues (USIs) and high/medium priority generic
issues (GSIs) is required by draft NUREG-1070. The status of the USIz is found
in NUREG-0606, "Unresolved Safety Issues Summary." The status of generic safety
issues is discussed in NUREG-0933, "A Prioritization of Generic Safety Issues,"
along with the proposed resolution schedule.

It must be acknowledged that staff evaluations of the USIs and GSI is ongoing.
Rather than await generic resolution, severe-accident certification for GESSAR
Il requires plant-specific findings at this time, to the extent possible. Since
staff findings for many USIs and GSIs are, at most, preliminary, it is not
possible to evaluate the GESSAR II design against established staff criteria.
Therefore, resolution of the issues will be demonstrated through engineering
evaluations and demonstration that: (1) the subject USI or GSI is not appli-
cable to the GESSAR II design, (2) GE risk assessment (or engineering analysis)
shows insignificant societal risk arising from the issue, or (3) where the risk
assessment or engineering analysis cannot demonstrate insignificant societal
risk, the design incorporates features which adequately respond to all concerns
inherent in the issue.

Unresoived safety issues and generic safety issues which were outstanding when
the GESSAR II severe-accident evaluation was undertaken, are discussed below,
along with staff conclusions regarding their resolution.

SAFETY ISSUES

water Hammer

Since 1969 more than 150 incidents involving water hammers in BWRs and PWRs
Nave Deen reported. The water hammers (or steam hammers) have invclved steam
generator feedrings and piping, the RHR system, ECC systems, and containment
spray, service water, feedwater, and steam lines. The incidents have been
attributed to such causes as rapid condensation of steam pockets, steam-driven
slugs of water, pump startup with partially empty lines, and rapid valve
motion. Most of the damage reported has been relatively miner, involving pipe
hangers and restraints; however, there have been several incidents which have
resulted in piping and valve damage. USI A-1 deals with the technical re

tion of safety concerns related to the occurrence of water hammer in nuc)
power plants

.

S
ear

The staff has completed its evaluation of US] A=1 (NUREG-0927, Rev. 1. "Evalua
tion of Water Hammer Occurrence in Nuclear Power Plants, Technical Findings")
The staff concluded that the frequency and severity of waterhammer occurrences
Nas opeen significantly reduced through (1) incorporation of design features
Such as keep-full systems, vacuum breakers, J-tubes, void detection systems,

and 'mproved venting procedures, (2) proper design of feedwater valves and




control systems, and (3) increased operator awareness and training. Thus the
water hammer issue at the present is less significant than was suggested by the
water hammer occurrences in the early and mid-1970s.

The revised Standard Review Plan sections resulting from USI A-1 represent
proven design concepts and operation of considerations for avoidance of water
hammer and will be used only for review of "custom plant" CP applications, and
for standard plant applications docketed after the issuance of these Standard
Review Plan section revisions, which are intended for referencing in CP appli-
cations. These revisions represent current staff review practices (already
used in current case reviews).

The GESSAR II design was subjected to such a review during its licensing
evaluation. A summary of the GESSAR II design capability for preventing or
mitigating water hammer is described below.

In order to protect the GESSAR II emergency core cooling systems (ECCSs)
(Section 6.3.2.2.5 of the GESSAR II) against the effects of water hammer, the
ECCSs are provided with jockey pumps. These jockey pumps keep the ECCS lines
full of water up to the motor-operated injection valves so that the ECCS pumps
will not start pumping into voided lines. . In addition, to ensure that the ECCS
lines remain ful)l, vents have been installed and filling procedures have been
established. Further assurance for filled discharge piping is provided by
pressure instrumentation that is used to initiate an alarm that sounds in the
main control room if the pressure falls below a predetermined setpoint indicat-
ing difficulty maintaining a filled discharge line. Should this occur, or if
an instrument becomes inoperable, the required action is identified in the
technical specification.

To provide additional protection against potential water hammer events in
GESSAR II plants, piping design ccdes require consideration of impact loads.
Approaches used at the design stage include: (1) avoiding rapid valve opera-
tion; (2) piping laycut to prec'ude water slugs in steam-filled lines; (3)
using snubbers and pioe hangers; znd (4) using vents and drains. The use of
snubbers and pipe hangers are a byproduct of protection from seismic loads
however, their use helps to mitigate the effects of waterhammer events.

In addition, a preoperational vibration- and dynamic-effects test pror am will
be conducted by the applicant, in conjunction with GE, in accordance ith
Standard OM-3 of the American Society of Mechanical Engineers for al C(Class 1,
Class 2, Class 3, and other piping systems and piping restraints.

These tests will provide adequate assurance .hat the piping restrai, s have
Deen designed to withstand dynamic effects of valve closures, pump trips, and
other operating modes.

Nonetheless, in the unlikely event that a pipe bre-': did result from a severe
waterhammer event, core cooling is assured by the emergency core cooling
systems and protection is provided against the dynamic effects of such pipe
breaks inside and outside of containment. Any applicants referencing GESSAR II
will be committed to the design concepts and operational procedures required by
the revised Standard Review Plan sections for those areas of plant design
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outside the scope of GESSAR II. Therefore the staff considers USI A-1 resoTved
for GESSAR II.

USI A-17: Systems Interaction

The design, analysis, and installation of systems in a nuclear power plant are

frequently the. responsibility of teams of engineers with functional specialties--

such as civil, electrical, mechanical, or nuclear. Experience at operating
plants has led to questions of whether the work of these functional specialists
is sufficiently integrated to enable them to minimize adverse interactions
among systems. Some adverse events that occurred in the past might have been

prevented if the teams had ensured the necessary independence of safety systems
under all conditions of operation.

GE has not described a complete or comprehensive program that separately
evaluates all safety-related structures, systems, and components for adverse
systems interactions. The GESSAR II nuclear island was reviewed against the
Standard Review Plan (NUREG-0800) which contains the regulatory criteria for
the interdiscip1inary reviews. The staff's evaluations of those areas as per
the SRP are provided ' the SER for GESSAR II (NUREG-0979).

while GE has not described a separate program addressing systems interactions,
GE states that provisions are included in the PRA methodology to identify com-
monalities and dependencies that could result in adverse systems interactions.
These provisions included using the minimal cutsets derived from system-level
fault trees that were ]inked through event trees developed for the PRA event
sequences. The procedure calls for the use of a consistent nomenclature for
basic components and events for all systems throughout the plant and to identify
commonalities and dependencies whenever the same basic item occurred as an
element in cutsets of different systemic fault trees.

The GE effort to identify common-cause events, common-mode failures, and inter-
system dependencies has gone beyond the licensing basis to address the systems
interaction issue for the GESSAR II design and is being done in advance of the
issuance of any formal NRC guidance or reguirements. In the absence of criteria
and reguirements, no conclusions can be made concerning the adequacy and
completeness of GE's additional work.

On the basis of experience with the systems interaction issue, the staff identi-
fied the following concerns:

(1) The system-level failure modes and effects analyses considered only the
failure effects within a system.

(2) The RPS, RCIC, RHR, remote shutdown, SBGT, and some HVAC systems were
excluded from the failure modes and effects analyses.

(3) The balance-of-plant systems upon which the GESSAR II systems depend were
not within the scope of the GE efforts.

(4) Spatially coupled systems interactions could not be analyzed because the
GESSAR II design is yet to be constructed.
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GESSAR II has been evaluated against current licensing requirements that are
founded on the principle of defense in depth. Adherence to this principle
results in requirements such as physical separation and functional independence
of redundant safety equipment.

Considering GE's PRA analysis and GE's compliance with current SRP guidelines,
the staff finds that some assurance exists that adverse systems interactions
that pertain to GESSAR II design will be minimized; however since systems
interaction is an issue that applies to complete plant designs, the staff will
require that the systems interaction and ggﬁ studies be completed by applicant-
performed programs that supplement the work that GE has done on the nuclear
island. The final assurance must be deferred until an applicant makes refer-
ence to the GESSAR II design. The applicant must either address the above
concerns or comply with any requirements produced from the resolution of

USI A-17.

USI A-40: Seismic Design Criteria

NRC regulations require that nuclear power plant structures, systems, and com=-
ponents important to safety withstand the effects of seismic events. Detailed
requirements and guidance regarding the seismic design of the plants are provided
in NRC regulations and regulatory guides. However, there are a number of plants
with licenses that were issued before NRC's current regulations and guides were
in place. Task A-40 is an effort to reevaluate the older plants to assure no
undue public risk is involved and to make revisions to the Standard Review Plan
(SRP) and regulatory guides to bring them in line with the state of the art in
seismic design requirements. A-40 basically consists of a number of seismic
design criteria changes which upgrade the SRP to reflect advanced technical
knowledge and in some cases to reflect current industry practice. All changes
but one are proposed to be applied to new CP and PDA applications. The excep-
tion is above-ground free-standing tanks where backfit to operating plants is
proposed to ensure that proper design loads were used in existing tank designs.

CSSAR II has been evaluated against the latest seismic design criteria and all
~alance-of-plant designs used in the application referencing the GESSAR II
design will be evaluated to the latest criteria as a result of USI A-40 resolu-
tion; therefore, this issue is resolved for GESSAR II.

USI A-43: Containment Emergency Sump Reliability

Following a postulated loss-of-coolant accident, that is, a break in the reac-
tor coolant system piping, the water flowing from the break would be collected
in the suppression pool. This water would be recirculated through the reactor
system by the emergency core cooling pumps to maintain core cooling. This wate:
might also be circulated through the containment spray system to remove heat
and fission products from the drywel)l and wetwel]l atmosphere. Loss of the
ability to draw water from the suppression pool could disable the emerr~ncy
cooling and containment spray systems.

The principal concerns are somewhat interrelated but are best discussed sepa-
rately. The first concern deals with the various kinds of insulation used on
piping and components inside of containment. The safety concern is that the

LOCA would destroy insulation and that this insulation debris could block the
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RHR suction strainers or otherwise adversely affect the net positive suction
head (NPSH) requirement of the pumps, block spray nozzles, and degrade the
safety systems performance.

The second concern deals with the hycdraulic performance of the RHR intakes as
related to the hydraulic performance of safety systems supplied therefrom.
Extensive full=scale experiments have been perfermed to assess air ingestion
and other adverse hydraulic condivions. The results for BWRs (NUREG/CR-2772)
show that air ingestion is generally less than 0.5% when the Froude number at
the suction intake is less than 0.8. These test data can be used instead of
requiring in-plant preoperational tests relying on vortex observations.

The staff is presently reviewing the GESSAR II containment design with regard
to USI A-43 and will report on its resolution in a future supplement to the SER.

USI A-44: Station Blackout

Electrical power for safety systems at nuclear power plants must be supplied

Dy at least two redundant and independent divisions. The systems used to
remove decay heat to cool the reactor core following a reactor shutdown are
included among the safety systems that must meet these requirements. Each
electrical division for safety systems inciudes two offsite alternating current
(ac) power connections, a standby emergency diesel generator ac power supply,
and direct current (dc) sources.

The term "station blackout” refers.to the complete loss of ac electric power

to the essential and nonessential buses in a nuclear power plant. Station
biackout therefore involves the loss of offsite power concurrent with the
failure of the onsite emergency ac power system. Because many safety systems
required for core decay heat removal and containment heat removal are dependent
on ac power, the consequences of station blackout could be severe.

USI A-44 involves a study of whether or not nuclear power plants should be
designed to withstand an extended station blackout. This issue arose because
of the accumulated experience regarding the reliability of ac power s ‘pplies.
There have been numerous instances of emergency diesel generators failing to
start and run in response to tests conducted at operating plants. In aadition,
a number of operating plants have experienced a tota! loss of offsite electrical
power, and more occurrences are expected in the future. In almost every one of
these loss-of-offsite-power events, the onsite emergency ac power supplies were
available immediately to supply the power needed by vital safety eguipment.
However, in some instances, one of the redundant emergency power souces has
been unavailable. In a few cases there has been a complete loss of ac power,
but during these events, ac power was restored in a short time without any
serious consequences.

The major areas of study in A-44 included the likelihood and duration f the
loss of offsite power, the reliability of onsite emergency ac power sources,
and the potential for severe accident sequences after a loss of all ac power.
Significant factors that contribute to risk from station blackout events were
identified and evaluated. On the basis of this evaluation, the staff has
proposed recommendations to resolve this issue, but the resoluticn is not yet
final,
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The proposed resolution of A-44 would require nuclear power plants to be
capable of coping with a station blackout for a specified duration. The
duration would be determined on the basis of the following site-specific
characteristics: (1) the redundancy of onsite emergency ac power sources
(number of dicsel generators available for decay heat removal minus the number
needed for decay heat removal), (2) the reliability of onsite emergency ac
power sources-(e.g., diesel generator), (3) the frequency of ioss of offsite
power, and (4) the probable time to restore offsite power.

For generic resclution of A-44, the capability and capacity of all systems
necessary to provide core ccoling and decay heat removal for the duration of
the station blackout should be assured. The following items should be included
in this evaluation

. dc battery capacity
condensate storage tank capacity
compressed air capacity

ieakage from pump seals that could result in loss of reactor coolant
inventory needed to maintain core cooling

. operability of necessary equipment in an environment resulting from a
station blackout (i.e., without HVAC)

In addition to the above, the proposed resclution includes recommendations
to improve and maintain the reliability of onsite emergency ac power sources
at or above specified minimum levels.

A loss of all ac power was not a design-basis event for the GESSAR II nuclear
island. If both offsite and onsite ac power are lost however, the plant does
have the capability to respond successfully, for a limited time, by relying on
various backup systems. GESSAR Il can utilize a combination of safety/relief
valves, dc power systems, and the reactor core isolation cooling (RCIC) system
to remove core decay heat without reliance on ac power. These systems have the
capability to ensure that adequate cooling could be maintained for at least

2 hours.

The Toss of ac power for a period of time exceeding 2 hours has heen analyzed
in the CESSAR II PRA. This event was found to be a dominant contribution to
core-damage frequency. This accident was found to contribute approximately
79% of the total core-damage frequency (as modified by BNL review). Although
the relative frequency was still quite low (approximately 3 x 10-% per reactor
year), station blackout events were identified as fruitful areas for risk
reduction efforts.

Further work by GE indicated a station blackout capability exceeding 10 hours
is possible assuming credit for straightforward operator actions and potential
design improvements. A preliminary assessment by BNL indicated that this would
reduce core damage from internal events by a factor of approximately 2.

In addition to extended station battery capacity, GE has proposed an ultimate
plant protection system (UPPS) which significantly improves the plant's capa-
Bility to respond successfully to total station blackout events. Qetails of
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this system and of the proposed battery extended capability are discussed in
Section 15.6.3 on design improvements. This modification, considered together
with the ability to withstand a station blackout fer 10 hours, gives the staff
confidence that the resolution of USI A-44 has been achieved in a manner that
will result in low public risk from cthe issue. This conclusion is confirmatory

subject tc the completion of the staff review of the UPPS and extended station
battery capacity. -

USI A-45: Shutdown Decay Heat Removal

The primary objectives of the USI A-45 program are to evaluate the safety
adequacy of decay-heat remova) (DHR) systems in existing light-water reactor
(LWR) power plants and to assess the value and impact (or cost-benefit) of
alternate measures for improving the overal) reliability of the DHR function.
The A-45 program is conducting probabilistic risk assessments and deterministic
evaluation of those DHR systems and support systems required to achieve hot-
shutdown and cold-shutdown conditions in both pressurized- and boiling-water
reactors. Integrated systems analysis techniques are being used to assess the
vulnerability of DHR systems to various internal and external events, inciud-
‘ng transients, small-break loss-of-coolant accidents, and special emergency
challenges, such as fires, floods, earthquakes, and sabotage. State-of-the-art
cost-benefit analysis techniqies are being utilized to assess the net safety
benefit of alternative measures to improve the overall reliability of the DHR
system.

At this time, the staff 1n its safety assessment for generic resolution of A-45
considers the following alternative measures for improving the overall reliabil-
ity of the DHR function:

(1) Improved operating and/or procedural changes that would strengthen the
availability of decay-heat removal.

(2) In conjunction with (1) abo::, the staff will search for alternate paths
for decay-heat removal wher: n existing equipment is used in atypical
mocdes of DHR (e.g., bleed aru feed in PWRs ).

(3) Add on dedicated shutdown decay-heat-removal systems.

The GESSAR Il PRA indicated that shutdown cooling system failures (fellowing

a transient) accounted for less than 1% of the original PRA core-damage fre-
quency from interna) events. However, K staff reassessment indicated core-damage
contributions attributable to failures of the DHR systems is nearer to 7% of the
total frequency.

Additionally, the PRA did not consider DHR system failures when the plant is
in extended shutdown mode. Additiona) core-damage frequency contribution from
this failure mode may exist; however, it probably would not e» ted the contri-
bution from the previous effect. Actual core-damage contribution because of
RHR failures may, therefore, be a few percent of total core damage.

GE has also proposed an alternate diverse DHR system called the ultimate plant
protection system (UPPS). The staff has not fully evaluated the capabilities

of this system. However, it would appear to significantly enhance the ability
to mantain decay-heat remova! following extensive system failures from internal
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and external events. Since the staff seismic review is incomplete, these pre-
Timinary conclusions may be impacted. The staff wil) report on its UPPS evalua-
tion in a future supplement to the SER. Therefore, because of the low contribu=-
tion to the core-damage frequency attributable to DHR system failures, a favor-
able finding on the UPPS may demonstrate satisfactory resolution of USI A-45.
The staff's conclusion on UPPS will be reported in a future supplement to the
SER. ="

USI A-47: Safety Implication of Control Systems

This issue concerns the potential for accidents or transients being made more
severe as a result of control system failures or malfunctions. These failures
or malfunctions may occur independently or as a result of the accident or
transient under consideration and would be in addition to any control system
failure that may have initiated the event. It is generally believed that
control system failures are not Tikely to result in loss of safety functions
which could lead to serious events or result in conditions that safety systems
are not able to cope with.

In-depth studies for all the nonsafety-grade control systems have not been
performed, however, and there exists some potential for accidents or transients
being made more severe than previously analyzed, as a result of some of these
control system failures or malfunctions.

Two potential concerns have already been identified in which a failure or
malfunction of the  nonsafety-grade control system can (1) potentially cause
a steam generator or reactor vessel overfill, or (2) can lead to a transient
in which the vessel could be subjected to severe overcooling. In addition,
there is the potential for an independent event like a single failure, or a
common=mode event, to cause a malfunction of one or several ccatrol systems
which would lead to an undesirable control action, or provide misleading
information to the plant operator.

The staff is presently reviewing the GESSAR II design as it relates to USI A-47
and will address its resolution in a future supplement to the SER.

USI A-48: Hvdrogen Control Measures

Postulated reactor accidents that result in a degraded or melted core can result
in generation and release to the containment of large quantities of hydroqen.
The hydrogen is formed from the reaction of the zirconium fue) cladding with
steam at high temperatures and/or Dy radiolysis of water. Experience gained
from the TMI-2 accident indicates a potential need to require more specific
design provisions for handling larger hydrogen releases than are currently
required by the regulations, particularly for smaller, Tow=pressure containment
design.

The staff's current position which is proposed in the draft Commission Paper,
"Amendments to 10 CFR Part 50 Related to Hydrogen Control,"” is to regquire
hydrogen-control system, e.g., fgnitor system to control a large quantit - of
hydrogen (75% metal-water reaction) for PWR ice condenser and Mark III BwR
containments.
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By letter dated August 20, 1984, GE submitted a draft amendment to GESSAR II,
Sections 1G.12 and 16.21. This draft amendment requires utility appiicants
referencing GESSAR Il to provide an igniter hydrogen control system capable

of handling hydrogen as required Oy the proposed Interim Requirements Related
to Hydrogen Control (46 FRG 2281). The hydrogen control system will be based
on the NRC staff approved results of the Hydrogen Control Owners Group tests
and analyses. “"GE has also provided UPPS which will reduce the overal! risk of
core damage and the overall probability the hydrogen will be generated. The
staff is reviewing GE's commitment on hydrogen control and UPPS and will pro-
vide its evaluation in a future supplement to the SER.

GENERIC SAFETY ISSUES

GSI A-29: Nuclear Power Plant Design for the Reduction of Vulnerability to
Sabotage

Generic Safety Issue A-29 deals with the effectiveness of various nuclear power
plant system designs to reduce vulnerability to sabotage. Alth_ugh present
reactor designs do provide some inherent protection against sabotage, extensive
physical security measures are currently thought to be necessary to provide an
acceptabie level of protection. An alternate approach would be to more fully
consider and integrate other possible means for reducing reactor vulnerabilities
to sabotage and tampering, and their effects on plant safety, operability,
reliapility, maintainabilit » and physical security. The staff is currently
considering such issues in its effort for generic resolution of A-29.

In the course of the »=29 review program, the staff did evaluate the vulner-
ability of the GESSAR II plant design to sabotage and tampering, by considering
plant features that inhibit sabotage, the plant's capability to mitigate sabo-
tage, and the balance between sa‘ety and safeguards. GE provided this assess-
ment in Amendment 16 to GESSAR II.

The staff concluded that the GESSAR I design contains a number of features

thi  limit vulner~hility to sabotage. The combination of multiple and diverse
mez s of providir makeup water to the reactor vessel along with the inherent
natural circulatiun capability of the BWR reactor design and the suppression
pool significantly inhibits sabotage. The system separation and the self-test
and status monitoring system provide further inhibitors to sabotage. Redun-
dancy of safety systems, system separation and the status monitoring 1imit the
adverse impact of tampering. It is important to note that with the exception
of the access control features, no plant system features were designed specifi-
cally to inhibit or mitigate sabotage. Thus, application of present regulatory
requirements in other areas (e.g., flood, missile and fira protection, and
system monitoring requirements) resulted in the significant level of sabotage
protection provided by the GESSAR II design.

The above considerations lead the staff to judge that the risk from sabotage
for the GESSAR II desigh is low and considers A-29 resolved fcr GESSAR II.

GSI A-30: Adeguacy of Safety-Related 0C Power Supplies

The dc power system in a nuclear power plant provides control and motive power
to valves, instrumentation, emergency diese) generators, and many other compo-
nents and systems during all phases of plant aperation, including abnormal
shutdowns and accident situations.
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Assurance of a reliable dc power supply is subject to two concerns: (1) that
the batteries and other system elements should remain in full operation=-ready
(not degraded) condition, and (2) that independence of the two redundant power
divisirns should be assured. An aspect of the potential significance of the
issue .s that failure of one power division would generally cause a reactor
scram which could result in a demand for dc power to remove decay heat and
prevent core damage.

An estimate of dc-initiated core-damage frequency for GESSAR II was given in
BNL's report. BNL estimated the impact of a loss of two dc power divisions on
the GESSAR II core-damage frequency to be approximately 4 x 10-7 per reactor
yssr. Since there are four separate dc power divisions on the GESSAR II design,
dc power failures are a low contributor to the frequency of core damage. This
issue is resolved for the GESSAR II design.

G>: B-5: Ductility of Two-Way Slabs and Shells
ontainments

and Buckling Behavior of Steel

This issue is divided into two parts. One part involves the concern over

the lack of information related to the behavior of two-way reinforced concrete
slabs lodaded dynamically in biaxial membrane tension, flexure and shear, when
subjected to a postulated LOCA or high-energy-line break (HELB). If structures
(concrete slabs) were to fail (floor or wall collapse) tecause of loadings
caused by LOCA or HELB, there would be a possibility that other portions of the
reactor coolant system or safety-related systems could be damaged.

The second part involves the concern over the lack of a uniform, well=-defined
approach for design evaluation of steel containments subjected to unsymmetrical
dynamic Toading. Section III of the ASME Code does not provide detailed
guidance on the treatment of buckling of steel containment vessels for such
loading conditions (i.e., earthquake, postulated LOCA, or HELB). If steel
containment shells were to fail as a result of these loads which may cause
Buckling, one of the plant's levels of defense would be lost and could result
in a radicactive release to the environment. A Targe LOCA or HELB near the
containment wall could possibly provide such a load.

The staff concluded that there is sufficient information pertaining to the
design of two-way slabs subjected to dynamic loads and biaxial tension to
enable a reasonably accurate analysis and, therefore, a solution has been
identified for this part of the overall issue. The staff's Safety Evaluation
Report (SER) relating to the Final Design Approval cf the GESSAR II nuclear
island design (NUREG-0979) stated that the GESSAR II design meets the require-
ments of SRP Section 3.5.3. This SRP section provides the limits, criteria,
and exceptions as appropriate to provide a conservative basis for engineering
design to ensure that the structures or barriers are adequately resistant to
and will withstand the effects of such forces. Therefore, this part of the
issue is considered resolved for GESSAR II.

For the second part of the issue, that pertaining to the buckling behavieor of
steel containments, the staff has developed and is using an interim set of
criteria for evaluating containment buckling for plants undergeing operating
license review. GE commits to using the interim criteria for evaluating steel
containment buckling. The loading needed to cause buckling would have to be
due to a high-energy suurce such as a large LOCA or HELB near the containment
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wall as well as to earthquakes. GE proposed the resolution of this issue for
GESSAR II to be forthcoming with GSI B-6 that follows.

GSI B-6: Loads, Load Cdubinations, Stress Limits

This issue concerns the design of structures, systems, and ~omponents which
must accommodate individual loads and combinations of loads that can result
from natural phenomena, normal operating conditions, and postulated accidents.
Part of this icsue has been resolved--the part which concluded that seismic
loads and LOCA and SRV (safety/relief valve) loads on containment structures
should continue to be combined. The only remaining werk on this issue is re-
search into decounling the LOCA and safe shutdown earthquake (SSE) events for
mechanical systems. Recently, combined loads were increased to further account
for phenomena such as asymmetric blowdowns in PWRs because improved techniques
have been developed for defining loading. These changes have raised questions
concerning implementation of new regulations, increased construction costs,
increased radiation exposure of maintenance crews performing increased inspec-
tions and maintenance, and reduced reliability of stiffer systems under normal
operating transients.

The staff, in addressing the probability of an earthquake-induced large LOCA,
published Research Information Letter No. 117 (NRC memorandum, Apri) 10, 1981)
that identified the following results:

(1) Through-wall cracks are about a million times more likely to occur than
double-ended guillotine breaks, thus supporting the leak-before-break
hypothesis,

(2) Fatigue crack growth due to all transients, including earthquakes, is
an extremely uniikely mechanism for fnducing a large LOCA. The contribu-
tion of earthquakes to the occurrence of this event is a small percentage
of the total probebility.

Although the above resu':s are identified for PWRs, it is assumed that the
results for BwWRs are similar for this analysis. The proposed resolution for
this issue is to decouple the SSE-LOCA load requirements which will permit
Lhe removal of some snubbers and pipe whip restraints. The remova) of pipe
restraints will improve access to many equipment areas and, as a result, will
reduce the time plant personnel need to spend in high radiation areas, thus
reducing occupational exposure. Removing snubbers will reduce the stiffness
during normal cperation resulting in a reduction in the prebability of pipe
rupture during normal operating transients.

It is expected that this issue will be resolved in early 1985 when the double-
ended guillotine-break (DEGB) studies for Mark I plants by Lawrence Livermore
National Laboratory (LLNL) and parallel studies by GE on Mark II and Mark 1l
plants (GE letter, May 31, 1984) that support the leak-before-break approach
will be complete. 1. is expected that these studies may support decoupling

of LOCA and SSE events which will yield reductions in public risk and occupa-
tiona) exposure.

The staff is presently reviewing GESSAR Il as it relates to GSI B-6 and wil)
report on its resolution in a future supplement to the SER.
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GSI B-10: Behavior of BWR Mark III Containments

The concern of this issue is that poo) loads following a postulated LOCA may
damage structures and components located within the wetwell. Although many

of these structures (i.e., walkways) are not safaty related, various ECCSs
take suction from the wetwell and, therefore, damage in the wetwell may affect
the performance of the ECCS.

The staff has reviewed GE's pool-dynamic-locad definitions and has arrived at a
hydrodynamic load definition that zan be utilized by Mark III containment appli-
cants for operating licenses. NUREG-0978 (August 1984) contains the staff
acceptance criteria on this issue. In Section 6.2.1.8.3 of the SER the staff
evaluated Appendix 3B of GESSAR II to the acceptance criteria now deferred in
NUREG-0978. The staff found the procedures described in GESSAR II acceptable
with certain exceptions. These exceptions are discussed in SER Section 6.2.1.8.3.

Resolution for GESSAR II is a commitment that a utility applicant referencing
the GESSAR II design will address staff acceptance criteria for LOCA-related
Mark III containment pool dynamic loads.

GSI 8-17: Criteria for Safety-Related Operator Actions (SROAs)

This issue involves the development of a time criterion for SROAs, including
whether or not automatic actuation will be required. Development and imple=
mentation of criteria for SROAs may result in the automation of some actions
currently performed by operators if such actions are shown to be burdensome or
to result in a high likelihood of error because of the short time available to
accompiish them. Automation of these actions may reduce the expected frequency
of core-damaging events and, therefore, public risk.

The GESSAR II PRA includes estimates of human error probability based on the
time available to accomplish the actions in accordance with the guidance in
NUREG/CR-1298.

GE stated that during the control room design review for GESSAR II, a BWR/6
simulator was used to ascertain whether there were any safety-related operator
actions for which limited time was available. The emergency procedure guide=
lines also consider the time available for SROAs in their development, on the
basis of the BWR operating experience.

As a result of the GE review, modifications have been made to the GESSAR II
design to Tessen the burden on the operator during abrormal transients. For
example, the automatic depressurization system (ADS) logic has been modified

to eliminate the need for manual actuation during events that do not cause high
conta nment pressure. A time delay was also added to the ADS inhibit logic to
give t. e operator more time to stabilize water leve) during anticipated tran-
sient without scram (ATWS) events. These improvements/modifications have
lessened the effect of operator actions on public risk.

Failure of the operator to depressurize the primary system for transients with
failure of high-pressure systems were dominant core-damage sequences in other
BWR risk studies; however the ADS modifications have lessened the impact of
these sequences on core damage for GESSAR II.
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Since ATWS events have also been dominant contributors to BWR core-damage fre-
quency, any improvements to ATWS mitigation systems, such as lessening the
buruen on the operator during these events, will lessen the effect of operator
action on risk. Implementation of Alternate 3A modifications on the GESSAR II
design have reduced the reliance on operator action and thus risk from ATWS
events. The GESSAR II PRA results, which include systematic consideration of
operator actions;, show low public risk. Even recognizing that uncertainties
associated with the probability of human error may be quite large, substantially
higher error rates would have to apply for the risk to be significant. There-
fore this issue is resolved for GESSAR II.

GSI B-26: Structural Integrity of Containment Penetrations

This issue involves staff evaluations to assess the adequacy of specific con-
tainment penetration designs of high-energy-fluid systems from the point of
view of structural integrity, inservice inspection (ISI) requirements, and new
surveillance or analysis methods applicable to containment penetrations which
are identified as inaccessible. For generic resolution, the staff should de-
termine whether or not the configuration and assessability of the welds in the
proposed design and the procedures proposed for performing the examination
permit the inservice examination requirements of Section XI of the ASME Code
at an augmented frequency in break exclusion regions, as required by SRP Sec-
tion 3.6.2. Upon satisfactory resolution of inspectability concerns, this
issue should not affect public risk.

r those plants that meet the SRP Section 3.6.2 raguirements there should be
nificant contribution to core-damage cy for this issue. Since
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-56: jesel Reliabilit

Events (offsite and onsite) that result in loss of offsite power necessitate
reliance on the onsite emergency diese) generators for successful accident
mitigation. Improvement in starting reliability of onsite emergency diesel
generators will reduce the probability of events that could escalate into a

core-damage accident and, thus, could effect an overall reduction in public risk.

This issue is closely related to USI A-44, Station Blackout and much of the
significance to the GESSAR II design has been discussed with the LOOP sequences
that dominate the core-damage frequency for GESSAR II. The contribution to
core-damage frequency is dominated by common-mode failure of the three diesel
generators and it exceeds the contribution resulting from the random failure
frequencies of individual diesel generators. The GESSAR II PRA included an
assessment of the reliability of the three diesel generators which supply
emergency onsite power. The assessed .ndividual diesel generator failure to
start and keep running is 2 x 10-2. The common-mode diese] generator failure
probability for three diesel generators is estimated to be about 4 x 10-4.
Resolution of this issue will ensure some basic reliability goals for each
diesel generator. An applicant referencing the GESSAR II design will be
required to meet the reliability criteria. However, improvement in individual
diesel generator reliability may not necessarily improve the common-mode
failure probability and, therefore, may not have an appreciable impact on
core-damage frequency. As such, the risk reduction achievable may be very
Tittle or none. Design improvements for GESSAR Il such as systems that need
NO ac or dc power to provide reactor coolant system inventory and provide
containment heat removal are being considered for GESSAR II to further reduce
public risk. See Section 15.6.3 of this SER for the staff evaluation of poten-
tial design improvements to the GESSAR II design that are both cost beneficia)l
and reduce public risk. The staff considers B-56 resolved provided that util-
ity applicants referencing GESSAR II meet the applicable reliability criteria
for diesel generators.

GSI B-58: Passive Mechanical Failures

Safety-related systems contain many valves; thercfore, passive failures present
a potentially significant safety concern because the effects on safety-related
systems can be widespread. GSI B-58 is concerned with passive mechanical valve
failures; GSI C-11 is concerned with active pump and valve failures. Active
failures typically occur during valve operation; passive failures occur over a
period of time, going unnoticed as the valve is rendered inoperable with the
failure occurring after valve operation is demanded.

The staff is presently reviewing the GESSAR II design with regard to GSI B-58
and will address this in a future supplement to the SER.

GSI B-61: Allowable ECCS Equipment Qutage Periods

This issue concerns establishing surveillance-test intervals and allowable
equipment-outage periods, using analytically based criteria and methods for
the technical specifications. The present technica) specification allowadle
equipment outage times were determined primarily on the basis of engineering
Judgment. Optimization of the allowed outage period and the test and main-
tenance interval can reduce equipment unavailability and in turn reduce public
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risk. This optimization balances the decreased maintenance unavailability of
equipment with reduced outage time with the costs of potentia) shutdowns due
to exceeding 1imit.ng conditions of operation. The surveillance test inter-
val affects the system reliability by possibly decreasing the failure probabil-
ity of the equipment as the test interval is decreased, but at the expense of
increased test unavailability of the equipment if the equipment cannot respond
to a demand while under test. The overall safety significance will depend on
the combination of all the changes to the technical specifications which are
based on analysis rather than engineering judgment.

The GESSAR II PRA considers equipment unavailability due to maintenance proba-
bilities based on outage periods allowed by the Standard Technica) Specifica-
tions. On the basis of this assumption, the risk from this issue is addressed
Dy the results of the PRA. Since it is concluded that the PRA shows there is
low risk with regard to outage periods for the GESSAR II design, the staff con-
siders this issue resolved for GESSAR II.

GS1 C-8: Main Steamline Leakage Control Systems

The staff performed offsite dose estimates which indicate that operation of

the main steam isolation valve leakage control system (MSIVLCS) required for
many BWRs may result in higher offsite accident doses than if the system is

not used. For the proposed generic resolution of GSI C-8 the dose calculations
will assume non-cperation of the MSIVLCS and will take credit for cold trapping
of fodine and volatile gases. Leakage paths, other than through the MSIVLCS,
will be considered. These alternate paths will include such components as the
main steam piping, condenser, and the off-gas system. Leakage from these
components would be small because norma) operation requires that leakages be
maintained at a low level; however, integrity of these systems is not assured
during earthquakes since they are not designed for SSE. However, the probabil-
ity of a design-basis LOCA and an earthguake is small. The MSIVLCS collects
leakage past the valves and discharges it into a compartment serviced by the
standby gas treatment system. Holdup time or cold trapping is not considered
in the classical analysis of a design-basis LOCA with the MSIVLCS. Therefore,
the calculated doses are expected to be greater through the MSIVLCS than
through the steam system, unless the steam system integrity is lost. The
resolution of this issue will include investigation of alternate means to
handle leakage past the MSIVs and the desirability of the MSIVLCS. Little
staff effort was originally devoted to resolve this issue because the issue had
low priority. However, new concerns have arisen because operational experience
has shown a relatively high failure rate for the MSIVLCS and because of recent
data (NRC memorandum, July 1, 1982) on the magnitude and frequency of MSIV
leakage at BWRs in excess of the technical specification limit (typically

11.5 scfh) by 2 orders of magnitude have renewed concerns for the viability of
the MSIVLCS design. Excessive MSIV leakage, may exceed the design capacity of
the MSIVLCS and render the MSIVLCS ineffective.

The BWR Owners Group has reviewed the current MSIV testing and maintenance
activities and has made recommendations about testing and repairing MSIVs to
improve their sealing capability. At least one plant that has implemented
these recommendations has met the technical specification limit for MSIV
leakage after one cycle of operation without refurbishment (7 out of 8 valves,
the 8th valve was 14 scfh). The staff will be following other efforts at other
plants to verify that the BWR Owners Group recommendations will consistently
reduce the MSIV leakage rates. '
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With regard to the GESSAR II design (a pos‘tive-pressure LCS), leakage will
occur past all four valves (2 MSIVs, leakage control valve, and turbine stop
valve) into the condenser and to the turbine building through the gland seals,
assuming the positive-pressure LCS is not operating. The large surface area
availab’e for fission-product plateout, coid trapping of iodine and small leak-
age pathways should provide fission-product retention. For tha first 20 minutes
following a LOEA, "the LCS will not be operating, and in this regard, GESSAR II
will have the same effect as a BWR with a negative-pressure LCS.

The suppression-pool bypass study documented in the GESSAR I1 Source Term
Sensitivity Report evaluated the probability and consequence of fission-product
release through MSIVs. The results show that the potential fission-product
release through the main steam lines is negligible compared to fission products
which had received pool scrubbing and were released after containment failure.
Therefore, this leakage pathway has been evaluated and shown to be a negligible
risk contributor in the GESSAR II design. Staff evaluation also showed that
only sequences with leakage rates of greater than 100 scfh were dominant con-
tributors to offsite consequences. With the BWR/6 revised test and maintenance
procedures, the resulting leakage rates should be in the order of 20 scfh,
before considering the cascading effect of four valves in series. Therefore,
the staff considers this issue resolved for GESSAR II providing the MSIV
leakage rates are within those specified by the Technical Specifications.

GSI C-11: Assessment of Failures and Reliability of Pumps and Valves

Operating experience at nuclear power plants indicates that a number of valves,
valve operators, and pumps fail to operate as required in the technical specifi-
cations either under testing conditions or when they are demanded to operate.
The unreliability of active valves and pumps in nuclear power plant safety
systems contributes to the risk associated with postulated core-damage-accident
sequences.

The failures of active pumps and valves leading to core damage have been
evaluated in the GESSAR II PRA. The core-damage frequency is dominated by
station blackout with eventual failure of the RCIC system. This sequence con-
trioutes about 80% to the core-damage frequency. Therefore, improved reli-
ability of pumps and valves will not sub: tantially decrease risk unless the
improvement decreases the frequency of CTl-ra (LOOP far < 60 min.), CTI-Pb

(LOOP for > 60 min) accident sequences. As shown in the GESSAR Il PRA, the
CT1-P sequences are dominated by the common-mode failure of the three diese)
generators,

The reliatility of RCIC is about 90%, it has a steam-driven turbine pump and
all cortyo! valves are dc povered If the RCIC were assumed to be perfectly
reliable, GE estimates the risk reduction to be a factor of 1.2. Therefore,
any improvement in *he reliability of active valves and pumps over the values
assumed in the GESSAR II PRA would not achieve any s snificant reduction in
core-melt frequency.

Improvements in the SRVs and in the testing and maintenance of MSIVs for

GESSAR II are axpected to show a cecrease in the significance of these valves
to risk, but further increases in the reliability of the remaining pumps and
valves will have a negligibles impact on GESSAR Il risk. This issue is resolved
for the GESSAR II desig .
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GSI 12: BWR Jet Pump Integrity

A jet nump failure, caused by progressive stress-corrosion cracking of the
pump's hold-down beam, drew attention to the issue of Jjet pump integrity.
Failure of a jet pump is a concern during normal operation because of the jet
pump's contribution to proper water flow distribution; and during LOCA condi-
tions for maintaining a water leve)l (reflooding) following a recirculation
line break. A damaged jet pump could also permit increased coolant loss in a
LOCA since the jet pump nozzle area is the limiting break flow area.

The issue of jet pump integrity associated with progressive stress-corrosion
cracking of the pump's hold-down beam should be solved by changing the hold-
down beam material and by improving the heat treatment process. These improved
hold-down beams, which are to be used in the GESSAR II design, were installed
in a foreign BWR and have been operating for about 2 years with no indication
of stress-corrosion cracking. The staff considers this issue resolved for the
GESSAR II design with the requirement that applicants referencing the GESSAR II
design get an early indication of possible hold-down beam damage by monitoring
the rates of jet-pump-driven flow to driving flow during normal operation and
by performing ultrasonic inspection of the beams for incipient cracking at re-
fueling (at approximately 18-month intervals). The value of the ultrasonic
inspection at refueling is based on the slow, progressive nature of stress-
corrosion cracking (GE estinates it takes 1l years for cracks to propagate to
‘3i1ure).

P 21

GSI 23 Reactor Coolant Pump Seal Failures

This issue deals with the high rate of reactor coolant pump (RCP) seal failures
that challenge the makeup capacity of the ECCS in PWRs. RCP failures occur at
approximately the same frequency in BwRs. However, operating experience shows
that the leakage rate for RCP seal failures in BWRs is less. The smaller leak
rate, larger high-pressure ECCS and feedwater makeup capabilities, and isola-
tion valves on the RCP loops lessen the potential problem in BwRs Therefore,
safety significance in BWRs is minimal. In response to the requirement of
Action Plan Item II1.K.3.25, the staff concluded that no modifications %o
seal cooling for BWR recirculation pumps is required (NRC, Decemper 1
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The concern is comprinded by the fact that there is current)
destructive examination (NOE) method to detect cracking or
sUCh Dolts or studs from the failure modes of stress corros




erosion corrosion, and boric acid corrosion. Visual inspection is currently
the only reliabla method to discover degradation by boric acid corrosion or
erosion corrosion, which requires disassembly of the component for inspection.
Under present inservice inspection requirements, visual inspection of bolts is
not mandatery, nor is ultrasonic inspection on less than 2-inch-diameter
pressure-retaining bolts. A major accident such as a LOCA could occur because
of undetected.extensive bolting failure of the primary pressure boundary.

There have been 44 bolting incidents reported in PWRs (NUREG-0943, January 1983);
2 failures have been raported in BWRs. The principal modes of bolting failure
were classified as stress corrosion, fatigue, boric acid corrosion, and erosion
corresion. Nineteen of the incidents resulted from stress corrosion, the most
common type of bolting failure (one in a BWR).

Twelve failures were identified as boric acid corrosion (second most common
type of failure). The remaining 13 failures were either fatigue, erosion
corrosion, or other types of failure (one fatigue failure in a BWR).

The bolting specified in the GESSAR Il design is not subject to boric acid
corrosion, and by not using high-strength bolts the GESSAR II design guards
against the stress-corrosion failure mechanism.

Since there have been only 2 reported bolting failure incidents occurring in BwRs,
and two of the most common types of failure modes are unlikely by virtue of the
GESSAR II design, this issue is 1e<olved for GESSAR II.

GSI 40: Safety Concerns Associated With Pipe Breaks in the BWR Scram System

This issue concerns failure of the scran discharge volume (SDV) piping or asso-
ciated piping which make up the BWR scram system. A rupture of the SDV piping
could result in an un-isolatable break outsida the primary containment, which
may threaten ECCS eauipment by flooding or causing environmental conditions for
which the ECCS equipment is not qualified. The GESSAR II design Tocates the
SOV piping and associated piping within the primary containment: therefore, any
leakage would return to the suppression pool and not flood the ECCS equipment
which is located outside the primary containment. The GESSAR II design also
has containment sprays which make it possible to mitigate the effects of scram
systems breaks.

The staff has provided guidance (NUREG-0802) to ensure pipe integrity, detec-
tion capability and mitigation capability, and qualification of emergency
equipment to the expected environment, GE has committed to the guidance of
WUREG-0803 for GESSAR II; therefore, the staff considers this issue resolved.

GSI 41: BWR Scram Discharge Volume Systems

This issue concerns deficiencies in the BWR scram discharge systems that were
highlighted at Browns Ferry Unit 3 in 1980 when about 40% of the contrel rods
failed to fully insert during a normal shutdown. The significance of the issue
lies in the potential for failure to scram.

The GESSAR II design incorporates modifications required by the December 9,

1980, NRC letter to all BWR Ticensees, as well as other modifications to address
ATWS events.
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With the staff recommendations required for resolution of this issue incorporated
in the GESSAR II design and the risk from ATWS events reduced by the modifica-
tions discussed in Section 15.6.2 of this supplement, this issue is resolved.

GSI 50: Reactor Vessel Water-Leve)l Instrumentation in BWRs

BWRs use water~level instrumentation to perform a number cf functions including
centrol functions such as feedwater control, and protective functions such as
automatic scram and automatic initiation of emergency core cooling systems.
This issue considers that there could be a potential adverse control systems
interaction with protection systems. For example, interactions may lead to a
loss of reactor water level caused by automatic termination of normal feedwater
(control) with failure to automatically start the emergency water source
(protecticn). This scenario may occur with a break in the water level instru-
ment reference leg in one of the two channels of water level instrumentation
and a failure in the other channel of water level instrumentation.

In response to RG 1.97 requirements, the GESSAR II design has an enhanced water
level instrumentation system. This design includes indication of instrument
Iine breaks or leaking equalizer valves so that the operator is alerted when
one channel of the water level instrumentation is not fun tiening correctly.
Normally, aiministrative procedurss require operators to switch the level con-
trol to the correctly functioning channel to avoid adverse cocatrol functions.
In addition, the GESSAR II design contains ECCS actuated from vne of two divi-
sions in such a way as to ensure ECCS actuation in the event of an instrument=-
line break together with a single failure in the remaining channels. For the
BWR/6, the vertical drop in the drywell has been minimized to ensure that tem=
perature and flashing concerns are alleviated.

-
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or these reasons, the staff considers GSI-S50 resolved for GESSA
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break is the failure of the relief valve to close after its actuation in re-
sponse to the transient. The relief valve must remain open for approximately
10 minutes for a significant amount of steam to escape, bypass the pool, and
overpressurize the containment vessel. This postulated scenario would result
in a direct release of coclant and effluents to the environment, should contain-
ment failure occur as a result of steam bypassing the pool. If core damage
were to occur,.large offsite releases of radioactivity would be experienced.

In the GESSAR II design the SRV discharge line is routed through the drywell
wall and enters the wetwel] below the water level. There is also a sleeve
that surrounds the discharge line and terminates in the pool at the level of
the first row of horizontal vents. The GESSAR Il design eliminates this pro-
blem and the staff consider this issue resclved for GESSAR II.

GSI 65: Probatility of Core Melt Due to Component Cooling Water System

This issue is concerned with failure of the component cooling water system
which has the consequence of rendering ECCS pumps or cuntainment cooling in=
operable, causing a small LOCA (RCP seal failure), or ctherwise affecting the
ability of the plant to prevent a core-damage event. In the system fault trees,
the GESSAR II PRA considered the support systems required for continued opera-
tion. The failure probabilities for room coolers and other cocling provided by
the essential service water system were assessed far the evaluation. The
failure of component cooling water to the recirculation pump seals has been
discussed under Generic Safety Issue 23. These evaluations show that the
significance of component cooling water failure is accounted for in the

GESSAR II PRA.

The GESSAR II design uses seif-cooling for the RCIC system pumps and essential
service water for the other ECCS components. Component cooling with a closed
coaling water system is only used for functions such as sample cooling, drywell
cooling, and recirculation pump seals which do not pose a significant risk if
they fail to function. The majoer portion of the essential service water system
s outside the GESSAR II design and its potential to contribute to core damage
is addressed by interface requirements propo<ed by GF in a letter dated June
1984. An applicant referencing the GESSAR II design will be committed to meet-
ing these interface requirements Juring the licensing process. The actions
required to satisfy interface risk assumption are discussed in Section 15.6.2
of this supplement.

GSI 77: Flooding of Safety Equipment Compartments by Back-Flow Through
Toor Drains

In 1981, a licensee notified the staff that the watertight integrity of the
service water pump rooms in both units could not be assured because check
valves had not been installed in the floor drain system which drains by gravity
to the turbine condenser pit in the turbine building. Without these check
valves, the operability of the service water pumps for both units could not be
assured in the event of a condenser circulating water conduit break in one
unit. An evaluation (NRC memorandum, March 11, 1983) was performed on the
generic implications of this concern and it was concluded that the matter of
protection from backflow fiooding through the drain system had not been
addres:ed adequately. The safety significance of this issue does not apply to
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plants designed in accordance with the provisions of SR® Section 9.3.3, "Equip~
ment and Floor Drainage Systems," and SRP Section 10.4.5, "Circulating Water
System," since the criteria in these SRP sections adequately deal with this
issue.

Safety-related components other than saervice water pumps may also be affected
and flooding may come from sources other than circulating water conduits. The
GESSAR II design was reviewed in accordance with the above SRP section criteria
and found acceptable. The staff considered those systems needed to provide
safe plant shutdown and the physical location of these systems with regard to
potential in-plant flooding. Each train of ECCS equipment is located in
individual watertight rooms that contain flnor drain sumps to ccllect leakage.
Each floor drain sump is equipped with safety~grade level instrumentation and
each sump has two sump pumps to remove the water to the radwaste system. There
are check alves located at the discharge of each pump to prevent backflow from
the radwaste drain collecting system. Therefore, flooding between individual
ECCS rooms is prevented since each room has its own sump, and flocding from
areas other than the ECCS room via the drain system is prevented by check
valves in the sump pump discharge lines.

Because the GESSAR Il design meets the requirements of SRP Section 9.3.3 and
the applicants referencing GESSAR II wil) have to meet the criteria of SRP
Section 10.4.5 for balance-of-plant design, this issue is esolved for GESSAR II.

GSI 82: Bevond-Design-Basis Accident in Spent Fuel Pool

The risks associated with beyond-design-basis accidents in the spent fue)
storage pool were examined in the Reactor Safety Study (NUREG-75/014) and were
considered to be orders of magnitude below those involving the reactor core.
The reason for this item is the s mplicity of the pool; i.e., coolant is at
low pressure, spent fuel s subcritical, heat source is low, no anticipated
transients could intercept cooling or cause criticality. The reasons for re-
examination of this issue are twcfold. First, more spent fue’ is being stored
instead of being reprocessed, thus adding a larger inventory of fission pro-
ducts in the pool!, increasing the heat load on the pool cooling system, and
decreasing the distance between fuel assemblies. Second, some laboratory
studies (NRC memorandum, August 10, 1983; NUREG/CR-0649) have prcvided evidence
of the possibility of fire propagation between assemblies in an air-cocled
environment. These two reasons together provide the oasis for an accident
scenario not previously considered.

A typical spent fuel pool with high density storage racks can hold about five
times the fuel in the core; however, since typical reloads discharge one-third
the core, much of the spent fuel in the pool wil' have consideranle decay time
(this reduces the radioactive inventory). After about 3 years of storage, mest
of the spent fuel stored in the pool may be air coolable (i.e., need not be
submerged to prevent meltin~ even though submersion may be desirable for
shielding and reduction of airborne activity). If the pool were drained, the
last two discharged fuel loads would still be "fresh" enough to melt under decay
heat. The Zircaloy cladding of this fue! could be ignited during the heatup
with the resulting fire spreading to most of the fuel in the pool. The heat
of combustion in combination with the decay heat would probably drive "border-
iine aged” fuel to melt. The local decay-heat-generation rates necessary for
ignition are now under consiueration in Generic Safety Issue 82. Melting
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and/or production of airborne particulates by combustion could cause a re-
lease of fission products from the spent fuel pool to the environment, since
most spent fuel pools are located outside the primary containment. This direct
release may be more likely than for comparable accidents invoiving the reactor
core. The safety significance and medium=priority status of this issue are
based on a seismic event capable of draining the pool concurrent with the con-
ditional failyre probability of loss of pool makeup (approximate accident
frequency 2 x 10-%/year).

The analysis is based on the Reactor Safety Study assumption of a fuel pool

at a lU-story elevation above grade which may not be applicable to GESSAR II
because the GESSAR II fuel pool is below grade in the seismic Category I fuel
buiiding and sits on the basemat. The seismic analysis for this design is
being reviewed and the seismic capacity of the fuel building is being evaluated.

The staff is presently reviewing the GESSAR II design as it relates to GSI-82
and will address its resolution in a future supplement to the SER.
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APPENDIX G
-- - COMPLIANCE WITH CP/ML RULE (10 CFR 50.34(f))

Item (1)(i)

Perform a plant/site-specific probabilistic risk assessment, the aim of which
is to seek such improvements in the reliability of core and containment heat
removal systems as are significant and practical and do not impact excessively
on the plant (II.B.8).

Discussion

The PRA was submitted as part of GESSAR II in March 1982. The staff's evalua~
tion of the PRA is discussed in Section 15.6 of this supplement.

Item (1)(ii)

Perform an evaluation of the proposed auxiliary feedwater system (AFWS), to
include (applicable to PwRs only) (I1.E.1.1):

(a) A simplified AFWS reliability analysis using event-tree and fault-tree
logic technigues.

(b) A design review of AFWS.

(c) An evaluation of AFWS flow design bases and criteria.
Discussion

This requirement is not applicable to BWwRs.

Item (1)(iii)

Perform an evaluation of the potential for and impact of reactor coolant pump
seal damage following small-break LOCA with loss of offsite power. If damage
cannot be precluded, provide an analysis of the limiting small-break loss-of-
coolant accident with subsequent reactor coolant pump seal damage (II.K.2.16
and II.K.3.25).

Discussion
See page 15-7 of the SER.
Item (1)(iv)

Perform an analysis of the probability of a smal)-break loss-of-coolant accident
(LOCA) caused by a stuck-open power-operated relief valve (PORV). 1If this
probability is a significant contributor to the probability of smali-break

LOCAs from all causes, provide a description and evaluation of the effect on
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small-break LOCA probability of an automatic PORV isolation system that would
operate when the reactor coolant system pressure falls after the PORV has
opened (applicable tc PWRs only) (II.K.3.2).

Discussion

This requirement- is not applicable to BWwRs.

Item (1)(v)

Perform an evaluation of the safety effectiveness of providing for separaticen
of high-pressure coolant injection (HPCI) and reactor core isolation cooling
(RCIC) system initiation levels so that the RCIC system initiates at a higher
water level than the HPCI system, and of providing that both systems restart on
Tow water level (applicable to BWRs only) (II.K.3.13). (For plants with high-
pressure core spray systems in lieu of high-pressure coolant injection systems,
substitute the words high-pressure core spray for high-pressure coolant injec-
tion and HPCS for HPCI.)

Discussion
See page 5-22 of the SER.
Item (1)(vi)

Perform a study to identify practicable system modifications that would reduce
challenges and failures of relief valves, without compromising the performance
of the valves or other systems (applicable to BWRs only) (II.K.3.186).
Discussion

See page 5-7 of tha SER.

Item (1)(vii)

Perform a feasibility and risk assessment study to determine the optimum auto-
matic depressurization system (au>) gesign modifications that would eliminate
the need for manual activation to ensure adequate core cooling (applicable to
BWRs only) (II.K.3.18).

Oiscussion

See page 6-41 of the SER.

Item (1)(viii)

Perform a study of the effect on all core-cuoling modes under accident condi-
tions of Aesigning the core-spray and low-pre.sure coolant injection systems to
ensure thac the systems will automatically restart on loss of water level,
after having been manually stopped, if an initiation signal is still present
(applicable to BWRs only) (II.K.3.21).

Discussion
See page 7-30 of the SER.

GESSAR II SSER 2 2 Appendix G



Item (1)(ix)

Perform a study to detarmine the need for additional space cooling to ensure
reliable long-term operation of the reactor core isolation cooling (RCIC) and
h“gh-pressure coolant injection (HPCI) systems, following a complete loss of
offsite power to the plant for at least 2 hours (applicable to BWRs only)
(I1.K.3.24). -(For plants with high-pressure core spray systems in lieu of
high-pressure coolant injection systems, substitute the words high-pressure
core spray for high-pressure coolant injection and HPCS for HPCI.

Discussion

The GESSAR II design does not have HPIC, however, it does have HPCS. This
matter is discussed in SER Section 9.4.3.

[tem (1)(x)

Perform a study to ensure that the automatic depressurization system, valves,
accumulators, and associated equipment and instrumentation will be capable of
performing their intended functions during and following an accident situation,
taking no credit for nonsafety-related equipment or instrumentation, and
accounting for normal expected air (or nitrogen) leakage through valves (appli-
cable to BWRs only) (II.K.3.28).

Discussion

GE has defined and elaborated on the number of times the ADS valves are capable
of cycling using only the accumulator inventory and the length of time that the
accumulators are capable of performing their function following an accident. A
backup system is also provided. OQuring normal operations, the operators are
responsible for ensuring that the ADS accumulators are fully charged. The
accumulators are instrumented for this purpose. The ADS accumulator system is
environmentally and seismically qualified and no credit has been taken for non-
safety-related equipment when establishing the short- and long=-term capability
of the ADS accumulator system.
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sion regarding the allowable leakage and the margins incorporated inte
eria are required for the as-built system. The requirement fur leak
will be part of the technical specifications.

concludes that the requirements of item (1)(x) are satisiied for ihe
Il design.

Provide an evaluaticn of depressurization methods, other than by full actuation
of the automatic depressurization system, that would reduce the possibility f
exceeding vessel integrity limits during rapid cooldown (applicable to BWRs
only) (II.K.3.45).
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Item (1)(xif)

Perform an evaluation of alternative hydrogen control systems that would satisfy
the requirements of paragraph (f)(2)(ix) of 10 CFR 50.34(f). As a minimum
inc'ude consideration of a hydrogen ignition and postaccident inerting system.
The evaluation shall include:

(a) A comparison of costs and benefits of the alternative systems considered.

(b) For the selected system, analyses and test data to verify compliance with
the requirements of paragraph (f)(2)(ix) of 10 CFR 50. 34.

(c) For the selected system, preliminary design descriptions of equipment,
function, and layout.

Discussion

Item (1)(xii) is being evaluated concurrently with the other hydrogen-related
item (item (2)(ix)), and will be reported on in a future supplement to the SER.

Item (2)()

Provide simulator capability that correctly models the control room and includes
the capability to simulate small-break LOCAs (applicable to construction permit
applicants only) (1.A.4.2).

Discussion

item (2)(1) is outside the scope of GESSAR II and wil) be provided by utility
applicants that reference GESSAR II.

Item (2)(ii)

Establish a pregram, to begin - iring construction and continue into operation,
for integrating and expanding :urrent efforts to improve plant procedures. The
scope of the program shall include emergency procedures, reliability analyses,
human factors engineering, crisis management, operator training, and coordina-
tion with INPO (Institute of Nuclear Power Operations) and other industry
efferts (applicable to construction permit applicants only) (I.C.9).

Discussion

Item (2)(ii) is outside the scope of GESSAR II and will be prcvided by utility

applicants that reference GESSAR II.

Item (2)(iii)

Provide, for Commission review, a cont. .l room design that reflects state-of-
the-art human factors principles before committing to fabrication or revision
of fabricated control room panels and layouts (I1.D.1).

Discussion

See SER Section 18.
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Item (2)(iv)

Provide a plant safety parameter display console that will display to operators
a minimum set of parameters defining the safety status of the plant, capable of
displaying a full range of important plant parameters and data trends on demand,
and capable of indicating when process limits are being apprnached or exceeded
(1.0.2). g e

Discussion

The staff is currently in the process of reviewing the GE safety parameter dis-
play system for GESSAR II, GE's Emergency Response Information System (ERIS).
The results of the staff's evaluation will be discussed in a future supp lement
to the SER.

Item (2)(v)

Provide for automatic indication of the bypassed and operable status of safety
systems (I.D.3).

Discussion

SER Section 7.2.2.9, Cypassed and Inoperable Status Indication, discusses, in
part, the staff's evaluation of item (2)(v). However, it will be the responsi-
bility of a utility applicant referencing GESSAR II to demonstrate that the
system monitoring function uses actual status information of monitored compo-
nents and not demand signal information.

Item (2)(vi)

Provide the capability of high point venting of noncondensible gases from the
reactor coolant system and other systems that may be required to maintain ade-
quate core cooling. Systems to achieve this capability shall be capabie of
being operated from the control room and their operation shall not lead to an
unacceptable increase in the probability of loss-of-coolant accident or an
unacceptable challenge to containment integrity (II.B.1).

Discussion
See SER Section 5.2.3.
Item (2)(vii)

Perform radiation and shielding design reviews of spaces around systems that
may, as a result of an accident, contain Technical Information Document (TID)
14844 source-term radioactive materials, and design us necessary to permit ade-
quate access to important areas to protect safety equipment from the radiation
environment (II.B.2).

D scussion

See SER Section 12.3.
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Item (2)(vii1)

Provide a capability to promptly ~btain and analyze samples from the reactor
coolant system and containment that may contain TID 14844 source-term radio-
active materials without radiation exposures to any individua' exceeding 5 rem
to the whole body or 75 rem to the extremities. Materials to be analyzed and
quantified include certain radionuclides that are indicators of the degree of
core damage (e.g., noble gases, jodines and cesiums, and nonvolatile isotopes),
hydrogen in the centainment atmosphere, dissolved gases, chloride, and boron
concentrations (II.B.3).

Discussion
See SER Section 9.3.2.2.
Item (2)(ix)

Provide a system for hydrogen control that can safely accommodats hydrogen gen=-
erated by the equivalent of 100X fuei-clad metal-water reaction. Preliminary
design information on the tentatively preferred system option of those being
evaluated in paragraph (1)(xii) of 10 CFR 50.34(f) is sufficient at the con-
struction permit stage. The hydrogen-control system and associated systems
shall provide, with reasonable assurance, that (II.B.8):

(a) Uniformly distributea hydrogen concentrations in the containment do not
exceed 10% during and following an accident that releases an eguivalent
amount of hydrogen as would be generated from a 100% fuel-clad metal-water
reaction, or that the postaccident atmosnhere will not support hydrogen
combustion. ;

(b) Combustible concentrations of hydrogen will not collect in areas where
unintended combustion of detonation could cause loss of containment
integrity or loss of appropriate mitigating features.

(c) Equipment necessary for achieving and maintaining safe shutdown of the
plant and maintaining containment integrity will perform its safety
function during and after being exposed to the environmental conditions
attendant with the release of hydrogen generated by the equivalent of a
100% fuel-clad metal-water reaction including the environmental conditions
created by activation of the hydrogen-control system.

(d) 1If the method chosen for hydrogen control is a postaccident inerting
system, inadvertent actuation of the system can be safely accommodated
during plant operation.

Discussion

By letter dated August 20, 1984, GE submitted a draft amenumert to GESSAR II
Sections 1G.12 and 1G.21. This draft amendment reguires utility applicants
referencing GESSAR II to provide an igniter hydrogen control system capable of
handling hydrogen as required by the Proposed Interim Requirements Related to
Hydrogen Control (46 FR 62281). The hydrogen control system will be based on
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the NRC staff- roved results of the Hydrogen Control Owners Group's tests and
analyses. GE has also provided UPPS which is designed to reduce the overal)
risk of core damage and, therefore, the overall probability that hydrogen will
be generated.

The staff is reviewing GE's commitment on hydrogen control and UPPS and will
provide its evalUation in a future supplement to the SER.

Item (zggxg

Provide a test program and associated mode! development and conduct tests to
qualify reactor coolant system relief and safety valves and, for PWRs, PORV
block velves, for all fluid conditions expected under operatinc conditions,
transients, and accidents. Consideration of anticipated transient without
scram (ATWS) conditions shall be inciuded in the test program. Actual testing
under ATWS conditions need not be carried out unti) subsequent phases of the
test program are developed (II.D.1).

Discussion
See SER Sections 3.9.3 and 5.2.3.

Item (2)(xi)

Provide direct indication of relief and safety valve position (open or closed)
in the control room (I1I.D.3).

Discussion
See SER Section 7.3.2.3.

Item (2)(xii)

Provide automatic and manual auxil
provide AFW system flow indication

/ITY ~ 9 )
5P Xy a4 R

y feeawater (AFW) system initiation, and
the control room (applicable to PWRs only)

14
1
!

-
n

Ciscussion

This requirement is not agplicable to BWRs

ltem (2)(xiii)

Provide pressurizer heater power supply and associated motive
interfaces s  “ficient to establish and maintain natural circul
standby conditions with only onsite power available (appli

{ > -
L48. 8.9,

-
-
cab

Discussion

This requirement is not app!
reactors.




Item (2)(xiv)

Provide containment isolation systems that (II.E.4.2):

(a) Ensure all nonessential systems are isolated automatically by the contain-
ment 1solatiqg system.

-

(b) For cach_noncssentia1 penetration (except instrument lines) have two
isolation barriers in series.

(¢) Do not result in reopening of the containment isolation valves on resetting
of the isclation signal.

(d) Utilize a containment setpoint pressure for initiating containment isola-
tior as low as is compatible with normal operation.

(e) Include automatic closing on a high radiation signal for all systems that
provide a path to the environs.

Discussion
See SER Sections 3.9, 3.10, and 6.2.7.
Item (2)(xv)

Provide a capability for containment purging/venting designed to minimize the
purging time consistent with ALARA principles for occupational exposure. Pro-
vide and demonstrate high assurance that the purge sysiem will reliably isolate
under accident conditions (II.E.4.4).

Discussion

The present purge system design at GESSAR II provides for continuous purging
for the containment during power operation at 5,000 cfm through a 9-inch line
to reduce airborne radionuclide concentrations to a level that permits continu=
ous access. The staff has reviewed the present design which incorporates the
use of the S-inch line and has found it acceptable as Jocumented in SSER 1,
Section 6.2.4.1.

Item (2)(xv) also requires the applicant to demonstrate “"high assurance that
the purge systea will reliably isolate under accident conditions." The appli-
cant has indicated that performance of prototype 6-inch purge isolation valves
has been evaluated and, in GE's opinion, meets the requirements of BTP CSB 6-4
for isolation dependability under accident pressures. As an interface item,
the future utility applicant should provide the staff with details of the per-
formance evaluations for the specific 9-inch purge isolation valves for review
by the staff.

Item (2)(xvi)

Establish a design criterion for the allowable number of actuation cycles of the
emergency core cooling system and reactor protection system consistent with the

expected occurrence rates of severe overcooling events (considering both antic-

ipated transients and accidents) (applicable to B&w designs only) (II.E.5.1).
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Discussion
This requirement is not applicable to BWRs.
Item (2)(xvii)

Provide instrumentation to measure, record, and readout in the control room:

(a) containment pressure, (b) containment water level, (c) containment hydrogen
concentration, (d) containment radiation intensity (high level), and (e) noble
gas effluents at all potential, accident-release points. Provide for continuous
sampling of radicactive iodines and particulates in gaseous effluents from al)
potential accident-release points, and for onsite capability to analyze and
measure these samples (II.F.1).

Discussion
See SER Sections 7.1.4, 7.5.2, 11.5.2, and 12.3.

Item (2)(xviii)

Provide instruments that provide in the control room an unambiguous indication
of inadequate core cooling, such as primary coolant saturation meters in PWRs
and a suitable combination of signals from indicators of coolant level in the
reactor vessel and in-core thermocouples in PWRs and BwRs (II.F.2).

Discussion

See SER Section 4.4.9,

Item (2)(xix) -

Provide instrumentation adequate for monitoring plant conditions following an
accident that includes core damage (II.F.3).

Discussion
See SER Section 7.5.2.2 and SSER 1 Section 7.5.2.2.
[tem (2)(xx)

Provide power supplies for pressurizer relief valves, block valves, and leve)
indicators such that: (a) Level indicators are powered from vital buses,

(b) motive and control power connections to the emergency power sources are
through devices qualified in accordance with requirements applicable to system
important to safety, and (c) electric power is provided frum emergency power
sources (applicable to PWRs only) (II.G.1).

Discussion

This requirement is not applicable to EwRs.
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Item (2)(xxi)

Design auxiliary heat-removal systems such that necessary automatic and manual
actions can be taken to ensure proper functioning when the main feedwater system
is not operable (applicable to BWRs only) (II.K.1.22).

Discussion

See SER Section 5.4.2

Item (2)(xxii)

Perform a failure modes and effects analysis of the integrated control system
(ICS) to include consideration of failures and effects of input and output
signals to the ICS (applicable to B&W-designed plants only) (II.K.2.9).

Discuss.on
This requirement is not applicable to BWRs.

Item (2)(xxiii)

Provide, as part of the reactor protection system, an anticipatory reactor trip
that would be actuated on loss of main feedwater and on turbine trip (applicable

i

to B&W-designed plants only) (II.K.2.10).
Discussion
This requirement is not applicable to BWRs.

[tem (2)(xxiv)

Provide the capability to record reactor vessel water level in one location on
recorders that meet normal postaccident recording requirements {applicable to
BWRs only (II.K.3.23).

Discussion

Provide an onsite Technical Support Center, an onsite Operationa) Support
Center, and, for construction permit applications only, a nearsite Emergency

Operations Facility (III.A.1.2).
Discussion

Item (2)(xxv) is outside the
requirement will be provided




Item (2)(xxvi)

Provide for leakage control and detection in the design of systems outside con-
tainment that contain (or might contain) TID 14844 source-term radiocactive
materials following an accident. Applicants shall submit a leakage control
program, including an initial test program, a schedule for retesting these
systems, and the actions to be taken for minimizing leakage from such systems.
The goal is to minimize potential exposures to workers and public, and t- pro-
vide reasonable assurance that excessive leakage will not prevent the use of
systems needed in an emergency (III.D.1.1).

Discussion
See SER Section 9.3.4.
Item (2)(xxvii)

Provide for monitoring of inplant radiation and airborne radioactivity as
appropriate for a brocad range of routine and accident conditions (I111.D.3.3).

Discussicn

Item (2)(xxvii) is outside the scope of GESSAR Il and will be provided by
utility applicants that reference GESSAR II.

Item (2)(xxviii)

Evaluate potential pathways for radicactivity and radiation that may lead to
control room habitability problems under accident conditions resulting in a
TID 14844 cource-term release, and make necessary design provisions to pre-
c'ude such problems (III.D.3.4).

Discussion

See SER Section 6.4,

Item (3)(i)

Provide administrative procedures for evaluating operating, design, and con-
struction experience and for ensuring that applicable important industry exper-
iences will be provided in a timely manner to %hose designing and constructing
the plant (I.C.5).

Discussion

Item (3)(i) is outside the scope of GESSAR II and will be provided by utility
applicants that reference GESS'R II.

Item (3)(ii)

Ensure that the quality assurance (QA) list required by Criterion II, Appen-
dix 8, 10 CFR 50 includes all structures, systems, and components important to
safety (I.F.1).
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Discussion

The QA program described in GESSAR II and GE's response relative to compliance
with Item (3)(ii) (GESSAR II Item 1.G.42) has been reversed by the staff and
found 2cceptable for the items important to safety that are controlled under
the GE QA program (meating Criterion II, Appendix 8, 10 CFR 50) and to be
fduntified by.the utility applicants referencing GESSAR II.

Item (3)(iif)

Establish a quality assurance (QA) program based on consideration of (I.F.2):

(a) Ensuring independence of the organization performing checking functions
from the organization responsible for performing the functions.

Parforming quality assurance/quality control functioning at construction
sites to the maximum feasible extent.

Including QA personnel in the documented review of and concurrence in

quality-related procedures associated with design, construction, and
installation.

Establishing criteria for determining QA programmatic requirements.
Establishing qualification requirements for QA and QC personnel.
Sizing the QA staff commensurate with its duties and responsibilities.
Establiching procedures for maintenance cf "as-built" documentation.
Providing a QA role in design and analysis activities.

Discussion

The staff has reviewed GE's response to I[tem (3)(i17) discussed in GESSAR II,
Appendix 1G, and concludes that GE has confirmed compliance, through its QA
program described in NED0-11209-04A and through the QA program to be submitted
by utility applicants referencing GESSAR II, that Item (3)(i11) will be properly
controlled and carried out.

[tem (3)(iv)

Provide one or more dedicated containment penetrations, equivalent in size to a
single 3-foot-diameier opening, in order not to preclude future installation of
svstems prevent containment failure, such as a filtered vented containment
system .B.8).

has agreed, as previously mentioned, to provide a separate 9-inch line for
continuous purging and to Tock closed the 42-inch refueling purge penetration
during operating modes other than reactor shutdown and refueling. GE has pro-
posed to dedicate this 42-inch penetration as the equivalent 3-foot-diameter
opening required by this item. This will allow for the future installation

\

(1f necessary) of a filtered venting system. The staff finds this acceptable.

Appendix




Item (3)(v)

Provide preliminary design information at a level of detail consistent with
that normally required at the construction permit stage of review sufficient to
demonstrate that (I11.B.8):

(A) (1) Containment integrity will be maintained (i.e., for steel contain-

(8)

(2)

(1)

(2)

ments by meeting the reguirements of the ASME Boiler and Pressure
Vessel Code, Section III, Division 1, Subsubarticle NE-3220, Service
Level C Limits, except that evaluation of instability is not required
considering pressure and dead load alone; for concrete cantainments
Dy meeting the requirements of the ASME Boiler and Pressure Vessel
Code, Section III, Division 2, Subsubarticle CC-3720, Factored and
Load Category, considering pressure and dead load alone) during an
accident that releases hydrogen generated from 100% fuel-clad metal-
water reaction accompanied by either hydrogen burning or the added
pressure from postaccident inerting, assuming carbon dioxide is the
inerting agent. As a minimum, the specific code requirements set
forth above as appropriate for each type of containment will be met
for a combination of Jead load and an internal pressure of 45 psig.
Modest deviations from these criteria will be considered by the
staff, if good cause is shown by an applicant. Systems necessary to
ensure containment integrity shall also be demonstrated to perform
their function under these conditions.

Subarticle NE-3220, Division 1, and Subarticle CC-3720, Division 2,
of Section III of the July 1, 1980 ASME Boiler and Pressure Vessel
Code, which are referenced in paragraphs (f)(3)(v)(A)(1) and (f)(3)(v)
(B)(1) of this section, were approved for incorporation by reference
by the Director of the Office of the Federal Register. A notice of
any changes made to the material incorporated by reference will be
purlished in the Federal Register. Copies of the ASME Boiler and
Pressure Vessel Code may be purchased from the American Society of
Mechanical Engineers, United Engineering Center, 345 East 47th .,
New York, NY 10017. It is also available for inspection at the
Nuclear Regulatory Commission's Public Document Room, 1717 H St., Nw.,
washington, D.C.

Containment struciure loadings produced by an inadvertent full actua-
tion of a postaccident inerting hydrogen control system (assuming
carbon dioxide), but not including seismic or design-basis accident
loadings will not produce stresses in steel containments in excess of
the Timits set forth in the ASME Boiler and Pressure Vessel Code,
Section III, Division 1, Subsubarticle NE-3220, Service Level A
Limits, except that evaluation of instability is not required (for
concrete containments the Toadings specified above will not produce
strains in the containment liner in excess of the limits set forth in
the ASME Boiler ana Pressure Vessel Code, Section IIl, Division - R
Subsubarticle CC-3720, Service Load Category.

The containment has the capability to safely withstand pressure tests
at 1.10 and 1.15 times (for steel and concrete containments, respec-
tively) the pressure calculated to result from carbon dioxide
inerting.
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Discussion

In response to Item (3)(v), GESSAR II states that all areas of the containment
exceed 45-psig Service Level C Limits, except for the knuckle regicn of the 2:1
torispherical head. Preliminary analysis indicates that the knuckle region can
also meet 45-psig Service Level C Limits by modifying the curvature of the head
using a three=center design (no other modifications are necessary). GE will
provide the supporting information as part of the containment structural
analysis. The staff will report on this item in a future supplement to the SER.

Item (3)(vi)

For plant designs with external hydrogen recombiners, provide redundant dedi-
cated containment penetrations so that, assuming 2 single failure, the recom-
biner systems can be connected to the containment atmosphere (II.E.4.1).
Discussion

This item is not applicable to GESSAR II since the recombiners are located
inside the cuntainment.

Item (3)(vii)

Provide a description of the management plan for design and constructien activ-
ities, to incluge (II.J.3.1):

(a) The organizational and management structure singularly responsible for
direction of design and construction of the proposed plant.

(b) Technical resources directed by the applicant.

(c) Details of the interaction of design and construction within the appli-
cant's organization and the manner by which the appliicant will ensure
close integration of the architect-engineer and the nuclear steam supply
vendor,

(d) Proposed procedures for handling the transition to operation.

(e) The degree of top level management oversight and technical contro! to be
exercised by the applicant during design and construction, including the
preparation and implementation of procedures necessary to guide the
effort.

Discussion

Item (3)(vii) is outside the scope of GESSAR II and will be provided by utility
applicants that reference GESSAR II.

Reference
U.S. Atomic Energy Commission, Technical Information Document (TID) 14844,

“Calculation of Distance Factors for Power and Test Reactor Sites," March o3
1962.
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APPENDIX H

-~ CONFORMANCE WITH THE STANDARD REVISW PLAN (SRP)
RULE (10 CFR 50.34(g))

Oraft NUREG-1070, "NRC Policy on Future Reactor Designs: Decisions on Severe
Accident Issues in Nuclear Power Plant Regulations," requires, in part, that
applications with previously granted final design approvals (FDAs) must perform
evaluations of their design in accordance with 10 CFR 50.34(g) before the design
can be referenced in new construction permit (CP) applications.

The staff's review of GESSAR II documented in the SER and its supplements has
been carried out in accordance with the applicable acceptance criteria identi-
fied in the Standard Review Plan (NUREG-0800). The staff has, in some cases,
identified differences from the SRP, these differences are noted and discussed
in the appropriate sections of the SER. In GESSAR II, Section 1.2, GE identi-
fied the areas where differences to the SRP acceptance criteria were found.
The differences are summarized in Table H.1. The staff has reviewed these
differences from the SRP acceptance criteria and concludes that they provide an
acceptable method of complying with the Commission's regulations. See Sec-
tion 7.5 of SER Supplement 1 for a discussion related to the exceptions taken
to RG 1.97.

Utility applicants who reference GESSAR II will provide the appropriate documen-
tation for deviations of those design features outside the scope of GESSAR 13,
in accordance with 10 CFR 50.34(g). These design features are identified in
GESSAR IT Tables 1.9-1 through 1.9-19 and Table 1.10 of NUREG-0979 and its
supplements.
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X Lpuaddy

SRP

Section

3.7.1
(Rev

1)

iable H.1
{Source:

Specific SRP acceptance
criteria

I1.1.b - Design time history and
damping values criteria

JU.2.b - Determination of number
0¢ OBE cycles

I1.A.1.(b) - Sets limit on the
number of strain fatigue cycles

I1.A.1.(c) - Fretting wear of
cstructural members should be
stated

IT1.A.1.(g) - States that "worst
case hydraulic loads" may not
exceed the hold-down capability
of the fuel assembly

iL.A.2.(e) -
melting

Prohibits any fuel

[1.A.2.(qg) - Specifies uniform
sirain (elastic & plastic) limit
of 1%

II.A.2.(1) - Limits applied
stress to < 99% of the
irradiated yield stress

Summary of differences from SRP (NUREG-(800)
GESSAR 11 Table 1.8.0-0)

Summary description of
difference

GESSAR 11 subsection
where discussed

For higher damping values, the
response spectra from synthetic
time history are not in agreement
with the enveloping values of the
criteria

For equipment and components

other than piping, 10 rather than
50 peak OBE stress cycles are used

NEDE-24011 sets a more conservative
limit than that in the SRP

Wear limits are not stated

Design rasis allows up to 0.52-
inch "lift-off"

Design basis allows fuel melting
that is not "excessive"

Elastic strain not included in
the 1% limit

Topical report is under review

19.3.3.48

'
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Table h 1 (Continued)

SRP Specific SRP acceptance Summary description of GESSAR Il subsection
Section criteria difference where discussed
4.2 IT.A.3.(e) - Analytical pro- fopical report is under review 4.2.1
(Rev. 2) cedures are prescribed .
4.2 IT.B - Lists parameters tu be Fuel description does not include 5.2.3
(Rev. 2) included in fuel description all parameters listed in SRP '
4.2 I1.C.3.(a) - Lists models to Gadolinia fue) properties not 4.2.2
(Rev. 2) be included in thermal appropriate in model

calculations
4.2 I1.C.3.(d) - Describes accept- Topical report is under review 4.2.2
(Rev. 2) ance criteria for design

evaluation
5.2.3 I1.3 b.(1)(a) - Welding pro- Minimum preheat and maximum interpass 5.2.3.3.2.1
(Rev. 2) cedure qualification temperature not specified
5.2.3 IT.3 b.(3) - RG 1.71, "Welder Alternate position employed $5.2.3.4.2.3
(Rev. 2) Qualification for Areas of

Limited Accessibility"”
6.2.1.1.C I1.9 - Compliance with GESSAR 11 analysis takes credit 19.3.6.10
(Rev. 5) NUREG-0783 for weir wall annulus water (Comparison to

Section 5.7.1
of NUREG-0783)

6.2.1.2 I1.B.1 - Humidity for shield 1¥ relative hunidily used in analysis 19.3.6.14
(Rev. 2) wall annulus analysis
6.3 111.19 - Operator action GESSAR II requires operator action 19.3.5.56
(Rev. 1) following LOCA within 10 minutes for some events
6.7 IT1.1 - MSIV leakage control Exception taken to Position C.9 of 1.8.96
(Rev. 2) meeting RG 1.96 RG 1.96




SEP

Section

9.5

(Rev

1. 1
( R(‘»’

2)

ldt"(_‘ “ l

Specific SRP acceptance
criteria

[! - RG 1.75 (Table 7-1)

I1.1 and 11.2 - IEEE-279 (1971)
and GDC 2

IT -~ TMI Item I11.K.3.21: Restart

of Core Spray and Low-Pressure
Coolant Injection Systems
(Table 7-2)

Il - Paragraph 4.17 of 1EEE-279
(1971)

I - RG 1.97 (Table 7-1)

BIP PSB-1 Secticn 1(c)(3) -
Second level of .ndervoltage
protection for Class 1E
equipment

I1.2.a lmplewentation of fire
roteclion program in
accordance with BIP CMEB 9.5-1

I1.2 - Instructions to designers
and engineers regarding ALARA

*See SSER 1 for more discussion.

(Cont inued)

summary description of
difference

Alternates to portions of RG 1.75
are utilized

Some RPS inputs come from devices
mounted on non-seismically qualified
equipment and/or are located in non-
seismically qualified enclosures

Core spray and LPCI systems do not
automaiically restart after being on
low water level if the initiation
signal is still present

HPCS, LPCS, LPCI, ADS, and the
containmenl spray mede of RHR share
common interlocks between the auto-
matic and manual initiation modes

Exception taken to some of the
requiresents*

GESSAR I1 design based on maximum
fluctuation of 5% on grid voltage

Lack of 3-hr-fire-rated dampers in
ventilation syste

No specific instructions provided

GESSAR Il subsection
where discussed

7.1.2.10.18

Table 19.3.7.14-1(j)

19.3.7.42
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Table H.1

SRP
Section

Specific SRP acceptance
criteria

(Conlinued)

Summary description of
difference

GESSAR 11 subsection
where discussed

12.2
(Rev. 2)

2.2
(Rev. 2)

12.3. %
15.3.4
(Rev. 2)

5.3
15.3.4
(Rev. 2)

15.4.4-
15.4.5
(Rev. 2)

15.6.5
Appendix B
(Rev. 1)

I1.6 - Contained source
descriptions

[1.6 - Buildup of activated

containment sources

I1.8 - Use of nonsafety-grade
equipment

I1.10 - Coincident loss of
offsite power

I1.2.(b) - Fuel cladding
integrity

I1.(2) - Distribution of
iodine inventory

Size and shape of vessels with
contained sources nol provided

Buildup of activated corrosion
products provided only for
recirculation piping

Credit is taken for nonsafetly-
grade equipment and failure of
nonsafety-grade equipment is not
assumed

Not analyzed with coincident loss
of offsite power

MCPR not calculated

Radiological analysis for LOCA
assumes 25% of iodine is in
suppression pool

8.2

is. 2.

15.3.

15.3.

3.2.2

3.2.2

(S
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