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& REACTOR COOLANT SYSTEM

5.1 Summary Description

5.2 1ntegrity of Reactor Loolant Pressure Boundary

£.2.1 Compliance with ASME Code ancd Code Cases
5.2.2 Overpressure Protection

Overpressure protection for Beaver Valley Unit 2 has been reviewed in accordance
with SRP 5.2.2 (NUREG-0800). Conformance with the acceptance criteris, except
as noted, formed the basis for the staff's conclusion that the design of the
facility for overpressure protection is acceptable.

The reactor coclant pressure boundary (RCPE) i¢ protected from overpressuri-
z2ztion by three safety relief vealves and three power-operztec relief valves in
combination with the reactor protection system and operating procedures. This
combination of feztures provides overpressurization protection in accordance
with the criteria of GDC 15; the ASME Code, Secticn 11I; ang 10 CFR 50, Appen-
dix G. These criteriz ensure RCPE overpressure protection for both power opera-
tion and low temperature operation (startup and shutdown). Following is a dis-
cussion of overpressure protection for each mode of operation.

5.2.2.1 Overpressure Protection During Power Operation

Overpressure protection during power operatior is provided by the pressurizer

spray system, three power-operated relief vaives (PORVs), and three spring-

Toaded safety relief valves (SRVs), 211 of which are connected to the pressurizer.

The pressurizer spray system is cdesigned to maintein the reactor coclant system

(RCS) pressure below the PORV relief setpoint of 2335 psig ocuring nerma) design
transients.
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The PORVe are sized to prevent actuation of & high pressurizer pressure reactor
trip &t 2410 psig for 211 cesign transients up to ang inciuding the design step
loac decrease with steam cump. The PORVs &lsc 1imit undesirable openings of
the SRvs.

The SRVs provide the final overpressure protection during power operation.

The PORVs anc SRVs are both safety grade, and they are designed in accordance
with ASME Code, Section IIl. Periodic testing and inspection are performec in
accorgance with Section XI of the Code. In FSAR Chapter 14 the applicant states
that the safety relief valves will be checked and acjusted as & prerequisite to
the initial test program in accordance with RG 1.68 Revision 2. In response to
NUREG-0737 Item 11.D.1, the applicant states that valves and piping configure-
tions, similar to those at Beaver Valley Unit 2, have been tested in the
Electric Power Research Institute (EPRI) safety anc relief valve test program.
The eveluation of the applicant's compliance with I1.D.1 is included in SER
Section 3.8.3. In response to NUREG-0737 Item 11.D.3, the applicant states
that the PORV status anc safety valve status will be indicated in the control
room. The evaluation of the applicant's compliiance with 11.0.3 is included in
SER Section 7.5.

Each SRV has & relieving capacity of 345,000 pounds of szturatec steam per hour
at 2485 psig. Each PORV has & relieving capacity of 210,000 pounds of saturated
steam per hour at 2335 psig. The combined capacity of two of these three safety
valves is adeguate to prevent the pressurizer pressure from exceeding the ASME
Boiler and Pressure Vesse) Code, Section 1II limit of 110X design pressure
follor .¢ the worst reactor coolant system pressure transient. This ie identi-
f.c to be & complete loss of steam load from full power without & direct reac-
tor trip and with concurrent loss of mein feedwater. This event was analyzed
with no crecdit taken for the avtomatic steam dump system, auvtometic rod control,
or auxiligry feedwater and with no credit teken for signals generated by & tur-
bine trip, which would normelly trip the reactor. The reactor is assumed to

te trippec by high pressurizer pressure, cvertemperature 47, or high pressurizer
weter level signels. The anglysis for this cese tekes no crecit fer the pres-
surizer sprey system, the pressurizer PORVs, or steam cump, but it coes teake
credit for the operation o the steam generztor szfety velves.
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There are five of these Code safety valves in each of the three secongary
loops. They have & combined relieving capacity of 13.4x10€ pouncs of steanm
per hour with one of the velves stuck closed. This is fifteen percent more
than the rated capacity of 11.6x10% 1b/hr ancd is sufficient relieving capacity
for the secondary systenm.

The above analyses were performed with & full-plant simulation. This included
the reactor coolant system with an explicit reactor vessel, hot leg, pres-
surizer with an explicit surge line, primary side of the steam generator, reac-
tor co-"ant pump, cold leg, and the secondary side of the steanm generator.
These were modeled using the LOFTRAN digital computer program, which has been

reviewed by the staff and found acceptable.
5.2.2.2 Overpressure Protection During Low-Temperature Operation

The criteria for overpressure protection during low-temperature operetion of
the plant are in BTP RSB 5-2.

Low-temperzture overpressure protection is primarily provided by two of the
three pressurizer PORVs. These two have their cpening setpoints autemztice

ally adjusted as & function of reactor coolant temperature. The reactor coolant
temperature measurements will be zuctioneered to obtain the Towest vaélue. This
temperature will be translated into & PORV setpoint curve that will adequately
account for the lag in the temperature change of the reactor vessel and for
possible single failures in the auctioneering system, so the svstem pressure
will always be below the maximum &llowable pressure. This PORV setpoint curve
sha1l be periodically updated, as shall be specified in the bases for the tech-
nical specifications, to ensure thet the stress intensity factors for the resctor
vessel at any time in 1ife are lower then the reference stress intensity factors
es specified in 10 CFR 50, Appencix G.

The system logic will first &nnunciete 2t & predeterminec low RCS temperature

to ¢lert the cperétor 1o arm the system. Anciher alarm on the mein coentrel

teerd will annunciate whenever the measureC pressure epprcaches, by &
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preceterminec amount, the reference pressure. On further increase of the mea-

suTeC pressure, an actuation signel will be transmitted to the PORVs to mits-
géte the pressure transient.

The applicant has performed low-temperature overpressure transient anglyses to
determine the maximum pressure for the postulatec worst case mass input and
heat input events. The mass input transient gnalysis was performed assuming
the inadvertent actuation of & high heac safety injection pump, which pressur=
izes the RCS. The heat input analysis was performed for an incorrect reactor
coclant pump start assuming that the RIS was water solid at the initiation of
the event and that a2 50°F mismatch existed between the RCS (250°F) and the
secondary side of the steam generators (300°F). These temperatures were
assumed because at lower temperatures the mass input case is limiting. The
resuits of these anzlyses show that the allowable limits will not be exceedec.
The applicant will provide PORV setpoint values later, and the staff wil) re-
port its evaluation of these in & supplement to this SER.

An acceptance criterion for Item II.G.1 of NUREG-0737 is that the PORVs and
associetec block velves have safety grade emergency power supplies. Section 8.3
of the SER provides & discussion of Beaver Velley Unit 2's compliance with

this criterion.

As & backup to the low-temperature overpressure protection system, both inlet
Tines to the residual heat removal (RHR) system have 2 pressure relief valve,
which is designed to relieve the combined flow of two charging pumps (i.e.,
high head safety injection pumps) at the set pressure of the relief vealves.
These RHR relief velves provide overpressure protection zfter the RHR system
is put intc operation ancd the RHR suction isoletion velves are open at an RCS
pressure of less than 425 psig.

hssuming & single feilure of one of the two PORVe, and teking no crecit for the

0

MR system relief valves, the low temperature overpressure protection system
cen relieve the cepecity of only one HhS1/cherging pump &nd meintain pressure
beio- the Appencix € limits. hus opereting precedures will regquire the remove)
of power from &11 HHMSI/charging pumps that are not required to be operatle. To

prevent an sccidenta) overpressurization by &n accumulater discharge, operating
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procecures will stipulate that the accumulator isoletion valves shall be closed
when the RCS pressure is below the safety injection (SI) unblock set point, ancg
that after they are closed their cperating power shzll be
overpressurization due tc an excessive

removec. To prevent
temperzture differentiz) between the RCS
anc an isolated steam generator, there will zlso be restrictions on the
conditions under which & reactor coolant pump may be startec.
technical specifications on these three items.

wWe will require

5.2.2.3 Conclusions

Suhiect to the ceneration of 2 conservietive PORV setpoint curve and appropriate
Technicel Specifications, the staff concludes that the overpressure protection
system meets the relevant criteriz of GDC 15 and is, therefore, acceptable.

Conformance to Appencdix G to 10 CFR 50 criteriz wil) be confirmed when the PORV

setpoint curve is found acceptable. This conclusion is basec on the following:

The overpressure protection system prevents overpressurizztion of the RCPE
under the most severe transients and limits reactor pressure during norme)
operationg) transients. Overpressurization protection is provided by three
sefety valves. These valves discharge to the pressurizer relief tank through
& common header from the pressurizer. The sefety and power-operated relief
vélves in the primary system, in conjunction with the steam generator safety
anc etmospheric steam cump velves in the secongary system, and the reactor
protection system, will protect the primary system against overpressure.

The peek primary system pressure following the worst transient is )imited to
the ASME Code allowable value (110% of the design pressure) with no crecdit
teken for nonsafety-grade relief systems. The Beaver Valley Unit 2 plant wes
essumec to be operating at design conditions (102% of ratec power) and the
reactor is shut down by & high pressurizer pressure trip signz). The czl-
culatecd pressure is less than 110% of design pressure.

Overpressure protection during low-temperzture operation of the plant is pro-

videc by two PORVs ang RHR suction relief velves in conjunction with adminis-
irétlive contrels.
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The upp?icant hes met GDC 1% and 3). Appencix G criteriz are expectec to be

met when the PORV setpoint curve is peneratec. In adocition, the applicant has

responded to Task Action Plan Items 11.D0.1 and 11.D.3 of NUREG-0737.

5.4.7 Residual Heat Removal System

The design of the residuz) heat remova) system (RHRS) for Beaver Valley Unit 2
has been reviewed in accordance with SRP 5.4.7 and Branch Technical Position
RSE 5-1 of NUREG-0800. Conformance with the acceptance criteriea, except as
noted, formec the basis for the staff's conclusion that the design of the

RHRS is acceptable provided that the RHRS pumps are fully qualified for con-
tinuous operation in the containment environment.

The RHRS has two independent cocling trains, which are designec for a pressure
of 600 psig and = temperature of 400°F. Each train has & 4000-gpm pump and a
heat exchanger that is designed to transfer 2% million Btu/hr to the component
cooling water. The pumps, heat exchangers, and isolation and contro) velves
are all located inside of containment. Each train of this RHRS is powered by
an essential, separate, power supply. In the event of & failure of a power
supply the licensee states that it is possible to switch the power source for
the operation of isolation valves from the failed power supply to the function-

ing one. There are safety grade flow meters and low flow alarms connected to
each of the two trains.

This RHRS operates in the following modes:
(1) Cooldown

Removes heat from the RCS after the system pressure and temperzture have
been reduced to approximately 400 psig &nd 350°F, respectively, by the
steam and power conversion system. Under norma) conditions, with two
tréins operating, it will take about 24 hours to get the reactor coolant
temperature down te 140°F. If there is only one train operating it will
teke about 31 hours to get the reactor ccolant temperature down te 212°F.
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(2) Cecld Shutdown

Removes fission product decay heat to maintain cold shutdown concditions.

(3) Refueling

Transfers water between the refueling cavity and the refueling weter
storage tank (RWST) at the beginning and end of the refueling operations.

(4) Startup

Acts as an alternate letdown path to control RCS pressure. In this mode
the RHRS is connected to the chemiczl volume contro) system (CVCS) via the
low pressure letdown line.

5.4.7.1 Functional Requirements

RSE 5-1 stipulates that the design of 2 plant shall be such that it can Se

taken to cold shutdown by using only safety grade systems and that these sys-
tems shall satisfy GDC-1 through 5. 1In this regard Sec.ion 5.4.7.2.5 of the
FSAR states that the entire RHRS for Beaver Valley Unit 2 is designed as Safety
Class 2 with the exception of the portions that form a part of the RCS pressure
boundary which are designed as Safety Class 1. Compliance with GDC 1-5 criteria
is as follows:

GDC-1, quality assurance aspects of safety grade systems, is evaluated
in SER Section 17.1.

GDC-2, design bases for safety grade systems, is evaluated in SER Sec-
tion 3.2.

GDC-3, fire protection of safety grade systems, is evaluzted in SER Sec-
tion 9.5.1.

GDC-4, environmenta) and missile protection design for safety gracde systems,
is evaluated in SER Sections 3.11 and 3.5.
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GDC-5 is complied with because these RHRS's are not sharec.

To comply with the redundancy criteria of GDC 34 the RHRS has two independent
trains Leak detection for the RHRS is discussed in Section 5.2.5 of this SER.
Isolation valve and power supply reduncancy are discussed under separate topics
in this section. The staff has reviewed the d scription of the RHRS and the
piping and instrumentation diagrams to verify that the system can be operated
with or without offsite power arg assuming & single failure. The two RHR pumps
&re connected to separate buses that can be powered by separate diese) generators
in the event of loss of offsite power. Thus a single failure, such as that of
& pump, valve, or heat exchanger, will still allow the operation of one train.
However, in th: inlet of each train there are two motor-operated valves (MOVs)
for isolating the RHRS from the higher pressure RCS. The two MOVs in each
train are connected to separate, Class 1E, electrical buses. Thus a failure

of one of the electric buses could prevent water flow in both RHRS trains. To
circumvent this single failure mode, the FSAR states that the electric power
source for the MOV in each train that is not powered by the same bus as powers
the pump can be transferred to the other bus. The acceptability of thi: trans-
fer method is discussed in Section 7.6 of this SER.

GDC 19 states that & control room shall be provided from which actions can be
taken to maintain the plant in 2 safe condition under accident conditions,
including loss-of-coolant accidents. SRP 5.4.7 stipulates that the contro) of
the RHRS be such that the cocldown function can be performed from the contro)
room assuming a single faiure of any active component, with only either onsite
or offsite electric power available. Any operation required outside of the con-
trol room is to be justified by the applicant.

The applicant states in FSAR Section 5.4.7.2.7 that the RHRS is designed to be
fully operable from the control room for normal operation and in Section 5.4.7.2.3
that the RCS can be takern from no-loac temperature and pressure to cold condi-
tions with only onsite or offsite power available assuming the most limiting
single failure. It is also stated in Sectior 5.4.7.2.2 that as a backup to the
isolation valves on th ECCS accumulators there are recuncent, Class 1€, solencid
cperated valves to ensure that any accumulator may be vented, should it fail to

be isolated from the RCS.
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The applicant states in FSAR Section 5.4.7.2.6 that in the event of such a fail-
ure, ﬁHRS operation could be initiated by defeating the
manual actions either at the solic state protection
the affected motor contro) center.
initiating.RHRS operation..

feiled interlock by
system cabinet or at the
" This could cause considerable delay in
The applicant states Mhatduring this delay the
auxiliary feedwater system (AFWS) and the steam ne

generator PORVs could be usecd
to continue the cooldown of the plant. As described in FSAR Section 10.4.8.2

there are secondary, Category I water supplies for the AFWS.
is the Service wWater System (SWS).

The ultimate one

Once this is connected, the AFWS could be

used for core cooling for on indefinetly Tong period of time. 1In the event of

@ large break LOCA, the ECCS in conjunction with the recirculation coolers could
be used to continue to cooldown of the plant while
being taken outside of the contro) roonm.
side of the control room acceptable.

these manua) actions were
On this basis we fing this action out-

In FSAR Section 5.4.7.1 the appiicant states that the RHRe is designed to reduce

the temperature of the reactor coolant from 350°F to 140°F in approximately

will take approximately 31 hours
to go from 350°F to 212°F. The cooldown time of 31 hours with one RHRS train

24 hours. With only one train in service it

is acceptable. With the stated 4-hour time for cocldown from standby to RHRS
conditions the Beaver Valley Unit 2 plant can be brought to cold shutdown
within a reasonable period of time with or without offsite power,

5.4.7.2 RHRS Isolation Requirements

The RHRS valving arrangement is designed to provide adequate protection to the

RHRS from overpressurization when the reactor coolant system is at high pres-
sure.

There are two separate and redundant motor-operated isclation valves (MOvVs)
between each of the two RHRS pump suction Tines and the RCS hot legs. These
valves are separately, diversely, and independently interlocked to prevent
valve opening until the RCS pressure falls below 425 psig. If the valves are
open, they are separately, diversely, and independently interlocked to close
whe ) the RCS pressure rises above 750 psig. Each one of the four RHRS suction

06/08/84 §-9 BEAVER VALLEY SER INPUT SEC S



MOVe js 2lignec to & separate motor control center. One MOV in each suction
Tine is powerec from 2 separate power train. Thus a single failure will not
prevent the isclation of the RHRS.

The possibility of water that {s trappec between the two isolaton valves at

¢ low temperature being heated and causing an overpressurization is discussed
in FSAR Amendment 3. It is concluded that the maximum obtainable pressure
would be 400 psi. We find this response acceptable.

There &re 2 motor-operated isolation valve and & check valve in each of the
RHRS discharge lines. The motor-operated velve is interlocked with a pressure
signal to prevent its being opened whenever the RCS pressure is greater than
425 psig anc to automatically close if the RCS pressure increases to 750 psig.
The controls for the isclation of each discharge Yine are independent. The
check valve is located in the emergency core cooling system.

The staff finds that the design of the RHRS isolation system satisfies tre
criteria of Branch Technical Position RSE 5-1 and is acceptable.

5.4.7.3 RHRS Pressure Relief Requirements

Overpressure protection for the RHRS is provided by a pressure relief valve in
each inlet line. At its set pressure, this relief valve is designed to relieve
the combined full water flow of two charging pumps. Fluid flowing through these
valves goes into the pressurizer relief tank. The evaluation of the compliance
of these valves with NUREG-0737 Item I11.D.1 is included in SER Sertion 3.9.3.

In response to a guestion on what will alert the operator to the opening of
the RHRS relief valves, the applicant responded in FSAR Amendment 3 that the
operztor would be alerted by either 2 high pressure alarm or a high leve)
alarm from the pressurizer relief tank. An outline of the procecures the
operegtor would follow for such an event was inciuded in the response. We

finc this response acceptable.
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For RHRSs with automatic isolation, Branch Technica) Position RSE 5-1 criterie
cells for acdeqguzte pressure relief capacity while the isolation valves are
clesing. The applicant states in FSAR Amengment 3 thet this additiona) pre.-

sure relief capacity is provided by the low-temperature overpressure protection
sysiem

£.4.7.4 RHRS Pump Protection

The RKRS pumps are protected fror nerationa) overheating ancd loss of suctior
flow by miniflow bypass lines that ssure flow to the pump suction. A
throtiling velve loceted in each miniflow line is acjusted and locked in place
during initia] system alignment to ensure required minif)ow et 21 times. &
pressure sensor in each pump discharge header provides 2 signal for an indi-
cator in the contrel room. A high pressure alarm is also actuated by the
pressure sensor. There are low flow alarms to alert the operator to turn o?¢

the pumps in the event the suction isolation valves close while the cischarge
isolation valves remzin open.

Since both RHRS pumps are locetec inside of containment there i & question ¢f
whether or not this environment could cause 2 common mode failure. Moreover,
the Equipment Environmenta) Qualification Table (2.11-1) in the FSAR for the
RHRS does not include the RHR pumps. For 2 reliable system_these pumps are

poing to heve to be qualified far the rontainment environment and included ir
Table 3.11-1.

In its responses to gquestions, which are in FSAR Amendment 3, the applicant
states that proper filling anc venting procedures will be used to prevent
water hammer in the RHRS and that just prior to its initiation, the RHRS wil)

be cross-connectec with the Chemice) Volume Contro) System (CVCS) to pressurize
the RHRE.
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€ 4.7.5 Teste, Operetionz) Procegures, anc Support Systems

Tne plant precperationz) and startup test program provices for demonstrating

ihe operation of the resicuz) heat remova) tvsten irn con
es specifiec in SRP 5.4.7, Paragraph 111.12.

formance with RC 1. 6§,

The adequanty of the mixing of borated water added to the RCS under natura)
circulation anc the ability to cooldown Beaver Valley Unit 2 with natura)
circuletion will be verifiec by referencing the results of & naturs) circule-
tion test &t & similar plant. For this type of verification & getailed

comparison of the two plants is requirec. This must include & comparison ~f
the e]evat\ons of the mzjor components

ks stzted in FSAR Section 5A.3.2, the boron thet is needec to offset the decay
of xenon anc the increazse of reactivity during cooldown
seismic Category 1 systems.

i provided by redundant

The staff has reviewed the component cooling water system to ensure that suf-
ficient cooling capability is available tc the RHRS heat exchangers. The

ecceptadility of this cooling capacity and ite conformance to GDC 44, 45, ang
4€ are discussed in Section ©.2.2 of this SER

The applicent states that the RHRS is housed in a structure that is designed
to withstand tornadoes, floods, and seismic phenomenz, &nd thzt there are no
motor-operatec valves in the RHRS which are subject to flooding after 2 Yoss
of coolant or steam line break accident. This arez is addressec further in

Section 3 of this SER.

Conformance with GDC 4 and the criteria in RC 1.46 for withstending pipe whip
inside conteéinment is discussed in Section 2.6 of this SER.  The entire RHRS
it located inside the reactor contzinment.

The gpplicant, following SRP 5.4.7, Peregrez® 11.D.1, hes ceronstrated that

suiteble plent systems enc procedures are 2vi‘ledble %o place the plent in &
cole shutdown condition with only offsite or cnsite power gvailgble within &
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reasonable period of time following shutdown, assuming

the most 1imiting single
failure.

5.4.7.6 Conclusions

The RHR function is accomplished in two

and the RHRS operation phase. 1In the event of loss of offsite power, the
initia) phase of cooldown is accomplished by use of the auxiliary feedwater
System and the atmospheric dump valves. This equipment is used to reduce the

reactor coolant system temperature and pressure to values that permit operation

of the RHRS. The review of the fnitia) cooldown phase 1s
10.3 of this SER.

phases: the initfal cooldown phase

discussed in Section
The review of the RHRS operational phase s discussed below.

The RHRS removes core decay heat and provides Tong-
initial phase of reactor cooldown.
piping and instrumentation d.agrams,

term cooling following the
The scope of review of the RHRS included

failure modes and effects analysis, and
design performance specifications for essential components. The review has

included the applicant's proposed design criteria and design bases for the

RHRS and its analysis of the adequacy of and conformance to these criteria and
bases.

Except for the above noted unresolved issue, the staff concludes that the
design of the RHRS is acceptable and meets the

relevant criteria of GOC 2,
5, 19, and 34.

This conclusion is based on the following:

(1) As stated in SER Section 3.2, the applicant has met GDC 2 with respect to
Position C.2 of RG 1.29 concerning the seismic design of systems, struc-

tures, and components whose failure could cause an unacceptable reduction
in the capability of the RHRS.

(2) The applicant has met the criteria of GOC 5 with respect to sharing of

structures, systems, and components by stating that the RHRS is not
shared with another unit, i.e., Beaver Valley Unit 1.
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() gxcept as noted above sahe BPplicant has met GDC 19 with respect to the
mzin contro) room criteris for hormal operatfons and shutdown anc GDC 34
which specifies criterfa for the residuz) heat remsva) system by meeting
the regulatory position 1n BPT RSE 5-1.
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5.4.12 Reactor Coolant System High Point Vents

10 CFR 50.44(c) (3) (iii) requires all light water reactors to have high point
vents on the reactor coolant system and on the reactor vessel head. This
requirement is supplemented by guidance in SRP 5.4.12 and NUREG-0737 Item
11.B.1. The applicant has provided information on the RCS high point vent
system in FSAR Sections 5.4.13 and 5.4.15.

The Beaver Valley Unit 2 vent system consists of three pressurizer vent paths
with PORV's and block valves and a reactor vessel head vent with two paralle)
flow paths with redundant isolation valves in each flow path.

The pressurizer vent paths with PORV's and block valves are evaluated in
Section 5.2 of this SER.

In FSAR Section 5 4.15 the applicant states the following about the reactor
vessel head vent system (RVHVS):

1. The active pertion of the system consists of four one-inch open/
close solencid-operated isolation valves connected to a 1" vent pipe
Tocated near the center of the reactor vessel head.

2. A1l piping and equipment from the vesse] head vent up to and including
the second isolation valve in each flow path are designed and fabri-
cated in accordance with ASME Section 111, Class 1 requirements.

3. The piping and equipment in the flow paths from the second isolation
valves to the modulating valves are designed and fabricated in
accordance with ASME Section 111, Class 2 requirements

4. The isolaton valves in one flow path are powered by one vital power
supply and the valves in the second flnw path are powered by a
second vital power supply. The isola‘icr .alves are fail closed
normally closed valves.
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5. The system is operated from the contro) room. The isolation valves
have stem position switches. The pesition indication from each
valve is monitored in the control roon by status lights.

The applicant states that a break of the RVHVS wnild result in a small LOCA of
not greater than one-inch diameter. This event i¢ bounded by the spectrum of
pipe breaks considered in Section 15 of this SER.

The applicant has evaluated the possibility of inadvertent actuation of the
reactor vessel head vent system and states that no single component failure,
operator error, or test and maintenance action could cause inadvertent opening
or a failure to close after opening. The staff has reviewed the heac vent
system design and conturs with the applicant's conclusion.

The applicant has met the reguirements of 10 CFR 50.44(c)(3)(i41) by

(1) providing vent paths for the vessel head and pressurizer

(2) providing remote operation from the control room

(3) »roviding environmentally and seismically qualified components and power
sources for the vent systems

(4) taking measures to provide a degree of redundancy to assure venting
operation and minimize inadvertent or irreversible operation

Before the vent system is considered fully operational the applicant must

(1) complete operating procedures based on staff approved operating
guidelines

(2) adopt operability reguirements for the vent system in the plant Technical
Specifications
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(3) 1include the vent

system in approved inservice testing and inspection
programs
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pump and one recirculation spray pump with their associated valves and piping

for the recirculation phase. Following a postulated LOCA, passive (accumulators)
and active (injection pumps and associated valves) systems will operate. After
the water inventory in the refueling water storage tank (RWST) has been depleted,
long-term recirculation will be provided by taking suction from the containment
sump and discharging to the RCS cold and/or hot legs The passive accumulator
system consists of three pressure vessels partially filled with borated water

and pressurized with nitrogen gas to approximately 660 psia Fluid Tevel,

boron concentration, and nitrogen pressure can be remotely monitored and

adjusted in each tank. When RCS pressure is lower than the accumulator tank
pressure, borated water is injected through the RCS cold legs.

The high-head injection syste n ts of three centrifugal charging pumps

that provide high-pressure injectio boric acid solution into the RCS The
high-head pumps are aligned to take suction from the RWST for the injectior

phase of their operation. Low-head injection is accomplished by two centri-
fugal LHSI pumps taking suction from the RWST during the short-term ECCS
injection and from the containment sump during the long-term ECCS recircula-

tion phase.

The capacity of the RWST is approximately 850,000 gallons The minimum concen-

tration of boron in the RWST water is 2000 pp The applicant state

-

Section 6.2.2.2.1 that the temperature of the water in the RWST will

tained between 45 and 50°F during all seasons by a heat exchanger.

to the staff's request for additional information on the vent for the RWST, the
applicant stated in FSAR Amendment 3 that this vent is a 12-inch-diameter

stainl

ess steel pipe attached to the highest point of the tank. There is a

180° bend in the pipe, but there are no low points that could become clogged

In addition, this vent line is heat trared to prevent freezing This response

1s acceptable to the staff

As specified in SRP 6.3, Section II, the ECCS i itiated either manually or
automatically on (1) lTow pressurizer ; ) high containment pressure,
or (3) Tow pressure in any steamline is meets GDC 2C The ECCS may alsc

be manually actuated, monitored, and ollec the control room as
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by debris and that the sump components (trash racks, screens, etc) show no
evidence of structral distress or corrosion.

In regard to debris blocking flow through the containment sump the applicant
states that:

3. The sump screen assembly rises approximately 5 feet above the containment
floor; so it is highly improbable that all of the screen area could
become clogged.

& The sump is covered by a plate deck roof to protect it from impingement
from above. Thus the top of the sump is not part of the intake area.

3. The insulation inside of containment is mostly reflective consisting of
multiple layers of stainless steel. However, some of the piping is
insulated with calcium silicate, and some bats, blankets, and anti=sweat
types of insulation are also used. If any of the insulation breaks away
from piping it will fall to the floor ulk of it will probably
remain due to the low velocity and tortuous paths of the flow to the
containment sump.

4. The mesh size in the fine screen (3/32 inch) is smaller than the smallest
coolant passage in the reactor core (1/8 inch) and smaller than the
orifices of the spray nozzles (3/8 inch). The recirculation system pumps
are designed to accomodate any small, neutrally-buoyant particles that
get through the screen. Lighter particles will float on the water surface
which will be above the screen assembly. Heavier particles will sink to
the containment floor and will not be drawn into the screens due to the
low inlet velocities.

In regard to vortices around the pump inlets, with the associated air entrainment,
impeding or stopping the flow from the containment sump the applicant states
that:

1. Horizontal gratings above the pipe inlets serve as vortex breakers.
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& A wide range of approach flow distributions, for nﬂck and screen blockages,

water levels and pump operating combinations were tested in a 1/3 scale
mode]l of the containment sump. For all tests one half of the screen area
in the worst possible orientation was blocked. The tests showed that at
the minimum water levels at which the Recirculation Spray System pumps
operate, there is no unacceptable vortexing.

In addition to the containment sump testing the Recirculation Spray System
pumps were tested to verify that they can produce the required flow rates at
the pressure heads which will be available.

The effects of primary coolant sources outside containment (NUREG-0737,
Item I11.D.1) are discussed in Section 13.5.2 of this SER.

During normal operation, the ECCS lines will be maintained in a filled condi-
tion. Suitable vents are provided and administrative procedures will require
that ECCS lines be returned to a filled condition following events such as
maintenance that require draining of any of the lines. Maintaining these lines
in a filled condition will minimize the 1ikelihood of water hammer occurring
system startup.

The safety injection lines are protected from intersystem leakage by relief
valves in both suction header and discharge lines. Intersystem leakage detec-
tion is described in Section 5.2.%5 of this SER.

As specified in SRP 6.3, Section I1.B, no ECCS components are shared between
units. This meets GDC 5.

6.3.2 Evaluation of Single Failures

As specified in SRP 6.3, Section II, the staff has reviewed the system descrip-
tion and piping and instrumentation diagrams to verify that sufficient core
cooling will be provided during the initial injection phase with and without
the availability of offsite power, assuming a single failure. The cold leg
accumulators have normally open motor-operated isolation valves in the dis-
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charge lines. One accumulator is attached to each of the RCS cold legs. These
isolation valves will have control power removed to preclude inadvertent valve
movement that could result in degraded accumulator performance.

Two active injection systems are to be available, each with two pumps operable.
The pumps in each system are connected to separate power buses and are powered
from separate diesel generators in the event of loss of offsite power, in
accordance with GDC 17. Thus, at least one pump in each injection train would
be actuated in the event of a loss of offsite power and failure of one diesel
to start. The high-head injection systems contain parallel valves in the suc-
tion and discharge lines, thus ensuring operability of one train even if one
valve fails to open. The low-head injection systems are normally aligned so
that valve actuation is not required during the injection phase.

The engineered safety features actuation system (ESFAS) is designed tc auto-
matically perform the short-term injection phase; no operator actions are
required. Two separate and redundant actuation trains are provided. Eacn
actuation train is assigned to a corresponding electrical power train to
ensure that, in the event of a single failure in the actuation logic, at ieast
one emergency diesel generator, one LHSI, and one HHSI/charging pump would
receive an actuation signal. There are also provisions for manual actuation,
monitoring, and control of the ECCS on the main contro) board. This complies
with SRP 6.3 and is acceptable.

After a LOCA the ESFAS will automatically initiate the transfer from the
injection phase to the cold leg recirculation phase. However, the following

operator actions are required to complete the transfer:

1. Open the cold leg isolation valve in the redundant high-head safety-
injection flow path.

2. Close the isolation valves in both the common suction and discharge
headers of the HHSI pumps to separate the redundant flow paths.

These operator actions are acceptable.
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In this phase two of the four recirculation spray pumps, which are located in
separate cubicles outside of containment, are automatically aligned to pump
the water that will collect in the containment sump to the cold legs as well
as to the inlets of the HHSI/charging pumps. The two operable charging pumps
have separate flow paths to hot leg connections. This provides the capability
for backflushing through the core to prevent boron precipitation. Since
recirculation spray coolers are used to transfer the decav heat to the service
water, it also provides subcooled water to terminate boiloff. This meets the
criteria of SRP 6.3 Section III.6.

To ensure a long term cooling capability, leak detection and a method for
isolating the leak is required. The applicant states that means are provided

to detect and isolate leaks in the emergency core cooling flow path within 30
minutes. In a study of the system, the applicant found that the largest,

sudden, potential leak is the failure of a recirculation spray pump shaft seal
and that this would result in a leak rate of less than 50 gpm. This maximum
leak would be detected by alarms which indicate the loss of accumulator pressure
on the seal water. The applicant states that if this leaking pump is isolated

within 30 minutes the FCCS will still meet the minimum core cooling requirements.
The staff finds this system acceptable. The evaluation of the complete Equipment
and Floor Drainage System is in Section 9.3.3 of this SER.

Flooding of ECCS components inside containment following a LOCA has been
evaluated. The applicant states that all motor-operated valves which have to
change positions after the injection phase are located to prevent their vulner-
ability to flooding and that those valves whose spurious repositioning could
result in the loss of the ECCS function have their power removed.

Based on its review of the design features the staff concludes that the ECCS
complies with the single-failure criterion of GDC 35.

6.3.3 Qualification of Emergency Core Cooling System

The ECCS design to seismic Category I criteria, in compliance with RG 1.29,
and its location in structures designed to withstand a safe-shutdown earthguake
and other natural phenomena, per the criteria of GDC 2, and the equipment
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design to Quality Group B, in compliance with RG 1.26, are discussed in Section 3.2
of this SER.

The ECCS protection against missiles inside and outside containment by the
design of suitable reinforced concrete barriers, which include reinforced
concrete walls and slabs (conformance to GDC 4), is discussed in Section 3.5
of this SER. The protection of the ECCS from pipe whip inside and outside of
containment is discussed in Section 3.6 of this SER.

The active components of the ECCS designed to function under the most severe

duty loads, including safe-shutdown earthquake, are discussed in Sections 3.9

and 3.10 of this SER. The ECCS design to permit periodic inspection in accordance
with ASME Code, Section XI, which constitutes compliance with GDC 36, is

discussed in Section 6.6 of this SER. This meets the criteria set forth in

SRP 6.3, Paragraph I11.23.c.

The ECCS is connected to one subsystem that serves another function. The cen-
trifugal HHSI/charging pumps are normally aligned to the chemical and volume
and control system (CVCS) for maintaining the required amount and chemistry of
water in the RCS and for supplying water to the seals of the reactor coolant
pumps. On an ECCS actuation signal, the system is aligned for ECCS operation
and the CVCS function is isolated. This normal system use does not impair its
capability to function in the ECCS mode.

6.3.4 Testing

The applicant has committed to demonstrate the operability of the ECCS by sub-
jecting all componenis to preoperational and periodic testing, per the criteria
of RG 1.68, "Preoperational and Initial Startup Test Programs for Water-Cooled
Power Reactors," RG 1.79, "Preoperational Testing of Emergency Core Cooling
System for Pressurized Water Reactors," and to GDC 37.

6.3.4.1 Precperational Tests

One of these tests is to verify system actuation: namely, the operability of
all ECCS valves initiated by the safety injection signal, the operability of
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all safeguard pump circuitry down through the pump breaker control circuits,
and the proper operation of all valve interlocks.

Another test is to check the cold leg accumulator system and injection line to
verify that the lines are free of obstructions and that the accumulator check
valves and isolation valves operate correctly. The applicant will perform a
Tow-pressure blowdown of each accumulator to confirm that the line is clear and
check the operation of the check valves.

The applicant will use the results of the preoperational tests to evaluate the
hydraulic and mechanical performance of ECCS for delivering the flow for
emergency core cooling. The pumps will be operated under both miniflow
(through test lines) and full-flow (through the actua) piping) conditions.

By measuring the flow in each pipe, the applicant will make the adjustments
necessary to ensure that no one branch has an unacceptably low or high resist-
ance. As part of the ECCS verification, the applicant will analyze the results
to ensure there are sufficient total line resistance to prevent excessive runout
of the pumps and adequate NPSH under the most limiting system alignment and

RCS pressure. The applicant will verity that the maximum flow rate from the
test results confirms the maximum flow rate used in the NPSH calculations under
the most limiting conditions and will also confirm that the minimum acceptable
flow used in the LOCA analysis is met by the measured total pump flow and the
relative flow between the branch lines.

The staff concludes that the preoperational test program conforms to the recom-
mendations of RGs 1.68 and 1.79 and is acceptable pending successful completion
of the program. Additional discussion of the preoperational test program is

in Section 14 of this SER.

6.3.4.2 Periodic Component Tests

Routine periodic testing of the ECCS components and al) necessary support
systems at power will be performed. Valves that actuate after a LOCA are
operated through a complete cycle. Pumps are operated individually in this
test on their miniflow 1ines except the charging pumps which are tested by
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their normal charging function. The applicant has stated that these tests
will be performed in accordance with ASME Code, Section XI.

6.3.5 Performance Evaluation

The ECCS has been designed to deliver fluid to the RCS to limit the maximum fue)
cladding temperature following transients and accidents that require ECCS actua-
tion. The ECCS is also designed to remove the decay and sensible heat during
the recirculation mode. 10 CFR 50.46 lists the acceptance criteria for an ECCS.
These criteria include the following:

(1) The calculated maximum fuel cladding temperature does not exceed
2200°F.

(2) The calculated total oxidation of the cladding does not exceed 0.17
times the total cladding thickness before oxidation.

(3) The calculated total amount of hydrogen generated from the chemical
reaction of the cladding with water or steam does not exceed 0.01
times the hypothetical amount that would be generated if all the
metal in the cladding cylinders surrounding the fuel, excluding the
cladding surrounding the plenum volume, were to react.

(4) Calculated changes in core geometry are such that the core remains
amenable to cooling.

(5) After any calculated successful initial operation of the ECCS, the
calculated core temperature is maintained at an acceptable low value
and decay heat is removed for the extended period of time required by
the long-lived radioactivity remaining in the core.

In addition, 10 CFR 50.46 staie:

ECCS cooling performance shall be calculated in accordance with an
acceptable model, and shall be calculated for a number of postulated
loss-of-coolant accidents. Appendix K to 10 CFR 50, ECCS Evaluation
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Models, sets forth certain criteria and acceptable features of
evaluation models.

6.3.5 1 Large-Break LOCA

The applicant has examined a spectrum of large breaks in RCS piping, and these
analyses indicate that the most limiting event is a cold-leg double-ended guil-
lotine break with a Moody discharge coefficient of 0.4. The applicant took
credit in the analysis for one train of active ECCS components and two of the
three accumulators. ECCS was assumed to be initiated by low pressurizer pres-
sure trip. The analysis results demonstrate that adequate core cooling is pro-
vided assuming the worst single failure, with no credit taken for nonsafety-
grade equipment.

The large-break LOCA evaluation model used in this analysis i: described in
WCAP-9220. This model was approved by NRC (letter from J. F. Stolz, NRC, to
T. M. Anderson, Westinghouse, dated April 29, 1978) and is used in large-break
LOCA analyses for Westinghouse plants. Concerns expressed in NUREG-0630 about
the conservatism of fuel-cladding swelling and rupture models used in LOCA
analyses have been addressed by the applicant.

Containment parameters are chosen to minimize containment pressure so that core
reflood calculations are conservative. Fuel rod initial conditions are chosen

to maximize clad temperature and oxidation. Calculations of core geometry are
carried cut past the point where temperatures start to decrease. The most limit-
ing break with respect to peak clad temperature is the double-ended guillotine
break in the pump discharge leg with a C0 = 0.4. The peak clad temperature is
2179°F, which is below the 2200°F 1imit of 10 CFR 50.46. The limiting local

and core-wide clad oxidation values calculated by the applicant were 7.95% and
less than 0.3%, respectively.

6.3.5.2 Small-Break LOCA

The LOCA sensitivity studies determined the l1imiting small break to be less
than a 10-inch-diameter rupture of the RCS cold leg. A range of small-break
analyses was presented that established the limiting break size. The analysis
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of this break has shown that the high-head portion of the ECCS, together with
accumulators, provides sufficient core flooding to keep the calculated peak
cladding temperature below the limits of 10 CFR 50.46.

The applicant analyzed a spectrum of small-break LOCAs. These showed that a
3-inch-diameter break is the limiting small break, the calculated peak clad
temperature is 1985°F, the maximum local zirconium-water reaction is 2.88%, and
the core-wide zirconium-water reaction is less than 0.3%.

The applicant has analyzed the performance of the ECCS in accordance with the
criteria set forth in 10 CFR 50.46 and Appendix K to 10 CFR 50. The staff has
reviewed the applicant's evaluation, and concludes that it is acceptable.

6.3.6 Conclusions

The ECCS includes the piping, valves, pumps, heat exchangers, instrumentation,
and controls used to transfer heat from the core after a LOCA. The scope of
review of the ECCS for Beaver Valley Unit 2 included piping and instrumentation
diagrams, equipment layout, failure modes and effects analyses, and design
specifications for essential components. The review included the applicant's
proposed design criteria and design bases for the ECCS and the manner in

which the design conforms to these criteria and bases.

The staff concludes that the design of the ECCS is acceptable and meets the
requirements of GDC 2, 5, 17, 27, 35, 36, and 37. This conclusion is based on
the following:

(1) As stated in Section 3.2 of this SER the applicant has met the criteria of
GOC 2 with regard to the seismic design of nonsafety systems or portions
thereof that could have an adverse effect on ECCS by meeting Position C.2
of RG 1.29.

(2) The applicant has met the criteria of GDC 5 with respect to sharing of
structures, systems, and components by demonstrating that such sharing
does not significantly impair the ability of the ECCS to perform its
safety function,
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(3)

(4)

(5)

(6)

(7)

(8)

The applicant has met the criteria of GDC 17 with respect to providing
sufficient capacity and capability to ensure that (a) specified acceptable
fuel design limits and design conditions of the RCPB are not exceeded as a
result of anticipated operational occurrences and (b) the core is cooled
and vital functions are maintained in the event of postuleted accidents.

The applicant has met the criteria of GDC 27 with regard to providing
combined reactivity control system capability to ensure that under postu-
lated accident conditions and with appropriate margin for stuck rods, the
capability to cool the core is maintained, and the applicant's design
meets the guidelines of RG 1.47.

The applicant has met the criteria of GDC 35 in regard to abundant cooling
capability for ECCS by providing redundant safety-grade systems that meet
the recommendations of RG 1.1.

The applicant has met the criteria of GDC 36 with respect to the design of
ECCS to permit appropriate periodic inspection of important comjonents of
the system.

The applicant has met the criteria of GOC 37 with respect to designing the
ECCS to permit testing of the operability of the system throughou' the
life of the plant, including the full operational sequence that brings the
system into operation.

The applicant has provided an analysis of the ECCS performance using an

approved analysis model that meets the criteria of Appendix K to 10 ZFR

50 and has shown the system performance meets the acceptance criteric of
10 CFR 50.46. This includes a demonstration that the peak cladding tem-
perature, maximum hydrogen generation, and 'ong-term cooling, as calcu-

lated with an acceptable evaluation model, are in accordance with these

criteria.

11/06/84 6-13 BEAVER VALLEY SER INPUT SEC 6



15 ACCIDENT ANALYSES

The accident analyses for Beaver Valley Urit 2 have been reviewed in accordance
with Section 15 of the SRP (NUREG-0800). Conformance with the acceptance
criteria, except as noted for each of the sections, formed the basis for
concluding that the design of the facility for each of the areas reviewed is
acceptable.

In accordance with SRP 15.1.1, Paragraph I, the applicant evaluated the ability
of Beaver Valley Unit 2 to withstand anticipated operational occurrences and a
broad spectrum of postulated accidents without undue hazard to the health and
safety of the public. The results of these analyses are used to show conform-
ance with GDC 10, 15, 27, and 31.

For each event analyzed, the worst operating conditions and the most limiting
single failure were assumed. Credit was taken for only minimum engineered
safeguards response. Parameters specific to individua) events were conserva-
tively selected. Two types of events were analyzed

(1) those incidents that might be expected to occur during the lifetime of
the reactor

(2) those incidents not expected to occur that have the potential to result
in significant radicactive material release (accidents)

The nuclear feedback coefficients were conservatively chosen to produce the
most adverse core response. The reactivity insertion curve, used to represent
the control rod fnsertion, accounts for a stuck rod;, it is in accordance with
GOC 26.

For transients and accidents, the applicant used a method that conservatively
bounds the consequences of the event by accounting for fabrication and operating
uncertainties directly in the calculations. ONBRs were calculated using the
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W-3 correlation with a medified spa.er factor R, with a minimum DNBR of 1.3
used as the threshold for fuel failure.

The applicant accounts for variations in initial conditions by making the
following assumptions as appropriate for the event being considered:

3-Loop Operation 2-Loop Operation
Core Power (Mwt) 2652 + 2% 1724 + 2%

Average Reactor
Vessel Temperature (°F) 576.2 + 4% 566.0 = 4%

Pressure (psi)
(at pressurizer’ 2250 ¢ 30 2250 ¢ 30

The staff concludes the assumptions for initial conditions are acceptable
because they are ccnservativelv applied to produce thes most adverse effects.
These assumed values will form the basis for the technical specification Timits.
For transients and accidents used to verify the ESF design, the applicant used
the safeguards power design value of 2780 Mwt.

The applicant has also analyzed several events expected to occur one or more
times in the l1ife of the plant. A number of transients can be expected to
occur with moderate frequency as a result of equipment malfunctions or operator
errors in the course of refueiing and power operation during the plant lifetime.

Specific events were reviewed to ensure conformance with “he acceptance crite-
ria provided in the SRP.

The acceptance criteria for transients »f moderate frequency in the SRP include
the following:

(1) Pressure in the reactor coolant and main steam systems should be main-

tained below 110% of the design values (Section IIl of the American Socie-
ty of Mechanical Engineers Boiler and Pressure Vessel Code).
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(2)

(3)

(4)

Fuel clad integrity shall be maintained by ensuring that the minimum DNBR
will remain above the 95/95 DNBR 1imit for PWRs. (The 95/95 criterion
discussed in Section 4.4 of this SER provides a 95% probability, at a 95%
confidence level, that no fuel rod in the core experiences a DNB. )

An incident of moderate frequency should not generate a more serious
plant condition without other faults occurring independently.

For transients of moderate frequency in combination with a single failure,
no loss of function of any fission product barrier, other than fuel ele-
ment cladding, shall occur. Core geometry is maintained in such a way
that there is no loss of core cooling capability and control rod inser-
tability is maintained.

Conformance with the SRP acceptance criteria for anticipated operational
occurrences constitutes compliance with GOC 10, 15, and 26 of Appendix A to

10 CFR 50. See Section 6.8 of this SER for a discussion of auxiliary feedwater
system conformance to TMI Action Plan Item II1.£.1.1 and Sections 6.8 and
7.3.1.7 for a discussion of compliance with TMI Action Plan Item I1.E.1.2.

The transients analyzed are protected by the following reactor trips:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)
(9)

power range high neutron flux
high pressure

low pressure

overpower AT

overtemperature AT

low coolant flow

pump undervoltage/underfrequency

low steam generator water level
high steam generator water leve)

Time delays to trip, calculated for each trip signal, are included in the ana-
lyses. See Section 4.6 of this SER for a discussion of the staff review of
reactivity control system functional design.
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A1l of the events that are expected to occur with moderate frequency can be
grouped according to the following plant process disturbances: changes in
heat removal by the secondary system, changes in reactor coolant flow rate,
changes in reactivity and power distribution, and changes in reactor coolant
inventory. Design-basis accidents have been evaluated separately and are
discussed at the end of this section of the SER.

15.1 Increase in Heat Removal by the Secondary System

The applicant's analysis of events that produced increased heat removal by the
secondary system is addressed in the following paragraphs.

15.1.1 Decrease in Feedwater Temperature

The consequences of a decrease in feedwater temperature transient are bounded
by those in Sections 15.1.2 and 15.1.4. The peak pressure is less than that
in Section 15.1.2. The minimum DNBR is greater than that in Section 1.5.1.4.

15.1.2 Increase in Feedwater Flow

Increases in feedwater flow decrease the temperature of the reactor coolant
water. Due to the negative moderator temperature coefficient this will insert
positive reactivity and increase core power.

In Section 15.1.2.1 of the FSAR the applicant states that for these events the
high neutron flux trip, overtemperature _T trip, and overpower _T trip prevent
any power increase which could lead to a DNBR less than the limit value of
1.30. However, the only analytical results presented for these events are
those where a steam generator hi-hi level trip closes all feedwater control
and isolation valves, trips the main feedwater pumps, trips the turbine, and
initiates a reactor trip. The applicant states that continuous addition of
feedwater is prevented by the steam generator hi-hi level trip.

This analysis shows that the maximum reactivity insertion rate due to an in-

crease in feedwater flow occurs at no-load conditions and is less than the
maximum value calculated for an inadvertent control rod withdrawal, which is
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evaluated in Section 15.4 of this SER. However, this analysis also shows that
an increased feedwater flow event can cause a peak RCS pressure of 2270 psia.
This is below the design pressure of 2485 psig, but it is the highest RCS
pressure the applicant calculated for any of this group of events.

15.1.3 Increase in Steam Flow

The consequences of an increase in steam flow transient are bounded by those
in Sections 15.1.2 and 15.1.4. The peak pressure is less than that in
Section 15.1.2. The minimum DNBR is greater than that in Section 15.1.4.

15.1.4 Inadvertent Opening of a Steam Generator Relief Valve or Safety Valve

The transient that is most limiting of this group of transients with respect

to fuel performance is the inadvertent opening of the steam generator relief

or safety valve. The suddenly increased steam demand causes a reactor power
increase which results in a reactor trip due to high neutron flux, overtempera-
ture, or overpower signals. The continued steam flow through the open valve
will cause additional cooldown which will, because of the negative moderator
temperature coefficient, result in positive reactivity. The safety injection
system (SIS) will inject highly concentrated boric acid from the boron injection
tank into the primary coolant system on either two out of three pressurizer

low pressure signals, or two out of three low steamline pressure signals in

any one loop. This ensures the reactor will be shut down during any subsequent
cooldown. The normal steam generator feedwater would be isolated automatically
upon SIS initiation, and then the plant would be gradually cooled down with
only safety-grade equipment. DNE does not occur during this transient.

The applicant has provided results of its study for a transient of this group
fn combination with its limiting single failure. No credible single failure
has been identified that could result in a more limiting peak reactor coolant
system pressure or DNBR than that from the events themselves.

The applicant's analyses show that for transient events leading to an increase

in heat removal by the secondary system (with or without single failure), the
minimum DNBR is 1.3, Thus no fuel failure is predicted to occur, core geometry
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and control rod insertability are maintained with no loss of core cooling
capability, and the maximum reactor coolant system pressure remains below 110%
of design pressure. The staff finds the results of these analyses in confor-
mance with the acceptance criteria of SRP 15.1.1 through 15.1.4, and, therefore,
acceptable.

15.1.5 Steamline Rupture Accident

The applicant has submitted analyses of postulated steamline breaks that show
no fuel failures attributed to the accident. These results are similar to
those obtained for previously reviewed Westinghouse three-loop plants.

A postulated double-ended rupture at hot standby power with no decay heat was
analyzed as the worst case. Since the steam generators have integral flow
restrictors with a 1.4 ft? throat area, any rupture with a break area greater
than 1.4 ft? regardless of location, will have the same effect on the system
as a 1.4 ft? break, so this was assumed in the analysis. The doubled-ended
rupture would cause the reactor to increase in power due to the decrease in
reactor coolant temperature. The reactor would be tripped by either reactor
overpower AT or by the actuation of the SIS. The SIS wil)l be actuated by any
of the following: two out of three low pressurizer pressure signals; two out of
three KI-1 containment pressure signals; or two out of three low steamline pres-
sure signals in any one loop. The transient is terminated using only safety~
grade equipment. The in,ection of highly borated water ensures the reactor is
returned to and then maintained in a shutdown condition.

The staff concludes that the consequences of postulated steamline breaks meet
the relevant criteria in GDC 27, 18, 31, and 35 regarding control rod inser-
tability and core coolability and TMI Action Plan Items. This conclusion is
based upon the following:

(1) The applicant has met the criteria of GOC 27 and 28 by demonstrating that
fue)! damage, 1f any, is such that control rod insertability will be main-
tained, and there will be no loss of core cooling capability. The minimum
ONBR experienced by any fuel rod was >1.30, resulting in none of the fue)
elements being predicted to experience cladding perforation,
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(2) The applicant has met the criteria of GDC 31 with respect to demonstrating

the integrity of the primary system boundary to withstand the postulated
accident.

(3) The applicant has met the criteria of GDC 35 with respect to demonstrating
the adequacy of the emergency cooling systems to provide abundant core
cooling and reactivity control (via boron injection).

(4) A mathematical model, which accounts for incomplete coolant mixing in the
reactor vessel, has been reviewea and found acceptable by the staff. This
mode] was used to analyze the effects of steamline breaks inside and out-
side of containment, during various modes of operation, with and without
offsite power.

(5) The parameters used as input to this mode) were reviewed and found to be
suitably conservative.

15.2 Decrease in Heat Removal by the Secondary System

The applicant's analyses of events that result in a decrease in heat removal by
the secondary system are presented below.

15.2.1 Steam Pressure Regulator Malfunction or Failure that Results
in Decreasing Steam Flow

In Section 15.2.1 of the FSAR the applicant states that any steam flow decrease
caused by a malfunction or failure of any steam pressure regulator is conserva-
tively bounded by the turbine trip event and analyzed in Section 15 2.3,

15.2.2 Loss of External Load
In Section 15.2.2 of the FSAR the applicant states that the results of the tur-
bine trip event analysis are more severe than those expected for the loss of

external load. The reason given is that a turbine trip actuates the turbine
stop valve whereas a loss of external load actuates only the turbine control
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valves. Since the stop valve can more suddenly cut off the steam flow to the
turbine this is a more severe "decreased heat removal" transient.

15.2.3 Turbine Trip

Assuming offsite power is available to run the reactor coolant pumps, the ap-
plicant analyzed the turbine trip event for a complete loss of steam load from
full power without a direct reactor trip and with only the pressurizer and
steam generator safety valves assumed for pressure relief. These assumptions
result in the highest peak RCS pressure for any "decreased heat removal"
event. The calculated peak value is 2560 psia, which is well below the ASME
limit of 110% of the design pressure. For these assumptions the minimum DNBR
is 1.75, which is well above the minimum Yimiting value of 1.30.

The applicant's analyses show that if instead of relying on just the safety
valves, the pressurizer spray and PORV's are used to limit the pressure during
this turbine trip event, the minimum DNBR can go down to 1.60. On page ¥
5?440.1-3 of the FSAR the applicant states that if the PORV used in this situation
was to stick open there would be no impact on the minimum DNBR because in the
analysis the PORV's are not required to close until after the reactor trip, at
which point the DNBR is rising and is very high. Likewise, the steam relief
valves in the secondary system are not required to close until after the
reactor trip. Thus a failure to close will have no impact on the DNBR.

The consequences of a turbine trip without offsite power available are dis-
cussed in Section 15.2.6.

15.2.4 Inadvertent Closure of Main Steam Isolation Valves
Consequences are the same as those discussed in Sections 15.2.3 and 15.2.6.
15.2.5 Loss of Condenser Vacuum

Consequences are the same as those discussed in Sections 15.2.3 and 15.2.6.
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15.3.3/15.3.4 Reactor Coolant Pump Rotor Seizure and Shaft Break Accident

The applicant has analyzed the reactor coolant pump (RCP) rotor seizure and
shaft break events with the LOFTRAN and FACTRAN computer codes. Since the
initial rate of reduction of coolant flow is greater after an RCP rotor seizure,
this is the limiting event. For the analyses the applicant assumed that the
fuel cooling goes inte the nucleate boiling regime (i.e., DNB) immediately at
the beginning of the transient. The maximum RCS pressure will occur in the
event of an RCP rotor seizure while only two of the three lcops are operating.
This maximum pressure is calculated to be 2647 psia with only the opening of
the pressurizer and steam generator safety valves. The applicant states that
2647 psia is below the faulted condition stress limit of the RCS.

In response to the staff's request the applicant reanalyzed the RCP rotor
seizure event with an assumed loss of offsite power. For this case the appli-
cant's analysis shows: (1) the maximum RCS pressure goes up to 2679 psia

(2) the maximum clad temperature goes up to 1956°F (3) the maximum zirconium
reaction fraction increases to 0.57% (4) the minimum DNBR is unchanged. Since
a pressure of 2679 psia is still below the faulted condition stress limit and
the minimum DNBR is unchanged, the radiological releases tabulated in FSAR
Table 15.3-4 are unchanged by assuming a concurrent loss of offsite power with
the RCP rotor seizure event.

The staff's evaluation and finding on fuel damage and consequent control rod
insertability and core cooling considerations during this event are included
in SER Section 4.2. The LOFTRAN computer code has been approved by the NRC.
The remaining staff findings are |

(1) The parameters used as input to the mathematical model are suitably
conservative.

(2) The use of 'Service Limit C" of the ASME Code is acceptable for conforming

to GDC 31 and demonstrating the integrity of the RCS during this accident; |
the maximum pressure is below this limit. |
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15.4 (Changes in Reactivity and Power Distribution

15.4.4/15.4.5 Startup of an Inactive Reactor Coolant Pump at an Incorrect
Temperature

In FSAR Section 15.4.4, the applicant provides the results of an analysis for
startup of an inactive reactor coolant pump event. This event was reviewed
with the procedures and acceptance criteria set forth in SKRP 15.4.4.

During the first part of the transient, the increase in core flow with cold
water results in an increase in nuclear power and & decrease in core average
tenperature. Reactivity addition for the inactive loop startup event is the
result of the decrease in core inlet water temperature. This transient was
evaluated by the applicant using a mathematical mode] that has been reviewed
and found acceptable to the staff. The maximum calculated RCS pressure is
2310 psia and the minimum DNBR is abave 1.3 throughout the transient.

15.4.6 Inadvertent Boron Dilution

Various chemical and volume control system (CVCS) malfunctions which could
lead to an unplanned boron dilution incident have been reviewed. The malfunc-
tions that allow the operator the shortest time for corrective action have
been analyzed starting from plant conditions of startup, power operation
(automatic and manual), hot standby, and cold shutdown. The applicant used
acceptably conservative assumptions in these analyses. The results show that
the operator has at least 15 minutes between the time when an alarm announces
an unplanned moderator dilution anu the time of loss of shutdown margin, i.e.,
criticality.

The maximum reactivity insertion rate by boron dilution was found to be 1.5X10-°
Ak/k (1.5 pecm) per second. In the event the operator does not stop the dilu-
tion, the ONBR will stil) remain above 1.49, and the RCS and main steam pres-
sures will remain below 110% of design.

In response to a question on protection from inadvertent boron dilution during
refueling, the applicant stated that during refueling the RCS is isolated from
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the potential source. of unbnrated water. This isolation is accomplished by
having the operators place danger tags on the primary grade water header
isolation valves, or by locking these valves closed whenever the RCS water is
below the normal level. The operator performing these tasks is required to

sign off on each step of a procedural checklist. This is an acceptable procedure
when the plant's Technical Specifications require the lockout of all possible
sources of dilution water when the plant is in Mode 6. This item will remain
open until the applicant provides an acceptable Technical Specification.

With the exception of the refueling mode the staff concludes that the analysis
for the decrease in reactor coolant boron concentration event is acceptable
and conforms to General Design Criteria 10, 15, and 26. This conclusion is
based on the following:

1. The applicant has met the criteria of GDC 10 with respect to demonstrating
that the specified acceptable fuel design limits are not exceeded for
this event. This criterion has been met since the results of the analysis
showed that the thermal margin 1imits are satisfied as indicated by SER
Section 4.4,

2. The applicant has met the criteria of GDC 15 with respect to demonstrating
that the reactor coolant pressure boundary limits have not been exceeded
for this event. This criterion has been met since the analysis showed
that the maximum pressure in the reactor coolant and main steam systems
did not exceed 110% or the design pressure.

: § The applicant has met the criteria of GDC 26 with respect to demonstrating
that the control rod system has the capability of overcoming the effects
of boron dilution events during reactor operation. The applicant has
demonstrated conformance with these criteria by showing that under the
postulated accident conditions, and with appropriate margins for stuck
rods, the specified acceptable fuel design limits are not exceeded.

15.5 Increases in Reactor Coolant System Inventory
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15.5.1 Inadvertent Operation of the Emergency Core Cooling System During
Power Operation

ECCS operation could be initiated by a spurious signal or an operator error.
Two cases were examined, one in which reactor trip occurs simultaneously as a
result of the safety injection signal, and the other in which the reactor
trips later in the transient because of low reactor coolant system (RCS)
pressure. The reactor pressure decreases during the initial phase of the
transient anc then increases to a peak pressure of 2350 psia at 200 seconds
into the transient. The DNBR never drops below its initial value for either
case. All of these transients are terminated by use of only safety-grade
systems. If the operator fails to turn off the HHSI/charging pumps the safety
valves will open. Continued operation of these pumps would overfill the Pressure
Relief Tank. However, as stated in Table 6.3-1 of the FSAR, the cutoff head of
the HHSI/ charging pumps is 6000 ft (2600 psig); so they cannot create 110% of
the reactor vessel design pressure (2733 psig) and thus cannot fail the vesse).

15.5.2 CVCS Malfunction That Increases Reactor Coolant Inventory
Evaluation of consequences is included in Section 15.4.6.

15.6 Decrease in Reactor Coolant Inventory

15.6.1 Inadvertent Opening of a Pressurizer Safety or Relief Valve

In FSAP Section 15.6.1, the applicant provides the results of an analysis for
inadvertent opening of a pressurizer safety valve. During this event, nuclear
power is maintained at the initial value until reactor trip occurs on low
pressurizer pressure. The DNBR decreases initially, but increases rapidly
following the trip. The minimum DNBR of 1.50 occurred at 31 seconds into the
transient. The RCS pressure decreases throughout the transient.

15.6.3 Steam Generator Tube Rupture

The staff has again requested justification that the operator can take appropriate
action within 30 minutes. There are also concerns as to what systems the
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analysis takes credit for in mitigating the consequences of a SGTR. In response,
the applicant states that the westinghouse Owners Group is investigating

several SGTR licensing concerns and will address the staff's concerns through

8 generic resolution at a future date. Upon receipt of thie additional informa-

tion, the staff wilj complete the review of -he SGTR event and the radiologica)
consequences thereof.

15.6.5 LOCAs

In FSAR Section 15.6.5, the applicant has analyzed the double-ended cnld leg
guillotine (DECLG) as the most Timiting large-break LOCA. The analysis was
done for three different flow coefficients. The results of these show that
the DECLG with a Moody break discharge coefficient of 0.4 is the worst case.
In this analysis, the Peak clad temperature reached is 2179°F. Ffor the small-
break LOCA the applicant has determined that a cold leg rupture of less than
10 in. in diameter is the most Timiting. The analysis was performed for
J=in., 4-in. and 6-in.~diameter breaks. The results show that the 3-in.-diameter
break is the worst case, and it results in a peak clad temperature of 1985°F,
Both of these accidents are terminated by SIS and ECCS operations. Only
safety-grade equipment is used to mitigate the accident.

The applicant has performed analyses of the performance of the ECCS in accor-
dance with the Commission's regulations (10 CFR 50.46 and Appendix K to 10 CFR 50).
The analyses considered a spectrum of postulated break sizes and locations.

As shown in NUREG-0390, these analyses were performed with an evaluation model
that had been previously reviewed and approved by the staff. The results show

that the ECCS satisfies the following criteria:

(1) The calculated maximum fuel rod claading temperature does not exceed
2200°F.

(2) The calculated maximum local oxidation of the cladding does not exceed 17%
of the tota) cladding thickness before oxidation.
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15.9.11 1.K.3.25 Effect of Loss of AC Power on RCP Seals

In response to this criterion, the applicant stated that in the event of loss

Ffes e D L .
of offsite power, the RCP motor is de-energized, the diesel generators are

automatically started, and poth seal injection flow and component cocling

water flow are automatically restored within seconds

The staff concludes that the applicant's design meets the criteria of this

item and is acceptable.

15.9.12 I1.K 30 Revi ] Small-Break LOCA Methods To Show Compliance
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