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December 8, 1689
VRA-89-757
Mr, W. R. Cartwright, Vice Prasident '
Nuclaar Operstions
Virginis Power
Innsorook Technical Center
£000 Dominion Boulevard
Glan Allen, Virginis 23060

Dear Mr. Cartwright:

Virginia Power
Nerth Anne Unts 1 and 2
ECCS Flow Inconsistencias

The following attachment deals with an inconsistency which has been found
between the plant ECCS configurat1on assJme@ in the input to the Westingncuse
supplled loss-cf-conlant accident (LOCA) analyses used to demonstrate
compliznce with the requiremants of 10CFR30.46, and the configuratien
currently a11owad 1a tre technical specifizatiors, 1In the avent of a LOCA,
tha safety injection (S1) flew rates from the emergency core cooling systenm
(ECCS) may ba lower than the flow rates essumed in the LOCA anslyses. A
review of the potential effects on the celculation of the safety injection
fiow usad in the large bresk and small break LOCA €CCS analyses indicates that

the analysis results gay incur g peralty for the peak cladding temperature
{PCT) caleulation,

After cereful review, it has been determined that this inconsistency -
constitutes a "Defect” in Westinghouse supplied safety analyses which ars
part of the basés ta tha tachnical aposi‘ications, As defined in 10CFR2L, 4
Defert 48 a condition or circumstance i1n/clving o bagi¢ comporent that wuyld
contribute to the excmeding of a safety limit, as dufined in the technical
spacifications for opurations issuad pursuant to 10CFRSQ, A basic component,
as cafined in JOCFR21, includes the safety analyses performed as part of &he
bases to the technical specification.

The actual ECCS configuration, as defired by technical specifications and
Eoriodic tests, may result in flow rates which are less than those used in the
0CA snalyses to demonstrate compliance with the reguirements of 10CFRS0.46.

This probiem was discovered while parforming ravised LOCA analyses, and has
been investigated by Weatinghcuse to cotermine applicability and impact.
Noctinghouso doas not Balieve that & substantial safety hazard (es defined in
100FR21.3) axtsts,  However, an unreviwwed safety question may exist,
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sis assumptions are
y as cefined {n the
Information 1s being

because, until each plant's ECCS configuration and cneﬁl
reviewed, 1t cannot ba determined 1f :he margin of safe
basis for the technical specification has been raduced,
provided such that vou may perform this review,

Should you have any questions or recuire further information, please
contact me.

A separate letter has bean 3ent pertaining to Surry (VPA-89-380).

Very truly yours,

gl ﬁ!‘B‘EBNAII-EL-

b, R. Beynon, Jr., Manager
Customsr Projects Department
Virginia Ares
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ATTACHMENT

BACKGROUND

In caleulating the current analysis of recerd Westinghouse LOCA ECCS flow

performance, the following assumptisng ware made to deternine minimum
injection flow,

1) The Charging/S! pump runout wes established at the maximum flow
specified by Westinghousa, S3ysten resistance calculations were based
on the vendor rated pump pe-Tormance a* the runout flow rate. The
corresponding system resistinze remainad constant through the
remaining plant operation. :

2) The reststance in each inieztien branch 1ine was such that equal flow
would exist in each branch 1%ne for the same backpressures (that is,
each Charging/S! injection 1ine would have equal flow at the same
backprossurog

3) One Char?ing/Sl injection 1138 was assumed to 3p111 and be fost fer
core cooling. :

4) The Chare?ng/Sl pumps wore degraded uniformly by 5% of the developed
hoad at the design point.

5) The Charging/S1 flow passing through the reactar coolant pump seal
injection 1ine was assumad to be lost,

8) The amount of seal injection flow was based on an assumed system
resistance, '

For North Anna Units 1 and 2, the following assumptions were applied in
calculating ECCS flow rates.

Charging/SI pump runcut head/flow « 1300 f¢/8%0 gpa
Charging/S1 injection Vine flow imbalance v 10 gpm
Charging/S1 seal $njection flow at runout = 68 opm
Charging/S! pump degradstion = %29 ft

»
Based on a review of these sssumpticrs, and Wostinghouse's understanding of
your plant configuration, three {scues have been {dentified which are
discussed below.

T A

As previously stated, the RCP sea) {njection flow at runcut conditions was
assumad to be A5 ghm.  Thia corraspends to a specific pes) injection 1ine
system resistance, which is used §n generating ECCS flows for LOCA analysos,
As long as the actual resistance is equal to or greater than that used $n the



calculation, this assumption is met or exceeded, This assumption 1s varified
by Standard Technical Specification (STS) 3.4.6.2.0, which compares measured
sesl injection flow at normal RCS prassure to a calculated value based on the
ansiysis resistanca. -

In reviewing your technical specifications and wWestinghouse ECCS flow
caleulations, 4t has besn determined that the North Anna technical
specification value of 30 gpm 1s frconsistent with the ECCS flow
caleulations. The seal injection pizing resistance aspociated with the
technical specification 1s less tnan that assumed in the caleulations;
thersfore, additional Charging/Sl flcw would be pumped throuch the sea)
injaction line. For a large beak LCCA, this potentially could result in
gUm: runocut and/or a reduction of flow injected into he cors. For a small
reak LOCA a reduction of flow injectad into the core would result.

To assess the discrepancy between the RCP gea) dnjection 1ine resistance
assumed in the generation of ECCS flons for LCCA analyses and the RCP seq)
injection 14ne resistance associated with tha technical specification, an
evaluation was performad, basec on & representative plant, to determine the
possible charging/SI flow reductisn,

Based on a paramatric study, pump runout would be no higher than an additional
15 gpm. Westinghouse beljeves tha: §if this runout had occurred, that the
Charging/S1 pump would have operated without any safety-related problems.
This engineering judgment is based on evaluations performed on similar plants,

For the large break LOCA transient the ECCS flow reduction to the core would
ba less than 40 gpm. Bucauss the -aductien in flow 12 emall relative ts
ascumulator and RHR pumped flow, na large brasak LOCA penalty s expected. ,

For the small braak LOCA transient the ECCS flow reduction to the core would
ba less than 10 gom, The small braax LOCA analysis $5 more sensitive to
reductions in the Charying/SI pumpad flow than the Yarqe break LOCA analysis
bacause the Char 1n2/$ pump 93 the only pump which 1ugocts during the small
break LOCA transient. Sinca the Charging/SI pump is the only ?ump which
injects durin? the small bresk LCCA transient a reduction in flow from the
pump can result in an increased calculated peak clad temperature., Evaluations
parformad on similar plants have shown a peak clad temperature increase of
approximately 32°F for ECCS flow reductions of this magnitude.

Note that for secondary side breaks, pump runout 4s net 8 eoncern, due to
higher RCS backpressurs. o
Therefore, it is Westinghouse's jicgment that no safotgero1atcd oqQuipment
camage would have occurred, and that the small break LOCA aralysis could incur
a peak clad temperature increase ¢f 32°F. For ECCS flow reductions of this
magnitude no increasa in the calculated peak c’ad temperature for the large
break LOCA analysis ts expected.

Based on the current seal injection line resiztance used in the ECCS .
caleulation, the corresponding sea’l injection technical specification value
would be below normal RCP requirements. Therefore, it {s unlikely that a
valid technical specification could be established,



To rectify this situation, Westinghcuse recommends thas the Char ing/S1 ECCS
performance be re-calculated based ¢n the current technical spectfication.
This could be done in conjunction with core re’oasd andlyses or some other
program to increase ECCS cperating flexibility,

1ssus 2

As noted, & system reststence is caleulated based on the aetual original
Charging/S1 pumps runout head/flow. Some utii{ties have informed Westinghouse
that this resistance s pariodically cacressed. This 15 done Lo restors the
original runout flow after a degradetion in the pump head., By reducing
overall system resistance, a resulting decrease in the flow dalivered to the
tore could result for some LOCAs, .

The reason for this effect 4s somawtat subtle. The system resistance s
recuced by decreasing injection line resistance {using the throttle valves), -
For soma smal) break LOCAs, two lines dalivar flow to the core 4t the
prevailing RCS pressurs, and one lire spills to containment pressure. The
flew in each branch 1ine §s proporticnal to the square root of differential
head divided by branch 1ine resistarce, The spilling Yine has a signifizant
difforential head (essentially pump discharge prossire less containment
pressura), Thus as the $njection 1ins resistance is docreased, flow out of
the spiliing line increases, and the flow through the injection lines
decraases, relative to the original system resistance,

An assessment of the effect of representative flow reductions was parformed in
:oﬁjunction with 1ssue 3. Refer to that discussion for possible LOCA analyses
opast,

To iasure the validity of the ECCS flow performance assumptions, the hydraulic
resistance assoctated with the Chargirg/SI pump runcut conditions 14sted
previously should be confirmed, If the resistance s lower, it should bs
restired to maintain the validity of the ECCS analyses or the effect on the
LOCA analyses should be detarmined.

ISSUE 3

The current Westinghouse ECCS flew calcuations sssume that the flow through
each Charging/S1 pump branch Yine it within 10 gom of sach other with no
backprassure, However, it s known that many plants operate with higher,
allowed imbalance in these branch l‘res. If not supported by an anaiysis,
this additional branch 1ine imbalasce could result ¢n increasad spill flow and
decr¢ased flow injected to the cora.

If the total system resistance {s astumed to ba constant and if the 1ine
asiumed to spill hes a decraased ranistancs (from that assumed dn the
Ann1ysis). then the injecting lines must have an increased rosistance, This
resuits in decreased flow injected <o the core, and increased spil) flow, The
relative decrease in 1ni¢cttd flow s graater for tha small break LOCA than
for the large break LOCA. This is because RCS backprassure {3 higher for
sms1) breaks, resulting in higher purp discharge prossure, This forces
proportionally more flow out the 1ire spiliing to containment pressure.



To assass the potential combinec ef<ect of items 2 and §, 4t was assumad
that the maximum flow imbalance betwesn the Charging/Si §1n.3 was equal to or
less than 10 gpm. It was also assumed that the maximum pump degradation was
equa’l to or less than § percent of :ihe des12n pump head and that the system
resistances were set at the specifisd runout flow, with a maximum pump
degradation of 5 percant, These assumptions reduced the total Charging/$!
flows as modelled in & representatise LOCA ana1{sis by 23 much as 8 percent,
The impact for North Anna would be 19ss, singe 10 gpm imbalance has been
{ncerporated in the currant calculations, '

A representativa evaluation of the affect of tha reduced ECCS flows dus to
Charging/S1 1ine imbalsnca and reducad system resistance on the large break
LOCA analysis was performed, Typicslly 1t s assumed that the ECCS pumped
flow spills to O psig containment prassura, However calculated containment
prassura during a largo break LOCA transient {3 significantly higher. If
credit 4s taken for the the higher calculates containment pressure the flow
reduztion in HHS! and charging/S! pumps will bs more than corpensated for by
tha incroase in injected RMR flow. Thus no increass in the calculated peask
clad temperature s expected.

An assessment of the effect of the reduced charging/S1 flow was also made for
tha small break LOCA trans‘ent, It was determined that flow reductions of
this magnitude have resulted in smel) break LOCA peak clad temperature
penalties of approximately 88°F for similar plants. Again, becauss 10 gom
flow imbalance 1s already considerec, the PCT panalty dus only to reduced
resistance is axpected tc be lower,

There are several alternatives 4f vour plant 43 operating outside of » 10 gpm
belance for injection lines for the Charging/S1 pumps.

1) Restore flow balance such that flows are within 10 gpm in each
- systems' branch 14ne, with no backpressurs.

2) A test procedure can be daveloped to allow larger imbalances. This
would be done by decreasing the amount the pumps could degrade. This
would fnsure that the currant ECCS flow perfermance is met.

3) A third option, which could be done in conjunction with relaxin
system resistance requiremants, would be to cdevelop revised ECCS flow
arformance, bssed on a hijgher selectad branch imbalance. This new
QCCS performance would have to be included in your LOCA ‘analyses.

CONCLUSIONS

In summary, three issues have beer discussed which could recuce the ECCS flow
délivered to the core in the event of a LOCA. The amount of flow degradation
and ultimate PCT effect depends or the sctual plant configuration.

Issue 1 discussed how sctual gl;nt vod) Inlection flow mag vary feom that .
assumed in the generation of ECCS flows as used in the LOCA analyses, In
developing the ECCS flows for the North Anna Unita § and 2 licensing basis
LOCA analyses 4% was assumed that the seal injection flew &t runout conditions
was 65 gpm which 4s inconsistent with the 30 gpm sea) injection flow limit
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at normal RCS pressure. An assessmant of the discropancy was made on ¢
reprosentative basis which determined thet the small brezk LOCA analysis
results could incur a penalty of 32°F. Since the flow reduction associated
with this {scuo 18 relatively smal), no large broak LOCA ponalty {s expacted.
Westinghouse recommends that the Charging/SY ECLS flow rates be calculated to
quartify the effect,

Issues 2 and 3 discussad hew tota) system resistance and ﬁngection 1ine
imbslance may vary from that assured in the censration of ECCS flow as used
in the LOCA analyses, For North Anna Unfts [ and 2 the current licensing
basis LOCA analysis is based on ZCCS flows which ware developed using the
following assumptions:

Charging/S1 pump runout head/flowx s 2850 ££/650 grm
Charging/SI fnjection 14ne flow irbalance « 30 gpm
Charging/S! pump degracation = 250 ft

Because Westinghouse does not have plant specific data en the above l4sted

parameters, 1t was not possible to generate a bounding peak elad temperature

penalty. However, in order to assess the magnituds o possible peak clad

g.mp,,,tur. affects, Westinghouse performed an svaluatioen on a reprasentative
a3is.

ECCS flows were developed using the assumptions of a maximum flow imbalance of
10 gpm and that systam resistance ras set at the spec!fied runout flow with o
masimum pump degradation of 5 percent, If for North Anna Units 1 and 2 the
actual ECCS configuration 18 within these assumptions, thenm the PCT penalty
for the small break LOCA analysis »§11 be on tha order of B8°F with no :
expacted penalty for the large brazk LOCA analysis, If the actual plant
configurstion s not within the sssumptions discussed abcve the peak clad
temperature penalties msy be larger,

Te fnsure the ECCS flow performance assumptions are met, the hydraulie
resistance associated with the Charging/Sl pump muneut esnditiany |{stad
proviously should be confirmed. 1f the resistance is lowar, 4t should be
restored or tha affect on the LOCA analyses sheuld be determined.

As previously mentioned, there ara taveral alternatives if your plant s
operating outside of & 10 gpm balance for the Charging/S! injection )ines.

1) Restore flow balance such zhat flews are within 10 gpm in each *
systoms' branch 1ine, with no backpressure.

2) A test procedure can be doveloped to allew small imbalances. This .
would be done by decraasing the emount the pumps could de rade, This
would insure that the currant ECCS flow performance 4s mog.

3) A third option, which could ke done 4n conjunation with relaxin
system resistance requiremants, would be to develop revised ECCS flow
performance, basad on a selected branch dmbalanca, This new ECCS
performance would have to e included 4n your LOCA analyses.



In conclusion, Westinghouse recammerds tRet you review your plant configuration,
to insure that 1t 13 contistent wi-t ECCS andlyses aasumetions, In the longer
torm, you mady want to corsider add:irg operaticnal flexibility,



