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P.O, BOX 33188

CHARLOTTE, N.O, 28242
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August 9, 19088

U.S. Nuclear Regulatory Commission
ATTENTION: Document Control Desk
Washington, DC 20555

Subject: McGuire Nuclear Station
Docket No's: 50-369 and .,0G-370

Dear Sir:

Flow balance testing performed on the Unit 2 Hydrogen Skimmer System (VX)
during the recently completed refueling outage determined that individual
compartment ventilation flow rates stated in the FSAR could not be achieved.
The purpose of this letter is to document Duke's conclusion that the VX System
remains capable of performing its design basis function and to describe
planned actions to improve the performance of this system.

Background

The VX System has a single header that draws air from each of the containment
subcompartments by the use of redundant fans located on e..her end of the
header as shown on the attached schematic. Either fan is capable of drawing
the total design basis flows from the areas served. However, the phyuical
arrangement of the system (i.e. a fan on each end) is such that balance of the

individual compartment flow races is difficult to achieve when operating each
fan independently.

Unit 2 Testing

Near the end of the Unit 2 EOC 4 refueling outage, a flow balance test was
performed in an attempt to verify distribution and balance as needed shile
running either 2A or 2B fan. Flow measurements were performed using a hand
held velometer (air velocity meter), scanned across the intake. Wren the FSAR
values for individual compartment flow could not be achieved, Duke's Design
Engineering Department was consulted to assist in evaluating the tes. results.
On their recommendations, a more accurate flow hoo? was brought in to repeac
the tests. When test results did not demonstrate uniformly acceptable results
and because the planned justification for continued operation (JCO) did not
rely on flow numbers, the flow measurement tests were terminated This decision
was based, in part, on the evaluation of th~ operability of the X System (see
Attachment). In the JCO it was recognized that the maximum hydrogen
concentration assumption used in the design of the VX System was more
conservative than required by NUREG-0800, that the hydrogen generation source
term had been decreased by 10CFR50.46 and subsequen;t ECCS analyses and that a

Hydrogen Mitigation System had been added and was operable per Technical w.‘
Specification.
'
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The method used for flow balancing VX was to first take "as found" flow
measurements while running one fan, then the other. Data was then evaluate!
to determine optirum dawper positions. It was observed that the "as left"
damper positions were essentially the same as the pre-operational pesitions as
evidenced by paint sradows on ‘ue damper actuators. Two dampers (both serving
the reactor "ead area) were initially found closed but were left in a
throttled (approximately 507 open) position.

Unit 1 Testing

The Unit 1 VX System flow distribution was verified prior to fuel loading (Jan
- FEB '81). The test method was different from the one used most recently on
the Unit 2 System. On Unit 1, both fans were run at the same time and dampers
adjusted to provide approximately twice the ¥SAR flows for each ccipartment.
Each manual actua.or was then secured in the "as left" position. At some
later time (assumed to be prior to initial crit.icality), painting on each
valve body and acluator handle left a shadow mark on the valve position
indicator. FEach valve was verified to be in the same Dainted mark position
during the Fall '87 refuelirg outage.

Current Operability

As ¢ iscussed above, the current design of the VX System does not lend itself
to {low balancing on an individual fan basis. Attempts to balance the system
on both units have demonstrated *hat even though the total fan flow is higher
than the minimum FSAR valne, it .s not possible to achieve the curren¢ mininmum
FSAR flow for ¢~ch compartment for each fan. For both units there is
reasonable assurance that all dampers are currently throttled to a
near-optimum position. Flow measured on Unit 2 esta“lished that only a few
compartments have less than the currently anaiyzed minimum flows rates. Duke
considers that the additionai analyses now being performed using a lower
metal-water reaction 1.5%, (0.3% tiwes a factor of 5 for conservatism) and a
higher allowable concentration, 4% versus 3.5%, will demonstrate that the
current flow rates a2 acceptable.

Although it is recognized that the Hydrogen Mitigation (EHM) System cannot he
relied upon as a substitute for the VX System, the EHM Joes provide added
assurance that in the unlikely event of a design basis accident, the
concentration of hydrogen gas wwvld not build up to detonatable

concentrations. A recent operabil’ty test verified the EHM was fully
operable on both units.

Planned Corrective Actions

Analysis

Analysis using revised hylrogen source term and allowable concentration will

be completed by Augus” 15, 1988, Rcrults of the analysis will be made
available to tha NRC.
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Additional Flow Balancing

Unit 1 is scheduled to begin its FOC-5 refueling outage on October 14, 1988,
Prior to restart, a flow balance wil! be conducted using one fan, then the
other. Flow measurement= wil. be conducted using the more accurate flow-hood
technique.

Flow measurements will be done for upit 2's B train during the next outage
involving cold shutdown conditinns.

A hardware modification is unde~ evalu.tion that would address the current
difficulty of individual train flow Salancing. A¢ envisioned, such a
modification would cross-connect tae suction piping to each fan. If possible,
this modification will be implemented on e~ch .'nit during its next refueling
outage.

Summary

It is Duke Power's conclusion that the VX System for each unit is currently
balanced in a near-optimum position and that revised analysis will demonstrate
that currently measured flows are sufficient to prevent the buildup of excess
quantities of hydrogen. Therefore, the VX System can bOe considered operable.

Very truly yours,

~ P
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~ wline
Hal B. Tucker
RLC/600/bhp

Attachment

xc: Dr. J. Nelson Graco
Regional Administrator
Region 1I
U.S. Nuclear Regulatory Commission
101 Marietta Street, NW, Suite 29900
Atlanta, Georgia 30323

Mr. W. T. Orders
NRC Resident Inspector
McCuire Nuclear Station
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Hydrogen Skimmer System =< vX %low Balance
JUSTIFICATION FCR CONTINUED QPERATION

Summary

flow balance testing performed on {néividual trains of the Unit 2
nydrogen skimmer system determined chat cempartment ventilation flow
rates stated Ln the FSAR cannot be schlaved. Bven with the system
in a degraded condition, adequate design basis features are in place
to mitigate the consequences of hydrogen produiced during a design
basis accldent,

Although the hydrogen skimmer Aystem Wis deligned to reduce hgdroqen
concentration in the desd-ended compartments uring a design basis
avent, several developmente concerning hydrogen have oceurred since
that time whish permit safe station operaticy with a degraded
nydrogen akimmer system. These developments /nclude installatlon of
a hydrogen mitigation oysatem, which i3 redundsnt to the skimmer
system. This mitigation eystem will prevent accumulation of
hydrogen, thorobg providing adequate protection for continued safe
operation of beth station unite.

References

Problem Investigation nogo:c PIR 2-M8B-0166
Teat Procedure TT/2/A/8100/217

FEAR Section 8.6

3ER Supplement 2

Regulatory Guide 1.7

Caleulacion MCC 1211.00-00-2027

On WUn & L3 PO+
— Sl i T S S S

Bvaluation of Flow Reguiremer’.s

Teating of the Unit 2 hydrogen ekimmer system for flow balance
datermined geveral compartment flow rates £0 be less than values
stated in Table 6.6,2«1 of the FSAR, The problem was docunented on
reference 3, and a design evaluation was initiated,

Refarance 6 contains the original design basis :oiuircmonc- and
caleulaticne for the skimmer system, The values for compartment

ventilation flow rates were determined from a congervative analyals
pbased on AEC Safety Guide 7, dated March 10, 975,

The orig aal caleculations of hydrogen gvelution ware basad on a
flye(5) percent girconium-water reacticn, while current regulatory
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guivance (ref. $), in con unetion with plant-specific BCCS analysea,
prescripes a much lower © ad reactien of only 1.° percent. The
prescribed value contains the required margin of safety of glvel(5)
for added czonservatlsm.

The values of compartment flow zZm"e8 presentad in the FSAR are also
paged on a dead-anded ccmpartment hvdzogen concentration upper
1imit of 3.% volume percent. AEC safety Guide 7 conaidered 4.0
volune percent as an acceptable upper 1imit, out 3.5 volume perce:nt
wa used in the original deaign for & margin of safety. Besed on
uge of the hydrogen recombinere t0 1imit the upper containment
hydrogen concentration to 3,0 voiume percent, miiaimum compartment
gteady state ventilaticn £low ratesg were determined for maintaining
as upper limit of 4.0 volume gc:conc {n the compartments. The 4.0
volume percent criterion is also conglstent with current regulatory
gquidance ¢ontained in reference S, Ravised valuea do not take
credit for reduction of the hydrogen source terms, and thigafore
remain conwervative, Minimum flow rates have been vevised only to
increage the allowable compartment econcentration from 3.5 to 4.0
volume percent.

Gomparison of Tegt and Design Data

Svstem flow baiance data for Unit 2 does not meet the raguired
minimum flow rates for an upper iimit hydrogen asoncentration of 4.0
yolume perces”-., Although in a sil h:1¥ degraded condition, the
systenm will perform its fundamental salety function, and in
coniunction with the hydrogen mitigation system, will limit hydrogen
concentration {n the cead-ended compartmants following & dealgn
bagig 1o8s-of-coolant aceident,

"o attached tabulation compares compartment flow rates for
four(4) cases: i) the nominal system design values, 2)minimum
#low rates for 3.5 volume percent, 3) minimum fiow rates for 4.0
volume percent, and &) measured flow rates for system 2A,

The compartment numbers correspond to FSAR Table 6.6.2+1,
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Compartment Ventilation Plow Ratea

Compaziment Design 3.5 v/o 4.0 v/o Train 2A

i 85 85 43 171
2 85 &5 43 €0
3 €4 €4 32 20¢
4 14 14 7 83
] 14 4 7 65
6 64 64 32 68
7 o2 52 <6 60
8 - . B .
® 564 477 239 278
i0A 445 5% 178 223
i08 L 355 178 763
10C 44l 388 178 1112
100 442 355 78 167
il 442 388 178 4FQ
Total 3150 2630 1319 1416

* The flew req:irement for conpartment number 8 was evenly
distributed nmong compartments 9, 10A-D, and 11 in the
rriginal design due to the physical configuration., A
specific valre cannct be measured.



- S/
MeGuire unite 1&2
VX Syetem Flow Balancs JCO

Page 4
Evaluation of Safety Significance

10CFRY0,46 requires that the amount of fuel elament clldding that
chemically reacts with watar or steam shall not exceed one(l)
percent of the total ameunt of eirconium alloy in the reactor. 1In
accordance witli this rofuirement, the McCGuire design basils analysis
indicates that the total metal/water reaction is less than 0.3
percent £or all breakes. Standard Review Plan(NUREBG-800), Section
§.2.5, requires that the hydrogen control and mitigation system be
designed for five timea the amount of hydrogen reinased in the FEAR
analysis of a DBA assuming at leasc one train of BCCS operibla.

For an accldent of this type, virtually no radlcactivity would be
raleased from the fyel.

As stated in NUREG-800, a lower flammability limic of 4.0 velume
percent hydrogen in air or alr-steam atmoapherea ig well
established and (s adequately conservative. Research has shown
ehat relativeiy low levels of turbulence in centainment promote
gufficient mixing such that stratification of h{dzoqon will be
minimieed (EPRI NP-2669). 2ased on the FSAR analysis of hydrogen
production in a postulated DBA, with ne nydrogen dontrol measures
et all, it would be approximately elght days before the lower
¢lammabllity limit was exceedad.

T™he McGuire hydrogen akimmer syetem was included as part of the
original plant desgn basis due to a concern that hydrogen created
in centainment b{ accident conditicns would tend to accumulate at
the nigh points in lower containment. There have been saveral
dgvclo ents eonserning corteinment hydrogen which eccurred since
that time:

1) The cortainment hydrogen mitigction aystem was inatalled at
MeGuire, Thie aystem consists of redundant sets of hydrogen
igniters located throughout containment, {neiuding the tops of
the steam generator and pressuriger enclosures. 1)
lgniters prevent accumulation of hydrogen by causing it to
burn &t low concentrations, Becsuse the igniters in the
pressurizer and steam generator enclosvies are lecated clone
to the hydrogen skimmey fan suction, the presence of the
{gnitera eliminates concerns over nydrogen skimmer fan
cporabliicy by performing the same function.

2) Sens'tivity analyses of containment response to hydrogen
purning performed using the CLASIX ccda shoved that the
presence of the hydrogen skimmer fan had no effect on
containment reaponae.
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gonclusion

The hydrogen mitigation system, conelating of hIdroqon igniters and
the hydrogen skimmer systen in ite current condition, are sufficient
te inaure that the design basis for applicable hydrogen producing
events Are me: and tharefore the hydrogen skimmer system is
congidered operatle.

Prepared By%Mf’v Dcthm

Raviewed BwMﬁn.: 7.2:-80

Approved By: 2- ﬂ u-)ﬂ&w pate: Z-ZZ‘W




