
. _ _ _ _ _ . _ . - --- .._ __. . - . _ _ _ , _ . _ _ _ _ _ - . . _ .

- FR:21 G5U PLRCHASIN3' TOtNRC WH1TE FLINT P237-' JN 17 1992 11 00AM . W9491 P.10

c
'

s-

.

.

- OGULF -- STATES UTILITIES COMPANY
--

R'vt 4 SIND $1 A148s P051088604 004 220 $188A%08v4LE 400'S'ANA 70"6

aat & CODI 504 43% 6094 346 8851

December 26, 1991
,

RBG- 36,165
File Nos, G9.5, G9.25,1.3

U.S. Nuclear Regulatory Commission -
Document Control Desk
Washington, D.C. 20555

Gernlemen:

River Bend Station - Unit 1
Docket No. 50458

Please find tnclosed Supplemrat I to Licensee Event Report No.~ 91-017 for River Bend
Station - Unit 1. 'Ihis report is submitted pursuant to 10CFR50.73.

Sincere!y,,

W.H. Odell -
. Manager Oversight

River Bend Nuclear GroupM N. ^

.

LAE/PDG AB/ /JFM/JLB/kvm

ec: U.S. Nuc! car Regulatory Commission
611.Ryan Plaza Drive, Suite 400

_

Arlington, TX 76011

. NRC Resident inspector
L@g P.O. Box 1051

| ggo St. Francisville, LA 70775
!- -fd o .

| 08 INPO Records Center
;"O I100 Circle Parkway

l_ $$ ; Atlanta, GA 30339-3064

L '$@
| jm< Mr. C.R. Oberg
'3 Public Utility Commission of Texas.

I @i 7800 Shoal Creek Blvd., Suite 400 North
o n.us Austin, TX 78757

..

~

___ _ - .- . _ _ _ , __ _ . _ _ _ _ _



| FR3*,GSU P C HASI TO NRC WHITE FLINT P137 JAN 17. 1992 11:03"N M949 P,11

!
.,.:e,,. om o. . ......u.,0..c - .o.

, , , , , , , , , , , , , , , , , , , , ,
: ..... . . . .,

. . , ~ a n o . . .. . . . . . ..o . , o c o.. . . . . , . . .
IICENSEE EVENT REPORT ILERI EN *0I',''27c'..%!,V; ,1.",'.*r,',',L a',',',;",t,'?,*c*o'*d

i '31'le".',' "a,''u"o'T., '',5",o',"!; (Ju7.2 4
D' I''?Jfat t'!n'd',' !;t%Vnc ;;.f,"'".

a-,

. .C s ,1 Y . ... o .
ooc n ? .~ . ., 4a .r

RIVER BEND STATION 015 I O 1010 l | 1 i lor | 116" ' ' ' ' ' '
DdSEN DISCREPANCY IN THE WIhISG DIAGRAM FOR TWO HYDROGEN
MIXIoG SYSTEM VALVES

e ve.1 oan iii sin mm i.- . .o.1 ca n o, of in eacitnin i=vo6vio sei
W3%Tm Dag vtat v4&# '' ''" "[ MON's DaT tlan 8 aCs6ttv mawll coC a g t es,we g e ,g,.

01610 1 0 ! 0 t | |

0]9 1|8 91 9|1 0|1|7 0| 1 | | | 0r sio 1 0 io, i i

~ ~

, imis namont is ssewettt o Pvaswant t o tag ag ov.e g us=Ts os is ce a { oc= 4 ea. e. =e,. es #*e #e,.. me Oil
aspot is } pe actit4 ta aos,el M 18wK3 Mal 'a Pt 6st
, . . a mi.in n.: w m,.au w m.n:H,i rui ..

'!?e'' 11010 to * * H"* w " 4"* > " na"8"an cia " '8 ' * ' - '

~ ~ ~ ~

30aJeaH1Hal 64 ?be ts On M tileHan.u6ual a,s

~ ~ ~

re .oei.in n-i se u.nau.i u nanan.*noi
39 aosmittnot H t hent state 8413;e43Het

tiCEh448 CON 1 ACT Poa t is Lam ng:
Nawg titt*=0mt hvW6le

anta COCl
L. a. England, Director - Nuclear Licensing 5 i O4 34111 4 h415i 1

comerklig omt 4t%t som 4 AC. co ,o . ? .. 6v.i os.c..... i T , .. .? n o

Caust tvstiu Co**CNI%f g[i yo],A"' C-

"h ' ]'oCa lt Sv4?fu Cow *o%841 ''w,
R

B i 12 10 L |21010 Y t i I ! I I t
'

a yu ; }2 0 L 2 |010 Y l | | | | | tt 1

SU**ttWE NT AL Ripoet t uotCt f o 1 4* WDNYw car vgan

sv e + u .o.
* * " " ' 'D vss n,, ..no roreno sewon wzi Tc | p |

,w C t -, > = - . . ..... . . , w. .- er ..m , n e i
_

At 1500 hours on September 18, 1991, with reactor in Operational
Condition 1 (Power Operation), while performing a review of Station
Operating Procedure (SOP)-0040 " Hydrogen Mixing, Purge, Recombiners and
Ignitors," a discropancy in the wiring diagram of the hydrogen mixing
system (*BB*) was discovered. The wiring diagram of the circuit showed
that the outlet valves (*20*) ICPM*HOV1A(B) and 3 A (B) could not be
manually bypassed following an isolation in response to a LOCA signal.
Although the discrepancy was discovered on September 18, 1991, it is
believed that.the condition existed since the last modification of the
circuit on July 12, 1985. Thus, the manual bypass has been inoperable
since 07/12/85; therefore, this report is submitted pursuant to
10CFR50. 73 (a) ( 2 ) (1) (B) as operation prohibited by the Technical
Specifications.

Based on a license-basis analysis considering regulatory requirements,
a mechanistic analysis of hydrogen generation, a human reliability
analysis, and a probablistic risk assessment of the hydrogen generation
scenario, GSU has concluded the safety significance of this event is
low.
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REPORTED CONDITIQ]i

At 1500 hours on September 18, 1991, with reactor in Operational
Condition 1 (Power Operation), while performing a review of Station
Operating Procedure (SOP)-0040-"llydrogen Mixing, Purge, Recorbiners and
Ignitors," a discrepancy in the wiring diagram of the hydrogen mixing
system (*BB*) was discovered. The wiring diagram of the circuit showed
that the outlet valves (*20*) 1 CPM *HOV1A(B) and 3A(B) could not be
manually bypassed following an isolation in response to a LOCA signal.
Although the discrepancy was discovered on September 18, 1991, it is
believed that the condition existed since the last modification of the
circuit on July 12, 1985. Thus, the manual bypass has been inoperable
since 07/12/85; therefore, this report is submitted pursuant to
100FR50. 73 (a) (2) (1) (B)- as operation prohibited by the Technical
Specifications.

INVESTIGATION

Th'e hydrogen mixing system (*BB*) consists of two 100 percent capacity
trains, A and B. There are 'our motor operated valves (*20*) in each
train, two inlet valves an' two outlet valves. The hydrogen mixing
system inlet and outlet vr es (*20*) close on a LOCA signal. If the
hydrogen volume reaches preset value, the operator is directed to
override the LOCA signal, open the valves, and start the system. During
the review of SOP-0040 by GSU, it was discovered that the LOCA signal to
outlet valves-could not be bypassed to permit the valves _to be opened
and remain open.

Upon discovery of the problem, all associated wiring, elementary, and
logic diagrams, various manuals, and records of previous modifications

-

were reviewed. A point-to-point wiring check was also performed to
.

confirm the actual installation. The as-built condition was found to be
-in conformance' with the (erroneous) elementary diagram.

In response to.NRC FSAR question 421.039, RBS agreed to provide a LOCA
isolation signal to the hydrogen mixing system valves. As documented on
the " Record of Change," this was accomplished in mid-January, 1984, on
revision 6 .to logic diagram (LSK) 27-24A. Within six weeks of this
change (early March .1984), the LSK was egain revised (revision 7)'. This
revision provided for overriding the LOCA signal on both the f.nlet and
outlet valves, but only the electrical elementary diagrams (ESKs) for
-the inlet valves were changed to implement this feature.

Other than human error as discussed herein, the reason for this mistake
-is unknown; however, the reason given in the " Record of Change" for the
LSK revision was to override a false LOCA signal generated by a losa of

L of f site - power '(LOOP) . Upon a LOOP, drywell cooling would be lost and
the resultant heatup could cause-drywell pressure to increase to the
point where a false high drywell pressure LOCA signal (1.68 PSIG) would

. . . _ . _ . . . . . . .
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be- reached. Such a false high drywell pressur.e signal could be
e?.iminated by opening only the hydrogen mixing system inlet valves.
This may have contributed to the error. However, it is clear that the
changes to the LSK were net properly implemented in the applicable ESKs.

The - original preoperational test for the ' hydrogen mixing system was
developed from the ESK revisions'_that implemented the LOCA isolation
signal and provided for testing the LOCA isolation function of the inlet ,

and outlet valves. Prior to performing the test, the test engineer
noticed that the control system description, which had been revised to
reflect both the LOCA isolation and override signal changes to the LSKs,
indicated that the LOCA signal could be overridden for the inlet valves
by turning the > pen /close control switch for the ICPM*MOV2A (B) valve to
the open position.- Since this feature had not been implemented, he
initiated startup test exception 1-PT-254-TE-12. Stone & Webster (SWEC)Engineering _ and Design Coordination Report (E&DCR) C-60,772A was
initiated to correct the circuit for the inlet valves.
SWEC revised the ESKs for the inlet valves to implement the LOCA

- override capability, but as previously stated, SWEC failed to revise the
ESKs for the outlet valves. E&DCR C-60,772A provided for modifying the
plant as'shown on the revised ESKs for the inlet valve LOCA override
feature, but did not provide this feature for the controls of the outlet
valves. The LOCA override feature was installed on the inlet valves and '

was successfully tested under test exception 1-PT-254-TE-12.

In summary, the following inappropriate actions have been identified:
.

Four ESKs were impacted by the logic change to the LSK. Twoa.
ESKs were revised- to agree with the LSK, but two ESKa were~

not,

b. Preoperational testing prior to initial start up did not test
the outlet valve LOCA signal override because the design as
reflected in the ESKs did not include this feature,

o

ROOT CAUSF

A root - cause evaluation was performed using the root cause analysis
techniques of barrier, task and change analysis.- Events and causal
factors charting was also used to graphically depict the results of the
analysis. Review of design and licensing documenta' tion as well as
interviews were used as' input to this analysis. The results of the root
cause analysis in given below.

The electrical elementary diagrams (ESKs) in question were not updated
to reflect the changes made in revision 7 of the logic diagram (LSK).,

In particular, the ESKs - for the outlet motor operator valve (MOV)
circuits were not changed to provide for overriding the LOCA signal in

_

mze e m

.
- - - -.
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order to open the valves with a valid LOCA signal present. The reason
for this discrepancy is not clear, but appears to have been a human
error. The record of change for the LSK shows that the changes to the
logic were made for relieving high drywell pressure. It is restated on
the second record of change for revision 7 that the change in logic is
for " overriding a falso LOCA." The mindset at this time was system
operation during a loss of offsite power (LOOP). This mindset may have
contributed to the ambiguous wording of the control system description.
It is possible that the person making the ESK changes used the control
system description rather than the LSK itself and therefore made the
error in the outlet HOV's circuit. The root cause evaluation also
determined the following:

o It was SWEC practice to change ESKs immediately following {
changes to LSKs. The lead engineer was responsible for th'is
work. However, in '.his case the ESKs were not changed until
11 months following LSK change.

o SWEC did not follow its work practices and procedures in
changing affected ESKs to match the corresponding LSK. The

'

LSK and ESK change re/ lev process also failed to detect this
error,

o The delay of 11 months between the revision of the LSK and the
update of the ESK may have been a factor in the LSK/ESK
mismatch. The personnel involved in the changes to the ESK
may not have been familiar with the reasons for the LSK
changes.

i
o Preoperational testing did not test the post-LOCA override. .

feature for the outlet valves so it did not detect the error.
The_preoperational test was' based on the design as reflected
in the ESKs. Had the ESK properly reflected the LSK design,.

there is a high level of confidence that the preoperational|
testing would have tested the LOCA override feature. This is

j supported by the re-testing that was performed to clear test
' exception 1-PT-254-TE-12 for the inlet valves.

i
l
'

In conclusion, it is apparent that if SWEC had followed procedures and
work practices, and had implemented the design change properly; the

i system would have been correctly built and tested. The primary root
cause is the failure to properly implement the design change to the
outlet valve circuit.

A similar event was reported in LER 91-001. In this case, a discrepancy
.

was-identified between the ESKs and LSKs for the initiation signal of |
the main control room ventilation _(HVC) charcoal filtration system. The j
initiation signal configuration was to actuate at reactor water level 1 j

m

MIN
4
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instead of level 2. This rendered the HVC charcoal filters unable to
perform their design function to mitigate the effects of a main steam
line break outside the containment. GSU's analysis of plant operating
history indicates that this condition did not pose a significant hazard
to control room personnel,

f&BRECTIVE ACTION

When the error was discovered, in accordance with the requirement of the
Technical Specifications section 3.0.3, the hydrogen mixing system was
declared inoperable and the plant entered a 6 hour shutdown limiting
condition for operation (LCO) action statement at 2125 on 09/18/91.

The short-term corrective action was to revise SOP-0040 to provide
operators with a method to bypass the LOCA signal to the outlet valves.
This would permit opening of the valves post-LOCA. This method would
only be used when required by Emergency Operating Procedure (EOP)-002,
" Primary Containment Control." Following the incorporation of this
method into the procedures, the LCO was cleared at 0120 hours on
09/19/91.

The long-term corrective action was to modify the wiring to permit the
opening of the outlet valves post-LOCA. This was completed during the
mid-cycle 4 outage which began in September,1991. Modification Request
(MR) 91-0101 implemented this change. Subsequent testing confirmed that
the outlet valves now conform to the design requirements.

Plant modifications are no longer performed under the control of SPEC
procedures, but are performed by Design Engineering personnel under

~

procedure ENG-3-006. This procedure requires that all affected
! documents be revit.ed simultaneously and design changes are verified to

be consistent from one drawing type to another.

Af ter the root cause had been determined, GSU immediately began a review
of seven systems which were identified to have LOCA override features.
The LSKs of tihese systcms were reviewed against the corresponding ESKs
to ensure proper design implementation of the LSK. In addition, in ,

' order to determine the scope of the problem, GSU performed a design
consistency verification of a sample of LSKs versus ESKs. The sample
consisted of Division I systems which shared the prominent
characteristics of the hydrogen mixing system (i.e. systems infrequently
operated or called into service under accident conditions) . The results
of the design consistency verification did not identity any LSK versus
ESK mismatch that might have an operational impact. However, several
minor inconsistencies were discovered. Even though only minor
inconsistencies were found, a 100% design consistency verification of
ESKs and LSKs for safety related systems will be conducted. These
design consistency verifications will be completed by June 30, 1992. If
errors which could affect system function are found in elementary

n s as a
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drawings, GSU will also evaluate the preoperational teste for the
system.

Periodic retesting of the hydrogen mixing system including valve ;

manipulation and starting of the fans will be performed as part of the '

integrated ECCS test to ensure that the hydrogen mixing system will
function with a LOCA signal present.

BAFETY ABBESSMENT

The impact on plant safety of the wiring problem on both. trains of the
hydrogen mixing system drywell exhaust motor-operated valves (*20*)
(MOVs) was initially assessed from a licensing-basis perspective. To
ensure a thorough safety assessment, additional analyses were completed
to evaluate this situation using mechanistic and probabilistic methods.

.

LICENBE-BASIS ANALYSIS

Licensing-Basis Hydrogen Production :

for a Loss-of-Coolant Accident (LQQ).

USAR Section 6.2.5.1 (Ref. 1) states:

"The combustible gas control cystem (*BB*) is designed in accordance
with the following criteria:

1. Sizing of the combustible gas control subsystems (except the
igniter system) is based on limiting the drywell and
containment hydrogen concentrations after a LOCA to 4 volume
percent, considering hydroger generation and accumulation from
active core cladding metal water reaction, radiolysis, and
metal corrosion in accordance with the assumptions specified
by Regulatory Guide 1.7, Rev. 2."

For the metal - water reaction, the Reg. Guide allows the amount of
zirconium cladding assumed to react to be equal to the outer 0.00023-
inch of the cladding thickness, calculated on a core-wide basis. The
metal - water reaction is assumed to occur for the first two minutes of
the LOCA (Ref. 2).

.

Based on this regulatory guidance, the hydrogen production at River Bend
following a LOCA was calculated in Reference 3. Figure 1 is a plot of
the.resulting drywell hydrogen concentration (percent) versus time af ter
the LOCA. For this calculation, hydrogen mixing (*BB*) was assumed to
be inoperable.

,

I
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As stated in the USAR (Ref.1), 4% drywcril r.y&.094n is the design basis
for hydrogen mixing. This level is reachen o!. obo.;t 4.5 hours af ter the
LOCA. Hydrogen mixing (*BB*) would be necessary at or before this time
-to meet-the design basis.

Reg. Guide 1.7 discusses hydrogen burning between 4% and 6%, and states
that "... a limit of 6 volure percent would not result in effects that

-

would be adverse to containment systems." If 6% is considered limiting,
-then hydrogen mixing (*BB*) operation would be needed vithin about 17
hours of the LOCA.

Operator Actions to Initiate Hydrocen Mixina

If a LOCA were to occur, the operators in the main control room would
respond to the event using the existing Emergency Operating Procedures
(EOPs). -These procedures incorporate Revision 4 of the BWR OwnLrs Group
(BWROG) Emeltgency Procedure Gundelines (EPGs), as well as the Hydrogen
Control Owners Group (HCOG) EPGs.

In particular, operators would use EOP-2 (Ref. 4) to respond to high
drywell hydrogen indications. The hydrogen control section of this
procedure is entered when drywell or containment hydrogen concentrations
exceed 0.5%, or reactor water level is below -162 inches or cannot be
dotermined.

per EOP-2 step 65, hydrogen mixing (*BB*) is initiated when drywell
hydrogen exceeds 2% and reactor pressure is below 30 psig. From the
LOCA calculation (Ref. 3),- these conditions will exist at about 5
minutes into the event. Therefore, the conditions requiring the
operators to attempt to initiate hydrogen mixing (*BB*)_ occur early in
the LOCA.

.

Due to the nunber of other activities requiring immediate operator
attention following a LOCA, .it is reasonable to assume that no attempt
to start hydrogen mixing (*BB*) will be made for some period of time.
The River Bend SER (Ref. 5) states that "... operators are not required
to take any action before 20 minutes following a LOCA to maintain the
safety of the plant " Using this philosophy, it is assumed that,

operators will not perform step 65 of EOP-2 until 30 minutes into the
ri LOCA. This would be the time of discovery of the failure of the LOCA

override function for the drywell exhaust MOVs (*20*)..
.

Ep_c_qygry Actions -

Using the assumptions and results from Reference 3, and the above
assumption for operator action, a sequence of events for the LOCA can be

.
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constructed (see Table 1). From the table, it is clear that plant staff
personnel would have a minimum of 4 hours to solve the hydrogen mixing
MOV' isolation problem described in this LER. An event this serious
would result in the activation of the Emergency Response organization,
including the Technical- Support Center- (TSC) . Using the engineering
resources available in the TSC, it is reasonable to assume that hydrogen
mixing (aBB*) would be restored to operability within this time.

Emergency _ operating Procedure (EOP)-2 step 56, directs operators to '

cparate all hydrogen ignitors (*BB*) if containment hydrogen
concentration is in the safe zone of the hydrogen deflagration
overpressure _ limit (HDOL) curve and drywell hydrogen concentration is
less than 9%. _This direction would minigize hydrogen pocketing by
locally burning hydrogen concentrations between 4% and 6%. Since this
action would control localized hydrogen concentration, response time for
the TSC staff to correct the hydrogen mixing problems would be
increased. '

panelusions

From the -- licensing-basis analysis, the following conclusions were
reached:

1) Based on Reg. Guide 1.7, drywell hydrogen will reach a level
cf concern between 4.5 hours and'17 hours after the LOCA
assuming no mixing or igniter operation.

2) Within 5 minutes of the LOCA, operators - will meet EoP-2
requirements for hydrogen mixing (*BB*) initiation.

3) Operators will discover that the hydrogen mixing dryvell
exhaust MOVs (*20*) do not operate properly within 30 minutes
of the LOCA.

4)- At- least 4 hours will be available after discovery .to
troubleshoot and correct the MOV problem.

5) Corrective action time can be increased by operating hydrogen
ignitors (*BB*) as directed by EOP-2.

SUPPLEliEETAL ANALYBES .

To ensure that hydrogen mixing system performance for conditions beyond
'

.the licensing basis is adequately addressed, several additional analyses
were undertaken. These were:

<

1. Develop a mechanistic scenario for hydrogen generation

staC Poe ERhe 4M

- . - . - ,- -
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2. Perform a human relitebility analysis ()!RA) of operator
antions, and

3. Perfor, a probabilistic risk assessment (PRA) of the hydrogen
genstation scenario

titsLn11119_ADR1Y.1111

Reg. Guide 1.7 discusses hydrogon gonoration for events with both
operable and degraded ECCS. The licenso-basis assumes degraded ECCS to
maximiro hydrogen production. This asuumption was verified using
MAAP3.08, Rev. 7.0. This thermal / hydraulic analysis computer code
predicts that for a large break LOCA at River Bend, no hydrogen will be
generated At the ECCL operates an designed.

Sensitivity cases were run using MAAP3.0B with various ECCS pumpn out-
of-service or degraded, in an effort to produce a hydrogen generation
curve which approximates the curve in Figure 1. Table 2 provides a
listing of the cooling pumps vorablo for nach MAAP3.0B case and the
resulting hydreigen genera',1on. It required savuru degradation of ECCS
to produce hydrogen usfng MAAP3.0B. Also, the amount of hydrogen
produced is significantly greater than the amount assumed for Reg Guide
1.7.

An exact match betwaan Reg Guide 1.7 hydrogen generation and the
mechanistic analysis was not possible. Hovover, this analysis did
jndicate that the design basis accident (DBA) ECCS configuration (HPCS
operaMe , LPCS operable and 1-train of LPCI operable) provides a
consonative bounding case for degraded ECCS. The DBA ECCS
conf guration is provide:S in Reference G.

*

liuan n_A911.nM111LAnAhal t_DIPA1.

A human reliability analysis was performed to identify the probability
of f ailure to successfully start hydrogen nixing following a LOCA. The
nethod used intthe !!RA consJdered the following:

1. the symptoms of the event,
2. the indicators, alarms, and annunciators available to the

operators,
3. operator actions and procedural guidance available
4. operator deciuions needed, consequences of failure, and

opportunition to recover from operator errors;
5. the timing of decisions, and

,.

6. tha stress factors associated with tne occurrence of a LOCA. N

This information was used to develop the HRA event trees for failure to
4

operate hydrogen mixing at 4.5 hours and at 17 hours after the LOCA. !

< e soss us.
__ ______ .. . . . . .. . . . . _ . . .. . . - ~
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Probabilities were assigned to the llRA fault troon using NUREG/CR-4772
(Rcf. 7). Solving the fault troos gavo probabilities for failure to
restore hydrogen mixing of 1.25 T-2 at 4.5 hours after the LOCA and
5.6E-4 at 17 houru after the LOCA.

}'r o b 4 L i 1 i e _t i_9_R1W)Lh f_tRfA911t __1 P RA1.

The River Ben:1 PRA model was developed to respond to NRC Gonoric Letter
(GL) 88-20 (Ref. 8) . The PRA model was used to dotormino the probability
of a LOCA with failure of the hydrogon mixing system.

From the above mechanistic analysis, it was datormined that the design
basis ECCS caso represented a conservativo degraded ECCS configuration
for hydrogen generation. Table 3 providos conditional probabilities for
various ECCS cases. The design basis ECCS caso has a conditional
probability of 5,81E-3. No higher probability events will result jn
hydrogen generation.

From HUREG/CR-4550 (Ref. 9), the frequency for a largo break LOCA is
1E-4 por year. Therefero, the highest frequency for a LOCA with
hydrogen generation due to degraded ECCS ist

-1E-4 por year * 5.81 E-3 = S.81 E-7 por year

The frequency that hydrogen mixing will not be restored within 4.5
following such an event ist

5.81 E-7 por year * 1.25 E-2 = 7.3 t-9 por year

The frequency that the system will not be restored in 17 hours ist

5.81 E-7'por "aar * 5.6 E-4 = 3.3 E-10 por year

CONCLUBION8
1

Trom these mechanistic and probabilistic analysoc, the following
conclusions were reached:

1. The generation of hydrogen followir.g a LOCA required ECCS,

'

degradation beyond design basis assumptions. Thorofore, uso
of design basis ECCS configuration as the hydrogen generation

i caso is conservativo.

2. HRA techniques demonstiato a high probability for success
(98.75%) in restoring hydrogen mixing beforo drywell hydrogen
concentrations exceed 4%_(4.5 hours after LOCA).

_ , -
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3. The overall frequency of a LOCA with hydrogen generation and
failure to restore hydrogon mixing beforo drywell hydrogen
exceeds 4, is extremely low.

AATlIY_AIDEIIICARCI

Tho--license-basis evaluation ab,vo domonstrates that although tho--

hydrogen nixing system would not have performod its intended function
following a LOCA, adoquate time existed for discovery and corrective-
action to restore the system to operation. Therefore, based on this
evaluation the safety significance of this problem is lo.t. .

The su?plemental analysos also demonstrates that the safety significance
of thLs condition- is low. The PRA result for LOCA with hydrogen
generation and failure to restoro hydrogen mixing within 4.5 hours is
7.3 E-9 par year. This frequency is a factor of 730 lower than the NRC .

Safety goal for large releases of 1.0 E-6 par year. The NRC safety goal
assur.es containment failure following a core damage event. The abovei .

'

LOCA scenario does not necessarily lead to core damage or containment
.

failure.- Both the frequency and severity of the analyzed event are less :
-than the ovent postulated for the NRC Safety Goal. Thereforo, GSU has '

concluded that the safety significaneo of inoperable hydrogen nixing -

valvos is low.
t
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Table 1
Post-LOCA Hydrogen Mixing

D.ggence of Events
.__ ,

Tint _Irinitasi Evan_t

0 LOCA
,

1 E0P-2 Entry Condition (> '

O.5% Hz)

2 E' d of metal-Water
reaction (Radiolytic
decomposition and .

corresion continue)
5 Drywell hydrogen > 2% and

Reactor pressure < 30 psig

30 Operator unsuccessfully
attempts to start hydrogen
mixing <

270 (4.5 hours) Drywell hydrogen > 4%
(possible ignition of
pockets of hydrogen - No
explosienc)

,

1020 (17 hours) Drywell hydrogen > 6%
(possible global
con.bustion - No

._

explosions) +

,

e
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TABLE 2

- __ . _ _ _ _ . _ . . .

Coolina Mechan 11D Mass of Ilydrogen Generated
f rom metal Valar reactiert

.Ilhal*
; Design Basist

ilPCS + LPCS + LPCI (1) O

Beyond Design Basist
,-
i

!.i

;
--.

f! LPCS + LPCI (1) 0

L LPCS + LPCI (2) O

LPCS (50%) + LPCI (1) 246

LPCS 273

LPCI (2) 650

f CRD + LPCI (3) 654

| HPCS 660
_ _ _ _

Reg Guide 1.7 hydrogen due to MWR = 20.8 lbs*
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TABLE 3 .

-

ECCS Combinations Conditional Probability
,,

I llPCS Pump,21/Cl Pumps, and 1 LPCS Pump 1.09E41 ;

Operating
.

31.PCl Pumps and 1 LPCS Pump Operating 5.20E 02

111PCS Pump and 3 LPCI Pumps Operating 4.90E 02
1

1 llPCS Pump and 2 LPCI Pumps Oyrating 6.06E 03

2 LPCI Pumps and 1 LPCS Pump Operating 1.93E 03
.

1 IIPCS Pump,1 LPCI Pump and 1 LPCS Pump 5.BIE 03
Operating *

3 LPCI Pumps Operating 2.69E43
1

I I ItPCS Pump and 1 LPCS Pump Operating 1.12E 03

1 IIPCS Pump Operating $.79E-04

2 LPCI Pumps Operating 3.19E44

i LPCI Pump and 1 LPCS Pump Operating 2.97E44

2.75E441 HPCS Dump and 1 LPCI Pump Operating
,

4.97E 05i LPCS Pump Operating -
,

*

1 LPC! Pump Operating 4.53E 06
--

,

* ECCS DBA Configuration
,
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