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REPORTED CONDITION

At 1500 hours on GSeptember 18, 19%1, with reactor in Operational
Condition 1 (Power Operation), while performing a review of Station
Operating Procedure (SOP)-0040 "Hydrogen 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+) 1CPM*MOV1A(B) and 3A(B) could not be
manually bypassed following an isclation in response to a LOCA signal.
Although the discrepancy was disccvered 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
1CCFRS0.73(a)(2) (1) (B) as operation prohibited by the Technical
Specifications.

INVESTIGATION

The 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 v? es (*20*) close on a LOCA signal, If the
hydrogen velume reaches preset value, the operator is directed to
override the LOCA signa., 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 (erroneocus) elementary diagram.

In response to NRC FSAR guestion 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 accomplisned in mid-January, 1984. on
revision 6 to logic Aiagram (LSK) 27-24A. Within six weeks of this
change (early March 1984), the LSK was again revised (revision 7). This
revision provided for overriding the LOCA signal on both the ’‘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
LEK revision was to override a false LOCA signal generated by a loss of
offsite power (LOOP). Upon a LOOP, drywell cooling would be lost and
the resultant heatup coculd cause drywell pressure to increase to the
point where a false high drywel. pressure LOCA gignal (1.68 PSIG) would

AR s e Ae |
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be reached. Such a false high drywell pressure silgnal could be
eliminated by opening only the hydrogen mixing system inlet valves.
"his may have coatributed to the error. However, it is clear that the
changes to the LSK were nct 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 isclation and override signal changes to the LSKs,
indicated that the LOCA signal could be overridden for the inlet valves
by turning the wpen/close control switch for the 1CPM*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 (SWED)
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 wat 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:

a, Four ESKs were impacted by the logic change to the LSK. Two
ESKs were revised to agree with the LEK, but two ESKs were
net.

b. Preoperatiocnal 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.

ROOT CAUSE

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 documentation as well as
interviews were used as input to this analysis. The results of the root
cause analysis is given below,

The electrical elementary diagrams (ESKs) in guestion were no% updated
to reflect the changes made in revision 7 of the logic diagram (LSK),
In particular, the ESKs for the outlet motor cperator wvalve (MOV) __J
circuits were not changed to provide for overriding the LOCA signal in

AT Farm 3080 49
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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 false LOCA." The mindeset at this time was system
operation during a loss of offsite power (LOOP). This mindset may have
contributeda 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 MOV'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 this
work., However, in ‘nis case the ESKs were not changed until
11 months following LSK change.

-] SWEC did not follow its work practices and procedures in
changing affected ESKs to match the corresponding LSK. The
LSK and ESK change review 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 invelved in the changes to the ESK
may not have been familiar with the reasons for the LSK
changes.

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

In conclusion, it is apparent that if SWEC had follewed procedures and
work practices, and had implemented the design change properly; the
system would have been correctly built and tested. -The primary root
cause 1s the failure to properly implement the design change to the
outlet valve circuit.

A similar event was reported in LER 91-001. 1In 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
initjation signal configuration was to actuate at reactor water level 1
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As stated in the USAR (Ref. 1), 4% drywe.l’® Lyd.ooen is the design basis
for hydrogen mixing. This level is reache+ = 2=25.t :.%5 hours after the
LOCA. Hydrogen mixing (*BB*) would be necesasary 2' »r before this time
to meet the design basis.

Reg. Guide 1,7 discusses hydrogen burning betwe=n 4% and 6%, and states
that "... a limit of 6 volure percent would not result in effects that
would be adverse tu containment systems." If 6% is considered limiting,
then hydrogen mixing (*BB+) operation would be needed vithin about 17
hours of the LOCA.

Qperator Actions to Initiate Hydrogen Mixing

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 incorporote Revision 4 of the BWR Ownirs Group
(BWROG) Emeigency Procedure Guidelines (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 contrecl section of this
procedure is entered when asywell or containment hydrogen concentrations
exceed 0.5%, or reactor water level is below =162 inches or cannot be
determined.

Per EOP-2 step 65, hydrogen mixing (*BB*) is initiated when drywell
hydrogen exceeds <% ard 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 nurmber of other activities requiring immediate operator
attention follpwing 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 reguired
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 pcrform step 65 of EOP-2 until 30 minutes into the
LOCA. This would be the time of discovery of the failure of the LOCA
override functicn for the drywell exhaust MOVs (#%20%).

Recovery Actions

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

NN P JA (409
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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 L0 solve the hydrogen mixing
MOV isoclation 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). Ueing the engineering
resources available in the TS5C, it is reasonable to assume that hydrogen
mixing (*BB*) would be restored to operability within this time.

Emergency Operating Procedure (EOP)-2 step 56, directs operators to
tperate all hydrogen igniters (*2B%) if containment hydrogen
concentration is in the safe zone of the hydrogen deflagration
overpressure limit (HDOL) curve and drywell hydrogen concentration is
less than 5%. This direction would minisrize hydrogen pocketing by
locally burning hydrogen concentrations between 4% and 6%, Since this
action would control localized hydrogen concentration, response time for
the TS8C staff to correct the hydrogen mixing problems would be
iiicreased.

Conclusions

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 neet FOP~2
reguirements for hydrogen mixing (*BB*) initiation.

3) Operators will discover that the hydrogen mixing drywell

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
igniters (*BB*) as directed by EOP-2.

BUPPLEMENTAL 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

NRE Parm MR 08
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Probabilities were assigned to the HRA fault trees using NUREG/CR=4772
(Ref, 7). Solving the fault trees gave probabilities for failure to
restore hydrogen mixing of 1,26 ¥-2 at 4.5 hours after the LOCA and
S.6E~4 at 17 hours after the LOCA.

Prebalilistio Riwk Aspessment (PRA)

The River Bend PRA model was developed to respond to NRC Generic Letter
(GL)88~20 (Ref. 8). The PRA model was used to determine the probability
of & LOCA with failure of the hydrogen mixing system,

From the above mechanistic analysis, it wvas determined that the design
basis ECCS case represented a conservative uegraded ECCS configuration
for hydrogen generation. Table 3 provides conditional probabilities for

various ECCS cases. The derign basis ECCS case has a conditional

Krobabiltty of §.81E-3, No higher probability events will result Jj=
ydrogen generation,

From NUREG/CR-4550 (Ref. %), the frequency for a large break LOCA is
1E~4 per year. Therefrre, the highest freguency for a LOCA with
hydrogen aqeneration due to degraded ECOS is:

1E-4 per year * 5,81 E-3 = £,81 E~7 per year

The frequency that hydrogen mixing will not be restored within ¢.%
fellowing such an event is:

.81 E-7 per year * 1.25 E~2 = 7.3 E~§ per year
The frequency that the system wiil not be restored in 17 hours is:
.81 E-7 per vear * 5.6 E«4 = 3.3 E-10 per year
CONCLUSIONS

Tyom these mechanistic and probabilistic analysez, the following
conclusions were reached:

1. The generation of hydrogen followirg a LOCA required ECCS

degradation beyond design basis assumptions, Therefore, use
| of design basis ECCS configuration as the hylrogen generation
| case is conservative, |
\

2. HRA techniques demonstrate a high probability for success

(98.75%) in restoring hydrogen mixing before 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 hydrogen mixing before Jtrywell hydrogen
exceeds 4%, is extremely low.

BAFETY BIGNIFICANCE

The license-basis evaluation ab.ve demonstrates that although the
hydrogen mixing system would not have performed its intended function
followang a LOCA, adeguate time existed for discovery and corrective
action to restcre the system to operation. Therefore, based on this
evaluation the safety significance of this problem is low.

The supplenmental analyses also demonstrates that the safety significance
of this condition is low. The PRA result for LOCA with hydrogen
generation and failure to restore hydrogen mixing within 4.5 houre is
7.3 E~% per year, This frequency is a factor of 730 lower than the NRC
safety goal for large releases of 1.0 E~6 per year. The NRC safety goal
assumes containment fallure following a core damage event. The above
LOCA grenario does not necessarily lead to core damage or containment
failure. Both the freqguency and severity of the analyzed event are less
than the event postulated for the NRC Safety Goal. Therefore, GSU has
concluded that the safety significance of inoperable hydrogen mixing
valves is low,
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270 (4.5 hours) Drywell hydrogen > 4%
(possible ignition of
pockets of hyurogen - No
explosicne)

1020 (17 hours) Drywell hydrogen > 6%
(possible global
combustion = No

e explosions)
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Table )
Post~LOCA Hydrogen Mixing
feguence of Events
0 LOCA
EOP-2 Entry Condition (»
o 0.5% H,)
2 E'1 of metal-vater
reaction (Radiolytic
uecomposition and
i cerrcgion continue)
5 Drywell hydrogen » 2% and
Reactor pressure < 30 psig
H 30 Cperator unsuccessfully
attempts to start hydrogen
mixing
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® ECCS DEA Configurstion

TABLE 3
S e—
r s _BCCS Combinations Conditional Probability
| HPCS Pump, 2 L 'C1 Pumps, and | LPCS Pump 1. 09E0)
Opersting |
3 1LPCI Pumps and 1| LPCS Pump Operating § 20E-02
| HPCS Pump and 3 LPCl Pumps Opersting 4 YE02
| HPCS Pump and 2 LPC] Pumps Operating 6.06E03
2 LPCI Pumps and | LPCS Pump Opersting 3908 ii
| HPCS Pump, ) LPC! Pump and 1 LPCS Pump § B1E) |
Opersting *
3 LPCI Pumps Opersting 2 69E-0)
1 HPCS Pump and | LPCS Pump Opersting 1.12B03 1
| HPCS Pump Operating 5 79E-04
2 LPCI Pumps Operating 3.195.04 _}
| | LPCI Pump and | LPCS Pump Opersting 297E04 1
F HPCS Sump and | LPCI Pump Operating 275804 |
1 LPCS Pump Operating 4. 97E-08 =
I 1 LPC! Pump Opersting 4 SIEO06




