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On July 10, 1987, with units 1 and 2 in mode 5 (cold shutdown), it was determined
that the potential existed for a single failure of the main control room (MCR)
normal pressurization system, when operating during a control room isolation (CRI)
ectuation, to violate General Design Criteria (GDC)-19 of 10 CFR 50 Appendix A.
"Control Room." A malfunction in the controller of the operating normal
pressurization fan could result in the Control Building (CB) pressure of the lower
floors exceeding the pressure in the MCR thereby allowing unfiltered, potentially
radioactive air to leak into the MCR. In addition, a single failure of the
operating normal pressurization fan suction damper in the closed position could
result in a lower than designed pressure in the CB lower floors, thereby causing

wea:1 cxcessive outleakage from the MCR and the inability of the control room emergency
$$ ventilation system (CREVS) to maintain the MCR habitability zone at greater than or

y equal to +0.125 inch water-gauge pressure. TVA has subsequently performed extensive
IN testing of CREVS and identified other deficiencies that could affect CREVS
$$ operability. Because of these deficiencies, the dose to MCR personnel following a
Z postulated design basis accident would have exceeded the dose calculated in Final

Safety Analysis Report, Section 15.5.3, and could have exceeded the dose
rmo requirements of GDC-19. The cause of these deficiencies has been determined to be
$$ inadequate design and testing of CREVS. As a result, TVA has deenergized the MCR

g i normal pressurization system, and implemented several modifications that havej
::iro resulted in substantially improved CREVS operation. On January 22, 1988 CREVS was

N returned to operable status. To er;sure long-term CREVS operability, TVA has
submitted a Technical Specification change to allow an increase in the amount of

a cateup flow used by CREVS to pressurize the MCR. In addition, a comprehensive study
N will be performed to evaluate the current design of the Cd ventilation system and W

g recommend the changes necessary to ensure long-term operability of this system. 4 ,
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DESCRIPTION OF EVENT

This LER is being revised to incorporate the dose analysis performed to estimate
the potential increase in radiological exposure to main control room (MCR)
personnel if a design basis loss of coolant accident (LOCA) had occurred before
the corrective actions described herein were implemented. This revision also
makes a minor change in the corrective action to correct an inconsistency in the
completion date for the design study of the Control Building ventilation system
(CBVS).

On July 8, 1987, with units 1 and 2 in mode 5 (0 percent power, 3 psig,
134 degrees F and 0 percent power, 0 psig, 128 degrees F, respectively),
Mechanical Test personnel performed Surveillance Instruction (SI)-144.2,
"Control Room Emergency Ventilation Test." On July 10, 1987, following a second
performance of SI-144.2, it was determined that the potential existed for a
single failure of the MCR normal pressurization system (EIIS Code VI), when
operating during a control room isolation (CRI) actuation, to violate General
Design Criteria (GDC)-19 of 10 CFR 50 Appendix A, "Control Room." GDC-19
requires the MCR to be designed with adequate radiation protection for personnel
during an accident condition. At 1808 EST on July 10, 1987, both trains of
CREVS were declared inoperable, and action statement "b" of Technical
Specification (TS) LCO 3.7.7 was entered. At 1900 EST, an event notification
was made in accordance with'10 CFR 50.72, paragraph b.2.iii.

During normal operation, the Control Building (CB) normal pressurization fans
(which have variable pitch blades to control air flow) supply approximately
8,200 cubic feet per minute (CFM) of outside air; 3.200 CFM to the upper CB
floor (elevation 732) and 5,000 CFM to the lower CB floors (elavations 669, 685,
and 706). All flow from the CB normal pressurization fans is unfiltered.
Following a CRI, the system design requires the pressurization fan flow to be
decreased from 8,200 CFM to approximately 3,000 CFM. In addition to the
decrease in air flow, the CRI closes flow control dampers 31A - 105A and 31A -
106A, which isolates the unfiltered air flow to the MCR, and directs all normal
pressurization air flow to the lower CB floors through the electrical board room
air handling units (AHUs) on CB elevation 669 (see Figure 1). Also on a CRI,
the emergency air cleanup funs start. Of the 4,000 CFM of flow supplied by the
emergency air cleanup fans, 3,800 CFM is recirculation flow and 200 CFM is fresh
makeup flow supplied by the CB emergency pressurization fans. The 200 CFM of
fresh makeup flow is designed to maintain a minimum pressure in the MCR of
+0.125 inches water-gauge (wg). All flow from the emergency air cleanup fans
passes through high efficiency particulate absorber (HEPA) filters and charcoal
adsorbers before entering the suction of the MCR AHUs
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A single failure of the normal pressurization fan's non-safety-related
controller of fan blade pitch, initially documented on internal TVA Condition
Adverse to Quality Report (CAQR) SQP 871226, could cause higher than designed I
flow rates from the operating normal pressurization fan. This high flow rate
would increase the air flow to the electrical board room AHUs and cause higher
than designed air pressures in the lower CB floors. Normal leakage around
stairwell doors and wall penetrations could then result in unfiltered,
potentially radioactive air entering the MCR habitability zone from the lower CB
floors. Additional testing of the Control Building Ventilation System (CPVS)
confirmed that the normal pressurization fans' air flow was, in fact, not
adequately reduced following a CRI.

A second single failure, identified following the July 8, 1987 performance of
SI-144.2 and documented on CAQR SQP 871226, involved the potential for the
normal pressurization f an's suction damper to f ail closed. This failure would
terminate all air flow from the CB normal pressurization fan and cause a lower
than designed pressure in the lower CB floors. This decreased pressure in the
lower CB floors could cause increased outleakage from the MCR and result in the
inability of CREVS to maintain the required +0.125 inch wg pressure in the MCR.

Also discovered during the July 8, 1987 performance of SI-144.2 and documented
on CAQR SQP 871226 was the actual failure of the CREVS to maintain a positive
pressure greater than or equal to +0.125 inches wg in the MCR habitability zone
as required by TS Surveillance Requirement (SR) 4.7.7.e.3.

In addition to the deficiencies discussed above, CAQR SQP 871606 identified a
previously unknown source of inleakage to the suction of the emergency air
cleanup fan. This inleakage increased the amount of outside air being used by
CREVS to pressurize the MCR. As illustrated in Figure 1, the spreading room
supply fan and the emergency air cleanup fans take suction from the same section
of ductwork in the mechanical equipment room. A CRI signal stops the spreading
room supply fan and closes the spreading room supply fan's flow control dampers
(31A-17 and 31A-102). In this configuration, operation of CREVS induces a
substantial differential pressure across flow control dampers 31A-17 and
31A-102. This differential pressure causes a backflow of air from the sp*.eading
room, through the blade-type isolation dampers, through the idle spreading room
supply fan, and into CREVS. This backflow serves as additional pressurization
air for the CREVS and, until recent testing, was not identified. This
additional pressurization air could increase the CREVS makeup flow above the
200 CFM limit allowed by TS SR 4.7.7.e.3 and invalidate the MCR dose
calculations described in Final Safety Analysis Report (FSAR) Section 15.5.3.
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Further testing of the CREVS in October, 1987, resulted in two additional
deficiencies which were documented on CAQR SQP871657. The testing showed that
the flow rates through some branches of the MCR AHU ductwork were lower than
designed and could not be significantly increased with the existing ductwork
configuration. The testing also showed higher than designed leak rates through
two MCR doors that are adjacent to the Auxiliary Building. These deficiencies
have an adverse impact on the ability of CREVS to maintain a +0.125 inch wg
pressure in the MCR.

The above described conditions are applicable to both units 1 and 2 since the
MCR habitability zone is common to both units.

CAUSE OF EVENT

This event was caused by an inadequate design of the Sequoyah Nuclear
Plant (SQN) CBVS. A contributing cause of this event was the inadequate
surveillance instructions that were in place to test the CREVS and verify that
all performance requirements that affected CREVS ability to satisfy the TS SRs
were met.

ANALYSIS OF EVENT

This event is being reported under 10 CFR 50.73, paragraphs a.2.v and a.2.vii.

The CREVS is designed such that during an accident, (1) the ambient air
temperature does not exceed the allowable temperature for continuous duty rating
of the equipment and instrumentation located within the MCR habitability zone,
and (2) the radiation exposure to personnel occupying the MCR will remain within
the requirements of GDC-19 of Appendix A to 10 CFR 50.

During mode 5 (cold shutdown) with both CREVS trains inoperable, action
statement (b) of TS 3.7.7 was entered (i.e., no core altere.tlons or positive
reactivity changes). Compliance with the appropriate action statement
significantly decreases the potential for any accident which could result in the
release of radioactivity (e.g., the inadvertent drop of a spent fuel assembly).
(Note that SQN LER 1-87078 documented a violation under action
statement 3.7.7.b.) In addition, none of the previously described deficiencies
had a significant effect on ability of the CBVS to provide the required heat
rejection capabilities necessary to maintain the MCR habitability zone within
the allowable temperature range,
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If an accident occurred during power operation that resulted in large
radiological releases, the potential existed for unfiltered, potentially
radioactive air to enter the MCR habitability zone. TVA has evaluated the
potential increase in radiological exposure that could have been received by MCR
personnel if a design basis LOCA had occurred concurrent with the previously
described deficiencies in the CREVS. This avaluation considered both the
increased pressurization air (filtered) that leaked into the CREVS recirculation'
duct (from the spreading room) as well as unfiltered air that leaked into the
MCR habitability zone from the lower CB elevations. The results of this dose
evaluation (calculation B45 880212 237) showed that operation of either train of
CREVS following a design basis LOCA would not have resulted in a violation of
the whole body-gamma or beta-skin dose limits specified by GDC-19. Similarly,
if train "B" of CREVS was used to pressurize the MCR following a LOCA, the
inhalation (thyroid) dose to MCR personnel would have remained within the
requirements of GDC-19. However, if train "A" of CREVS was operating for the
duration of the accident, the Inhalation dose to MCR personnel would have
exceeded the GDC-19 limits by approximately 10 rem. The results of this
evaluation are summarized below:

Train A Train B GDC-19 Limits

Whole body-gamma 1.4 rem 1.5 rem 5.0 rem
Beta-skin 13.0 rem 13.7 rem 30.0 rem
Inhalation (thyroid) 39.8 rem 17.6 rem 30.0 rem

The dose evaluation model that was used to calculate the above MCR doses made
several conservative assumptions. For example, the meteorological conditions
that were assumed to exist at the time of the accident would be conservative
95 percent of the time. In addition, the radionuclide inventory that was
assumed to be available for containment leakage was based on the assumptions in
Regulatory Guide (RG) 1.4, "Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss of Coolant Accident for Pressurized Water
Reactors." RG 1.4 assumes that of the entire core-fission product inventory,
100 percent of the noble gases and 50 percent of the lodines are immediately
released to the containment atmosphere. The actual percentage of fission
products that could be released to the containment would more likely be limited
to that which had accumulated in the fuel pellet-cladding gap (i.e.,
approximately 10 percent of the core-fission product inventory). Hence, the RG
1.4 assumptions that were used for the above MCR dose analysis raay result in a
radiological source term which is as much as ten times higher than what would be
expected.
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Further, based on the results of industry and NRC sponsored tests that have been
performed over the past several years, it has been shown that the evaluation
models currently used to determine fuel performance during a LOCA (i.e., those
based on 10 CFR 50, Appendix K) have been overly conservative. NRC recognized
this conservatism and has published a proposed revision to Appendix K of
10 CFR 50 (52 FR 6334, dated March 3, 1987) which will allow utilities to
perform more realistic LOCA analyses. An analysis under these guidelines would
show even less fuel damage than the current SQN LOCA analysis. Thus, if a
realistic assessment of the radiological source term was performed (i.e., an
assessment based on the actual number of predicted fuel pin failures), the
resultant MCR doses would be considerably lower than the values reported herein.

Even if radioactive iodine concentrations in the MCR were higher than the level
that had been originally predicted, System Operating Instruction (SOI)-55-0M-12,
"XA-55-12B Annunciator Response," directs MCR personnel to don air packs and
begin continuous radiation monitoring in the MCR when there is indication that
activity levels in the MCR have exceeded certain levels.

Although the recent dose evaluation showed a thyroid dose that could have
exceeded GDC-19 requirements, there were several analytical conservatisms
inherent in that evaluation that were not fully reprosentative of the actual SQN
design and operating characteristics. Thus, TVA is confident that if a design
basis LOCA had occurred concurrent with the previously described CREVS
deficiencies, MCR personnel would not have received radiological exposures that
exceeded GDC-19 limits.

CORRECTIVE ACTION

The following corrective actions have been completed, and CREVS has been
returned to operable status.

To ensure that CREVS is adequately tested, SI-144.2 was revised on
November 24, 1987, to include air inleakage testing of the MCR doors. This
additional testing requirement ensures that unfiltered, potentially radioactive
air does not leak into the MCR during CREVS operation.

To minimize the potential backflow through the spreading room fan and flow
control dampers 31 A-17 and 31A-102, TVA issued Design Change Notice (DCN)-91 to
separate the CREVS recirculation duct from the spreading room fan suction duct.
Following a CRI, the CREVS now draws recirculation air from an independent point
in the mechanical equipment room at CB elevation 732.
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To preclude a single failure of the normal pressurization fan's controller from
overpressurizing the CB lower floors during a CRI, TVA issued DCN-51 as an
interim measure. This DCN deenergized the CB normal pressurization fans and
locked open their suction dampers and fan blade positioners. As a result, a
flow path for outside air to the suction of the electrical board room (EBR) AHUs
was maintained.

Following the implementation of DCN-51, it was determined that certain areas in
the lower CB floors (elevations 669 and 685) had inadequate air supply flow
rates (i.e., less than 90 percant of design). To resolve this deficiency, which
is documented on CAQR SQP871658, TVA is implementing DCN-129. This DCN will
revise the design air flows in the lower CB floors and reduce the system
pressure drops by modifying the existing ductwork configuration. To allow the
EBR AHUs to remain in service while this DCN is being implemented, s1 ternate air
return flow paths to the EBR AHUs have been established by the removal of an
access door from the communications room return duct (elevation 669), opening
both doors of the operating EBR AHU and removal of a panel on the common EBR AHU
air return plenum. Following the completion of DCN-129, the alternate return
flow paths will be closed off. Although this DCN has not boon fully
implemented, the air supply flow rates from the EBR AHUs are currently at a
satisfactory level. Full implementation of this DCN has been deferred until
Engineering Change Notice (ECN)-L7336 (described below) has been completed.

Since the partial implementation of DCN-129 effectively eliminated the flow path
for outside air to the suction of the EBR AHUs (by removing panels on the
subject AHUs), the pressure in the lower CB floors (elevations 685 and 706)
could not be maintained at an acceptable level. To resolve this deficiency, a
Fleid Change Request (FCR) to DCN-129 was approved to doenergize the CB battery
room exhaust fans (CB elevations 669 and 706) and temporarily modify an access
door in the battery room exhaust fan duct (elevation 669) to serve as a balance
damper. As a result, outside air is being drawn in through the battery room
exhaust fan duct and into the suction of the modified EBR AHUs. Thus, the EBR
AHUs now supply some outside air (i.e., pressurization air) to CB elevation 685
resulting in a positive pressure on this CB floor. The existence of normal
leatsge paths around stairwell doors and ceiling penetrations also results in a
slightly positive pressure at CB elevation 706.

Following the final implementation of DCN-129, the access door in the battery
room exhaust fan duct will be returned to its original configuration, and the
outside air for the EBR AHUs will be supplied through the CB normal
pressurization fan ductwork. Also, the battery exhaust fans will be returned to
service. In the interim, any potential increase in the non-safety-related
250-volt battery room hydrogen concentration will be exhausted through the use
of temporary ventilation,
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Concurrent with the above described actions, TVA has taken extensive measures to
locate and seal outleakage flow paths from the MCR and rebalance the air flow
rates on CB elevation 732. Following a detailed measurement of air flows on CB
elevation 732, it was discovered that approximately 19,000 CFM of air was being
returned to the MCR AHUs through a return damper in the mechanical equipment
room. Since the design flow through this damper was only 8,400 CFM (4,400
following a CRI), a slightly negative pressure existed in the mechanical
equipment room. To correct this deficiency, TVA has implemented DCN-119 and
DCN-143. DCN-119 removed the damper described above and replaced it with a
balancing damper to limit the return flow through the damper to its specified
design value. As designed, the implementation of this DCN resulted in a
slightly positive pressure in the mechanical equipment room. However, to
further improve the air flow conditions on CB elevation 732 and increase the
pressure in the MCR following a CRI, TVA implemented DCN-143. DCN-143 added an
air supply duct in the mechanical equipment room (from the MCR AHUs) to lacrease
the pressure in that room, and installed sheet metal above MCR door C56 to

reduce the amount of air being returned from the MCR to the mechanical equipment
room. After this DCN was implemented and the air flows were rebalanced, it was
determined that the pressures in the MCR and mechanical equipment room had
increased slightly and were also more stable.

TVA has evaluated the above described modifications to the CB ventilation system
and verified that there is sufficient air flow to all CD elevations. This
evaluation has also verified that these changes do not invalidate the seismic
category 1 classification of the CB AHUs, nor will they adversely affect the
system design as described in section 9.4 of the Final Safety Analysis Report
(FSAR).

On January 22, 1988, SI-144.2 was successfully completed (using 200 CFM of
outside air to pressurize the MCR), and CREVS was returned to operable status.
In order to provide greater long-term reliability, ECN-7336 has been issued to
increase the CREVS makeup flow from 200 CFM to a maximum of 1,000 CFM. However,
before this ECN can be implemented, TVA must receive NRC approval of a proposed
TS change to TS SR 4.7.7.e.3. Increasing the makeup flow in accordance with the
proposed TS change will ensure that CREVS will be able to maintain a
+ 0.125 inch wg pressure in the MCR even if there is an unanticipated
degradation in the MCR habitability pressure boundary.

As described above, TVA has taken extensive corrective actions to return CREVS
to operable status. To determine if additional corrective actions are
appropriate, TVA has contracted with United Engineers and Constructors (UE&C) to
perform a comprehensive study of the CBVS design. This study will document any
deficiencies associated with the current CBVS configuration (including potential
single failures) and provide recommendations to enhance the overall CBVS
performance and to ensure long-term operability. This study will be complete by
May 15, 1988.
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In addition to the CBVS study, TVA will review the SQN Emergency Gas Treatment
System (EGTS) and the Auxiliary Building Gas Treatment System (ABGTS) to ensure
that the design, operational, and testing characteristics of these systems are
adequate to meet FSAR and TS requirements. The review of these TS required
ventilation systems will be complete before restart (mode 2) of unit 1.

Based on the results of the studies described above, TVA will evaluate the sis
used to test these TS required ventilation systems by June 30, 1988, to ensure
they are adequate to verify the system's continued compliance with operational
and TS requirements. .Following the completion of this evaluation. TVA will
submit a supplement to this report documenting the results of the above
evaluations and any additional corrective actives that are planned. This report
will be submitted within 30 days following the restart (mode 2) of unit 1.
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TENNESSEE VALLEY AUTHORITY- . -
* * '

Sequoyah Nuclear Plant
Post Office Box 2000,

Soddy-Daisy, Tennessee 37379

February 25,.1988

U. S. Nuclear. Regulatory Commission
Document Control Dest
Washington, DC 20555

,

Gentlemen:

TENNESSEE VALLEY AUTHORITY - SEQUOYAH NUCLEAR PLANT UNITS 1 AND 2 - DOCKET
NOS. 50-327 AND 50-328 - FACILITY OPERATING LICENSE DPR-77 AND DPR-79 -
REPORTABLE OCCURRENCE REPORT SQRO-50-327/87039 REVISION 3

The enclosed revised licensee event report provides additional information
relating to a dose analysis 1arformed to estimate the potential increase in
radiological exposure to ma..n control room personnel if a design basis
accident had occurred before the corrective actions described herein were
implemented. This event was originally reported in accordance with 10 CFR
50.73, paragraphs a.2.v and a.2.vil, on August 7,1987 and revised on
November 27, 1987 and February 4, 1988.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

Plant Manager

Enclosure
cc (Enclosure):

J. Nelson Grace, Regional Administrator
U. S. Nuclear Regulatory Commission
Suite 2900
101 Marietta Street, NW
Atlanta, Georgia 30323

Records Center
Institute of Nuclear Power Operations
Suite 1500
1100 Circle 75 Parkway
Atlanta, Georgia 30339

NRC Inspector, Sequoyah Nuclear Plant
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