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Chicago, IL 60690

Gentlemen:

Thank you for your letter dated February 3, 1981, informing us of the steps
you have taken to correct the noncompliance which we brought to your attention
in Inspection Report No. 50-373/80-48; 50-374/80~30 forwarded by our letter
dated Jaguary 9, 1981. We will examine these matters during a subsequent
inspection.

In your letter you requested us to reconsider (1) whether the meeting of
January 29, 1981 should be classified as an Enforcement Conference and (2)
the Severity Level of the noncompliance. We have reconsidered the matter
and continue to believe the Severity Level selection is correct and the
meeting was an Enforcement Conference.

The Severity Level of these violations was not increased for repeating a pre-
vious violatiom. It was our determination that the problems related to control
rod drive pipe suspension systems resulted from zegtadation ol management

control systems designed to assure proper plant construction (Severity Level

IV). Although a close call, we believed it was not a2 Severity level III viola-
tion, i.e., lack of quality assurance progran implementatica related to 2

single work activity as shown by multiple program implementation violations

that wvere not identified and corrected by more than ocne quality assurance/quality
control checkpoint relied upon to identify such violatioms.

The meeting is considered an Enforcement Conference because of your noncom-
pliance history related to large and small bore pipe suspemsion systems.

Had the new enforcement policy net been in effect at the time of this
inspection, these items would have been infractions and your histery would
have prompted an Enforcement Conference. Under the new policy we continue
to look at past history, 'so the same conclusion was reached. Although we
took the position that the "clock started” at the time of issuance of the
revised enforcement policy with respect to counting multiple violations of
Severity Level I, II, or III items of noncompliazace, it is pecessary that
the history before. issuance of the Policy be considered in the determinatien
of when to hold ar Enforcement Conference. ' ‘
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You have stated a desire to meet with us to discuss enforcemeat. We will
contact you in the near'futu:z to arrange such a seeting.
1
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. James G. Kappler
Director .

cc w/ltr dtd 2/3/81:

cc w/encl:

J. S. Abel, Director
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EXECUTIVE SUMMARY
Since the Brown§ Ferry 3 (BF-3) partial faflure to scram of June 28, 1980,
the scram discharge volume (SDV) subsystem of the BWR scram system has been
extensively studfed with respect to fai]urg conditions which may cause a
loss of scram capability or its protective function. At the same time, while
the SDV_systeﬁ has reactor pressure boundary and prihary containment boundary
functions, 11tt1e‘ if any review effort has been exbended'to study the safety
concerns associated with postulated pipe break failures within the SDV “subsystem.
Prompted by the serious and fundamental findings of deficiency, documented
in our original BF-3 event case study investigation, AEOD undertook a more
thorough safety review of the adequacy of the scram system design with regard
to the reactor coolant boundary and primary containment functions. As a
result of this further work, important additional issues and safety concerns
have been raised with respect to fsolation capabilities of the scram system

and operation of the emergency core cooling systems for SDV pipe break situations.

We have found that, in the event of a SDV system pipe break attendant to
a reactor scram, termination of the resultant rea-tor coolant blowdown outside

primary containment would be dependent on successful closure of non-redundant

(scram outlet) valves. The closure principle and design arrangement of these

valves do not meet the important requ1rements for isolation valves described
in GDC 54 and 55 of Appendix A to 10 CFR 50. Furthermore, while the break
1soIat10n involves a man-machine system, we have found that potentially less
than adequate human factor preparaztion has been provided, given the importance
to safety of fsolating 2 breik'in the SOV system. Additionally, in the event
that break fsolation %s not achieved, the current plant emergency operating
procedures do not adequately address the potentially concurrent need for

maintaining the coré covered and protecting against the loss of ECCS

"equipment due to idverse'environmental conditions 1nc1uding flooding.
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We have found that faflure to isolate a SDV s}stem pipe break raises serious
concerns raqarding the assurance of long-term decay heat removal with emergency
core cooling systems since the break itself potentially threatens operation

of this equipment. At the same time, information found from our investigation
for the mechanical integrity assurance basis of the SNV system piping indicates
that the present level of assurance may not be commensurate with the risks

associated with an accidental rupture of this piping.

In view of the deficiencies found and issues raisad, we have recommended
saveral corrective actions which should substantially reduce, although not
el{minate, the percaived risks associated with a break in the SDV system

piping attendant to a reactor scram.

In view of these perceived risks, we recommend that the. requlatory need to
postulate such pipe breaks as part of the BWR design basis be determined
and standardized. To this end, we would recommend that a t@o-phase action
plan be 1nit1ated. The first phase should immeaiately address and correct
‘,fhé presently {nadequate meshanical inteqrity assurance hasis of the SOV
system components for operating BWRs. The second phase should incorporate
a high priority safety issue review which will address the need to consider
such hreaks in the design basis and will develop and implement the needed
corrective actions on a plant-by-plant basis if it is determined that SNV

system breaks are to be included in the plant design hasis.
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1. INTRODICTINN

Immediately after the Browns Ferry partial failure to scram of June 78, 19R0,
the Office for Analysis and Evaluation of OperatfonaI Data (AEOD) initfated
an independent investigation of the.event, including the Browns'Ferry 3 scram
system design, operation and operating characteristics. The principal focus
of this investigation centered on the Browns Ferry 3 (BF-3) scram discharge
volume (SDV) system, including its hydraulic operating chéraéteristicg important
to reactor scram capability and its protective function. The report which
‘documented this review also touched upon the reactor coolant boundarylisolation
function of the SOV system.' As a result of our independent investigation,
AEDD identified several important deficiencies in the syétem design and hydraulic
characteristics which related principally to the SDV system scram éapahi11ty and
protective functions. The serious and fundamental nature of these findings
‘made ft apparent to AEND that less than an adequate system desian review
and-requlatory safety review had been made when the SDV system design was
oriainally developed and proposed for use in operating BWRs. Because.of
this perception, AEOD made the decision to extend its initial analysis and
evaluation of the BF-3 scram system to include a more thorough safety assessment
of the reactor coolant boundary‘and primary containment functions of the
: SDV‘system.and its appendages.

(1) -
In the case study report for the Browns Ferry 3 partial failure to scram
evenf, we addressed deficiencies in the isnlation capabilities of the BWR
scram discharge-vo1ume system. We found that during a reactor scram 2 sinale
active failure (to close) of'an SDV system vent valve or drain valve would
result in a blowdown of the reactor coolant system (RCS) outside primary
containment. For this event, the RCS blowdown could be terminated only

if all of the scram discharge valves could be reclosed. This is normally
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accomplished from the control room by manually rgsettina the reactor protection
system (RPS). However, as described in the BF-3 case study report and further
expanded in this report, reclosure of the scram outlet valves may not always

be possihle. For example, many BWR reactor trip conditions do not readily
clear or cannot be hypassed in either the SHUTDOWN or REFUELING mode. These
are among many conditions that would normally prevent RPS Eeset. Thus, a.
sustained trip condition following a scram, such as caused by closure of

the MSIVs, would normally prevent isolation of an RCS blowdown throuah a

stuck open vent or drain valve. Thus it was noted in our report that closure
of the scram outlet valves via RPS reset would be hlocked by the trip condition

jtself (which cannot be bypassed in either the SHUTDOWN or REFUELING mode).

Since the time of our case study investiqation of the BF-3 event and its

cause, we have extendéd our review to include an assessment of safety concerns

\ associated with single passive failures (1.e., pipe hreaks) in the SDV system.

It is postulated that attendant to a reactor scram a break may occur in the
SNV system piping downstream of the scram outlet valves and upstream of the
SDV-system vent or drain valves. For this break location automatic closure
of the vent or drain line isolation valves will not terminate the RCS hlowdown
since these valves are located downstream of the break location. In such

an event, closure of all scram outlet valves would he the only avaj?ah1e

option to prevent an uncontrolled RCS hlowdown outside primary containment.
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2. DISCUSSION OF SAFETY CONCERNS

2.1 Break Locatfon

When a BWR is not in a scrammed state, the scram valves are held closed by
control air pressure and reactor coolant is retained on the upstream side

of the closed valves. In this state, the scram valves perform reactor coolant
boundary (RCB) and primary containment isolation (PCI) functions. Nowns tream
of the closed scram outlet valves, the SDV headers are continuously drained
(empty), unpressurized (open) and isolated from the RCS. The SDV headers

in this state provide a scram capability function in that they provide the
required free volume for the reactor water exhausted during a scram. llpon

a2 reactor scram, the scram outlet valves open, the SDV drain and vent valves;
close and the SDV system pining fills and pressurizes as it accepts, contains;
and limits the water exhausted from the reactor through the control rod drives
(CRDs). Even after the control rods have fully inserted, (with the scram
valves left open}, reactor coolant continues to flow past the CRD seals,
through the scram outlet va]vés and into the SDV system piping pressurizing

it to full reactor pressure. Therefore, during and immediately following

a scram the SDV system hecomes the reactor conlant retaining boundary well
outside of primary containment. After completion of a scram, therefore,

the SNV system having fulfilled its scram capability function, assumes a
reactor coolant boundary function and a primary containment isolation function.
1t is during this fully pressurized state of the SOV system that we have
examined the potential safety concerns associated with a break in the SDV
system piping. The pipe break is postulated to he a‘high energy break in

any size 1ine in the system and initiated by the pressure, temperature and
other loadings atterdant to the reactor scram but not, necessarily, considered

in the mechanical .desion’hasis of the SNV system.



2.2 Break Isolation

From a system's viewpoint, the blowdown of the postulated hreak into the
reactor building (secondary containment where the SOV system piping is located)
could be terminated via manual control room operator action by initiating
group, closure of the scram outlet valves. This action requires the ability

to manually reset the RPS (which requires RPS power and an absence of trip
conditibns) and the avatlability of control air supply. However, group closure
of the scram outlet valves has not heretofore been defined as a required
safety function. Accordingly, the systems (including control air supply)

upon which oparation of the scram outlet valves is dependent have not been
.designed to assure reliable closure of these valves. Thus,lisoiation of

a2 postulated break in fhe SDVY portion of the RCB which 1ies outside primary

containment and downstream of the hydraulic control units (HCUs) cannot presently

be reliably assufed, at least to the degree inherent in other RCB pipes
incorporating qua]%fiéd isolation valve designs and arrangements. Although
the scram outlet valves fncorporate a relatively leak resistant desian, there
are numerous disabling condftions consaquential to the trip condition or

pipe break, as well as numerous disabling single failures in the RPS and
control air systems, which could temporarily or permanently prevent successful
reclbsure of these valves following a scram. For example, such conditions

as (1) a loss of control air pressure for any reason, (2) a trip condition
which cannot be bypassed in either the SHUTNOWN or REFUELING mode or (3)

a total loss of RPS power supply would prevent group reclosure of the scram

outlet valves.

Also, unlike qualified RCB or PCl {solation valves, the scram outlet valves
do not incorporate an automatic closure feature. The absence of an auto
closure feature {s clearly necessitated by the need for a reliable scram

function which must not be automatically overridden under any circumstances.

<.
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fhe net effect 1s that scram valve group closure is a manual operation which
must be remotely actuated by the operator from one of the control room consoles.
Even under such circumstances, closure f{s precIu&ed by a time delay relay

for a minimum of ten seconds. This.is to prevent the control rbom operator
from interfering with, or prematurely terminating scram insertion of control
rods. Thus, isolation of a break in the SDV system piping with the current
design of the scram valve closure apparatus of necessity fnvo1ves the human
factor; that is, the isolation system for a postulated break in the SDV system
piping can be characterized as a "man-machine” system. ’

A review of the "man" side of the man-machine SDV break isolation arraﬁgement
indicates potentially less than adequate human-factor preparation. There

are no qualified SDV system break detection instruments for the operator

to rely upon to quickly identify the presence of a break in the SDV system
piping. Typica11y. BWRs 1ike Browns Ferry-3 have reactor building radiation
monitors located in the CRD-HCU areas. However, their operability and calibratioﬁ
are not presently included in plant Technical Specification requirements

as are other radiation monitoring instruments in the plant. Additionally,
depending on the sensor positions and their sensitivity, these 1nstruﬁents

may annunciate for every reactor scram, regardless of whether a break were
.present or not. Furthermore, the control room operator has not been provided
with special emergency opefat1ng procedures or training to quickly and
appropriately respond to SNV system pipe break symptoms which would accompany
normal post-reactor trip control room indications and activities. Additionally,
should immediate reclosure of the scram valves not be possible there are

no emergency operating procedures or operator training provided to aid the
operator in diagnosing and correcting the source of failure in attaining

%P3 reset and/or recovering from a loss of control air supply. Continued blowdown
of hot reactor water past the scram valves may also degrade and eventually
disintegrate their teflon seating surfacg which could eventually eliminate _

the p}imary means of break isolation.
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A local man;ai isolation valve is provided in series with each remote air-

operated scram cutiet valve on each HCU. However, dispatching an auxiliiary .
operator to enter the reactor bujldina to manually close each of these valves

woyld be extremely unlikely, given the harsh environmental copditjons including

hot water blowdown, high radiation and possibie loss of lighting or visibility

in the area of the reactor building where the postulatad break is located.
Therefore, for both equipment-related and procedural-related reasdns, iso;ation

of a break in the SDV system attendant to a reactor scram may not be reliably

assured.

2.3 Break Discharge Conditions

One should expect that failure to close the remote air-operated scram outlet
valves or the local manual isolation valves would result in a considerable
blowrdown rate ocut of the reactor coolant system directly into the reactor
‘building secondary containment. The blowdown rate would be limited only

by either the combined control rod drive seal Ieakaqe_from all drives manifolded
by the SDV headers (via the 3/4 inch Schedula RN scram exhaust risers on
each drive) or by the postulated sbv system pipe break size and location.
Cuérent1y. there ts no Technical Specification 1imit for CRD seal leakage
rate. However, seal leak rate (stall) testing at the BF-3 site after the

- June 2?8, 1980 control rod insertion failure indicated that the averaqge CRD
seal leak rate (with approximately 250 psi pressure differential across the
seals) could be about a 3 gqpm per drive. Furthermore, the General Electric
Company technical manua1(2) used for CRD operation, maintenance and testing |
recommends that seals be rehuilt when seal leakage exceeds 5 gpm. Thus,

for 135 CRDs Initial cumulative seal leakage could be anywhere from about
S50 apm to 200 gpm assuming a 250 psi{ pressure differential across the

seals. Continued blowdown of hot reactor water through the CRDs would likely
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degrade the CRD seals as a result of flashing and cavitation and seal heat-up
caused by hot pressurized water flowing past the seals. (This effect might

be similar to reactor coolant pump seal degradation following a loss of seal
cooling injection flow.) Thus, the CRD blowdown rate, as initially 1imi ted

by intact seais; might be expected to jncrease with time from the magni tudes
cited above. Reactor system pressure, CRD seal condition, the actual differential
pressure across the seals, line losses and the break size/location in the

spv pipfng system, would ultimately set the blowdown rate in the long term.

2.4 Potential Core Consequences

The anticipated cumulative seal leakage would bhe expected to be well within

the makeup capacity of the high pressure coolant injection (HPCI) system

or possibly the reactor core isolation cooling (RCIC) system. 1f the HPCI

system was ungyéi1ab1e, the automatic depressurization system (ADS) in conjunction
with either of the core spray (CS) systems or the tow pressure cootant injection
(LPCI) subsystem of the residual heat removal (RHR) system could provide'

ample alternate makeup. Thus, as far as peak cladding temperature, maximum
cladding oxidation, maximum hydrogen generation, and coolable geometry criteria
ére concerned , 2n unisolated break in the SDV system may not be of concern
during the initial mitigation phases of the event. It is, however, with

respect to the continued long-term core cooling requirements and the availability
of emergency makeup systems over the lona term, that such an unisolated break
provides unique ECCS challenges and uncertainties. Thus, it is with respect

to long-term decay heat removal and maintaining the core covered that potentially

sérious public health and safety questions arise.

A break in the.SDV system without isolation is equivalent to 2 small unisolated

break in the hottom of the reactor vessel. For this case, the core shroud
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and jet pump diffuser nozzles cannot provide their usual protection against
a relatively rapid coolant loss and‘1eve1 drop above the core attendant to
a temporary loss of makeup supply. This is unlike tﬁe case for even the
largest postulated break in a recirculation line. Fﬁrthennore, even primary
containment flooding (assuming witer supply and pumps were availahle) would
not assure long-term core coverage since the break wouId'essentfa11y be in
the bottom of the vessel but located outside the primary containment sfructure.
Accordingly, a source of makeup water and adequate pumping capability must
be maintained available indefinitely or untilvsuch time that some means of
. break isolation can be provided. However, because of the unique location

of this unisolated break, long term cooling may not be assured.

For an unisolated break in the SDVY system, reactor coolant would continue

to be Tost out the reactor system without accumulating in the drywell-torus
which is the normal reservoir for water for lona term cooling. Reactor water
discharged directly into the .reactor building would collect on the floor
and.be carried down through the open floor drains and other open passageways
of the reactor buildino to the basement of the buildina. Once there, it

would collect in the dirty radwaste {DRW) sumps located in the reactor building
basement corner rooms. Water collected there would normally be pumped out

of the secondary containment by two small capacity, (50 apm) sump pumps

and enter the DRW 1iquid waste collection system tanks. This water lost

from the reactor would not normally be suitable or available for return to the

reactor.

2.5 Potantial Consequences to the Mitigation Systems

The reactor building layout for BF-3 incorporates large stairwell openings

(1dentified by circles in Figure 2-1) in three of the four corners of the
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565-foot elevation, where the SDV headers are located. The stair steps

are open-lattice metal gratings which would permit hot water to cascade directly
down to the basement floor. There are no curbs at the stairwelj entrances.

Any water not removed by the floor drains on the 565-feet elevation floor

will run over to the stairwells and flow directly into the basement. Located

in the basement at these corners (see circles in Figure 2-2) are the RHR

system pumps and the CS system pumps. Thus these low pressure makeup systems.
might be quickly disabled by the effects of water cascading into the corner
rooms and by the flashing of hot water. In this way, a break in the SDV

system could result in the loss of most if not all of the low pressure emergency
core cooling pumps shortly after the break occurred. Qualification of this
equipment for operation under such environmental conditions clearly would

be questionable. Additionally, the RCIC pump is located in the same room

with one train of the CS pumps and the HPCI pump is located in a room which

is adjacent to one train of the RHR pumps and would, therefore, also he subject
to severe environmental conditions including flooding. The control rod drive
pumps are located on a platform above one train of the CS pumps and wou1&

be similarly involved in the adverse environmental conditions. The fourth
corner of the reactor building basement contains an elevator shaft instead

' ‘6f-a stairwell which shou1& provide temporary protection against immediate
damage to one trafin of the residual heat removal system, although the environment

would degrade quickly.

1f break fsolation is not successful, the hlowdown rate into the reactor

huilding {which could be in excess of 1,000 gpm) would substantially exceed.
the total capacity of the sump pumps (which fs approximately 100 apm). Even
if the sump pumps initially were capable of removing the reactor water being

collected in the sumps, assurance of continued water removal from the sump
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cannot be provided indefinitely for continued SDVY system blowdown. An unarrested
blowdown would eventually challenge the oper;bi11ty'of the sump pumps and

their electrical circuits with environmental conditions for which they

were not designed. For example, for BF-3 the sump pumps are powered by the

3C 4§nv reactor buildina MOY boards which are immediately adjacent to the

HCUs on the 565 feet elevation. Furthermore, these pumps and their power
supplies would not be readily accessible by maintenance personnel aiven the

harsh environmental conditions in the reactor buildinq. The pumps are not

supplied with emergency onsite power.

Thus it appears likely that all of the ECCS pumps in the basement would
aventually be lost by flooding if the break weres not isolated. Clearly,
the unavailability of either qualified hiah or low pressure makaup cnupled
with an unisolated break in the bottom of the vessel would result in a

continuing drop in water level over the core and eventual cors uncnvery.

An inteqrated pictorial overview of the concerns expressed in this section
is provided in Fiqure 2-3. Appendix A contains an estimate of the risk

associated with a pipe break in the SDV system.
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3. FINDINGS

3.1 During a BWR reactor scram, the SDV system piping becomes an extension

of the reactor coolant boundary outside primary confainment. During this

(scram) condition, only nor-redundant (scram outlet) valves protect against

an uncontrolled blowdown of the reactor coolant which could arise from a

postulated pipe break in the SDV system piping.

As discussed previously, during a reactor scram the boundary of the reactor
coolant system is extended beyond the scram outlet valves to the SDV system
piping which accepts, contains, and 1imits the high pressure reactor water:
exhausted during a scram. The SOV system piping would normally pressurize

to full reactor pressure unless the scram outlet valves are reclosed immediately
after full control rod insertion. Isolation of a postulated break in the.

SDV piping during a reactor scram would depend upon successful reclosure

of each of the scram outlet valves. There is only one such valve in the

flow path from each of the 185 control rod drives to the postulated break.

This single "isolation" valve arrangement appears to violate those portions
of General Design Criteria 54 and 55 of Appendix A to 10 CFR 50 which require
that reactor coo1ant‘pressune boundary piping systems penetrating primary
containment he provided with redundant isolation and containment capahilities
which reflect the importance to safety of isolating these piping systems.
Clearly, the use of a single isolation (scram) valve does not meet these

criteria for the containment isolation function. It is equally clear, however,
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that the use of an additional redundant automatic "isolation” valye in the
scram discharge (riser) line would adversely tmpact the reliability of the
scram function aspect of the 1ines. Thus, while openfng only a single valve
(to cause a rod to scram) is clearly desirable from a Scram function reliability
viewpoint, the avaflability of only a single valve (to isolate a break in
the SDV system piping) is clearly equally undesirable (if not unacceptable)
from a containment isolatfon function reliability viewpoint. Imp]icit]}.
it may be concluded from the single scram outlet valve arrangement that the
overriding need for a highly reliable scram function has taken precedence

-aver (and at the expense of) the reliability of the containment (and break)

isolation function.

3.2 The non-redundant (scram outlet) valves do not utilize a closure principle

or provide a design arrangement with a reliability refiecting the 1mportance4

of isolating a postulated pipe break.

The use of scram outlet valves for reliable isolation of a postulated break

in the SDV system piping attendant to a reactor scram appears to violate

those portfons of General Design Criteria 54 and 55 of Appendix A to 10 CFR

50 which require that reactor coolant pressure boundary piping systems penetrating
primary reactor containment be provided with reliable isolation and containment
capabilities which reflect the importance to safety of isolating these systems.

As noted earlier, group closure of the scram outlet valves has not heretofore

been defined as a required safety function. Accordingly, the systems upon

which scram outlet valve operation is dependent have not been designed with

featuraes to assure reliable closure of these valves.



- 13 -

Reliable group opening of these valves has been established as a required

safety function, to assure a reliable scram function. Because of the need

for a reliable scram, the reactor protection and control air systems have

heen designed such that the numerous possible failure states of either of

these systems would cause the scram outlet valves to open, which is in the

“£ail safe" direction for scram function reliability. thverse1y, the same
possible failure (loss of) modes of these two systems have the opposite impact

on the reliability of the vyalves in the aqroup closure sense. That is, the

1ist of possibie active and passive failure states of the reactor protection

and control air systems which will cause the scram valves to open also represents
the 1ist of possible common failure modes which would prevent group closure

of the scram ohtlet valves when reactor cooiant boundary intearity and containment

jsolation are needed.

Some of these common failure causes are readily correctable therehy permitting
relatively prompt remote manual group reclosure of these valves, e.qd., 3
reactor trip condition which can be guickly bypassed in either the SHUTDOWN
'or REFUELING mode. Other causes wou1d not be correctahle even in the lona
term, e.g., rupture of a copper tubing control air line caused by a postulated
hiqgh energy (pipe whip) type break in the SNV system piping or a seismic
event; Access tn the source of f$i1ure for repair likely would be precluded
by the harsh environmental conditions created by the hreak. Thus, the reactor
coolant blowdown would not be considered terminatahle by reclosure of the

scram outlet valves.
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3.3 The reliability of equipment currently installed and the capability of

SOV system pipe break detection is neither commensurate with the needed

reliability for break isolation nor refiective of the potential consequences

of a rupture of the SDV system piping.

Typically, BWR plants ]1ke 8F-3 have radiation monitors‘iocated in each of

the CRD-HCU areas of the reactor buildina. However, this instrumentation

is not safety grade nor is it supported by Technical Specification operability
and trip setpoint (calibration check) requirements. These instruments are
also of a sinale channel design. The reactor huiiding does have reliable

high radiation monitors in the various zones of the ventilation system exhaust
duct work. These zone radiatfon monitors are used for automatic zone isolation
of the reactor building and for automatic initiation'of the standby qas treatment
system. The operability and trip set point of these instruments are covered

by Technical Specification operability and calibration check requirements.
However, these instruments are not sufficiently close to the CRD-HCls and

SDV headers to provide reliable and unamhiguous detection of hreaks in-

this equipment. Accordingly, we find that the reliability of the current

- break detection function of the overall “man-machine” arranaement for SNV

break isolation cannot he assured to the dearee which would normally be required
of a primary containment or a reactor coolant pressure boundary isolation
system. Operator action to initiate manual reclosure of the scram outlet

valves in the event of an SDV system break would be uncertain.
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3.4 A postulated break in the SDV system piping during a reactor scram with

a failure to reclose the scram outlet valves would result in an uncontrolled

reactor coolant blowdown outside primary containment which could threaten

the ECC systems and the availability of makeup water required for long-term

core cooling.

As previously discussed, since the SNV system piping is located in the reactor
building and outside primary containment, a postulated break there would

result in a reactor coolant hlowdown outside primary containment (unless

the scram outlet valves are reclosed). Furthermore, since the SDV piping

is below the level of fhe core and drains from inside the core shroud, reactor
hot .water could continuously drain out of the reactor vessel and onto the

floor of the reactér building. Additidna11y, an unisolated SDY break inside'
the reactor bu11ding.wou1d also, sooner or certainly later, threaten the
operahility of the emergency core cnoling systems required for mitigation since
the ECC systeg pumps are located in the basement of the buflding. The adverse
environmental conditions created by the hot water break, together with potential
flooding conditions, would make operability of this equipment questionahle
before very long. Moreover, the water lost from the reactor coolant system
would be unavailable to the normal heat removal recirculation flow path (i.e.,
torus, low pressure ECC system and return to vessel) required for long-term
cooling. According?y, unless the_water which is lost from the RCS can be
returned to the condensate storage tank {for return to the vessel), all normal
ECCS inventory eventually will be depleted. At this point, an alternate
makeup source would have to he pravided if pumps were still availahle to

deliver the water tg.the reactor vessel.
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3.5 A break in one or more control rod drive scram exhaust lines located

upstream of the scram outlet valves and outside primary containment would

result in an unisolatahle blowdown of reactor coolant outside of primary

containment even i1f a1l scram outlet valves were closed.

Except for the manual isolation valves immediately upstream and downstream

of the scram outlet valve;, there are no valves in the scram exhaust lines
between the CRDs and the SDV which could he closed to isolate a break. Thus,
should one or more of the 3/4‘1nch Schedule RD exhaust l1ines rupture upstream
of the scram outlet valves and outside primary containment, closina these
valves would not isolate the break. Furthermore, since the subject piping

is below the level of the core and drains from inside the core shroud, hot
reactor water would continucusly drain out of the reactor vessel and onto

the floor of the reactor building.

1t should be noted that this situation is different, for example, from the
small diameter BWR transversing fncore probe (TIP) system instrument lines
which also penetrate the hnttom of the reactor vessel. The TIP lines do
incorporate redundant and diverse isolation valves immediately outside the
drywell to provide isolation protection. Break isolation of the scram exhaust
lines is also different from the situation for ruptured PWR steam neneratorh
tubes. For this case, leaks through the ruptured tubes (which would place
the 1ost reactor coolant outside containment) can be conveniently terminated
by draining the primary system down to a level exposina the bhreak elevation
of the tubes. The lowest elevation of the tubes is still well ahove the

top of the core; thus, the break flow can always be terminated eventually.
Since all of the BWR scram exhaust pipina (and SDV system pipinag) is well
helow the core ei;vation, drainina the RCS to uncover and therehy terminate

the hreak flow from the bottom of the reactor vessel would not he possible.
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The CRD seal leakage flow passing through a single scram exhaust 1ine could
range between 3'gpm and 5 gpm immediately after the break to about 12 gpm
after CRD seal degradation (assuming a 250 psi pressure differential). The
flow would be considerably higher for a larger pressure differential which
might be the case for breaks immediately outside primary containment. Thus,
rupturing only a few of these lines could quickly result in a cumulative
break flow which would exceed the capacity of the two 50 gpm sump pumps in

e

the reactor building basement.

Although a single passive failure might legitimately be postulated for any
pipe in the reactor coolant boundary (including a scram eihaust line), no

SDY system pipe break is thought to concurrently involve the rupture of several
exhaust lTines. Multiple line failures might occur, however, due to such
causes as large high energy pipe breaks, sabotage or interaction with heavy
equipment (e.g., fuel shipping railroad cars) in the vicinity of the hydraulic

control units in the reactor building.

3.6 The assurance provided by the industry codes and vendor quality assurance

programs for the mechanical design, fabrication, installation, testing

and inspection of the SDV system‘piping do not appear to be commensurate

with the risks associated with an accidental rupture of this piping without

isolation.

As discussed previously, a break in the SDV system piping without isolation
could result in severe consequences including possible core uncovery since
the break might threaten continued operability of the emergency core cooling
sy;tems and the availability of makeup water. Additionally, the reliability
of the break isolation arrangement upon which prompt mitigation of the event

would be dependent;'fs considered to be less than adeguate. Under such

circumstances 1t would appear to be appropriate to compensate, in part,
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for these systems-related deficiencfes and safety concerns by providing a
higher-degree of assurance for the mechanical integrity of the SDV system
piping during the life of the plant. A review of the current basis for assuring
mechanical integrity of the SDY system piping shows that fhis assurance {is

not commensurate with the possible consequences associated with a postulated

-,

break fn this piping.

For most of the operating BWRs ({.e., those for which the SDV system mechanical
design was initiated before about 1971), the SDY piping system was probably
dasigned, fabricated, jnstalled and inspectad to the requirements of USA

Standard Code for Pressure Piping-Power Piping,USAS, 831.1. This code did

not providevfor a detailed quality assurance program for design, fabrication

and construction. Also, piping systems for use in water service and built

in accordance with B31.1 were not required to have volumetric examinations

of welds except for those witﬁ nominal wall thickness greater than 1-5/8 A

inches. Pipes of one to two inches in diameter such as drain, vent and instrument

Tines were not required to have examinations.

" The Section 111 ASME B&PY Céde rules for Class 2 components were available in
1971. Plants granted ; construction permit from 1971 through 1973 would
probably have been specified to construct the SDV system piping ‘to the Class 2
rules rather than B31.1, but it could vary depending upon‘the order date for
the component. The 831.1 and Class 2 rules are similar and nether requires

a thermal fatigue analysis (thermal expansion fatigue by anchors is included).
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The Browns Ferry-3 SDV system was constructed by Reactor Controls, Inc.

(RC1) of San Jose, California. From conversations with RCI representatives,
it has been learned that most operating BWR/3 and BWR/4 SDV systems (including
the CRD-HCU piping networks) were constructed by RCI. More recently, RCI

has expanded its scope of supply to include the mechanical engfneering design
and analysis of the SDV systems. The SDV systems for BWR plants now under
construction would be built to-the ASME B&PY Code, Section III, Subsect1on7MC
rules for Class 2 Components. The Code requires that this work be done in accordance
with the quality aséurance requirements of ASME Section IIl Article NCA-@OOO.
However, examination of the coﬁstruction deficiency report for LaSalle County
Station (see Appendix B) shows that contrary to these requirements, “Reactof
.Contro1s, Inc., (designer and installer of portions of the Control Rod Drive
System) .did not have a QA/QC program that addressed the areas of ... design
control, ... and detailed implementing procedures for design, installation,
and inspection activities." From this inspection report it may be 1nferre&
that most operating BWR SDV systems were not constructed to the high quality
assurance standards now considered to be appropriate and reflective of the
.potential consequences associated with an accidental rupture of this piping

without isolation.

Finally, inservice inspection of SDV_components built to Section III would
be conducted in accordance with the ASME B&PY Code, Section XI, Subsection
INC rules for Class 2 components. Section XI rules would, most likely, also
be followed for SDV components constructed to B31.1 rules because Section
50.55a of 10 CFR Part 50 requires periodic updating of inservice inspection
programs for each plant. The CRD scram exhaust risers and the SDV vent and

drain 1ines could be exempted from examination because they are smaller
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than the 4" diameter exemption provided in the Code. The SDV header should
not be exempted on either size or pressure considerations, but it is not
apparent that all plants include the header in their inservice inspection
program. One argument that might be used to explain why the header is not
included is that there is no need to examine the larger pipe because the
maximum break flow is limited by the flow from a single 3/4 inch scraé exhaust
riser. If the header is exeﬁpted by this reasoning, then the only inservice
inspection required by the Code would be the system pressure test once every

3-1/3 years and the system hydrostatic test once every ten years.
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4, RECOMMENDATIONS

1. Require that the CRD-HCU exhaust 1ines and SDV system piping meet the

highest standards for design, fabrication, installation, testing, inservice

inspection and quality assurance which can he reasonably attained.

In view of the potentially serfous consequences associa;ed with pipe breaks
in the SDV system without isolation and the significant difficulty and issues
involved in improving break i§olation reliability, it would appear most appropriate
to first assure that the probability of an SDV system pipe break has been adequately
minimized. However, from our investigation we found that the level of mechanical
integrity assurance presently provided for the 1ife of the plant is significantly
deficient. We, therefore, recommend that a thorough re-review of the mechanical
.design, fabrication, installation, testing, inservice inspection and quality
assurance standards and requirements which were applied to the existing CRD-HCU
and SDV systems be undertaken with the intention of evaluating tﬁeir adequacy
and upgrading as necessary and practicable. Requiring a complete fatiaue
analysis and a more extensive and frequent inservice inspection of the small
diameter piping welds for the éxistinn SNV systems are examples of possible
‘jmprovements in these areas. We also recommend that the results of the actual
work performed in these areas for all operatina BWRs be thoroughly re-reviewed
and're-perforhed as necessary to assure that the mechaniqa1 integrity requirements
are met and that the current hases are acceptable. Finally we recommend

that these standards he applied to future BWR CRN-HCll exhaust and SNV systems.
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2. Assure that reliable and redundant break detection {nstruments such

as temperature, humidity, or radfation monitors are provided in the immediate

vicinity of the HCUs and SDV system piping.

An important compongnt qf thé SDY system “man-machine®™ break isolation arrangement
is raliable break detection. Accordingly, it is recommended that reliable
(safety grade) break detection instruments be installed in the immediate

area of the control rod drive HCUs and SDY system piping. Detection based

on high radiation, temperature, and/or humidity conditions may be used for
this purpose. These instruments should be coverad by Technical Specification
setpoint and operability requirements and should be annunciated in the control
room. They should be redundant. To preclude a single faflure from disabling
the detection 1ink in the man-machine isolation arrangement. Appropriate
consideration should be given to adequate environmental qualification. Only
with ﬁuch break detection {nstruments can relfable and timely break dfagnosis

and actions by the operator be assured.

3. Develop and implement appropriate emergency operating procedures and operator

training for postulated breaks in the CRD insert or exhaust piping or the

SOV system h‘lpinq.

Training provided should familiarize the control room operator with SOV break
symptoms, indications, and diagnosis. The emergency procedures developed
should require immediate reclosure of the scram outlet valvés upon a detected
break in the SDY system piping. Emergency operating procedures should include
all available mitigation steps {f timely reclosure of the scram outlet valves
cannot be accomplished. The procedures should be supported by appropriate

analyses to demonstrate the most appropriate course of action (e.g., possibly
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depressurizing the reactor via the SRVs to reduce the CRD blowdown rate).
Subsequent actions required to reclose the scram outlet valves should be
developed and provided. Procedures and trainina required for long-term recovery
if the scram outlet valves cannot be reclosed for an indefinite period should

be developed and impleménted. These procedures should include steps to prevent
or delay the possible eventual loss of all ECCS by flooding or environmental
damage. Finally, consideration should be aiven to any special emergency
procedures and training which may be required to terminate a reactor coolant
blowdown which cannot be isolated by the scram outlet or manual isolation

valves because of break location, environmental conditions or valve failure.

4. Consider improving the closure reliability of the scram outlet valves.

various ways should be studied for jmproving the closure relfability of the

scram outiet valves. Such studies should examine concepts for improving

the reliability of control air supply (e.g., accumulators) and AC power supply
(e.g., individual alternate temporary emergency power supply hookups) to

the solenoid scram pilot valves. Any proposed improvements in closure relfability

should carefully consider the possible negative impacts on scram reliability.

5. Prior to the initiation of any pressure boundary maintenance on the

SDV system pipings, require the manual isolation valve for each scram exhaust

riser be closed; and before suhsequent startup, require appropriate verification

that the manual valves are reopened.

SNV pressure houndary maintenance or modification activities may not be precluded
by Technical Specifications from being performed in any reactor mode. However,
such activities would normally be expected to take place durina periods when

the reactor is i{n either SHUTDOWN or REFUELING mode. Activities which result

in a loss of SDV ﬁéessurz boundary intearity miaht he performed with only

the scram outlet valves closed to isolate the SDV system piping from the
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reactor coolant. Maintenance or modification procedures may not require
that the HCU manual isolation valves also be closed. If the manual valves
are not closed, the scram outlet valves would he maintained closed with both
RPS channels enerafzed and control air pressure applied to each of the scram
valve actuators. Under such circumstances, should a RPS trip condition (or
loss of RPS power) or a loss of control air occur, an uncontrolled loss of
reactor cnolant outside primary containment would result if the SDV pressure
boundary were open at that time. Nependina upon the circumstances, reclosure
of the scram outlet valves ﬁay not be readily achievable. Accordinagly, to
protect against such an uncontrolled loss of coolant, it is essential that
manual closure of the manual isolation valves be required. It should a1sé
be noted that opening the SDV system manual flush valves without an operator
remaining on standby to assure immediate reclosing, if needed, is another

pressure boundary maintenance which requires similar treatment.

6. For plants to be constructed consider locating the SNV system headers

and HCUs at an elevation in the reactor building which would place them above

the top of the reactor core.

By routing the CRD piping to and from the HCUs and SOV headers to a level
above the top of the reactor core, the possihility of an unisolatahle break
which could drain reactor coolanf from hé1ow the core would be substantiaily
reduced. It would still be possihle for an individual CRD insert or withdraw
(scram outlet) line to break bhelow the core level inside the primary containment.
However, only a hreak outside containment above the level of the top of the

core could he cross connected hy the flow contribution of all of the scram
exhaust 1ines. Thus, with this arranaement it would he possihle to terminata

a hreak in the- SOV system by hrinaina reactor system pressure down to atmospheric
conditions. Reactor .water would not he able to drain outside primgry containment

to below the level of the tnp of the core.
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