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construction occurred in February 1957 and was 293,000 cfs.
The minimum recorded streamflow was 400 cfe in July 1966 and
is attributc¢: primarily to upstream regulation. The maximum
fiood of record in the region occurred in 1897 prior to con-
stiuction of TVA dams with an estimated local maximum runoff
rate of about 470,000 cfs.

TVA's evaluation initially assumed a hypothetical
Tennessee River Flood, which we consider inadequate, being
only about 'alf as severe as the probable maximum flood {(PMF).
Subsequentlv VA performed an evaluation for a PMF based on
he Weathe» Bureav's latest hydrometeorological estimates of
probable maximum precipitation for the region, ..ad determined
that the peak runoff rate at the site would be about 1,200,000
cfs resulting in a river level el:vation of about 572.5 ft.
MSI. This PMF determination included an ertensive study of
the runoff capability of the upstream 27,130 square mile
drainage area and was greatly complicated by the necessity
for determining the effec s of more than 22 major TVA and 6
privately cwned reservoirs. TVA fouud that the reservoir and
outlet capacity of the four l1ennessee River ¢ims immed ately
vpstrean of the site would be insufficient to pass a PMF and,

therefore, included the effects of their potential failure in

e PMF es* - 2, TV also azsumed a sustained wind speed of
. mph aant wic aximum PMF river level, and has
estima. | ' ¢+ ponding wind wave runup level could

reach .lev ‘ s 574 ft. MSL. TVA assumed that the
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most likely month for a PMF was in March and used the mean
March wind speed (14 mph) as the coincident wind., However,

we have indepundently estimated the wind wave effects, using
the guidance provided by the Corps of Engineers, for the plant
area and accoruingly estimate that a reasonably severe wind-
storm producing 45 mph sustained wind speeds could vecur
coincidentally with a PMF and produce a maximum wind wave run-
up level as high as an elevation of 578 ft. MSL.

The applicant has now provided, described in Amendment 40
to the FSAR, flood protection up tc 578 (t. MSL so that the
plant may be placed and maintained in a safe shutdown condition
for all feasible combinaticns of wind and flood up to the
hypothesi:eil PMF condition. Specifically, the Reactor Building,
Diesel-Generator Buildings, Radwaste Building and the Residual
Heat Removal Service Water (RHRSW) pumps on the intake structure
are protected against flotation and kept dry and operational
up to 578 ft. MSL.

All protection is permanently in place. At a reservoir
elevation of 558 MSL, the only other potential openings
remaining into Class I areas, the outer door to the waste
packaging area of the Radwaste Building and the outer set of
double doors of the large equipment lock t>y the Reactor Building
and its sliding gate will be closed if open and access denied
to these areas.

The plant can continue normal operation, during flood



conditions, until the water level reaches elevation 565 ft.

MSL which is the elevation of the pumping station deck. When

this elevation is reacked, as indicated by redundant water
level switches read 2t in the control room or by direct or
TV visual observatior, an orderly shudown of the plant will
be initisted. The circulating water pumps will be utilized

as long as practicable. The protection provided to the RHRSW
pumps, however, provides the capabil.ty for decay heat removal
up to elevation 578 ft. MSL.

Long periods of advance warning of flood or wind ccaditions
are not required and we now conclude that the plant can achieve
and waintain a safe, cold shutdown vader all potential flood
conditicns up to and including those of probable maximum
severity. The additional physical protection will be installed
prior to Unit 1 exceeding 1% of full power.

Local Tributary

During the construction of the plant, a local tributary
was diverted into Wheeler Reservoir west of the site. The
applicant was requested to provide an analysis of the capability
of the tributary to flood safety =lated plant [acilities as
a result of a lncal PMF., TVA found the existing diversion
channel and bridge incapable of passing floods up to the
severity of local PMF (with a maximum runoff rate of about
14,000 cubic feet per second) without inundating the plant.
Conse juently, TVA has proposed modifying the diversion channel |

to safely pass a local PMF and in Amendment 33, has provided



details of the relocited diversion channel including typical

sections, plans, and water surface profiles and minimum grade
levels between the channel and the plant. The channel will
pass the maximum runoff rate from a local PMF of 14,000 cfs
with maximum water surface elevations below the ground, the
dike, and the road which protect the plant and cooling towecr

areas from flooding.

We conclude that the design bases for the diversion

channel are adequate to safely pess a local PMF without affecting

safety related plant ' (lities,

Plant Drainage

The applicant has also evaluated the flooding potential
from surface drainage and the extensive roof surface area of
the facility. The applicant determined that the roof and
its drainage are adequate for severe storms, bt indicated
that modifications would be required to three service building
doors and their seals to prevent flooding of the radwaste
building. This requirement was eliminated by the applicant
in Azendment 40 wherein the Radwaste Building was protected
against the PMF. This protection includes water tight
entrances from the Service and Turbine Buildings, thereby
negating the need for Service Building protection. We conclude
that safety related facilities are ud nately protected against
surface and roof drainage.

Ground Water

Ground water at the site is derived from local precipi-

tation, part of which percolates into the residuum. Deep
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regional ground water movement is prevented from reaching

the site by leocal anticlinal and synclinal bedrock structures.
All local ground water, as reported by the applicant, flows
directly into Wheeler Reservoir. The 32 public ground water
supplies within 20 miles of the site are not expected to be
affected by plant operation. Since the onsite liquid radio-
active waste storage is contained entirely within the radvaste
building concrete structure which will be watertight and

capable of the requirements of a Clasu 1 (seismic) etructure,

A
we conclude that therc is little likelihood of accidental E
release of liquid radwastes to the ground., The eight private |
wells within one mile of the site have been ‘urveyed and the
applicant has stated that special local monitoring will be
carried out in the event of any unusual release, even though i
there is also little likelihood of their contamination.

e, Wate~ Supply

Cooling water is to be taken directly from Wheeler
Reservoir. Adequate water supply is available for normal
operation., However, we considered the limiting water supply |
condition that would occur feollowing the effects of an assiued ;
failurce of the downstream Wheeler Dam. The applicant has
estimated under these assumptions that the volume of water
available in a large naturcl depression in the river bottom,
coincident with minimum runoff, would still provide an ,

adequate source of cooling water for safe shutdown cooling

BERAEE e Lt Ut P ) E bl | S R T B LT BTt 7 B DR i L
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water requirements (45 cfs) for all three units. We

conclude that adequate shutdown cooling water is available.
The Tennessee River from 12 miles upstream of the site

to 49 miles downstream serves five public water supplies.

Four intakes are downstream of the site, three of which are

R ——

owned, operated, and controlled by TVA. TVA has stated
that it will monitor both public and private ¢ li~s

periodically., We concur with the applicant that there is

Rl PRISSN N SSSNNNSNN—~

little likelihood of contaminating public or private surface
or ground water supplies based on conditions of storage and
control of radioactive liquid effluent discussed in Section
8.2 herein, and that a suitable monitoring program is (as

1 indicated by the applicant) a desirable safeguard for warning

potable water users in the unlikely event of a spill,
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Reactivity Control

Reactor power can be controlled by either movement of
conirol rods or variation in reactor coolant recirculation
system flow rate. A standby liquid control syster is also
provided as a backup shutdown system. |

There are 185 control rods which are used to bring the :
reactor thrcugh the full range of power (from shutdown to
full power operation), to shape the reactor power distribu- :
tion, and to compensate for changes in reactivity resulting
from fuel burnup. Each control rod drive has separate control
and rapid insertion (scram) d vices. A common hydraulic
pressure source for normal operaiion and a common dump volume
for scram operation are used for the drives. On the basis
of our review of the drive system design and the supporting
evidence accumulated from operation of similar systems in
other General Electric reactors, we conclude that the installed
system will meet the functional performance requirements for
each reactor in a safe mauner.

During operation at power levels between zero to 10X of
the rated power, control rod reactivity worths are limited by
the rod vorth minimizer (RWM), a device which utilizes a
computer to restrict control rod patterns such that the total
worth of any insequence rod that can he moved will be no more
than 1% delta k. For reactor power leveis in excess of 10%
of tne rated power, RWM operability is not required. (See

Section 9.4)
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The AEC has been reevaluating the modeling and the
consequences of the postulated Control Rod Drop Accident
(See Section 9.4). We have concluded that modifications
are required which would provide means to augment the RWM
so that the probability of occurrence of the postulated
accident is negligibly low and/or that the consequences
are consistent with the guidelines of 10 CFR Part 100.

Accordingly, the applicant has proposed, in Amendments
43 and 44, the installation of a Rod Sequence Control System
(RSCS) as a backup to the RWM. The RSCS independently
restricts the selection and withdrawal of control rods up
through 30% rod denmsity (checkerboard pattern, 50% of the
control rods full out and 50% full in).

At power levels exceeding 50% rod density, the applicant
states that the consequences of a control-rod-drop accident
indicate that the peak fuel enthalpy is below the threshold
value (280 cal/gm) assumed to cause rapid fuel dispersal
and acamaging pressure pulses to the reactor core and that the
radioleogical doses at the site boundary from the estimated
fuel cladding failures are well within thu guidelines of
10 CFR Part 100.

The RSCS is a hard wired system which is electrically
independent from the RWM and utilizes inputs from the full-
in and full-out switches in the rod position indicator
probes and rod sequence selector switches. [t wires the

rod select releys into groups that control four sequence
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patterns. A relay either inhibits or permits movement

of all of the rods assigned to a sequence pattern. Our
evaluation of the RSCS is discussed in Section 9.4 Control
Rod Drop Accident.

A control-rod-ejection accident is precluded by a
control rod housing support structure located below the
reactor pressure vessel, similar to that installed on the
other large General Electric reactors. This structure limits
the distance that a ruptured control rod drive housing could
be displaced. The applicant concluded, and we agree, that
the control rod displacement would be so small in this event
that any resulting nuclear transient could not be sufficient
te cause fuel rod failure.

Rapid control rod withdrawal is prevented by the control
rod velocity limiter which limits the free fall of a rod to
§ ft/se. but does not retard scram action,

Reactor power can also be controlled through changes in

the primary coolant recirculation flow rate. The recirculation
flow control systen is the normal control method used to adjust
reactor power level to station load demand whenever the reactor
is operating between approximately 60% to 100X rated power.
The recirculation flow control system is designed to allow
either manual or automatic control of reactor power., This
method of reactor power control has been demonstrated to be
acceptable in the Dresden Units 2 and 5, Monticello and

Millstone I facilities.
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The standby liquid control system is designed to bring
the reactor to a cold shutdown condition from the full power
steady-state operating condition at any time in core life,
independent of the control rod system capabilities. The
injection rate of the system is adequate to compensate for
the effects of xenon burnup and decay.

Each of vne foregoing design features with the exception
of the RSCS is similar to the corresponding features provided
in plants we have previously reviewed. On the basis of our
previous review of similar designs and of satisfactory
operating experience with similar systems in other operating
BWRs, we conclude that the mechanical, thermal and hydraulic,

and reactivity control features of each reactor is acceptable.
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Vibration Control

The applicant has planned for vibration tests of reactor
internals in Units 1, 2 and 3 during plant start-up. During
these tests, for Unit 1, the displacement of the shroud and a jet
pump relative to the reactor pressure vessel wall will be monitored
the separator motions will be recorded with accelerometers,
strain levels vill be recorded from a jet pump riser brace and
the guide tube. These measurements will be provided for Units 2
and 3 as appropriate. The data obtained should be sufficient to
verify that the steady state and cyclic stresses in the components,
as determined by analyses, are within the acceptable design limits
gset forth Iin the design specifications and ASME Code Section III
requirements., The applicant has stated that the criterion used
in the Browns Ferry internals analysis is to l.mit the alternating
peak stress intensity, including all stress concentration factors
to a value of * 10,000 psi which represents an additional factor
of safety of 2.5 below the value permitted by ASME Codes.

The applicant has proposed a vibration testing program fur
Units 1, 2 and 3 such that Unit 1 can serve as the prototype for
Units 2 and 3. The tests proposed for Units 2 and 3 are confirma-
tery tests, The program meers the intent of AEC Safety Guide 20,
"Vibration Measurements on Keactor Internals."

The program for Unit 1 consists of three phases:

1) a cold flow test monitored with installed
vibration monitoring instrumentation; the tests

have been described by the applicant in



2)

3)
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Amendment 44.

an in place inspection of reactor vessel
internals; the inspection has been described

by the applicant in Amendment &4&4.

a hot flow test monitored with installed vibration
monitoring instrumentation. A predictive
vibration analvsis will be submitted prior to
conducting the test program to provide a basis

for evaluating the results.

In order to qualify Browns Ferry Unit 1 as the prototype for

reactor internals vibration testing:

1)

2)

3)

4)

the responses measured from the hot flow test
should be compatible in magnitude and characteris-
tics to the responses measured from the cold flow
test,

the in place inspection following cold flow
testing demonstrates no component degradation,
the analytical prediction of the response at
sensor locations compare favorably with the
measured responses, and

the forcing functions and the analytical methods
providing predictions are confirmed by the

measured response.

In the event that Unit 1 is accepted as a prototype, Units

2 and 3 may perform instrumented confirmatory testing without

subsequent inspection of the reactor internals provided that a

comparison of the measured responses confirms the substantial
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similarity in vibration behavior between the tested internals
and those of Unit 1., We conclude that the preoperational
vibration test program for the Browns Ferry Plant is acceptable

subject to receiving the predictive vibration analysis.



5.2.2

Missile and Pipe Whip Protection

The applicant has considered the effect of missiles ranging
in size from nuts and bolts to valve bonnets, and concludes
:hat no missile would have sufficient energy to penetrate the
drywell wall. In addition, where possible, components are
arranged so that the direction of flight of potential missiles
is away from the containment wall.

If a high pressure pipe were to rupture within the drywell,
the containment shell might be damaged in three different ways.
These are direct impingement on the wall of the jet of fluid
issuing from the broken pipe, the reaction forces of the jet
acting on containment penetrations, and impact of a pipe that is
moved by iet forces (pipe whipping). The plant design includes
provisio s in the design to reduce the possibility of contain-
ment failure as a result of these effects.

The direct impingement of a jet on the containment wall
has been considered in the design of the containment, and
adequate strength has been provided to prevent failure as a
result of such imp.ngement. Reaction loads acting on containment
penetrations have also been considered in the design, ani anchors
and limit stops located outside the containment have been provided
to limit pipe movement and prevent failure of the containment.

To prevent pipe whip from causing failure of the containment,
two design approaches have been taken. In the first approach the
reactor coclant system recirculation lines have been provided with

restraints which will prevent these lines from whipping in the
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event one ruptures. This design approach was not applied to
the other lines within the drywell, such as the steam and
feedwvater lines. However, the applicant is protecting the
lower spherical portion of the drywell wall with energy
absorbing material. The material is a corrugated steel
plate sandwich which can plastically deform to absorb the energy
of a whipping pipe and is the same material previously proposed
for and used in Vermont Yankee. This material provides
protection to the containment against the effects of whipping of
the main steam, feedwater, and RHR pipelines. In addition,
TVA will inspect the critical welds of this unrestrained
piping inside the drywell at a more frequent interval than
that required by the inservice inspection program. The proba~-
bility of failure of these lines is therefore minimized because
of the accelerated inservice inspection program and because
of the leak detection capabilities at the units. We therefore
conclude that since the majority of the piping in the contain-
ment is either restrained or the contaimnment is protected against
its failure, and the remainder of the piping is of high quality,
frequently inspected and continuously monitored for leakage, the
probability of violating the integrity of the containment is
acceptably low.

The reactor sup,lier, General Electric, has been conducting
studies to analyze the potential for damage from missiles
originating in a recirculation pump following a postulated pipe

rupture. Topical Report NEDO-10677, "Analysis of Recirculation
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Pump Overspeed in a Typical General Electric Boiling Water
Reactor," dated October 1972, concludes that destructive pump
and motor overspeed could occur for the double ended pipe break
LOCA in eicther recirculation pump suction or discharge line
with the potential for formation of damaging missiles.

The report recommends the use of a decoupling device
between the pump and motor to prevent the pump driving the
motor to destructive overspeed, The report recommends the
use of additional pipe supports and restraints to prevent pump
missiles capable of causing damage from escaping through the
open end of the broken pipe.

The report is current'y being evaluated by the staff.

The applicant has previously committed to implement any
design measures required to prevent the generation of missiles
from recirculation pump-motor overspeed if the Ceneral Electric
studies indicated poiential problems.

Following the staff's evaluation of the report, we will
require the applicant to submit details of proposed design
changes and a4 schedule for implementation., Resolution of this

matter is not required for licemsing Unit 1.
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Containment Atmosphere Control

Following a loss-of-coolant accident (LOCA), (a) hydrogen
gas could be generatad inside the primary containment from
a chemical reaction between the fuel rod cladding and steam
(metal-water reaction), and (b) both hydrogen and ox;gen would
be generated as a result of radiolytic decomposition of recircu-
lating coolant solutions. If a sufficient amount of the hydrogen
is generated and oxygen is available in stoichiometric quantities,
the subsequent ceaction of hydrogen with oxygen can occur at
rates rapid emough to lead to a significant pressure increase
in the containment. This could cause damage to the centainment
and could lead to failure of the containment to maintain low
leakage integrity.

Ceneral Design Criterion 41 of Appendix A to 10 CFR Part 50
requives that systems to to control hydrogen, oxygen and other
substances which may be released into the primary containment be
provided as necessary to control their concentrations following
postulated accidents (o ensure that containment integrity is
maintained. In accordance with guidelines of the supplement to
Safety Cuide 7 "Control of Combustible Gas Concentrations in
Containment Following a Loss of Coolant Accident,” the applicant
has proposed a Containment Atmospheric Dilution System (CAD).

Basically the CAD concept involves the maintenance of an
oxygen deficient (inert) containment atmosphere in the post-LOCA
period. This would be accomplished by addition of nitrogen gas

from an external nitrogen makeup and supply system. As nitrogen
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is added, the containment pressure would rise in the post-

LOCA period. However, even assuming a zero containment

leakage rate in the post~LOCA period, the containment pressure
would reach about 40 psig within 30 days following the accident.
Assuming that no accident recovery actions were to be under-
taken after the 30-day period, it would take about 2 months
before the containment design pressure (56 psig) could be
reached, Under this condition, containment purging under long-
term controlled conditions would be necessary to prevent excess
pressure rise and to allow the introduction of nitrogen to
maintain the hydrogen-oxygen balance below the flammable limits.
Resultant radiological doses would not exceed the 10 CFR Part
100 guideline values. If the containment is assumed to leak at
a rate of 2 w/o per day, as is the situation postulated for
analyses of the radiclogical consequences of a LOCA, the contain-
ment pressure would not exceed about 35 psig at any time during
the post-LOCA period. Consequently, use of the CAD system as
conceived should allow the control of combustible gases to be
accomplished in the post-LOCA period, while at the same time

its usage should not increase the presently predicted radiclogi-
cal consequences of a LOCA.

The applicant has provided design details and analysis of
the system in Amendment 41, We have reviewed this information
and find it acceptable. In answer to the ACRS recommendation
that the applicant study means to assure that the repressuri-

zation pressure be limited to a value substantially below
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the containment design pressu.e, the applicant has proposed

a containment repressurizacion linit of 3" r=f: whiich is abert
half of design pressure. The applicant has calculated that,
using the assumptions of Safety Guide 7 with no containment
leakage, purging at 10 days at a rate of 12 scfm would limit
containment pressure to 25 psig. We have calculated the site
boundary dose due to the 10 day hold up followed by a 12 scfm
purge rate as 39 rem thyroid and .26 rem whole body.

We conclude that the containment repressurization limit
is acceptable and that there is reasonable assurance that this
limit can be maintained for acceptable operation of the CAD
system in the unlikely event of a LOCA. We also conclude
that the resultant doses from the proposed CAD operation are

acceptable.
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(1) Incident and Accident Surveillance Instrumentation

The BWR reactor protection and engineered safety feature
instrumentation channels generally use blind sensors and, therefore,
do not provide continuous readout in the contvol room of the para-
meters being monitored. The neutron monitoring and main steam line
radiation monitoring systems are exceptions. The other vital
parameters, however, are monitored by instrument channels associated
with control systems, As such, these information readout channels
are not designed to satisfy protection system criteria and availab.lity
and testing requirements are not included in the Technical Speciilca-
tions.

Information readout channels are required by the operator to
assess plant conditions during and sbsequent to an anticipated
operational occurrence or accident in order that he may determine
whether to intervene in the operation of the Automatic Depressuriza-
cion System (ADS) or to inltiate containment spray. The applicant
has provided a list of redundant channels that readout and, in some
cases, are recorded in the control room. This listing was consistent
with that of the Pilgrim design except that the applicant had not
nroposed redundant surveillance instrumentation for monitoring primary
containment pressure. Amendme.:t 39 proposed the installation of a
second primary containment pressure monitoring instrument and we

conclude that adequate information is provided to the operator.
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(6) Anticipated Transient Without Scram (ATWS)

As further confirmation of the adequacy of design, we and
the ACRS have requested tha reactor supplier, General Electric,
to study means for preventing common mode failures from negating
scram action and design additional features to mitigate the
consequences of failures to scram during anticipated transiente.
GE has submitted the results of these studies in two topical
reports, NEDO-10189, "An Arlysis of the Functional Common
Mode Failures in GE BWR Protection and Control Instrumentation”
dated July 1970 (submitted October 26, 1970), and NEDO-103423,
"Analysis of Anticipated Transients Without Scram' dated March
1971 (submitted May 4, 1971)., These reports are now under
review by the regulatory staff and the applicant has agreed
to install these systems whan our review and the system design
is complete.

The applicant, by Amendment 43, has submitted plans for
installation of a recuirculation pump trip to mitigate the
consequences of a failure to scram during anticipated traneients,
The pump trip is automatic on either a signal of high pressure
or low water level. 'The pressure and level devices used for
pump trip are not the same level and pressure devices that are
used for scram, In addition, the pressure switches use' to trip
the recirculation pumps will be of a different type and
manufacturer than those used for scram, The applicant has
{indicated that the Unit 1 modifications will be completed

before Unit 1 exceeds 1% power.
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The staff agrees that i1“e addition of the recirculation
pump trip as proposed by the applicant represents a sub-
stantial improvement in protection ‘f the reactor for anti-
cipated transients without scram; how.ver, the staff has not
completed its review of all the transien s as discussed in
the GCeneral Electric Company Topical Repo 't NEDO-10349,
Completion of our review of this topic is g *:nding receipt of
and review uf response: to additional information which was
requested from General Electric in a letter dated June 13, 1972,
The staff has not concluded that the proposed recirculation
pump trip provides a completely acceptable degree of protection
against anticipated transients without scram for reactors of
this general type. This conclusion i{s pending our receipt
and review of the outstanding information cited above, The
General Electric Company has indicated that the information
requested by the staff regarding anticipated transients without

scram will be submitted as a topical report in early 1973,
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(8) Operational Bypasses
The applicant has proposed that circuitry be included

to provide a means for manually bypassing one of the initiating
signals for the core spray and low pressure coolant injection
system (i.e., high drywell pressure coincident with low
reactor pressure) during integrated leak rate testing of

any unit and during a blowdown of a unit to its suppression
pool via power relief valves. The bypass provides for
additional reduction in possible generation of false accident
signals. The applicant, in Amendment 39 and 41, has submitted
revised Functional Control Diagrams and a commitment that

th» revised circuitry will be designed to meet the intent

of 1EEE=279. We conclude that the proposed approach in

providing operational bypasses is acceptable.
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(2) Environmental Testing

In response to our request for test results establishing the
suitability of electrical equipment and components within the
containment to sustain accident or anticipated operational
occurrence environments, the applicant stated that these equipment
and components are identical to those used and found acceptable in
Millstone 1. The applicant has in addition proposed to add circuitry
to alert the operator to high primary containment temperatures. The
operator will be instructed by operating procedures to initiate con-
tainment spray in order to ensure that primary containment for certain
plant conditions does not exceed 281°F for 30 minutes or 35 psig high
drywell pressure. The need for this operator action and the additional
circuitry is to ensure, with margin, that the environmental capability
of the instrumentation ia containment is not exceeded.

The applicant, in Amendment 39, has described the additional
circuitry to annunciate the containment conditions requiring manual
actuation of the containment sprays. We have reviewed the description
and have concluded that the added circuitry need not meet the single
failure criterion. This is based on the annunciation being only &
means to alert the operator., The instrumentation relied upon for
monitoring the parameters involved (primary containment pressure

and temperatures) is redundant and is read out in the control room.
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The applicant's separation criteria were incomplete in some
areas. One of these areas concerns the separation of redundant
devices and the connection o( redundant circuits to single devices
in control rcom panels, boards, and racks. Consistent with our pusition
in Pilgrim and Vermont Yankee, we require that redundant protection
system circuits not be connected to a single device (switch) and
that a minimum separation of 6 inches or physical barrier be provided
between such devices. The applicant, in Amendmeat 39, committed to
the required separation criteria.

Our review also revealed that the HPCI and RCIC steam supply
line redundant high flow sensors are mounted on common racks. The
applicant has now demonstrated acceptability of che high flow sensors
mounted on common racks based on high temperature detectors along
the steam lines providing diverse redundant protection.

Anothor area where the applicant's separation criteria were
incomplete concerned cable routing. We identified the criteria which
had been omitted and the applicant has responded by including these
criteria with a minimum of exceptions. The exceptions are concerned
with the dekree of separation (9 vs 12 inches between cable trays).
We do not consider this'to be sufficiently significant to safely to
warrant backfit and have determined that the applicant's design is

acceptable.
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normal relays, the other tripped by backup relays.

(2) The trip coils are continuously monitored from the
contrel room.

(3) The circuit breaker f{s provided with manual mechanical
trip device.

(4) Fail-to-trip relaying has been added to trip incoming
(supply) breakers at their source if the breaker does not
trip.

The applicant has provided, in conjunction with "(4)" above,

an analysis which shows that the control room operator can activate
the motor operated disconnect switches and isolate the fault in
sufficient time to re-energize one bus in the switchyard to ensure
that the system meets the requiremvats of General Design Criterion
17 of Appendix A to 10 CFR Parr 50 as published in the Federal
Register on February 20, 1971. On the basis of our review, we conclude
that the design of the offsite power to the 161 kV switchyard
satisfies Ceneral Design Criterion 17 in this regard and is acceptable.
Twe circuits interconnect the 161 kV switchyard to the plant
emergency distribution system. Each circuit is routed on separate
towers through a redundant 161/4.16 kV common station service
transformer to the 4160 volt distribution system shutdown buses.
There is one tower immediately adjacent to the plant whose failure
could result in the loss of the redundant 161 kV circuit., The
applicant has agreed to increase the separation and, by Amendment 39,
has shown the relocation of the tower and has committed to completion
of the modification prior to licensing of Unit 1, We now find the

circuit routing to be acceptable.



7.3.2

- 30 =

The offsite power available to the shutdown boards is limited
by the size of the circuit breakers. Less than half of the installed
cooling equipment can be operated with offsite power sources. This
results in an inordinate amount of operator action to provide for
safe shutdown of the facility. The applicant has agreed to increase
the shutdown ¢ pability of the plant with offsite power sources,
however, the designs are not complete. The unacceptable aspects of
the design are only related to multiple facility operation. The
system is acceptable for Unit 1 operation only. This item will be
considered as a condition to the licensing of multi-unit operation
and will be resolved prior to licensivg of Unit 2.

Our review of the offsite power system design reveals that the
design pending satisfactory resolution of the above mentioned matters
meets the requirewents of General Design Criterion 17 and IEEE-308
and is acceptable.

Onsite Power

The initial submittal for the emergency standby a-c power system
for the plant consists of four diesel gensrator sets each assigned
to power one 4160 volt shutdown board. The engineered safety feature
(ESF) and shutdown loads for all three urits were distributed among
these shutdown boards nn; attendant distribution systems. The
intent of this arrangement was to ensure that any three of the four
diesel generator sets or shutdown boardsr would supply minimum ESF

loads in one unit and safe shutdown loads in the remaining two

units.
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The applicant had attempted to respond to the concerns of
the ACRS as expressed in the Committee's latter dated May 15, 1968
fssued in connectic. with its review of the application for a
construction permit for Brown's Ferry Unit 3. These concerns were
with regard to the improvement of the marginally acceptable onsite
power system w'th respect to capacity of diesel generator sets and
the need for paralleling of these generators. The applicant
attempt»d to improve the design by eliminating the need for paralleling
the diesel generators. Howcver, these attemp'ed design improvements
resulted in the development of a more complex design that required
extensive interrelationship among the units' control circuits, required
automatic transfer of load groups, resulted in excessive diesel
generator lradings and required an excessive amount of operator
coerdination.

Our review of the system revealed that single circuit failures,
maintenance operations or testing operations in one unit would affect
all or at least half of the ESF in the remaining two units. This
was due to the need to shed and lockout non-essential loads in the
accident unit and ESF of the non-accident units made necessary because
of the limited capacity of the totally shared standby a.c. power
supply. The control circuits which accomplished this shedding and
lockout were initiated by the accident signals and effect the block
or lockout in the ECCS circuits of each unit. Therefore, with repard
to this control scheme, the ECCS circuits of each unit were inter-
connected, This interrelationship was such that the testing of a
channel of one unit and another channel in another unit could dischle

automatic ECCS actuation in all three units., This design
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d-c system to eliminate the need for automatic bus transfer of d-c
loads as expressed by Safety Guide 6. The applicant, in Amendment
39, submitted a description of the design changes necessary to
eliminate automatic transfer of d-c loads ar? to limit automatic
transfer of a-c¢ loads to the low pressure coolant injection valves.
The applicant committed to completing these modifications prior to
licensing of Unit 1.

The applicant has now provided, by Amendments 40 and 43, a
redesigued emergeucy standby a-c power system. They propose to
provide a new shutdown a-c power distribution system to Unit 3
which {ncludes four additional diesel generators and four 4.16 kv
additional shutdown distribution boards. Th; system for Unit 3
will be separated from that of Ucits 1 and 2. The new diesel
generator units will be the same as the existing units. For flexi-
bility of operation, provisions will be made to interconnect each
4.15 kv shutdown boards for Unit 3 to a corresponding 4.16 kv shutdown
board for Units 1 and 2 through manually controlled breakers.

The svstem has the capability to provide emergency power to
accommodate any combination of accident signals (real or spurious)
in any unit without operator action for the short term (0-10 minutes)
within the ECCS interim criteria established for calculating peak
fuel cladding temperatures, The system can also accommodate the
power needs to provide long term shutdown on all units,

All electrical modification work affecting the operation of
Units 1 and 2 will be completed before Unit 1 operates. No connections
will be required to shared systems that will require shutdown of

Unit 1. All major construction work involved with the modification
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will be confined to the Unit 3 area.

The applicant's final desige will be submitted as an Amendment

to the FSAR in January 1973, We reviewed the proposed design at

this time on the basis of its acceptability for operating Unic 1

only and to make an evaluation of the proposed syrem design criteria

and design approacl.
Conclusions

Our conclusions are separately grouped below for single unit

operation (Unit 1) and multiunic operation.

1)

2)

Operation of Unit 1 only

We conclude that the emergency electrical power
systems are acceptable for operation of Unit 1.

Multiunit Operation

We conclude that 1) the implementation of the
proposed modifications for multi-unit operatior wil) not
adversely affect the operation of Unit 1, 2) the design
bases of the proposed system appear acceptable for multi-
unit operation and 3) the design approach, subject to
properly implementing the criteria and subject to our
final review of the circuitry regarding system inter-
action. appea;s to b an acceptable concept for multi-unit
operation,

We will review the detailed design, presently scheduled

for January 1973 submittal, and prepare a Supplement to

the SER prior to licensing Unit <.
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Contro. Room Ventilation Systems

The applicant proposes to meet General Design Criterion
No. 19, Control Room, of Appendix A to 10 CFR Part 50, by
filtering inlet air to the control room. (Includes entire
upper level of the auxiliary buillding which contains the con-
trol panels of Units 1, 2 and 3). Reference {y made to
Amendments 38 and 40 of the Browns Ferry Application which
describes the system as modified. An accident signal from
any one of the three reactor units or a high activity indi-
cation from control room radiation monitors would actuate
the filter trains. Two 500 cfm clean-up trains maintain a
positive pressure within the control room and preclude unfil-
tered inleakage. Each train consists of an isolation damper,
a HEPA filter, two~two-inch deep charcoal beds in series, a
fan, and a backflow damper., Each fan unit has sufficient
capacity to maintain the control room at a slight positive
pressure of approximately 1/4 in., water. “he operator may man-
uvally select, from a number of ventilation modes, tha’ one
which best fits the circumstances.

The overall svstem design has been analvzed by the Staff,
Doses to the control room operators have been calculated
assuming conservative iodine source terms from a LOCA or a
main steam line break accident. The LOCA is the controlling
accident. Based on an assumed 95% iodine removal efficiency
for elemental and 90X for organic by the charcoal filters,

the dose rates are within Criterion 19 guidelines.
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Although redundant filter trains are‘provided the
applicant is relying on sin‘lo valves for isolation of the
Control Room from the normal ventilation paths., Failure
of one of these valves to close would reduce the effective-
ness of the proposed system. The appiicant has stated that
the isclation valves are all located in the Contcol Room
area with local position indicators and means for nanually
closing a failed open valve. We conclude that sufficient
time is available for the operators to assure isolation from
the normal ventilation system and that the Control Room

Ventilation System, as proposed, is acceptable.
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Contro! He! Drop Accident

For the postulated design basis control rod drop
accident, it is assumed that a bottom entry control rod has
been fully inserted and has stuck in this position, the
drive becomes uncoupled and withdrawn from the rod. Sub-
sequently, it is assumed that the rod falls out of the core
inserting an amount of reactivity corresponding to the
worth of the rod.

From the standpoint of radiological consequences, when
the reactor is in the hot standbv condition at zero power
is the worst situatisn at which a rod drop accident could
occur because a high energy release is calculated for this
condition and because a path for the unfiltered release of
fission products could exist through the turbine-condenser
svstems,

The reactor is designed to reduce the probability of
this accident and engineered safety features are provided
to limit the consequences of the accident. For example, the
control rod worth minimizer is designed to limit the reactivity
worth of any control rod during the startup phase of reactor
operation. The control rod velocity limiter will limit the
velocity during free fall to less than five feet per second.
The steam line radiation monitor will detect excessive
radioactivity and isclate the main turbine and condenser
by zlosing isolation valves in the condenser mechanical
vacuum pump system before the radicactive steam can

travel from the detector to these isolation valves., Because
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of the operation of tﬁone engineered safety features,
the fission products that escape to the environment would he
only those which leak from the isolated turbine and condenser.

In evaluating the radiological consequences of this
accident, we have made assumptions based upen the applicant's
analytical model as presented in the Final Safety Analvsis
Report. As discussed ir the subsequent paragraphs, the
analysis techniques for this particular accident have been
revised by Jeneral Electric and we have required modirica-
tions, in addition to those presently provided, to mitigate
the potential conseauences.

The Atomic Energy Commission has for some time utilized
Brookhaven National Laboratorv (BNL) as its consultant as
part of tte regulatory assistance program. For some time,
personnel at BNL have been performing independent calcula-
tions of boiling water reactor contrel "od worths and
potential consequences of a design basis control rod dron
accident, As a consequence of the work performed to date at
BNL,* it appears that the model used by General Electric
to evaluate the deslign basie control rod drop accident should
be revised,

Specifically, the assumed rate of repative reactivity

insertion from control rod scram is not suitably conservative

*BNL 16717-RP1021, "Rod Drop and Scram in Boiling Water
Reactors,” dated April 1972
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since it uses insertion characteristics now considered to bhe
not readily attainable in large boiling wrter reactors. In
addition, the actual reactivity insertion rates are not
linear as assumed.

The General Electric Company has now revised the analvsis
of the effects of a contrel rod drop accident and has sub-
mitted topical reports** to the regulatory staff, The
analysis presented in the reports applies to those reactor
plants using control curtains in the core for initial reac-
tivity control with a supplement applicable to the multinle
enrichment cores with axial gadolinium (Browns Ferry Class).
The regulatory staff with the assistance of BNL is currently
evaluating the adequacy of the revised model and the result-
ant consequences of this pestulated aceident. Included in
the revised analyses are, among cther features, a change in
the method for modeling considering flux shape factors which
affect the rate of nepative reactivity insertion fres a
control rod scram.

The analyses provided for the multiple enrichment cores
with axial gadolinium indicate unacceptable results for the
maximum out-of-sequence rod drop accident below about 10% of
rated pover level for the most reactive part of the fuel
cycle, {.e., the resultant peak fuel enthalpy exceeds the
threshold value (280 cal/gm) assumed to cause rapid fuel

dispersal and damaging pressure pulses tc the reactor core.

®4NEDO-10527, "Rod Drop Accident Analysis for Large Boiling

Water Reactors," dated March 1972, and Supplement 1 to
NEDO-10527, dated July 1972,
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and one-half of the remaining halogens are assumed to be
removed by plate-out. All of the nohle gases and 2.57 of
the halogens are assumed to be released from the primary
system through the condenser system to the atmosphere. A
conservative ground level release from the turbine building
was assumed. A wake factor of 0.5, a turbine building area
of ZbOOmz. and Safetv Guide 3 meteorclogy assumptions are
used for diffusion calculations.

Exposure doses calculated for the whole body and for
the thyroid at the Exclusion Area Boundary are less than one
Rem and 3.6 Rem, respectively for the assumed two hours
exposure, and at the Low Population Zone Boundary are less
than one Rem and 5.9 Rem for 24 hours exposure assumed as
the duration of the accident. The exposure doses for this
accident are well within 10 CFR Part 100 guidelines.

The reactor supplier, General Electric, has stated that
beyond 50% rod density, current estimates indicate that ap-
proximately 600 fuel rods will perforate following the assumed
rod drop accident. The resultant exposure doses would he
approximately double those listed above and would still be
well within 10 CFR Part "0 guidelines.

The staff must complete its evaluation of the proposed
system and the applicant must confirm that peak fuel enthalpies
resulting from the rod drop accident bevond 50% rod densitv
do not exceed 280 cal/gm. In the event the finalized cal-

culations for the peak fuel enthalpies exceed our acceptance

criterion of 2.. cal/gm we will require the appl!icant to
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provide additional modifications to satisfy this Criterion.
1f found acceptable, the RSCS installation will be required
prior to the reactor exceeding 1% of rated power, The Tech-
nical Specifications will require that the RSCS, when
accepted and installed, be operable below 10T power level

and that the control rod scram time (to 90X insertion) be
less than 4.0 seconds, the value used in the revised rod drop

accident analysis.
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10.0 DESIGN BASFS FOR_STRUCTURES AND EQUIPMENT

The applicant has classified the plant structures and
equipment into two categories dependent upon their relation-
ship to safety,

Structures (e.g., reactor pressure vessel and internals,
primary coolant system and the emergency core cooling system)
i whose failure could cause significant release of radioactivity
or which are vital to a safe shutdown of the facility and

. the removal of decay heat have been classified as Class I,

et e e e e SO S e il s

Class Il structures and equipment are defined as those which

are necessary for station operation but are not essential to ,

a safe shutdown, We have reviewed the applicant's classifi-
: cation of structures and equipment and we conclude that they

have been appropriately classified.

The Class 1 reactor building, concrete chimnev and

pumping station structures are founded on mats on bedrock.
| The Class 1 diesel pgenerator building is founded on about 3
feet of earth backfill on top of 32 feet of crushed stone
backfill, The Class I equipmunt access lock rests on a row
of steel bearing piles to rock under each vertical wall and
another row at the mid-point of the ground level slab. The
‘ Class 1 standby gas treatment structure bears on about 10

feet of earth ba.kfill over the same crushed stone backfill

RS

as for the diesel generator building. The Class II turbine
building is supported on steel H-piles to bedrock., As a

result of some weathered rock i{n the foundation material the

T L p——
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Unit 1 reactor building was underpinned, while under the

Unit 2 and 3 portions fill concrete was placed. Seam grouting
' was utilized under the turbine building for the bearing
pile clusters., The foundations as designed are acceptable,

and it can be concluded that their construction was in ac-

cordance with the design criteria.
Class | structures, as defined ‘n Appendix C of the FSAR

and listed in Section 12 of the FSAR are designed for normal

R S ———

dead and live loads, 100 mph wind, 300 mph tornado wind and
3 psi pressure drop, operating and design basis earthquakes

of 0.1 2 and 0,2 g maximum ground accelerations respectively.

e e ooy

Scil, hydrostatic and missile loads have also heen included.

! For tornado design, the upper 320 feet of the chimney is

' designed to fail well before the lower 280 feet reaches its
ultimate load capacity. Therefore, the chimney fall line
under tornado winds does not reach any Class I structures,
the nearest of which is 365 feet from the chimney. Pleces

1 of concrete and an aircraft warning beacon are considered

as potential missiles originating from the chimney in the

spectrum of missiles for which Class I structures are analyzed,

The Radwaete Building, although not defined as a Class
. 1 (Seismic) structure,meets Class I (Seismic) structural
! design criteria under tornado or earthquake loading, and it

can be concluded that it will satisfactorily perform its

function under these loads.

The reactor vessel corcrete support pedesta. is capahle

of withstanding, within acceptable stress limits, either
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