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1.0 SUMMARY AND RECOMMENDATIONS #ZE L1125
1.1 introduction EA
On March 22, 1975, a fire was experienced at the Browns Ferry Nuclear Plant near
Decatur, Alabama.
19754 3 A 22 H. Alabama /@ Decatur 1< IZH 57T U X7 = U —[i{J)3EHT T
KRR LTz,

The Special Review Group was established by the Executive Director for Operations of
the Nuclear Regulatory Commission (NRC) soon after the fire to identify the lessons
learned from this event and to make recommendations for the future in the light of
these lessons.

RGeS 7 N — I3 E S O% ., BEHICRFHHZERS (NRC) OEEIZET 5T
HEIZL > TR, KEKFEHNOZSREZZENLHIEL, 2D DEGN L IER~D
5 R LT,

Unless further developments indicate a need to reconvene the Review Group, its task is
considered complete with the publication of this report.

W i @7331‘%#7 N—FNZRBE L SNRVERY | K ER ORI T 2 8mIE Z O
HEBC LT D bOL BT

The Review Group's recommendations cover a variety of subjects.

W7 N — 7 DS 1I 2 FEEEHEL TV D,

The responsibility for implementation of the various recommendations belongs to the
Nuclear Regulatory Commission generally, and to appropriate offices within the NRC
specifically.
Bl 7042 5 OB T 5 BRI BRI 7 IRHIZE S 12 NRC NOBEEM )R
‘LT,

Although recommendations are offered on a variety of specific items where
improvements could be useful, the Review Group does not believe that action is needed
in every plant in response to each of these comments.

7o & RIS TIIREMEI O ZARMEIZ DWW T, EHARRBENRRLN TN E LTH,
BE 7N —T XN DRMRE T XTOT 7 b~HHAT D20ENH D LI1TEZ TR0,

The overall objective of the recommendations is to achieve an acceptable degree of



protection from fires.

N6 DORE OREN L HANIKKVTEOHFRES LEKT DI L TH D,

A balanced approach must be used in the application of the recommendations to specific

facilities, with due consideration for the details of the design and construction of each

specific plant.

O LI T r—FiE, ENENRET T b O L OHREGOFHEMICEET 2 BE O
COIT, FREMRRICH T 2 E OB ~FIH Sh2 T b0,

The Review Group has not duplicated the investigation into the incident conducted by
the Office of Inspection and Enforcement or the safety review conducted by the Office of
Nuclear Reactor Regulation, both reported elsewhere.

TRt 7 e — AR Y £ 7 TP T 0 £ E AT DI Io F O 2 Y
WL TR,

However, these reports, as well as input from the Tennessee Valley Authority and other

sources, were used by the Review Group in its evaluation.
L LNG, ZH O LR — MIFONZ Tennessee Valley Authority 252> 5 O I35t
T N—TNZ K o THEOFHMAE N S 47z,

The Group's recommendations are necessarily based on today's knowledge and

understanding.

a7 N — 7 OIS IIMRINCAS B O R & FfRICESS b D TH 5,

The Browns Ferry Construction Permit was issued in 1966, and its issuance based on
the state of knowledge at that time.

7T 0 AT = ) =R FTIFEEFT OB 1966 FEITFEAT SH. L AUTERFO ML
SNEHLDOTh Tz,

Similarly, the Operating License review in 1970-72 was based on the technology of that

period.

[FRRIZ, 1970~1972 FEDEERR I DA b L ORI OHAFIC SN b D TH -T2,

Many things that are now deemed evident as a result of the incident and its analysis

were not evident previously.

FLZORFORMEL LT, MATHLLEAXADLNLE O LIE, LIETTIEIHA TR



Mol DTH 5D,
The recommendations of the Review Group reflect the increase in knowledge and

understanding during recent years.

Bt 7N — 7 O SITIEE TOMA L M4 L 0 BEICKMR L TWAS HDTH D,

1.2 Sequence of Events in the Fire KKBZHITEHERDZBE

The Browns Ferry plant consists of three boiling water reactors, each designed to
produce 1067 megawatts of electrical power.

7T RT 2 ) —REINIENEN 106TMW OFE ) & A/ T 5 L 9 it Sz 350w
K BUR AR D DA STV D,

Units 1 and 2 were both operating at the time of the fire.
1 5HE L 2 ST R ICTE T & bR Th o 72,

Unit 3 is still under construction.

F7-. 3EHITIERTTHo T,

Units 1 and 2 share a common control room with a cable spreading room located

beneath the control room.

158 & 2 SHUTILEORIEHE L HE=0E FICMET L7 —7 WVIREELZ AL TWnD,

Cables carrying electrical signals between the control room and various pieces of
equipment in the plant pass through the cable spreading room.
ﬁ@%&fﬁyFW:%é B DR % 7258y DR TERIE B2 EA TN D —7 Wdr—
TR Z i LTV D,

The immediate cause of the fire was the ignition of polyurethane foam which was being
used to seal air leaks in cable penetrations between the Unit 1 reactor building and a
cable spreading room located beneath the control room of Units 1 and 2.

KEOEHEFH & LTE, 158 L 2 5BRORBEORETICH L7 —7 /VILEE L 1 51
DIRFIFEROMICH 5 — 7 VEBILOZRIRR Y —/v e LTHEDRLTWeRY v L X
VT F— LS DERKPET HND,

The material ignited when a candle flame, which was being used to test the penetration

for leakage, was drawn into the foam by air flow through the leaking penetration.

L E T —ATRAWAL R EE T A ZEROBNICEY . A2FL DL (BELDOIFR



WRERICE Kb TWE) BT+ — A5l FELNZ L THEALI,

Following ignition of the polyurethane foam, the fire propagated through the
penetration in the wall between the cable spreading room and the Unit 1 reactor
building.

NIz ﬁ‘%b@%kélrﬁ% . 1 SHORFIFERRE & — 7 VABRE ORI H b HE
WO BB FLZ i U CREPMERE LTz,

In the cable spreading room, the extent of burning was limited and the fire was
controlled by a combination of the installed carbon dioxide extinguishing system and

manual fire fighting efforts.
=T NVAERENTIE, BREEOILRITHIR Sh, KRITRE STz COIH KR & F
ENHKE N OMAEDEICL Y EEINLE,

Damage to the cables in this area was limited to about 5 feet next to the penetration
where the fire started.

T—TNABEBRNICH T2 —T NN~ EIT, KENHAKLEEBILNPOBLZE5 7 1
— bk (1.524m) IZRHANTW,

The major damage occurred in the Unit 1 reactor building adjacent to the cable
spreading room, in an area roughly 40 feet by 20 feet, where there is a high
concentration of electrical cables.

KINT L DR E BT, BEZME 40 7 ¢+ — b (12.192m), K& 207 1 — b (6.096m)
DHIFAN T — 7 VAR E BT 2 1 SO IR RN TRAE L,

About 1600 cables were damaged.
BEZ 1600 RO —7 VM g LT,

There was very little other equipment in the fire area, and the only damage, other than
that to cables, trays, and conduits, was the melting of a soldered joint on an air line and
some spalling of concrete.

KEDKIBNIIZ IS DT NOEZR LR, =T AR bAoA, ar Py b~ EL
NOME—DREIT, 27 U — FORPEL ZER AL TORATERFESA T a A b
D¥EFTH T,

The electrical cables, after insulation had been burned off, shorted together and



grounded to their supporting trays or to the conduits, with the result that control power
was lost for much of the installed equipment such as valves, pumps, and blowers.

BRI — T WVTHERIE DR AR E THEMB L, IR LARar Yy MIkbeZ & T, N
YRR T TR U0 LD IeRkE S TW TR O KK T BT & 0 SRR & e

ST,

Sufficient equipment remained operational throughout the event to shut down the
reactors and maintain the reactor cores in a cooled and safe condition, even though all of
the emergency core cooling systems for Unit 1 were rendered inoperable, and portions of
the Unit 2 systems were likewise affected.

7ol 2 1 FHEOBEFLHHERMEO T X THEIRARRRIZR -7 LT, JRFFomA L
LARRREOHERFB L ORI 2 E LT 57200+ 7ekasid, K E2E LT HiEE e
FEThoTe, o2 SO O IR RO B 22T T,

No release of radioactive material above the levels associated with normal plant

operation resulted from the event.

KEFRORE L LTl FEERR 2 B0 2 R L ISR M E o it 1372 2 o 72,

In addition to the cable damage, the burning insulation created a dense soot which was
deposited throughout the Unit 1 reactor building and in same small areas in the Unit 2
reactor building.

=7 NVOBBGITINZ T, ATV DHERED 2 SHOFFIFRERNICH 210 < Do/
SR & 1 SRED AR E I HERE L 7o iR M A AR ST

The estimated 4,000 pounds of polyvinyl chloride insulated cable which burned also
released an estimated 1400 pounds of chloride to the reactor building.

F7o. BRI —T7 DI TWHEE 4000 AR R (1816 ke) DR UMb = L 13HE
7E 1400 AR K (635.6 ke) OHp{b¥ & iR B~ L7z,

Following cleaning, all exposed surfaces of piping, conduit, and other equipment were
examined for evidence of damage.

HRT2I2ON T, A TRar Yy b, ZOENPOKRRE, T XTORESNIZRE
DY ETCI D TR I Tz,

Piping surfaces where soot or other deposits were noted were examined by dye

penetrant procedures.



AR R TN OHERE 3R ST WD 3 A T OREZGEHREANC L v g S iz,

With the exception of small (3 and 4 inch diameter) uninsulated carbon steel piping, one
run of aluminum piping, heating and ventilation ducts, and copper instrument lines in
or near the fire zone, no evidence of significant chloride corrosion was found.
JERFHFNRUT < DKERIHIC B D | Ak S TWVRVVNS R BR O FRMRE & 7 v =
LBLE O 1RHE, ML 7 b, SREEERRLAR & PR T HERIERE R OIS 5
ol

Where such evidence was found, the material affected will be replaced.
ZD LD BRIEHN RO oG T, KKOEEBEZ T T-MEHIRZE NS TETH D,

For some stainless steel instrument lines, an accelerated inspection program has been
established to determine if effects of chloride may later appear.

AT v L AR ZRERRIC DV, REIC K D HAL OFBRBLND 1 E D D, HIET
DT DITARER R SR 7 1 7T NSERNL S T,

1.3 How Safe was the Public? AREED BVNRETH>F-M7?

The Review Group has studied the considerable evidence now available on the Browns
Ferry fire and has considered the possibility that the consequences of the event could
have been more severe, even though in fact they were rather easily forestalled.

BEt 7 N—T137 70 0 X7 =2 ) —OAKTHRICEHATE 2EBERFNATHAEL, =&
X EBIIRACER Y LTHTFohb & LThH, TOFELEN L VRS2 R L 72 5 Arhe
PEAEE LT,

It is certainly true that, in principle, degraded conditions that did not occur could have

occurred.

JFRIE LT, I 520 s T ABRIREES H0ICE 2 W X7 2 L3R ER=TH 5,

Some core cooling systems were, or became, unavailable to cool the core; others were, or
became, available and some of these were used to cool the core.

WL ODDIFE LB HRIL, P LEmAIT 272 OIZFIHTE oo Tos, 1 E0 O 13H
MATE, &K oFLmARM S AW THR.LDOmEINTHhIT,

Much attention was drawn to the unavailability of Emergency Core Cooling Systems.
T A EDERITREAIFLEHRIESFIIAEE L 72572 2 LIZOT,
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While it is certainly true that the availability of these systems would have been
comforting, they were not required during the Browns Ferry fire.
ZHHDORIENFIHFRETH D Z LM, A& ZTLRDT 2 Z LITENRFETH D L[k
2, ENBIET IV A7 2 U —DRKDMITHE L Shieh Tz,

In the absence of a loss of coolant accident, systems other than those designated as
emergency core cooling systems are capable of maintaining an adequate supply of water
to the core.

WHM IR R Z > T RWEE, BRIF.LHEHEIZE & L THEE SV T0 Sa%dE A4t
DAL, S L~DH It K e R 5N 2 A L TV D,

This was indeed the case during the fire at Browns Ferry.
T TR T 2 Y — D KEIRITITENCZE D Th o Tz,

One way of looking at public safety during this event is to inventory the subsystems
that were available at various times during the course of the fire and to assess their
redundancy, and to consider what actions were potentially available to increase the
redundancy.

ZOFETICE T 52 RROLEEVEZ OV TIHAND 1 DDOFEITIE, KEOEITHITHR % 72
Rel TR CE MBI O B 2ED 2 & ROENORIEOTLEMZFME L, EA7k
TRV Z LD DILRENEZ @ 6O D T2 OIZIIEICHIA CTE 2Dy, K<EZXDHZ L ThD,

This is considered in Section 4.1.1.
IDOZEIZHONWTIE, FA4ED LIHITEEINLTND,

Such an inventory shows that there was a great deal of redundant equipment available
or potentially available during most of the incident.

DX AT TR EZAT DGO RN FHDOIZE AV EOBIF TR M TRE. £
T AXBEMICH A FRE Ch o 72 Z L AR LTV D,

Two periods of limited redundancy were:

TLEMOHIRE SN 2 SOMEIILL TO@EY TH D,

1. The period (about one-half hour) before Unit 1 was depressurized at 1:30 p.m.

During this period, the operating high pressure pumps had insufficient capacity to

11



inject additional water to make up for steam loss, but could have been augmented in
several ways.
F2 1R 30 2012 1 SN SNV LARTO B (36 K2 1 REfEE) Tid, B o&mER
VTFERIER A D T2 DIZE B R 2 KEEKT DR N TR REES ThH o 72h3,
WL OO TFIETRRAZEINT 5 Z L TET,

Alternatively, the system could have been depressurized to allow utilization of
redundant low pressure pumps, and this was done.

RV L LT, ZORMITTIREMED S HEER T ORM 2 fBICT 212 DITHESED
ZENHEETHY , BEICENBITONT,

2. The period (about four hours) during which remote manual control of the Unit 1
relief valves, and thus the capability to depressurize the reactor, was lost.
1 S8 DL 25 OE MR FENHIEC Z O K 9 IZRAF 2 TS 2 720 DORES) A Ko u 7= ik
(B X% 4 k)

During this period, only high-pressure pumping could be effective; there remained
available three control-rod drive pumps, any one of which could keep the core covered
and cooled, provided that a steam drain valve was opened (this was done some hours
later) or a bypass valve opened.

OB TIEEER Y TOHRBIRATH Tz, ENLDFLEMEEL TR, FooHn
HAMEFFT 2 Z L3 TET2 3 R OHEREREI AR 713, JESER LI, DFE D /A /3K
FEOB P NIUE (ZHTEEFERZR AT ) FIHAREDOEE Th o7,

In addition, two standby liquid control system pumps were also available, which
together could keep the core covered with the steam drain valve open, and either of
which, added to any one control-rod drive pump, could keep the core covered even
without a drain or bypass valve being opened.

MAT, 220FRVEBKIEAZRR T HFHARETH Y, 2 B ITARKPEH OB IC &
VIR LA, MRS D EN AR TH 7o, T LUTHH, SWRA D LA XD
e LTHRL A, MEFFT2 2 ENTERENTS 1 DORIEBRERE R 7 23F i 7T /e
e b OB SV, (DBIR VERIEARAR 7 & RS AR o T R FERRICHERE T X B
W ThH o7 Z L EFWNIZNET ?)

Other actions were available which could have been taken to augment high pressure

capability or to restore low pressure capability.

12



EEAKREN IR 5 2 LA TE BEAKEAEZEBT L ENTE D, hofT
HIETARE TH o7,

Actually, the remote manual control of the relief valves was restored and the added
redundancy of the three available condensate booster pumps made the other options
academic.

EEE, ZEFOREFBFEHEIIEIHL, 20O 3 2OFMAFREREKT —A X —KR 712
LCBMmEnnERIIZOMO AT a v 2T T I v 7T LT,

These other options are discussed in Section 4.1.1.
INHOMOA T a3 T 4 FED 1.1 HiCilgmm SN TV 5D,

A probabilistic assessment of public safety or risk in quantitative terms is given in the
Reactor Safety Study (1).

NRZEOMERRNFHL, 2FE 0 VA7 OFEENZRRBUIFFFLEME (1) THEXDL
o,

As the result of a calculation based on the Browns Ferry fire, the study concludes that
the potential for a significant release of radioactivity from such a fire is about 20% of
that calculated from all other causes analyzed.

T A7 2 ) —DKRFITHADSFHEORR L LT, ZOWFE TITAED S B OE
RGBT E D W REMEIT. TN TOMDIFER DT TIR LZ 20% % 5D TWD LT T
Wo,

This indicates that predicted potential accident risks from all causes were not greatly
affected by consideration of the Browns Ferry fire.

ZHiEH B P HIREN S TR SNIEBENRFHDOY) AT B, 7700 A7 =) — kKD
BRICE > TRWICHBEEZZ T 2D TIERVWI EER LTS,

This is one of the reasons that urgent-action in regard to reducing risks due to potential
fires is not required.

ZHURBTER I KK DT0IZ, VA7 2o 2 EICHT 2B LT 7 v a UL
ENRWEHDO 12 Th D,

The study also points out that "rather straightforward measures, such as may already

exist at other nuclear plants, can improve fire prevention and fire-fighting capability

13



and can significantly reduce the likelihood of a potential core melt accident that might
result from a large fire.

Z ORI T, ©LAS O BRICMOIEF AREIITH 20 b LILRWEER R 75T X
KT L OVHAMERRZWET D 2 N TE, REBERAENS AT L0 LARWE
TERNZRIP DR D RTREVE Z R DD T2 L3 TE D L L T D,

The Review Group agrees.
Bt 7 —7 13 H LT D,

Fires occur rather frequently; however, fires involving equipment unavailability
comparable to the Browns Ferry fire are quite infrequent (see Section 3.3).

KENTTe LABHBITREL TS, LR L, 777X 72— KkKITEEIROF]
HAARRBEZE S KRIFZT<HmTHD BED IHESH),

The Review Group believes that steps already taken since March 1975 (see Section
3.3.2) have reduced this frequency significantly.

1975 £ 3 1 (3 E 3.2 fia 2 M) Mo T TITEY M EN TV DTN Z OB 2 4012
HLTWD, LBREZN—713EZX TV D,

1.4 Perspective fEEERAR. Rf#

The Browns Ferry fire and its aftermath have revealed some significant inadequacies in
design and procedures related to fires at that plant.

TIART =) —DKRKEZORBEIT, TDT T P TRIUATEE LI R, KOG
2B DN L ODOEKRLANMEE W SN LT,

In addition to the direct fire damage, there were several kinds of failures.

Z DEFER 72K SARGITIN A T, BAREOBRIEBIS KRG H - 7o,

Some equipment did not function correctly, and, in hindsight, some people's actions
were incorrect or at least not as effective as they should have been.

W O OBERITIE L <HBEE T, B ABRIETIHMADLDITEIN RN EMRTH Y . SV
5D EBEOENE D LRITHIT RO o721 E ERITIX o T2,

The fire, although limited principally to a 20X40 interior space in the plant, caused
extensive damage to electric power and control systems, impeded the functioning of

normal and standby cooling systems, degraded the capability to monitor the status of
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the plant, and caused both units to be out of service for many months.

EIZHBEHND 20 7 1 — b X40 7 ¢ — FOHFPAISHIFR S 472 L1302 Z DK IUTEPRR
WA~ TR 7 E 2 5 T L, B RO IR T 5 = & 2 151F .
FrORELRET 2E=F — DN 2RI, 1 5L 2 BHRORINRE RS 5] &
gz Lz,

The history of previous small fires that had occurred at this plant, the apparent ease
with which the fire started and cable insulation burned, and the many hours that the
fire burned all indicate weaknesses in fire prevention and fire fighting.

T A7 = ) —FEEFTTRA LI LRI/ K DTG E . T D KENRREHTH
STl ROV —T7 VORI A TREDFE LT L WO BARES S, kKT
B & KIEBEDORfEss S &2 X TRL TV A,

The inoperability of redundant equipment for core and plant cool-down shows that the

present separation and isolation requirements should be reexamined. Deficiencies in

quality assurance programs were also revealed.

ﬁb FEITOMEAERED T2 D DILRNED & DS OIEBIRREIE. 4 A OFERR OIMSTIE K
STEEVERFRE SN RTNIT R RN 2R LTV D,

There is another way of looking at the lessons of the Browns Ferry fire.

Fio, 790X 72 U —KEOHKINZIE, b O —2>DRIFNFET D,

The outcome with regard to the protection of public health and safety was successful.

N VRO AT DRI LTz,

In spite of the damage to the plant as a result of the fire, and the inoperable safety

equipment, the reactors were shut down and cooled down successfully.
EB) CERWVE AR, KOVKKOFERE L TOREFT~OHEEZ LD L HETIC
BRI R s 1k R O ENC ) LTz,

No one on site was seriously injured.

BRI TEGZ A > T/EERN W o T,

No radioactivity above normal operating amounts was released; thus there was no

radiological impact on the public as a result of the fire.

M EEA R ORI B LA L OB O A 2o 7o Lie o TREDRERE LT, &
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R D ISR O BEIL 727> T,

The nuclear fuel was not affected by the fire and the damage to the plant is being

repaired.
RIREHI KR L0 =08 BEFOBREGIIEKEIN TN D,

Based on its evaluation of the incident, the Review Group believes that even if a fire
such as the one at Browns Ferry occurred in another existing plant, the most probable
outcome would not involve adverse effects on the public health and safety.
FHOFTHZESNT, M TNV —T L7 2T TV X7 2V —TRI o7 X5 7aki
POBEAFT 2B TR Z 7L LTH, Ibd £ ) R RV DRIE A &L~
HEHEEHZINEAHD EEZ TN,

The question naturally arises: How can a serious fire that involved inoperability of so
many important systems result in no adverse effect on the public health and safety?
ZHIEEL OBEERFMNEZIAENTRAN K 2 ED X I L TAaRE A, ROV
BANERBERTIBRNE DI L0, EWIERMITSRO LS ITEZ 5,

The answer is to be found in the defense-in-depth used to provide safety in nuclear

power plants today.

Z DOREZEITS A OJRTHFEEINCB T 2 Zet i 2 5 RE#EOT THEE D,

It provides for achieving the required high degree of safety assurance by echelons of
safety features.

RV I T L RMEROBER SN EWVES T ERT 27201, ZoMRE DB X - T
ZHITWD,

The defense-in-depth afforded in this way does not depend on the achievement of
perfection in any single system or component, but the overall safety is high.
ZOEIIMHADNDRIEREIT, & A eBRCHERR O 7e e BEREERUS HAKAF LW aAs,
BRI ZRITHETH D,

The lessons of Browns Ferry show that defense against fires had gaps, and yet the
outcome of the fire shows that the overall defense-in-depth was adequate to protect the

public safety.
TI7U AT =2 ) —DFFINTKKIZHT IR N DD Z L 2R LI, EDKED
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FER L U TR R BB #E N AR DL RH#ET LD TE -T2 L 2R LT 5,

The Review Group suggests that this principle be applied in defense against fires.
a7 N — 7L Z ORI K EIT T 2B CEA S5 KO ITIREL TV 5,

This defense in-depth principle would be aimed at achieving safety through an adequate
balance in:

ZOWREPFEDOFANL, LTIZOWTHABRNANT U RAZM L TEEER LETLHZ L% H
HET 5,

1. Preventing fires from getting started.

KEDHKREYITHZ L,

2. Detecting and extinguishing quickly such fires as do get started and limiting their

damage.

HAKROZN S DOPELFIRT 2 LI, TOX I RAKERREI ML, HATDHZ L,

3. Designing the plant to minimize the effect of fires on essential functions. No one of
these echelons can be perfect or complete. Strengthening any one can compensate in
some measure for deficiencies in the others.

HERBEREIC KT D KK OB L R/NRETH X IOBENERETHI &, O DR

DT RTN5ERE, DFVERETEDH VRN &, ENNEMIET D ERHHREIZB

TIIMORNE~XF L TCOMEL R VEDZ L,

1.5 General Conclusions £ RRHI 75§55

Based on its review of the events transpiring before, during and after the Browns Ferry
fire, the Review-Group concludes that the probability of disruptive fires of the
magnitude of the Browns Ferry event is small, and that there is no need to restrict
operation of nuclear power plants for public safety.

T A7 =) —KEOLIHET, T, DRITE Z > T D HERFORFHIIES & | Mt
IN—TNET T 0 X7 =) —FG OB ORIER) 7 KK DFAET DRSNS < &
RLZEDIZOIZIFF 1 FEERT OERR 2 HIIRT 2 LB 20 LR TV D,

However, it is clear that much can and should be done to reduce even further the
likelihood of disabling fires and to improve assurance of rapid extinguishment of fires

that occur.
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LU b, BETDKEORIEKOMELEZLET L 2 &, B UL eiKiE 2 52
T DRKOBAERE S HIZE SABLTZENRTH Y, RINRTITRL RN
DTS TH 2,

Consideration should be given also to features that would increase further the ability of
nuclear facilities to withstand large fires without loss of important functions should
such fires occur.

REIX., TOX I BRAKORAETEHERBENERT L Z L REBEKKEZmZ 572
DI, A IR DORE & & HITED 2 T2 D OREREIC DWW TRE S L iUE e H 720,

The Review Group believes that improvements, especially in the areas of fire prevention
and fire control, can and should be made in most existing facilities.

ZORERT 7 NV —T7 1%, FROAK KT L OKKHE O#PHIZ W T, 13& A EDOREfFhE
RCWENARETHY ., SN2TNEebnEBE LTS,

The Office of Nuclear Reactor Regulation in its evaluation of individual plants must
weigh all of the factors involved in fire prevention, detection, extinguishing, and system
design to assure that an acceptable balancing of these factors is achieved.

{5 %2 DIEEFT KT D 2 ORI BT, FFFARRERIZ Z 6 OBRERDOFHFENT o A0
LR BILD Z L BHEND DI, VAT Likal, k¥ Ak, KM, kKT %
BRAERICER LTIz o iaun,

For each plant, the actual measures to be taken will depend on the plant design and the
nature of whatever improvement may be needed.

BHBITITH LT, LOND NI EEREOLEIILEL SNLH0E LV WsEORE, &
OREFTORFAKFET D THA 9,

The various alternatives available in each case should be evaluated consistent with
these factors.
TNZENDOGE TR R TH k2 EREIEL, 2o DERK L —EF L TRl S s
A BCANCYAAR

1.6 Principal Recommendations #4125
In the following subsections, the Review Group's principal recommendations are

summarized.

LFOY 77 arTihk, BatZV—"OEREBENELHLN TS,
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For further information regarding a recommendation, the reader is referred to the place
in the body of this report where the recommendation and its basis are discussed in
detail.

REICHET D LV FEMAREBRIC OV T, 25 M OREADFEMICH R STV D ARHEE
DARILHPICH B Z DREFINSZREN TN D,

As indicated in the discussions of several specific topics in this report, there is presently
a notable lack of definitive criteria, codes, or standards related to fire prevention or fire
protection in nuclear power plants.

ZOWMEFENONWL OOREDFFEICET 2#m TRIN TS L 9IC, AHDKKT
Bi. VAR5 LIRFIEEIOKKPRECEE L T D RER R, B, EE0H
BPBRARRIIFEL TV D,

Likewise, the existing criteria covering separation of redundant control circuits and

power cables need revision.

[FERIC, RS OUTRAMED & 2 HIEHIEIEE O B4R 2 BEF SR ME E 2 LB & T 5,

The review group recommends that development or revision of the needed standards
and criteria receive a high priority.

BE 7 =TI E L S5 FEEREWEISEE 2521 2 B OB £/ MEEZ#IO T
Do

The group also recommends that the regulatory guidance regarding the proper
balancing of the three factors identified as defense-in-depth principles for fires in
Section 1.4 of this report be augmented.

FLZOWEED 1 EAH T, KK HRBEYFEOIFAI L LGRS TnDd, 35
DEFOWY) /e NT o A% D2 LI L THEITA Rk T 2 X8O TW5,

The reader should be reminded that not every recommendation applies to every nuclear
power plant.

e IR FIREIT A~ L TCT R TOREN Y TUTE L2 DT TIEARNZ 2 B &7
THUTR B,

For each plant, a comprehensive evaluation should be conducted using the perspective

in Section 1.4 and the echelons of safety discussed therein.
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BIEIICKT LT, AFERAREIT 1 ED 4Hi L FOh TER SN 2D BEPEICZHBIT S
ZE2 e TUTb TR R 570,

The design of that plant, together with its operating and emergency procedures, should

be reviewed to determine whether changes are needed to achieve adequate defense in
depth for fires at that facility.

ZDFEFTORGT, £ OFEFTOEHERF X VB RRFOWIEOLE X, £ ORisIZI 1T 5k
KOOI D D53 I RGP E L B LRT DT DIZEENMETH L1 E D 0, T 5729
WZEESNRTER B0,

Each echelon of safety should be sufficiently effective; the overall safety and the balance
among the echelons should also be considered.

BEDZEIEIL IR TR I NIEZR 6720, T72b bR L et & 2 0 BREH
LBITDNT U ARBEINRTITR B0,

The Review Group's recommendations can therefore be regarded to some extent as
representing alternatives to the designer or evaluator.

L7l o TR Z V—7 ORE X, F&EHH EITEHEFE ~5F L TREEZ R LTS, &H
LDREITEZEAONDZENTED,

Other alternatives besides those recommended by the Review Group may be equally
acceptable.

BRI 7 N—T 2L > THER SN2 ZN O DIENICH, MORERGE LS HFRETELHED
H D,

From among the various alternatives, those appropriate and sufficient should be chosen
for a given plant.

Bex 2RBOHRNLZENGOBE)TH372 b D0, FrEDFEH D IZDITEITNRTHIE
BT,

For different plants, it will quite likely be found that different choices are appropriate

and sufficient.

R DFEINTOVWT, BARLBHENEG T THL Z T SICEMINDLTEA D,

1.6.1 Fire Prevention N3$$% 5

The first line of defense with regard to fires is an effective fire prevention program. The
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Review Group's recommendations for fire prevention are discussed in detail in Sections
3.3 and 3.4.

KFNZBAT 2 B D5 — BB I TN R K TR T 5, KK PRI 28 7L
—7ORFIE3ED 3H., 3ED 4 CHMIERINL TS,

An undesirable combination of a highly combustible material (not included in the
design) and an unnecessary ignition source (the candle's use as a leak detector)
represent the specific cause of the Browns Ferry fire.

EEHZIEENTWRWY) BT WHE, RKOARRERE KR (RAWREZRE LTo
HIELOMER) OEFELL RWVEAEDENT T U X7 = U —KED BRI FK T
bDHERRINTND,

Once the fire was started, other combustible materials, primarily cable insulation and
penetration sealant, enabled the fire to spread.

KRB AL TT IS, ORI B FFIZ o — 7 NV Offixik & BB M 235 O it bt
ERZBIT LI,

The ease with which the fire was started and the rapid ignition of these other materials
indicates a deficiency in the fire prevention provisions for Browns Ferry.

KKDFA, BROMOMBIPSRHIZEK LT LI REGIE, 7700 X720 —Ilk
2 KETFHRRICBT 2 KMz R LTV D,

Information obtained from licensees and from special inspections performed at other
reactor sites by the NRC indicate that similar types of deficiencies also exist to some
degree at other facilities.

IR . M OVNRC I K D DR FIF CIAT SRR D B 15 b o i, o
fii% T b & DR DL L O REMNFEL TS Z L 2R LTV D,

None of the facilities, however, was found to have the combination of highly combustible
flexible foam, unfinished penetrations, and incomplete work control procedures which
existed at Browns Ferry.

LLRRG, 7700 A7 = ) —CHAE LTEARTERIAEERIBEFIE, RIepk o EiEfL
IRZ T WL 7 4+ — L DA EDER D -T2 &1L, R OGS RO o7z,

Several facilities had open penetrations between the cable spreading room and the
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control room or between the cable spreading room and other plant areas.
WL O ONiERIE T — 7 VLB & O R XKIROR], E 7213 — T VB L= O
BRIV TV 2 BB LML L 72,

Since some facilities had no reference to fire stops or penetration seals in their Safety
Analysis Reports, and since the NRC had placed no emphasis in these areas, actual
conditions vary widely.

WL ODDRERRIZZ I D DL EGHTHRE T . >F W Bl —~d+4 55 M
W7 NRCIZZHN O DRBIZOWTEBR Lo /e T, EFBRORBUTIAFEFEIZ L2 -
Tn5,

NRC and licensee programs are underway to upgrade those plants that need it.
NRC Kk ONEEFFEE OFFEITZZN O DOBEHEZ 7 LV — K7 v 7T 5 1-DICEITH TH 5,

The Review Group recommends that greater attention be given to fire prevention
measures generally in nuclear plants, and that they should be reviewed and upgraded
as appropriate in this respect.

— I F IR EIT TR Y RERIEBED KK FRIRIE A~ L TH DL, £NHR ORI
BOWTHEHWTHL LI L= FT v 7L, RESNRTNIER LW & 2R 71—
TFEE LTV D,

Consideration should be given to limiting the amount and nature of combustible
material used in nuclear plants, to use of flame retardant coatings for combustible
material where appropriate, and to the use of measures to control potential ignition
sources such as open flames or welding equipment.

RS BT HREIICHW O L REM B OME L BEE2HIRT 2 2 L BEIZISET
AR BB o — T ¢ 72 i g 2 &L BRKE IR BRI O & O IR ERY 7255 K
REERTHUEEL NS 2 EEZBRINRTNIER 570,

In implementing this recommendation, guidance in the form of standards or Regulatory
Guides 1s needed and should be developed.

ZOREZFTT LRI, BRERA0ERH. SF 0 BHlfE#H A LEL Sh, Bliishi
THUTR B,

Such guidance must strike a reasonable balance among the factors involved.

FO XD R IIBMET A ER OB CHIZN e 5 T2 3T v R BRI T T S 720,
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For example, if the fire zone approach (section 4 of this report) is used, the flammability
of materials may not have the same degree of importance as in other designs; if small
amounts of combustible material are present in a given area, the need for fire retardant
coatings is reduced.

Tl ZITKKKIEOT 7r—F (5 4 ) PEH I 56, tMOREHTIIME oLk
DFIFREE DB FEFE TRV S LALZRVY, T 700 B AR BE 00 /0 83T iE O #i I AFE T
D7 BIE, BRI a —T ¢ T OMEMETRA T 5,

Standard qualification tests should be developed to assure that acceptable materials
and configurations are used for items such as cable insulation and penetration seals.
R SHBRITr — T NV E BB — WM O L O RT AT AL T, PR TE OB LR
EARANDND Z EERIET H72DIT, BiESNRTEIRL20,

Some research will be needed to develop improved tests to characterize the flammability
and the nature of the products of combustion of potentially flammable materials.
BAERY 72 EIW@H*M)W@EEEE% DFFE & Z DFIRIEZ RS 27202, ARz dE
72D, WL ONOFER LI L 2D,

The flexible polyurethane foam that caught fire in Browns Ferry was not part of the
original design, but was being used to stuff into holes to stop leaks.

TI AT 2 ) = THRLERKRRY U L2 07 4+ — NEERMORGHRY TiEe<,
A WIED & L THOPITE O TV,

Recent tests have shown that seals containing this material are highly flammable.

ORBRIL, ZOMEZEA TS —AnEWREEEE AT 52 L 2R LT,

The Review Group recommends that seals 17 containing this material should be
removed and replaced where possible; where this is not possible, other measures should
be taken as needed to assure safety.

ZOMEEE A TND —/L 1T IXFAT LATREZR IR Y Y BR7iL, 2SS 2 i iuid7e 572
W, FEENRAFRETH D5 A ITL A RET 272010 E SNDHMORR A TS
RFUTZR BT, ERE 7 A —TIIHER LTV D,

Other types of polyurethane foam, including that used in the original Browns Ferry

design, are less flammable; the potential improvement in safety from their replacement
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should be balanced against the potential hazard of disturbing a large number of cables
and seals.

BADOT T 0 X7 2 ) —OREFHCHEDILTWMOFEHOR Y 7 L& 4T K 0 AR REE
PECThHoTe, ENODORHND DRI T DN RURIIZEDOr—T e — %
W5F % & 5 RIBIER 2 P — IR LT T U A2 WS R IUTR 7RV,

1.6.2 Fire Fighting & X EED
It must be anticipated that fires will occasionally be initiated in spite of fire prevention
measures.
KEFFEEZ DL BT, BRI Lo TTKERTAET L L2 TR TR 4
LT 5722w,

Any fire that does get started should be detected, confined in extent, and extinguished
promptly.
HAKTLEDL I RAKTH-ThmIh, sHEHRE, FITHkSRITUE
IR BTN,

Discussion of the Review Group's recommendations in this area is given in Section 3.5.
ZOEBICBITDRE /N — T O%IE 3 =D 5 i TRt D,

There was smoke in the Browns Ferry spreading room, but the smoke detectors did not
alarm, possibly because the normal flow of air from the spreading room to the reactor
building drew the smoke of the fire away from the installed detector in the spreading
room.

7T AT =) —DRBENITIIENFIE LT, SRR ERS Lo, B2
B ALBEZE DO J AR R~ D 285 O 1 T AL DN LB S NIRRT S LT RN 2> & K D JEE
R EEELTZ72DTH D,

The smoke also penetrated the control room (through the unsealed cable entryways) but
the fire detectors installed in the control room were of the ionization type which did not
detect the products of combustion generated by the cable fire and did not alarm.

Fo. HIT ERShTWRWS—T7 ViEREZ@ L T) fEE~MRA LS, FIfE=ICE
B ST KSR 1T — 7 VK RIT K o THRR S D BRBEAE R 2 i L 722 A A
Th ol OITE RS NIRRTz,

There was a great deal of smoke in the reactor building in the vicinity of the fire, but
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detectors had not been installed in that area.
KKEDOFTETH 2RI R R EOEENFIE L2, £ ORI TN 235%
BEINTWehotz,

Detectors should be designed to detect the products of combustion of the combustible
materials actually or potentially present in an area and should be properly located.
RHIER T 8 2 DN SRR F T2 T ERTAFAE T D rIRIERT B O RBEL B & i dn 4~ % K
ImEES . MERICRE SN RTUTZR B2,

The fire in the Browns Ferry cable spreading room was controlled and extinguished
without the use of water.

TITIRT 2 ) —Dr—T MUBREOKKIL, KEFEHT 22 L7 filffls LWk
Iz,

By contrast, the fire in the reactor building was fought unsuccessfully for several hours
with portable carbon dioxide and dry chemical extinguishers; however, once water was
used, it was put out in a few minutes.

KRB R AR B O AKX, RN & o 72 Al iR b B 1 K as & ioig b 0
KENT F o THEIFRIRIIS S22y, 1 ERBMEDILD LRy DICIHkR ST,

During the long period of burning, there were progressive increases in the

unavailability of equipment important to safety.

KSEDRIBOM, %4 B RR ORI TR AR BB RN 13 8o > 72

It is obvious that the longer a fire burns, the more damage it will do.

KEPEDELH L, IV SADOEERELL ZLITHALNTH 2,

The Browns Ferry fire shows that prompt extinguishing of a fire is, in most
circumstances, also the way to limit the consequences of a fire on public safety.

T RT7 = V=D KRENTKE 3 ORBL T T KK DTG KD ARZEE 2 D KKD
WBEHIRT 52 HETHDHZ L E2RLTVND,

Fire experts consulted by the Review Group and the experience at Browns Ferry
suggest that if initial attempts to put out a cable fire without the use of water are

unsuccessful, water will be needed.

BRI N—FIC LV ERERD BNIEKKOHEIR, ROT TV X7 = U —I2B 5%
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BRiZ. 77— VKK EWHT 2D DOKRZRE L7220 FE S R L 726, AKOBER 2
HCThHHIEaRBELTND,

Many people have been taught, "Don't use water on electrical fires.

REBDO N2 1T TEKKFIZBNTKREMLES 22 1] LHBFINL TN D,

The Group is concerned that widespread opinion and practice emphasize the reasons for
not using water as compared to those for its prompt use.

et 7 v—71%, IRHIPEIC DT AR L BRSO E T SITERT 52 & L TKE
DN LT B R ZEM T 5 Z L 2B L T D,

Procedures and fire training should give the use of water appropriate emphasis In the
light of the foregoing considerations.

FME & K SKEFNBRITRNE OB FE RIS LT, KROEH O 225870 % 5 2 27U 672
AN

The Review Group recommends that serious consideration be given to installing or
upgrading fixed water sprinkler systems, and to making them automatic.

BEH 7 =71, BVLBRBREPEEART Y 07 T —RIEOREEZITEH,. KOELD
DOHEULT D2 ENEZXONLZ EEHIEL TS,

This is especially important in areas containing a high density of cables or other
flammable materials, where there is a combination of flammable materials and
redundant safety equipment or where safety equipment is located and where access for
fire fighting would be difficult.

IHRREBED =7, ETIMMORZRLT WM ZE ATV DK, RAT VR
LIURMED & 5L BELR DA DOENH D K, ZeMERNRE STV D K, 16k
{EEY D72 D OFT S NEE 7R XK TRICEE TH 5,

Adequate fire hoses should also be provided, and access for manual fire fighting should
be considered in the design and in procedures.
FENEIEB) O 72 D OEGTR K ITRF R OFIHICE W TEE SR TE R 6T, @ik
HAKE S FTRE SNRITNIER B0,

Capability for the control of ventilation systems to deal with fire and smoke should be

provided, but such provisions must be compatible with requirements for the
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containment of radioactivity.
K &S e RPAL T D T 6D DI R O HIENC BA 3 D R IT IR S R T T e B2 s
O XD REAHITARE D UIADITEI T 2 B & WSz L2 iF AUz 5720y,

These provisions and requirements may not be mutually compatible and in some cases
may be in direct conflict with each other.
ZIUE OB & BT AICHN. TE WS, ROAWIEZET 525805 5,

For example, operating ventilating blowers to remove smoke may fan the fire; the same
action may also result in a release of radioactivity, either directly by transport of
radioactive particles with the smoke or by decreasing the effectiveness of filters whose
purpose it is to aid in containing the radioactivity.

el ZiE, MERVRS EDIBmR 7T e UV —42BE+ 52 L 132 D0KkKETED0T 555
WD, TRDOBLEDITRAPEHENICHEIREACIADDL Z LA AL LT 4 V2 D%)
REWPWDTHZ L, L L BITHEAMER DA T 5 Z & O CTHRINBOIR AW E 5| &
B ZF0h Lty

It is obvious that some compromise will be necessary and that flexibility of operation
may be needed, depending on the nature of any event that may occur.

EZO0b LRnd 55 FRORFHITET LT, W S0 & BIfEO BN L
HTHDLZEITIHLGMNTH S,

The pros and cons of each provision and requirement should be considered in the
development of detailed guidance.

B L BEDA Y > b - T AUy MIFEFRREHOREO T TEm S 21T 572
AN

The control room should be protected as well, both from radioactivity and from smoke or

toxic gases.

HIEE I BRI, SRR 5 L AHEHT AND, FERICH#E SR TER L7220,

Adequate breathing apparatus and recharging equipment should be available for
operators, fire fighters, and damage control crews which may be working
simultaneously during a prolonged incident.

WY R RERAAG AL E & FEEMAR T, RO FOM, FRHI/ERT 2000 LW geEn
HfEER. B, EEIRE O DI AR TRITHIEZR 6720,
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In addition to adequate equipment design, successful fire fighting requires testing and
maintenance of the equipment and training and practice as teams under realistic
conditions for the onsite and offsite personnel who must fight the fire.

WU B8R DRREHTIN R, A < WhS L7oHAIEENCIEL, KK 23S LR T T & 7220 il
RSO NBICBEAL T, BLEMRFMETOF—L L LTEESTLZ L, i+ oZ &,
T DREZRDOMERF E AN L ETH D,

Onsite and offsite equipment should be compatible.

m%m%@*%%%aiﬁj é j’[,fcﬁ Gj’j/bﬁj:fcﬁ g fcﬁl/ \o

Emergency plans should recognize the need for fire fighting concurrent with other

activities.

BREGEHE I OTEE) &[RRI A IE B O ML ENE 25850 L2 I uid7e H7au,

They should provide for division of available personnel into preassigned, trained teams
responsible for the various activities needed, with proper utilization of offsite
firefighters.

BEETE TSRS ORI OB BN B & & b, MELE SN DERA 2R TENC R L TR
BEBOTEL LIS, Fib-o TEESNLZT—LDH 5, BIEFRERANB DS
WZB L TRt L2 T NiE7e 6720,

1.6.3 Provisions to Maintain Important Functions in Spite of a Fire KXEFIZEH LY
THEELGHEZHET o~SHE
The public safety importance of a fire in a nuclear power plant arises from its potential
consequences to the reactor core and the public.
JRF DFEEFTICIT D KK DNRZREIEMIL, FORLARITH T 2 KK OEER 72 58
MBEET S,

During the course of the Browns Ferry fire, numerous systems became unavailable as a
result of the cable damage.

T AT =) —KKOFEDM, D TEHORMIET — 7 NBEORERE L THA
REEL 72 o7,

By a combination of alternative switching, manual manipulation of valves, remote

controls, and temporary wiring, the operating staff kept enough equipment operating to
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shut down and cool down the reactor cores.
REY~OY) 0 B 2, FFOTEEE, EZRGEE (VEeay), BERER 7 & OAE bRz
X0, EHERA Y o 7 TZEE I EFLEREIT D T-OICEMET b+ 7e g 2 ik LT,

Redundancy was available at all times in case additional outages had occurred.

S DR DA R Z o T2 AT, TTRIEIFW O THRMAAIEETH o 72,

Redundancy is introduced into system design so that one or more unavailable
components or sub-systems will not make the system function unavailable.

1O EOFIATE WS, EI3MBRENE DO AT AOKRELFIHTE R LA
WE DT, TTRMEE Y AT ARFFOF THAIRL TV,

The effectiveness of redundancy depends on the independence of the redundant

equipment.

TLRMEDZNRIL, TURMED & DS OMNNEIAKTET D,

The Browns Ferry fire induced failures of sane of the redundant devices that were
provided, thus negating the redundancy and failing the system.

T RA7 ) — KK, A ONTWIILERD & 2 EORERBE L SR L
oo Lo TEOILEMIIBKE L2 | ZOHAE Rz S e oz,

It is now known that the independence was negated by two errors:
A B TIXZOMSIER 2 DDWKIZ L > THEh L 7p oo Z BB T WS,

(1) wires connecting indicator lamps in the control room to control circuits for
redundant safety equipment were not separated from each other; the fire damaged
some of these wires in such a way as to cause unavailability of the redundant equipment,
and

TLRNED & A3 D7 O OHFIFEEIEE I3 LT, flH=NICH HRRT 7T 28k LT

WIZRLBR DS BV BES N TR o T, T2 b KENZDITLRMED & 2 & OF M

AREEFIER TN O OO B~ EEL 52T,

(2) wires of redundant subsystems were routed in the same area in the mistaken belief
(embodied in design criteria) that putting one set of such wires in electrical conduit (a
lightweight pipe) would protect it. In the fire, the conduit got too hot and the wires in it

short-circuited.

TLRMO & M ORI, EHRE (BE A T) oFIczo X 5 R0 1 &%
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DERETHENEBRE#HT S, VW) Ko RME-T=E 2 FAEFOTICEEN
TUW/2) T USRI S -, K TIE, 28RS h, Zodhicdh T
RS LT,

This caused concurrent unavailability of the redundant safety equipment, part of which
was fed from failed electrical circuits in the burning trays, and the other part, fed from
the failed wires in the conduit.

ZHUTRZ TND LA OFITH - T EREED B IRE STV —5 & EHRENOHEE
L 72 Befi» b 5 S TWTURIED & 5 Zefds ORI ARRE 2 [RIRFIC 5 S 2 L7z,

The Review Group has concluded that existing separation and isolation criteria need

improvement.

BEAF D oy BiEVE L MSEVE D AR ITUEEDOMER D D LR 7 — T3 O 7,

A suitable combination of electrical isolation, physical distance, barriers, resistance to
combustion, and sprinkler systems should be applied to maintain adequately effective
independence of redundant safety equipment, and therefore the availability of safety
functions, in spite of postulated fires.

BB, PR BERE, FREE. BRBEICH T D MHE. KR T 7 T — B O Yl
AR, BEKRISE DD 6T, TLRIED & 5 et O T3 T RB 7oLV
%iUﬁé%%@ﬁ%é%%ﬁTét%Kﬁ%éﬂ@ﬁhﬁ@%&w\

Detailed discussions of the independence of redundant subsystems, separation criteria,

and other systems considerations are given in Chapter 4.

TLRAED & 2 HBh R OISIVE, STBEEAE, OB OB AIL 4 ETREt S D,

The Review Group notes that while some methods of improving separation are
practicable only on new designs, others are feasible and practical on existing plants.
BE 7 N — T BT D120 DN OO TFIENFHO T T vk ~D B FAT A HE
HHZ LXK LT, tObDITBEFO T 7 F~FATR[EETH D, EFHWTHDH Z L %215
L TW5,

Examples of the latter type are addition of barriers, fire-retardant coatings, and
sprinkler systems, which contribute to improvement of fire fighting as well as to

maintenance of important functions in spite of postulated fires.

BAEOFEGIE LT, MEXKRKISE20D 6, BEAEREOMER 21T Tid7z < HAKIEH)
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DUENEE ST 2TY 7 T =i, Bt —7 7 BEEOBMPETOND,

1.6.4 Quality Assurance @B {RiE
Quality assurance (QA) programs are intended to catch errors in design, construction,
and operation, and to rectify such errors; QA is an essential component of
defense-in-depth.
i B PRAERT B XIER, AR, RENCBIT DAL HET L L L bic, 20X D ik aE
ET5ZLaHME LTS, T2RDLMERIEIRENEICLER IR RBERZTH D,

Many aspects of the Browns Ferry fire can be considered as lapses in QA.
T A7 2 ) —kKDOEL OmEIE, MERIECBITAbroL Ltk LTELXD
NHZENRTES,

Examples are unfinished fire stops, inadequate separation of cables containing
indicator lamp circuits, testing operations with a candle, use of highly flammable
material to plug leaks in fire stops, and failure to pay attention to earlier small
candle-induced fires.

FEH & LTI %%&@k“t@ RKRT VTR EZNIE T —T VDA 8E. 5
DI K DRABRMEE, KK IEDITBIT DN OBRE T D200 E5KMEMEIOEH, k
KAEGIEEZ Lo/ s fot% )L KT DIEEDORINNBEET Hivd,

The Review Group believes that the causes, course, and consequences of the Browns
Ferry fire are evidence of substantial inadequacies in the Browns Ferry QA program.
Bt 7 N—71%, 7700 X7 =) —KKOKFR, Wi, fHRNT7 IV X7 =) —FE
AT S ERFERHE O T EET D MEDFEHL TH D, EEZTWD

A revised QA program has been adopted by TVA; the Group has not evaluated the

details of the new program.
BEIESNTAWERFEETEIL TVA I L > TEHRHASN TV, T 2b b7 L — 7138 o
R OFERIZ OV TR L TuhZeny,

It should be evaluated in the light of experience.
AUTREER & D LE b TRHMl S RT UL 57220,

The Review Group notes that NRC (and formerly AEC) licensing review and inspection

also failed to uncover these lapses in QA.
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a7 L—71%, NRC (BLXOWHTAEC) OFRAER & HBRNMERIFCBIT S Z b DR
AR L TR Z bR L T\ 5,

The extensive QA requirements of the NRC are applied to systems and components

designated as important to reactor and public safety
NRC O JRELFH 72 B RFEEIL, R E ARLRIIK L TEETH D LRI TV D
FREBME~EHA S TWD,

Before the Browns Ferry fire, this did not include such items as fire protection systems
or sealing of penetrations in walls, floors, and other barriers aside from radioactivity
containment structures.

T A7 = ) —KEOLIRNE, AT EE D & bR To i BERE . kS BRERR
i, SVHZ D EIRCBENICH D HBEILOY— 7O X I REHEE LR >T2,

The QA requirements of the NRC are being revised consistent with increased attention
to fire protection in all NRC licensing, standards, and inspection activities.

Z® NRC OMERIEEMIL, &2 TO NRC OFEF] (T4 2 R), EHE SRIEEHIZRB W
TAEBGEA~RT 2 S DR HEEICESE | BEESN TV D,

The QA programs of all nuclear power plant licensees should be reviewed.

BT OJF TIFEEF OEIFHEE OA T 2 B RREFHEII SR S 2 T ER s,

QA programs in some operating plants that are known not to conform to current
standards should be upgraded promptly.

BUTOEISH L THE T RN Z ERHMBN TN D, WL ONDEET T &~ MIBITS
P EARRERTENX, 7272 DICEH SR TR 570,

The NRC review of licensee QA programs should be correspondingly upgraded, in
particular to include explicitly fire protection, fire fighting, and provision to maintain
important functions in spite of a fire.
$B¥Fuﬁ%0> dn B PRAEFHENZ %2 NRC OFAIL, FrkKAE b0 & b8, EEH
MEFF T 2720 DFUE, WHATIEE), KKB#E 2 S e B IS LT S 72 audz
By,

Detailed discussion of QA is given in Sections 5.1 and 5.2, for TVA actions, and Section
6.3.2, for NRC action.
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B RAEDREM 72 imIT. TVA OFTENCR 5 5 1 Hik 53 25, M UOYNRC OfTEINIC
B2 68D 3.2 i CRfitEn s,

1.6.5 Response of Other Governmental Agencies  fth BUFF#%BE D & i

If the Browns Ferry fire had developed into a situation where action by other
governmental 17 agencies would have been required to protect people located offsite,
effective action would have depended on effective communication between TVA
personnel and the cognizant Federal, State, and local governmental agencies; see the
discussion in Chapter 7.

bLLT T U AT 2 U — kKD, il 17 DBUFHEBIC & 21T RN D A& 2 57
T HIDICHIEE SITRBUTH R L7272 51X, 2DREZRATENL TVA D ANB LB#N D&
ZEH, N, B RO OBUFHEREOMICKIT 220 R a I a=r—T g SEFE LT
Th’9,

In accordance with emergency plans, TVA personnel notified radiation control
supervisors of the States of Alabama and Tennessee and maintained communication
with them until the fire was out.

BXAHRE R eV, TVA @ A B1T Alabama & Tenessee 1 O e A1 BLE (2@ L
T, KPR THETENDEAI o=l —a U EMER LT,

These States attempted to notify additional agencies as indicated in their radiological
emergency plans, even though a radiological emergency did not exist.

I OMIFT & AR EAFRBFELRroTc L LTH, EN6 OB AFRE
I TREND X OIC SO RDBUMBEB~@H L L 5 & L7z,

These attempts at notification revealed that elements of the Alabama plan had

weaknesses.

WHIZBIT A 25 OFRAIT Alabama OEFEHO I RENH A EEZHLMNT LT,

More frequent exercises and drills to check the response of governmental emergency
organizations are needed in order to maintain an effective response posture of these
organizations.

B B RMRR D RS 2 HERR T 2 720 D & 0 BB E L FIBRAS Z 1 & OFAR ORI RAI 22 X
JSRBAE MR D T DI B TH B,

The Review Group has not studied the question whether drills involving the general

33



public should be instituted and has no recommendation on this subject.
Bt 7 =3 — KRR Z & D T2 HIRRE SR T ITR S0 E 5 e >V TR
FLTWRWED, ZOMEICOWTIHHHELE L T 7Ry,

1.6.6 Recommendations for the NRC NRC IZxt3 %185
The NRC must also consider the Browns Ferry lessons for improving its policies,
procedures, and criteria.
NRC (Z NRC O F5¢t, Ffix, BELALHETLHOICT IV AT =) —DHEIZEEL
D U ECANCYAAN

The NRC is responsible for assuring the health and safety of the public and the safe
operation of Browns Ferry and all other reactors.

NRC 3R LE R E/E, KOT T U X7 2 —&ZOMODJRAIF DL ETERZ Rl T 5
Z LI LTEERS D,

NRC provides this assurance of public safety through the establishment of safety
standards, evaluation of the safety of plants, and inspection and enforcement programs.
NRC i3 5M% & £ OFEhatE, FHEHTOZEMFHMN, ZREEOR 2B L T, ZORiEx
T 5,

The licensee, TVA, has the responsibility for the safe design, construction, and operation
of its plant within the framework of the NRC regulatory program.

HIRFFHE Cd D TVA 1L NRC Ol 7' 7 7T AOFPHNT, Z OIEEFTOERFS I O
B, LERGHIS L THEEN D D,

If the NRC were to become too closely involved in the licensee's operations, this might
have an adverse effect on the licensee's view of his safety responsibilities.

t L H NRC 2NEEEFFEE OMFEICEWV, HE VIO ERRERE R o256 2L NRC
DLZEEAETK T 51BEFFHE O RN ER H 576 Lvuy,

In other words, it is the licensee's responsibility to operate the reactor safely, and it is
NRC's responsibility to assure that he does so.

FWAZ 5L, BRIRFIFZEET 5 2 S ITESTFEE ORMLTH Y | EIRFFREE 1%
99D L ERAET D Z LA NRC DEETH D,

The Review Group's evaluation of the events associated with the fire indicates that
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improvements are needed in NRC licensing, standards development, and inspection
programs.

KINBE L 7o TG ~xt 3 Bt 70— 7 ORI, NRC OFER (T A1 &L R), BEHED
BRZS., ARG OWTEGEERMLETHL Z L EZ R L TWD,

NRC actions and related Review Group recommendations are discussed in Chapter 6.
NRC D178 & B L 72 iit /L — 7 DIRSEI1L 6 FECTiHEm S LTV 5,

The Review Group recommends that ongoing efforts to upgrade NRC programs in fire
prevention and control and related QA be expanded as needed, and as recommended
elsewhere in this report, and coordinated to form a more coherent regulatory program in
this area.

et 7 =T, KETRG & A, U CREE L 72 S RAEIC 3V T, NRC DR %
Ty T T L= RT LT TOLIENITLELE NS LI, L TZoHREEN
DM OFR THIREEZ N TWD LIRS, ZORBICBIT D X0 HioiE - 72 G
EEDT-OICEAE ST DL L ZED TN D,

T

During the incident, troubles were experienced with communications among TVA, NRC,

and other organizations.

#HifgoM, TVA & NRC, # L CHLOFHGERE CTHE Lo b7 7 AR RBR S,

The Review Group believes that some communications problems are inevitable but that
improved communications facilities are feasible and should be provided.

WL OO BEMBIIARFRETH L0, TOREINCBEMEKIIEHRATGETHY, £ L
TRESNRITER SRV ERF 7V =735 X TV 5,

A systems study on communication needs is at least as important as purchase of new
equipment; both should be undertaken.

HEDOVLEMICET 2V AT A< E BT LUVEBIROA LR L < HWIXEET
bHo, TROLWITNETFT ST TR bR,

After the fire occurred and the initial evaluation indicated that public safety had been
maintained, the division of responsibility within NRC between the Office of Inspection
and Enforcement (IE) and the Office of Nuclear Reactor Regulations (NRR) resulted in
an unnecessary delay of several weeks in accomplishing a detailed technical evaluation

by NRC of the safety of the plant in the post-fire configuration.
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KK DFEA & N rf&%éﬂf“t; EVRENTZ A DOWMEFTDOR, FERE LR
%JIF%E%'J@ﬁBF"ﬂF'E'ﬂ@ NRC A BAED N KERAERITBIT L7 T b Owat
{22\ T, NRC é:iéuin’*ﬂifoi&ﬁﬂﬂﬂﬁ%ﬁkb FH72Ilz, fERE L TEBEM ORI
ENEEZ LT,

While the Review Group finds no evidence that there was any immediate hazard during
this period of time, certain aspects of the plant status were improved following the
detailed technical evaluation performed in May 1975, by NRR.

R 7 N — 713 Z OBIMORIZ EE EDERBENZRERN > 72 & ) FEILEZ D2 6 7270
ST FEEATOIRIED & 2 I DOV TR AP HLHIEB PN & - T 1975 48 5 JIZAThivic
FEAR 2R BRI O & . B S,

Specifically, the minimum crew size was increased to provide for required manual
valving operations, and added cooling system redundancy for critical components such
as the diesel generators was provided.

BARBNZIZ, B/ ROBRBEHEN LI L SN D FEFIEEO-DICHEBEIN, 74—
NVREMD K 5 BB O DICI L 5 mHARFEO RSN Rt S,

The Review Group recommends that the procedures followed by NRR and IE in
evaluating the safety of the Browns Ferry plant be revised to ensure that detailed safety
review of such an occurrence will be more timely in the future.

T RT7 = ) —REH OGS S T, B RHIE M & S BRI

SO THFFSAIVTWNDHFIENR, ZD XK D IR fRRENIIZ L D #RE2 b D & 72 0 15 5 HREFIZ D
WT, PP RERELMELTOEDIBEEESND X OHREL TWD,

The Review Group has consulted with cognizant NRC management during its review,
and is aware that programs to implement recommendations contained in this report are
being developed in several areas.

Rt 7 N —T1XE OB EOM, i 10H D NRC#RBEM L i L T, ZOREEICETEN
DIRE R FETT DD OFEPN ONOF I TIIER SN TN D Z L 278 L T\ 5,

2.0 INTRODUCTION Frifi
2.1 Objective and Plan of this Report Z M$R&EEZD B L8
2.1.1 Objective H#
In this evaluation of the Browns Ferry fire incident, the Special Review Group has

reviewed the design and design criteria of the equipment involved, and the actions of
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persons and organizations before, during, and after the incident.

The objective, as stated in the Group's Charter(2)*was:

. to review the circumstances of the incident and to evaluate its origins and

consequences from both technical and procedural viewpoints.

"The Group's review is not intended to duplicate, or substitute for, the necessary
investigations by the licensee and the staff of NRC I&E Region II.

Rather, the Group is charged with marshalling the facts from these investigations and
evaluating them to derive appropriate proposed improvements in NRC policies,

procedures, and technical requirements."

In accordance with this charter, the Review Group has tried to distill from the available

information those lessons that should be learned for the future.

Some of these lessons apply to operating groups, others to designers, standards

developers, State and local authorities, and the NRC.

2.1.2 Plan of this Report C DREEZDIELE
The summary of this report is presented in Chapter 1, including the major

recommendations.

Following the introduction of Chapter 2, Chapter 3 deals with the fire, including fire

prevention and fire fighting, and also materials combustibility considerations.

Chapter 4 includes systems considerations.

It covers the availability and non-availability of plant subsystems during the event, and
considers criteria for the separation of redundant subsystems, including their

assocliated electrical cables.

Chapters 5, 6, and 7 deal with people's actions and procedures for such actions, for TVA,

NRC, and other government bodies, respectively.
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2.2 Sources of Information &N IRHEIR
The Review Group did not attempt to du~plicate other fact-finding investigations into

the incident.

Rather, these were used as sources of information for our evaluation, as discussed in the

following paragraphs.

This information was supplemented as needed from other sources.

Where information from published sources is essential to understanding the Review

Group's conclusions and recommendations, it has been briefly summarized.

Otherwise, the report relies heavily on referencing this material.

The licensee, Tennessee Valley Authority, is conducting an extensive engineering and

administrative program related to the incident.

The TVA Recovery Plan (3) includes the report of the TVA Preliminary Investigating
Conmmittee, investigations into chemical, structural, and electrical damage, and a
program to restore the plant to operation. The Group has obtained much useful
information from the Recovery Plan (a much-revised and expanded document now
approaching 1000 pages) and from detailed supporting information (4) furnished by the

licensee.

With the issuance of its Investigation Report (5), the NRC Office of Inspection and
Enforcement completed its investigation of the proximate causes, course, and

consequences of the fire.

The conclusions and findings in that report are presented in a detailed reconstruction of
the events of the incident, which in turn is based on extensive witness interrogation and
technical analysis.

This constituted a principal source of information for the Review Group's evaluation.

As a result of the IE-Region II investigation of the Browns Ferry fire, an enfcircement

letter was sent to TVA itemizing infractions, areas of concern, conclusions, and findings
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of facts as perceived by the investigating team (6).

TVA has replied to the letter (7), taking issue with Reproduced as Appendix A some of

the items and agreeing with others.

A reply was sent from the Region II Office (8) acknowledging one error of fact in the

enforcement letter and commenting on the TVA response to it.

There are several areas where differences of opinion still exist. Some of the differences
involve conflicting statements by different people interviewed by the investigators,
some represent differing views as to the interpretation of requirements, and some

represent opposing philosophical views.

It is evident from this correspondence and from testimony presented at the JCAE
hearing that differing viewpoints will persist with regard to interpretation and

philosophy, and that the conflicting statements can never be fully reconciled.

The Review Group has considered these different views, and has also sought expert

guidance from outside sources, in reaching the conclusions presented in this report.

In pursuit of its licensing responsibilities, the NRC Office of Nuclear Reactor Regulation
(NRR) formed a Task Force to evaluate the safety of the Browns Ferry reactors
following the incident and during reconstruction and return to operation. Several

reports, technical specification changes, and safety evaluations are available (9).
They summarize referenced technical information supplied by the licensee and evaluate
the safety of the reactors in the post-fire configuration and during the proposed

restoration or operational phase.

The Review Group has used this material as an important source of information in its

study.

The licensee's Restoration Plan is still under development and includes 35 revisions

received by the time of writing (3).

Much additional information regarding proposed design features remains to be
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developed by TVA, along with its analysis of the safety of the plant as restored.

Each step in the restoration program, and each change in plant configuration, must be
authorized

by the NRC. Each authorization is based on an NRC safety evaluation, which in turn
depends

primarily on information and analysis furnished by TVA. Future steps not yet
authorized will

be covered by future NRC safety evaluations.

After the fire, the Nuclear Energy Liability and Property Insurance Association
(NEL-PIA)

visited the Browns Ferry plant. This investigation report (65) and other documents (20)
contain

recommendations for Browns Ferry that are also stated to be generally applicable to
other

plants (20). NRC comments on the NEL-PIA recommendations as they apply to Browns
Ferry have

already been published (67). The Review Group has considered all of the NEL-PIA
reports and

recommendations in its evaluation. Discussion by the Review Group of the various
subjects

treated by NEL-PIA will be found in the appropriate sections of this report.

2.3 Scope of Review Ff5&E D &FH

In view of the objective of the Review Group as delineated in Section 2.1, and of the
other NRC

activities described in Section 2.2., the purview of this report is limited to the lessons to
be learned from the Browns Ferry incident. The viewpoint is toward application of these
lessons.

Where appropriate, back-fitting of operating plants is considered as well as plants
under

construction and those not yet designed, but these considerations are general and not
specific

to any single plant. In particular, while the lessons surely pertain to the Browns Ferry
reactors, the application of these lessons to Browns Ferry, as to all specific reactors, is
left to the cognizant NRC organizations. The special circumstances of removing and
restoring

the damaged portions of the Browns Ferry plant, and the safety requirements for these
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operations

and the redesign involved, are, as noted in Section 2.2.3, the purview of a special NRR
Task

Force.

2.4 Note on Changes with the Passage of Time B DB S LD L EE

The Group's review is necessarily based on knowledge and understanding at the time of
writing--

1975/76. The reader must, however, understand that safety technology continues to
develop as

new knowledge and experience is gained and that safety evaluation is a growing and
evolving

art. The Browns Ferry application was originally filed on July 7, 1966, and the
construction

permit was issued on May 10, 1967 for Units 1 and 2; July 31, 1968 for Unit 3. The
design and

the review were governed by the state of the art at that time. The operating license
review

during 1970-72 used the technology of that period, modified as needed to account for the
earlier

construction permit approval.

Differences in safety technology and evaluation criteria from then to now are highly
significant

to the Group's conclusion. These changes are considered in the separate discussions of
each

topic in Chapters 3-7 of this report.

It is a truism that everyone should learn from experience. The quantum of experience
represented

in this incident has been analyzed here for this purpose. But it is also true that
hindsight

vision is 20/20. Many things are now evident to the Review Group, as a result of the
incident

10a

and its analysis, that previously were not evident. This is the increment in knowledge
attributable to the present effort. The discussions in this report of shortcomings in
people

and hardware have been included as deemed necessary to learning the lessons. Since
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the group

believes these lessons to be useful and significant, their value is believed to outweigh
any

chagrin on the part of those who are criticized.

2.5 Perspective on Reactor Safety: Defense in Depth [RFFDRELIZEITLRAEE : FE
Fhe&

The principal goal of the NRC, and the primary concern of the Review Group, is the
assurance of

adequate protection of the health and safety of the public, and the maintenance at an
acceptably

low value of the risk due to nuclear power technology. This means, principally, the
containment

of the radioactive materials, and the prevention of their release in significant
quantities.

The provision of multiple barriers for such containment, and the concept of
defense-in-depth,

are the means for providing the needed safety assurance.

The echelons of safety embodied in defense-in-depth can be viewed as the following:

1. High quality in the plant, including design, materials, fabrication, installation, andF
operation throughout plant life, with a comprehensive quality assurance program.-

2. Provisison of protective systems to deal with off-normal operations and failures of
equipment

that may occur.

3. Provision, in addition, of safety systems to prevent or mitigate severe potential
accidents

that are assumed to occur in spite of the means employed to prevent them and the
protective

systems provided.

No one of these echelons of safety can be perfect, since humans are fallible and
equipment is

breakable. It is their multiplicity, and the depth thus afforded, that provide the required
high degree of safety in spite of the lack of perfection in any given system. The goal is a
suitable balance of the multiple echelons; increased strength, redundancy, performance,
or

reliability of one echelon can compensate in some measure for deficiencies in the others.

As applied to fires in nuclear power plants, defense-in-depth can be interpreted as
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follows:

1. Preventing fires from getting started.

2. Detecting and extinguishing quickly such fires as do get started and limiting their
damage.

3. Designing the plant to minimize the effect of fires on essential functions.

At Browns Ferry, a fire did get started, and burned for several hours in spite of efforts to
extinguish it. The damage to electrical cables disabled a substantial amount of core
cooling

equipment, including all the emergency core cooling system pumping capability for Unit
1.In

the absence of a loss-of-coolant accident, this equipment was not needed for its intended
function. The reactors were successfully shut down and their cores kept covered with
water.

In spite of the plant damage, the burned cables and the inoperable equipment, no
radioactivity

release greater than normal occurred and the safety of the public was preserved. Thus,
the

overall defense-in-depth was successful.

Given this success, why write the present report? The answer is that the apparent ease
with

which the fire started, the hours that elapsed before it was put out, and the
unavailability of

redundant equipment as a result of the fire all point to some inadequacies in each of the
echelons of defense. The Review Group has pointed out the inadequacies and presented
reconmmendations

for improvement, not all of which need to be applied for each reactor. A suitable
combination should be implemented to achieve an adequate balance of fire protection,
appropriate

to the specific circumstances involved.

The Review Group feels impelled to make one other observation that is perhaps beyond
its purview

of public safety. The fire at Browns Ferry involved principally cables for Unit 1
functions,

yet Unit 2 systems were in some cases affected. As a result of this Unit 1 cable fire, Unit
2

will be out of service for most of a year and the startup of Unit 3 is likely to have been
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delayed. Thus, the interconnections and interactions between units designed into this
multiunit

generating station resulted in unavailability of two 1100 Mw units that could have been
avoided at least in part by a different design approach. The wasted resources and extra
power

costs have no direct safety significance, but should be considered by designers and

operators.
I

3.0 FIRE PREVENTION AND CONTROL K¢ F [ & K S
In this chapter, the Review Group considers all aspects of the fire that can be divorced
from plant systems considerations, which are the subject of Chapter 4.
ZOETIE, AN —TIIHEAROEEHTHL VAT LA LOMELOIVEES Z L3 T
HREDOTRTOmEZET D,

Following a brief summary of the fire event as it occurred (Section 3.1), the chapter
treats fire prevention (Section 3.2), combustibility of materials (Section 3.3), and fire
fighting (Sections 3.4 and 3.5).

LIFD 3.1 Tk, kKB ERFOFEGOMEIZOWNT, 3.2 HiCITAKTHIZONT, 8.3
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3.1 Details of the Fire KKERDEH

3.1.1 Sequence of Events N XZEZR DA
A report detailing the sequence of events associated with the fire and with operational
actions required to place the Browns Ferry reactors in a safe shutdown condition has

been issued by the NRC Office of Inspection and Enforcement (5).

TVA has also prepared a summary of significant operational events (10).

The immediate cause of the fire was the ignition of polyurethane foam which was being
used to seal leaks in cable penetrations between the Unit 1 reactor building and the
cable spreading room.

A candle flame was being used to detect air leakage at the penetration.

When the candle was brought close to recently installed polyurethane foam, the flame
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was drawn into the foam by air flow through the penetration which was still leaking.

A pressure differential which is normally maintained between the cable spreading room
and the reactor building, created a draft through the leak, thus making possible the

leak detection but also fanning the fire once ignition had taken place.

Immediately after the polyurethane foam ignited, the workman who had been using the
candle to check for leaks attempted to extinguish the fire using first a flashlight to beat

out the flames, and then attempting to smother it with rags.

Efforts were then made to extinguish the fire from within the cable spreading room
using portable C02 extinguishers, followed by attempts with portable dry chemical
extinguishers.

The fire was fought in this manner for about 15 minutes, after which an evacuation
alarm associated with the CO2 fire-fighting system sounded in the cable spreading room.
The CO2 (Cardox) system was discharged into the cable spreading room about 12:45 to

1:00 p.m.

The fire started at about 12:20 p.m. CDT on March 22, 1975. At 12:35 p.m., the fire was

reported to the control room of Unit 1.

This call resulted in initiation of the fire alarm.

Additionally, announcements of the fire were made over the public address system.

By this time, it was determined that the fire had progressed through the cable

penetration and was burning on the reactor building side of the wall.

Starting immediately after the fire alarm was sounded, fire fighting efforts were
initiated on the reactor building side of the wall, where both C02 and dry chemical
extinguishers were used.

Because of the inaccessibility of the burning cables, this effort was sporadic and tedious.

The cable trays are located about 20 to 30 feet above the floor and accessible only by
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ladder.

The dense smoke and limited availability of breathing apparatus was cited by several

individuals as materially hampering fire fighting efforts.

At 1:09 p.m., the Athens, Alabama fire department was called.

At some time between about 1:00 and 1:10 p.m., fire fighting efforts in the reactor
building appear to have been greatly reduced, with no organized fire fighting efforts

being resumed until about 4:30 p.m.

There was reluctance to use water to fight the fire, but dry chemical and C02 were used

Iintermittently.

At some time between 5:30 and 6:00 p.m., use of water was authorized. At about 7:00

p.m., two men, using the fire hose located near the fire area, directed water on the fire.
Because of difficulty with the breathing apparatus, the water hose nozzle was wedged
into a position where it would continue to pour water on the fire and the men left the
fire area.

At 7:15 p.m., two men returned and found no evidence of continued burning.

The area was sprayed again, and the fire was declared "out" at 7:45 p.m.

The control room was occupied throughout the event; however, there were minor
problems with smoke and CO2 entering the control room through unsealed floor

penetrations when the C02 system was discharged into the cable spreading room.

3.1.2 Extent of Fire Damage N $$4BIEDHEX
The fire originated in a cable tray penetration between the cable spreading room and

the reactor building. Figure 1 shows the extent of the fire damage.

Cables and raceways were damaged for a distance of about five feet inside the spreading

room.
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The major damage occurred on the reactor building side of the penetration.

Visible damage was observed in the cables in a double stack of three trays south as far
as a fire stop about 28 feet from the penetration and west along the double stack of five

trays for a distance of about 38 feet.

Cables in four vertical trays were also damaged downwards for a distance of about 10

feet.

TVA has identified and tabulated 117 conduits, 8 conduit boxes, 26 cable trays and a
total of 1611 cables routed in these trays and conduits that are damaged or assumed

damage (11).

Evaluation of Temperatures Reached and Duration  ##Rsha & FIE 2 B 0 5F 4

A program has been developed by TVA for evaluating temperature effects on structures

and components.

This program is described in Section VIII of the TVA Browns Ferry Recovery Plan (3).
Temperatures as high as 15000F based on concrete discoloration and melted aluminum
were reached in the most intense area of the fire in the reactor building just outside the

penetration.

This area was roughly 10' by 8'. A second area just beyond the 1500*F area was

estimated to have reached temperatures of about 12000F based on melted aluminum.
This area included some areas of high cable density and the area above the burned cable
trays from the top horizontal tray to an elevation (encompassing all of the evidences of

melted aluminum,) within a few feet of the ceiling.

Other zones of lower temperatures were identified. All these areas are depicted in

Reference (12).

Fire Damage to Structures and Equipment #&&4) & R D NS85

In the following paragraphs is summiarized the damage to the plant besides the burned

cables.
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An extensive TVA investigation program was undertaken to identify all damage. Plans

have been made to replace or repair all damaged material and equipment.

Trays and Conduits. L4 Ea Py FDXKIES

Damage to trays and conduits includes some corrosion caused by the corrostvmes

phrecreated by the burnint cable jackets and insulation.

Some aluminum conduit located above the burning trays was melted by the intense

heat, and some cracking was noted in some of the steel conduits.

Damage to Piping Systems. & ZNDIEE

The only direct damage of pipe was the melting of a soldered Joint in an air supply line

which passed through the fire area.
This air line supplied control air to valves in the Unit 1 Reactor Water Cleanup
Demineralizer System, and the line from the refueling floor to the Standby Gas

Treatment System.

Structural Damage. &M% 1815

There 1s no evidence of significant structural damage except to trays, tray supports,

conduits, conduit supports, and perhaps some piping supports in the fire area.

Smoke and Soot; Chlorides. 1#E& XX - iE{LiLEY

Extensive deposition of soot occurred on all equipment located in the reactor building

below the refueling floor.

It appears that no permanent damage resulted, but extensive cleaning requiring

disassembly of many instruments and other equipment was required.

Following cleaning of all exposed surfaces of piping, conduit, ard other equipment,

examination for evidence of damage was conducted.

Piping surfaces where soot or other deposits were noted were examined by dye

penetrant procedures.
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With the exception of small (3 and 4 inch diameter) uninsulated carbon steel piping, one
run of aluminum piping, heating and ventilation ducts, and copper instrument lines in

or near the fire zone, no evidence of significant chloride corrosion was found.
In the cases mentioned, the material affected will be replaced. In the case of some
stainless steel instrument lines, an accelerated inspection program has been

established to determine if delayed effects of chloride may later appear.

Water. There has been no evidence of any damage resulting from water used in fighting
the fire.
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FIGURE 1 AREA OF FIRE

Damage Due to Electrical Shorts, Overloads, etc. 8%, BEREKIZL B1EE

Except for cables, conduits, cable trays, and cable ladders, there is no evidence of

significant equipment damage to electrical equipment.

Randomly selected panels in several systems have been closely inspected. Nothing

abnormal has been found that would indicate overheating, arcing, or flashovers.
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It has been noted that several fuses had been replaced in various panels, based on the

number of old fuses found lying in the bottom of the panels.

It is not known how many such replacements were made before, during, or immediately

following the fire.
In the clean-up work and retesting completed to "[date, no electrical components have

failed or been found to be damaged in such a~way as to indicate shorting or arcing had

occurred.

Some items, such as molded-case circuit breakers, for which cleaning costs would be

excessive, are being replaced.

Complete inspection and testing during pre-operational testing will be the final arbiter.

Based on the inspections and testing completed thus far, gross or extensive damage to

electrical equipment is not believed to be a problem.
3.2 Criteria for Fire Prevention and Control X% & &IfHIZEE T 2 EH

Criterion 3 of the General Design Criteria for Nuclear Power Plants (Appendix A to 10
CFR 50) F reads as follows:

"Fire protection. Structures, systems and components important to safety shall be

designed and located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions. Noncombustible and heat resistant
materials shall be used wherever practical throughout the unit, particularly in locations
such as the containment and control room. Fire detection and fighting systems of
appropriate capacity and capability shall be provided and designed to minimize the
adverse effects of fires on structures, systems, and components important to safety.
Firefighting systems shall be designed to assure that their rupture or inadvertent
operation does not significantly impair the safety capability of these structures, systems,

and components."

This criterion implements the defense-in-depth concept used in the design of nuclear

power plants and discussed in Section 2.5. In general, a methodology that can be used in
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applying this concept to fires is described as follows:

Prevention
During the design, steps are taken to minimize the use of combustible material where it

1s practical to do so, and to protect it where it is used.

During operation, the use of combustible materials and ignition sources is controlled by

procedures.

Control
In spite of these steps to minimize the probability of a fire, it is assumed that a fire can

happen, and means are provided to detect, control and extinguish a fire.

This is done by providing installed fire detection systems and fire extinguishing systems
of appropriate capacity and capability in areas of high concentration of combustible

materials, difficult access, or where fire damage could have a significant safety impact.
Fire barriers are provided to limit the spread of a fire.

A backup capability is provided in areas of high fire risk and in the plant in general to
limit the extent of a fire and extinguish it if other measures fail by use of manual
fire-fighting equipment consisting of hoses, connectors, nozzles and air breathing

equipment by properly trained fire fighting personnel.

Limiting Consequences

Provisions are made to limit the consequences of such a fire by providing isolation in the
form of barriers or suitable separation between redundant systems and components

provided to carry out each safety function.

This separation is enhanced if the plant is divided into suitable fire zones since

redundant safety equipment can then be placed in separate zones.
Provisions are also made to facilitate fire fighting and limit the consequences of a fire by

suitable design of the ventilation systems so that the spread of the fire and products of

combustion to other areas of the plant is prevented.
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Presently there is no regulatory guide or industry standard available to provide detailed

guidance in how to meet the requirements of General Design Criterion 3.
An industry standard, ANSI N18.10, was published for trial use and comment in
September 1973, but the guidance given is so general that it is of limited use to the

designer.

Notwithstanding its limitations, it does require an analysis of potential fire and

explosion hazards in order to provide a basis for the design of fire protection systems.

The International Guidelines for the Fire Protection of Nuclear Power Plants (13)

provides a step-by--step approach to assessing the fire risk in a nuclear power plant n

describes protective measures to be taken as a part of the fire protection of these plants.

It provides the best guidance available to datei~iO this important area. -

The NRC staff in April 1975 issued Section 9.5.1 of the Standard Review Plan (14).

This provides for the review and evaluation of the fire potential (to be described in the
applicant's SAR) and an analysis of the amounts of combustibles located onsite and the

effects of [the hazards on safety-related equipment located nearby.

The Review Group concludes that more comprehensive regulatory guidance which
provides fire protection design criteria to implement the requirements of General

Design Criterion 3 is needed.

A body of standards should be developed which will present acceptable design
methodology to be used in fulfilling specific requirements of prevention, detection, and

extinguishing of fires at nuclear power plants.

3.3 Fire Prevention K F[h
Fire prevention is discussed In Section 2.5 as one of the three echelons of safety
important to defense-in-depth. The initiation of the Browns Ferry fire shows lapses in

fire prevention.

The combination of the open flame on the candle and the highly flammable flexible foam
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used in the seal repairs had caused many small fires prior to the large fire which finally

occurred.

Failure to take corrective action as a result of the smaller fires reveals a disregard of

fire dangers and points to the need for a stronger fire prevention program.

Fire prevention begins with design and must be carried through during all phases of
construction and operation. References (15-16) give a history of fires in U.S. and some
foreign nuclear power plants. A substantial fraction (14 out of 46 in the U.S.) were

associated with construction or major maintenance.
The Browns Ferry fire was also partly of this class. Including Browns Ferry, the 32
non-construction fires in the U.S. so far in operating reactors gives an incidence rate of
the order of one fire per 10 reactor years.
Their consequences ranged from trivial to serious. Based on this history, a nuclear
power plant can on the average be expected to experience about three fires during its
lifetime.
Most of these fires will not-be very serious* based on past experience.
Fire prevention efforts are aimed at decreasing these rates.
They cannot be reduced to zero.

3.3.1 Fire Prevention in Design ERETEFIZE TEH KK FHH
Each design should include measures to avoid potential problems with areas containing

a high density of combustible material.

There should be a methodical investigation of how to limit L. the amount of combustible

material in areas containing safety-related equipment.

Good practice would dictate a system for maintaining an inventory of combustible

material included in the design in order to:

a. limit such material to applications where they are necessary
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b. provide the bases for establishing fire zones

C. guide in the development of fire protection design requirements.

The design of Browns Ferry Incorporated provisions for sealing the openings between
major structural divisions such as the reactor building, the cable spreading room and

the control room.

However, in the case of the Browns Ferry fire, one such seal between the cable
spreading room and the reactor building was not only ineffective in limiting the spread

of the fire but was the primary cause of the fire.

The lack of other seals, such as those between the cable spreading room and the control

room, impeded plant operation during the fire.

There does not appear to have been an adequate understanding of the magnitude of the

potential hazard from the use of the flexible polyurethane in the cable seals.

From combustibility testr data developed after the Browns Ferry fire by the Marshall
Space Flight Center using the types L of polyurethane material found in the Browns
Ferry seal (17), it is apparent that the specified Flamemastic coating would have

generally reduced the hazard associated with the highly flammable flexible foam.

*Based on the fa-c-t tlat one fire of the Browns Ferry severity has occurred in several
hundred reactor-years to date the incidence rate of such fires is estimated at between

10-S and 10-2 per reactor year.

It does not appear that the combustibility of the densely packed cables in the reactor
building adjacent to the cable spreading room was understood adequately by TVA or
NRC, since cables serving redundant safety equipment were permitted by the design in
this area, without fireretardant coatings or sprinkler protection, and without adequate

separation in the absence of other protective measures.

In reviewing the overall effort for fire prevention during design the Review Group

concludes that more attention must be paid to this area.
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An assessment of the amount of combustible material in each safety-related area should

be accomplished.

An appropriate combination of the following measures should be taken where needed:

a. Limitation or replacement of combustible material

b. use of fire retardant coating

C. suitable barriers and seals to reduce the exposure of remaining combustible material.

For future plants, an additional alternative is available: establishment of fire zones
basedr upon the amount of combustible material present and selection of a suitable
design basis fire, arranged so that adequate isolation can be provided for redundant

safety-related systems and equipment.

3.3.2 Operating Considerations in Fire Prevention X¥%F5LEDEERREFIZH TS
=2

Fire prevention during operation is a collection of actions by people to make the chance

of a fire being started low.

By contrast to the preceding discussion of design considerations, the plant design is

here taken to be fixed.

A fire requires a combustible material, oxygen, and an ignition source. A power plant

has pipes containing water or steam that are hot enough to ignite some hydrocarbons.

Indeed, References (15-16) include a number of fires involving oil in nuclear power

plants. In other plant areas,*there would normally be no ignition sources.

But experience indicates that the occasional cigarette butt or electrical spark or welding

torch can be present.

The measures available for fire protection are therefore to minimize the combustibles

under the operator's control, to recognize the combustibles he can't control (like cable
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insulation), and to maintain strict control of ignition sources.

These measures should be embodied in written procedures.

A fire prevention program can be looked on as a part of the plant operating quality

assurance program.

The fire prevention procedures involve inspections (for stray combustibles), permits and

precautions (for welding) and prohibitions (smoking in fire hazardous areas).

They generally involve written information (inspection reports, welding permits) that

can be audited.

Especially important is the control and limitation of open flames (for example, during

welding) and the taking of adequate precautions when their use is essential.

A principal lesson of Browns Ferry is the failure of fire prevention. The candle flame

was an obvious ignition source.

The foam actually used is highly combustible, far more so than the material specified in

the design.

The small fires actually experienced did not induce a fire preventive response.

Following the Browns Ferry fire, the NRC sent out Bulletins to licensees (18) pointing
out some of these facts and calling for a re-evaluation of their fire prevention
procedures.

Almost all licensees in replying cited systems of work permits and management review

that should prevent such obvious lapses.

The Review Group, however, retains a certain skepticism. It is the experience of the
group's members, and that of the experts the group has talked to, borne out by the tone
of many of the licensee's replies to the Bulletin, that only a continuing attention by the
operating staff can achieve a satisfactory degree of fire prevention, and that many such

staffs remain complacent about fire prevention in their plants.
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This complacency has until recently been mirrored by the absence of fire-related

matters in the NRC licensing and inspection programs.

That has now been partially remedied. The Review Group believes thatL. better
regulatory guidance and greater NRC inspection attention should be directed toward

fire prevention and control in general, with particular attention to fire prevention.

This will require development of suitable regulatory guides and also allotment of review

and inspection resources for this purpose.

3.4 Criteria for Combustibility of Materials A%l DA 2RI S 2 B4t
Most fire prevention programs deal with solvents, oils, oily rags and waste, wooden

structures, and electric sparks.

The Browns Ferry fire, on the other hand, involved cable insulation and the seals
installed around cables at wall and floor penetrations to control air movement and act

as fire stops.

The following sections deal with the combustibility of these two categories of materials.

For neither application are there adequate criteria for the selection of materials or

standardized test methods.

The Review Group's recommnendation must therefore be for more development work on
materials and testing methods and development of selection criteria rather than for

present adoption of a particular standardized and tested material.

The Review Group believes that materials less combustible than those that burned at
Browns Ferry can and should be developed and qualified using improved standardized
tests for application in future plants, and that means are available and should be used
in existing plants to decrease the combustibility of present materials found to need

protection.

3.4.1 Cable Insulation Criteria 47— 7))L D#EZIKICH T 5 EH
The Browns Ferry FSAR contains no criteria which specifically address the

combustibility of theF insulated cables. The statement is made, however, that the cables
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were selected to minimize excessive deterioration due to temperature, humidity, and

radiation during the design life of the plant.

There were 16 basic combinations of cable construction materials involved in the fire.

A list of the cable materials is given in Table 1.

TABLE 1.

CABLE MATERIALS

Insulation Materials Jacketing Materials
Polyethylene Nylon

Cross-linked polyethylene Polyvinyl-chloride
High density polyethylene High density polyethylene
Nylon backed rubber tape Polyvinyl

Irradiated blend of polyolef ins Aluminum foil
and polyethylene Chl orosul fated polyethylene
Fiberglass reinforced silicone

tape

Neoprene

Cross-linked polyethylene

TVA cable specifications for polyethylene insulated and cross-linked polyethylene
insulated wire and cable require number 8 AWG and larger sizes to pass the vertical
flame test found in IPCEA* S-19-81 Section 6.19.6 and number 9 AWG and smaller

sizes to pass the horizontal flame test found in Section 6.13.2 of the same document.

No flame testing was required for nylon Jacketed single conductor or multi-conductor
cables. The vertical and horizontal flame tests in IPCEA S-19-81 are single cable flame

tests.

At the time of the approval of the Browns Ferry design there were no specific regulatory
requirements concerning the flame retardant properties of electric cables. No consensus
existed as to what test should be used and exactly what could be inferred from the test

results.

Cable flame tests found in the various standards at the time were single cable tests.
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Predictions of the spread of fires in cable trays based on the results of the single cable

flame tests were not available.

The NRC requirements for flame retardancy of cables have been changed since the
Browns Ferry safety reviews by the NRC. Regulatory Guide 1.75 (66) endorses IEEE
Standard 384-1974, "IEEE Trial Use Standard Criteria for Separation of Class IE
Equipment and Circuits." IEEE 384-1974 requires that flame retardant cable be used
as a prerequisite to the applicability of the cable separation criteria specified in the

standard.

"Flame retardant" is defined in the standard as "capable of preventing the propagation
of a fire beyond the area of influence of the energy source that initiated the fire," but
IEEE 384-1974 contains no further guidance for the selection or testing of flame
retardant cable. This is given in IEEE Standard 383-1974, "IEEE Standard for Type
Test for Class IE Electric Cables, Field Splices, and Connections for Nuclear Power
Generating Stations," which is presently used in NRC construction permit evaluations

and 1s under consideration for endorsement in a future Regulatory Guide.

TEEE 383-1974 specifies a method for testing of a vertical tray containing a number of
cables to determine their relative ability to resist fire. Unfortunately, the flame test of

IEEE 383-1974 does not simulate the normal cable tray installations very well.

The test arrangement calls for several lengths of cable to be arranged in a single layer
in the bottom of a cable tray with approximately 1/2 cable diameter spacing between the

cables.

By contrast, typical cable trays in plants contain several layers of cables with no space

deliberately left between individual cables.

Although NRC criteriatpresently require cables to be "flame retardant" (but not yet
specifying even the IEEE-383 test and some flame tests are now available, the effect of a
fire ignited in a typical cable tray configuration with flame retardant cable is still not

well-known.

Prior to the Browns Ferry fire, NRC had signed a contract with Sandia Laboratories to

perform experiments in which cables in typical cable tray configurations are ignited, but
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results of this work are not yet available.

Since the Browns Ferry fire, fire experts have expressed reservations similar to those
discussed above about the adequacy of the cable configuration in the IEEE 383 cable
combustibility test (19, 20).

They have also recommended that higher energy ignition sources than that specified in

IEEE 383 be used In performing flame tests.

A Nuclear Energy Liability and Property Insurance Association (NELPIA) sponsored
cable testing program is being conducted at Underwriters' Laboratory to determine the
relative performance of cables when subjected to the IEEE 383 vertical flame tests, but
using 20,000, 210,000, and 400,000 Btu per hour gas burners to investigate the effect of
varying the energy of the ignition source (20). Various control cable constructions will be
tested vertically and horizontally in multi-tiered groups of trays to determine the effects
of the ignition source intensity and cable geometry on flame propagation and circuit

integrity.

Reference (65) contains a recommendation that mineral insulated metal sheathed cable

or equivalent fire resistant cable should be used in one of the safety divisions.

(For a discussion of "safety divisions," see Section 4.3.3.1.) The objective of the
recommendation appears to be to provide one safety division capable of surviving a fire

that envelopes all safety divisions and destroys all other safety divisions.

Although this approach may have merit in particular situations, the Review Group

questions its utility and believes it is not needed as a universal requirement.

There are other ways of accomplishing the objective of adequate divisional isolation.
(See Sections 4.3.4.4 and 4.3.4.5).

Consideration of cable (and perhaps coating) materials is involved in all three
components of defense in depth. Proper selection of cable materials can reduce the

probability that a fire will start.

Cable installations of good flame retardancy characteristics will limit the spreading of a
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fire and thus aid in the control of a fire. Good flame retardancy in conjunction with
adequate separation and isolation of redundant safety divisions is important in

maintaining avialability of safety functions in the event a fire occurs.

The Sandia and NELPIA-UL programs are efforts to fill the gap In present knowledge.

The NRC staff should follow these programs closely and encourage their prompt

completion.

If the results of these programs indicate that additional investigation is required, such

investigation should also proceed in a timely manner.

If the results of these programs indicate that significant improvement in safety can be

achieved by changes in existing plants, such changes should be implemented if needed.

Improved criteria for flame retardancy of cables with or without flame retardant

coatings should also result from these investigations.

L An associated problem at Browns Ferry was the corrosive and toxic gases and dense

smoke given off by burning cable materials.

The Review Group recommends that investigations into flammability include study of
the airborne products of heating and combustion, and that these be considered in

selecting cable insulation materials.

It is not possible at the present time to forsee whether new cable insulating materials
should be developed.

Certainly materials less flammable than those now commonly used are available; they
have drawbacks in cost, electrical and mechanical characteristics, availability, and

other properties and have not been widely used.

Decisions regarding their adoption should be based on assessment of the

defense-in-depth components at each plant.

It should also be pointed out that fire retardant coating materials are available for use
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with existing cable materials.

They can be applied to areas in operating plants that might be deemed to need
additional fire resistance, without the necessity for disturbing the present cables or

trays.

Tests of these coating materials by their manufacturers, reactor vendors and others, the
results of which are now being collected and evaluated by the NRC, indicate that proper

application of these materials can provide considerable fire protection.

The Review Group believes that Judicious use of such coatings in areas of high cable
density or high fire vulnerability has the potential for significantly reducing the risk

from extensive cable fires in operating and future reactors'.

It recommends that research and testing be conducted as needed to evaluate where and

how such coatings can be used to decrease the cable fire hazard.

3.4.2 Criteria for Fire Stops and Seals FFREEIY EiRRBILEEEICEAT 2EH

The Browns Ferry FSAR provided design criteria for fire stops and seals.

It states that any openings in the floors for vertical cable trays carrying redundant
cables of cable Divisions I or II are to be sealed and the cables coated with a fire
retardant material (Flamemastic 71A* or equal). Likewise, openings in walls for

horizontal cable trays between buildings (reactor and control) are sealed.

Although the regulatory staff was concerned with fire prevention techniques, there were
no regulatory requirements concerning fire stops per se at the time of approval of the

Browns Ferry design.

General Design Criterion 3, however, staEtes that noncombustible and heat resistant
materials shall be used wherever practical throughout the unit, particularly in the

containment and the control room.

The design of the cable penetration where the fire started called for a 1/2-inch thick
steel plate bulkhead, slightly smaller than the dimensions of the penetration, in the

center of an opening in a concrete wall.
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Openings were cut in the bulkhead plate and steel sleeves welded into the openings.

The trays stop short of the opening and only the cables extend through the wall

penetration.

The sleeves were to be filled with polyurethane foam after the cables were installed to

limit air leakage.

The design called for pourable polyurethane foam to be applied over and around the

installed cables.

Upon hardening of the pourable polyurethane foam, sprayable polyurethane was to be

used to finish filling the sleeve.

The pourable foam was specified because it more completely fills the voids between the
cables. A fire retardant coating, Flamemastic, was then to be applied 1/8 to 1/4-inch
thick over the foam and the cables on both sides of the bulkhead for a distance of 12

inches.

TVA reported (21) on testing of a typical fire stop penetration in June 1973, and

concluded from the results that this fire stop design would provide a good barrier.
The report further stated that the Flamemastic manufacturer recommendation that the
cables should be coated for 6 to 8 feet on both sides of the penetration was not valid; the

one foot distance used in the test was stated to be sufficient.

It is important to note the ways in which the seal that caught fire differed from the seal

as designed and tested.

A principal difference was the use of the flexible foam for stuffing into leaks.

While sealing the penetrations, a dam was required in some cases to prevent the liquid

foam from flowing out of the sleeves.

One solution for this problem was the use of a flexible, resilient polyurethane foam
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(quite different in properties from the "polyurethane" discussed in the preceding

paragraph), cut to size for insertion into the sleeve openings to form a dam.

Although it goes by the same "polyurethane" name as the pour and spray foam
"polyurethane," its properties are different. In particular, it is far more easily set afire

and burns in a different way. (See just below and Reference (17)).

It is not known whether a piece of the flexible material was used for a dam on the seal
tested in 1973. It is known that the seal that caught fire had a hole through it (2 by 4
inches in cross-section) and that a piece of the flexible foam had been stuffed into that
hole.

Moreover, that piece of flexible foam had, of course, no fire retardant coating.

Another difference may have been in the fire retardant coating.

The Review Group has been unable to find out whether the seal being repaired, that is,
the one that caught fire, was originally coated with Flamemastic. Some seals at Browns

Ferry were not coated in accordance with the design (21a).

A third difference was that the seal that was tested did not have a pressure differential

across it, which would have induced drafts through any leaks.

Such a pressure differential at Browns Ferry, in accordance with the design of their

containment, contributed to both the initiation and the spread of the fire.

Following the fire, the NRC had an independent set of tests performed on the materials

found in the cable penetration area.

The following excerpt presents some findings from those tests (17):

*The Flamemaster Corporation, 11120 Sherman Way, Sun Valley, California 91352

20 "Experimental tests clearly verified the ease of ignition of the foam rubber stuffing

by the candle. (In fact, actual contact with the flame is not required.)

The resulting very rapid, almost flash, burning combined with release of burning
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droplets constitutes not only an intense local source of ignition but also a means of
propagation of fire over a much larger area, leading easily to a general conflagration

with other local combustible materials, especially in an air draft as acutally occurred.

"Initial cursory tests on materials collected in the cable spreader room confirmed that
[ readily combustible materials were in the vicinity: rags, pour foam, and cable ties.
"Interpretation of the ASTM test results must be done with caution. These are intended
to be relative tests only and are done in a draft-free environment in a strictly empirical
test procedure. "For example, the manufacturer's claim that the "instafoam" is
"self-extinguishing" was experimentally substantiated by testing in accordance with the
referenced ASTM specification (D-1962). However, the data on both the spray and pour
foam samples show that the materials do very barely meet the requirements to be rated

as "self-extinguishing" by F this test.

Specifically, the requirement is that in this horizontal test no specimens burn ast a
5-inch gauge mark from the ignited end. Inspection of the data shows burn lengths of 5",

3", and 5" for the pour foam and 5", 4-1/2, and 5" for the spray foam.

One could infer from these data that the 5-inch limit may have been derived from these

type materials, and thus the test was designed to accept such materials.

The same inference could be drawn from the ASTM vertical burning test (D-3014) in

which a 10-inch long specimen is specified.

The data show burn lengths of 8 to 10 inches. "However, the lead paragraph of both
ASTM specifications states:

'"This method should not be used solely to establish relative burning characteristics and
should not be considered or used as a fire hazard classification' and further therein,

'Correlation with flammability under use conditions is not implied.

"Clearly, both materials are readily ignited, support combustion, and exposed surfaces

would contribute significantly to a general conflagration.

"The data do show that the polyurethane foam rubber burns much faster than the pour

or spray foams, and releases burning droplets.
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Further, these samples of pour foam burn considerably faster than the spray foam.

In addition, coating exposed surfaces with Flamemastic was extremely beneficial.

In fact, coated pour and spray foam samples did not burn under the test conditions."

It can be concluded from the results of the two independent tests that Flamemastic 71A

provides considerable fire protection when utilized properly.

However, more recently, TVA informed NRC (22) that tests on a seal of the original

design including the Flamemastic coating gave unsatisfactory results.

In one such test (Test 1.2.3 - External Flame Test) an explosion occurred in the cold side

of the test building.

The explosion apparently resulted from the ignition of flammable gases by flame

passing through the cable tray seal.

Additionally, there was some damage to cables on the cold side of the seal up to

approximately four feet from the seal.

These cables were somewhat charred and showed evidence that cable jackets melted.

These tests were considerably more severe than the 1973 TVA tests, and used a much
hotter ignition source than the candle that started the actual fire. Nevertheless, TVA
has subsequently decided (57) to remove such polyurethane foam seals as is practicable

and to replace them with a material found by testing to be more fire-resistant.

The Browns Ferry fire experience indicates that the materials of construction for fire

stops requires close examination.

This is true in spite of the fact that the 1973 TVA tests indicate that a properly made
fire stop of the Browns Ferry design (with Flamemastic and without flexible foam)
would probably not have initiated the fire (21) from the candle. The tests also indicate

that even if a fire had started, a fire stop made in accordance with the original design
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may well have prevented its spread outside of the room where it started.

Inspections of all operating nuclear generating stations (23) revealed a number of
deficiencies associated with fire stops at a number of plants, although many plants had
no deficiencies or only trivial ones. Some of the deficiencies found were:

1. Required fire stops had never been installed.

2. Fire stops had been opened to install additional cables and had not been repaired.

3. Fire stops had been Improperly constructed.

4. Fire stops had been repaired with improper materials (including flammable ones).

5. Fire stops contained combustible materials left from construction (such as foam dams

and pull ropes).

6. Fire stops had deteriorated (crumbling concrete or shrunken and cracked coatings).

These deficiencies are being repaired. The experience is another manifestation of the
need for improved attention to fire prevention and control by both licensees and the
NRC.

There are suitable materials available (24-28) that are less flammable than the type of
polyurethane in which Browns Ferry fire started. Tests run by one utility (24) were
stated to show that the polyurethane tested in their case would not burn, but blackened

and charred without significant degradation.

This is additional indication that different types of "polyurethane" have different

flammability properties.
Unfortunately, the flammability characteristics of the materials have not been
compared by common tests.

The claims for some of the materials come F from promotional literature.

The Review Group recommends that a standard qualification test be developed to
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resolve the problem of the uncertainties of flammability of fire stop materials and

designs and to assure acceptable performance of fire stops.

Qualification tests of the separate materials of construction are needed as well as tests
of the assembled fire stop, to give a measure of the performance of fire stops with

deteriorated or faulty fire retardant coating.

It would be preferable to have the qualification testing performed by a qualified testing
laboratory. This would not only eliminate any potential conflict of interest but would
also permit the testing organization to develop a high level of competency in fire testing

and qualification.

The Review Group understands that Underwriters' Laboratory and Factory Mutual
Insurance Company are currently listing and approving devices and construction

configurations for wall openings (20).

The possibility of providing fire stops at specified intervals in long cable trays has been

suggested (65).

Such fire stops have the potential for further limiting the spread of a cable tray fire and

may offer a significant improvement in safety in certain installations.

A suggestion has been made that unapproved foam plastic seals be removed from

existing plants and that they be replaced with suitable items (65).

Although this suggestion has merit, the Review Group does not believe that this should

be a blanket recommendation.

Because there is a potential for damaging safety related cables in the removal of fire
stops and seals, the Review Group believes that this should be considered on a
case-by-case basis with the ease and safety of removal considered along with the

potential improvement in safety achievable with the replacement of seal material.

Realistically, not all of the old materials will be removed and not all the void space will

be filled with new material.
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Use of a flame-retardant coating could help to offset the inability to remove and replace
existing flammable seal material. The improvement would, to a degree, be a function of

the original seal design.

Although tests of some fire stops containing "polyurethane" show apparently acceptable
results, tests of fire stops that contain material such as the flexible polyurethane foam

used as dams and plugs at Browns Ferry show that they are extremely flammable.

Fire stops which contain or are believed to contain these types of highly combustible

material should be replaced or demonstrated to be acceptable on some other basis.

Cable penetrations are not the only places where fire seals and stops may be

appropriate.

It 1s important that the habitability of the control room be protected in the event of a

fire.

It is important, therefore, that all openings in the control room be sealed to prevent the

entry of smoke or other substances that might cause evacuation to be necessary.

Consideration should be given to the addition of stops and seals in existing plants where
they can significantly reduce the probability of the spread of fire, smoke, and toxic or

corrosive gases.

3.5 Fire Fighting 58X EE)
The detection, control, and extinguishing of fires that get started (in spite of. fire
prevention
programs) involve both equipment and people. In the following sections are discussed
the
Browns Ferry lessons related to fire fighting.
22 15
3.5.1 Fire Detection and Alarms Systems KN4 E & VEHRZR
A fire must be detected before it can be fought. At Browns Ferry, the workman with the
candle
detected the fire immediately. The installed smoke detectors did not alarm, so there are

fire
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detection lessons that have become evident.

Browns Ferry had smoke detectors in 7 areas including the cable spreading room and
rate-of-rise

temperature detectors in other areas.|

The fire started in the cable spreading room; yet the fire detectors in the cable
spreading

room were not effective in signaling the start of the fire. It is the opinion of TVA that
because of the air pressure differential between the cable spreading room and the
reactor

building, the flow of air drew the smoke from the fire in the cable spreading room away
from

the detectors. That there was smoke in the cable spreading room is demonstrated by its
later

displacement into the control room through the unsealed penetrations in the floor by
the CO 2 of

the Cardox System when it was actuated.

The fire detectors installed in the control room did not alarm either. These detectors
were ofF

the ionization type, and did not detect the products of combustion from the burning
cable

insulation.

There was a great deal of smoke in the reactor building in the vicinity of the fire, but
detectors had not been installed in that area.

NELPIA and other fire prevention engineers are of the opinion that the effectiveness of
a

detector is stongly dependent on its location and the type used for a particular product
of

combustion. During the design of a fire detection system, assurance should be provided,
including testing if needed, of the compatibility of the detector at a particular location
with

the products of combustion that would result from a fire in the materials occupying the
area

where the detector is to be installed, and such adjacent areas as are appropriate.

Little regulatory guidance is available regarding fire detectors. The available draft
standard

(ANSI-NI8.10) provides little guidance. The National Fire Protection Association
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Standard on
Automatic Fire Detectors (NFPA No. 72E-1974) provides some information on the
location,
maintenance and testing of detectors, but the guidance is incomplete. The Review
Group believes
that more and better guidance should be provided preferably by a suitable standard
based on
experiments with existing cables and detectors. The standard should be augmented
when improved
materials become available.
It 1s the recommnendation of the Review Group that the fire detection systems for all
plants be
reviewed to assure that suitable detectors are Installed at the proper locations. This
review
should include verification of the effectiveness of the installed detectors for fires in the
materials present. The detection systems at operating plants should be upgraded as
necessary
based upon this review.
Another lesson learned as a result of the Browns Ferry fire is that there may be areas
within
other plants which contain significant amounts of combustible material where a
detection system
is not provided. At Browns Ferry, the areas within the reactor building where a high
density
of cables existed did not contain fire detection systems because these cables were not
considered
to be a fire hazard. Horizontal cable tray configurations were assumed to be self
extinguishing and vertical tray runs of cabling were considered to present an acceptable
hazard
based on the assumed vertical fire propagating properties of these cables.

3.5.2 Design of Fire Extinguishing Systems K $GH MR D RET
The objective of fire extinguishing systems is to provide automatic fire protection for
areas
or equipment where it is needed and to provide adequate manually actuated fixed and
portable

fire extinguishing systems for the entire plant.
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The Browns Ferry FSAR describes three fire extinguishing systems:

1. A high pressure water system which supplies water for fixed water spray or fog
systems for

selected equipment and to fire hoses and hydrants throughout the turbine building,
reactor

building, service building, radioactive waste building, office building, and yard.
Automatic fog systems are provided for the following:

23a

a. Main turbine oil tanks,,

b. Reactor feed pump turbine oil tanks

c. Turbine head ends

d. Hydrogen seal oil units

e. HPCI pump turbine oil tanks

Automatic spray systems are provided in the service building for the carpenter shop,
oxygen-acetylene storage room and oil storage room.

2. Low pressure carbon dioxide with manual initiation is provided in the following
areas:

a. Cable spreading rooms

b. Auxiliary instrument rooms

c. Computer rooms

Carbon dioxide from this system, with automatic control, is supplied to the four diesel
generator rooms, the lube oil purification room of the turbine building, and the paint
shop.

3. Fire Extinguishing Portable Equipment

Portable extinguishers to be used on Type A, B, and C fires (as defined by NFPA
Standard

10-1967) are installed at various locations throughout the plant. The predominant type
is

a dry-chemical type filled with potassium bi-carbonate and a gas propellant.

Neither the FSAR nor the SER for Browns Ferry covers the basis for the selection of the
types

of fire extinguishing systems and the locations where these systems are installed, or
considers

the type and amount of combustible material present in each area.

At Browns Ferry, areas containing a high density of electrical cables did not have

installed
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water sprinkler systems. This of course included the fire area in the reactor building.
Fire

hoses and nozzles connected to hydrants were, however, available in the vicinity of the
fire.

Although the fire in the cable spreading room was controlled and extinguished without
the use

of water, the fire in the reactor building burned on for several hours in spite of
numerous

attempts to put it out with portable COI and dry chemical extinguishers. However, once
water

was used, it was put out in a few minutes.

The use of water to fight the fire was recommnended by the Athens, Alabama, fire chief
early

during the fire (32). The plant superintendent's decision to use water was taken late
and

reluctantly, after consultation with TVA management. Although TVA and Browns Ferry
written

procedures do not forbid use of water to fight fires in electrical cables, TVA has defended
the

long delay in deciding to use it.

Replies by licensees to the NRC Bulletin (18) have revealed a widespread reluctance to
use

water on a fire in electrical cables. Much fire control training includes a prohibition of
"lusing water on electrical fires."

TVA maintains (29) that the plant superintendent made a conscious and correct decision
not to

use water because of the possibility of shorting circuits and thus inducing further
degradation

of the plants to a condition that would have been more difficult to control. TVA stated
their

strong opinion that reactor safety concerns should take precedence over extinguishing a
local

fire, and that only after a stable plant condition had been reached should water have
been

used.

The Review Group agrees in principle that reactor safety comes first, but does not agree
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that

this principle mitigates against the use of water on cable fires. The sequence of events
in

Browns Ferry shows that the fire caused successive failures, as detailed in Refarence (5).
The

initial series of failures occurred in the first half hour, up to about 1:00 p.m. At 1:15
p.m., more equipment became unavailable. As late as about 6:00 p.m., remote manual
control of

the relief valves was lost as a result of the progression of the fire (56), greatly reducing
the available redundancy.

24

Moreover, if the fire had been quickly extinguished and the smoke cleared, the efforts to
restore equipment and make temporary repairs would probably have been successful
more quickly.

For example, the effort to manually align the RHR system valves was thwarted by the
smoke from

the fire. Therefore, promptly extinguishing the fire, which the Review Group believes
could

have been accomplished by the earlier use of water, would not only have prevented the
failure

of equipment, but would have aided in the prompt restoration of the equipment which
had been

disabled.

Of less merit, in the Group's opinion, is the TVA argument (30) that personnel safety
considerations

also mitigated against the use of water. A special nozzle for use on "electrical fires"

was available and was finally used to put out the fire without hurting anyone (31).
Whatever

personnel danger was present earlier was not likely to be significantly less at 7:00 p.m.
Clearly there is a balancing of pros and cons to be made in cases like this. The Group's
concern 1s that widespread opinion and practice emphasize the reasons for not using
water as

compared to those in favor of prompt water use. The Group certainly does not intend
that water

shall be used immediately on all fires, and acknowledges the reasons against using

water.
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Nevertheless, the Group wishes to emphasize the need for quickly putting out all fires,
especial- r

ly in situations where the unexpected is occurring. For this reason, in view of the
Browns

Ferry experience, fire procedures and fire training should include these considerations
in the

balancing of alternatives that all hazard control operations inevitably involve.

It has already been noted (32) that the Athens fire chief was of the same opinion as the
Review

Group. The group has discussed this question with a variety of fire experts, who all
favor the

early use of water in most circumstances. The experience at Browns Ferry, as well as
expert

opinion, suggests that if initial attempts to put out a cable fire with non-water means
are unsuccessful,

water will be needed.

Fire fighting--by all methods--was impeded by the inaccessibility of the fire site. For
areas

of high cable density--or high density of any flammable material--fixed extinguishing
systems

should be installed, especially where access is difficult. Assessment of access should
consider

firefighting conditions including vision impairment (smoke, lights out) and the need for
wearing

breathing apparatus. Consideration should be given to making such a system automatic,
which is

preferred if feasible, especially where access is difficult. The amount of water to be
handled

can be minimized by judicious placement of sprinkler heads and using directional
sprays where

appropriate.

TVA has also stated (33) that the limited number of air-breathing sets available forced
the

plant staff to make priority decisions to favor valve and control manipulation in the
smokefilled

area over firefighting activities, and that this decision accounts for the lack of
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firefighting

in the reactor buildin5 between 1:10 p.m. and 4:30 p.m. (58). The Review Group accepts
this explanation, but believes it has only limited relevance to the water--no water
question.

The Group also points out that this difficulty experienced at Browns Ferry is another
reason

for automatic initiation of firefighting systems. Putting out the fire would cut off the
generation of smoke and allow use of breathing apparatus for other purposes.

In principle, a C02 or Halon gas system could be effective in fighting a fire in a closed
space

where oxygen could be excluded. The asphyxiation hazard to personnel is greater with
such a

system than with water. Initiation of the C02 system in the Browns Ferry cable
spreading room

was properly delayed to ensure personnel safety. This was also the stated reason for
leaving

the metal plates installed, preventing local manual actuation of the system (see Section
3.5.5).

NELPIA and a number of fire protection consultants have questioned the ability of
carbon dioxide

or dry chemicals to extinguish a deep seated cable fire. They argue that if a means is not
provided to remove the heat generated by the fire, the material will re-ignite once the
oxygen

is readmitted to the hot combustible material.

Due care must be exercised in the design and installation of water systems. There must
be a

drain for the water. Equipment that could be damaged by water should be shielded or
relocated

elsewhere away from the fire hazard and the water. It is also good practice to separate
redundant

equipment so water applied to put out a fire in one division will not affect the others.
General Design Criterion 3 requires that fire fighting systems be designed to assure
that their

rupture or inadvertent operation do not significantly impair the safety capability of
structures,

systems and components important to safety. With the increased emphasis on the ose of
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installed
water sprinkler systems for the fire protection of electrical cables in nuclear power
plants,
this specific requirement of General Design Criterion 3 takes on added significance. The
Review Group believes that guidance should be developed for the specification of quality
and
design requirements in order to assure that installed water sprinkler systems will have
adequate
integrity and reliability during the life of the plant.
25
For each plant, the Group recommends a detailed review of fire hazards and the
installation or
upgrading of such systems as are needed. This assessment should be in conjunction
with the
review of fire prevention measures and flammability recommended in Section 3.3. The
Review
Group recommends that serious bonsideration be given to fully automatic directional
sprinkler
or spray systems in areas containing high concentrations of combustible materials
including
specifically cables used for safety-related equipment, and in areas where access for fire
fighting would be difficult.
It is further recommended that the design of all future plants should continue to provide
for a
reliable high-pressure water-system including appropriate hoses, nozzles, and hydrants,
In all
areas of the plant including those protected by sprinkler or spray systems.

3.5.3 Ventilation Systems and Smoke Control #5% & & U EHI{E
At Browns Ferry, ventilation was lost at 12:45 p.m., shortly after the fire started, and
was
not reestablished until 4:00 p.m. Even if venting the smoke through the installed
ventilation
system had been planned in the design, it would not have been possible because of the
inoperability
of the system. The loss of the ventilation system was brought about because of loss of

power to the ventilation system and loss of power to its control subsystem. Control and
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power

cables of a ventilation system important to fire control should not be routed through
areas the

system must ventilate in the event of a fire.

The Review Group recommends that ventilation systems in all operating plants be
reviewed and

upgraded as appropriate to assure their continued functioning if needed during a fire. It
is

further recommended that present designs be provided with the capability of isolating
fires by

use of cutout valves or dampers.

Capability for the control of ventilation systems to deal with fire and smoke should be
provided,

but such provisions must be compatible with requirements for the containment of
radioactivity.

These provisions and requirements may not be mutually compatible and in some cases
may be in

direct conflict with each other. For example, operating ventilating blowers to remove
smoke

may fan the fire; the same action may also result in a release of radioactivity, either
directly

by transport of radioactive particles with the smoke or by decreasing the effectiveness of
the

filters provided to contain the radioactivity. It is obvious that some compromise will be
necessary and that flexibility of operation may be needed, depending on the nature of
any event

that may occur. The pros and cons of each provision and requirement should be
considered in

the development of detailed guidance.

At Browns Ferry, there was no attempt made to limit the transport of smoke to other
areas of

the plant by closing vent dampers and valves. After actuation of the CO2 system,
openings

between the control room and the cable spreading room had to be plugged to stop the
entry of

smoke and CO2 into the control room. Some of these openings were in the floor of the

79



control
room at the points where the cables entered the control room. This appears to violate
the
design provision that these cable entryways would be sealed. In the event of a serious
fire in
the cable spreading room the control room might have become uninhabitable because of
smoke and
toxic fumes. Actuation of the CO2 system in the cable spreading room made the
situation worse,
driving the smoke into the control room.

3.5.4 Fire Fighting S8 :AEE)
Fire fighting encompasses the ability to extinguish a fire and to prevent re-ignition. The
equipment design aspects of fire fighting were discussed in the preceding section; here
we
treat the personnel aspects.
One aspect of fire fighting which is important is the access to and egress from a
potentially
hazardous area. The emergency plans for all plants should lay out access and escape
routes to
cover the event of a fire in 'the reactor building and other critical areas of the plant.
Consideration should be given in the design of future plants to providing access and
escape
routes for each fire zone and in particular, areas containing a potential fire hazard.
There are areas within the plant where access for the purpose of fighting fires is
especially
important. In particular, the cable tray area and the seals between the reactor
compartment
and the cable spreading room were important in the Browns Ferry fire. Access to the
seals and
the cable trays was extremely limited. Moreover, the design provision for centering the
seals
in the wall between the cable spreading room and the reactor building was not carried
out, with
the result that the seal areas were extremely difficult to reach from the cable spreading
room.

After the fire had spread to the cables in the trays in the reactor building, fire fighting
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efforts were hampered by lack of access to the affected areas (some 30' above the floor)
even

though temporary wooden ladders were available in these areas.

26 a

During the Browns Ferry fire certain pieces of onsite fire extinguishing equipment were
found

to have threaded connections which were not compatible with equipment used by the
Athens Fire

Department. Such a situation could lead to decreased effectiveness of offsite fire
fighting

units in a serious fire at a nuclear power plant. The Review Group recommends that all
plants

should assure compatibility of fire fighting equipment with offsite fire fighting units
which

may be called upon in an emergency.

Another important factor in fighting a fire is the equipment available to support life
while

fighting the fire. At Browns Ferry the breathing apparatus capacity was not sufficient
to

support all reactor system manipulation, electrical repair, and needed fire fighting
activities

(33). The breathing apparatus available at Brown's Ferry had a design capacity of
one-half

hour. Even assuming a well-trained operator and good access to the fire area, the
30-minute

capacity of the equipment presently approved for toxic atmospheres causes difficulties
for an

operator at the scene fighting the fire (or doing anything else important) without having
to

leave to get another fully charged unit.

There are two principal types of breathing apparatus--positive pressure and
recirculating type.

To date the Occupational Safety and Health Administration (OSHA approves only the
positive

pressure type for toxic atmospheres.

The largest positive pressure standard equipment currently available is rated at 30
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minutes. A

representative of the Montgomery County, Maryland, Fire Department Training
Academy stated that

although these units are rated for 30 minutes, fire departments in general recommend
limiting

use to 20 minutes. If the mask does not fit properly, a considerable fraction of the air is
lost, and the service life may be less than 20 minutes.

Recirculation, or closed loop breathing apparatus is available with considerably larger
usage

life. In one such type, exhaled air, rather than exhausting to atmosphere, is recirculated
through a purification canister, then a metered amount of pure oxygen is added to
return the

air to 20% oxygen. There are three disadvantages to this type apparatus: (1) potential
inleakage

of toxic fumes; (2) once a canister has been activated it must be discarded, even if not
used at all; and (3) the oxygen bottles must be returned to a supplier for recharge. The
obvious advantage is longer usage life. A second recirculation type uses the purification
canister without oxygen.

Browns Ferry personnel made limited use of the latter type of breathing apparatus,
with generally

acceptable results. Some individuals experienced difficulty in breathing with these
units.

This 1s a fairly common complaint, especially when the user is engaged in heavy
physical activity

or operating under significant stress.

Los Alamos Scientific Laboratory is doing a considerable amount of work on protective
equipment

for NRC. This work is directed toward the use of protective equipment in the presence of
airborne radioactivity. However, the type of equipment available for use is the same,
regardless

of the type of atmospheric contaminant.

The method used by TVA to recharge their breathing equipment (cascading method)
resulted in

excessive charging times and below capacity charges. It is recommended that all
operating

plants review and upgrade as necessary the breathing equipment available as well as
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the capacity
and method of charging of breathing equipment, and that future designs include
adequate recharging
equipment.

3.5.5 Prevention and Readiness Efforts During Construction and Operation 2%

BOEERIZE TP EERE N
The Browns Ferry FSAR specifically states that no special test of the fire protection and
detection system is required and that routine visual inspection of the system
components,
instrumentation and trouble alarms is adequate to verify system operability. This
approach was
demonstrably not adequate to assure the complete availability of the C02 system in the
cable
spreading room for this incident. During the early stage of the fire, the operation of this
system installed in the cable spreading room was impeded and slightly delayed (59)
because
metal plates had been installed over all the local control buttons in order to protect
workmen
and prevent release of the C02 during the period of Browns Ferry Unit 3 construction.
An effective licensee inspection program by persons knowledgeable in fire protection
and effective
NRC audit of this program would have corrected this situation or, if the inhibition was
necessary, everyone would have been informed and alternative procedures developed: A
plan
should be developed which provides for the required periodic tests and lists the
responsible
I
A
27
individuals and their responsibilities in connection with adequate testing and
inspection of
these systems. The requirements for operability and testing for the fire extinguishing
systems--that 1is, the Limiting Conditions for Operation and the Surveillance
Requirements--
should be included in the Technidal Specifications to assure that these necessary

systems are

83



available and in proper working condition.

Fire extinguishing systems must be disabled at times for maintenance on the systems.
In certain 1

cases, automatic fire extinguishing systems must be disabled to avoid risk to personnel,
working

in a confined area, from inadvertent actuation. In such cases, temporary measures must
be

provided for fire protection in areas covered by the disabled equipment. Such measures
should

include fire watches equipped with manual extinguishers, appropriate for the area
protected,

standby personnel at hose stations, capability for manual restoration and/or actuation
of the

disabled system or other acceptable substitute for the temporarily disabled system. This
also

holds where fire seals must be breached. They should be restored promptly or, if this is
not

practical, adequate temporary measures should be taken.

The NRC inspection report of the Browns Ferry fire (5) contains a number of examples
where the

actions taken by the plant operating staff during the fire are stated not to be indicative
of a

high state of training of plant personnel in fire fighting operations.

TVA has stated in reply (34) that training in fire fighting techniques was carried out
prior to

the March 22 fire and that this training was effective. Since 1970, approximately 325
employees

have attended the Fire Brigade Leader Training Course and four safety professionals
have attended

the Texas Firemen's Training School at Texas A & M University.

While the Review Group believes that such basic training is a necessary element in
effective

preparation for fire fighting, such training alone does not assure smooth operation of
fire

fighting personnel during a fire. Emergency plans should recognize the need for fire

fighting
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concurrent with other activities. There must be a clear understanding of the duties of
the

onsitepersonnel, with preassigned and trained teams for each needed function. The
degree of

dependency upon trained onsite fire fighting personnel must be related to the
availability of

support personnel from professional fire fighting units (city or county fire departments,
military fire control units, etc.) or trained personnel in the licensee's organization who
are

available for such emergency service. In general, the onsite personnel should have
sufficient

training and practice to handle all small fires, and to contain larger fires until the
offsite

units arrive. When it is deemed prudent to call in the offsite units, their capabilities
should be used to the greatest extent possible. Periodic drills, involving all onsite and
offsite organizations which may be expected to respond to a fire, should be held to
enable the

groups to train as a team, permit the offsite personnel to become familiar with the plant
layout, and to permit evaluation of the effectiveness of communication among all those
involved.

These drills should include operations personnel, those specifically assigned to fire
fighting,

any offsite emergency control centers involved in the plan, and all those other
organizations

that would normally respond to such emergencies.

4.0 SYSTEMS CONSIDERATIONS LR T LZ{ADHEER

4.0 VAT HAEROMFE A

The importance of a fire in a nuclear power station to public safety arises from its
potential consequences to the reactor core and the public.

INRBEEANFKT DR IREINCBIT HKROBEEE X, LR OBRA~KT H KK OWE
FER7RERSICER LTV 5,

This importance, discussed briefly in Sections 2.5 and 3.5.2, is the subject of the present
chapter.

25fiL 352 i CHIRIORRONTWAEREE|T, Z0=EDT—~Th A,
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Systems availability during and after the fire is the subject of Section 4.1.
KGR LOKRFRD T AT LB2ROFHNET 4.1 HiOT —~ TH 2.

The concepts of redundancy and the separation of redundant equipment are treated in
Section 4.2.
TLEMER OTUEMED & 2 #as D BEC BT 28T 4.2 Biciibin T %,

Section 4.3 treats the application of these concepts to electrical power and control
systems, how the Browns Ferry fire in the cables of these systems led to the failures
experienced, and the lessons to be learned.
4.3 HUFEBER L OHIELR ST 2 20 b OBEDOBEH IOV TH->TnD, £, Zb
DRRDr—TNIBF DT TV A7 2V —kKRED LS i xEsl &L, LD
£ O BRBENEFTZ OOV T HIRR TN D,

Section 4.4 discusses the related subject of instrumentation needed during an event
such as a fire.

4.4 FITKKED LD BRFRIZHB WV THE L SNHEERICBIEN & 23EIC OV T, #am LT
W5,

4.1 Availability of Systems During the Event EBRHIZHITE L AT LEEKOEMME

4.1 FRPIIEIT D VAT D EKROEE

The detailed history of availability of systems as a function of time during and after the
fire is given in Reference (35).

KK R OK A  DRFZNED K 5 723 AT AR O G RWEIC BT 2372250k, 25X
RO (35) ([ZHADEER SN TN D,

During the course of the fire, numerous instruments and other equipment gave

indications of unavailability.

KGO BUEE) 7o ids kO OO I AT OFRREH LE L,

Restoration to service was accomplished in some cases by alternate switching, and in

some cases by installation of temporary cabling, both during and after the fire.
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It is very difficult, therefore, to establish with accuracy which equipment was
serviceable at what

time. It is known that power was lost to all Unit 1 Emergency Core Cooling System
(ECCS)

equipment, including valve and pump motor controls. Additionally, many instrument,
alarm, and

indicating circuits were affected by short circuits and grounds when the fire burned the
insulation off their cables, creating false and conflicting indications of equipment
operation.

Starting about 12:40 p.m.. or about 5 minutes after the first notification about the fire to
the

control room, alarms began to be received on the Unit I control panel that contains the
controls

and instrumentation for much of the ECCS. Comparison between the indications
(alarms)

revealed discrepancies. For example, one panel indicated all the ECCS pumps were
operating,

whereas another indicated normal reactor parameters with no need for such emergency
operation.

Intermittent and apparently spurious alarming continued at a lesser rate. At 12:51 p.m.,
the

recirculating pumps tripped and the operator manually scrammed the reactor, that is,
inserted

the control rods to shut off the power generation. Control rod position indication was
still

operating at this time, and all rods were verified to be fully inserted.

The Unit I scram was initiated after many spurious alarms; the reactor power had by
this time

decreased from 1100 MWe to almost 700 MWe due to a decrease in recirculating pump
speed from a

cause unknown to the operator. The Unit 2 reactor was scrammed at 1:00 p.m., ten
minutes after

Unit I was scrammed and after spurious alarms had occurred on Unit 2.

At the time, the operators did not know the extent of the fire and its location was only
generally

defined. The operators did verify that there was no immediate threat to the safety of
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the reactors, but that the fire was affecting the emergency core cooling systems.

The operators did not appear to have any specific conditions in mind which would
require the

reactors to be scrammed. In fact, the reactors were scrammed only after the spurious
signals

had essentially prevented further operation.

The Review Group recognizes that no hard and fast rules can be laid down in advance
covering

all possible contingencies, because of the enormous number of possible combinations of
events.

In fact, this is one argument for the need to have highly trained operators. Although
scram is

automatically initiated for most of the potentially hazardous conditions foreseen by the
designers, the conditions at Browns Ferry were obviously not anticipated. This will be
the

case for many events. The operator has a difficult decision to make under these
conditions.

He must have a certain amount of reluctance to initiate a scram or he would scram the
reactor

needlessly every time an off-normal signal was indicated. Then again, one of his
important

functions is to initiate a scram in situations that have not been anticipated by the
designer

and require the operator's thought and action.

All this being the case, the time it took the operators to scram is not unexpected. In fact,
the regulatory staff has generally applied a "rule-of-thumb" to operator actions: The
design

does not require operators to respond in less than ten minutes. Automatic controls are
required

I

29 a

if the required response time isiless than ten minutes. The events at Browns Ferry seem
to

confirm that operators need a significant amount of time to receiVe information,
evaluate its

significance, make a decision, and put the decision into action. The Review Group has
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no

recommendation to make in this area. This discussion is included in the report because
of

earlier criticism by others of the reactor's operators (62); the Review Group does not join
in

this criticism. -7

Normal cooldown was interrupted when the main steam line isolation valves closed on
Unit 1 less

than fifteen minutes after scram and on Unit 2 less than ten minutes after scram.
Although

1solated from the main condenser, the plants could remain at operating pressure, but
Zero

power, by using the standby Reactor Core Isolation Cooling System (RCIC) provided for
this

situation. Each unit has a steam driven centrifugal pump which injects water into the
reactor

to maintain water level. Eleven relief valves are available to control the reactor
pressure by

venting steam from the reactor to the suppression pool. The relief valves are self
actuating

on high steam pressure, but can also be pneumatically actuated with manual control
from the

control room. This RCIC system requires only d-c control power, which is supplied from
the

emergency power system. The system can operate several hours by itself before the
water in the

suppression pool would get too hot; normally, a pool cooling system dumps the energy
and the

RCIC can then cool the reactor indefinitely.

Operation of the RCIC system was initiated on Unit 2, but the system on Unit 1 was
disabled by

the fire. The Unit 1 RCIC had started automatically earlier, but was not needed then
and was

shutdown. When required later it could not be restarted, because of power failure to the
1solation valve in the RCIC steam line which prevented opening it to admit reactor

steam to the
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RCIC turbine. However, the RCIC can also be driven by steam from the plant auxiliary
boiler.

The system is not normally connected to the boiler and this connection must be
accomplished by

inserting a special piece of pipe (spool piece) between the RCIC turbine steam admission
line -

and the auxiliary boiler. The piece of pipe had been used for startup tests and was
available

to bolt on in an hour or less. With this capability in mind, the operators started the
auxiliary

boiler, and it was ready for use by 1:30 p.m. (36). However, the spool piece was not
installed, as discussed later.

The High Pressure Coolant Injection System (HPCI) is similar to the RCIC but has a
larger steam

turbine driven pump, and is a part of the ECCS. The HPCI systems in Units I and 2
were disabled

by fire damage to control cables.

Both units also have auxiliary systems, which as a necessary part of their normal
function can

provide water and thus cooling to the core when the reactor is at any pressure. These
systems r

include the Control Rod Drive (CRD) pumps and the Standby Liquid Control (SLC)
Pumps. These L

systems can be supplied with electrical power from the diesel generators through the
emergency

buses as well as from offsite power.

At 1:30 p.m., forty minutes after scram, an operator stated that he knew that the Unit 1
reactor water level could not be maintained with the CRD pump then operating and
that the only

other available pumps could not inject water into the reactor at reactor pressures above
350

psig. After realigning the necessary valves in the feedwater train, and determining that
two

of the three condensate pumps and one of the three condensate booster pumps were
running, the

four Unit I relief valves that could be manually operated from the control room were
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opened and

the steam released to lower the reactor pressure. During the blowdown the water level
dropped

to about 48 inches above the top of the core and then began to rise as the pressure fell
below

350 psig, and the condensate booster pump started injecting water into the reactor.
Within two

hours after scram, conditions in Unit 1 had stabilized with water level maintained with
a

condensate booster pump and steam vented to the suppression pool through the
manually actuated

relief valves.

Unit 2 during this period following scram was under control, using the RCIC to
maintain water

level and venting steam through the relief valves even though manual operation of
these valves

was lost for nearly an hour. However, one hour after scram (2:10 p.m.), a relief valve
apparently

stuck open and the reactor pressure began to fall. The operators then decided to
continue

to depressurize the reactor, with the water level being maintained with a condensate
booster pump as in Unit 1.

Although the condition of both reactors was stable at this time (3:00 p.m.), two hours
after

scram, neither reactor was in the normal long term shutdown cooling mode. The'Unit 1
reactor

was venting steam to its suppression pool, which contains over a million gallons of
water.

The Unit 2 reactor was venting steam to its main condenser and cooling of its
suppression pool

30

had been established while the reactor was being blown down (2:30 p.m.). The
operators' aim,

however, was to establish both reactor and suppression pool normal shutdown cooling
on both

reactors using the Residual Heat Removal (RHR) systems.
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The Unit 1 suppression pool cooling using the RHR system was established twelve
hours after

scram (1:30 a.m. March 23) and normal Unit I reactor shutdown cooling using the RHR
system was

established 15 hours after scram (4:10 a.m. March 23). -7

The Unit 2 suppression pool cooling using the RHR system was, as noted previously,
established

one-half hour (1:30 p.m.) after scram while the reactor was still being blown down. The
Unit 2

reactor shutdown cooling using the RHR system was established nine hours after scram
(10:45

p.m.).

4.1.1 Redundancy of Reactor Core Cooling Equipment BRF{FAHZRHEDTEME
Reference (35) gives a detailed analysis of cooling capability and redundancy for the
Unit 1
reactor core during and after the fire. The periods of significant concern were before the
F
reactor was depressurized at 1:30 p.m. and between 6:00 p.m. and 9:50 p.m., when the
ability
was lost to open the relief valves to reduce the reactor pressure and utilize the
redundant
low-pressure pumps to add reactor water.

The rate of water addition needed decreases as the reactor core decay heat decreases
with time.

The decay heat boils the water in the core, and as the steam generated leaves the
reactor,

water must be put in to replace it.

Before the Unit I relief valves were opened at 1:30 p.m. to depressurize the reactor, and
after

6:00 p.m., when the relief valves could not be opened, the steam generated in the reactor
core

caused the reactor pressure to rise slowly. When the pressure was above 350 psi, the
condensate

booster pump, although operable, could not pump at such a high pressure and so could
not inject

water into the reactor. That left a single CRD pump injecting somewhat more than 100
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gpm of

water as the pressure rose.

At high reactor pressure, the automatic makeup is normally provided by the feedwater
system

backed up with either the steam driven HPCI or RCIC systems. On Unit 1, neither the
HPCI or

RCIC were available following their unneeded operation at the start of the fire.

Besides the CRD pump on Unit 1, other installed sources of high pressure makeup were
the CRD

pump on Unit 2, a shared spare CRD pump and standby liquid control (SLC) pumps.
The CRD pumps,

while performing their normal functions associated with the control rod drive system,
also

provide water to the vessel at high or low pressure. One CRD pump per unit is normally
n

operation and the pump for Unit 1 operated continuously throughout the course of the
incident.

In addition the SLC pumps are each capable of providing approximately 56 gpm of
water at

pressures up to reactor coolant system design pressure. The SLC pumps were not
required as a

backup reactivity shutdown system since the control rods functioned normally. An
analysis of

the available evidence suggests that there was a period of up to three hours following
the

initiation of the fire during which the SLC pumps were not available due to loss of
power;

however, the power for at least one pump is known to have been available at 6:00 p.m.,
and the

other either was easily available or could have been made available, if needed, within 1
hour.

The CRD pump in operation was part of a system for Units 1 and 2 which consisted of
three CRD

pumps. One pump normally operates for each unit and the third pump can be used on
either unit.

Subsequent examination of the actual piping configuration confirmed that it is also
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possible to

align the Unit 2 pump to provide water to Unit 1. Means also exist to increase the
output of a

CRD pump by valving in a pump test bypass line which provides an additional flow path.
It is

estimated that by opening this single valve it would have been possible to have provided
sufficient water, approximately 225 gpm, to maintain the core covered throughout the
course of

the incident. No other systems would have been required to provide water to maintain
an

adequate inventory of water in the reactor vessel and depressurization would not have
been

necessary. This flow (225 gpm) could have been increased to in excess of 300 gpm with
an

additional CRD pump.

An additional source of high pressure water mentioned previously as being unavailable
due to

fire damage was the Unit 1 RCIC system.

It would have been capable of providing sufficient flow (600 gpm) for makeup water
requirements

throughout the entire course of the incident if the decision had been to make it available.
It

appears that this system could have been made available within an hour after making
this

decision. The source of steam for the RCIC system would have been the auxiliary boiler
which

31

was used for testing the RCIC prior to plant operation. Two procedures are necessary to
provide the st~am path. First. the auxiliary boiler must be put into operation. Full
steam

pressure from this source can be obtained in less than one hour. The operators actually
put

the auxiliary boiler into operation by 1:30 p.m. (36), and it was available during the
time the

relief valves could not be opened. The second procedure is the installation of a piping

piece
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to make up the flow path from the auxiliary boiler to the RCIC turbine. This could have
been|

accomplished in less than one hour. The operation of the RCIC would then have been
possible

from the backup control room; however, the system was not actuated. Instead, the
action to

restore relief valve operability was accomplished in approximately 3-1/2 hours following
which

time the reactor vessel pressure was once again reduced within the capability of the
condensate

booster pump to inject water.

There were other courses of action which might have been taken by the operator in the
event

that remote-manual operability of the relief valves was lost. No immediate problem
existed

since the pressure would have increased up to the setpoints of the relief valves in their
overpressure protection mode with subsequent steam relief to the suppression pool. The
CRD

pump was providing a source of makeup water. With the much reduced decay heat,
considerable

time was available for other operator action: two hours at 1:30 p.m.; at least 8 hours at
6:00

p.m. The alternative sources of high pressure makeup water were still available if
control air

to the relief valves could not be reestablished.

Calculations, however, indicate (35) that after 7:00 p.m. no augmentation of CRO pump
flow was

necessary to maintain the plant in a safe condition. This is due to the availability of a
depressurization and heat removal path via the main steam line drain valves to the
condenser.

Both of these valves were inoperable by electrical means as a result of fire damage. The
operators, however, decided to return draining capability to the main steam line and
this was

achieved at approximately 7:00 p.m. It is calculated that the quantity of steam being
removedfrom

the pressure vessel through the main steam drain line was great enough that the

95



reactor
pressure would have leveled off at a safe value prior to reaching the relief valve
setpoint.
An equilibrium condition would then have been maintained with the reduced reactor
pressure
reducing the head on the operating CRO pump such that the pump would provide
sufficient makeup
flow to maintain the core covered throughout the remainder of the incident.

4.1.2 Role of Normal Cooling Systems @& BEAFZHEDRE
By contrast to the safety systems provided to cool the reactor core in a postulated
accident,
the systems used to cool the reactor in normal operation are not required to meet safety
criteria. Components of these systems--CRD pumps, condensate and condensate booster
pumps, and
associated valves--were used successfully to cool the reactor during and following the
Browns
Ferry fire. Redundant safety systems designed to cool the reactor in the event of failure
of
the normal systems became unavailable as a result of the fire. (See Section 4.3.1 for
details).
The survival of normal cooling systems when safety systems failed seems to have been
the
result of the particular location of the fire rather than differences in their design
criteria.
The fact that normal cooling systems kept the reactor cooled and safe during and
following the
Browns Ferry fire, leads one to consider whether they should be designated as
safety-related
systems. The most obvious question to ask is whether safety criteria should be applied
to some
or all of the normal cooling systems. In general, the number of systems and components
required to meet safety criteria is deliberately limited in number. It is generally
believed
that a safer design results when an intensive safety design effort can thus be
concentrated on

these relatively few devices.
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The number of systems and components designed to safety criteria would considerably
increase if

normal cooling systems were so designed. The flexibility of the designer to design the
most

efficient and economical systems for power generation would probably be limited. It is
possible

that if normal cooling systems were required to meet safety requirements, designers
might have

a tendency to reduce the attention given to the safety systems which back up the normal
cooling

systems. Normal cooling systems tend to be large high capacity systems, and the cost of
upgrading their designs to meet safety criteria would, therefore, tend to be large. The
Review

Group believes that the increased cost of designing normal cooling systems to safety
criteria

would not be balanced by a large increase in safety. The Review Group has, therefore,
concluded

that upgrading normal cooling systems to meet safety criteria is not required and is not
necessarily desirable. Any required improvements in safety can be accomplished more
effectively

and at less cost inother areas.

The independence of the normal cooling systems from the systems that could cool the
reactor in

the event of failure of the normal cooling systems failed should be considered. In
particular,

32

the safety systems provided to cool the reactor should be located and protected so as not
to be

affected by fires (or other events) that could make the normal cooling systems
unavailable.

4.2 Redundancy and Separation - General Considerations TR & 2 BtE (JEItE) -2
AR 7R R RE

Redundancy is a design feature universally employed in systems that perform safety
functions in|[

nuclear power plants. It is defined as the provision of more than one component or

subsystem,
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arranged so that the system function is not halted upon the failure of a single
component or

subsystem. The multiple devices are said to be redundant devices, and the "single
failure

criterion" is used to govern the system design.

The reason for employing redundancy is the need for highly reliable safety functions in
the

real world of pumps, valves, and other components known to be subject to failures.
Perfect

components are unattainable. Improvements in the reliability of components can be
achieved for

a cost, but there is a practical limit on what can be accomplished in this way. Given
reasonablyr

reliable components, redundancy is generally far more effective in achieving highly
reliable

systems than further efforts toward improvements in component reliability.

The large improvement predicted in system reliability as a consequence of redundancy
18,

however, contingent on the independence of any failure affecting the redundant
elements. That

1s, the benefits of redundancy would be negated for any type of event that would induce
concurrent

failures in more than one of the redundant devices. Such events are called "common
mode failures." They can arise in various ways, the most obvious of which are the
following:

1. An adverse "environment" affects the redundant devices--fire, flooding with water,
high or

low temperatures, earthquake.

2. An auxiliary function or device necessary to operation fails and the failure affects the
redundant devices--electric power, lubrication, cooling.

3. A human action or series of actions affects the redundant devices--adjustment,
manipulation

of controls, sabotage.

The Browns Ferry fire induced common-mode failures of redundant core cooling
subsystems. The

damage to power and control cables by the fire caused the equipment served by these
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cables to

become unavailable for cooling the reactor core. Even during the fire, availability of
some

equipment was restored, by switching actions to avoid using the damaged cables and by
running

new wires to essential equipment via routes away from the fire.

One design feature which can and did lessen the operational consequences of the
common mode

failures in the Browns Ferry electrical system was the capability to operate equipment
manually,

principally valves, using handwheels. By contrast, the inability of the operators to open
manually the (single, non-redundant) air supply valve after it failed closed contributed
to the

long inoperability time of the relief valves. The air supply was made operable and relief
valve operation restored by temporarily bypassing the air around the supply valve with
some

copper tubing. As a result of this experience, TVA is now providing the capability to open
most fluid lines manually, in the case of the air supply for the relief valves by the
addition

of a manual valve in parallel with the solenoid operated air supply valve. The Review
Group

recommends that in general the capability to manipulate valves manually be a design
consideration

in all plants. The operability of this manual capability should be periodically checked to
assure that such valves are manually operable and handwheels are not missing.

The Browns Ferry designers did not intend their design to be vulnerable to common
mode failures;

the results were unexpected and contributed to the difficulties experienced during the
event.

In the following sections, these cotmmon mode failures are examined for the lessons
that can be

learned from them.

It should be pointed out that isolation of redundant safety devices and their cables is an
1deal, not fully achievable in real life. The goal of isolation and separation requirements
is

that an adequate degree of isolation be provided. The control room and the cable
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spreading

room have already been identified as areas where isolation is difficult. Others are inside
the

containment, in the vicinity of the reactor, and in the main electrical switchyard. The
redundant subsystems and their cables are associated with a single reactor, a single
containment,

a single turbine-generator, and a single control room. As with other echelons of safety,
perfection is neither required nor achievable, and the safety goal is a balanced
defense-indepth

rather than perfect isolation and separation.

a33
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TABLE 2

ASSIGNMENT OF DAMAGED CABLES TO REDUNDANT DIVISIONS

Plant Usage Number _ Safety Classification Channel or Division*

Common 20 Engineered Safeguard - ECCS I

Units I-II-I11 20 Engineered Safeguard - ECCS I1
13 Engineered Safeguard - Diesel A IA
Kk} Engineered Safeqguard - Diesel C I1C
5 Engineered Safeguard - Diesel D 11D
7 Load Shedding - Diesel A Al
9 Load Shedding - Diesel C B1
7 Support Auxiliaries - Electrical IE

Subtotal 114

Unit 1 6 Engineered Safeguard - ECCS I
182 Engineered Safeguard - ECCS 11
4 Load Shedding - Diesel A Al
5 Load Shedding - Diesel C B1
1 Load Shedding - Diesel D B2
52 Heutron Monitoring (also nctivates RPS) IA
52 Neutron Monitoring " 1B
52 Neutron Monitoring " " " 1IA
52 Neutron Monitoring " " " IIB
14 Primary Containment Isolation I
39 Primary Containment Isolation 11
2 Reactor Protection (control rud scrnm} 1A
2 Reactor Protection " IB
2 Reactor Protection " " " IIA
2 Reactor Protection " " " 118
3 Reactor Protection " b " I1IB
12 Supporting Auxiliaries - Electrical IE

Subtotal 482

Unit 2 15 Engineered Safeguard - ECCS I
3 Engineered Safeguard - ECCS 11
4 Supporting Auxiliaries - Electrical IE

Subtotal 22

Unit 3 4 Engineered Safeguards - ECCS 1
3 Engineered Safeguards - ECCS IT
3 Supporting Auxiliaries - Electrical 1E

Subtotal 10

TOTAL 628

*See Legend (following page) for channel or division definitions.
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TABLE 2 - LEGEND

The following apply to all cables:

11

IA

18
IE
I1C

11D

Division I engineering safeguard or Primary Containment
Isolation cables

Division Il engineering safeguard or Primary Containment
Isolation cables

Diesel generator A shutdown logic cables {may be routed in
cable tray with Division I cables)

Diesel generator B shutdown logic {routed in conduit)
Supporting auxiliaries needed for safe shutdown of plant

Diesel generator C shutdown logic (may be routed in cable tray
with Division I1I cables)

Diesel generator D shutdown logic cables (routed in conduit)

The following apply to Load Shedding Cables:

Al

Az

B1

B2

4?nv load shedding logic channel Al: (routed with IA-Diesel
A

4?ﬂ? load shedding logic channel AZ2: (routed with IB-Diesel
B
E?ﬂ? load shedding logic channel Bl: (routed with IIC-Diesel

4?09 load shedding logic channel B2: (Routed with IID-Diesel
D

The following apply to Reactor Protection and Neutron Monitoring cables:

1A
IIA
1B
11B

RPS logic channel Al
RPS logic channel A2
RPS logic channel Bl
RPS logic channel B2

The following apply to Reactor Protection cables:

ITIA -

1118 -

A
B

RPS manual and back-up scram solenoid channel A
RPS manual and back-up scram solenoid channel B
120V a-c RPS channels Al, A2, and A3 supply (RPS MG set A)
120V a-c RPS channels B1, B2, and B3 supply (RPS MG set B)
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4.3 Separation of Redundant Electric Circuits TLRM4EZET 2 EREBD DB
4.3.1 Common Mode Failures Caused by the Fire XKIZEET HHBEE— Fi
i3
The chronicle of the Browns Ferry fire includes mdny examples of unavailability of
redundant
equipment. Evidently the independence provided between redundant subsystems and
equipment was
not sufficient to protect against common mode failures. Therefore, although the system
function--
cooling the reactor core—-was in fact successful (see Section 4.1.1), the multiple
unavailabilities
need investigating.
Reference (37) contains a detailed accounting of the cables damaged by the fire. A
summnary
listing is given here in Table 2, which is taken from Reference (37).
Separation of redundant subsystems is accomplished by dividing the safety equipment
into redundant
divisions. As can be seen from Table 2, on Browns Ferry the engineered safeguards are
n
two divisions, the reactor protection instrumentation in four. Power sources are also
separated
into divisions. The distribution of power sources and essential equipment (power loads)
1s arranged so that no failure of a single divison can interrupt essential functions.
The Browns Ferry design was intended to embody the principles of separated
redundant divisions.
Yet Table 2 makes it obvious that the fire damaged cables belonging to both major
divisions,
thereby inducing common mode failures. This is borne out by the chronology (35)
wherein it is
recorded that redundant subsystems were unavailable. Some of the more notable
examples for
Unit 1 are summarized in Table 3. In addition many redundant instruments were
inoperative,

including all reactor neutron monitoring.
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TABLE 3
UNIT 1 REDUNDANT SUBSYSTEMS NOT AVAILABLE

System Humber of Subsystems
Core Spray 2
Residual Heataﬂtmuval 2
Relief Valves a 11 (4 restored)
High Pressure Coolant Injectio 1
Reactor Core Isolation Cooling 1
Standby Liquid Control 2

This result is surprising in view of the redundancy and separation that were part of the
plant
design basis. TVA has conducted an extensive review of the reasons for these inoperable
multiple redundant subsystems (37). The two principal causes of the common-mode
failures that
occurred are discussed in the following sections. They are (1) feedback through indicator
light connections, and (2) proximity of conduit to cable trays. Following technical
discussions
of these two principal causes, a survey of separation criteria is given along with
recommendation
for improvement.

4.3.2 Common Mode Failures Attributable to Indicator Light Connections <3

7 OERISERT SHEE— N
Equipment status indicators are essential to correct operation. The operator must have
available
to him enough information to assess the status of his plant and to supervise its
operation.
A complex installation like a Browns Ferry unit--like any nuclear power unit--contains
dozens
of systems and hundreds of devices. The arrangement of indicators and controls must
facilitate
supervision of the operation by one or two people. The indicators are grouped and
arranged to
enhance visual comprehension of the information patterns likely to be important.
Lights are used extensively to indicate the status of equipment. Their small size and
easy

recognition when lit commend them to the designer and operator. The Browns Ferry
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control

panels, like most panels of their type, are liberally provided with them. One use of such
lights is to monitor the status of the plant's electric power system. This is especially
important during off-normal operation, and should have been helpful during the fire.
Unfortunately,

the damaged cables included the wires leading from the various power distribution
panels to the indicator lights that were supposed to tell the operator where he could find
power available for important systems. Additional damaged cables connected other
indicator

lights to the control cubicles for motor-operated valves.

a For supplying water with the reactor at high pressure, these systems are redundant
alternatives;

the relief valves must be coupled with low-pressure pumping.

36

It i1s indeed ironic that provision of indicator lights to aid the operator in doing the
correct

thing during an emergency led to unavailability of multiple redundant devices. The
light

circuits were thought to be isolated from the power sources and safety circuits by series
resistors. These resistors were ineffective because the circuit designers did not consider
the

types of short circuits that actually occurred during the fire. When the cable insulation
had

burned away, the resulting short-circuits among the wires in the trays fed power
backwards from

the lights toward the power and control panels in spite of the series resistors, causing
breaker trip coils to remain energized thereby keeping breakers open. Tripping the
breakers

removed power from safety equipment and made normal breaker control impossible.
This was

discovered during the fire; some power and control circuits were restored by physically
disconnecting

the light circuits at the control or power panel, then replacing blown fuses and
realigning tripped breakers (5). This operation had in many cases to be carried out in
dense

smoke by a craftsman wearing breathing apparatus, while the panel he worked on was
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energized by
normal power and by the short circuits.
Because these circuits were not recognized as potential sources of failure of safety
equipment,
their cables were not separated into divisions and segregated away from non-safety
cables.F
Rather, they were treated as non-safety cables whose routing and tray companions were
of no
moment. Therefore, when failures occurred, there was no divisional separation and the
equipment
unavailability thus induced was not confined to one division in accordance with the
plant
design objectives.
Today there are better criteria for this type of circuit (see Section 4.3.4.2). Circuits of
this sort would either (1) be designated as "associated circuits" and be required to meet
the
same separation criteria as safety circuits or (2) be isolated adequately from the safety
circuits. The Review Group recommnends that where there are interconnections
between safety
equipment and nonsafety circuits such as indicator light circuits, the adequacy of the
isolation
should be assured.

4.3.3 Proximity of Cables of Redundant Divisions TTREDIZHF5H45—TILRE

(OBliv::

4.3.3.1 Trays and Conduit kLA &Py bk

A nuclear power unit includes many thousands of electrical cables, some with multiple
circuits.
Nearly all the control power, and much of the motive power, for the motors and pumps
and valves
in the plant are electrical. The 1600 cables damaged by the Browns Ferry fire are in fact
a
small fraction of the total. These cables are connecti *ons; the things they interconnect
are
located throughout the plant. Therefore, there must be a system of "highways" along
which are

routed groups of cables going the same way. In the Browns Ferry plant, as in most, this
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function is performed principally by steel cable trays, typically 18 inches wide and a few
inches deep.

Separation of redundant equipment requires separation of their associated cables,
therefore

separation of the trays for these cables. Grouping equipment into divisions naturally
results

in grouping cable trays into divisions. The Browns Ferry fire started in one of a group of
ten

trays, all of Division II (see Table 2). In principle, then, in accordance with design
criteria,

only Division II equipment should have lost availability. This was evidently not the
case.

One of the reasons was the presence of Division I cables in the fire zone, in spite of the
supposed separation. Upon examination (TVA has reported an extensive study in
Reference (37)),

it turns out that the damaged Division I cables were in "electrical conduit"--pipes of
aluminum

or steel also used as "highways" for electrical wires and cables.

TVA in their "Restoration Plan" (37) identified 68 places in the Browns Ferry plant
where

cables of one division are now deemed to be too close to trays containing cables of a
redundant

division. The Group has been informed that there may be more such places. TVA has
now developed

proposed criteria to define "too close," to be considered later in Section 4.3.4.5. They

are proposing to ameliorate these 68 situations with suitable combinations, relocation,
improved

barriers, sprinkler protection, or other means; the details of the corrections are not
within

the scope of the Review Group, but are to be reviewed in connection with other aspects
of

Browns Ferry Licensing.

The areas of proximity were designed, reviewed, inspected, and approved that way.
Running

cables in conduit is considered very good practice. The conduit was provided to solve

routing
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problems that would otherwise call for too close proximity of divisional trays; the
conduit was
to isolate the cables from their redundant counterparts.
This lesson of Browns Ferry is that the conduit in the fire zone did not protect all cables
adequately. Improved criteria regarding the use of conduit are needed in the light of this
lesson; recommendations are given later in Section 4.3.4.
371

4.3.3.2 Non-Divisional Cables TEREHTHWW7r—TIL
It is worth noting that many cables are not safety-related and therefore belong to no
division.
At first thought, it might be believed that the routing of such cables has no safety
significance.
This is true only if the non-safety cables never come into proximity with any safety
cables. If they do, then the potential for interaction of the non-safety cables with those of
a safety division suggests that the same non-safety cables should not come into
proximity with
the other safety division(s). This concept is elaborated as "associated circuits" in
present- 11
day cable separation criteria, as discussed later in Section 4.3.4.2.

4.3.3.3 Cable Spreading Room 4 —JJLEhE
It should also be noted that in present designs of cable spreading rooms--including
Browns
Ferry--it has been found necessary to provide less separation of divisional cables than in
other parts of the plant. The problem arises in the layout of the control panels for ease
n
operator comprehension--an essential--rather than separation of redundant divisions.
In
addition, the routing problem in the cable spreading room is severe. Cables from every
part of
the control room must be routed in many different directions to their destinations in the
rest
of the plant. The result is congestion in most cable spreading rooms, and Browns Ferry
1s no
exception. In view of the obvious concentration of cables and circuits, and the reduced
divisional

separation, cable spreading rooms deserve, and receive, special attention in design and
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procedures for fire prevention and fire fighting.
The installed CO system was successful in conjunction with repeated manual
applications of dry
chemicals in minimizing the fire damage in the cable spreading room in the Browns
Ferry fire.
The control of more than one generating unit from a single control room increases the
potential
vulnerability of the cable spreading room, but has advantages in economy and
operational coordination.
Criteria for cable spreading rooms need further attention and improvement, in the [
Review Group's opinion. Also needed are some varied design approaches to seek
improvement in
divisional (and, when applicable, multi-unit) separation. Improved access for
fire-fighting
should also be sought. Criteria for cable spreading rooms are discussed further in
Section
4.3.4.4.
4.3.4 Physical Separation Criteria for Cables 4 —JJLIZEAY 2B HBHE
1
4.3.4.1 Browns Ferry Criteria for Physical Separation and Isolation of
Redundant Circuits TCRM4 D & % EEROFRAE & YRR 7528
Be57700XT7c)—ICHBITHEHR
The Browns Ferry design provided redundant safety equipment and circuits to prevent
the failure
of any single component or circuit from causing the loss of a safety function. The FSAR
states
that the overall objective of the Browns Ferry separation criteria is to preclude loss of
redundant equipment by a single credible event. These criteria are summarized in
Table 4,
along with more recent improved criteria.
TVA and NRC have conducted extensive evaluations of cable separation in the as-built
Browns
Ferry plant. The results, and the Review Group's review of cable tray and conduit
layout
drawings, and inspection of the physical installation, showed general compliance with

the
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physical separation criteria documented in the FSAR. There were, however, a number of
areas in

which the objective of the separation criteria appear to have been compromised.

The Browns Ferry FSAR stated that routing of safety related cable through rooms or
spaces where

fire hazards exist were generally avoided. The FSAR further states that in cases where
it was

impossible to provide other routing, only one division of redundant cables was permitted
in any

such areas. It is clear from the cable tray and conduit routing that TVA did not consider
the

reactor building in the vicinity of the fire to be an area where significant fire hazard
existed.

The events of the fire show that under the conditions existing at the time a fire hazard
did

exist. The potential hazard would have been lower if the seals between rooms had been
in their

design condition. The non-fireproofed seal, the highly flammable flexible foam, and the
candle

created the hazard and the fire resulted.

The philosophy used by TVA in the design of the Browns Ferry electric system made the
actual

assignment of circuits to redundant divisions and the implementation of their physical
separation

difficult. It was TVA's philosophy to provide considerable versatility in the design
which resulted in many interconnections between redundant power sources. These
interconnections

really pertain to both divisions. A separate and redundant system, with no
interconnections

between redundant divisions, would be easily divided into a minimum number of
divisions. Each

component or cable would be clearly identifiable as belonging to its division. In laying
out

38

TABLE 4

COMPARISON OF BROWNS FERRY FSAR
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SEPARATION REQUIREMENTS WITH

REGULATORY GUIDE 1.75

1. Requirement for use of flame retardant cable

RG 1.75 - Required

Browns Ferry Criteria - No requirements specified in FSAR. Some
cable specifications require IPCEA flame

tests.

2. Associated circuits must meet same criteria as safety circuits up
to an isolating device F

RG 1.75 - Required

Browns Ferry Criteria - None except minor restrictions on
associated circuits.

3. Separation of safety circuits from non-safety circuits

RG 1.75 - Same separation required as between redundant
safety divisions.

Browns Ferry Criteria - None

4. Methods of separation

RG 1.75 - Separate Class I structures, distance, barriers
(RG 1.75 states preference for separate Class I structure)
Browns Ferry Criteria - Not discussed

5. Distance separation

5.1 Hazardous Areas (fire, missiles, pipe whip)

RG 1.75 - By ad hoc analysis

Browns Ferry Criteria - Avoid. Where not possible to avoid
route only one safety division.

5.2 Non-hazardous areas

RG 1.75 - 3 feet horizontal

5 feet vertical

Browns Ferry Criteria - 3 feet horizontal. Vertical stacking
avoided where possible. Where not possible

5 feet vertical separation.* 18 inches

permitted where redundant divisions cross.*

*With solid metal bottoms on upper tray and

solid metal top on lower tray.

39

5.3 Cable spreading room
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RG 1.75 - Where feasible redundant cable spreading areas should be
utilized. Otherwise provide 1 foot horizontal, 3 feet

vertical.

Browns Ferry Criteria - 3 feet horizontal and 18 inches vertical. Conduit
where separation cannot be maintained.

5.4 With use of barriers

RG 1.75 - 1 inch horizontal

1 inch vertical

Browns Ferry Criteria - 18 inches vertical

Horizontal not specified

6. Barrier material requirements

RG 1.75 - Mttal (type not specified)

Cable tray covers approved by example.

Browns Ferry Criteria - Steel cable tray covers

7. Barrier configuration

RG 1.75 - 6 inches to 1 foot overlap depending on configuration
but metal covers with no overlap are permitted.

Browns Ferry Criteria - Not discussed

8. Separation within safety divisions

RG 1.75 - No requirements

Browns Ferry Criteria - 4 inch horizontal

9 inches (tray bottom to tray bottom) vertical

9. Conduits F

9.1 Use of conduits

RG 1.75 - Same requirements as for cable trays. Not specified

as to whether they qualify as barriers.

Browns Ferry Criteria - Permitted as barriers in cable spreading
room where adequate spacing cannot be

maintained. Reactor protection and containment

isolation systems in conduits.

9.2 Conduit Materials

RG 1.75 - Not specified

Browns Ferry Criteria - Not specified

40 a

equipment locations and cable routings the designer would need only be concerned with

keeping
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one division separated and isolated from the other(s) and with avoiding areas where
both

divisions are subject to failure from a common cause such as missiles, pipe whip, high
energy

fluids, flooding, or fires. With interconnected systems, the designer has to decide
whether he

must keep an interconnection separated from both divisions or only one. If he decides
that

separation of all interconnections is not required he must perform a careful analysis to
determine

which interconnections can be routed together and develop an orderly method to assure
that

the separation and isolation is properly implemented.

The separation criteria for these interconnections were not clearly stated in the Browns
Ferry

FSAR. It is possible that the large number of interconnections was partially responsible
for

the fact that conduits for one division were run quite close to cable trays of the other
division.

The complexity of the interconnected design was probably responsible for errors being
made that resulted in the normal power supply to power distribution panels in one
division

being electrically connected to the alternate supply to panels in another division. For
example,

the normal supply to 480 volt shutdown board 1B was electrically connected to the
alternate

supply to 480 volt shutdown board 1B. This lack of electrical isolation introduced by
interconnections

provided to give increased flexibility appears to have decreased system availability

in the Browns Ferry fire.

The complexity of the Browns Ferry interconnections probably resulted in errors made
in the d-c

controls for the 4kV shutdown boards that resulted in a power interruption on 4kV
shutdown

board D (37). Each 4kV shutdown board is provided with a normal, an alternate, and an

emergency
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supply of d-c control voltage. The availability of any two of these three control voltage
sources was designed to be sufficient. In the actual installation, however, failure of a
single d-c cable made the board inoperative. TVA is redesigning the boards so that each
is
fully functional with a single d-c supply; alternate supplies are also being provided.
There were violations of the intent of the Browns Ferry separation and isolation criteria
in .
the indicator light circuits as discussed previously in Section 4.3.2. It is often desirable
to provide connections between safety circuits and non-safety circuits. Examples are
connections
from safety circuits to indicator lights and meters in the control room and to the
plant computer to permit the operator to monitor the performance of safety systems.
Where this
1s done, present NRC criteria require that adequate isolating devices be provided in the
safety
equipment so that credible faults in the non-safety monitoring circuits will not affect the
safety circuits.
Although the Browns Ferry criteria do not mention conduit except for the cable
spreading rooms,
the principles of physical separation and fire barriers were violated in the lack of
adequate
separation of conduit containing cables of one division from cable trays of another
division,
as discussed in Section 4.3.3.1. The Browns Ferry criteria require an 18 inch separation
n
conjunction with steel cable tray covers in congested areas. At least one aluminum
conduit
containing Division I cables was run parallel to and only 2 or 3 inches above a cable tray
containing Division II cables. In addition to violating the separation distance criterion,
the
aluminum conduit proved to be an inadequate fire barrier. Based on the Review Group's
discussions
with fire experts (19), the steel cable tray covers permitted by the criteria also
appear to be inadequate fire barriers.

4.3.4.2 Comparison of Browns Ferry Separation Criteria with Current

NRC Separation Criteria  E{TLTLV% NRC DR BEH L TS
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DRI ) —DREEEHDELE
Section 50.55a of Title 10, Code of Federal Regulations, requires that protection systems
meet
the requirements set forth in the Institute of Electrical and Electronics Engineers
Standard,
"Criteria for Protection Systems for Nuclear Power Generating Stations," IEEE 279).
Section
4.6 of IEEE 279 requires, in part, that the channels that provide signals for the same
protective
function be independent and physically separated. General Design Criterion 3, "Fire
Protection"
of Appendix A tO 10 CFR Part 50 requires, in part, that the structures, systems, and
components
important to safety be designed and located to minimize, consistent with other safety
requirements
the probability and effect of fires. General Design Criterion 17 requires, in part, that the
onsite electric power supplies, including the batteries and the onsite electric
distribution
system, have sufficient independence to perform their safety functions pssuming a
single failure.
General Design Criterion 21 requires, in part, that the independence designed into
protection
systems be sufficient to insure that no single failure results in loss of the protection
function.
Regulatory Guide 1.75 (66) documents separation requirements that have been found to
be acceptable
by the NRC staff. It endorses Institute of Electrical and Electronics Engineers Standard
IEEE 384-1974, but in addition modifies certain requirements of IEEE 384-1974 and
provides
additional restrictions.
I
41
Table 4 provides a summary comparison of the Browns Ferry separation criteria as
documented in
the FSAR with those of Regulatory Guide 1.75. In most significant areas the Browns
Ferry FSAR
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criteria compare quite favorably with Regulatory Guide 1.75. The comparison is
particularly

favorable when one considers that the criteria documented in Regulatory Guide 1.75
were developed

over the 7 years after the construction permits for Browns Ferry 1 and 2 were issued in
1967.

Regulatory Guide 1.75 requires the use of flame retardant cable as a basis for using the
separation

distances specified in the guide. The standard endorsed by the guide defines the term
"flame retardant” as capable of preventing the propagation of a fire beyond the area of
influence U

of the energy source that initiated the fire. The standard, however, provides no guidance
for

testing to determine whether a specific cable qualifies as being flame retardant. The
Browns

Ferry FSAR contains no criteria with regard to the flame retardancy of the cable to be
used.

This subject is treated in Section 3.4.1 of this report.

The concept of associated circuits as documented in Regulatory Guide 1.75 is a recent
refinement.

Associated circuits are defined as non-safety circuits that share power supplies,
enclosures, or raceways with safety circuits or are not physically separated from safety
circuits

by acceptable separation distance or barriers. The guide specifies that associated
circuits meet the same separation requirements as the safety division with which they
are

associated, up to and including an isolation device. Beyond the isolation device the
associated

circuit 1s not subject to safety circuit separation requirements. The guide defines an
isolation

device as a device which prevents malfunctions in one section of a circuit from causing
unacceptable influences in other sections of the circuits or other circuits. If isolation
devices meeting this definition had been provided at Browns Ferry between circuit
breaker

control circuits and cables to control room indicating lights (see Section 4.3.2), the

system
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unavailability as a result of the fire would probably have been decreased.

Regulatory Guide 1.75 contains provisions for isolating safety cables from non-safety
cables in

the same way safety divisions are isolated from each other. The Review Group believes
that

this represents a significant improvement over the Browns Ferry criteria. Much of the
cable L

insulation that contributed to the extent of the Browns Ferry fire belonged to non-safety
cables. Isolation of that cable from safety cables would tend to reduce the fuel involved
in a

safety cable fire. In addition it would tend to eliminate faults in non-safety cables as a
potential source of a fire in safety related cables. Such isolation could be provided in
several ways, such as physical separation, solid barriers, or fire-retardant coatings.

The Browns Ferry FSAR criteria for running cables in hazardous areas--areas subject to
fire,

missiles, pipe break, etc.--are more specific than those contained in the Regulatory
Guide.

The guide indicates that the routing of cables in such areas are to be justified by
analysis.

The Browns Ferry FSAR criteria require these areas to be avoided where possible, and
where not

possible only one safety division is to be routed through such an area.

The guide and Browns Ferry FSAR criteria for routing cables in non-hazardous areas
and in the

cable spreading room are quite similar although the separation distances permitted by
the

Browns Ferry FSAR criteria are somewhat less.

The guide and the Browns Ferry FSAR criteria both permit the use of barriers in areas
where the

required physical separation cannot be maintained. The Browns Ferry FSAR criteria
are somewhat

more stringent than those of the guide. Neither the guide nor the Browns Ferry FSAR
criteria

are very specific with regard to barrier material requirements. Regulatory Guide 1.75
contains

no restrictions with regard to the type of metal permitted as cable tray cover barriers.
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The

Browns Ferry FSAR criteria permit cable tray covers to be used as barriers. The use of
conduit

as barriers is vague in both the guide and the Browns Ferry criteria. The guide
indicates that

the same requirements apply to conduit as apply to cable trays but the use of conduit as
barriers

is not mentioned. The Browns Ferry FSAR criteria permit conduit in the cable
spreading

room where adequate spacing cannot be provided. Neither the guide nor the Browns
Ferry FSAR

criteria provide any restriction with regard to the conduit materials.

Recently, the TVA has proposed (37) modified separation criteria to be used for design
modifications

deemed to be needed for rebuilding Browns Ferry. The Review Group has not evaluated
these criteria, which are evidently still being developed.

Regulatory Guide 1.6, "Independence Between Redundant Standby (Onsite) Power
Sources and

Between Their Distribution Systems" describes an acceptable system consisting of
redundant,

independent power sources and load groups. Restrictions are placed on interconnections
between

load groups. Although Regulatory Guide 1.6 does not specifically discuss physical
separation,

it describes a design that is conducive to good physical separation. A system designed in
accordance with Regulatory Guide 1.6 would not contain the numerous interconnections
contained

42

in the Browns Ferry design, and the proper identification and separation of redundant
circuits

could be more easily achieved.

There was no specific regulatory guidance concerning the sharing of onsite electric
systems

between units and the electrical interconnections between units at the time of the
Browns Ferry

safety evaluation. In the Browns Ferry plant, such sharing and interconnections are
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more

extensive than in most plants. The staff has more recently issued Regulatory Guide 1.81

to

provide a more orderly approach to minimizing interactions of onsite electric systems.

The

regulatory position for new plants contained in Regulatory Guide 1.81 is that each unit

should

have separate and independent onsite emergency and shutdown electric systems.
4.3.4.3 Adequacy of Existing NRC Separation Criteria 179 % NRC D

TREHOZLM

The basis for the present NRC separation criteria described in the previous section is

that the

cables are run in a non-hazardous area and the only flammable material considered in

the design

is the cable insulation. Although the Browns Ferry fire was started in flammable

material

external to the cable insulation, the fire propagation in the cable trays suggests to the

Review Group that the flammability of cable insulation was underestimated in the

development of F

these criteria, which were based on a review of the consequences of past cable tray fires.

The -

results of the two cable tray fires that occurred at San Onofre Unit 1 in 1968 and the

1965

fire that occurred during the construction of Peach Bottom Unit 1 were reviewed (24,38).

The

results of cable tray fires in non-nuclear units were also considered (39,40). During the

development of the IEEE-384 separation criteria, fire experts of the Nuclear Energy

Liability

and Property Insurance Association (NELPIA) were consulted. Other technical experts

experienced

in cable manufacture and nuclear power plant design and operation were also consulted

at IEEE

working group meetings. Later, the results of construction fires experienced more

recently at

nuclear plants were evaluated to determine whether the criteria required modification

(41-43).
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It was the opinion of the NRC staff that the existing NRC guidance (IEEE-384 modified
and

expanded) took into account the fire experience to date and the best expert advice
available.

The Browns Ferry fire has provided additional information that must be considered in a
reevaluation

of NRC separation and isolation criteria.

As discussed in Section 3.1.2, TVA evaluated the temperatures reached during the fire
and

developed a zone of influence (Figure 2) showing the area around a group of cable trays
within

which cables of another division might be subject to fire damage. Such a zone of
influence

could be used as a basis for improving the separation and isolation criteria and
guidance.

Figure 2 shows that the TVA study did not establish a distance above the fire where it
would be

safe to run redundant cable. Therefore, criteria based on the Browns Ferry fire data
would

have to preclude vertical stacking of cable trays of redundant safety divisions or of
conduitcontaining

redundant safety circuits above trays. A single specified minimum distance for
horizontal separation would also not be an adequate requirement, because the width of
the zone

of influence (Figure 2) varies with the distance above the reference trays.

Another point brought out by the fire concerns the concept of an area that is
"non-hazardous"

with regard to fire. The existing NRC guidance specifies that the minimum separation
distances

are permitted only in non-hazardous areas. A non-hazardous area is defined as one in
which the

only fire threat to safety circuits is the cable insulation. The specified minimum
separation

distances would not necessarily be adequate if appreciable amounts of flammable
materials in

addition to the cable insulation were present. The Browns Ferry fire has shown that an

120



area
intended to be non-hazardous with regard to fires will not necessarily remain
non-hazardous for
the life of the plant. Although the Browns Ferry fire seals in their design condition
might
not have constituted a significant fire hazard, the hazard was increased by removing
the fire
retardant coating to install additional cables. Such a condition could result from deter
ioratlon with time, construction operations, plant modifications, or poor housekeeping.
Deficiencies observed during the inspections of the fire seals of a number of other plants
(see
Section 3.4.2) illustrate that improvements in construction and operation quality
assurance
programs will be required if areas designed to be non-hazardous are to be maintained
nonhazardous.
Another concern with the present NRC separation and isolation criteria involves the
definition
of flame retardancy of cable insulation. IEEE 384 requires as a condition for utilizing
the
specified minimum separation distances that the cable insulation be flame retardant.
The
subject of cable insulation and the difficulties in demonstrating flame retardancy are
discussed
in detail in Section 3.4.1.

4.3.4.4 Criteria for the Future JFEMGEH
The Review Group has concluded that the existing MRC separation and isolation
criteria require
improvement. The Browns Ferry fire has shown a number of areas in which

improvement is needed
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These include the assumptions underlying isolation criteria, the ways in which the
requirements

are stated, inclusion of conduit, and the role of fire barriers and fire retardant coatings.
The fact that operating plants and those under construction are in many respects
similar in

design to Browns Ferry, indicate that a reevaluation is needed. Either of two possible

basic
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approaches appears to have the potential for providing the necessary improvement. One
would be

to use a suitable region of influence and the other would be to locate the redundant
safety

equipment in separate fire zones. A third possibility--the bunkered system--is also
perhaps

worth exploring.

In developing improved isolation and separation criteria, NRC and associated
organizations

should bear in mind the role of isolation in defense-in-depth, and the impossibility of
achieving

complete isolation. Emphasis should be on the establishment of goals and criteria, plus
methods

of implementation known to be acceptable. The Review Group views the methods
discussed below

as acceptable alternative candidates for implementation. Other acceptable methods will
prob

ably be devised.

Practical limitations will narrow the choice of acceptable isolation methods for existing
r

plants, whereas for future plants, new and different design approaches are likely to be
more

cost-effective in achieving the desired degree of isolation.

For each plant, a suitable combination of electrical isolation, physical distance, barriers,
resistance to combustion, and sprinkler systems should be applied to maintain
adequately effective

independence of redundant safety equipment in spite of postulated fires. The Review
Group notes that physical separation and physical barriers also offer a measure of
protection

against common mode failures from adverse conditions other than fires.

- Region of Influence Approach EZZDXET7 FO—F

This approach is to revise the minimum cable separation distance criteria to take into
account

a suitable specified "region of influence." To establish this reference region, the validity,
conservatism, and applicability of the TVA "zone of influence" should be investigated. A

suitable region of influence should be developed and used to evaluate physical
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separation and
isolation. Where safety-related cables of one division are found to fall within the region
of
influence of another safety division or where more than one safety division falls within
the
region of influence of non-safety cable, consideration should be given to cable relocation,
installation of fire barriers, or other measures such as provision of fixed automatic
directional

sprinkler systems. Fire retardant coatings for the cables could also be considered.
Where
barriers are used they should be shown to provide the necessary insulating qualities.
The

Browns Ferry fire indicates, and discussions with fire experts reaffirm (19), that
uninsulated

thin metal such as conduits or sheet metal tray covers are of questionable value as fire
barriers.

- Fire Zone Approach KKREFEDO7 TOo—F

The second approach would be to abandon the concepts of "non-hazardous areas" and

minimum

separation distances. Regulatory Guide 1.75 states, "In general, locating redundant
circuits

and equipment in separate safety class structures affords a greater degree of assurance
that a

single event will not affect redundant systems. This method of separation should be
used

whenever practical and where it does not conflict with other safety objectives." A fire in
one

division would not affect the redundant division because of the safety class walls and
floors

separating the divisions. These barriers could also be capable of withstanding fires,
explosions,

missiles, steam and water jets, and pipe whip. Such a concept could provide protection
against

other events in addition to fires.

The International Guidelines for the Fire Protection of Nuclear Power Plants (13)

recommends
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subdivision of nuclear generating stations into fire zones to prevent the spread of fire.
The

identification of fire zones, with the requirementthat--equipment, including cables, of
no more

than one safety division be located in any fire zone, would provide an orderly and
effective

means of providing physical separation. The International Guidelines recommend that
an inventory

of combustible material be made for each fire zone and that the appropriate fire
resistance

rating be designed into the walls, floors, doors, and penetration seals to prevent the
spread

of fire from one fire zone to another.

45

There are advantages and disadvantages to the fire zone concept. A disadvantage is that
it is

probably impractical to implement it to any great extent in operating plants or those
under

construction. For nearly completed designs, even though constructibn has not begun,
the cost

of implementing the fire zone concept (see Appendix D) would probably outweigh the
advantages.

To be most effective, provision of independent fire zones would have to be a design
objective

from the start of the design effort.

Another disadvantage is that independence of fire zones cannot be implemented
completely.[

Because the redundant systems are provided for the safety of a single reactor, the
concept is

more difficult to implement close to the reactor. This is probably not a serious
disadvantage

because most safety related cabling is located outside the containment where fire zones
can be

implemented. Inside the containment other techniques such as physical separation,
barriers and

minimizing combustible materials can be used.
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An advantage of the fire zone concept is that it is not necessary to place reliance on
"nonf

ire hazard areas" and the administrative procedures needed to maintain them. Another
advantage

of fire zones is that sprinklers can be used without fear of the water disabling
redundant

safety equipment. The reluctance to use water to put out a fire involving electrical
equipment?

has been a recurring theme of the Browns Ferry fire investigation. In present designs
the

decision of whether to use water and when water must be used is often left to the
operator who

may have to make the decision under conditions involving considerable stress. The fire
zone

design approach would make the decision easier by eliminating the consideration of
water induced

failure of redundant safety equipment. It also simplifies the design of automatic
systems

using water.

The fire zone concept has the additional advantage that it can strengthen all three
levels of

the defense-in-depth. It strengthens fire prevention by providing an orderly way to
control

and minimize combustible materials in important areas of the plant. It strengthens fire
fighting in that it limits the spread of fire and permits water to be used without the
concernF

of disabling redundant safety equipment. It minimizes the effects of a fire by limiting it
to

a single safety division.

Implicit in the concept of locating redundant circuits in separate fire zones is a
requirement

for separate cable spreading rooms for redundant divisions. Although it has not been
the

practice in the nuclear industry to provide separate cable spreading rooms, the Review
Group

believes that providing separate cable spreading rooms can be a practical approach in
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future

plants. The increased cost could be kept relatively small if the concept were adopted at
the

initiation of the design. The fact that at least one U.S. architect-engineering group has a
design including separate cable spreading rooms that is incorporated into a nuclear
power plant

presently under construction (44) is one indication of the practicality of this approach.
Reference (45) also describes a design incorporating separate cable spreading rooms,
one above

the control room and one below the control room.

The NELPIA report (65) recommiended that each unit have a separate cable spreading
room. This

recoimmendation has the merit that it would tend to avoid a multi-unit outage as the
result of a

single fire. Most of the advantages would, therefore, be in areas of power cost and
reliability.
It is however, noted that trouble in one or more additional units as a consequence of
trouble
1n one unit could be of safety concern. Where possible, safety problems and hazards, and
safety-related incidents like fires, should be confined to a single unit. The Review Group
does not believe that the increment in safety is large enough to make separate cable
spreading
rooms a mandatory requirement, even for future plants. For existing plants, changeover
to

separate cable spreading rooms is impractical and unnecessary, in view of other
alternatives.

- Bunkered System Approach {E#E#EREDT7 T O—F

A different approach has been suggested that involves the addition of a system for

shutdown

cooling totally separate from other systems. The system would have the following
characteristics:

(1) isolation from all other systems in the plant; (2) fully protected against fire,
flooding, missiles, high energy line breaks, etc., in other parts of the plant; (3)
selfsufficient

in that it would contain dedicated power and water sources, heat sink, and fluid and

electrical systems; (4) relatively low capacity capable of supplying shutdown cooling
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with

normal (or tech spec maximum) primary system leakage. Because of the high degree of
isolation

and protection envisioned for such a system, it has been referred to as a "bunkered"
system.

An advantage of such a system is that it would be a small system with a limited number
of

components and limited exposure to damage and therefore could be relatively easily
isolated and

protected. There may be another advantage in application to some existing designs. If
as the

result of evaluating an existing design, the required changes such as cable tray
relocation or

installation of barriers between existing cables are found to be expensive or require
extensive

down time, installation of such a separate new isolated system may have merit. A major
dis46

advantage is that the concept is not fully developed, and therefore may involve
unforeseen

problems. There may also be unforeseen advantages of such a system. Because of this,
the

Review Group has no specific recommendations regarding the relative merit of such a
system, and

suggests that a modest engineering evaluation of the concept might be useful.

- Control Room Considerations #l#HIEDEE

Improved isolation and separation requirements would probably place additional
requirements on

the design of the control room. Because redundant safety equipment is controlled from
the

control room, it is a natural confluence of redundant circuits. Generally, the indicators
and

controls for the redundant safety divisions are mounted in separate panels. To
implement the

fire zone concept, the panels of each safety division would have to qualify as a fire zone,
as

would the general control room operating area. Because of the relatively small amount
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of

combustible material in the panels and the control room, qualification as separate fire
zones

would not be expected to result in a significant increase in cost. An additional cost could
also result from extra cooling equipment for panels in the control room to allow them to
be

thermally isolated from the control room.

There is one area where redundant circuits are presently permitted to be located in the
same

panel. Where there is an advantage for ease of operation, manual control switches may
now be

mounted on the same control board provided certain separation requirements within
the panel are

met. Such redundant manual control switches should be separated by suitable fire
barriers.

Where location in separate panels has the potential for inducing operating problems,
other fire

barriers should be provided.

4.4 Instrumentation Required for Operator Action EEEDITHICKLEL SN H3RE5E
This section discusses the instrumentation that provides information needed by the
operator in

performing manual safety functions and in monitoring the operation of safety
equipment. The

Iinstrumentation discussed in this section provides a direct readout, such as analog and
digital

indicators, or a graphical record, such as analog charts and printouts.

To the best of the Group's knowledge, the instrumentation that gave erroneous
indications,

erratic indications or otherwise failed did not result in any incorrect operator actions at
Browns Ferry. The effect of the instrumentation failures was that (1) the operators had
to use

indirect and inferred methods to obtain needed information and (2) desired
confirmatory

information was missing. There are a number of examples where indirect or inferred
methods

were used to obtain needed information. In order to confirm that the control rods
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remainedr

inserted after the rod position indicators became inoperative, it was necessary for the
operator

to place the rod mode switch in the "Refueling" position and observe that the permissive
light for rod withdrawal came on. Another example is that it was necessary to take grab
samples

and perform a laboratory analysis to measure radiation releases because portions of the
on-line

radiation monitoring system were inoperative.

The loss of all neutron monitoring for a period of time is an example of desirable
confirmatory

information not being available. In this case, neutron monitoring had been available at
the

time of the scram to confirm the expected decrease in reactor power. Process
instrumentation

measuring primary system and containment conditions was available from which the
inference

could be made that the core power was approximately at decay heat level, as expected.
However,

the spurious indication of high dry well temperature led to some concern during the fire
but

later evidence showed temperatures to have been acceptably low.

Existing safety criteria, standards and guides deal primarily with the instrumentation
used as

a part of automatically actuated safety systems. The NRC staff, however, has applied
the

relevant portions of the criteria developed for automatic safety systems to
instrumentation

used by the operator after an incident or accident to perform manual safety functions.
Historically, in standards, criteria, and safety evaluations, electrical and
instrumentation

systems and equipment have been divided into two classifications: safety grade and
non-safety

grade. Equipment and systems required to be safety grade are required to meet a
number of

stringent standards. There are criteria for determining which equipment and systems
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must be

safety grade and which may be non-safety grade. A great deal of latitude is left to the
industry in the design, manufacture and installation of non-safety grade systems and
equipment.

The regulatory philosophy has been to classify as safety grade only those systems and
equipment

essential to safety. The expectation has been that by minimizing the amount of safety
grade

equipment much more attention could be focused on high quality design, manufacture,
installation

and maintenance of the equipment that is truly important to safety.

47 m

The approach to mechanical equipment has been somewhat different. A number of
safety classifications

are defined. Each safety classification has its own set of requirements and standards.
The difference in approach between mechanical equipment and electrical and
instrumentation

equipment has been discussed at length in industry standards groups and within the
NRC staff.

The IEEE Nuclear Power Engineering Committee appointed a subcommittee to
consider definitions

and requirements for other safety categories for instrumentation. Unfortunately,
progress has

been slow.

The Review Group urges the NRC staff and industry standards groups to accelerate
their efforts

to develop standards and requirements for instrumentation required for operator
information and

action. An additional category should be considered to cover this instrumentation; the
concept

of defining a minimum of systems and equipment as safety equipment should not be
abandoned.

17
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5.0 TVAACTIONS AFFECTING THE INCIDENT H#ICEEE#RIFLIZTVAD
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In this chapter, the Review Group considers how the licensee's actions before, during
and after
the fire affected the result, and what lessons can be learned from these actions.
Confronted by
unexpected and (at the time) inexplicable plant situations and forced to work in dense
smoke,
the TVA operating staff is believed by the Review Group to have behaved in exemplary
fashion.
As has been noted many times and places, the reactors were shut down and cooled down
without
damage from the fire, nobody was seriously injured, and the public health and safety
were not
jeopardized in any way.
The TVA organization for design, construction, operation, and QA is discussed in Section
5.1.
Section 5.2 considers how QA lapses contributed to the fire and its consequences.
Actions of
the operating staff are the subject of Section 5.3.
5.1 TVA Organization TVA D#&ERK

5.1.1 General £ARRIITHER
The Tennessee Valley Authority, a corporate agency of the Fed Government, has fifteen
offices
and divisions of which one has overall responsibility and operates the plant, one
designed and
constructed the plant and two provide support services to the plant (47). The overall
responsibility
for the TVA power program, including the operation of Browns Ferry and other power
plants, is assigned to the Office of Power. However, the plant security and radiological
hygiene
support services are provided through the Division of Reservoir Properties and the
Division of
Environmental Planning, respectively. The design and construction of major TVA
projects,
including Browns Ferry, is the respnsiblity of the Office of Engineering Design and

Construction.
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The primary responsibility and authority for reactor operation and safety is vested in
the Plant
Superintendent and the plant operating staff. The Plant Superintendent assures that
construction
has been satisfactorily completed and that plant systems and components meet the
established
acceptance criteria before operation. He also verifies that modifications or revisions are
correctly made and do not degrade plant performance or design objectives. He certifies
and
implements operating procedures, work instructions, and checklists. He is also
responsible for
the adequacy and completeness of the operating and maintenance logs and the training
and qualification
of plant personnel. The Plant Superintendent reports to the Chief of the Nuclear
Generator Branch in the Division of Power Production.
The Office of Engineering Design and Construction performs the design and
construction functions
that an outside architect-engineering firm usually does for most electric utility
companies.

5.1.2 Quality Assurance Organization and QA Program B RIEDERK & 5HE
In addition to the responsibilities described in the preceding section, the various TVA
organizational
units have the responsibility to assure that Browns Ferry is designed, constructed,
operated and maintained to adequate standards of quality. The NRC requires
applicants to
establish at the earliest practicable time, consistent with the schedule for accomplishing
the
activities, a quality assurance (QA) program which complies with the requirements of
Appendix B
to 10 CFR Part 50. (For a discussion of NRC activities and procedures in this area, see
Section
6.2.4.)

5.1.2.1 Design and Construction

The quality assurance functions for the design and construction of the Browns Ferry
plant are

performed by three organizational elements. The Manager of the Office of Engineering
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Design and

Construction has the overall responsibility for quality assurance during design and
construction.

Reporting directly to him is a QA Manager and QA staff, which is responsible for the
development,

coordination, implementation, monitoring, and maintenance of the QA program, and for
auditing

all QA programs for design and construction. Quality assurance in design is executed by
the QA

staff reporting to the Director of Engineering Design. This staff also audits suppliers
and the

Design branches and projects.

QA 1in construction is executed by the Director ofConstruction. The Construction
Engineer for

each project, who reports to the Project Manager, is assigned primary responsibility for
quality

assurance of his project. He is assisted by the Quality Control Committee which consists
of the

construction engineer, unit supervisors, and other project supervisors.

The quality assurance program for the operation, maintenance and modification of
nuclear power

plants is supervised by the QA Manager and QA staff within the Office of Power. A QA
coordinator

resident at each nuclear plant site reports to the Office of Power QA Manager,
independent 1

of plant management.

The Plant Superintendent has the line responsibility for QA at an operating plant,
subject to

audit through the QA coordinator. He executes this responsibility through the plant QA
staff,

and 1s advised by the Plant Operating Review Committee.

The regulations pertaining to quality assurance (10 CFR Part 50, Appendix B) were
made effective

in July 1970, long after the construction of Browns Ferry had begun. TVA then
developed a QA

program which was intended to meet these regulations. That QA program was in effect
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during the

major portion of construction and included a QA program to be followed during
operation.r

The description of the Browns Ferry QA program for operations is on pages 24-30 of
Appendix D,

FSAR. It was judged to be acceptable then; it would not be acceptable by today's
standards.

In August 1974, TVA agreed (3) to implement an improved plan, recently developed for
another TVA

facility, at Browns Ferry at least 90 days before fuel loading of Unit 3. More recently,
implementation was promised (4) in conjunction with the Restoration Plan, which
includes its own

extensive QA program stated by the licensee to conform to current requirements.

5.2 Lapses in Quality Assurance at Browns Ferry 759 X7z ) —DRERIECE TS
'R

Investigation of the Browns Ferry fire has revealed lapses in QA in design, construction,
and

operation. Listed below are some of the items which should have been prevented, or
revealed and

rectified, by an effective QA program:

1. The design of the fire seals was inadequate, because it was based on inadequate
testing.

2. The design for the indicating lamp circuits did not provide adequate isolation.

3. The construction of some of the fire seals was not completed in accordance with the
design.

4. Some openings between the control room and the cable spreading room were not
sealed at all. LI

5. The testing and resealing operation (with the candle and the flexible foam) was not
recognized

to be hazardous and performed with proper precautionary measures.

6. The occurrence of several small fires did rnot elicit improved precautions.

7. Operation of the CO system in the cable spreading room was known to be impaired
without

adequate compensatigg precautions being taken.

Quality Assurance programs, provided to catch and rectify imperfections, are inevitably

themselves

135



imperfect. There were many errors that the QA programs that did not catch and rectify.
In a

review like this one, no mention is made of all the things that were designed,
constructed, or

operated correctly, or whose errors were caught and rectified by the QA programs being
assessed.

Lacking this information, it has not been possible to be quantitative about the errors or
how

good the Browns Ferry QA program was. Similarly, it is niot possible to say
quantitatively how

good the QA program ought to have been. It is also worth noting that the NRC (and
predecessor

AEC) licensing and inspection program was not effective in catching and rectifying
these errors,

either. This is discussed further in Section 6.3. The Review Group nonetheless believes
that

the causes, course, and consequences of the fire are evidence of substantial inadequacies
in the

Browns Ferry QA program before the fire.

Reference (49) states that a revised QA program will be used by TVA for the restoration
program.

The Review Group has not evaluated the acceptability of the revised QA program, but
recommends

that it be reevaluated by TVA and NRC in the light of the experience of the Browns
Ferry fire.

It would be well for TVA and NRC to examine the QA lapses revealed by the fire-'and
consider

whether the revised program is likely to have led to catching and fixing of these errors.
150

The Review Group believes strongly in the necessity for an effective QA program at each
plant.

The QA program should be a complete system and a management tool. There tends to be
excessive

emphasis on records associated with QA programs. Such records are worth while only to
the

extent that they facilitate and assure quality in the actual design of the plant, in the
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equipment

as constructed, and in the actual operating functions.

This lesson from the Browns Ferry fire is applicable to all plants, including those
operating,

under construction, and proposed. Licensees, QA programs, and NRC evaluation of
these programs, 7

should be reviewed in this light. Operating QA programs in older reactors, known not to
conform

to current standards, should be upgraded promptly. All licensees should review their QA
programs

for the kinds of lapses revealed at Browns Ferry. The NRC bulletins sent out following
the

fire (18) initiated this review. The NRC inspection program should be upgraded also.
(See

Section 6.3). In particular, the licensee QA programs and the NRC licensing and
inspection

programs should all include explicit reference to fire prevention, fire fighting, and
consequence

mitigation in their written procedures, and these procedures should be implemented
with effectiveness.

5.3 Plant Operating Staff ~ # % 2 sxkt &

Some of the lessons learned from the actions of the operating staff are discussed in other
parts

of this review. These include fire fighting (Section 3.5), fire prevention and readiness
(Section

3.5.5), reactor scram (Section 4.1.1), and operating QA (Section 5.2). The Review
Group's

overall evaluation of the operating staff's response to the fire is given in the
introduction to

Chapter 5.

In the following sections, the Review Group has found some other lessons from the
incident and

how the plant operating staff coped with it.

The Plant Superintendent has the primary responsiblity and authority for the operation
and

safety of the plant. Although staff and support services are provided by the other
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personnel,
the Operations Section is responsible for all plant operations including pre-operational
testing, fuel loading, startup, and operational testing. It also provides the nucleus of
emergency teams such as the plant rescue and fire fighting organizations.
The minimum shift complement required by the Technical Specifications for operation
of two
Browns Ferry units is a crew of ten. The crew consists of a Shift Engineer, two Assistant
Shift
Engineers, two Unit Operators, four Assistant Unit Operators, and a Health Physics
Technician.
The Shift Engineer and at least one Assistant Shift Engineer have Senior Reactor
Operator licenses.
The other Assistant Shift Engineer and the two Unit Operators have Reactor Operator
licenses. At the time of the fire the onsite operations organization exceeded these
requirements
of the Technical Specifications.
The Emergency Plan provides for augmenting the shift complement as needed during
an emergency.
A call-in system can augment the staff with off-duty staff members, including craftsmen
and
specialists as needed. Outside help, such as the Athens Fire Department, is also
available.
The Review Group suggests that available personnel--specifically the Athens Fire
Department--
were not used as effectively as they could have been during the Browns Ferry fire.
Efficient
use of this manpower would likely have freed some operations personnel for use in
restoration of
some systems, although it is recognized that plant personnel would be required to guide
and
assist the outside firefighters.

5.3.1 Radiological Monitoring ST MBEDE=21) 5

5.3.1.1 Onsite ¥

Measurements made onsite and offsite confirmed that there was no abnormal release of

radioactivity

above the small amount associated with normal shutdown.
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During the fire, radionuclides released to the environs were below the plant technical
specification
limits. No radiological overexposures to plant personnel or Athens Fire Department
personnel occurred as a result of the fire. Reactor water isotopic analysis did not show
any
changes that would indicate increased or excessive fuel leakages.
As a result of the fire, certain fixed radiological monitoring equipment was rendered
noperable.
Additionally, reactor building ventilation systems were inoperable from approximately
12:45 p.m.
until 4:00 p.m.; however, some flow through the vents was induced by natural draft.
During the
fire and during the time that the reactor building ventilation system radiation monitors
were
I
511
out of service, "grab" (quick collection) samples were taken approximately every hour
and
analyzed to determine the concentrations of any radioactive material being released
from the
reactor buildings. Gamma spectrum analyses of samples taken inside the plant and the
reactor
building ventilation ducts indicated that the only radioactive isotope of significance was
rubidium-88, for which the makimium level measured was 35% of Ma~ximum
Permissible Concentration
(MPC). This decreased to less than 5% of MPC when ventilation was restored after the
fire was
extinguished.
Utilizing reactor building ventilation grab sample results, coupled with data from other
operable
building vent monitors and stack monitoring data, dose estimates were calculated. The
maximum dose in any one sector surrounding the plant was estimated conservatively to
be 1.8
millirem at the site boundary. No abnormal contamination levels were found.

5.3.1.2 Offsite _ Efithst
The TVA Radiological Emergency Plan (63) states that the TVA Environs Emergency
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Staff shall

assist the Alabama Department of Public Health in evaluating the extent of a
radiologicalr

emergency if one should occur and its effect on the population and the environment.
The TVA Environs Emergency Director is responsible for evaluating the information
obtained to

determine whether a hazard exists to the public or the environment, ensuring
coordination of

activities with the Alabama Department of Public Health, NRC and other appropriate
agencies,

and ensuring comprehensive monitoring throughout the emergency.

The Supervisor of the Health Physics staff for TVA (who is also the Environs Emergency
Director)

was notified about the plant emergency at 3:00 p.m. on the day of the fire.
Environmental air

particulate samples in the environs around the plant were taken by TVA radiological
assessment

personnel commencing at about 5:00 p.m. until shortly before midnight the same day.
Some of

these were grab samples while others were taken from fixed sampling devices that had
been in

place since March 14, 1975. Radioactivity values obtained from these samples did not
differ

greatly from routine environmental sample results and approximate background levels.
Alternate, or emergency (battery) power supplies were not provided for the fixed
in-plant radiological

monitoring equipment whose normal power supply was rendered inoperable by the fire.
Consideration should be given to providing alternate or emergency power supplies.
Alternatively,

if portable monitors are to be used, the manpower required for this function must be
included in

minimum shift complements.

TVA radiological assessment personnel in the field, conducting offsite environmental
surveillance,

responded well to centralized control from the TVA Environs Emergency Center. Sample

collection
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and evaluation appeared to be well coordinated and efficiently carried out because of

this

centralized control. However, tardiness on the part of plant personnel in notifying the

Environs

Emergency Director contributed to a delay in commnencing offsite radiological

monitoring activities,

which had no significance because radioactivity releases were within normal limits.

Apparently,

because the fire did not fall into one of the four incident classification categories (all

associated with postulated radiological releases) in the TVA and Alabama emergency

plans, a

delay of over two hours in notifying the Environs Emergency Director occurred, which

in turn

delayed the start of offsite radiological monitoring activities. A "standby" classification

appears to be necessary to cover those incidents (like the fire) with potential for later

triggering

one of the four major Incident classification categories.

Prompt radiological assessment in the surrounding environment is often important. In

this case,

the importance was accentuated because one of the State of Alabama local air samplers

at Decatur,

Alabama (downwind at the time) was inoperative and not available. Prompt radiological

assessment

in the surrounding environment by TVA could also have been important because the

Alabama Department

of Public Health did not field a radiological assessment team in the inmmediate vicinity

of

the plant site (see Section 7.2-1)..

a
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6.0 ROLE OF U.S. NUCLEAR REGULATORY COMMISSION RF¥ARFIEE
0L

6.1 Introduction B A

The Nuclear Regulatory Commission (NRC) must consider the extent to which its own
policies,

procedures, criteria, contributed to the Browns Ferry incident. In this chapter, the
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Review
Group evaluates the actions of the NRC before, during, and after the fire and
recommends some
improvements for the future.
The Review Group has consulted with cognizant NRC management during itt review,
and is aware
that programs to implement recommendations contained in this report are being
developed
in several areas.
6.1.1 Responsibility for Safety T2t ICBId 5 FE
The NRC is responsible for assuring the health and safety of the public and the safe

operation

of Browns Ferry and all other reactors. NRC provides this assurance of public safety
through

the establishment of safety standards, evaluation of the safety of plants, and inspection
and

enforcement programs. The licensee, TVA*, has the responsibility for the safe design,
construction,

and operation of its plant within the framework of the NRC regulatory program. If

the NRC were to become too closely involved in the licensee's operations, this might
have an

adverse effect on the licensee's view of his safety responsibilities. In other words, it is
the licensee's responsibility to operate the reactor safely, and it is NRC's responsibility
to assure that he does so.

6.2 Organization #&5k

An organization chart of the NRC is shown in Figure 3. As fas as the Browns Ferry fire

is
concerned, the relevant parts of the agency are the Office of Inspection and Enforcement
(E)
and the-Office of Nuclear Reactor Regulation (NRR); the Office of Standards
Development has
the lead in developing standards in all areas, including those affecting the fire.

6.2.11E ERAEFIE&RF

This organization's inspection program provides most of the onsite contact between the

licensee

and the NRC. Information from inspections, routine and non-routine, announced and
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unannounced,

is fed back to IE and NRR in Bethesda Headquarters as well as to the licensee
management. IE

is also responsible for enforcement actions and other functions not relevant to this
report.

6.2.2 NRR _[REF 4R &S8P

This organization's mission is to make licensing decisions; its output is the licenses

1ssued,
together with their Technical Specifications and the NRC Safety Evaluation Reports
(SER) that
set forth the safety assessment behind them. These licensing decisions are based on a
large
body of technical information. Information regarding the design and evaluation of the
particular
facility and operation under consideration is furnished by the licensee and its
contractors and
suppliers in the Safety Analysis Report (SAR). This is underlain by industry and NRR
knowledge
and experience with other relevant applications and analyses, together with IE
confirmation of
onsite information. Research information and the technology available are the
fundamental basis
for all safety evaluation.
6.2.3 NRC Organization - Application to Unusual Events and Incidents ZExt%
ABFY
While the licensee has prime responsibility for the safety of the plant and makes the

necessary
decisions during and following an incident, the NRC has an overall responsibility to
assure

The fact that TVA is a U.S. Government agency in no way affects its status as an NRC

licensee.
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that the licensee is fulfilling its responsibility. Both IE and NRR participate in the
review

of safety-related unusual events and incidents that may occur in operating reactors.

IE personnel describe their role as making sure that all requirements are complied with.
1E

responses to emergencies are governed by written procedures. During an incident,
inspectors

(onsite or in the Regional Office, as appropriate) pay special attention to the licensee's
need

for internal safety review and approval, as appropriate, of special operations and
configurations.

Additionally, the onsite inspector must make judgments based on personal observations,
17

augmented as appropriate by consultation with his supervision, regarding the
acceptability of

actions taken by the licensee to assure that adequate safety is maintained.

NRR personnel view their role in an emergency as providing help to IE, and through IE
to the

licensee, as needed and requested, in the form of information and evaluation of the
licensee's

response to the emergency and plant safety. NRR is viewed by both NRR and IE

personnel as being

145



responsible for resolution of safety problems on the plant involved and recognition and
resolution

of generic safety problems raised by the incident.

In the event of an incident, the IE inspector contacts the licensee and investigates. He
assures

that the initial and continuing safety evaluation made by the licensee is complete and
correct.

He may request aid from both IE and NRR management and technical support
personnel at the Region

Office and NRC Headquarters. If the cause of the incident is understood and there are
no significant

design or operational inadequacies, IE will authorize the plant to return to or continue
operation. If there are unresolved safety questions, or if changes in the Technical
Specifications

or the FSAR are required, NRR evaluates the necessary changes.

As can be seen, the functions of NRR and IE during incidents follows the general
division of

functions described in Sections 6.2.1 and 6.2.2.

ZE inspects, determines compliance with, and enforces regulations, license conditions,
and

Technical Specifications, and reviews operating procedures and data. NRR decides on
License and

Technical Specification changes that may be needed or operation outside previously
reviewed or

licensed conditions.

Normally, this division of functions requires no formal direction and the actions of both
groups

are coordinated through telephone conversations, meetings and memos at the various
working

levels.

However, in the past, some confusion has arisen and the need to formally define the IE
and NRR

responsibilities for an incident was perceived. As a result, the division of responsibilities
between the two organizations and the designation of a "lead responsibility" were set
forth by

the then Director of Regulation, in a memorandum which is included in Appendix B. As
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discussed
in Section 6.4.2, the division and delegation of responsibility in the Browns Ferry fire
led to
a delay in an independent safety evaluation, by NRC. This indicates to the Review
Group a need
for improved NRC procedures for the safety review of incidents.

6.2.4 NRC Organization for Quality Assurance & & fREEERF
Since quality assurance (QA) lapses played an important role in the conditions that led
to the
Browns Ferry fire, it is instructive to set forth the procedure used by NRC to evaluate
licensees'
QA programs today. The NRC review of the Browns Ferry QA program predated this
procedure and is
discussed in Section 6.3.2.
Appendix B to 10 CFR Part 50 contains the NRC QA criteria; it is supplemented by a
number of
Regulatory Guides, ANSI Standards, and NRC Standard Review Plans.
Present-day QA review activity by NRC begins approximately one year before
application is made
for a construction permit (CP). At that time, representatives of IE and NRR visit a
prospective
applicant and discuss QA requirements. When the Preliminary Safety Analysis Report
(PSAR) is
submitted for review for docketing, an intensive 9-day review by NRR of the QA
program for
activities already under way (design and procurement, mostly) is followed immediately
by an IE
inspection of the actual implementation of the program. Acceptability of the application
for
docketing is not adjudged unless and until the QA program is satisfactoiry. The reason
for this
early attention is the applicant's need to design and purchase long-lead items long
before
actual onsite construction begins.
NRR review of the PSAR includes the QA Program described and the IE inspection
record of QA
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performance of the applicant and his vendors and contractors on other plants. IE again
inspects
the QA procedures and implementation as applied to ongoing work before a CP is
granted.
551
During construction, IE inspections include QA aspects of major activities. Chapter 17
of each
applicant's Final Safety Analysis Report (FSAR) is required to lset forth the proposed
QA program
for station operation, including operation, maintenance, repair, refueling, and
modification.
This proposed program is reviewed in NRR for compliance with rules and acceptability
asa
framework. IE inspectors review the program details and assess its implementation,
both by
auditing and spot-checking the procedures and other paperwork and by reviewing its
application
to other reactors owned by the licensee at the plant being reviewed and at other plants,
and to
the reactor under review during preoperational testing.
The Review Group believes that licensee QA is central to implementing licensee
responsibility
for the safe operation of his reactors. The efficacy of the operating QA program in
actually
achieving safety in operation depends not on the quantity of paper produced by the
program but
on whether it is actually used to perform its functions.

6.2.5 Evolution of Regulatory Requirements Rl E8PY
The preceding discussions of organization and procedure are based on practice at the
time of
writing (Fall 1975). The NRC procedures described differ somewhat from those earlier
applied to
Browns Ferry, but the differences are not significant to the lessons to be learned from
the
incident. By contrast, differences in safety technology and acceptance criteria of the

present
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day from those used for review of Browns Ferry are highly significant.

In general, knowledge and understanding increase with experience. The experience
obtained from

the design, construction, and operation of numerous reactors between 1966 and today
has led to

the changes in criteria. This review and the changes resulting from implementation of
its

recommendations will be another step in the learning process.

For each increment of new knowledge, it is necessary to decide whether it must be
applied to

earlier, plants. Guidance is provided by the Commission's regulations, 10 CFR 50.109:
"(a) The Coimmission may, in accordance with the procedures specified in this chapter,
require the backfitting of a facility if it finds that such action will provide substantial,
additional protection which is required for the public health and safety or

the common defense and security. As used in this section, "backfittlng" of a production
or utilization facility means the addition, elimination or modification of

structures, systems or components of the facility after the construction permit has

been Issued.

"b) Nothing in this section shall be deemed to relieve a holder of a construction permit r
or a license from compliance with the rules, regulations, or orders of the Commission.
"(c) The Commission may at any time require a holder of a construction permit or a
license

to submit such Information concerning the addition or proposed addition, the
elimination

or proposed elimination, or the modification or proposed modification of

structures, systems or components of a facility as it deems appropriate."

In the following discussions, therefore, and in its recommendations, the Review Group
has been

mindful of changing criteria and has tried to explain clearly the time frame for each
consideration

where this is relevant.

Each of the Review Group's recommendations that is relevant to existing plants is
evidently a

recommendation for backfitting. Implementing such a recommendation must be decided
plant-byplant,

using the criteria just cited. The actual measures taken on each plant will depend on
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the plant design as it exists, and also on the nature of the improvements that are
deemed to be

needed. In each case, it would be expected that there exist alternative means of
achieving the

desired results. The Review Group's recommendations are not intended to specify or
foreclose

any alternative, but rather to delineate the need for changes and their objectives.

6.3 NRC Action Before the Fire X LIRTD NRC MD1TE)

The licensing history of the Browns Ferry Nuclear Station is given in Reference (48).

As with all power reactors, the Browns Ferry units underwent detailed safety
assessments before the construction permits (CP) were issued and again before the

operating licenses (OL) were issued.

Units 1 and 2 received OLs on June 26, 1973, and June 28, 1974; Unit 3 is not yet

licensed to operate.

The OL review process includes detailed review of Licensee-furnished information and
analysis by the NRR staff and by the independent Advisory Committee on Reactor
Safeguards.

The results of this assessment are given in the SER (48).

Development of Technical Specifications and their bases proceeds during this time.

The Technical Specifications establish the limiting conditions and parameters

governing the entire operation of the plant, plus reporting requirements.

Reference (60) is a collection of NRC inspection documents that constitutes an

inspection history.

Periodic inspections covered the Browns Ferry construction, operation, and QA
program.

As each unit neared completion IE inspections additional to those associated with plant
design and construction were directed to the operating QA program, audit and review of

the operating procedures including emergency procedures, review of the preoperational
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and hot functional tests, culminating in a finding by IE that the unit had been
constructed in accordance with the FSAR, that the operating organization and

procedures were in order, and that the plant was technically ready for operation.

This finding by IE plus the favorable safety evaluation by NRR were the basis of each
OL.

Since some aspects of the facility design, the QA program, the operations by the licensee,
and the execution of the Emergency Plan have been found wanting (see earlier chapters
and the IE (Investigation Report), it is instructive to consider how this took place, and
whether future improvements in NRC activities could decrease the liability to such

lapses in the future.

A discussion of NRC criteria related to fire prevention and control is given in Section 3.2.
At the time of the Browns Ferry licensing reviews, very little was available in the way of

criteria or guidance.

This was mirrored by the absence of significant attention to fire prevention and control

in both licensing review and inspection programs until more recently.

Thus although some attention was paid to mitigating the consequences of fires, the

NRC program in fire prevention and control was essentially zero.

More recently, too late for the Browns Ferry design, the NRC program has made some

progress, and still more improvement is planned for the future.

Information regarding fire prevention and control is now called for in SARs; Regulatory

Guide 1.70, 1ssued in September 1975, sets forth this information requirement.

Guidance for regulatory review of fire prevention and control is now given in Standard
Review Plan 9.5.1, "Fire Protection System," (April 1975) which includes detection,
extinguishing systems, assistance from offsite fire departments, structural design of fire

prevention systems, control of combustible materials, and operating considerations.

Criteria for separation of redundant electrical cables, to mitigate the effects of any fire

that might occur, are under development as discussed in Section 4.3.4. Some research
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programs related to fires in electrical cables are discussed in Section 3.4. In addition to
the Bulletins and inspections (18, 23, 52) after the fire, IE has revised inspection plans

to include prevention and control in the NRC inspection program.

At the present time, therefore, NRC has programs in fire prevention and control

research, standards and criteria, licensing, and inspection.
The Review Group believes that these efforts should be continued, expanded as needed
and as recommended in various sections of this report, and coordinated to form a more
coherent regulation program for fire-related matters in a timely manner.

6.3.1 Design and Operating Criteria %5t R BELRFICH (T HEH
The facility apparently conformed to applicable criteria and guides when it was

approved, yet design deficiencies are now apparent.

Some criteria and guides are now known to need improvement, and also the

conformance was not complete in some cases.

The need for improvement of design and operating criteria and guides in various areas

is discussed at some length in the technical parts of this report.

A list of the areas is as follows:

1. Fire prevention: establishment of design basis fire; application to fire zone rating

and protection requirements (Sections 3.3.1 and 3.3.2).

2. Comprehensive standard for fire protection design criteria (Section 3.2).

3. Development of standard combustibility tests for cables, seals; acceptance criteria

(Sections 3.4, 3.4.1 and 3.4.2).

4. Development of tests for effectiveness of coating materials to decrease cable fire

hazard (Section 3.4.1).

5. Development of standard tests and acceptance criteria for fire detectors (Section
3.5.1).
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6. Development of standards for ,fire protection and other aspects of ventilation systems
(Section 3.5.3).

7. Development of standards for conduct and evaluation of fire fighting drills (Section
3.5.5).

8. Improved criteria for physical separation of redundant cables (Section 4.3.4); region

of fire influence, fire zones.

9. Standards for intermediate quality class of instruments (between non-safety and
IEEE-279) for post-accident monitoring (Section 4.4).

6.3.2 Quality Assurance G E R
The Browns Ferry QA program for operations is on page 24-30 of Appendix D, FSAR. It
was judged to be acceptable then; it would not be acceptable by today's standards.

In one sentence, the SER (48) finds it "meets all the requirements" of 10 CFR Part 50,
Appendix B, the only guidance then available.

As described in Section 5.1.2.1, the TVA program for QA at Browns Ferry is being
upgraded.

It takes time to write, staff, and implement a substantially improved QA plan.

But the length of time NRC has allowed TVA for development and implementation of

the upgraded program seems excessive to the Review Group.

In view of the great importance of operating QA to the maintenance of safety, the Group
recommends that NRC proceed promptly with any remaining QA upgrading needed now

in operating reactors.

6.3.3 Inspection of Licensee Operations EE5ZFiEE DB FIENIRER

The fire revealed operating deficiencies.

Examples cited in the NRC Investigation Report (5) include failure to coordinate
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adequately the fire-fighting activities, the efforts to restore equipment operability, the

activities construction and operating personnel performed during the fire.

These deficiencies, of course, could not have been specifically evaluated by NRC in

spectors prior to the fire.

Other deficiencies included inadequate communication and management response to

several previous small fires.

To the extent that these deficiencies might have been reflected in written procedures,
routine operating activities, or poor operating practices, they should have been observed

and evaluated by NRC inspectors.

For many of the items cited above, there are no clear cut requirements or regulations

against which the inspector can compare the licensee's performance.

The statements that operators should "do a good job" or that activities involving various
parts of site organizations should be "well coordinated" are general and provide no

specific basis for inspection.

Additionally, individual items which might indicate departure from good practice or safe
operation may not of themselves be of sufficient importance to require strong remedial

action.

On the other hand, inspectors can and do identify general areas of poor performance or
marginally safe practices, but without specific requirements, enforcement actions are

very difficult to justify.

Reference (60), the inspection history of Browns Ferry, contains a number of examples

of an NRC inspector pointing out areas that he considered to be poor practice.

Although most of the examples of poor practice did not contribute to the Browns Ferry

fire or its consequences, they do illustrate an inspection difficulty.

In many of these cases there were no applicant commitments, NRC requirements, or

applicable industry standards to support the inspector's contentions.
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In these cases, the NRC inspector requested guidance from NRC Headquarters.

The documented response to the inspector's requests contained in Reference (60) is

undoubtedly not as specific as the inspector would have desired.

The Review Group understands that additional oral guidance was provided. In many of
the areas discussed by the inspector, and many others, enforceable, documented

guidance on "good practice" is still generally unavailable.

It is stated by IE to be present practice to resolve issues raised by inspectors and to

document the resolution.

Inspectors are more effective when there are enforceable criteria and requirements

against which to inspect.

Industry standards have been developed and adopted by the NRC staff covering areas of

good practice that were not available for Browns Ferry.

The Review Group recognizes, however, that inspectors will continue to have difficulties

because enforceable standards of good practice will not be available in all areas.

Inspectors will continue to identify instances they consider to be poor practice.

Although there are procedures for these issues to be resolved by NRC management,

these procedures should be reevaluated.

In the reevaluation, the NRC staff should determine whether the procedures are
effective in providing prompt incorporation of good suggestions into the inspection and

enforcement program and into the licensing review.

The Review Group believes the inspectors' lack of attention to fire protection reflected a

similar lack in the licensing safety evaluation.

Construction permit safety evaluations now being performed in accordance with the

Standard Review Plan include much greater emphasis on fire protection than was the
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case in the Browns Ferry safety evaluation.

Efforts are now underway to modify the Standard Review Plan to take the Browns

Ferry fire experience into account.

Present and future safety evaluations provide more specific fire protection requirements

and criteria for the inspector to inspect against.

The inspection program is being expanded to reflect the improved licensing review of

fire protection.

6.4 NRC Action During and After the Fire X KBEUXNKHD NRC DT
Much of the information on which this section is based came from personal
conmmunications from
the NRC personnel involved to one or more members of the Review Group.

6.4.1 During the Fire and the First 24 Hours Afterwards XS8R U ¥ D 24 BEE
The IE Region II duty officer was notified at 4:00 p.m. by the licensee and inspectors
were
dispatched to the site. They arrived late that evening. The NRC Region Office in Atlanta
is
relatively close to Browns Ferry. Other offices, especially in the West, are farther from
some
of the reactor sites. Therefore, even using the fastest transportation available, several
hours
will, in general, be the minimum time required for inspectors to reach a site after being
notified.
It would be desirable to develop alternate modes of transportation for emergency use to
ensure
that undue delays are not encountered.
As far as the Review Group was able to judge, the NRC inspectors at the site and in the
Region
IT Office carried out their mission during and immediately following the incident in an
exemplary
fashion.
The group of JE and NRR management and technical personnel gathered at NRC
Headquarters had a
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mission principally precautionary and informational in nature. They quite properly
believed

that their role was to stay knowledgeable as the incident ran its course, to consider
various

alternatives available for various possible contingencies, to act as a source of
information to

government people, and to be helpful to Region 11 or the licensee if needed, e.g., for
technical

consultation.' Reference material was quickly assembled accessible to a Headquarters
emergency

center, to be ready in the unlikely event that Headquarters action would be needed. In
this

incident, since no need was indicated, the only consideration for the Review Group is
the test

that was performed of the system by the event.

The Group believes that the Headquarters cadre actually assembled on March 22-23
was knowledgeable

and functioned well. It is not clear that qualified back-up personnel would have been
available

in the unlikely event the emergency had been significantly prolonged. The Group
suggests that

some attention be given to assuring that enough management and technical talent are
available so

that unexpected prolongation of an incident will not find the Headquarters cadre too
tired to

function as well as it could.

The use by NRC inspectors of commiercial public telephone commnunication from the
site to Region

Headquarters was not always satisfactory in this incident; telephone lines were in short
supply.

At other sites, there may not be any phone lines available to NRC inspectors during an
incident

or emergency.

There is no ideal solution for the communication problem. The onsite staff is struggling
with

the fire or other incident, but there are many people who need current information for
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readiness

and/or action. On paper, the chains for information look great. (Two such chains are (1)
Plant

operators - TVA Central Emergency Control Center (which has parts in three different
locations)-

press and local governments; (2) Plant operators - onsite NRC inspectors - Region Il
Office -

NRC Headquarters - government officials.) The well-known game of "password" shows
how poorly

information is transmitted through such chains. Section IV of the NRC Inspection
Report tells

of some specific shortcomings. The Review Group was informed of one instance where
two people

at Region II Headquarters were receiving contradictory information on telephones, one
from the

NRC inspector at the site, the other from the TVA center.

The Review Group believes that improved communications facilities are feasible and
should be

provided. The Group has been told that transportable (suitcase) two-way radios are
being considered

for purchase. The Group recommends that the problem deserves a deeper study and
more

expertise than it is able to bring to bear on it, and that a systems study (who should
communicate

with whom, when and how?) is at least as important as purchase of equipment to
supplement

the demonstrated problems of relying on public telephone lines.

59

During the incident, the safety decisions were made by the plant operating staff, as is
proper.

Presumably, If the NRC onsite inspectors, Region 11 Office staff, or the Headquarters
cadre had

felt the need of questioning any decision, this would have been communicated to the
operating

staff with whatever force or urgency would have been appropriate. The Review Group is
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not aware
of any such communications during~this incident. The Group has no recommendations
for any
change (except improved communitations) in this NRC approach to safety during the
course of an
incident. Distance, inevitable communication and information difficulties, and the
unexpected
things that occur, mandate the ad hoc, responsive, admonitory NRC stance. One does
the best one
can in the circumstances; the Gi-u-Felieves that the NRC groups did very well.

6.4.2 After March 23, 1975 1975 % 3 A 23 B
During the first 6 weeks of this period, IE had the lead responsibility for NRC action on
Browns
Ferry. A group of NRC inspectors were detailed to the site throughout this period;
during
critical times, around-the-clock inspection coverage was maintained.
The role of the onsite inspectors, as perceived by them and their management, is to stay
knowledgeable
about what is going on--to watch and communicate with the licensee and with Region II
Office and NRC Headquarters. The inspector should be as helpful as his judgment and
his primary "
responsibility allow, without infringing the licensee's safety responsibility. The Review
Group
understands that a certain amount of admonishment of licensee staff by the inspector is
par for
the course. The inspectors also feel a responsibility to have an informed opinion about
the
safety of the plant and to communicate this view to their management.
After the Browns Ferry fire, an important and time-consuming Job for the inspectors
was to
conduct the NRC investigation, which was started immediately. The Investigation
Report includes
the reports of 171 interviews with participants in the incident. Another job was keeping
Headquarters
informed regarding-the still-changing status of the plant, and relaying information

about the incident (as it was uncovered and pieced together) to the concerned and
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curious.

It is the Review Group's impression that the onsite inspectors were very concerned with
plant

safety, and took pains to stay informed. As temporary repairs were made and safety
readiness

was improved, the inspectors expressed increasing concern that procedures should be
implemented

for developing, reviewing, approving, and documenting any changes. Concern was also
expressed

regarding the potential for unreviewed "improvements" to decrease the overall safety of
the

facility. The inspection team at the site included technical specialists (operators,
electrical,

instrumentation) as needed.

However,-an IE management individual has stated that the inspection function needs
the added

technical evaluation capability of NRR as part of the NRC effort in an emergency and
its after-r

math. For this reason, even during the first few hectic days, the inspectors at the site
con- L,

sulted with NRR staff regarding plant safety and the acceptability of some proposed
changes. In

this view, IE does not have the ability to do a complete technical review of plant safety.
The

continuous informal consultation between IE and NRR staffs is needed so the inspection
and the

licensing staffs can each perform its function. (See Section.6.2.3).

Beginning with the NRC inspectors at the site on the evening of March 22, the NRC
evaluation of

the safety of Browns Ferry changed with time in accordance with the needs for safety
assessment

and decisions. The onsite inspectors and the cadres at both the Region Office and the
NRC

Headquarters followed closely the safety problems of the fire and its early aftermath.
NRC

Headquarters personnel visited the site for firsthand briefing on March 24. Other visits
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followed

for investigation and safety review.

The evaluation and monitoring of both the safety of the plant and the response of the
licensee

continued with IE taking the lead responsibility.

NRR staff members consulted viewed their role as helping IE, who "had the lead
responsibility."

In the view of most everyone the Review Group talked with, NRR was indeed helpful to
IE during

this period, but was most careful not to "take the lead." Although IE was generally
aware of

the safety of the plant, neither IE nor NRR conducted anything like a complete
technical review

of the safety of Browns Ferry during this interval.

On April 15, TVA requested changes in plant technical specifications stated to be
necessary

because of the fire. Minor changes were proposed to the Limiting Conditions for
Operation and

an associated section of the Surveillance Requirements, and were generally intended to
describe

more properly the actual plant status and capabilities. Normally, request for changes in
Technical Specifications would be reviewed by NRR and accepted, rejected or modified.
However,

in this case, NRR took no immediate action.

160

The prevailing view in NRR appeared to be that none should be taken until IE
transferred the

"lead responsibility" or identified the portions of the problem to be handled by NRR in
accordance

with the previously discussed memo concerning lead responsibility. (See Section 6.2.3).
Although NRR took no action relative to the immediate status of the plant, on April 17,
the

Acting Director of NRR sent a letter to TVA, setting forth information requirements and
conditions

that would have to be fulfilled before TVA would be permitted to begin the various steps

of reconstructing the plant. These information requirements included TVA design

161



information and

safety analysis for the proposed changes involved in each step. The amendments to the
license

and the technical specifications, their TVA safety analyses (3), and their NRR safety
evaluations

(9), are the results so far of this effort.

A decision to turn over lead responsibility was made and finally accomplished on May 5,
1975.

Just prior to and in anticipation of the turnover, NRR personnel went to the plant with
the

purpose of reviewing the safety of the plant in detail. As a result, numerous changes
were made

to the Technical Specifications just after the turnover of lead responsibility. These
changes

were not trivial. They included the following: F

1. Testing of Unit 3 equipment was stopped until the evaluation of the effect of such
testing

on Units I and 2 could be made.

2. Certain changes needed to improve plant safety were required to be implemented
promptly.

3. Routine maintenance proposed by TVA for core cooling equipment to take advantage
of the

forced outage was not allowed.

4. Requirements for monitoring instrumentation and periodic surveillance were revised
to be

consistent with the plant configuration.

5. Requirements for availability of safety equipment and energy sources were revised
consistent

with safety needs of the shut down reactors and with the plant configuration.

6. The required shift operating complement was increased to account for the many
remote manual

safety operations made necessary by the fire damage.

These revised technical specifications deemed by NRR to be needed would have been
just as valid

before the "transfer of lead responsibility" as after. Although some of the information
which
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formed the basis for the Technical Specification changes was developed over a period of
time

after the fire, most was certainly available well before the changes were made. Thus,
the

Review Group believes that there was an unnecessary delay during the six weeks of
March 22 -

May 5 before the detailed safety review of the post-fire configuration and the
concomitant

specification changes were accomplished.

After NRR accepted "lead responsibility," the NRR licensing and inspection functions
and interrfaces

caused no unusual problems. The Review Group has not evaluated the TVA proposals
and NRR

evaluations that constitute part of the still incomplete licensing process for restoration
of

Browns Ferry. Neither has it probed any further into the concomitant inspection
program.

It is evident to the Review Group that the division of responsibility between NRR and
IE did not

function adequately during the period just after the Browns Ferry fire. Whether the
failure

occurred because of or in spite of the management directive regarding lead
responsibility is

unclear. In any case, someone should have seen to it that a complete evaluation of the
safety

of the plant was performed no matter who may have been designated as having "lead
responsibility."

The Review Group recommends that the procedure followed by NRR and IE in
evaluating the safety

of the Browns Ferry plant from March 22 to May 5 be revised so as to ensure more
timely, comprehensive

and detailed safety evaluation of a plant in difficulties. The concept of "lead
responsibility" should be clarified, to delineate how the ongoing licensing, inspection
and

reporting responsibilities are to be coordinated and where the decision making lies.

Consideration
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should be given to designating a named individual to be in charge of an incident review.
For the Browns Ferry incident, there was an IE Chief Investigator, an NRR Project
Manager, an -
NRR Task Force Leader, and an NRR Task Force Coordinator--plus a Review Group
Chairman.
I
61

7.0 RESPONSE OF OTHER GOVERNMENT AGENCIES B fF#RI D R it
7.1 Summary =
The TVA Radiation Emergency Plan was implemented at 3:20 p.m., March 22, 1975, to
the extent
that TVA notified designated State agencies, which in turn notified local government
personnel
and principal support agenices. Several individuals could not be contacted, particularly
at
the local level, and the States' attempt to notify these local officials was stopped in less
than one hour after it commenced.
No action was required of any one except for initiation of environmental air sampling
around
the site by the State of Alabama Environmental Health Laboratory. TVA radiological
assessment
personnel conducted radiological monitoring in the immnediate vicinity of the plant
environs.r
The State of Alabama conducted air sampling by devices located several miles from the
plant
site. No radiation emergency existed.
7.2 State Governments 0 1T B

7.2.1 Alabama 7 5/\%

According to the Alabama Radiation Emergency Plan (64), the State Health
Department will determine
the classification of an incident in one of four categories, all based upon varying degrees
of radiological release from the facility. The Alabama Department of Public Health,
located in
Montgomery, has the responsibility to maintain liaison with the Browns Ferry operators
and to

keep the State of Alabama Civil Defense Department informed of planning and
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emergency conditions.

The Health Department is responsible for all radiological and health aspects pertaining
to an

incident. The Civil Defense Department coordinates all activities of other supporting
State

and County agencies involving actual operations (evacuation, etc.).

On March 22, 1975 at 3:20 p.m. (over 2 hours after the start of the fire), the Director of
Radiological Health for the State of Alabama Department of Public Health (DRH) was
notified by

the TVA Environs Emergency Director located at Mussel Shoals, Alabama that the
Brown's Ferry

nuclear plant had a fire in the cable spreading room and that both operating reactor
units had

scrammed. An attempt was made to notify the State Health Offices at 3:40 p.m. without
success.

At 3:45 p.m. the Alabama DRHI notified the Alabama Civil Defense Department and
subsequent toF

that the "Tni-County" Health Officer, of the fire and also that there had been no release
of

radioactive materials. The tni-counties consist of Limestone, Lawrence and Morgan
Counties.

The State Civil Defense Department was advised that radiation levels were not above
permissible

levels but that the Civil Defense Department emergency plan notification procedures
should be

carried out. The "-duty" representative attempted to contact the State Civil Defense
Director

or his assistant and the three local government (county) Civil Defense representatives
and

sheriffs. He was only partially successful and the "duty" representative discontinued all
notification attempts after less than one hour from having been notified. Alabama and
the

involved local governments should reassess and strengthen notification methods and
procedures

between State and local government agencies who may be called upon to respond to an

emergency.
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Periodic contact with exchanges of information Was maintained between the Alabama
DRN and the

TVA Director of the Central Emergency Control Center (CECC) during and subsequent
to the fire.

Sometime between 4:45 and 9:45 p.m., the Governor of Alabama was notified by the
State Health

officer. The Governor's main concerns were: (1) whether or not additional State
resources

were needed, especially the National Guard; (2) availability of adequate electrical power
n

northern Alabama; and (3) whether or not sabotage was involved. The Governor was
informed that

no additional resources were required; electrical power was adequate, and that the
cause of the

fire had not been determined as of that time.

The Alabama Highway Patrol was not officially notified by the Department of Public
Health or by

TVA. A representative of the Highway Patrol did become aware of the fire via local
police

radio and offered his assistance to security guards at the site but no action wa-s
requested.

62a

Since there was no release of radioactivity. and the incident was not of in a type clearly
classified the TVA and State emergency plans, standby action was not required of many
of the offsite support agencies. The Alabama DRH did perceive that the core cooling
system was degraded and

that it must be watched, the ability to monitor plant leakage was questionable, and that
confirmation

was needed that the main steam isolation valves had indeed been closed.

A "standby" classification appears to be desirable to cover incidents like the fire that
have a potential for triggering one of the radiological accident classification categories
in the

emergency plans. This "standby" classification would require that the licensee notify the
principal State or local agency of the plant status, and would recommend that the
pertinent

offslte agencies who would be required to respond to a particular emergency be
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contacted,
appraised of the situation, and directed to assume an alert condition until further
notice.
They would remain in this condition until either the plant was verified to be in a
quiescent
condition or one of the radiological accident classification categories was realized,
requiring
further action by offsite emergency response personnel.
Response on the part of the State Department of Public Health (specifically the DRH)
appears to
have been basically in accordance with the provisions of the State Radiation Emergency
Plan.F
However, environmental air surveillance around the plant site by the State did not
commence
until sometime shortly before 5:45 p.m. when the Alabama Health Laboratory Director
reported
that environmental air sampling was being conducted at the Athens Water Treatment
Plant, the
Athens Sewage Treatment Plant in Hillsboro, and in Rogersville, Alabama. These
locations are
several miles from the plant site. An air sampler owned by the State had become
inoperative
and was removed for repair from the Decatur, Alabama air sampling station, which was
In the
downwind sector from the plant. No replacement sampler was immediately available
but at about
9:00 p.m. on the day of the fire, air sampling was instituted at this station using an air
sampler from another State agency (Air Pollution Control Commission). On March 24th,
the State
collected water samples and milk samples from areas surrounding the site.
Thermoluminescent
dosimeters located at fixed monitoring stations around the plant site were collected and
analyzed.

7.2.2 Tennessee TR —
The Tennessee Department of Public Health (Assistant Director of Radiological Health -
ADRH)
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was notified of the Browns Ferry fire at 8:15 p.m., March 22 from the CECC. He was
told by the CECC representative that a fire in the cable tray room had "wiped-out Units
1 & 2."1 The CECC

representative also advised the Tennessee ADRH that the first and second alternates
for core

cooling were "gone" and the third alternate was considered. The Tennessee ADRH was
also told

that one alternate for the core cooling system left was to pump river water through the
reactors

and circulate it to and from some ditches for cooling. He was also told that smoke was
everywhere.

The Tennessee DRH notified the Tennessee Civil Defense Department concerning
existence of the

fire. The Tennessee ADRH contacted the Alabama DRHt at 8:35 p.m. and exchanged
information

concerning the fire.

Tennessee Department of Public Health officials were unduly alarmed by the
unfortunate language

used by a CECC representative to describe the incident. CECC spokesmen need to use
more careful

phraseology in communicating the facts surrounding any incident without inciting
undue

alarm or apprehension on the part of offsite agencies.

Neither the NRC or any other Federal agency has any legal authority to require that
State and

local governments develop or improve Radiological Emergency Response Plans in
support of fixed

nuclear facilities. NRC regulations require that the nuclear facility licensee prepare an
emergency plan and that an emergency preparedness interface be developed among the
nuclear

facility and of State and local officials and agencies.

However, the regulations stop short of requiring plans of the States and local
governments

themselves. The approach of NRC and other Federal agencies toward solving this
problem has

been to provide training, publish emergency planning guidance and persuade the States
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and local
governments to accept and follow the emergency planning guidance.
A Federal interagency group with responsibilities for nuclear incident emergency
planning
conducts training programs for State and local government personnel.
The NRC, which has lead agency responsibility for helping States develop radiological
emergency
response plans, can neither require States to prepare adequate plans nor provide
monetary
incentives to States; instead the NRC must use persuasion to get voluntary cooperation.
Since
63B
intensifying its efforts in this area in mid-1974, the NRC has made progress in
developing
revised guidelines for radiological emergency planning, developing training programs,
and in
evaluating State plans. However, it is not yet clear whether the NRC approach of
working with
States on a voluntary basis will result in improved radiological emergency plans for
protecting
the public health and safety. . y .
The Review Group is concerned about this problem, but does not have the knowledge or
resources
to pursue it. Lapses in notification and response were revealed by the Browns Ferry fire,
butU
no response was really needed in most cases. The Group can only recommend continued
efforts to
overcome the organizational, financial, and Constitutional problems involved.
7.3 Local Governments  Hhigf 17 EuikRS

7.3.1 Limestone County, Alabama
The Limestone County Civil Defense Coordinator on the day of the fire could not be
located by
the Alabama Civil Defense duty officer. He received information concerning the fire
nearly 2
days later. He also indicated that his copy of the Alabama Radiation Emergency Plan

was notF
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up-to-date and he had not received any information concerning the plan in several
years.
The Limestone County Sheriff was not officially notified of the fire except that he did
receive
some information after the fire was extinguished. The State of Alabama Civil Defense
Department
did attempt to notify him at 4:08 p.m. on the day of the fire but no answer was received.
The
Sheriff did not have a copy of the Alabama Radiation Emergency Plan and had received
very
little information concerning his emergency responsibilities in the past two years.

7.3.2 Lawrence County, Alabama
The Lawrence County Civil Defense Coordinator was officially notified by the Alabama
CD at 4:10
p.m. Pertinent information concerning the fire was forwarded to the coordinator, but no
specific action was requested of the Coordinator. An attempt to notify the Lawrence
County
Sheriff by Alabama Civil Defense Department was made at 4:08 p.m. but no answer was
received.
The Sheriff was not reached and no further attempts to contact him were made.

7.3.3 Morgan County, Alabama
The Morgan County Civil Defense Coordinator was officially notified by the Alabama
Civil Defense
adepartmekt at 4:05 p.m. However, the Coordinator was already at the Browns Ferry
plant site
when he received official notification because he had learned of the fire approximately
30r
minutes after it had started from a local police radio system. No action was taken by the
Coordinator to contact the Alabama Civil Defense Department nor was any action
apparently
requested of him.
The Morgan County Sheriff was officially notified by the Alabama Civil Defense
Department at
4:05 p.m. No specific action was requested of the Sheriff except that he not inform the
public

in order to avoid alarming the population. The Sheriff was newly elected (January 20th,
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1975)
and had not been briefed on the Alabama Radiation Emergency Plan, nor did he have a
copy of it.
He recommended that the principal support agencies in Morgan County should meet
with the State
of Alabama Department of Public Health and define the emergency responsibilities and
update the
plan.

7.3.4 Athens Fire Department
The Athens Fire Department was contacted by TVA at 1:09 p.m. The Fire Department
arrived at
the site at 1:30 p.m., were issued film badges and dosimeters and were ready to assist
by 1:45
p.m. The Athens Fire Chief examined the fire area and about 2:00 p.m. he recommended
the use
of water to fight the fire. The Fire Department crew remained at the plant and was
helpful to
the operating staff. In particular, Athens Fire Department equipment was used to
recharge air
breathing apparatus.
The fire was extinguished at about 7:45 p.m. The Athens Fire Department departed the
plant at
9:50 P.M.

7.3.5 Tni-County Health Department
The Tri-County Health Officer was notified by the Alabama DRH at 3:55 p.m. DRH
informed the
officer of the status of the reactor and of his opinion of the situation. No action was
taken
by or required of the Tni-County Health Department.
64

7.3.6 Drills and Exercise
With respect to drills and exercises, NRC regulations merely levy upon the licensee the
requirement for providing an opportunity for participation in the drills by "other
persons
whose assistance may be needed in the event of an emergency."

NRC's Regional IE Offices require that an emergency preparedness exercise, requiring
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implementation

of the licensees' emergency plan, be conducted by the licensee prior to obtaining an
operating license. As a part of this exercise, the Interface indicating the capability for
emergency response support on the part of the States and local governments is checked
by IE

inspectors. However, the IE inspectors do not inspect State and local government
emergency

response capabilities since they have no legal authority to do so. NRC regulations (10
CFR

Part 50, Appendix E) merely require that a supportive interface between the utility and
the

State and local governments exists.

Although drills have been conducted involving TVA Browns Ferry personnel and the
State over the

past several years, the drills apparently did not involve extensive local government
participation,

if any. This can be gleaned from remarks made by two separate county officials that
they

had not received any information concerning the Alabama Radiation Emergency Plan in
several

years. The local governments' capability to respond appears to be extremely weak and is
n

need of Improvement.

The Review Group recommends that drills and exercises to test the emergency Interface
between

TVA, the State of Alabama and its local governments should be instituted on a regular
basis, at

least annually. Where needed, other licensees should also institute adequate regular
exercises

to promote maintenance of emergency response capability by local governments. The
Review Group

has not studied the question whether drills involving the general public should be
instituted

and has no recommendation on this subject.
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7.4 Federal Agencies EFRETFTHLRS

7.4.1 Energy Research and Development Administration (ERDA)
ERDA has prime responsibility for Implementing its Radiological Assistance Plan and
the Federal
rlensteproangseensc yt o Riandciiodloengitcsa lo cAcusrsriisntagn ce Plan. These plans
provide for radiological assistance In Federal agency or contractor operations, NRC
licensed
operations, operations of State and local government agencies, and in the activities of
private
users or handlers of radioactive materials.
At 7:00 p.m. on March 22nd, ERDA received a call from NRC requesting that the ERDA
Emergency
Action Coordination Team (EACT) activate the ERDA Emergency Operations Center
(EOQ) in Germantown,
Maryland in connection with the incident at Browns Ferry. Specifically, NRC requested
that
ERDA notify its radiological assistance teams to be alerted in the event that assistance
was
needed.
The EOC was activated at 8:10 p.m. by ERDA representatives. The ERDA Oak Ridge
and Savannah
River Operations Offices were informed of the incident and asked to alert their
radiological
assistance teams. The EOC was secured at 4:00 a.m. after it had been determined that
the
situation at Browns Ferry was under control.

7.4.2 Other Federal Agencies
Several Federal agencies, including the NRC, have nuclear incident emergency
planning responsibilities
assigned in a Federal Register Notice dated January 24, 1973 (54). Two of these
agencies also have radiological emergency response capabilities for responding to a
radiological
incident.
The Environmental Protection Agency (EPA) and the Department of Health, Education
and Welfare's
Bureau of Radiological Health (Food and Drug Administration) (FDA-BRH) can field
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radiological
assistance teams to assist in radiological incidents. The Defense Civil Preparedness
Agency
(DCPA) can provide extensive resources to cope with disaster situations and possesses
large
quantities of radiological survey instruments. EPA was the only agency to be notified of
the
Browns Ferry fire at or near the time it occurred. This notification was received from
the
Health Department of the State of Alabama. Since no radiological release affecting
offslte
areas occurred, there was no action required of these agencies.
I
65
However, because of the nature of the fire at Browns Ferry with its potential for
creating a
radiological release affecting offsite areas, It would also have been prudent for the State
of
Alabama to notify FDA-BRH and DCPA Regional Offices to alert them in case their
assistance was
required (short of implementing the Interagency Radiological Assistance Plan - IRAP).
If the
TRAP was implemented by ERDA, these notifications to these agencies would in all
likelihood
have automatically occurred since all three are signatories to the IRAP, and have
committed
their resources to the IRAP.
F
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