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FORWARD

On April 18, 1975, a team was established to perform a structures and
mechanical equipment evaluation as stated in revision 5, reference 4.1,

The responsibilities of this team are further described in reference 4.2,

This report is in partial fulfiliment of these responsibilities and
refp'resen'ts the implementation of reference 4.3. It contains the methods
and assumptions used in the development of the approximete temperature

' zones presented herein., This informa'bion is offered in advance of the

structures and equipment eveluation so that it can be used’ as the common

basis for all such determinations in this temperature affectéd region.,

e believe this information to be representative of the temperatures
experienced in the region of concern and recommend it be used as
the besis of all evaluations invblving temperature

effects on equipment,

. B. Neely, DED-CEB (Team Leader)

B
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1.0 PURPOSE
The purpose of this study was to determine spproximste temperature
zones within the region of the March 22, 1975, cable fire at the

Browms Ferry Nuclear Plant,

2.0 AUTHORITY
This team, hereinafter called the Program VIII team, was formed

on April 18, 1975, and was incorporated in revision 5 of reference k4.1,

3,0 SCOPE
The scope of this effort included the determination of the B
availebility, the gathering, and the interpretation a.nd quah"cifica.tion
of physical evidence of the fire. Also included is ‘the organization
of the data into a coherent report to provide a.ppro:@mate temperature

zones which can be uged fd._r all subsequent equipment evaluatiqns.

4.0 REFERENCES

4.1 VMemorandum E, F. Thomas to Roy H. Dunham and H. H, Mull, revision 5
dated April and subsequent revisions. Subject - Repair of Damege
Caused by the Ceble Fire and Return to Service of Browns Ferry
Nuclear Plant Units 1 end 2. |

4,2 Plan for Evaluation, Repair, and Return to Service of Browns Ferry
Units 1 and 2 (March 22, 1975, Fire), VIII - Program for |
Identification and Evelustion of Affected Structures and Mechanical

Equipment,




-

4.5

5.0

6.0

. Design Criteriea for Determination of Temperature Zones for the

March 22, 1975, Fire at the Browns Ferry Nuclear Plant,

BLN-50-D702, TVA.

Design Criteria for Eveluating Structural Steel Components Subjected

to the Envirommental Effects of the March 22, 1975, Fire,

BLN-50-D703, TVA.

‘Design Criteria for Eveluating Mechanicel Piping ,. HVAC, Ducting,

and Piping Compdnents Su.’p.jectéd to the Envirommental Effects of the

March 22, 1975, Fire, BLN-50-D705 TVA.

GENERAT, APPROACH

The Program VIII team made a preliminary visit to the site of the fire

‘to determine the availebility of physical evidence which could be

used as indicators of temperatures in the region of the fire. A plan

was then established and formal criteria (reference 4.3) was issued,

Approximate temperature zones were constructed and are conteined herein

for use by 21l concerned with eveluating the temperature effects of

the fire,

PROCEDURE FOR DEM?I\ENATION OF TEMPEBATURE ZONES

A field trip to the site of the fire was conducted by the Program VIII
team and o‘bher personnel selected to assist in the evaluation, During
this trip confirmation was made of the exlsta.nce 6f:pb5‘rsi’cél‘ evidence

which could be used as tempersture indicators.



Design Criteria BFN-50-D702, reference 4.3, was developed and issued.
These .criteris established the methods to be employed in the
development of estimated temperature zones to be used in all subsequent

temperature related evaluations outside of primary containment,

In@lemen‘bé:tion of these critei‘ia resﬁl‘b_ed in the ésbabiishment_ of six
temperature zones. These spproximate zones, figures 1 through 6,
represent the probsble temperatures of 1500, 1220, 787, 500, 3&6,

and 300 ¥, ZEach zone is typified by the prominent reoccurrence of
et leest one principal physicai indicator as shown below:

1500 F ~ Buff colored concrete,

1220 F - Melted alumdmm conduit end insulation lagging.

787 F - Melted galvanizing (exterior suifaces of burned cable trays).

500 F - This zone wes estimated based upon proximity to other
identifiable zones. | |

340 F - Blistered and peeled paint.

300. F - Paint softened, not blistered, sufficiently to a.llow soot

to become embedded in the paint (approximated).

Many other tempersture indicators were available but they didhnot
contribute to the development of the zones as did the ones given
above. In many cases they did confirm that temperatures did not

exceed those temperatures obtained from the indicators actually used.



' For same cases the deta from the lower tempera.tm'e indicators were .

enveloped by the higher tempera.ture indica.tors, e.g., the ignition
tempa'a.ture of wood is oversha.dcwed by the tanpera,ture of melted
galvan:lzing when fmmd in the same ares.,

The low tempera.tu.res, less than -é.pprocdmately 300 ¥, were found
throughout the burn region, even :Ln close proad_mity to zones of
much higher te.npere.tures. 4 The ent:Lre region is: cha.rac‘berized by
zones or pockets of closely spa.ced high and low temperatures. No

i

evidence of temperatures sbove the threshold of the blistered paint

in reference 4.3 was found more than approximately 1 foot below the

it

lowest cable trgy.

-

The bases for establishing the zones are as follows:

1500 F zone - This .zone is  characterized by buff colored concrete
‘on the ceiiing and is located as shown in figure 1. The color
interpretation ws.s‘a. Judgnment type decision but was substantisted
by other observations also. One such observation was that within
a distance of approximately 1 fdot a considersble amount of

- @luminum conduit hed melted (figure 7). The melting point of

elumimm is known to be approo:tmajbély 1220 F. Also the 1500 F zone

is. located epproximetely above both the greatest concentration of

consumed materiel and the incoming supply of fresh air. Heet from
s P > o SR PR

the burning cables, fanned by the inrushing eir to the lower pressure

of the reactor building,rose in convection currents.,




This rising heat was sufficient to melt the sluminum 1 foot from the

ceiling, The melting of the aluminum conduit end subsequent burning

of the insulated cebles contained therein 1is considered to account

[NOSR—

for the 1500 F temperature of figﬁre 1.

Th, _ .
1220 F zone (figure 2) - Thé zone envelops: all melted aluminum
obgerved in the burn region. Except for highly congested regions
containing large amounts of consumeble insulating me,téria.‘l., 'this zonev
v

is formed by & vertical projecﬁion of the burned ca.‘ble:' trays and

R

signs of melted alvoninum (figures 7, 8, and 9).

787 F zone (figure 3) - Essentially &ll cable trays_ containing
Essentially all ceble tre nt

burned cables showed signs of melted gelvanizing (figures 7 th;'qugh 11).

This zone is assumed 1o be the volume conbaining all of the burned-out

—,

ceble trays. Temperstures within the treys were probebly mich

higher (figures 8 and 11) but this is of no interest since nothing.
ﬁthin the trays is salvegesble (references 4.} and h.S). In some
‘areas the surfaces of the trays were also much higher and the |
gelvanizing temperature greatly exceeded the melting point (figure 11).
This too is of no importance since nothing in contact with the burned

trays is salvegesble either (references 4.4 end 4.5).

500 F zone (figure 4) - This zone appeered to be a somewhat stegnant

pool of heat which was not di;_'ec'bly over the burned trays. It is

directly above a zone found to contain small amount s of blistered




and peeled paint, j,”:i‘ie‘pfr_eséh'ﬁing'the 340°F zane described below. Some
_other unidentified and completely burned materials (probebly regs)
were found in this region which campletely disintegrated upon.

touching them., The stagna.tion of this region wes evidenced by these

burned materisls (one: piece shown in figure 12) and by the total

L

covering of everything in this region by a thick uniform ;.ayer of

vexry fine soot. It was obvious that there had been very l:.‘ctle
or no lateral movement of air in this region, since. one eould dlsturb

a considersble quantity of soot with one’s breath.,

340 F zone (figure 5) - The predominant characteristic of this zone

ig Dblistered end peeled paint (figures 8, 9, and 10) which ha.s not

AR ORI
e

been included in a higher temperature zone. It essentially formed

-

e

a buffer zone a.round the ca.ble trays, outward and downward, & dlstance

ittt ST

of 3 to 12 inches. One other zone was found, however, both of which
R :

are shown in figure 5. This zone sppeared somevhat stagnant as did

the 500 F zone which was directly above it.

300 F (figure 6) - Much of this zone is outside the temporary wall
constructed of polyethylene £ilm, It does not have well defined
boundaries and the terpersture was judged to be just under that for

blistered paint. The primery cheracteristic indicator outside the

temporary well. was peint which at some time during the fire had
WM——"'”W”—" e

ettained a temperature sufficient to soften it. The paint had then

been exposed to a layer of soot which became entrapped to the extent

that vire brushing could not separste the paint from the soot. -



0

For other a.rea.s, indicators for this temperature were not readily
determined and the boundaries were approximated based upon proximity

to other better defined zomes.

Figure 13 is a sketch shovdx;g the spproximate relationship of the

cable tre.ys to the heat affected zome of the unit 1 reactor building
and cable spreading room. Figures 14 through 17 are photographs,
oriented to figure 13, which show some of the effects of the temperature
in the vicinity of the cable trays.

LIMITAT IONS

No sttempt was made to determine temperatures at any lesser increments
than the ones shown herein. These ranges are considered a.deQuate for
assessing possible damage to the materials contained within the
region, No effort has been expended to determine temperatures below
approx:i:ma:bely 300 F since no tempera‘h:re damage should have resulted

from such a low temperature.

Cases have been found where heat was communicated through conduit for
an unexpected distance beyond the major heat source. These locatione:
are enveloped by the vertical portion of the 300 zone adjacent to the

"p" line between the Rk and R5 columm lines.

The temperature indicators were not as abundant for the 300 F zone,

and some liberties were taken to extend it to account for uncertainties.
The temperature zones shown in figures 1 through 6 are based upon the
evidence found end have not béen arbitrarily extended to j:rmride additional
<:onserva.1::i.:sm.f The dats is pres_eﬁted in this manner to preclude subsequent

stacking of conservatisms by users of the data. The numerical



8.0

identification of temperature zones to three significant digits is
not to be taken as an indication of that degree of accuracy; rather,

to correlate them to the basic values used for the indicators.

it sho}ald'be noted‘ that the»temperatures. approximsted herein are
the probable air and ’mfac'e temperatures of the respective zones.
Mitigating clrcumstances may be found which may justify lower
surface temperatures than those showm, |

One example of this is a water-filled pipe. The heat sink available

in a line filled with water may be taken imto consideration in subsequent

evaluations as having a limiting effect on the maximm temperature
attained.

Another influence which could be deceiving is the time and
temperature relationship. Time exposure to one temperature may
produce s similar effect to that of a much higher temperature for
a lesser period of time. This phenomenon is suspected to have been
present in the stagnant regions mentioned herein, particularly tim.t
shown as the 500 F zone and portions of the 300 F. No attempt was
made, however, to interpret this in any light other than simply as
an elevated temperature effect. For the items to be evaluated for

possible reuse, this should be a conservative approach.

CONCIUSIONS AND RECOMMENDATIONS

These dats have been assembled from direct evidence obtained at the
site of the fire, Independent verifieation of the zones, using the
same indicators as given herein, was gécomplishéd by persomnel not

involved in the collection of the date and construction of the

-8-



temperature zones. Good correlation was found. Consequently, the
data is believed to be an acceptable approximstion of the temperature
zones which existed sometime during the ceble fire. As such, these

zones should be used in all subsequent temperature related evaluations.
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