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” TENNESSEE VALLEY AUTHORI‘I!
CHATTANOOGA. TENNESSEE 37401

MAR 30 1978
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Mr. James P, 0'Reilly, Director EE] 3

U.S. Nuclear Regulatory Cormissfon r o s -

Office of Ihspection and Enforcement §§’§‘_ﬂ_ O
Region II Z ST

230 Peachtree Street, NW., Suite 1217 ;‘:ﬁc’ =

Atlanta,/ Georgia 30303 < N

[ ]
A o
Dear Mr, O'Reilly: it o

TfNNESSEE VALLEY AUTHORITY - BROWNS FERRY NUCLEAR PLANT UNIT 3 -
DOGKET NO, 50-296 — FACILITY OPERATING LICENSE DPR-68 ~ REPORTABLE
OCCURRENCE REPORT BFRO-50~296/7712

The enclosed report is a supplement to my letter dated July 29, 1977,
concerning temperature transients which were experienced with the six
charcoal adsorber beds in the offgas system during normal operation,
This report is submitted in accordance with Browns Ferry unit 3
Technical Specifications, Section 6.7.2.A.(9).

Very truly yours,
TENNESSEE VALLEY AUTHORITY

H. S. Fox ‘ .
Director of Power Production :

PRSP

Enclosure (3)

-ec (Bnclosure):
Director (3) ,
Office of Management Information and Program Control
U.S. Nuclear Regulatory Commissign o
Washington, DC. 20555 ,

Director (40) ” :

Office of Inspection and Enforcement = ,
U.S. Nuclear Regulatory Commission

Washington, DC 20555 T ' L

e
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An Equal Oppos;tqnlty Employer
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' LA 3"73,’ ORM 356 L _. R '; . Ce e .S [IUCLEAR REGULATORY COMMISSION
-, 1' S . ! w er M . ,‘L(CENSEE EVENT REPORT - EXHIBIT A
. . v : " .’ CONTROL OLOCK: | | I l@ (PLEASE PRINT OR TYPE ALL REQUIRED INFORMATION)

o :IB la Ll BlR!Fls !O! olo L—loloJ 010[0[-!0!0!@(411[ U 11l LG

b ‘. <. LICENSEE CODE LICENSE RUMUER LICLNSE TYPE 39 51 CAT 53

.. . CON'T

L - e ;‘;;3‘;;;_}@101510| o;o;zw;s@m;?s1;717171@|o L3;z|8!7!e l@
C. . . ? 8 . OTCKET NUMBER EVENT DATE REPCAT DATE
st T © EVENY osscmmon AND PROBABLE CONSEQUENCES

L]
veo» '« [e12] |_During normal operation, temperature transients vere experienced with 1

R | the six charcoal adsorber beds in the offgas system. The stack radiation |

» »
. .

- [0T15] | monitor showed no increases during this period. There were no effects i
) . [o15] l upon_public health and safetv: redundancy was not apgllcable- and there ]
T I[c l ] Lwere no previous occurrences., f
Y [o18) | : ]
. ) £
! L 1 SYSTEMR CAUSE COMP, VALVE
» CODE CODE SUSCOOE COMPORENT CCDE SUBCOOE SUBCCOE . ‘g
0 EIE MLBI@ LXI®@ [X]@ LEIILITE IRIG (210 (4® :
o . 2 & - 10
- 4 SEOU(NY!AL OCNRHENCE REPCT\T REVISION.
N . : - R LER/RD | EVENT YEAR REPONT NO, COOE NO, .
oo sl L77) 1= LoTL2] L LOIL] | T = Ly
LS » s ’ 2) 22 23 2 27 = 39 30 EY) 32 0
* DL * ACTION FUTURE EFFE SHUTCOWIN ATTACHRIENT NPRO4 PRIME COVP, CCVPONENT
. L4 .. . TAREN ACTION oN PLAP.T P4E TNOC@ 'NOURS ®l SUBMITTED FORM VS, SUPrFLIER MANUFASTURER
e T 20 ogloclol o I NG N Gl0} 8107
o e ek Ie La®  L® lololold 1Y@ L@ L@ elol8io)e

’ ' CAUSEDESCRIPTIONAhDCORPcCﬂVEACTIONS
il l [o] LAdrainline on_ the offgas preheater was found plugged Without adequate i
- I 11} | preneatineg. dilution stezm condensed on tlz catalvst nreventing the recom- |
o, ' Lbination of hvdrogen and oxygen. TIgnition of the hydrosen and oxvgen jn 1
LT, [3713] | the offgas svstem dowmstream of the recombiner apoarentlv ignited the chard
r . . El'_'l_‘-_ﬁj l coal, The drainline wag unplugeed and th° charcoal beds were returned tol
A “cmw ' \ETHOD OF (See attached sheem)
R " - QTHERSTATUS biscoveny DISCOVERY DESCRIPTION
S IIE] L_J. [0| 41 7(@[ N/A ! |AJGD Increased heat in adsorber beds |
Acrlvmr cowem' “ < Yy 32
RCLEASED _OF ﬂELEASE AMCUNT OF ACTIVITY@ . LOCATION OF nELEASE
! E{E_] L2 Lzl @ iz]) [z 53] N/A | [ N/A ]
.t . u 44 45 89
. oo PEHSONNEL EXPOSURES @ . } .
- , . NUY ‘BER TYPE CESCRIPTION “ .
: E:E] l 0j0]0 |@ Z Q N/A : : ]
- M 80
Yo vtnsowen. IIURIES . . '
» . . \BER os.cmvnoe- ' ] e
: EE] l 0] 0l @l : N/A ‘ i
. 12 N &3
S .. Lossomnouuc: ronczurv .
. TYPE DESCAIPTION y .
[iTs] Lzi@L N/A |
- . Y [n]
ruUBLICITY . .
ESUED e, mcm,,m@ . NRC USE ONLY
1o} a9l TVA Press Release dated July 18, 1977. BRARRAREENNRER
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Cause Description and Corrective Actions (Continued)

service and satisfactorily passed operational testing.

JGD :SGS
3/27/18
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EVENT DESCRIPTION

At 2215 hours on 7/15/77 the unit was returned to service after being shutdown
since 7/7/77. During startup, problems were encountered with high offgas flow
rates, low recombiner preheat temperatures, and low recombiner temperatures.

At 0900 hours on 7/17/77 operations was notified by a chemical laboratory
analyst that the concentration of hydrogen in the offgas system was greater
than 4%. One of the redundant hydrogen analyzers was in service during this
period, but did not indicate an abnormal concentration of hydrogen in the
offgas system, Subsequent analysis at 1345 indicated hydrogen concentration
was less than 4%. About 1200 hours on 7/17/77, an attempt was made to place
the standby steam jet air ejector (SJAE) "B" in service. Problems were
encountered with the pressure controller regulating dilution steam to the
third stage of SJAE. During the 1-3/4 hour period associated with the unsuc-
cessful attempt to transfer SJAE's, several significant but brief transients
were noticed in system pressure, apparently due to excessive dilution’ steam. ¢
Increases were noticed in system flow rate, dew point, and reheater inlet
temperature. Efforts to transfer the SJAE were terminated at 1400 "hours on
7/17/77, and system operation using.the original "A'" SJAE resumed. The stack
radiation monitor showed no increase during this period. The charcoal adsorber.
beds were in service with parallel flow through two trains of three vessels
eacho

An effort to switch to the standby recombiner was unsuccessful because accept~
able preheater temperatures could not be obtained. -

DESCRIPTION OF THE OCCURRENCE

At about 1200 hours on 7/17/77, the temperature of adsorber beds "B," '"C,"
"D," and "F" began to increase from their steady state average temperature
of 67° F. The temperature of "C" bed peaked at 146° F at 1645 hours, and "D"
bed temperature peaked at 146° F at 1720 hours. The indicator temperature
of "B" bed went offscale (150° F) at 1610, and "F'" bed temperature peaked

at 138° F at 1815 hours. The temperature of the vault housing the charcoal
vessels increased steadily beginning after 1200 hours on 7/17/77, from its
normal 75° F to 100° F over a 7-hour period. ‘ .

The charcoal vessels were isolated at 2000 hours and the offgas flow was
routed through the bypass line., On 7/18/77 at 0420 hours a nitrogen purge
was began through "B" and "C" vessels.

On 7/18/77, at 1200 hours the adsorber vault room was entered, The bottom
of "D" vessel was found to be hot with its blue-gray paint discolored but
not blistered or cracked. A slight discoloration of the paint covering the
center portion of "B" vessel was evident. Thermocouples were attached to
the exterior surfaces of vessels "B" and "D" for supplemental monitoring
during the nitrogen purge. The maximum skin temperature recorded was 142° F
at midpoint of "B" vessel,

All vessel temperatures were within the normgl range on 7/20/77.
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CORRECTIVE ACTION S

A task force composed of TVA operating and design employeés and GE employees
met at BFNP on 7/20/77 and 7/21/77 to investigate the occurrence. On 7/22/77
the unit was removed from service to facilitate repair work recommended by the
task force. During the outage, work on the preheater drainlines revealed that
two common sections of 1-1/2" line were restricted. Since external means were
used to dislodge the blockage, the cause for the blockage is not known. It
was these blocked drainlines which prevented normal steam flow through either
of the recombiner's preheaters. Without adequate preheat, condensation formed
in the preheater. This condensate carried over to the recombiner vessel,
covered the catalyst, and prevented recombination. When the recombiner drain
was opened, moisture drained off the catalyst reinitiating recombination.

The existing bottom drains on the charcoal beds were found to be inadequate
to drain the entire system. A Design Change Request to install a low point
drain on the inlet to each vessel has been initiated.

Restricted sample lines preventing the hydrogen analyzer from functioning
were blown free. The sensor measuring the moisture content of the influent
to the charcoal beds was coated with dirt and had to be replaced. Methods
to improve the reliability of these two instruments are being pursued. On
7/23/77 the unit was returned to service after demonstrating satisfactory
operation of both preheaters, both recombiners, both hydrogen analyzers, and

""" SJAE.

Plant procedures have been reviewed and revised to include explicit actions
to be taken in the event vital offgas system parameters deviate from their

designed range.

Samples of the charcoal in "B" vessel were taken and examined, No evidence
of discoloration or degradation was seen. The moisture content of the
samples was determined. to be 2%, Samples of the charcoal in the other beds
will be taken to ensure it is dry before the beds are placed back in service.

An extensive investigation was conducted to determine-the cause of the
temperature excursion. All evidence suggests a hydrogen ignition in the
offgas system ignited carbon finres in adsorber beds B ‘and D which resulted
in some sustained combustion. This heat was transported by the offgas
flow to other beds as evidenced by the swings in bed temperature.

The system was operated for approximately 12 hours (midnight until noon)
just before the incident with no recombination taking place, Since there
was no flow on the steam side of the offgas preheater because of the blocked
preheater drain, the dilution steam, instead of being preheated, was at
saturated temperature. This resulted in condensation on the catalyst which
prevented recombination from taking place. Without recombination, the
radiolytic production rate of hydrogen (about 50 cfm at that time) and the
offgas flow (200 cfm at the time of the incident) gave a hydrogen concentra-
tion from the inlet of the holdup pipe to the stack of 25%.
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The SJAE logic is such that one jet must be shut completely down before
the other can be started. This results in about.a two-minute period in
changing SJAE's when there is no dilution steamflow. Quite likely, when
the attempt was being made to switch from "A" to "B'" get of SJAE's misting
over of the catalyst ceased when "A" SJAE was shutdown, and, during the
two-minute interval before' "B'" was started up, hydrogen diffused back into
either recombiner (the valve on the standby recombiner was cracked open),
contacted the now-active catalyst, and ignition took place. Velocity of

a flame front of this sort is about 6,000 fps (reference 1) and accounts
for the "blown apart" appearance of the pre- and after-filter elements.

The theory of spontaneous combustion by moisture adsorption does not seem:
possible for this type of system. Experimental data utilizing moist gas flow
(references 2 and 3) gave temperature increases at least an order of
magnitude below the ignition point of carbon; and, in fact after an initial
temperature peak, further temperature rises were not possible due to the
thermal desorption of the water. In other words, spontaneous combustion
appears to be a self-limiting phenomenon given a set of airflow and humid-
ity conditions. Experimental data with no airflow also gave a very low
temperature rise (46°F) for the size of carbon’bed in question (reference

4). '

Ignition by hydrogen flame appears the most plausible; and, in fact, an
almost identical circumstance occurred in 1958 (reference 5).

The charcoal beds were returned to service on November 11, 1977. Special
Test 155 was performed to closely monitor differential pressure and isotopic
delay times during the first two months of service. All system.parameters
closely paralleled values obtained during the initial startup testing program.
Thus, the July 17, 1977, temperature excursion did not affect the performance
of the charcoal beds. '

JGD:SGS
3/27/78




S w—rs a2

T S R s A N e WAL A W .3 Asa s ¥ W At a3

LT e nE peimem

e § e

Attachment III

Raferences

1.

Carlson, Knight, Henrie, Flame and Detonation Initiation and
Propagation in Various Hydrogen-Air Mixtures, With and Without Water
Spray, Atomics International Division, issued May 11, 1973.

2. J. L. Kovach,-The Evaluation of the Ignition Temperature of Activated
_ Charcoals in Air, Steam, Oxygen and Oxides of Nitrogen, Nuclear
Consgulting Services, Inc., NUCON 024, 1968.

3. Dederick, Martin, Porter, Reactions of Hydrogen/Oxygen Mixtures with
Charcoal and Thermal Effects Associated with Physical Adsorption,
General Electric Company, Report No. 72CRD182, June 1972.

4, Personal correspondence between Dan L. Paul, TVA Chemical Section, and
Willard Clark, President, Barnebey - Chaney, July 28, 1977.

5. Browning, Removal of Figsion Product Activity from Gases, Nuclear
Safety 1 (4), page 49, June 1960.
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oot B EVENT DESCRIPTION AND PROBABLE CONSEQUENCES

- [@IZ] |_During normal operation, temperature transiente. were experienced with 1

. “t ~ r5T3) | the six charcoal adsorber beds in the offgas system. The stack radiation j

o .
e 0 ce [61<] |_monitor showed no increases during this period. There were no effects §
: .. [©IZ] LLupon public health and safety: redundancy was not applicable; and there ]
. . ; :
o . [ETe]) Lwere no previous occurrences, l
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v . folsl | - ]
P 32
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e RePORT | ] 717 | =] [011(2] =i l Ti ! | l l
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" . CAusz-: DESCmPTION ANDCORPECI’IVEACTIONS

.:. . " [II5) L Adrainline on the offgas preheater was found vluzred Without adequate j

. " .. 053] Lpreheating, dilution sf:eam'coridén‘sed on_tlte catalvst nreventing the recom~ |}
et {iTz] Lbination of hyvdrogen and oxygen. TIgnition of the hydrozen apd oxveen in |
N r"]"'] | the offgas gvstem doxmscream of the recombiner apoarently mnxted the char-

: o, ) fjj:] l coal, The drainlire was unnlueged apd the charcoal beds were returned tol
SR "cmw METHOOOF (See attached sheew)

] OTHER STATUS DISCOVERY DISCOVERY DESCRIPTION
L E:E;_] [ l. IOI %l 7!@[ N/A | .|A JG)| Increased heat in adsorbar beds |
€ &rivity  covtent “ “ 22

RELEASED _OF ﬂELt»\SE AMOUNT OF AC?IVITY@ Lt LOCATION OF RELEASE
o EI'G_] L2 121G | 2 iz 1esl N/A | l L N/A . {
. ) 1t “ a5 6

. ¢ . PERSOVNEL EXPOSURES @ . .
' TYPE DESCRIPTION c .

I T OS] N/A - !

' o PERSONNEL I1iJuRIES . e

. KU 4BER QESCRIPHON i . .t . . .
I [ l I ol 0] 0lGa N/A |
" 1?2 . 83

e, LOSS OF OR DAMAGE TO FACILITY .

YYPE DESCRIPTION » . . .
EE] LziGL N/A _ I

i . . P &3

: »  PUBLICITY ..
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Cause Description and Corrective Actions (Continued)
service and satisfactorily passed operational testing.' "
+
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EVENT DESCRIPTION

At 2215 hours on 7/15/77 the unit was returned to service after being shutdown
since 7/7/77. During startup, problems were encountered with high offgas flow
rates, low recombiner preheat temperatures, and low recombiner temperatures.

At 0900 hours on 7/17/77 operations was notified by a chemical laboratory

analyst that the concentration of hydrogen in the offgas system was greater

than 4%. One of the redundant hydrogen analyzers was in service during this
period, but did not indicate an abnormal concentration of hydrogen in the

offgas system. Subsequent analysis at 1345 indicated hydrogen concentration

was less than 4%. About 1200 hours on 7/17/77, an attempt was made to place

the standby steam jet air ejector (SJAE) "B" in service. Problems were

encountered with the pressure controller regulating dilution steam to the

third stage of SJAE. During the 1-3/4 hour period associated with the unsuc-
cessful attempt to transfer SJAE's, several significant but brief transients ~
were noticed in system pressure, apparently due to excessive dilution steam,
Increases were noticed in system flow rate, dew point, and reheater inlet
temperature. Efforts to transfer the SJAE were terminated at 1400 hours on
7/17/77, and system operation using,.the original "A" SJAE resumed. The stack
radiation monitor showed no increase during this period. The charcoal.adsorber»
beds were in service with parallel flow through two trains of three vessels .
each,

An effort to switch to the standby recombiner was unsuccessful because accept- v
able preheater temperatures could not be obtained.

DESCRIPTION OF THE OCCURRENCE

At about 1200 hours on 7/17/77, the temperature of adsorber beds "B,'" 'C,"
"p," and “F" began to increase from their steady state average temperature
of 67° F. The temperature of "C" bed peaked at 146° F at 1645 hours, and "D"
bed temperature peaked at 146° F at 1720 hours. The indicator temperature
of "B" bed went offscale (150° F) at 1610, and "F'" bed temperature peaked

at 138° F at 1815 hours. The temperature of the vault housing the charcoal
vessels increased steadily beginning after 1200 hours on 7/17/77, from its
normal 75° F to 100° F over a 7-hour period.

The charcoal vessels were isolated at 2000 hours and the offgas flow was
routed through the bypass line. On 7/18/77 at 0420 hours a nitrogen purge
was began through "B" and "C" vessels.

On 7/18/77, at 1200 hours the adsorber vault room was entered. The bottom )
of "D" vessel was found to be hot with its blue-gray paint discolored but

not blistered or cracked. A slight discoloration of the paint covering the

center portion of "B" vessel was evident. Thermocouples were attached to .
the exterior surfaces of vessels "B" and "D" for supplemental monitoring
during the nitrogen purge. The maximum skin temperature recorded was 142° F
at midpoint of "BY vessel.

All vessel temperatures were within the normal range on 7/20/77.
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CORRECTIVE ACTION o

A task force composed of TVA operating and design employeés and GE employees
met at BFNP on 7/20/77 and 7/21/77 to investigate the occurrence. On 7/22/77
the unit was removed from service to facilitate repair work recommended by the
task force., During the outage, work on the preheater drainlines revealed that
two common sections of 1-1/2" line were restricted. Since external means were
used to dislodge the blockage, the cause for the blockage is not known. It
was these blocked drainlines which prevented normal steam flow through either
of the recombiner's preheaters. Without adequate preheat, condensation formed
in the preheater. .This condensate carried over to the recombiner vessel,
covered the catalyst, and prevented recombination. When the recombiner drain
was opened, moisture drained off the catalyst reinitiating recombination.

The existing bottom drains on the charcoal beds were found to be inadequate
to drain the entire system. A Design Change Request to install a low point
drain on the inlet to each vessel has been initiated.

Restricted sample lines preventing the hydrogen analyzer from functioning
were blown free. The sensor measuring the moisture content of the influent
to the charcoal beds was coated with dirt and had to be replaced. Methods
to improve the reliability of these two instruments are being pursued, On
7/23/77 the unit was returned to service after demonstrating satisfactory
operation of both preheaters, both recombiners, both hydrogen analyzers, and

"B" SJAE,

Plant procedures have been reviewed and revised to include explicit actions
to be taken in the event vital offgas system parameters deviate from their

designed range.

Samples of the charcoal in "B" vessel were taken and examined. No evidence
of discoloration or degradation was seen, The moisture content of the
samples was determined. to be 2%. Samples of the charcoal in the other beds
will be taken to ensure it is dry before the beds are placed back in service.

An extensive investigation was conducted to determine the cause of the

‘temperature excursion, All evidence suggests a hydrogen ignition in the

offgas system ignited carbon fines in adsorber beds B and D which resulted
in some sustained combustion. This heat was transported by the offgas
flow to other beds as evidenced by the swings in bed temperature.

The system was operated for approximately 12 hours (midnight until noon)
just before the incident with no recombination taking place. Since there
was no flow on the steam side of the offgas preheater because of the blocked
preheater drain, the dilution steam, instead of being preheated, was at
saturated temperature. This resulted in condensation on the catalyst which
prevented recombination from taking place. Without recombination, the
radiolytic production rate of hydrogen (about 50 cfm at that time) and the
offgas flow (200 cfm at the time of the incident) gave a hydrogen concentra-
tion from the inlet of the holdup pipe to the stack of 25%.







The SJAE logic 1s such that one jet must be shut completely down before
the other can be started. This results in about. a two-minute period in
changing SJAE's when there is no dilution steamflow.’ Quite likely, when
the attempt was being made to switch from "A" to "B" set of SJAE's misting
over of the catalyst ceased when "A'" SJAE was shutdown, and, during the
two-minute interval before' "B" was started up, hydrogen diffused back into
either recombiner (the valve on the standby recombiner was cracked open),
contacted the now-active catalyst, and ignition took place. Velocity of

a flame front of this sort is about 6,000 fps (reference 1) and accounts
for the '"blown apart" appearance of the pre- and after-filter elements.

The theory of spontaneous combustion by moisture adsorption does not seem
possible for this type of system. Experimental ‘data utilizing moist gas flow
(references 2 and 3) gave temperature increases at least an order of
magnitude below the ignition point of carbon; and, in fact after an initial
temperature peak, further temperature rises were not possible due to the

- thermal desorption of the water. 1In other words, spontaneous combustion
appears to be a self-limiting phenomenon given a set of airflow and humid-
ity conditions. Experimental data with no airflow also gave a very low ’
temperature rigse (46°F) for the size of carbon bed in question (reference

4).

Ignition by hydrogen flame appears the most plausible; and, in fact, an
almost identical circumstance occurred in 1958 (reference 5).

The charcoal beds were returned to service on November 11, 1977. Special
Test 155 was performed to closely monitor differential pressure and isotopic
delay times during the first two months of service. All system.parameters
closely paralleled values obtained during the initial startup testing program.
Thus, the July 17, 1977 temperature excursion did not affect the performance

of the charcoal beds.
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Cause Description and Corrective Actions (Continued)

service and satisfactorily passed operational testing.
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EVENT DESCRIPTION

At 2215 hours on 7/15/77 the unit was returned to service after being shutdown
since 7/7/77. During startup, problems were encountered with high offgas flow
rates, low recombiner preheat temperatures, and low recombiner temperatures,

At 0900 hours on 7/17/77 operations was notified by a chemical laboratory
analyst that the concentration of hydrogen in the offgas system was greater
than 4%. One of the redundant hydrogen analyzers was in service during this
period, but did not indicate an abnormal concentration of hydrogen in the
offgas system. Subsequent analysis at 1345 indicated hydrogen concentration
was less than 4%. About 1200 hours on 7/17/77, an attempt was made to place
the standby steam jet air ejector (SJAE) "B" in service. Problems were
encountered with the pressure controller regulating dilution steam to the
third stage of SJAE. During the 1-3/4 hour period associated with the unsuc-
cessful attempt to transfer SJAE's, several significant but brief transients
were noticed in system pressure, apparently due to excessive dilution steam.
Increases were noticed in system flow rate, dew point, and reheater inlet
temperature. Efforts to transfer the SJAE were terminated at 1400 hours on
7/17/77, and system operation using, the original "A" SJAE resumed. The stack
radiation monitor showed no increase during this period. The charcoal adsorber.
beds were in service with parallel flow through two trains of three vessels
each,

An effort to switch to the standby recombiner was unsuccessful because accept-
able preheater temperatures could not be obtained.

DESCRIPTION OF THE OCCURRENCE

At about 1200 hours on 7/17/77, the temperature of adsorber beds "B," "C,"
"p," and "F" began to increase from their steady state average temperature
of 67° F. The temperature of ""C" bed peaked at 146° F at 1645 hours, and "D"
bed temperature peaked at 146° F at 1720 hours. The indicator temperature
of "B" bed went offscale (150° F) at 1610, and "F" bed temperature peaked

at 138° F at 1815 hours. The temperature of the vault housing the charcoal
vessels increased steadily beginning after 1200 hours on 7/17/77, from its
normal 75° F to 100° F over a 7-hour period.

The charcoal vessels were isolated at 2000 hours and the offgas flow was
routed through the bypass line, On 7/18/77 at 0420 hours a nitrogen purge
was began through "B" and "C" vessels.

On 7/18/77, at 1200 hours the adsorber vault room was entered, The bottom

of "D" vessel was found to be hot with its blue-gray paint discolored but
not blistered or cracked. A slight discoloration of the paint covering the
center portion of "B" vessel was evident. Thermocouples were attached to
the exterior surfaces of vessels "B" and "D" for supplemental monitoring
during the nitrogen purge. The maximum skin temperature recorded was 142° F
at midpoint of "B" vessel,

All vessel temperatures were within the normal range on 7/20/77.
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CORRECTIVE ACTION . L

A task force composed of TVA operating and design employees and GE employees
met at BFNP on 7/20/77 and 7/21/77 to investigate the occurrence. On 7/22/77
the unit was removed from service to facilitate repair work recommended by the
task force. During the outage, work on the preheater drainlines revealed that
two common sections of }-1/2" line were restricted. Since external means were
used to dislodge the blockage, the cause for the blockage is not known., It
was these blocked drainlines which prevented normal steam flow through either
of the recombiner's preheaters. Without adequate preheat, condensation formed
in the preheater. .This condensate carried over to the recombiner vessel,
covered the catalyst, and prevented recombination. When the recombiner drain
was opened, moisture drained off the catalyst reinitiating recombination.

fhe existing bottom drains on the charcoal beds were found to be inadequate
to drain the entire system. A Design Change Request to install a low point
drain on the inlet to each vessel has been initiated. '

Restricted sample lines preventing the hydrogen analyzer from functioning
were blown free. The sensor measuring the moisture content of the influent
to the charcoal beds was coated with dirt and had to be replaced. Methods
to improve the reliability of these two instruments are being pursued. On
7/23/77 the unit was returned to service after demonstrating satisfactory
operation of both preheaters, both recombiners, both hydrogen analyzers, and

""B" SJAE.

Plant procedures have been reviewed and revised to include explicit actions
to be taken in the event vital offgas system parameters deviate from their

designed range.

Samples of the charcoal in "B" vessel were taken and examined. No evidence
of discoloration or degradation was seen., The moisture content of the
samples was determined.to be 2%. Samples of the charcoal in the other beds
will be taken to ensure it is dry before the beds are placed back in service.

An extensive investigation was conducted to determine-the cause of the

' temperature excursion. All evidence suggests a hydrogen ignition in the

offgas system ignited carbon fines in adsorber beds B and D which resulted
in some sustained combustion. This heat was transported by the offgas
flow to other beds as evidenced by the swings in bed temperature.

The system was operated for approximately 12 hours (midnight until noon)
just before the incident with no recombination taking place. Since there
was no flow on the steam side of the offgas preheater because of the blocked
preheater drain, the dilution steam, instead of being preheated, was at
saturated temperature. This resulted in condensation on the catalyst which
prevented recombination from taking place. Without recombination, the
radiolytic production rate of hydrogen (about 50 cfm at that time) and the
offgas flow (200 cfm at the time of the incident) gave a hydrogen concentra-
tion from the inlet of the holdup pipe to the stack of 25%.
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The SJAE logic is such that one jet must be shut completely down before
the other can be started. This results in about.a two-minute period in
changing SJAE's when there is no dilution steamflow.‘ Quite likely, when
the attempt was being made to switch from "A" to "B'" get of SJAE's misting
over of the catalyst ceased when "A'" SJAE was shutdown, and, during the
two-minute interval before' "B" was started up, hydrogen diffused back into
either recombiner (the valve on the standby recombiner was cracked open),
contacted the now-active catalyst, and ignition took place. Velocity of

a flame front of this sort is about 6,000 fps (reference 1) and accounts
for the "blown apart" appearance of the pre- and after-filter elements.

The theory of spontaneous combustion by moisture adsorption does not seem*
possible for this type of system. Experimental data utilizing moist gas flow
(references 2 and 3) gave temperature increases at least an order of
magnitude below the ignition point of carbon; and, in fact after an initial
temperature peak, further temperature rises were not possible due to the

. thermal desorption of the water. In other words, spontaneous combustion
appears to be a self-limiting phenomenon given a set of airflow and humid-
ity conditions. Experimental data with no airflow also gave a very low
temperature rise (46°F) for the size of carbon bed in question (reference

4).

Ignition 5y hydrogen flame appears the most plausible; and, in fact, an
almost identical circumstance occurred in 1958 (reference 5).

‘The charcoal beds were returned to service on November 11, 1977. Special
Test 155 was performed to closely monitor differential pressure and isotopic
delay times during the first two months of service. All system.parameters
closely paralleled values obtained during the initial startup testing program.,
Thus, the July 17, 1977 temperature excursion did not affect the performance

of the charcoal beds.
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