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y. 
This report describes a Bazardo Analysis conducted on Seabrook Ststion96 filter 
units, which contain charcoal bedsfcells. Table 1 identif ies Seabrook's nine ( 9 )  
filter units snd their location. 

I 

SEABROOK 
STATION 

Seabrook's approach to a charcoal fire within the filter units is f i r e  preventian 4 
and detection as outlined within the guidelines of Item II .B(3)  of 1OCm0, 
Appendix R, which states, "specify measurer for f i re  prevention, f i r e  detection, 
f i r e  suppression, &ad fire containment, and alternative shutdown capability a6 
required for each fire area containing structures, systuns, and components 
important to safety in accordance w i t h  NRC guidelines and regulations." 

I 

To address internal charcoal fires, an analysis was conducted on all Seabrook . 

filter units, which contain charcoal beds/cells, to determine the mexhum 
temperatures of the charcoal adsorber sections, due to decay heat from iodine and 

I 
i t s  daughter product decay wdthout air flew. Thia analysis showed that tbe overall 
maximum temperature would be limited to 1 7 0 ~ ~ .  Additional analyses indicate that 
the maximum temperature for the HEPA filters (due t o  decay beat from the 
particulate iodine5 accumulated in these f i l t e r s )  will be limited to 1870~. These 
temperatures are well below the maximum l imi t  of 300'~ recommended in 
ANSI-N509-1980. Thus, there i s  no possibil ity of an internal charcoal fire due to 
decay heat. 

A 
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Appendix A 

Seabrook's charcoal adsorber fil tcrs are also protected from external fires ~ i n c e  
they are contained in a combination of heavy metal casing, wire debr i s  screens, and 
fire retardant BEPA filters as recOmaended in Regulatory Guide 1.52, Deslgn, 
Testing, and Maintenance Criteria for Post-Accident Engineered - Safety Feature 
Atmosphere Cleanup System Air Filtration and Adsorption Units of Light-Wattr-CoolCd 1 
~ u c i e a r  Power Plants, Revifiion 2, March 1978. 
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Further, transient combustibles are l i m i t e d  administratively. Any welding or open 
flame sources vlll be controlled and limited. A fire watch will be maintained per 1 
plant administrative procedure6 during these activities. These precautions will 
prevent external sources from taming internal combustion to the charcoal 
beds/cel ls  . I 

However, a f ire  hazard analysis is developed in this report to address the effects 
of a postulated charcoal fire in the f i l t e r  u n i t s  mad i t s  impact on equipment 
needed for safe shutdown. A realistic, but conse~at ive  approach was used to model 

I 

the charcoal fires since charcoal is a slow burning medium. 

I2uuwma - 
The following assmptiona were wed  in this hazard analysi6. 

1. Fire w i l l  be. detected by reliable and early warning system. I 
2. From detec t ion ,  which i s  alarmed i n  Control Boom, Operations per Operating 

I 0: Procedures w i l l  shutdown air flaw to the filter units. Assume five 
.. . . _  minutes time from alarm conditions to shutdown of air flow. Charcoal is 

. - -  .. assumed t o  be ignited in this time frame. 



3. The Fire Brigade will respond to the charcoal filter within 20 minutes from 
notification by the Control Room for all protected plant areas except 

I 
Containment. This notification is per Operating Procedures. For a fire within 
Containment, the Fire Brigade will respond within 90 minutes. (See Engineering 1 
Evaluation EE-05-033, Revision 00.) 

4. Ignition of the charcoal starts at the top of the charcoal bedlcell. This is assumed 
conservative since a fire located lower in the bedlcell wouId burn the retaining 
mesh and drop the charcoal from the air flow path precluding rapid fire 
propagation. 
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5 .  Since a fire cannot be started due to internal decay heat, the fire must be started 
from an external source. Assume an outside source is carried into the filter unit. 
All the units have HEPA filters on the inlet before the charcoal bed. Each HEPA 
filter section assembly is made up of a grouping of HEPA filter elements 24" x 
24" x 11-112". Each element is a throwaway, extended medium, dry-type filter, 
which are open face, rectangular, fire-resistance type design for radioactive 
service. Assume the source carried internal by air flow totally ignites one HEPA 
filter element, 2' x 2'. This 2' x 2' filter element is assumed to ignite a 4 ftS2 area 
of the charcoal bedlcell. 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
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6. Air flow through the charcoal bedlcell is assumed to be from the start of ignition. 
4 ft? area of charcoal will bum under air flow condition for a period of 5 minutes 
time. At this point forced air flow has stopped and the resulting fire will be 
analyzed under natural draft air flow. 

7. Air flow velocity through the charcoal during forced ventilation is 40 feet per 
minute which is Seabrook's charcoal bedlcell design velocity. 

8. Further assumptions are used in Appendix I, "Evaluation of Charcoal Filter Unit 
Fires at Seabrook Station," 9-29-86 by Professional Loss Control, Inc. and are 
noted in that Appendix. 

The Hazard Analysis consist of 3 parts, (1) Determination of charcoal bed burning rates, (2) a 
heat transfer model of the charcoal bedslcells and (3) effects of the heat transfer on safe 
shutdown equipment. 

(1) Determination of Charcoal Bed Burning Rates 

A charcoal fire test was conducted by NUCON in their ASTM D3466 Test Rig. Data from this 
test was used by Professional Loss Control, Inc. (PLC) in their unsteady state heat transfer model 
of each of Seabrook's filter units, which contain charcoal bedslcells, excluding CBA-F-38 and 
CBA-F-8038. Each Seabrook filter was reviewed separately. NUCON's ASTM D3466 Test 
conducted for Seabrook used the same type of charcoal used in Seabrook's charcoal bedslcells. 
The test normally is performed at 100 feet per minute air velocity, however, 40 FPM velocity 
was used which is Seabrook's filter design velocity. The bed depth is normally 1.0 inch deep. 



For Seabrook's test a 2.0 inches deep bed was u s e d  which is the limit. of 'the A S m  
. 

~ 3 4 6 6  apparatus. Seabrook's bed depth is b.O inches. of the t e s t  data by PLC 
is conservative s ince the test was conducted mder forced air f low'  over a me how 
period. Seabrook's filter unit heat transfer nodel assumes five minuter time from I 
charcoal 3gnition t o  shutdown of a i r  flow; where-as air flow w i l l  be shutdown five 
minute6 after detection of a potential fire, which.most likely OccWs before 
s u f f i c i e n t  temperature i s  available t o  ignite the c+rcoal. 

SEABROOK 
STAT~ON 

A f i re  wind tunnel (EWT) test was conducted by NUCON an a 20 inch x 24 inch face 
area carbon adsorber specimen. The depth of the bed tested was 4.0 inches- Again, 
the charcoal used was the  same type used st Seabrook, 2% KZ and 2% TEDA impregated 
carbon. 

The charcoal was ignited by preheating inlet air to t h e  charcoal specimen. The 
specimen started burning approximately 6 minutes afttr CO production levels of 
50 ppm were measured. Air flow was then continued for an additional 5 minutco,  
then stopped. Inlet and outlet temperatures were then moaitored for one hour. 
Seabrook's ant ic ipated alarm setpoint for CO is 50 ppm and the  normal background 
l e v e l  i s  2 ppm. 

- Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

The purpose of the FWT t e s t  was to look at the a c t u a l  test size modeled by PU: 
under f i r e  conditions. 
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A i r  flow conditions under forced ventilation were the same for the  FWT test versus 
Seabrook's filter unit  design veloci ty .  Once the ventilation was stopped and 
natural drafting began, the FWT t e s t  was no longer s i m i l a r  to Seabrook because of 
duct configuration differences. Seabrook's f fl ter units  bavt outlet dampers, long 
RVAC duct rtms, and in some cases inlet dampers which are isolated once the f i l t e r  
fans are shutdown. Thus, natural d r a f t i n g  through Seabrook's filters would be 
small. The FWT test with natural drafting indicates the charcoal fire will contain 
itself to  a limited fire w i t h  decreasing temperature after atopping forced 

* 

vehtilation. C 

Result6 of the EWT t es t  show, under conditions used i n  the PIX model, carbon lose " 

for a t e s t  duration of one hour was 4.53 lbs which is approximately la of the t e s t  
dry carbon weight. Also t h a t  CO levels increase well above normal mvironmcnt 
levels long before a fire starts .  

The PLC unsteady heat conducUon analysis looked at each charcoel f i l t e r  unit ,  
except C5A-F-38 and CBA-F-8038, to determine tkie.net heat t r e n r f e r  to  the f i l t e r  
housing surface based on charcoal temperature da'ta supplied by NUCQN. Radiation 
and convection heat transfer was a l s o  considered i n  PLC'a analysis. 

Radiation Heat T r s n ~ f e r  from the fire was considered, taking into eccount the 
geometry of each of the filter units. The KEPA f i l t e r s  have a nominal 24" x 24" 
outside dimensions with a 22" x 22" steel mounting frame opening, which l imits the : 
burning mater ia l  t o  one REPA f i l ter  oize. The burning charcoal sur face  area was 
conservatively assumed to be a 24-inch square. The l a r g e r  burning surface area 
accounts for any fire propagation under the  five minute forced v e n t i l a t i o n  period. 
The t a p e r a t u r e s  used in the analysis were measured within the charcoal bed on the 
o u t l e t  side. The highest of any of the temperatures measured was also used. 
Radiation Beat Loas from the a t e e l  housing to its surroundings was also considered. 



For, convectiv,e heat transfer, 
neglected. If accounted for, 
beat removal from the housing. 
convection heat transfer was considered on the outside of the filter housin.ng. 

SEABROOK 
STATION 

Attachment 11 gives the detailed methodology and results of the analysis, 

The following c o n c l ~ i m s  are drawn frm a f ire  involving the charcoal bed6lcells 1 
in the f i l t er  units, 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

1. The worst case maximum localized steel plate housing temperature was 
calculated to be 704OF. This temperature i s  substantially below that 
required for structural failure of the s tee l  housing. 
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2. Structural failure of any steel beam or column in the vicinity of these 
f i l ter  units cannot be cawed by beat transfer from the filter hous5ng. 

3. 7 3 .  nmhmm radiant heat emissive $la from the housing at 7 0 4 " ~ ,  
calculated to be less than 10 KW/m , is 1ess.than half the critical 
radiant flux necessary to igni te  the worot case cable jacket materfals as 
determined by EPRI eponsored tests at Factory Mutual Research Corporatia 
(EPRI NP-1200, Part 1). 

(3) S a f e t d o w n  m t  R w i e w  

From the conclusions of the heat transfer model there would be no s t ruc tura l  stee 
fatlures in the vicinity of Seabrooklr's charcoal filters. mu6 no .sf e shutdo= @-.:+ 

........ equipment would be effected due to steel failures. Equipment further than three 
f ee t  from the filter units also would not be effected based on the maximum heat 

"' i' 
flux from the how ing . t 

! 
An evaluation of safe shutdown equipment was conducted looking at the  equipment 
within and including three feet from each of the filter units .  

1 
2.. 

- - o.ia - No charcoal fire modeling w m  done un these  filters. It is  
assumed'that a charcoal fire will cauee loss of all equipment w i t h i n  it6 fire area 
(i-e., C3-F-3B-A). Seabrook's present Appadix  R Saf a Shutdown Study shows th is  to 
b e  acceptable- Also there i s  no concern of damage to structural steel since ell 

I 
this steel in this fire are8 is fire proofed- 

CAP-F-4Q - There is no safe shutdown equipomt wed during a fire in  this f i r e  
area, PAB-F-3A-2, withfn and including three feet/.of CAP-F-40. 

m-F-40 - There is no safe shutdown equipment w e d  during a fire in t h i s  f i re  
area, C-F-3-Z, within and including three feet of CAH-F-40. 

6 9  - There is no safe shutdown equipment wed during a fire in this fire 
area, CE-F-1-2, within and including three feet of 15AB-F-9.69. 

74 - There i s  ao safe shutdown equipment used during a fire in this fire 
area, FSB-F1-A. 



- - There is n o  safe .hutdown equipmt used during a fire in fhis"fire area 
' * % - ~ ~ ~ Z , w I t b f n a n d i n e l u d i n g t h r e e f e e t o f P M - F - 1 6 .  

SEABROOK 
STATION 

Tbe hazards posed by the beating of the steel housing from a charcoal bed/cell 
filter fire.  under the operational guidelines to shutdown forced ventilation of the 
filter in question, will not jeopardize the safe shutdown of Seabrook Station. 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
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-4- .--A_- -_..-... -1, .. .. . . - .  I.. - . _--_- .-- ---a- . --. . . . - . . -. .- . . . . . . - . . 
I 

WID Saf e_tv/Non-etg RG 1 - 52 -. ::--e Area 

EAR-F-9 Safety Yes Yes CE-F-1-2 Containment Enclosure 
EL 21' 6" 

EM-F-6 9 Safety Ye6 Yes CE-F-1-2 Containment Enclosure 
EL 21' 6" 

FAH-F-41 Safety Ye8 Yea FSB-F1-A Fuel Building EL 84' ON 

FAH-F-74 Safe tp Yes Yes FSB-F1-A Fuel Building EL 84' 0" 

CAM-F-8 Non No Yes C-F-3-2 Containment 

PM-F-16 Non I No 

CAP-F-40 Non 

CBA-F-38 Safety 

No 

Yes 

Yes PAB-P-4-2 Primary Auxiliary 
Building EL 81' 0'' 

Yes PAB-F-3A-Z Primary Auxiliary 
Building EL 5 3 '  0" 

Yes CB-F-3B-A Control Room AVAC 
Equipment Room EL 75 '  

. 
CBA-F-80 38 Safety ' Yes Yes CB-F-3B-A Control Room HVAC . 

Equipment Room EL 75 ' 
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IKTRODUCTI ON 

Thls report  desctlbes an tngfneerfng analysis conducted to characterlre the, 
hazard i f  a fire inrolrlng the chrrcorl f i l t e r  mftr  rt the Seabrook st.- 
t lon.  An unsteady-state heat conduction rnrlysfs has  been perfom* t o  
p n d i c t  the local temperature rlrt I n  t h t  plate stet1 bus ing  uposed to.  s 
charcoal f i l t e r  f fn for tach of seven a i r  hrndlfng unlts.  

SEABROOK 
STATION 

* OACK6ROUND 

Charcoal filter beds art installed tn the sevtn (7)  rlr handltng mlts 
i d t n t l l l e d  4n Tabfe 1. Inside the houstng @re nunemus charcoal f i l t e r  bed 
cells, The number of cells within r buslng tnclosurt ranges f r a  4 t o  
28. The charcoal Igni t fon source IS assumtd t o  be external t o  tk unit.. 

The configuration of r lr  cleaning systetns I s  such that the charcoal absorb- 
ers are  preceded by HEPA f i l t e r s .  The HEPA f l l t e r  munt lng  frame i s  a 
steel structure w i t h  22 inch  x 22 Inch  openings. Therefore,  no larger  
burning rnaterlr l  than one HEPA f i l t e r  s i z e  could enter the carbon bed. 

Anything larger m u l d  be stopped by tk HEPA nounttng frame r t r u c t u t t  wen 
if i t  would penetrate the ptsccdlng cunponents. Thls was the reason for 

t h e  selectfon of a 24 Inch x 24 inch exposure t o  a single carbon cell f o r  
both the FST test  and subsequent engineering analysls. 

r 

An unsteady-state heat conductibn analysls was performed on the stet1  hous- 
ing .  Since the heat eonductlon wlthln t h e  steel plate  occurs very rapfdly, 

r lumped heat capacity approach could be a p p l i e d  t o  s impl i fy  the mathma- 
t i c s  Involved. The steel housdnp was considered to &eive  radiant b a t  
f ran the burning charcoal bed. Radiat ive and convcctfuc heat losses from 
the s t e e l  bus lng  t o  the surroundings were Included. Adetalled descrip- 

t i o n  and the tquations f o r  the analysis am Included I n  Appendix A. 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 
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TABLE 1 - 
DIMENSIONS OF CHARCOAL SECTION OF UNITS 

Unl t - - -  A 0 C 

PAH-F-16 5'1' - 12'2" 26'7' 

EAH-F-9 5'1" 5'6' 3'6" 
EAH-F-69 

FAH-F-41 5'1" 10'3" 1 4  '8" 
FAH-F-74 
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TABLE 2 

(Table 1 fron September 15,  1986, ' Iodine Msorbcr Flrt Test' by 
Huclear Consulting Services, lnc.) 
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i 

rut Dmtr 
3 Sapt 1986 
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arbon I ~ l i t i o n  fol lwmd by r~sidurl butiw (1.0. rir flw continued but beat 
err 1. 

ktbod: EiW D3456 OXcapt: 40 FPII, 2 inch bad depth and rut  b u t  up 

. kteri.2: Dry air  mud WSORB UTE XI Lot 45/10 

Starting eondltimn: 25.C 

I g i t L o n  accurnd a t  m upper bed (outlet 1 temperrtrrre of a p p r ~ x i ~ a t * l 7  400'C, 
lover  bed ( in le t )  temperature of L85*C, m i r  inlet temp. 285.C. 

f empenturts after iml tion: 

Ylthln Carbon Bed 
Outlet Side (*C) X n h t  Sldm (*CI 

255 
920 
850 

* ,800 
800 
805 , 
790 
780 
790 
790 

. 780 
7 3  
800 purplr .sake 
450 
250 
1 9  
135 



FIGURE 1 

SEABROOK 
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from NSC, Inc. test 
of Sept. 3,1986 

Tl ME (MlN.]?,, 

Ternperof u n  History in Charcoal Bed 
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Appendix A 
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osscussro'n 

TI% tunparaturn r i s e  of the steel housing on th seven charcoal f l l i e r  
u n f t s  O f  Concern Is presented Yri tab les  3 through 7. k noted i n  t h e  

SEABROOK 
STATION 

tables, the rnaximun localized housing t m p t r a t u e  f o r  Lhfts PAH-F-16 (see 
Table 3) .  CAP-F-40 (see Table 5 ) .  FAH-F-42 and FCH-F-74 (see Table 6).-are 
w i t h i n  50°F of one rnothcr (betmen 4'11 and 461.F). . T k  surfrce tunptra- 
t u n s  present 8 slnfmal hazard t o  f ixed equipment or cabllng mltss mounted 

d f n c t l y  em the houslng. as well as to personnel, unless they came I n t o  
contact w i t h  the enclosure I t s e l f .  

The maximum local l zed t e m p  r a t u r t  predicted for Units EAH-F-9 and EAH-F-69 

I s  704.F (see Table 4 ) .  The increased temperature i s  dw to tk reduced 

sfze of the houslng, which includes less steel through which the k a t  can 

be diffused. S t i l l ,  t h l s  temperature would not appear b b e  at a l w e l  or 

e x f s t  for  r su l f i c i en t l y  long duration t o  post r xr fous  exposure condi- 

t ion,  unless the materials of concern are In dlrect contact with tk bu s -  
ing. . 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
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finally, because of the d i f f t  rent a l r  f low arrangement, tk plaximm temper- 
I t u l t  t o  tk top of th. C ~ C ~ O S U R  f o r  CAH-F-8 4s 638.F Table 7) .  f h j ~  

temperature I s  due to  the r e l a t i v t l y ~  small size  o f ' thh  enclosure u n j t  as 
well as the location of the exposed side being tk top of th? enclosure. 
Being located on the top, the eonvectfve k a t  losses an substant ia l ly  
reduced f r a  that of  a sqde. 
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k noted .in tk tables,  tk analysis was tennfnated at 60 minutes. Extend- 

lng the duration beyond 60 minutes 4s  not necessary s4nce the steel  temper- 

a ture  I s  decllnlng IS t o  20 mlnutes Into the qncident u l t h  no a c t i m  othcr 
than thutt lng down the related fan withfn 5 minutes.of the f l t e  In t t l a t lon .  



TABLE 3 - 

SEABROOK 
STATION 

LOCAL HOUSING EMPERATWE VS. 
T I M  I N  UNIT PAH-F-16 

UNIT 
PAH-F-16 
T 1% 
(MINI  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
1 5  
16 ' 

17 
18 
19 

- 2 0  . 
21 
22 
23 
24 
25 
26 
27 
2 8 
29 
30 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
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M X I H U M  
LOCAL 

HOUSING TEnP. 
(DEG F) 

94 
104 
115 
128 
14 2 
159 
178 
199 
223 
24 9 
2 78 
310 
337 
359 
376 
390 
399 
406 
409 
411 - 
41 0 
408 
404 
400 
394 
388 
381 
374 
366 
359 
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UNIT 
PAH-F-16. 
TIME 
[ W I N )  
3 1 
3 2 
3 3 
34 
35 
36 
37 
38 
3 9 
40 
4 1 
42 
4 3 
44 
45 
46 

- 47 
48 
$9 
50 
51 
52 
53 
54 

55 . 
56 
57 
38 
59 
60 

HAXICIV# 
LOCAL 

HOUSING TEMP. 
(DEG F) 

351 



TABLE 4 

LOCAL HOUSING TEUPERATURE rS. 
TIME IN UNITS EAH-F-9 and EAH-F-69 

UNITS WXIWUH 
fAH-F-9, EhH-F-69 LOCAL 

T 1?4E WUSING TEMP. 
{?!IN) (DEG f )  

1 121 
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UNITS wxmun - 
EAH-F-9, EAH-F-69 LOCAL 

- TIME . HOUSING TEMP. 
. (WIN) (DEG F) 

3 1 544 
32 53 2 
33 5 20 
34 508 
3 5 4 97 
36 486 
3 7 475 
38 464 
3 9 454 
40 444 
4 1 434 
42 324 
43 415 
44 406 
45 398 
46 390 
4 7 382. 
48 374 
4 9 367 
5 0 360 
51 - 353 
52 347 
5 3 34 1 
54 3 35 
5 5 329 
56 324 
57 319 
$8 315 
59 ' 310 
60 306 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 



TABLE 5 

SEABROOK 
STATION 

LOCAL HOUS 16 TEMPERATURE YS. 
TIHE IN UNITS FAH-F-41 and FAU-F-74 

UNIT MXIHUFI UNIT MAXIMUM .' 
FAH-F dl, FAH-F-7 4 LOCAL FAH-f -4 1, FAH-F-74 LOCAL 

TIME tlOUSING TEMP. TfWE . HOUSlNG TEMP- 
(PI1 N) (DEG F) ( W I N )  (DEG F) 

1 96 31 . 369 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 
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UNIT 
CAP-F-40 

- :E, 
1 
2 
3 ' 

4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 - 
37 
18 
' 19 

20 
2 1 
22 
23 
24 
25 
2 6 
27 
28 
2 9 
30 

TABLE 6 .; 
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SEABROOK 
STATION 

LOCAL HOUS I NG TEMPERATURE YS. 
71% I N  UNIT CAP-F-40 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

WXIEIUH 
LOCAL 

WIJSIHG TEMP, 
(DEG F) 

97 
109 
122 
137 
155 
17 5 
197 
222 
251 
282 
316 
354 
3 85 
410 
429 
443 
452 
458 
461 - 
460 
458 
454 - 
449 
44 3 
435 
427 
419 
410 
401 
391 

UNIT 
,CAP-F -40 

TIME . 
( W I N )  
3 1 

WXPUM 
LOCAL 

WUSING TEMP. 
(DEE F )  

382 



LOCAL HOUSING TEHPERATURE YS. 
TIME IN CAH-F-B UNIT 

SEABROOK 
STATION 

UNIT HAXIMUM UNIT WXIMUN 
CAH-F-B LUC AL ' CAH-F-B . LOCAL 

* TIHE HOUSING TEMP. TIHE WUSING TErlP- 
_ ( M 1 N )  (DEG F) . (HIN) (DEG F )  

1 106 3 1 486 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 
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CONC LUS 1 ONS 

&I& u p h  conrmatlve, n r r r  rare  ~ a l ~ u l r t l o n r .  the following conclusions 
a n  dram from r f l r e  tnuolvlng -the charcoal cells i n  the air h n d l f n g  

SEABROOK 
STATION 

unl t s :  

1. The rotst caw m l x i m u n  1 ocrl 1 zed -steel plate houslng t s a ~ c r a t u r e  

was calculated to be 704.F. ThIs tcmpe;aturc t s  substmtirl\r 
below that requlred for structural f a f l u r e  of the steel hausing. 

Evaluation and Comparison to BTP APCSB 9.5- 1 ,  
Appendix A 

2. Structural fa i lurn  of any steel beam or c o l m  tn the vicini ty  of 
t h e s t  f i l t er  mits cannot k caused by ) r a t  transfer fran the 

f l l t e r  houslng. 
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3. The maxlmum rnd lant  heat n i s s l v e  f lux  frcm tk housing rt  704.F. 
calculated t o  be less than 10 k ~ / m 2 ,  I s  less thn h a l f  tk crttl- 
crl radlrnt f l u x  necessary t o  Igni te  the worst case cable Jacket 
n r t e r l a l s  8s detennfntd by EPRI sponsored t e s t s  a t  Factory h t ~ a l  

Research Corper~ t f  on (EPRI HP-1200 part  1). 

Therefore, the hazards posed by the h'eatlng of the steel houslng trm a 

charcoal bed f i l t e r  cell f i r e  dl 1 not jeopatdlze tht safe shvtdorn of the 

plant.  

b 

F i  I e Ref: SE-02-02-103 



Section F-3 Appendix D 
Hazards Analyses of Seabrook Station 

Charcoal Filter Units 

SEABROOK 
STATION 

APPENDIX A 

EvaIuation and Comparison to BTP APCSB 9.5-1, 
Appendix A 
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APPENDIX A -- 
ANALYSIS METHODOLOGY 

SEABRQOK 
STATION 

1 
i 

The unsteady heat tonductlon m a l y s f s  used f o r  t h l s  study i s  dcscrlbed i n  

I drtrI l  1n t h l s  eppendlx. A lumped heat capacfty approach was r r t l l fzcd,  
! - l id as long as the fieat conduction I s  r u f f ! c l e n t l y  f as t .  as canpared to 
i thc r a t e  o f  heat t rans fe r  t o  tk o b j e c t  ( t h e  rpproprtateness of th lumped 
i heat capacity approach i s ' n v i e m d  l a t e r  I n  t h l s  appendix). 

F igu re  kl depic ts  tk heat t r a n s f e r  t o  the steel  heustng. The net heat 

t r a n s f e r  t o  tk s tee l  acts t o  Increase the internal energy o f  tb s tee l ,  

r e s u l t i n g  I n  a temperature rf se. This can be described In equation [l] as: 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 

where : 

O w  ' Radiatlve heat t r a n s f e r  fran f i r e  (U) 
Q, r Radiat!ve heat l oss  f r u n  s teel  t o  surroundings ( W )  

Q, 1 Convectlve heat l o s s  f r o n  s tee l  t o  surroundings ( W )  

Ts * 's tee l  temperature (.C) 
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t 8 Time (sec.) 

e = Steel density (7700 k g h 3 )  

C, Steel  s p e c l f l c  h a t  (520 J/kg 'C) 

Y = S t e e l  v o l m e  (m3)  

It should be noted t h a t  conductive losses thrbugh tk s t e e l  to the r m a f n -  

d t r  of the howlng have k e n  neglected. Th is  assumption Is conservr t tve by 
jgnoring heat which d i f fuses  throughout t h e  assembly. 



Figure A - 1 

Heat T r a n s f e r  Process 
. . 
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SEABROOK 
STATION 

st eel 
HouSl ng 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 

t 

0, = convect !on heat loss  
Q,, - r a d i r t l o n  Feat  loss 
Qw r a d l a t l o n  frm f lm  . 



The three tenns f n v o l v f n g  radiat ion or c o n v u t i ~ n  h a t  t ransfer will now be 

R ~ d l r t i o n  Heat Transfer fra F l n  

I n  general, radiation heat t ransfer between two f in i te .  non-black bodfes i s  

glvrn by: 

where: 

6 - Stefan-Boltmann Constant (5.67 x 10-8 u/~**K)  

T, = Charcoal temperature ('K) 

7, = Steel tmperature ('K) 

tc - Charcoal m i s s i v l t y  (assume -75) - Area of burning charcosl (m2) 
Fcs = View factor (assume 1.0) 

es = Steel m i s s i v l t y  conservatively approximated as 0.8 (1) 
. AS Area o f  s teel  (m2) 

The surface area of steel d i rec t l y  exposed t o  the cadfant b a t  from the 

charcoal f i l t e r  bed c e l l  f i r e  v a r i e d  f o r  tht f i v e  d fs t i nc t  Unlt typcs. For 

each u n i t ,  the area can be calculated as the product o f  dimensions "A" md 

"8" from Table 1, except f o r  Unit CAH-F-8 where tk area I s  the product of 
dimensions 'Aw md *Cn, 

The view factor  can be detennined uslng graphs and vfew factor  algebra. 
Because o f  t t r  steel area belng rpprcclsbly greater than th exposfng char- 
coal bed area, the view factor  was approximated 8s 1.0. It should k noted 

tha t  since tk ~ t e e f  and charcoal 8- f fn i t e  in  slze, the v i e w  factor i s  
actually s l ight ly  less than 1.0. Estimation of the view factor  of 1.0 i s  

conservative. 1.e.. t h i s  wlll lead t o  r greater stet1 temperature. 



The charcoh~ a i s s i v i t y  1s assumed t o  be 0.75, r s  suggested by Evans and 

Emnons (2). The burning charcoal surface area (Ac]  was conservatively 

assumed to be 0.465 m 2  (26 fnches 'square) whfc h 1s larger than the mxlmurn 

posslble f l m  exposum (22 fnches square) t o  tbe charcoal bed. The char- 

coal temperature 1s a functlon o f  time, as p r w l d t d  i n  the test report sum- 
marlzed I n  Table 2 of t h l s  report  (3). T k  ttmperatums used I n  t h l s  rnal-  

ysls were measured wlthln thc charcoal bed on the out le t  side. Thfs set of 

temperatures was tk hlghtst  o f  any o f  tk temperrtuns measured. thereby 
y i e l d i ng  a conscrvatlve predlct lon o f  the  steel temperature. This Is also 

conservrtfve sfnct  tk temperatun used 1s m I n t e r l o r  tmperature as 

opposed t o  a surface temperature (whtch the radiat ion i s  dependent on) 
which would be cooler. 

SEABROOK 
STATION 

Radiative. l k a t  Loss 

Since t h e  temperatun o f  tk surroundfngs of the steel housing. other than 

the burnfng charcoal f l l t e r  bed cel l .  I s  assumed t o  be unaffected by the 

fin, the surroundings rill remain cool fn comparison to the steel plate.. 

As r result, radiat ion k a t  t rans fer  w l l l  occur f rm the steel to the sur- 
roundings, n s u l t I n g  i n  a net heat !ass fran tht steel. Slncc t h e  sur- 

roundfngs are i n f t n f t e  i n  size as compared t o  the busing.  the radiat ive 

heat loss I s  given by: 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 

where: 

T = Roan temperature ( 'K) 
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Ts,es ands were defined previously for  equatfon 123. A room tesperrtute 

of  27.C (81°F] was a r b l t r a r l l y  select& f o r  use fn )he calculations. 

T k  rad la t l v t  heat loss Is assuned t o  occur on both sides of the steel  

hous 1 ng . 

A' 



convective Heat Loss 3r 

SEABROOK 
STATION 

As long as thc surrounding a i r  tr;riptraturt i s  less than tk steel tmpera- 

ture. f ree convection k a t  t ransfer d l 1  occur. Dut t o  the forced a i r  flow 

mf 40 ft/mln. thmugh th charcoal f i l t e r  bed and wl th ln tk burlng dui lng 

the f i r s t  f i ve  minutts a f t e r  ignf t ion.  fo rc td  convection h a t  transfer a1 so 
can be expecttd. The rdd f t lon  o f  forced convectlon~ w i l l  lead to m en- 

hanced c o n v ~ t l v e  k a t  loss frun the steel. For the purpose of t h i s  analy- 

s is,  the forced convection was neglected, since tk forced a l r  stream can 
be expected t o  be bated,  as documented i n  the t e s t  report. It should be 

noted that the heated a i r  temperature i s  expected to be less than th?? Steel 
temperature. Thus, neglecting the forced convut ion h a t  t ransfer f s  con- 

servative. 

The f ree  convection heat t,ransftr wlll occur due to  th heatfng of th a i r  

adjacent to  the steel plate, resu l t ing  I n  a i r  rnovemcht due t o  r buoyancy 

change. Equation 141 descrlbes thc f ree  convection h e a t  loss. 

Evaluation and Comparison to BTP APCSB 9 5 1 ,  

Appendix A 

h - Convection k a t  t ransfer coef f i c ien t  ( ~ / m 2  'K) 

AT = Tmperatum dl f fercnce between steel and ambient a i r  ('K). 
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The convection coefficient can be approximated as 4.5 y/m2 'K (1). This 

value can be checked n e  a p f  r i c a l l y  derlved values f o r  the coeff icient. 

where thc convectfng f l u i d  i s  rlr (1). 

0.95 ( A T ) ~ I ~  f o r  ver t i ca l  p l a te  

1.43 ( ~ ~ ) 1 / 3  f o r  hor lzont r l  plate 
tS1 

The condit ion of a hor lzmta l  p late i s  present fo r  un i t  CAH-F-8. The value 

o f  the convection coeff ic ient  w i l l  be revfewed a f t e r  the steel temperature 

i s  estimated, so that  t h t  ,temperature di f ference can be evaluated. 



In  the CaSf of t h e  MI~S ~ h e r t  th t  exposed housing surface I S  vertlca\ 

(PAH-F-16. &AH-F-9, EAH-F-69, FAH-F-41, FAH-F-74 and C~p-F-40), tk f ree 

convection h a t  transfer i s  assumed t o  occur m both sides of the huslng. 

Unit PH-F-8. wl th  tk exposed hot i rontal  rutfrcc. tk fm convection t s  
rssumed t o  occur only f ra the t o p  surface. Free convectlon dl1 also 

ex l s t  frm tk lower surface, but a t  a much reducgd rate due to the con- 

vect lng air m d n g  I n  opposltlon to smoke' produced -by tht burnlng rhar- 

coal. In all  casts, tk ambient air temperature I s  r r b l t r a r l l y  assumed t o  

be not (8lof) .  

SEABROOK 
STATION 

So1 utfon f o r  Steel Temperature 

The steel temperature can be &tennined by substitutfng equations 123. 133 

Evaluation and Comparison to BTP APCSB 9.5- 1 ,  
Appendix A 

and [4'J I n t o  equatlon [I]. Tk derivative, dTs can be replaced by a. 
dt' at 

Ln I t e r a t i v e  solutlon technlqvc can be a p p l i e d  t o  determine Ts after a t ime 
duration of interest. For t h i s  study, a t o ta l  time o f  60 minutes was con- 

sidered. I n  general. the equatlon f o r  Ts I s  given as: 
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Since es t~ma t t s  f o r  the stetl temperature an now rvai lable,  tk validity 
of two key assumptions can be checked. One assumpion considered the r a t e  

of    on duct ion heat t ransfer wi th in tk steel  t o  be nuch.'greater than the 

r r d f r t i o n  and convectlon b a t  t ransfer on tk s t e t l  boundary. The second 
assumptton stated tha t  the convection heat t ransfer cocf f ic fent  .was 4.5 

~ / m 2  *Y. The second assumption dl1 be addressed f i r s t ,  since the exrmlns- 

t i o n  of the f i r s t  assumption nqulres the convect~on . c o e f f ~ c l t n t  to be 
known. 

./ 
The convection heat t ransfer coefficient can be dettnnlned frm equation 

151. Considering the  temperature difference t o  be 2MI.C (an approximate 



average temperature d f f h n n c e  durlng the 6O-mlnute exposure), the eonvec- 

t l o n  coeff ic ient  i s  actually 5.5 ~ / m 2  *K f o r  -the ve r t i ca l  p late and 8.43 

w/mZ *K f o r  the b r l zon ta l  ptate..' Thus, use of  the value ef 4.5 ~ / m 2  *K 
f o r  the convut lon coefftcfent undt res t ln r ta t  tk convective haat !ass. 
y l e l d l ng  greater steel temperatures. Since the ~ssunpt lon  o f  4.5 ~ l m *  *K 
Is shon ta be consenative, wltfiout grossly undenstlmatlng tht tonvac t lv t  

heat loss. tht assumption 1s u m s l d c n d  valid. 

SEABROOK 
STATION 

The' v a l l d l t y  o f  the f i r s t  and more Important rssmptton a n  now k 
assessed. T k  cmparlson of rates of eonductlon to convection and radia- 

t i o n  b a t  t ransfer can be prformed by evaluating thc parameter, #/k as 
noted I n  equatton C7 3: 

where: 
H = Combined radiatfon and convectlon h a t  t ransfer coeff icient 

~ / m 2  *K ) 
= Characteristfc dimcnslon o f  steel  (m) kl Steel themal condurt fvt ty (N/m *K) 

-- 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 

I 

@ 
:: cunblnd radiation and convection heat t ransfer coef f l c len t  i s  given 

H = k + h u + h w  [B] 

Rev. 9 
Section F.3 D 
Page 27 

h,, can be re-expressed as: 

Slml1arly, h w  Is: 



Assuming m average steel  temperature of 500 .K, average charcoal tempera- 

t u r n  of 1000 *K, and roan teMpt fa tun  o f  300 .K h,, and hy can k walu- 
atcd,  sff fig the values fo r  all  other parameters which en previously pre- 

sent ed. 
h , - 56.8 Y / ~ Z K  
hRF - 36.4 U / ~ K  

SEABROOK 
STATION 

Thus, tk sun of thc heat t ransfer  c o e f f l c l e n t r  I s  97.7 ~ / m 2  OK. 

T k  c h a r a c t e r l s t ~ c  dlmenslon of thc s t e e l  (L) I s  the r a t l o  of thc v o l w  t o  
the surface area. In t h i s  u s e  the c h a r r c t e r t s t i c  dimenslon I s  th p l a t e  

thlckness, I.@., 0.601 m (1/4 Inch). 

Evaluation and Comparison to BTP APC SB 9.5 - 1, 
Appendix A 

A s s d n g  tk s tee l  conduc t i v i t y  I s  estimated as 25 Y/mK, 
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Thus, tk assumption o f  the ra te  o f  heat conduction being subs t8n t fa l l y  

g rea te r  than t h a t  of the convection and rad ia t ion  k a t  t r a n s f e r  I s  appro- 

prf 8te. 

Page 28 

The convectfve and r a d l a t i v r  losses can a lso  bt canpared t o  assess tk sen- 

s l t l v i t y  of the m a l y s l s  t o  the selected roan temperature. For f l l u s t r a -  

tlon purposes I f  tk assumed room temperature tr increased f rom 81 'F t o  

120 'F (27 *C t o  49 'C), the maxIrnurn loca l i zed  b u s i n g  temperature 

Increases by only approximately 20 OF. 
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nrs R * u * I ~ . ~  (1977) 67 - 66 
O b i e r  M u o L  SA. L-nr - M i a d  h t b m  NeLbriLaL 

. . . . 
Combustion of Wood Chrrorl' 

The dynamics of burning of wood c h d  
in an air c t n m  it ermined both upr imen-  
W y  md Lheoreiiully. To simplify the tbeory. 
an uperimentd urrngement approximating 
a one dimensional phenomenon was rdopted. 
Tbe theory includes conduction in the aolid, 
t h e m i d  ructions and heat releue at the 
arrlxe. m d  heat md mru tnnsfer in the gu 
bounduy layer above She surface. The mohr 
COIC02 n t io  L rncuund. The theory p re  
dicta surface trcmpemture, solid tcmpenture 
distribution and burning r a l  within uperi- 
mental error. An effective rrsction nt* for. 
mula k developd. 

This ~tudy is r step towud undenfrnding 
the details of the extinguishment of wood 
fires by water. To avoid the complitrtions in 
chemistry during the pyrolysis tha t  wood 
undereocs u it burns, the initial study reported 
here is for the buming of wood c h u e d .  The 
buming of wood charcoal offen a simplified 
chemistry while maintaining r physical raw. 
tun closely related to the orilinrl wood, wid 

-' 

is an imporbnt process in a wood t i  u wtll. 
The wood chucod used in this experiment 

was cornmenidly 8Milrblc m d  produced 
from basswood (Tiilia americana). When w o d  
charcoal is burned, the burning surface k- 
t o m a  complicated by a system of en* 
generated in the combustion p r o n u ,  md by 
a fiberour m a y  of residual ash (cn Fig. 1). 
Cansidering these comp~icrtions, it & not m- 
prisinp that little quantillive work oo the - 

* h r ~ r n l l y  nt: Ccnier for Fn"w, Rcunrch. Nntionrl 

eombwiian of wood chucoJ hu ban done 
ia t h e  put. Mort W c  r ld iH  of =boa corn- 
buttion utilize graphilc which is easily ob 
Wed more chemicdy pure md physicrtly 
uniform. Notable unong the studies of mph- 
itc combustion is the extensive work per- 
formed by Nagle md Stricklmd-Corntable 
111 in which an expression for the chemical 
mtc of rerction of pyro graphite with oxygen 
wu dweloped. One rnight consider initially 
buminp gnphitc to avoid the uh and a c k i n g  
problem. However the low porosity [relative 
to chucorl) md the conrcquent luge chvnges 
af properties makes such tcrts of little d u e  
for the present problem. In kt, gmphite 
will not burn in the present apparatus. 

The primary tad of th is  investiption ir to 
predict tht buming chamctcristirr of wood 
tharcoal from hasic physical principks. Hope 
fd ly  this w e  model will prove adequate Sa 
describe more complex cases and in p u t i c v l u  
will be helpful in Ule study of extinguishment. 
Thus it k dvantrgeous to wt up m upcri- 
mcnt that is e=Uy modeled. One fmdr thrt 
if an isolated piece of wood c h u c d  is ig- 
nited, it will not continue w bum unless one 
blows m oxidizer. Lc. air, on to it A putitu- 
luly useful way b blow rir on It md at  the 
same time ta produce r neuly one dimedon- 
d phenomenon. is to toate the burning sur. 
face in r rbpnatioh point now field. in the 
laminar crsc. the rbgnation paint now field 
develops a uniform boundary layer thicknen 
over lhe impingement plrnc and thus uniform 
tnnsport phenomenon cm h cxpectrd. . 
Unfortunately, in order to miinWn comb- 
tion, air must be b l o w  at the chucod b u m  
inp ~ r f a c e  at high mainsham veloeiticc; vr- 
locitics thrt are high enough t4 make the now 
turbulent. The degree Lo which Lhc bunduy  
layer thickness for 8 turbulent tlrpnaiion 
paint f law field remains unifonn. 5 in the 
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1. Burnihg wrfae* of a rbmrtod cyiindtr rbering m e L  mad ram ub raur. fa. 6 d . r  or 
the .urIac. appun  elliptid buuu r h m  t.mcra ru held mL BD rntlr ko the u h  d the ryliadu Lo krrp it out of 
tbm ab Row fidd. 

SEABROOK Evaluation and Comparison to BTP APCSB 9.5- 1, 
STATION Appendix A 

art of the luninu now was not invesligrltd, 
but the uperimenbl results were found to k 
well approximated by a one dimeruiorul (he 
ory- 

The model of the burning proctu w d  here 
rrtumes that an ovenlt reaction &;ween 
urbon md oxygen takes p l s e  on the pre 
jeeted surfact uea (i.r. not counting the ad- 
ditional ueu within c a b  or porn; tbe 
cracks cover about 0.5% of the projected m a  
while the porn uc very rmdl complex and 
conru'tub a b u t  80% of the volume) b p m  
duce carbon dioxide and carbon monoxide, 
The energy and mass balances ~t the cutlace 
=quire a knowledge of the convective hert 
m d  m w  transfer nkr, the radiative h u t  
exchulpe, and the conduction inb the rolid. 

Hert transfer cocMcienlr w e e  meuund by 
the cooling of copper slug in the place of 
the charcoil sample. The results ur.pmcnUd 
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m d  u e  edmp& with tht hert trrnzler 
N ~ Q .  

The ndiation is cornwtrd bv usurnin? r 
C U I ~ ~ S  
value I*IIs wjlhin the w g e  oiltenturc values 
for "rough cubon" u for example mt. 2. 

T h e  heat conduction into the chvcod it 
the heat required to heat the e h u c d  from 
the rmbient brnperrturc to the surface tern- 
peratlam. 

Finally the ratio of cubon monoxide to 
rubon dioxide produced during chueorl 
combustion w u  measured by r mus specWe 
metct analysis of grab umplcr. The radU f 

uc compared with litemturt v d u u  

BURNING RAm AND SURFACETE!!lPERATURL: 
f XrWllblENTAL APPARATUS AND 

In dimensionless form. - 
M u  transfer cocSficicn& were mtmurd The wood c h u c d  obl.inrd from b 

by tt!e evapontion of w 8 l u  born 8 wet parmu. wood used in his experiment i S  that coat- 
slug In the place of the charcoal sample. The rncrcially told by WiHiarn &on Co. of 
multr are presmlcd in dimemionleu forin Carlrtadt, New Jemy. in solid blocks with 



! i bFh 
Fi. 2 Schematic d i g r u n  ofappuatru. 

approximate dimensions 17 X 10 X 3.5 em. 
Bulk densities nnged from 0.26 to 0.34 

~ l t m '  m d  u h  content from 0.5 to 1.3% by 
weight. No comlrtion of rsh concenhtion 
with the c ~ o d  density w u  o ~ K N C ~ .  The 
densities of the test chucod fd l  in the u m e  
m g e  u the densities which mul t  from a fire, 
although the latter are usually riddled with 
cracks-luge and rmd--while the uptrimen- 
tpi u m p l o  were free of cracks k f o r t  the test 
and druing the test only undl d c e  sack 
~PP&. 

To make the measurements of buming rate, 
surface tempcr;rture, and inkrnd temperature 
distriburion of r wood charcod cylinder burn. 
ing in a stagnation point flow, Lhc apparatus 
rhemat id ly  represented in Fig. 2 w u  w m -  
bled. A charcoal cylinder approximately 2.7 
cm in diarnewr and initially 11.4 em in beight 
is rhown burning surrounded by insulating 
mattrid. This insulation is astatid if lhe 
phenomenon L to be one dimensional. The 
chucod cyiinder is cut from 8 larger block of 
ehucoal cuch Lhal Lhe prin direction is  ptr- 
taendieulu to the u i s  of the cvlinder. Al the 
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SEABROOK 
STATION 

burning surfoec regresses bw;ds the bottom 
of the cvlinder. the motor driven ~IrUorm 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

wrnbl; with k m u d ~ ~  ~ ~ c n l c d ~ i ~ d  con- 
trol pushes the core up at the rune rate u the 
Budace is repzing.  The burning surface b . 
thus maintained at the same level u the top 
surface of the insulation on which lhe  air flow 

d m w ' ; o ' ; o ' ; o ' b b  
m v g L # i T ~  r&u 

F'ie. 5. -411 burnlng nLI au malnalrrsm dr .r 
k i t y ;  k, aprrimraul dru;- ,  p d i c u d  bumins 
ntr for ruiovr b e  Lic puw~.tn T ~ U U  

imp- utlini up th. st&*rion point flow 
field. M.instrrm Jr velocities measured ~t 
the exit of the nozzle up to 45 misee were 
nvulable. The innulation plate vlr held a 
6;xtd diztmce of two nozzle dimeten from 
the exit of (he nozzle by r l u g u  rluminum 
pktc with r circular owning cantered on the 
axis of the now. 

The internal tempemtun diitn'bution in 
the burning chsrcorl m p l e  was musund by 
thennocouples irnplmted near the bottom 
tnd of the cylinder. A, Lhe buming s u h e  
rrpessed, the thermocouples would come 
closer to the buming surface rventudly pru- 
ing through it. From meuurernentr of the 
wrfact positions, internal kmpenture infor- 
mation from the thumocouplu.could be 
related to their distance from the burning 
curfnn. To measure the rurfrce position with 
respect to the platfoxan, the pin on the end 
or  r wale was lowered per iodidy to the nu- 
face. Contact 4f the pin was determind 
virudy by obsening the pin throu& the 
magnifying opticr rystem of the pyrometcr. 
U'hen the pin was not in rut. i t  w u  swung out 
of the flow field since its wake in the now 
when located more than r few pin diametln 
above the burning nulrce wlr  .n u n a m p t  
ably luge disturbance. k i d e  from Wing used 
u a ttlescopt, a disrppcving filament type 
pyromeler was one of Iht pytornchn used b 
measure Lht tcmpcnturc of the burning mar- 



?it 4. Surf- wmpwmtun u rMiIU-Um dr d* 
hy; 0, fidamcnk pymmrlw; 0,Lnfrsrrd pyran*lrr; *. 
Lhrrlb#ouplc;-. p d i c w d  wmpsratuu for ruirur 
kine& purm.t*r r d u r  

SEABROOK 
STATION 

h c e  independent of the rudinip obtained 
from the thermocouples. 

Figure 3 shorn the experimmtrl r-ult for 
the steady state buming nte of the chvcod 
rr B function of the mlinstrtun & velocity. 
The burning rate of the chucorl i 8  ulcul~ted 
r the product of the rate of regmrion of the 
bumhg rurfaee md bulk density of the chu- 
cod cylinder measured in morn ah. The cu- 

' bon conttnt of the chutort w u  determined 
i o  be approximately 93% by  weigh^ Them 
munder ineluded residual hydrogen and oxy- 
p n  in the chucod structure, rnouturc, ad. 
aorbtd guer, and uh. Thus the ehucod bum 
iny nLc mcrrured differs slightly &om cul. 
bon burning mtr. 

The lowest xrcorded mdnstrelm air velocity 
a t  which the chucorl would 8elf-rurWn Itr 
awn eornburtion waa 7.7 mlrec. Repeated trim 
to bum cylinders ri  8 mdnstmun vdocity of 
4.4 m!rc fulled. After ignition en uth of 
Utse trials, cxLinpirhrnent bepn at.the & 
cumfetenee of Lhe burning curlace ncu the 
insulrtion md progressed inward b w u d ~  the 

, 

n n k r .  This sequence of rvenb revtalr the . 
influence of some heat loss CojhtiPuikI1QI 
ring. For the purpose of urdysir of that data, 

&f extinction vdocity oi 5.5 m/t+c will 
be w d .  

The corrspoading rneuurrmenlr of the 
buming surf- kmpcnture rnsvurtd wfth . 
the themocouplu md two pyrometczr r, a 
hrnction of the rnlinstm!am rL velocity u e  
&own in Fig. 4. Pyromttrr mcuurcmenL are 
b e d  on a d m  cmiruMty of 0.75, which 
is reprwnCItive of crrbon auf- i t  iemper- 
8tum m u a d  900 'C. The maximum temper- 
.tun m t u d  by an implanted thermocou- 
ple mr genenlly M o w  the mt.rurmrtntr 
nude by the pyrometen. This ir not unar. 
pectrd u ntu the surface it w n  common for 
the lu& of Ult 0.025 cm diameter chromel-' - Jumel  w h  threaded rrdirlly through the 
cylinder to be exposed by nul.cc hgukr- 
ititia to the cooling efltttr of the rir now. 

The dkappeuing filament type optical 
pyzomtter manufactured by Fymmetcr In- 
rtrurnent Comp8ny w u  u8ed b mertum the 
(crnpcrrture of apecac a d  r r e u  of t h e  
buminf surfue where ub cover w u  a mini- 
mum. The uu cborcn to be munucd and 
Maricing of the inrtmmmt wrs left f p  the 
judgcrnenl of the opentor. 

The i n f m d  pyromebr was. B m u  En- 
gineering Co., Infmscopt Muk I. Thi8 hrcN. 

. 

rnent was set up b fie r continud reding 
of the rvemge temperature in r U cm' + 
in the cenhr of the burning rudacc. IU racord 
provided ur indiestion of m effective rurimcc 
iemperature including the influence of the 
.th laver. Becaue of fluxmtionz c a d  by 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
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of ash ewer wing  wept awry in th; 
air flow and changing rurI.ce crack pt&mr, 
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some judgement w u  exercised in urigning 
one value of tempentun chmclerizing the 
outnu+ Cenerrllv the uncerkinitv woci8ted 
wi& *ese mewemeni s  in t 15 'c. - Close urrninaCion of. the pyrometcr data 

' 

m e &  that the meiruremenb made with the 
infrared pyromrlt. influmeed by the uh 
t y e r ,  u e  rpproximrkly 25 'C lower t b ~  
t b o ~  made with the filuaent pyrometu, mea- 
miring tempenhret in ue.r of minimum .rh 
concentration, for low .ir velocitia. With 
trcreving sir velocity, the two utr of dr t r  
blend together. This trend jndicatm the dt 
creasing influence ol the rth layer at higher 
JI velocitin. as it is  swept t o m  tJw rurfrcr 
more easily than at lower velocilier. At Lh* 
highest air velocity, 49 rnlsec, the me- 
menu with the infrucd pyromter ue r e  



corded u higher thrn thocc with the Iilrment 
pyroxz~elu. This rodd  indicnte h a t  Yn chp. . 
m emirrivity for the buming nuface is too 
bw. h ~ ~ m i n g  that tbe influence of the .rh 
L negligible r t  this high air velocity. the value 
d the surface ernissivity that  bring^ botb 
pyromettr meuurtmtntr into ag?eemmt at . 43 m / m  md 1055 'C ir 0.85. It t dm likely 
thrt the dillerenccs In G-bnture morded 

' 
ut ahply the mult of uncerLrintiec in the 
wmurcrnents as they rpproacb the Limitr of 
u e w u y  for tbe meuurcmmb. 

SEABROOK 
STATION 

lVRNlNC RATE AND SURFACE ?aa?ERATURR 
TnEORmCAL M O D U  

At menlionrd in the introduction, r one 
dimensional model i s  rdeqrutc for these ex- 
p r i m e n u  muIla. It is desirable to h o w  the 
Atriled chemical kinetic mechrnbm involving 
rractions at the cubon turfact, in cracks md 
pores, and in the gas phm. Unfortunately mf- 
ficienUy detailed chemical d a b  wu not found. 
The graphite reaction kinetic formula of 
Nagle and SMcklmd-Conruble [I] w u  tried 
but as expected w wholly inadequate (low 
by a factor of about 50). A rneuunment of 
I e  I d  density near the durtd surfue 
m g ~ e s t s  tome burning in the porn and erackr 
(up to 10%). With charcoal there ic no rignif- 
iunt burning out in the bounduy layer or 
else Lhe fire could be "blown out" u il the 
case with burning polymethylmethrtylatt. 
m e  absence of such major bounduy layer 
burning doer not preclude minor mrctionr in 
B e  boundary layer nor major reactions in the 
gu phase very dose Lo the charcoal &act. 

In the absence of applicable chemical data, 
we will usume m o v e d  nu t ion  and reaction 
kinetics formula applicable to the &mod 
projeckd turface uer .  Thus we ruume an 
effective curfrce reaction: 

Evaluation and Comparison to BTP APCSB 9.5-1, 
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=-l+& 
2 

I (3) 

As discussed 1rLr  Ihe CD b COI mblu ntio 
is given by 
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and the ruction rate -ed in the form' 
of 8 fixst older Arzheniur ruetion. 

*ZrAPq,,rrp(-E/RTImdlpq,, . (5) 

M c f i o n  of tbe burning ntc .nd a d a c e  
temperature of the chrrarl in r t u d y  tt.k 
combustion L done by robing dmdtmtow 
ly two indtpmdenl equation, d a t i n g  the 
burning nte md &ace kmptntue .  The 
k t  equation bvolvtr m energy balance rt 
the burnihg ~ r f a c e  cgluting the energy gen- 
mM in the rbwe c h e d u l  &on to tbrt 
lort throub heat W e t .  The buming ntc 
of the c b u c d  bucd on the energy 
h l m c e  is @en by: 

In cqn. (6). tbe value of h t given shown 
later by: 

NU = h d h  9.5 (~e4)0" (7 I 
The second equation dating the burning 

rrk and surface ttmpenture b eqn. (5)  which. 
howwer rtquircl the oxygen partid pnsrrve 
at the buming rurfnce. The oxy Ben putid 
presswe at the nrrface pea, b dttennimd 
&om the conservrtion of s p c c i ~  quationr 
rt the burning rurfact. For oxygen this takes 
t h e  form: 

Similu balm& for dl the other specie 
needed to determine the comporitien of Lhe 
mixture of ~ u e r  nt the burning surface in 
order to fmd the oxygen pulid prcwurr. For 
this cdculation the trrnrporL rrk per wit 
concentration difference of e x h  rpceies b 
considered equal to Chat for oxygen. A, d* 
scribed h k r ,  the m w  trrnsfer coefficient 
is given by 
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I m e  oxygen p A . 1  prc- d the m . c c  is 
thus found to k . . 

-1 
M!!,u,, -3 -3 

Ph,- m i  [ l + m n a  Mc 
dl.,.% + h.Yo*. 

Nc 
I 

. Suhtitution of thk u p d o n  into q n .  (5) 
yid& the mond equation relating tbc burn- 
ing nk md the w i r e  bmptntruc d k r  
rome manipulrtlon as: 

* A  
MoZ(=-1) [ ( f i ~ ~ ~ + ~ . ~ ~ , . . * ~ h . ~ ~ , . . )  MN* 

Solutions for the steady burning nte and 
surface temperature utisfying eqnr. (6) and 
(11) were found u r function of the mrin- 
r t r r ~  rt velocity m d  values for dl the pus- 
mttcn  h the reaction nte expression eqn. 
(5). In d l  the predictions, r prcuurt of 1 ~ t m  
and ur unbitnt kmpenture of 20.4 .C rep* 
wnting the mnpe  vdue durjng rLI the tests 
yitlding the dab recorded in Figs. 9 and 4 
wm uwd. 

The most powerful pie= of infonnrtion 
obtrined from the d a b  in Wnns of predicting 
v Jua of the nte punmeten A md &/R WJS 
Lht determination of Lhc relf-extinction vt. 
locity. From experimentc, the minimum air 
velodty at which the chucad will rutlain itc 
own tombwtion can only be mid to be be- 
tween 4.4 md 7.7 mlrrc. Fot de~rmkring 
approptisk vduts of the panmeten A md 
E/R,  assumed la be constant, the d u e  of h e  
air vtloeity cct a% the &elf-extinction velocity 
was 5.5 ni/sec. Choosing a value for &/R, a 
corresponding value for A can be found nrch 
that no solution to  e q m  (6) and (11) rcpm 
sentine steady burning exists st rir vtlociCi~ 
below 5.5 mlcec. Following Lhic procedure, 
the lines on Fip. 3 and 4 show the cdculatcd 
muits for burning r a k  and surface t e m p  
atute for three valuer of E/R-8000,9000 md 
lO,OO+assuming m tmirsivity for the burn- 
ing surface of 0.75. The comspondinc vdue 
of A is given in each case. Compuing the 
calculrtjon b Uit  txperirntnLJ dab, one 
r e  that in dl cases the general agreement k 
good. The combination or &/R - 9000 (OK) 

m d  A - 25.42 (alema rcc 8tm) rrrulU in the 
best agrtement considcrkrg both w t  of at- 
@mental daL. 

%cause fht extinction vt1DEity L imp-t 
jn Lhr determination a? the comtanLr A ~d 
E/R, some malytis wrr p tdomtd  b deter- 
mine fhc dlcct of the uncertainty in thic 
value on the results. Vuying thc extinction 
velocity rbove and b l o w  5.5 mlclc by 1.5 
m/scc for ,a vdue of E/R equd to 9000. 
changed the vdue of A to 24.19 m d  2731 
respecrively. In tc& of an w e d l  futt order 
readion ocnvring on the curfree, the form 
of the upnvion for the effective cherniul 
kinetic ntc of maction applicable %o wood 
chvcorl oxidized in rir. ir: 

The d u e  d E / R  ot  9000 found rpplicablt 
b wood chucod compun  fwonbly witb 8 

vdue of 8160 found useful for Austrian 
brown cod chu in a work by Hamor, Smith 
md Tyler [31. Botb of these vaJun do not 
w e  well with Ute 15,200 vdue of E/R found - 
applicable to the oxidiution of pyro graphite 
in the work of Nqle  and Strickland-Cunst.blt 
111. A possible uplanation for the difference ' 

between Iht  mults for graphite and U I ~ K  
for coal cbu m d  charcod could be the 
cncr of r rubrtmt3d mount of burning 0 ~ -  
curring in portl openine onto the surface. 
Under c c d n  conditions. combustion h poru 
.c opposed to that on an expared rurfrcc 
can lower the observed activation energy by 
r facbr  or  two fmm the actud value usochtcd 



with tbe ruction ocaming at the bumin? 
mrfaec. A de td td  dircuvion of thk d f u t  . . 
L given by Wheeler (41. 

THE i M I E R A T U R E  DISTR1IVZI;ON 
rXt UNBURNED SOLID 

To model the tcmpenturt dbtritnation kr 
tbe cblrrd M o w  the buming nrrirn, r 
a d y  8 t r t e  solution to tbe o n ~ e n a i o n a l  
beat conduction equation in a wmi-Wite 
mlid wlr sought. The burning ru* WAS 

r r r u w d  to b v e  eonstant tempenbuc T, md 
to travel d 8 c o n s a t  velocity V. (wi th rrtpcct 
to a coordinate system rued to the base 02 the 
chucoal cylinder) into !he unburned -lid, 
initially at uniform ternpentwe To. 

No rterdy Mte solution rxista in r frame of 
rrference in which the curface mwcs; but 
with respect b a syrlcm in which the burning 
auface remains fired in spice, the study 
rtAb ~ u t i o n  it: 

( T - T o ) D ( T , - T ~ ) ~ p ( - Y X / ~ )  (13) 

T o  obtain eqn. (13) dl the properties of the 
drucorl foming the thermal cliifuivity a, 
(Q - Wpc), were assumed constant, and heat 
flux only in the uid dimtion was allowed. 

The exponential form of the anticipated 
temperature profile nrggcrtr that r w f u l  way 
io plot the experimental results would be in 
the form of ln(T - To) or. X. From eqn. (13) 
it would be expected that a straight-line wi* 
slope -V/a would result 

Figure 5 tho- the aperimcntd mul* for 
a charcoal cylinder with density 0.329 glcm8 
m d  initial tempcnture of 19.7 *C burned in 
mainstream air velocity of 21 mfwc. The tem- 
peraturn outputs from Iwo thtrmocoupla 
located on the urir of the cylinder md initially 
99.2 mm md 104.3 mm t o m  the end of tbt 
cylinder to be burned, (1 and 2 mpcctivsly 
in Fig. 2), ur h o w n  u functions of the db 
h n c c  from the burning d a c e .  The plot yieldc 
a rough straight-line with mark deviations at 
luge dirturccl horn the burning surface md 
in She range of krnpentun difference q u d  
to 100 'C. At Iup distances from the burning 
wrfrce, the deviation m tsused by termination 
of the insularion uound Ule cylinder at 56 . 
cm. The dwirtion in lht npion of a tempem- 
ture difference of 100 'C k bcliwcd due b 

11; t ~ i w n ~ m ~ - i ~ n ~ * ~ k  
I C n v c t r r o r u . L y . c u l - ~  

ng.  8. IpcrinunuJ &u lor Ib. amdy u t e  LaL.rnol 
bmpenlum dmLribution k a & a r c 4  c~crfi(ldm with 
k m i t y  O.JZ9 glcma. and iaitid LrmpmrPn (To) of 
19.7 'C burad in r auinotrroa, air wloci~y d 21 
m / m  mu ahown from La. tbemaeoupk (+)and 
(0) id i id ly  IP.2 mm mnd 101.3 mm from Lbc burning 
nrface mpccl in ly .  Linr: rtmig!tl lim fit of &la 
wu burniw murfatc. 

desorption ot adsorbed geso from the cbu- 
cod ttsucturr. 

From r knowledge of the rurfrce velocity, 
V, (for this test 0.138 cm/min) and the dope 
of the data new the burning &dace,  a d u e  
of the thtmrl diffwivity of wood chrrcod 
appropriate to that ttmpembm met un k 
found rs indicated by the resultr of the iunple 
conduction model. The straight-ine fit of the 
data shown in Fig. 5, yieldr r value for the 
thermal diffusivity, ct, of 0.0026 cm'ls. UW 
of the dope of the data at lower temptntunr 
b predict the t hem J diffusivity h a g  the 
mult of the rimple conduction modd. eqn. 
(13) would be inappropriate becrure of the 
influence of the duorpLion region, Lhe termi- 
nation of the insulation, urd consequent ndiil 
heat l o u  

A modest rtttmpt was made to dcul.tc 
the thennd dilfwivity .from rneuurement, of 
the basic propertiu of then& conductivity, 
dentity and specific beat. Tbe Lhermd ton- 
ductivity of wqgd c h u c d  was meuured and 
Ssgivmby . 

applicable at room ttmpenturt, .nd the rpt 
cific heat w u  measured d room ternpemtrrrc 
md was found to k 0.24 (4 g-1 %'.I). 

The resultant Shennrl diffusivity w u  
0.0045 cmS/tec to k compucd with 0.0026 
ccm'lrcc found from the burning upcrirnmt. 



me aut reason for the discrepancy w o  not 
urught but ia probably awociated with the . 
fact tbat the bunrtng k t  vJue ir In a h i b e r  ' ' 

tempmtum m p e  where the adsorbed 
b e  ksn upclled from the chutprl. 

SEABROOK 
STATION 

To measure the convective heat tsuvfw 
nl u r function of tbe mainstream rir vdoc- 
Ity. a copper cylinder the rune diameter as 
the chatcod eylindcn k i n g  w d  nu net iato 
the inrulrrion BO that it occupied the ume 
position the chrrcwl would n o d y .  The 
nu of energy lait o it cooled from 350 to 
250 'C was detcrmintd. This memu*ment 
wu corrut@d for heal lost to the insulation 
to find the c o m ~ t i v c  heat 1ou nk !ram the 
exposed torlrce. The mur trw1e.r ch-r- 
ttim of the flow field were determined from 
mevurements of Lbe mk of evrpontion of 
water from r rintercd dirk of the m e  dir- 
meter and locmted in the rune podtion in the 
air flow u a charcoal cylinder. 

The non-dirnencionrlited results af the 
exptrimtnL are shown in Figure 6. The d t s  
for Che heat mad mass t m f e r  rates uc fit 
by eqni. (7) and (91 mptctively. All of the . 
propertics used in the non-dimeruion.lirrtion 
rrc evaluated at the film tamperatuxe, the 
avurge between the surface and ambient Sem- 
pctrlures. The binuy dinusion coefficient for 
water into rir, DHIhh was dculated from 
m expression developed from kinetic theory 
by Chrpmrn and Enskog (51. Good agreement 
mong the two reL of mersuremtntr in tumr 
of the andow between convectivt heat tmm- 
fer and mass transfer ntcr is mded. 

Abo rhown in Fig. 6 we the m u l u  lor heat 
tmnsftr in r turbulent sLgnaLion point flow 
trken horn Garden md Cobonpue [6] md 
fakob 171. h selecting mults from thee  
courccr m effort was made to pmewe the 
ratios of the distance of the st.gn&tion p l u ~  
from the nozzle exit b the nozzle diunebr 
(I/$) and diameter of the nozzle to the dim- 
e k r  of the circulu heat t ruuf t r  surface (dl# ). 

CARBON MONOXIDE PomAnoN cuxma 
BURNING 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

To d t l t r m i ~  the energy telcued In the.  
eornbu!tion of lhe charcoal, it is  necctryt to 
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deermine the ntio of urbon monoxide to 
carbon dioxide formed in tba reaction. sun- 
ples of p s  utractrd from r teaon j ~ t  above 
the kvel of the &ace and at the cirnrmfer. 
ence of the burning mrfm, were d y x e d  
for the CO/COI ntio wirh r rnut spcetto- 
metar. figure 7 shows the results plotbd 8s 
I function of the surface tempcnmre. original. 
ly the dat. w m  collcc,ted u r function of tbe 
rnlinstrtm air velocity of the now indicated 
at the 'top of Fig. 7. Chua~lcrbtic nuface 
krnpenturei u r function 02 the air vdocity 
shown in Fig. 4 from the infrared pyrornetcr 
wen u d  lo conver( the data from an rir 
velocity dependence b curface tempenture 
dependence. 

Also indicated in Fig. 7 b Uat m u l l  of 
Mhur 181 for the  CO/COs n t i o  produced 
in the combustion of graphite md cod chrt 
p n u l e s  in r quartz rc~clinp. vessel. The rela- 
tionXcolXtor = lo'-' up(-12,4001T) he 
determined from rnrlytir of the producU of 
the urban reaction with r now of oxygen 
nitrocen, and 8 mrf) mount of phosphoryl 
chlatide (POCl;) vapor. Tht POClr ws rddcd 
b inhibit the g u  phuc matlion of arbon 
monoxide ta t u b o n  dioxide. In a preview 
study 191, tJ~e effect of this Inhibitor on the 
mtio of cubon monoxide te cubon dioxide 
form& during the oxidation of graphite *ru 
examined. It was found that 8 concentrafion 
of POCl* of less Ulah I% in the sir now miiir+d 
the CO/COz ratio In the products of c o r n b ~  
tion to 8.4 from a value of  0.05 (shown in 



Pi. 7.  Molar nlio of CO/COz u inwma rrfm 
warpentun. 
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Fig. 7 with no inhibitor prewnt). Also rhom 
in Fig. 7 is one vdue for the COICOI mtio 
meuurtd  in the combustion of chucod by 
Parker and Hotul [lo]. Comparing the r m u l ~  
of the measurements reported here b those 
of Arthur would rugpert that Eome grr phrv 
naction is involved in our combustion of wood 
charcod. Because of the hieh drvelocitiu 
used in this experiment, if a gas p h w  reaction 
docs exist it rnust be confied to a region very 
dw to tbe burning surface. 

CONCLUSIONS 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

The simple surfrce combustion model pre- 
wnted in this work can be used Lo predict the . burning nte .nd surface Lmptnture of wood 
cf iutod burned in r stagnation point flow d - rk. 

An expression for the effective chemical 
rate of naction of wood charcoal oxidized kr 
air has k e n  developed. Since lbir m u l t  is 
empirical and no; based upon delailcd ehem- 
kJ mechanismr. further work is ttcuired b 
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determine the t&nt of itr rpplicibkty. 
Predictions of the internal temperature . 

distribution in the burning mmpl; can be made 
based on r simple onedimensional conduction 

model in 8 wmi-Wmite solid, K r vdut for 
the thermal diffurivity rpproprirt* b wood 

the bryning umplc. 
b u l t r  of tu study imply m.t bath. b ' 

phase reaction and rub6~ntirl combustion in 
porn may k involved h the midation of 
wood drutorl in'&. Thcv d e a d  m h -  
nifrns nill need elucldrtioa, 

This wotk ir a result of the thesis study af 
BY- md wrr support4 in put by the Na- 
tional Science Foundation under Gmt NSF 
G134734, and by the Division of Enpinetring 
and Applied Physics, H w u d  Univenity. 
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Moles of CO p d u d  per mole C 
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molcr of COa produced p a  mole C 
burned 
cpecific but ,  d k  *C 
diameter of the air n o d e  
binuy diffusion cwfficicnt. r p ~ i e  i 
into lir, assumed dl tqurl to oxygen 
in dculation, cms/rcc 
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heat W e r  coefficient, cdfcm' 
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negative of the heat of combustion of 
chucoll to product i, d l g  w b o n  
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thermal conductivity, d / c m  see *C 
A exp (-.&/Rl') 
distance from'nozrle exit to impinge. 
ment plane, em 
ah of increase of rnw per unit time 
per vnit uc., gtcm' aec 
rnoleculu weight 
Nusrell number, lid/) 
prCINm, atm 
putid prtvure of specie i, ntm 
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product of Reynolds m d  PrmndU 
numhn,  u$/a 
product of Reynolds urd Schmidt 
numben, ud/D 
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Appendix A 
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under PO No. 46114 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

fAEC: D.H. Pepe (3) + (1) b y . T e l e f u  

PLC: H.B. Hawter (1) br Fad. Exp. 

NUCOI: P.G. frfyatir 1 

H.N. Hagnus 
3.n. s r t p h e ~  - 
Y.P. frtemn 
J.L. foraeh 
O8PS902 w 

Attachment I1 to 
Hazards Analyses of 
Seabrook S t 8  tion 
Charcoal Filter Units , 
YAEC 1571 



The impremated crrbon umad I n  tbe  varlour .LP Oleaning r y r t m  l m  t y p i c 8 l l j  
. protected from f i r e  by water deluge rystams. me l a i t i a t f o n  of the  water deluge 

normally takes plate br tcaperature rirr a 1 5 l l .  This type o r  f i r e  control bas 
mevmral Inherent problams : . 
8 )  tempenture rSra vill indicate only r j o r ,   full^ daraloped f i r e  
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b) wter dlr tr ibution I n  p l u t e d  carbon beds l~ aon u n l f o r ~  

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

C)  v e y  large amunts of poten t l r l ly  c o n k d m t e d  ua te r  a r e  ~ r n e n t e d .  

To avoid these problems a mystem t e s t  uaa performed t o  evaluate the  detection of 
u r b o n  axidmtion by C0 monitoring and t o  t h r o t t l e  carbon f i r e s  by mtopping 
forced airf lou t h r o u ~ h  the carbon bed. T u t s  uerm perframed i n  both the  AS'f?! 
i g n i t i o n  t e s t  r i g  and I n  the Firs Wind Tunnel (FYT) t o  mvaluate CO pcnetI=tlOn 
and temperature generation. 

Description of the Equipment L Procedures 

1) The ASTH 03466 Test Rig which consists  of heated a I r  f l w  through 8 carbon 
bed With f n l e t  a i r ,  i n l e t  c a r b n  bed and out le t  u r b o n  bed temperature 
measurement. The t e s t  Is norml ly  perroracd a t  100 PPH reloci ty,  however, f o r  
these t e s t s  the airflow urs reduced t o  40 fPH whicb is the design velocity of 
t h e  Seabrook a i r  cleaning rystemr. The bed depth normally 18 1.0 Inch deep f o r  
theJe tests. Two inch deep beds of 50 dl -5g) of carbon w ~ s  wed. 

2) t h e  WCON f i r e  wind tunnel (FUT) consists  of an  ad jur t ib le  f lov  blower 
followed by an IndZrect l l r e d  natural  gas furnace t o  heat the  a i r ,  and 8 n  
ad jus tab le  plenum t o  hold m 29 inch X 24 inch f a c t  area rdsorber Ipeclmen, and 
the  commensurate reductton l o r  o u t l e t  ductiry. 

For these tats a 4.0 inch deep carbon bed uas used f i l l e d  with 2% fI and a 
TEDA laptegnated carbon. The inlet temperature t o  the  carbon bed was monitored 
a t  8 aingle point i n  the center a re8  four inches from I n l e t  face of the 
adsorber. The out le t  face of the  rdrorber war instrumented a t  4.0 inches WRY 
f r o m  the adsorber with f i v e  thermocouples. The CO sonltor  (an Infrared sensor 
type) was taking armplcr 2 f e e t  down stream from the f i l t e r  o u t l e t  face i n  the 
10 inch reduced duct section. 

me mdsorber f u l l  weimt before f i r e  v8n 65.8 lbr 
empty weight ) 18.4 Ibd 
a s  is carbon waifit 47.1 l b a  
dry  carbon weight ( l e s s  FI2O] 13.6 ltn 

When the t e s t  was performed, the gas heater  was turned on mxinua heat t o  
accomplish ms f a s t  heat-up a s  possible. Air flow mas maintained for  f i v e  
mhutes  a f t e r  f i r e  was detected, then airf low was ~ t o p p e d  and the  carbon bed 
i n l e t  and outlet  temperatures monitored f o r  1 hour. ?he carbon bed was removed 
from Lhe PUT and weighed, 



t b m  tent ( r e s u l t  o f  tbe a r b o n  burning test) In the A m  rig war waduotbd ~ t l l  
all .of the carbon w m  wnuuwd @t 40 FPH re1ocity. the tenperaturu o f  the 
i n l e t  mnd o u t l e t  clrbon bed are shown on Table 1. 
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Tbt m u l t s  of the f i r e  wind tunnel (m) tut ape rhowa on Tmble 2 and On 
Figure No. 1. 

The pert inent  mlues 8m ma followa: 

- 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 

CO o f  50 ppm at  1 1  minutes 
CO o f f  meale (ZOO+ ppm) at 19 minutes 
F i r e  i n  carbon bed at 19 : 15 - 19 :45 a imte~  
Ai~riow stopped at 24 minutes 
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H . x f m u m  Tempermture 4.0 inches from 
outlet face  3 7 5 . ~  

Temperature at I .D bour after 
ignit ion with no air f low 20Q.C 
4.0 inches from outlet face 

arbon loss ,  total test duration ' 

(excluding moiaturt and 21 TEDA 
which would evaporate i n  test) h.53 lba 

Carbon nonoxlde s i g n a l  sharply 
increasing at inlet temperature of  175-C 



Emlumtion of t h e  Taa t  I w u l t a  

tbe c o n f i ~ r r t i o n  of 8ir c l ean ing  systems 18 nu& t b r t  t b e  iob lne  r d s o r k n  a r e  
preceded by HEPA f i l t e r 8 .  The BEPA fi l ter  moimtlng frame fs a s t e e l  a t r u c t u r t  - u i t 6  22 l n c b  X 22 i n c h  openlags, t he re fo re ,  a o  l a r e a r  burnlng r t e r i a l  than one 
BEPA f i l t e r  rize could e n t e r  from t b e  w b o n  k d ,  maything l a r g e r  would be 
r t o p p t d  by t h e  REPA mounting fr- 8 t r u o t u ~  even if it would p m e t m t e  t b e  
pnceding~component8.  Thla was t h e  r u s o n  t o r  the r e l e c t l o n  of a 24 inch X 24 
inch a r b o n  8 e c t i o n  Tor the M t a a t .  
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the S u b r o o k  procedure  l a  b a e d  on r h u t  down ai t h e  airflw 5 minuter after a CO 
alarm.  I w a v e r ,  to . 8a i a t a fn  conservat i rm la the t e r t ,  t h e  a i r f l o w  was r h u t  dqvn 
HOT 5 l i n u t e 3  a f t e r  CO e l a m ,  b u t  5 minute8 a f t e r  a c t u a l  burning of t h e  Carbon 
I n  t h e  test mection. Even under t b c s e  conditions t h e  maximum temperature a t  4.0 
l a c h e s  from t h e  o u t l e t  f a c e  of the adsorber  uar only 375*C, and t b e  temperature  
s t a r t e d  t o  drop a s  Boon a s  the  blower was r h u t  off .  It l a  l m p c r t m t  t o  n o t e  
t h a t  no i s o l a t i o n  dampers were c losed  i n  t b e  i n l e t  and o u t l e t  of t b e  TWT, t b u s  
n a t u n l  a i r  convect ion m s  a r i n t a i n e d  dur ing t h e  test even wi th  the b loue r  r h u t  
o f f ,  which i s  m o t h e r  ccnservr t ism because most a i r  c leaning rys t tma a r e  
equipped wi th  o u t l e t  dampers and a a r e r r l  w e  imolatabla  on both i n l e t  and o u t l e t  
r i d e .  

Evaluation and Comparison to BTP APCSB 9.5- I ,  
Appendix A 

The ASTU tert r i g  d a t a  i n d l o r t c s  (from Table  1) t h a t  even wi th  a t m o w  
mnintained, approximately one hour  h needed ta burn 2.0 i nch  depth o f  carbon. 
While t h e  r e s u l t s  from t h e  TWT t e s t  i n d i c a t e  t h a t  If a i r f low ir r topped f ire 
minuter  a f t e r  carbon burning o n l y  a p p r o d r m t r l y  10% of t h e  carbon 1. buraed i n  
one hour. Vhl le  i f  t h e  carbon aJnoxide a i g n a l  I8 used f o r  ayrtem i s o l a t i o n ,  t h e  
f i re  l t s t l f  W i l l  probably be prevented. 

The sha rp  i n c r e a s e  i n  W concen t r a t ioa  a t  17SeC i n l e t  a i r  temperature  uar a l s o  
determined i n  t h e  ASTM te l t  r i g  a t  40 FM and it  ind ica t ed  sha rp  r i a c  a t  175.C 
i n l e t  a i r  temperature whi le  a u t o i g n i t i o n  did  no t  t a k e  p l ace  u n t i l  i n  excess  o f  
25OWC i n l e t  m i r  temperature. 

C8rbon monexidc monitoring i m  vary ~ o d  d e t e c t i o n  method o f  carbon ox ida t ion  
PRIOR TO ACTUAL a e l ~ s u s k i n e d  burninc  of t h e  carbon. I a o l r t i o n  o f  the  myatem 
l n d i m t i n g  f i r e  w i th in  f i r e  mlnutes o f  #) a i g n a l  u l l l  probably prevent  
development of s e l f s u s t a i n i n g  carbon fire. I s o l a t i o n  -of t h e  system can, after 
t h e  f i r e  develops du r ing  LLr flow, r e s u l t  i n  #harp temperature  drop upon 
isolation of t h e  a i r  flow. n e  maximum tamperaturc  4 l nches  dounstream of t h e  
burning earban bed v i t b  air  n o w  a t  40 FPH vas 375.C. 

h s e d  on these r e s u l t s  It is recommended t h a t  CO m n l t 0 r 8  be i n s t a l l e d  i n  t h e  
housing a t  o u t l e t  of t h e  housing and a n o t h e r  p re fe rab ly  i n  t h e  i n l e t  .re8 ( J u s t  
upstream from carbon beds  m t  t h e  top of  housing, mince CO 1s l l g h t e r  t han  . I t )  

The system should be i s o l a t e d  w i t h i n  f i v e  minutes o r  a a s i g n a l  o f  50 ppr 



Table 1 

Test Date 
3 Sept 1986 
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Carbon lgnltion Tollowed by r t s ldual  beating ti.@. mir f low continued but beat 
0rr 1. 

Evaluation and Comparison to BTP APCSB 9.5- 1, 
Appendix A 

Hethod: ASTH P3466 except: $0 FPU, 2 inch bed depth and fast beat up 

H8teri.l: Dry air and NUSORB KXTEG X I  tot 45/10 

Start lng condition: 25.C 

Ignition occurred at an upper bed (outlet) temperature of 8pproxLmntely h00*C, 
lover bed ( in let )  temperature o f  285.C. a ir  i n l e t  temp. 285'C. 

Temperatures a f t e r  ignition: 

Within Carbon Bed 
Time f u n .  Outlet Side ('C) Inlet Side ('C) 



Table 2 

2 
5 

10 
30 
28 
38 
44 
60 
7 6 

102 
146 
172 

O f f  S a f e  
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Smoke coming out or test rig exbauat 

Evaluation and Comparison to BTP APCSB 9.5-1, 
Appendix A 

17 5 
250 

Shut dovn fan and furnace 

Filter frame top (glowing r e d  

Both i n l e t  and outlet temperature; at  4.0 inches from filter face in the flow 
direction. 
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