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ABS1RACT 

This report evaluates the potential hydrogen generation and its subsequent accumulation in the primary con
tainment of a large BWR following a postulated loss-of-coolant accident. The report includes the application of 
experimental test data to a typical 3440MWt nuclear power plant and a generic evaluation of the effects of the 
pertinent parameters such as metal-water reaction, break area, and radiolytic decomposit_ion rate. The conclusions 
are as follows: 
1. Hydrogen from metal-water reactions is insignificant but radiolytic decomposition could eventually result 

in flammable mixtu~es if no corrective measures are taken.' ..... 
2. Based on above inerting is not a solution because radiolysis also results in oxygen evolution and in addition, 

inerting imposes operational and safety problems and is therefore unwarranted. 
3. Primary containment purging and venting through the Standby Gas Treatment System to the stack is rec

ommended to remove any hydrogen that may form before reaching a combustible_ mixture as determined 

by appropriate monitoring'. _ . 
4. The resulting doses to the environs due to controlled venting are well within the 1OCFR100 guideline limits 

even using the ultraconservative TID~14844 fission product releases, and only an insignificant fraction 

thereof if the sources consistent with the functioning of any one of the ECCS are used. 

I. SUMMARY OF GENERAL ELECTRIC APPROACH TO HYDROGEN PROBLEM 

A. Recommended Plan 

The plan recommended by the General Electric Company to both control and preclude significant accumu

lations of combustible gases in the containment following a postulated loss-of-coolant accident (LOCAi is as 
follows: 

1. The hydrogen concentration in both the drywell and suppression chamber free volumes would be mon

itored at various locations within the containment. 
2. Should the hydrogen concentration show signs of approaching the lower flammability limits, the contain

ment atmosphere would be purged with air and vented in a controlled manner through the standby gas 
treatment system to the stack. This is a high efficiency system for filtering fission products and is ideally 
suited for this purpose. \ 

3. The containment fission-product activity would be determined at the location where the fission gases are 
vented from the containment following a LOCA. However, even if a TID-14844 source term is assumed, 
caicUlations show that offsite doses are only a fraction of 10CF R 100 guideline limits, and an insignificant 
fr~ction thereof if fission-product sourses consistent with the ECCS are used instead. (See Section V for 

cd~arative calculations) ' 
Because many of the boundary conditions surrounding the accumulation of hydrogen in the containment 

are not based on purely technical consistent considerations but on licensing and other philosophical grounds, a 

final me!lsure to control and preclude significant accumulation of hydrogen cannot be arrived at until these 
criteria are more clearly stated by regulatory bodies. The above solution is based on the assessment of the overall 
hydrogen problem strictly on technical grounds. In order to bring out all the current pertinent facts on hydrogen 

accumulation which may be of somif assistance 'in arriving at such· criteria, an overall summary starting with 

Section 11 is also included. 
The calculated radiological doses to the environs using the TID-14844 source terms and the AEC fission 

product transport model are conservatively evaluated for a typical BWR in Section 11 - V 111. More specific calcu

lations were performed for a 3440MWt plant and are presented in Section I, where a more detailed investigation 
was made of both the energy deposition in the water for radiolysis and the fission product transport model 

showing additional margins. "' 
If, before venting, the halogens and solids are assumed to be trapped in the suppression pool, the corre

sponding total doses to the environs from both normal leakage and venting would be decreased due to the reduc
tion of the airborne fission product activity. One method to e~sure fission products are transported to the 



suppression pool is to design for venting from the suppression chamber volume with the required air purge 

makeup being directed into the drywell volume. Thus, the inherent large water volume feature of the pressure 

. suppression containment system can be used to advantage to reduce the fission product activity released from 

. _the. containl'T)ent. 

B. Doses to Environs 

The assumptions used to determine the doses to the environs for ventinq from the suppression chamber are 
. included in Appendix B. 

The resultant calculated doses to the environs at a typical exclusion area on the plume centerline and at a 

typical low population zone area are included in the following table for both the normal leakage (0.635%/day) 

and the 21 cfm venting rate (approximately 10%/day) starting at 78 hours after the accident to limit the 

. hydrogen to less than 4% by volume in the primary containment. The 2-hour dose at the exclusion area due to 
lec:ikage would only be 1/3 Rem and 15 Rem for the whole body and thyroid doses, respectively (see Table 1). 

The total 30-day dose to the environs due to leakage and venting at the low population zone would only be 

. 0,8. Rem _a.nd 76 Rem for the whole body and thyroid, respectively (see Table 1). Note th_at the calculated thyroid 

.• 

inhalation dose contribution due to venting is about the .. same magnitude as that resulting from the normal 

leakage. The doses in terms of Rem/MWt for o.ther distances are plotted on Figures 16-19 in Appendix C. It 
. . . . ' . 

should be also noted that these doses would be significantly less than 100% of 1OCFR100 guideline limits for all 

distances (see Figures 16-19). 

.r· 

. •, .. · 

.. ', 

., 
• !, .. 

Table 1 

no SOURCES - TIO TRANSPORT MODEL 

DESiGN BASIS ACCIDENT RADIOLOGICAL DOSES 

LOSS-OF-COOLANT ACCIDENT .... 

Radiological Exposure (REM) 

Cloud Gamma . 

2-hour 30-day 
(1200m) (4827m) 

· 1. :Normal Leakage . 0.31 0.265 

· · (0.635%/day) 

2. Containment Venting * 0.52** 

3. TOTAL DOSE 0.31 0.785 
: 

4. ·Percent of 10CfR100 . 1.2% 3.1% 

* .... .Venting starts in 78 hours to limit H2 to< 4% by volume ... 

Exposures reflect venting from suppression chambers . 

Th roid Inhalation Dose 

2-hour 30:day 

. : (1200m) (4827ml 

15 36 

* 40**: 

15 76 

5% 25% 

... 
: .. ·,:: 

..... •' 
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If instead of a Tl D fission-product source term, the sources associated with any one of several of the ECCS 

functioning are used along with a reasonably conservative fission product transport model( 1) the dos.es are ,much ·. 

lower as shown in Table 1-A. The doses in terms of Rem/MWt for other distances are given on Figures 2023 in 

Appendix C. It should be noted that the halogen doses can be reduced to where they are not limiting by 

additional charcoal filtering. 

Table 1-A. 

GE SOURCE MODEL(1) _TRANSPORT MODEL(1) 

DESIGN BASIS ACCIDENT RADIOLOGICAL DOSES 

LOSS-OF-COOLANT ACCIDENT 

. ... , ~ . .,, ' . 
' : ! .. ,. 

.::. .. ·. 

:• ..... _. 

Radiological Exposure (REM( · · ·· ' ' .i ~. 

1. Normal Leakage 

0.635% day 

2. Containment Venting 

3. TOTAL DOSE 

4. Percent of 10CFR100 

* Whole Body Dose 

Cloud Gamma* Thyroid i~halation Dose ·::·: 

2-hour 30-day .2-hou·r · · 30-day· 

(1200m) (4827m) (1200m) · 14B21rri) · 
·-.·: ... : 

' .• ; .•• : :;~ ' ; j ~ ' .: 

2.7x10··3 
J ;•;. ;'•;,; 

4x10'.5 3.6x10·3 5.3x 1 o~6 · 1.s6x 1 d-3 
I •• " ~ • '. ·• 

~' I \, i ! ' '. ,' ,'.'. '·. ~· 

: : -: .. ; ~ ' 

. \." ~ 

; .. 

I,,·;:! .... 

. . !j(; ;: :~:l·: "\ ;:. . :( ):;. 

C. Conclusions c···.::i.' ...... ,·::t·i:/; 

Therefore, it is .concluded that even using both the TIO fission-product source terms and,ttie.AE;G ~i~\pn

product transport model in conjunction with the assumptions listed in Appendix B, the primary .conta.inmel']t,c~n 

be vented to prevent the accumulation of a flammable mixture of hydrogen (4%) and still. li~ . .w!=!I[. wit~i,r;i,)he 

10CFR100guidelines. . . . >.· 
It should be noted that use of a GE source term which is consistent with having any on~ .. ,of.the.Eq:;s 

functioning and'a transport model reflecting measured values for the key parameters(1) would resulHn·doses;to 

the thyroid and whole body of an insignificant fraction of the AEC guideline limits. 
. ; • • ·.' (; .• ~.: ' : : ·:. > 

II. INTRODUCTION 

The purpose of this section of the report is to discuss the problems associated with hydrogen generation 

following a loss-ofccoolant accident (LOCA) in a boiling water reactor. The analysis and discussion will be generic 

3 



·and: will ·therefore a.pply to the current product line boiling water reactor. The current state of the art as well as 

'the past history- leading up to the present situation which is bounded by arbitrary assumptions is also summarized. 

Finally,the.potential solutions as a function of imposed boundary conditions will also be described. 
f; •• •• ..• ' •• 

Ill. HISTORY 

The question of hydrogen generation and the resultant potential for hydrogen explosions has been of con

cern since the earliest days of power reactor design. For the last decade generation of power reactors, however, 

it first became a serious issue in 1964-65 during the licensing of the zirconium replacement core for the Humboldt 

Bay reactor. The chief concern was the hydrogen produced from zirconium-water reaction following a postulated 

core melt. Using analytical models which assumed that molten Zircaloy would run down the rods and quench in 

water at the bottom of the vessel, about 1/4 of the zirconium in the core could be shown to have oxidized. On 

this basis, the containment was reinforced and inerted with nitrogen. However, this was an inconsistent solution. 

This inconsistency was partially resolved during the licensing of Dresden Nuclear Power Station, Units 2 and 

3. After examining potential solutions, it was decided to greatly augment the ECCS to make the potential for a 

meltdowri suffic_iently improbable. Fig.ure 1 graphically demonstrates the augmentation up to the present designs . 
. ' .. ,, ·.· .1··. ,' ' 

Thus; tht;! cu.~rent bqiling water reactor ECC systems were designed to prevent cladding melt (using grossly con-

servativ~ .models). It was later shown based on analysis and experimental data that the ECC systems limited the 

peak cl~dding.tem.pe~atures to only 2000°F while the temperature limit to prevent fragmentation was shown to 

be 21~9°.F,: Further
1 

two independent systems were incorporated, each employing a different cooling phenom

enon, i.e., spraying and flooding. In addition, complete break spectrum protection up to the rupture of the 

largest line was ensured even with no exter:nal power sources. Thus core melting was no longer the phenom

enolog}~<!l::basis for ECC system design. However, an arbitrary but unstated amount of hydrogen was still an AEC 

criterl1Jn fpr containment_ design . 

. Finally, in 1968 the hydrogen resulting from radiolysis of the water was demonstrated to be a second 

potential source of hydrogen. Recent tests have indicated that this source cannot be ruled out and they also show e 
that a. fi11ite_ equilibrium in about 1000 hours after an LOCA does exist, although it is above the lower 

flammability limit. However, the average rcite of evolution is about 1/4 of the· previously accepted value 

(GH 2=0.45). The next two sections will discuss these two sources, i.e., metal-water and radiolysis, and their 
effects on the containment. 

IV. HYDROGEN FROM Zr-H20 REACTIONS 

A. General 

Following a LOCA for breaks in excess of about a 6-inch pipe, coupled with loss of normal a-c power, the 

calculated peak fuel rod cladding temperatures would increase to a maximum of about 2000° F for the iargest break 

Under such conditions over 90% of the cladding is considerably cooler than 2000° F and the transient only lasts 

for a maximum of 5 minutes (only 2 minutes with the flooders) before the entire core is quenched to ambient 

conditions. Since the amount of metal-water reaction which occurs is an exponential function of temperature and 

"time; o'nly a' very small amount·('V0.06%) of the Zircaloy is oxidized. The amount·of hydrogen resulting from the 

· ; ·'c:ix'idatiim·of·0.06% of the Zircaloy would result in a hydrogen concentration of under 0.5% by volume in the 

· oonta'ininent; well below·the commonly accepted lower flammability limit of 4% in air. The amount of zirconium 

oxidized is shown in Figure 2 as a function of break size. Also shown is the effect of postulated additional 

: ·degeneration ·of the ECCS in terms of the number of pumps which are assumed to operate. Another concern is 

; the effect :of fUel rod failure on the metal water reaction .. "A recent experiment!2) conducted with a full-size 

simulated BWR fuel bundle demonstrated that fuel rod cladding perforations have no significant effect on the 

ability to spray cool the bundle and therefore very little effect on cladding oxidation:·(3) 

: I· 
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Figure 1. · ECCSIMPROVEMENTS 

5 



0.8; 

~ 
z 
0 
j:: 
(.) 

< 0.2 UJ 
a: 
a: 
UJ 
I-
< 

O> 3:: 

.!. 
< 0.15 
I-
UJ 
:::!: 

0.1 

0.05 

0.01 0.03 0.05 0.07 0.1 0.2 0.5 

BREAK AREA (ft2) 

0.7 1.0 

Figure 2. . TYP!GAL LARGE BWR LOSS-OF-COOLANT ACCIDENTS 
~ .. . 

2 PUMPS 

3 PUMPS. 

2 3 4 



For the large design break, Figure 3 shows typical peak cladding temperatures expected depending on the 

number of pumps assumed to operate. When it is recognized that the rates of reaction with Zircaloy are negli· 
gible below about 2100°F the reason for the.small amounts of reaction expected becomes clear. Also indicated is 

. the. effect of one of the conservative assumptions, steam availability, which limits the reaction through both the 
cooling effect and the limited availability of steam for reaction with the Zircaloy. 

! . : ,.~ 

Figure 4 shows the effect of time degeneration of the ECCS, in this case flooder activation time, on the.·· 

amount of Zircaloy reacted. (The independent core sprays are assumed not to function and only 3 of 4 flooding 

pumps are assumed to operate.) For reference purposes a 0.1% M-W reaction is equivalent to about 3 #moles 
and would result in a hydrogen volumetric concentration of approximately 0.4% in the primary containment. 

Figure 5 shows when in time the core would be flooded assuming various numbers of pumps to be operable 
along with the integrated metal-water reaction which would occur. Note the wide margins to the flammability': 
limit. The "initial" sources equivalent to about 0.2% M-W is the hydrogen from U02 - H20 reactions and the 
original hydrogen within the primary system and containment. 

Figure 6 shows the effect on metal-water of initial assumptions with respect to blowdown heat transfer and 

subsequent number of ECCS pumps postulated to operate. Again it can be seen that a large margin exists with·. 

respect to the degeneracy required to achieve large amounts of metal-water reaction. 

Another conservatism worthy of note is in the relationship assumed for the rate of the Zircaloy-steam · 
reaction. Tests(4) at General Eiectric conducted on single rods indicate that the "Baker Relation" used in the 

analytical model is conservative. The test rods .were 6 feet long and heated in a steam atmosphere in.a,natural con

vection loop. The rods were segmented and analyzed for total integrated oxidation after the tests and were found 

to have oxidized only a fraction of that predicted using this relationship (see Table 2). Therefore, it is believed 

that the estimates discussed above the H2 produced for a given set bf assumptions are definitely conservative. 
It is concluded(5) that iner.ting should.not.be a reguirernent for any BWR :and especially for the Dresden 2 

and subsequent class of reactors. The depth of ECCS protection and the small quantities of hydrogen produced 
even in event of degeneration beyond the design basis make inerting unwarranted even without consideration of 
the hazards of inerting, discussed in Section VI I. Further, the pressure suppression system can tolerate the very 

. rapid burning of large quantities of hydrogen well above the flammability limit* without violating the integrity of 
the containment, because-the ability to acconi,,,;odate large energy release rates·is ·inher~n·t in its design. 

B . Effect of Metal-Water Reaction on Radiolysis 

The effect of any initial concentration of hydrogen in the containment due to metal-water reaction is given 

in Table 3. Metal-water reactions up to 0.75% are included which is more than 10 times the maximum value 
: . . . . . . 

calculated. These calculations of times to reach flammability were made using the most representative of the 

ORNL BWR radiolysis test data (see Section IV) and both the GE fission produ~t release model and. ~h_e ~EC 
"TID-14844 release" model. For conservatism, all of the Tl D release fission products ( 100% noble gases, 50% 

hal()gens, 1% solids) were used to cause radiolytic decomposition of the suppression pool water. (See Appendix 
A for discussion) Metal-water reactions in excess of approximately 1% would _result in a flammable mixture of 
hydrogen of 4% by ~olume. The ORNL BWR simulated loop data indicates equilibrium hydrogen concent~ations 
could. exceed 4% by volume for radiolysis. Experimental verification of the effect of the initial hydrogen conce_n· .. 

tration on the eql!i!ibrium hydrogen concentration from radiolysis has been obtained by Zittel at OR~:~:\.+he. 
results show that any initial hydrogen present does not affect the final equilibrium value achieved by ra.d!oiysis ... "_ 

· The effect of pre-accident conta.inment pressure and temperature on the time to reach flamll)ability' is· 

small. For example, an increase in containment pressure would provide additional moles of noncondensible ·g_as~~'.:
thereby causing an increase in the time to reach a flammable concentration. However, a 1 psi increase in the.pre.:~:. 
accident containment pressure would only increase the noncondensibles by approximately 7% which would in 

turn result in an increase in the time to reach flammability of only an hour or tWo oi.Jt "of 50" hours~· An in
crease in the drywall temperature from the normal value of approximately 135°F 35% relative humidity to; for'in- .. 

stance, 180° F even at 100% relative hum,idity would only c:!ecrease the initial moles of nonconde~si~I~ g~~es ·i~. ~he ·,_ 
containment system by approximately 25%. This reduction in moles of noncondensible gases would in ,-turn 
decrease the time to reach the 4% flammabilit.Y limit by possibly 4-5 hours or a reduction intimeof.less_than .10% .. 

·' .,_,. '1··· .... ··-

* See Section VI 
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Table 2 
HEATUP TEST RESULTS 

.Max(a) Predicted Reaction 
Run Temp (Baker's Equation) 
No. OF % 

L 3380 11.2 
2 3300 13.4 
3 3000 10.5 
4 2460 6.53 
5 2450 11.43 
6 2870 18.27 
7. 3030 20.95 
8 2440 11.95 
9 2960 39.65 

10 2870 35.5 
11 3550 42.42. 

(a) Time at temperature different for each test. This effect included in prediction. 

Table 3 

EFFECT OF INITIAL HYDROGEN ON TIME TO 

REACH SPECIFIC HYDROGEN CONCENTRATION 

DUE TO RADIOL YSIS 

Core Rated Power 
Core Decay Energy to Coolant 

Fission Product Decay Energy to Pool 

Infinite Irradiation 

= 11% ,, 
= 2550 mwtl 

· (See Appendix A) 
= 100% 

Measured+Predicted(a) -" 
(Baker). 

% 

.64.1 
40.3 
42 

. 61.3/76.6 
62 

27.9. 
40.6 

54.5/63.5 

50.5/75.7 

30.7 
.. 33 

Fission Time in Hours to Time in Hours to 

Initial H2 

0 
0 

7 #'moles 

7 #moles 
25 #moles* 

37 #moles** 

25 #moles 

Product 

Source 

.GE 

AEC 

GE 

AEC 
AEC 

AEC 
GE 

Reach 6% H2 
95°Ct 125°C 

1200 *** 

400 *** 

700 (4000)(a) 

300 (1000) 

105 (190) 

40 (50) 

200 (330) 

• · This. means the % metal-water reaction is 7 times that calculated or 0.5% of entire core. 

** M-W reaction 11 times that calculated or about 0.75% of entire core. ...... H2 equilibrium is less than 6% . 

t livat~r Temperature. 

Reach 4% H2 
95°C 125°C 

300 900 
150 350 

180 360 
120 240 

17 26 

36 50 

(a) .·Although data indicate initial H2 does not increase %H 2 equilibrium these calculations were conservatively made adding· 

both contributions. 

(These times were based on the hydrogen generation rate and equilibrium data measured at ORNL in the simulated BWR 
configuration radiolysis tests.) 
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V. HYDROGEN FROM RADIOL YSIS 

e A. General 

* 

Following a LOCA the decay activity. breaks down the water molecules and through a complex series bf 

reactions results in liberation of hydrogen and oxygen. At some given hydrogen overpressure, the rate of recorri~i
nation in the radiation field just equals the rate of production and the concentration comes to equii'ibrium. ·The 

equilibrium value must be determined experimentally from capsule or loop tests and ranges from H2 ove~pressu~e 
of a few atmospheres (for solutions with chemical additives) to a few psi for the BWR solutions recently tested in 

the ORNL loop. Most of the ORNL data(6, 7) when converted to BWR accident conditions would indicate (!n 

equilibrium value as low as 3.6% by volume of hydrogen, for the case where the core is flooded and only boil-q'ff 

is maintained, to as high as 14% with maximum cooling depending on temperature and residence time as shown in 

Figure7. 

The net H2 generation rate determin~ how soon the flammability limit is reached. The commonly acceptJd 

value of 0.45 molecules of hydrogen released per 100 ev of absorbed energy is higher by at least a factor of 5 th~n 

that actually measured at the Humboldt Bay reactor. The ORNL loop tests from which GH2 values were 

extracted indicate that temperature and residence time in the radiation field are the key variables. As shown ·in 

Figure.8 the preiimi~ary ORNL. results also are lower - GH2 is as measured with the Humboldt Bay tests. 

Translated to reactor conditions following_ a LOCA the conservative assumption was made that 11 % * of the total 

decay activity still in the core is absorbed by the water. A detailed evaluation of the decay gamma energy 

spectrum and the material cross section resulted in only 5% of the remaining core decay energy being absorbed by 

the reactor c.ore coolant. Assuming Tl D. activity ·escape from the fuel** an additional maximum value of 15% ~f 
all the decay: energy could be available for radiolysis provi.ded all of the released fission products are absorbed.in 

· the suppression· pool. The rate of hydrogen buildup in a typical large BWR primary .containment for the~e 
conservative assumptio~s (i.e., ·11% core decay ·power to reactor coolant and - 15% ·core decay power ;o 

suppression pool) is illustrated in Figure 9. (See Appendi~ A for discussion.) Using· assumptions with respect to 

fission product release, consistent with ECCS operation.*** i.e., only 11% of the core decay .energy is absorbed 

by the water. Figure 10 shows the integrated amount.of hydrogen generation due to radiolysis. Thus~;~ith thkse 

assumptions it would take over 1200 hours to reach hydrogen concentrations of 6% by volume (see Table 2l and 

from 300 to 'goo hours to reach 4% by volume depending on the overall average temperature over th~t period of 

time. With TID assumptions* it would take over 400 hours to reach 6%, and 150 to 350 hours to-rea~h 4%. In a'll 
. \'. . '. 

cases negligible initial hydrogen was assumed. A sum111ary of the times to reach flammability is shown.' in Table 3 . 
. The "initial" quantities ~f H2 present for the largest break are summarized in Table 4. ?!· l 

<o, 1% M-W Riiaction . . . 

U02 - H2 0 Reaction ... 

H2 Primary System Leakage 

H2 in Primary System. 

Total 

Table 4 

INITIAL HYDROGEN 

11% conservative, 5.% more realistic (see Appendix A). 

. < 3 #moles i .. ~ 
1 #mole 

2 #moles 

1 #mole "i 

7 #moles= 1% Vol. 

** 100% of all noble gases, 50% of halogens, and 1% solids released. 
*** 25% rod perforations, 1.8% noble gases, 0.~2% halogens, and 1 % solids released from perforated fuel: .... \ •• _.-.. 
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The metal-water reaction shown in Table 4 is what is actually calculated with any orie of the two ECCS 
systems operating. The U02 - H2 0 reaction was conservatively based on 25% of the fuel rods being perforated 
and oxidizing one-third of the pellets in a 1-foot section of each rod. The "hydrogen primary system leakage" is 

the hydrogen which leaks to the drywell with primary system fluid leakage. A 5 gpm continuous leak for 3 

months was assumed.The total hydrogen within the primary system· is less than 1 pound-mole. 

Thus, it is seen, from Table 3 that with a conservative estimate of all the hydrogen sources, a significant 

period of time exists after an LOCA before the flammability limits are reached, ranging from 5 days to as long as 
6 weeks. This is sufficient time to eliminate the hydrogen by various means. Furthermore, it is seen that even 

significant degenerations of the ECCS can be tolerated with resi)ect to H2 buildup even before such accumula

tions occur (see Figures 4 and 5). 
Finally, it can be seen from Figure l1 (81 that inerting is not a solution since with radiolysis the additional 

hydrogen generated is accompanied by oxygen and shifts the concentration along the dotted line such that by the 
time a 5% by voiume :of hydrogen exists, the oxygen content has increased to make the mixture flammable. This 

would take between 200 and 700 hours as interpolated from Table 2.and hence does not differ significantly from 
the noninerted case. 

B . Coolant Energy Absorption Over the Post·LOCA Period · 

The energy transfered to the reactor coolant is a function of both the core decay power and the mass 
density ·at coolant present within the core. For conservatism .the reactor was considered as having operated at 
rated power for an infinite time thereby resulting in the maximum core fission product decay energy. A realistic 
irradiatio·n time would be 1000 days. For a unit cell within the reactor core approximately 11% of the total mass 

density !Le., fuel, cla~ding, and water) consists of the coolant. Therefore, the conservative assumption was made 
that 11%: of the remaining core total decay energy ·(gamma and beta) was deposited in the coolant with the 
remaining energy being deposited in the fuel and fuel rod cladding. Actual deposition in the coolant would be 
approxirrtately·-·53 of the total decay energy. The beta decay energy, approximately 40% of the remaining reactor 
core totafdecay energy, would remain mostly within the fuel and cladding due to the relative short mean free path 

of the beta fission pro~ucts (i.e., energy spectrum). 

ccirisider,ation of the long term post-LOCA time period could result in a reduction in the total fraction of 

core decay power being available for radiolysis in the core region. This reduction in radiolysis would be a function 
of the to.tal amount of water within the core region. The water swell within the reactor vessel does provide con

tinous and adequate core cooling even with the collapsed water level (i.e., two separate and distinct phases
steam a~·d liquid) below the top of the active fuel. For·this condition of void distribution within the core region 

the fractiOnal amount of decay energy deposited in the reactor coolant is reduced due to the decrease in mass ·. . 

density of water. 

Therefore it is conservative to assume that 11% of the total decay energy is deposited in the reactor coolant 
especially 'when the beta eri~rgy spectrum of the released fission products and any coolant swelling in the reactor 

core is considered. 

C . Summary of Experimental Programs to Investigate Radiolysis 

The following experimental programs have been undertaken by the General Electric Company to better 
resolve the concerns relative to the H2 production by coolant radiolysis. 

( 1) Operating Reactor Shutdown Tests 
A test was run at the PG&E Humboldt Bay Nuclear Power Plant Unit No. 3 during the scheduled refueling 

shutdown on November 4, 1968, to determine the radiolytic hydrogen production rate. Test data were taken 
during the first 2-1 /2 hours of the shutdown when the reactor pressure was being reduced. The resultant hydrogen 
generation rate was calculated from the· steam flow rate and the corresponding hydrogen concentration in the 
steam. Consideration of the experimental errors in the steam flow measurement (flow nozzle and reactor water 
mass balance) and the core decay power resulted in a hydroge-n yield between 0.008* and 0.05* molecules 

* Based on 11 % core energy to water. 

18 



22 

20 

18 

16 
UJ 
..J 

14 co 
~ 

<( 
::?: 

N ::?: 
0 12 <( 

..J 
LL. 

I-
10 0 

z 
FLAMMABLE 

.... 
cc 

8 

6 I 

4 

NOT FLAMMABLE 
2 

0 
0 10 20 30 40 50 60 70 80 90 - 100 

Fi~ure 11 .. FLAMMABILITY8 OF 0 2 - H2 - N2 DRY MIXTURES 



H2 /1 OOev compared to the previous values quoted in the literature from capsule tests of 0.45 molecules H 2 /1 OOev. 

A similar type shutdown radiolysis test has been conducted at the KRB nuclear power plant during the scheduled 

shutdown in June 1970. Improvements were made in both the experimental procedure and the measurement 

techniques used at Humboldt to thereby provide a more accurate determination of the radiolytic decomposition 
rate during the shutdown. The test at KRB also is more representative of the boundary conditions in a large BWR. 

The results of the test at KRB confirm the basic trend observed at Humboldt, i.e., a significantly lower hydrogen 

overall yield value than the previously accepted value of 0.45 molecules hydrogen released per 100 electron volts 

of energy absorbed. (See Figure 8). 

(2) Simulated BWR Radiolysis Tests at ORNL 

A series of tests were run at ORNL during the time period of July 1969 through December 1969 to deter

mine the effect of various parameters on the coolant radiolysis. The experiments were conducted using a two

vessel closed loop with a gamma energy source (cobalt-60) surrounding one vessel and the other vessel simulating 

the containment free volume.* Distilled water with iron impurities** was circulated through the loop using a 

pump and with an air cover gas. The tests were conducted at three water temperatures (65°C, 95°C, 125°C), 

three flow rates (100 gpm; 1000 gpm, and 10,000 gpm) which correspond to residence times of 700 minutes, 

70 minutes, and 7 minutes; and with th~ee gas/liquid containment volumes (1:1,2.5:1and5:1). 

The preliminary results of the tests run at ORN L indicate that the radiolytic hydrogen generation rate is 

inversely proportional to the coolant water temperature at short residence times as shown on Figure 8. The 

maximum measured hydrogen yield*** with the ORNL tests is approximately a factor of 2 reduction over the 

0.45 molecules H2/100ev previously used as a base index value. Furthermore, the reduction in H2 generation rate 

was approximately a factor of 4 to 5 at coolant temperatures close to 212°F The measured equilibrium hydrogen 

concentrations as a function of residence time and gas/liquid ratio are plotted in Figure 7 (6.7). As can be seen 

from the figure, the maximum hydrogen concentration of approximately 14% results at a low water temperature 

·" and low residence time. Most of the test data resulted in hydrogen equilibrium concentrations between 4% and 

7%. This is slightly above the lower flammability limit but below the minimum concentration for which 

detonation may occur. 

Therefore, in summary, the Humboldt test, the KRB test, and the ORNL tests indicate a factor of 2 to 50 e 
reduction in the hydrogen yield due to radiolysis over the 0.45 previously used. Also, the ORNL test data 

indicate that the equilibri~m hydrogen concentration could eventually exceed the lower flammability limit of 4% 

in air, depending on conditions in .the cor!!. Analysis of the data is still underway and the foregoing represents the 

.current best assessment of the situation. 

VI. EFFECTS OF HYDROGEN ON THE CONTAINMENT 

A. General 

As indicated earlier, the pressure suppression system is inherently capable of absorbing high energy release 

rates, hence it has the ability to tolerate rapid (up to 200 ft/sec flame velocity) burning of hydrogen (i.e., "explo

sions") as long as detonation does not occur. Detonation in air has never. been demonstrated below 15% to 18% 

by volume of hydrogen. There is some speculation that perhaps detonation might occur at values as low as 6% by 

volume but this has never been experimentally verified. Given the unlikely event that enough hydrogen is present 

to give even a 9% mixture, the factor that there is relatively little equipment inside a pressure suppression system 

that could be an ignition source makes the probability of detonation or combustion very low. Thus, it does not 

follow that just because the c.oncentration of hydrogen is_ above 4% to!% there will necessarily be a fire, let alone 

a detonation. 

Much experimental effort has been expended in determining the. flammable and detonable limits of hydro

gen when mixed with oxygen and with various dilutents. Lewis and von Elbe in their classic book,(9) review most 

of the pertinent work up to 1961. This book indicates that the predetonation compression and heating would not 

change the detonatable limit for hydrogen to a value below 14%. The 14% value has apparently been reached only 

with mixtures containing less than 50 ppm of water. 

* Vessel simulated free, volume also had water. 

** Corrosion products resulting from test not present at beginning of test. 

*** Calculated from slope of increased pressure curve . 
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Comments that have been made about the possibility of combustion-induced impulses occurring with mix· 

tures outside of the normally accepted detonatable limits are repeated in reference 10. 

A careful search of the literature has failed to disclose any occurrence of hydrogen and air or hydrogen and 

oxygen detonations in mixtures below 14% hydrogen. In this general area where the theoretical calculations ap· 

pear to outline the lower limits there exists a sound theoretical basis for nonoccurence of detonation below 10°/ci 

hydrogen. 

Given that the hydrogen does burn, the total energy involved is not large. The LOCA blowdown energy is 

about 400 x 106 Btu whereas the burning of H 2 with all the 0 2 in the containment air would only liberate 

18 x 106 Btu. This is the burning of 170 #moles of H2 , which is 28% by volume of H1. If all the ener!'.IY were 

deposited in the containment walls the wall temperature would increase only 180°F. Actually upon ignition the 

air-stream mixture would be vented into the pool and quenched, and even though mixed mean.gas temperatures 

momentarily could reach 2000°F, the actual wall temperature would increase only 10°F. 

Typical pressure-time curves as a function of burning rate are shown in Figure 12. Note that even for an 

"explosion" or rapid burn of the entire mixture in 500 milliseconds the containment would survive since a safety 

factor in excess of 2 has been applied in the design pressure rating. Thus, even in event of the extremely low prob-. 

ability that a sufficiently large break were to occur, that a large amount of hydrogen would be allowed to accu· 

mu/ate, and that somehow it were to ignite, containment integrity would be retained. 

Even if it were assumed that, upon reaching a 6% concentration in 5 days, the integrity of both the primary 

and secondary containments were lost the thyroid dose at the site boundary would be 758 Rem and the whole· 

body dose 0. 77 Rem. For the same failure at 30 days the thyroid dose would be only 88 Rem and the whole body 

dose 0.55 Rem. Note that Table 3 shows that using the calculated value of initial metal-water reaction it would 

take from 30 to 170 days to reach the 6% flammability limit depending on the temperature. This assumes 25% of· 

the rods have perforated and all of the activity in the plenum has escaped. Worst meteorology with ground level 

release, and a site boundary distance of 800 meters, was assumed. 

B . Assu.rance of Homogeneous Mixture of Combustible Gases 

Any combustible gas released to the primary containment during a postulated loss-of-coolant accident. 

would first be mixed with the drywell atmosphere and would then be swept through the drywell vents due to the 

built-in pressure suppression action of the primary containment design. The gases would be cooled by the turbu

lent action in the suppression pool and would then mix with the other noncondensible gases in the suppression 

chamber. The heat removal and losses from the dr.ywell would eventually reduce the gas temperature and thereby· 

the drywell pressure. The pressure reduction would then result in the noncondensible gases being vented from the 

suppression chamber to the drywell via the vacuum breaker system to equalize the pressure between the two. 

chambers. Thus, mixing of gases between the two chambers would occur. 

Any combustible gases generated in the core region following the postulated LOCA due to either metal

water reaction or radiolytic decomposition of the coolant would be released to the drywell atmosphere. The 

core cooling flow, either LPCI or core spray, would exit from the vessel via the break and would provide a cooling. 

action and the resulting thermal gradients within the drywell would cause natural convection currents, ensuring a 

reasonably homogeneous mixture of gases within the drywell. Furthermore, the diffusion of hydrogen gas is very 

rapid and any appreciable variation in H? concentration should exist only for a short time period. Any significant 

release of noncondensible gases from the reactor vessel to the drywell would increase the drywell pressure which 

would then result in a venting action through the suppression pool water as soon as the differential pressure was 

sufficiently high to overcome the head of water in the downcomers. This venting action would cool the gases 

transferred to the suppression pool water. These noncondensibles would be reasonably well mixed in the suppres-' 

sion chamber due to both the thermal gradients resulting from heat losses, the diffusion of the gases, and the ac

tion of the suppression pool sprays. 

Pocketing potential has been discussed .also with Dr. Franklin S. Thomas of the Naval Research Laboratory.· 

Based on his experiments in which stoichiometric hydrogen-oxygen mixtures were fed through a 6- to 8-inch* po-. 

rous plug, his measurements by schlieren techniques indicated that the mixture was detonatable only inside an 

* Diameter 
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18-inch high cone with the plug at the base. The concern for pocketing is generic to all containments, however,. · 

and not just for pressure suppression. 

Furthermore, even if a pocket of hydrogen were to burn rapidly, the containment can structurally tolerate 

it (see Figure 12). Also there is no equipment, inside the containment, required following the LOCA that could 

be damaged if a localized burn were to occur. 
Consideration of any significant fission product release from the fuel, such as that assumed in Tl D-14844, 

would have to be associated with a complete core meltdown which is inconsistent with the conservative design of 

the emergency core cooling network and its redundant systems. Actual release of fission products from the fuel 

therefore will be much less than that specified in TID-14844. G. W. Parker16) states in an ORNL report* that 

"the mechanistic method of evaluating potential volatile fission-product release may be useful in the justification 

of a significant reduction in presently accepted guidelines. For the average fuel rod linear power density, around 

8kW/ft, the potential radioiodine release is lower than for U02 melting by perhaps a factor of 100; however, 

above 18kW/h the potential is probably only a factor of 2 or 3 lower." Over 7CJl/o of a typical BWR core has a 

linear power of under 8 kW/ft with less than 0.3% having a linear power greater than 17 kW/ft. Therefore, area

sonable source term would be lower than TID-14844 by a factor of about 50 to 100. 

The energy decay fraction contained in the TID-14844 release is plotted versus time on Figure 1.3. Note. 

that the time average release fraction is initially approximately 14% and decreases as a function of time (i.e., 6.5% 

in 3 days). Equation ( 1) would give the effective hydrogen generation following a LOCA. 

MolesH2 a{GH
2 

corex(1-Rel)xf 1 +GH
2 

pool(f2 xRel) f 3 } ( 1) 

where: molecules H2 generated 

GH2 = 100 ev absorbed 

Rel = fraction of decay energy released from the core with the fission products, and 

f1 = fraction of remaining core decay energy into reactor coolant (conservatively assumed to be 0.11)' 

NOTE: The fraction of core decay energy deposited .in the reactor coolant was conservatively evaluated to .. . . . . . ' 

be, 5% when consideration of the different gamma energy levels and material cross sections were used (see Appen

dix A for discussion of conservatisms). 

f 2, fraction of released energy into pool (conservatively assumed to be 1.0) . 

NOTE: The fraction of released fission product energy which could be deposited in the pool woul_d be ap

proximately 50% since the noble gases would be airborne (see Appendix A). 

f3, fraction of energy into pool absorbed by water (conservatively assumed to be 1.0) 

For a stoichiometric release the amount of 02 generated by radiolysis would be: 
Moles 02 = Y. x moles H2 .. (2) 
(radiolysis) (radiolysis) . . . 

· Consideration of the extent of H2 genera_ted by radiolysis for the TID-14844 release compared to using t~~ 
GE release** is given by equation (3): · · · · 

Moles H2 (TIO) 

Moles H2 (GE) 

GH
2 

core x (1-Rel) x f 1 + GH
2 

pool (f;: x Rel) 

'VGH
2 

core x f 1 *** 
. (3) " 

* ORNL Nuclear Safety Research and Development Program Bi monthly Report for Sept-Oct 1969 ORNL· ', -

TM-2777. 

* * This release is described in APED-5756(1)" and consists of an average of 1.8% noble gases and 0.32% 

halogens. 

*** The fission products released from the fuel (GE model) and if all transported to the pool would only cause a 

1% or 2% increase in the radiolysis. The generation equals approximately GH
2 

core x f1 as shown in equation (3). 

/ 
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or, Moles H2 (TIO) GH
2 

pool (f 2 x Rel) 
------ = (1-Rel) + · 

Moles H2 (GE) GH
2 

core f1 
(4) 

or, Moles H2 (TID)/Moles H2 (GE)= 1+8.1 Rel 

(5) 

Figure 13 also shows the ratio of hydrogen generated due to radiolysis for both the TID-14844 release and 

the.GE release as a function of time. It is evident from this figure that the use of TID-14844 release with all of 

the eriergy associated with all of the fission products released would result in a maximum increase in radiolysis of 

approximately 100% over the radiolysis associated with GE assumptions and would decrease with time (i.e., about 

50% at3 days). 

· Therefore, in summary, combustible gases generated in either the core region from metal-water reaction 

and/or by radiolysis or in the pool region by radiolysis would be reasonably mixed in the primary containment 

due to thermal gradients and spray action. 

C. Lesser LOCA within the Primary Containment 

The predicted fuel rod cladding damage (i.e., perforations) as a result of a LOCA would be limited to break 

areas in excess of approximately 0.8 square feet. Furthermore, the predicted maximum fuel rod cladding perfora

tions would be less than 13% of all the fuel rods in the core for the design break accident. The GE fission product 

release model would result in approximately 1.8% of the core averaf noble gases and approximately 0.32% of 

the core average halogen fission products being released from the fuel into the fuel rod plenum. The perforation 

of fuel rods would result in the transfer of the released fission products from the fuel rod plenum to the contain

ment via the break area. The noble gases would remain airborne and the halogens could be absorbed in the pool 

water. Even if all the energy associated with the released halogens were deposited in the pool water the increase in 

totai'h.ydrogen production due to radiolysis would be negligible as compared to the case with no perforations. 

The~efor~. the radiolytic' decomposition of the water will occur essentially only in the core region and the hy

drogen and oxygen gases thereby generated would be released to the drywell through the postulated break area. 

The increase in drywell pressure would cause the gases to be vented to the suppression chamber to equalize the 

pressure.between the drywell and suppression chamber. 

The contribution of total hydrogen production due to radiolysis was evaluated using the test data obtained 

from the simulated BWR containment configuration at ORNL The resulting hydrogen yield or rate from the 

ORNL tests was observed to be a function of both water temperature and time following the accident as shown 

on Figures 7 and 8. The maximum measured hydrogen generation rate GH 2 was approximately 0.2 at a water 

temperature of 150° F and a residence time of 7 minutes and the rate continually decreased as a function of time 

as n~t~ on Figure 14. Therefore, using the maximum measured ORNL radiolytic decomposition rate it would 

take approximately 95 * hours following the accident to reach a containment hydrogen concentration of 

approximately 4%, the lower flammability limit in air. The calculated meta!-water reaction would _be less than 

0.06% across the entire break area spectrum which would resu_lt in an initial H2 concentration'in the containment 

of less than 1% (a// sources included). The corresponding time to reach a 4% H2 concentration in the containment 

considering these other sources would be approximately 58* hours. 

* Based on GE fission-product release: 11 % core power to water, infinite irradiation. 
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-- Therefore, in·summary, the break size and location would have a neglible effect on the total generation of 

hydrogen gas due to radiolysis and the time to reach a combustible gas concentration would only be a function of 

the initial hydrogen concentration in the containment immediately following the postulated br.eak. For the·small 

breaks the metal-water reaction would be small and would therefore reduce the initial hydrogen concentration in 

the containment immediately following the LOCA. See Figure 2 and Figure 14A. 

VII HAZARDS OF INERTING 

The everyday adverse effect of inerting such as restricted inspections during startup, jeopardy to personnel, 

and placing an unfair burden and penalty on the operator (in making entry decisions for inspections should minor 

difficulties be encountered during operation) far outweigh any potential gains in safety for the highly unlikely 

event of a large rupture. For example, if the operator should note a slight indication of a leak or other ·adverse 

condition in the drywell, good operating practice would dictate that he assess the situation as soon as practical 

even though the condition is well below any Tech Spec limitations. Without inerting he could, within a few 

hours, reduce power, make his inspection, and be back on the line. With inerting, however, it is extremely unlike

ly that any entry would be allowed because. of the danger of asphyxiation. (There are several instances on record 

where personnel were nearly asphyxiated from malfunctioning breathing apparatus or other incidents.) Thus he 

would be forced with having to de-inert the containment, flush it thoroughly and re-inert it. This could. require as 

long as two shifts. Thus inerting, in essence, prevents the operator from exercising good operating practices. 

These have been an integral part of his training and experience, as well as the cornerstone of real safeguards 

against small events leading to larger and more serious accidents. Hence, it is believed that from an overall view

point a safer situation exists without inerting. Finally, inerting does not eliminate radiolysis· which produces 

oxygen, thereby essentially de-inerting the containment. 
In addition to the comments on the hazards of inerting already given the following item, 28(1) tci Amend

ment 22 Dresden Nuclear Power Station Unit Number 3, is cited in its entirety as an appropriate refere.nce. 

2. ACRS Letter Item Concerns 

A. Introduction 

On September 10, 1969, a letter was written by the Advisory Committee on Reactor Safeguards on·bresden 

Nuclear Power Station Unit 2. Consideration was given to many items of plant safety. Most of these items of plant 

safety were addressed to the satisfaction of the committee, but some remained unresolved. The purpose of this 

section of this report is to review these unresolved items, to add information as it applies to these items, and to 

give a status report of those items which remain unresolved. 

B. Addressing of ACRS Letter Items 

(1) CONTAINMENT INERT/NG I 

During the ACRS review of Dresden Unit 2, Commonwealth Edison Company unequivocally stated its op- · 

position to containment inerting. this position was founded on the fact that inerting discourages frequent acceSs 

and inservice inspection of the reactor primary system and thereby fosters a safety posture /es$ than desi;able. 
Therefore, Commonwealth Edison is opposed to inerting of the Dresden Unit 3 containment. · · ·· 

An early requirement placed on containment vessels demanded that the containment be designed to with· 

stand, without exceeding the design pressure, a substantial metal-water reaction resulting from an assumed reac

tor core meltdown. Since that time, major improvements have been made in the provisions for emergency cooling 

of the core. Some of these major improvements include: 
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(a) Redundant and completely independent core spray systems. 

(b) Addition of a high pressure coolant injection (HPCI) system. 

(cl Addition of a low pressure coola(lt injection (!,PC!) system. 

(d) . Completely redundant and indepe.ndent emergency power systems. 

(e) Improved reliability of each electrical and instrumentation function by conformance to IEEE 279. 

These added improvements to the emergency core cooling systems ensures .that no reactor core meltdown 

will occur. This gives added support to the pressure suppression containment which, itself, will tolerate much lar

ger quantities of hydrogen generation than what is calculated to occur. This is due to the containment's inherent 

design capability for transferring high energy and mass rates to the suppression pool. Actually, a large margin 

exists between the amount of hydrogen expected and that which can be tolerated by the containment. 

The cal~ulated me.tat-water.reaction which. will occur compared to the metal-water reaction which the con

tainment can withstand is as follows: the maximum metal-water reaction expected to occur over the entire break 
' . ' . . . 

spectrum .would be /ess than 0.1%. Compare this with-

1. If the .hydrogen burns as it is evolved, the containment is capable of tolerating at least a 30% metal-water 

rf!a<;tion, a factor of 300 over that expected. 

2. If ignition is postulated to occur in the drywe/I after hydrogen has been released, the containment can tol

erate. a 20% metal-water reaction, or a factor of 200 above that actually expected . 

.. 3. " If the hydrogen is not burned at all, the containment can tolerate a 15% metal-water reaction, or a factor of 

150 ,above that actufJllY expected . 

. It should be .noted that these. (arge metal-water reactions are associated with failure of all emergency core 

cooling systems and a resulting gro~ core meltdown. Note also that the 20% metal-water reaction specified in case 

2 is. a theoretical value because the 15% metal-water reaction specified in case 3 is limiting . 
. It can be seen, then, that inerting of the containment to prevent a hydrogen explosion as a result of metal

. water reaction is unwarranted. If but one of. the many emergency core cooling systems functions, then the metal-
•. I ' ' 

water reaction is so small as to preclude a need for inerting. If all the emergency core cooling systems fail, gross 

core meltdown will occur-an event which cannot be limited by inerting the containment and the consequences of 

. which cannot even be predicted. 

The best way to reduce risk to the public health and safety due to a loss-of-coolant accident ( LOCA) is to 

prevent the occurrence of an LOCA. The best way to prevent the occurrence of an LOCA is: (a) to have a well

designed and constructed primary system, (b) to provide a sensitive leak detection system, and (c) to provide the 
··' . .. . ' . 

. capability for convenient visual location and evaluation of leaks. Regarding item a, we have done all that we know 

how to. do to ensure that the primary containment represents the best possible design and construction. Regarding 

. item b, we have .dra.wn on our extensive experience with the Dresden Unit 1 leak detection system and have spent 

an additional $100,000 to install a leak detection system for Dresden Units 2 and 3 with superior sensitivity. Re

garding item c, over 75 .years of steam power plant experience has convinced us of the need for providing visual 

location and evaluation of leaks. 

lnerting the containment makes the containment significantly less accessible for inspection of equipment 

, and.piping; .and therefore IJlilitates against the capability for visual leak location and evaluation. The location and 

nature of leaks is very important to assessing the risk of an LOCA. Quantitative measure of leakage is insufficient ·.. '• . ' . . ' . . 
, for assessing this risk. Commonwealth Edison has installed a leak detection system which will allow detection of 

ie~ks on ·the o;der of .ounces per minute. The design reflects the successful leak detection experience from Dresden 

1 where .the, quantitative performance of the system has been demonstrated. While we have attempted to provide 

leak IC?cation capability in the Dresden 2/3 system, we will not know the extent to which this has been achieved in 

practice on a. reliable basis until we have acquired sufficient operating experience with it. The only sure way to lo-

' ca~~ i~ak~· is to en~r the containment and visually inspect the primary system. With the leak detection system we 
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have installed, and no containment inerting, an indication of a leak can be checked by bringing the unit to a hot . 

standby (pressurized) condition during an off-peak load period (between midnight and 8 a.m., for example), and 

entering the containment for inspection. Once located, the leak can be repaired or isolated. If the leak canno_t be 

repaired or isolated, the unit can then be brought to a cold shutdown condition whereby repairs can be made. 

Thus, a leak can be detected and repaired long before a more serious loss-of-coolant condition develops. 

If the containment is inerted, the time to de-inert, look for and repair the leak, and re-inert the containment 

is such that inspection during the nightly off-peak load condition is not possible. We know of no protectivecloth
ing or equipment available which would enable personnel to enter an inerted containment and provide them with 

sufficient flexibility to locate and evaluate leaks. Thus, on receiving an indication of a possible leak, the incentive 

is to wait for an off-peak load condition longer than a few hours, or until the leak rate limits in the Technical 

Specifications are approached. 

In addition, we are concerned with the safety of personnel who must enter the containment which has been 

inerted and then supposedly de-inerted. This will also result in an incentive to enter the containment as little as 

possible, and thus discourages the location and repair of small leaks. 

From the standpoint of the public health and safety, the value of inerting is wrong, in our opinion, if the 

price is reduced ability to locate and repair leaks. In the first place, the original basis for inerting is gone. The in

erting precedent in BWR's was established on Humboldt Bay when peak clad temperatures approached the melt

ing point of Zircalloy cladding and a metal-water reaction of 33% could be postulated. As is well known, the peak 

clad temperatures were shown to be actually under 230rf F several years ago when the clad shattering phenqme

non was discovered by ANL. Dresden Unit 3, like Dresden Unit 2, utilizes improved core cooling systems over 

those used at Oyster Creek and Nine Mile Point. With these systems, peak cladding temperatures for an LOCA are 

well below the melting point and well within the range where core geometry is preserved. This is true even for a 

degenerated case where equipment is assumed to fail. As a result of limiting cladding temperatures, the hydrogen 

in the containment produced from the zirconium-steam reaction will not reach concentration limits_ for flamabil

ity. It should also be pointed out that the hydrogen release calculation is conservative and has been verifitt_d by ex

perimental work. * 
Secondly, in the event of radiolysis of water following an L OCA, containment inerting would be of little or 

no value since both hydrogen and oxygen would be produced by the radiolysis process. 

Third, after 10 years of operation of Dresden Unit 1, we are convinced that it is much more desirable to lo-

. cate leaks as. soon. as possible. Experience has shown that many small leaks through valve packing will probably 

develop, particularly during initial operation of the unit, and following unit shutdown and subsequent start-up. 

By correcting these packing ~ef]ks l!5-__ soory as thf!Y occu_r, 1(1".~ C!r:fJ. g_ble to kfl!!P. a relq_ti,Ye/y lf!ak-fref! cqmai11In£tnt 

thus avoiding masking, and are able to identify new leak sources much more quickly than if we had a. containment 

with several known and uncorrected leaks. 

The ACfi.S recognized the validity of our position in its letter on operation of Dresden Unit 2 (Septem
ber 10, 1969) by statihg that "inerting increases problems of inspecting for and repairing leaks in the prima,:Y.sys

tem." The committee also recommended that the requirement for inerting be reviewed periQdically asoperaring 

experience is gained. We believe that recent experiences with leaks in the Elk River, Lacrosse and Nine Mile Point 

reactors provides additional evidence as to the need for providing access to the containment as soon as indications 

of a. possible leak are obtained. This can be accomplished in a practical manner on ·the Dresden class reactors only 
if the.containment is not inerted. . · .. 

In summary, we oppose inerting because, in our judgment, inerting increases the risk of an LOCA, and this 

risk far outweighs the very limited value of inerting in mitigating the consequences of an LOCA. Mo~eover, we see 

no justification for exposing our employees to the added risk of working in an inerted environment. We will inert 

Dresden Unit 3 only if the AEC tells us we must do so as a condition for issuance of an operating license. 

* H.C. Brassfield, J. F. White, et al., "Recommended property and reaction kinetics data for u~ fn evaluating a 

light water cooled reactor loss-of-coolant incident involving Zr-4 or 304 stainless-steel clad U0 2 " GEMP-482 
(April 1968). 
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VIII. POTENTIAL SOLUTIONS 

From ·ttie foregoing discussions it is apparent that given the remote combination of conditions associated e· 
· with· the ·design basis· accident (OBA) the hydrogen concentration could indeed build up over a period of time. 

Even if it should build up to the equilibrium values implied by the ORNL tests and then be ignited, the 

containmerit integrity would be retained. However, the H2 generation rate is low, thus giving the order of days or 

weeks in· which to maintain the concentration to low values. Thus, if for regulatory reasons more margin is 
· desired there are various ways in which this can be done. 

A. · VEfritirig the Containment 

·one way is to simply vent the containment through the standby gas treatment system filters and replenish 

the noncondensibles. The key issue here is the acceptability of doses and venting time. Venting would be consid

.. ered· by the operator only if measurements after an LOCA indicated the hydrogen concentration were approach
. · ilig, say, a 4% concentration. 

It is very important to point out that if one approaches the problem on a strictly technical consistent basis 

it is Clear that venting is a reasonable, possible, and practical solution. If any of the key inputs are made inconsis

tent or are arbitrarily set, a different solution becomes optimum and the effect will be serious. The key boundary 

conditions which govern the feasibility of venting are the fission-product source term, the dose transport model, 

the rate ·of hydrogen evolution and the amount of initial metal-water reaction postulated. Various combinations of 

assumptions have been calculated as shown in Table 5. Shown in this table are the effect on doses of perturbing 

the hydrogen sources, rate, and fission-product source terms. The "GE Source" is consistent with ECCS and the 

"AEC source"· consistent with TID-14844 as defined earlier and in Table 5. However, as previously mentioned 

ttie·se values were conservatively evaluated using 11 % core decay power for radiolysis in the core region, all of the 

. released energy ·to the pool and infinite irradiation. All of these times would increase significantly using the real

istic ·as.sumptions 'dis.cussed in Appendix A. Correspondingly, the doses to the environs would also decrease 

significantly. 

The mosfreasonable case, No. 10, (which is still conservative) shows that the doses are within the Y, Rem 

yeariy dose allowed under 1 OCF R20 by over an order of magnitude. Even if the initial metal-water reaction is in

cr~ased by over an order of magnitude the offsite doses are within Y, Rem as shown by case No. 4. 
I,'. ·case No.· l demonstrates that a simultaneous increase in both initial hydrogen and hydrogen evolution rate 

results in well under a Y:. Rem dose provided a reasonable source term is used. 

·Cases· 3; 6, and 9 show the result of adding the gross conservatisms associated with the fission product 

. source terms and transport model to the hydrogen source and generation terms. The key differences in the fission

. lfroduct source and transport models are shown in Table 6. One cannot be too emphatic that use of the TID-

14844 source term is incorrect and inconsistent with use of the ECCS. Even using the results from G. W. Parker's 

.. A'NS paper!11) 'which states that for linear power densities above 18 kW/ft the release is within a factor of 2 to 3 
· · TID-1'484( the fact remains that less than 0.1% of the core is above this levei. The integrated source term would 

. 'stifl be at' least a factor of 50 to 1QO·below the values presented in Tl D-14844. 

·. · • i venting· cou'1d be combin~d with a ~1eanup system having a greater decontamination than the standby gas 

·.· treatrn~nt syst~m. The degree of decontamination achieved would depend on the ·investment one would.be willing 

. ·t~ ~ai<e·. Hence, teasibilitvis highly dependent on a11owab1e doses, venting rate. and tieat 1oad to be acco'mmodated. 

B.· · Recombiners 

·If venting is not an acceptable solution there are a variety of nonventing recombi'nation schemes. Ho~ever, 
these 'are. sig.r:iifi~~ntly more complex and expensive. Three classes of possible recombiners are summarized in 

Table 7.'Tables 8 through 10 describe the various recombiners possible within each class along with its advantages 

an~ disadvanta.ges., It .is estimated that actual incorporation of one of these systems as a finished product would 
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Table 5 

VENTING -
BLEED THROUGH STANDBY GAS TREATMENT SYSTEM - MAKEUP 

DOSES·TO ENVIRONS 

Reactor Power = 2550 MWt 

Core Decay Energy to Coolant = 11% 

} (See Appendix A) 

Fission Product Decay Energy to Pool = 100% 

INFINITE IRRADIATION 

Whole 
Thyroid Body Dose 

Venting Initiation 
Dose Rem*** 

Transport Rate Time Rem*** (Noble 
G ** Source % M-W* H2 Model CFM Hr (Halogens) Gases) 

1. GE 0.3 0.45 GE 111 18 0.05 0.14. 
2. AEC 0.3 0.45 GE 111 18 15 23 
3. AEC 0.3 0.45 AEC 111 18 3400 23 

4. GE 0.75 0.1 GE 27 24 <0.05 <0.1 

5. AEC 0.75 0.1 GE 27 24 2.7 5.8 
6. AEC 0.75 0.1 AEC 27 24 930 5.8 

7. GE 0.3 0.07 GE 15 120 0.003 0.012 

8. AEC 0.3 0.07 GE 15 120 0.9 1.9 

9. AEC 0.3 0.07 AEC 15 120 310 1.9 

t10. GE 0.06 Q.L GE _!§ 175 <0.003 <0.012 

10CFR100 Limits .300 25 

* Best estimate is 0.06% 
** Best estimate is 0.1 
t Reasonably conservative best estimate 

* * * 30-day dose at 800 meters (stack -v 100 meters) 
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Halogens 

Core Effect 

Halogen Plenum Activity 

Plateout Factor . 

Airborne in Primary Containment 

·i 

Methyl lodide .. Formation. 

Partition !=,actor* 

SGTS Filte~ l:fficiency . 

Duration of Continuous Venting 
Meteorological Conditio.ns 

Noble Gases 

Core Effect : · 

Noble Gas Plenum Activity 

Plateout Factor . . . . . 
Airborne in Primary Containment 

Partition Factor . . . . . . 

SGTS Filter Efficiency . . . . 
Duration of Continuous Venting 

Meteorological Conditions 

Table 6 

FISSION PROCUCTS 

GE Source 

Release 

25% 
0.32% 

2 
0.04% 

GE Transport 

Model 

1% 
102 

99% 

30 days 

same 

GE·Source 

Release 

25% 

1.8% 

0.45% 

GE Transport 

Model 

0 

30 days 
same 

· AEC Source 

Release 

100% 

50% 
2 

25% 

AEC Transport 

Model 

8% 

90% 

30 days 
same 

AEC Source 

Release 

100% 

100% 

1 

100% 

AEC Transport 

Model 

0 
30 days 

same 

* Partition Factor defined mass of iodine per unit volume of water to mass per unit volume of air (see 
APED-5756, p. 2-38). 

Table 7 

NONVENTING CONTAINMENT TREATMENT SYSTEMS 

Thermal When H2 and 0 2 are heated together. the reaction 2H 2 + 0 2 -+ 2H 2 0 occurs. This reaction may be 

used to remove H2 • (At high temperatures* the reaction is reversible.) 

Catalytic The 2H 2 + 0 2 -+ 2H 2 0 reaction occurs at temperatures near room temperature in the presence of 
some materials (i.e., platinum and palladium). 

Solid Gas Copper and its oxides react with gaseous H2 and 0 2 under some conditions. By adjusting and 
maintaining the correct bed temperatures 1t may be possible to effectively remove H2 and/or 0 2 

from the containment. 

* Probably need temperatures well in excess of 2000°F to decompose H2 0. 
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System Description 

Flame Flame systems must oper-

ate with starting point 

H2 concentrations greater 

than 4% and 0 2 greater 

than 5%. Flame may be 

supplied by another sys-

. tern but would add non-

condensibles or need 

stored H2 & 0 2 in large 

quantities. 

Hot Nonflame burning pro-

Surface cess. Any surface at 
(pebble ·temperatures above 750°C 

,bed or acts as a reaction site 
glo-bar) for 2H 2 + 0 2 -+ 2H 2 0. 

Needs external heat 

supply and temperature 

control. 

Hot Gas Nonflame burning 

process. At T > 750°C 

the auto-catalytic 
._,:_ . · rea.ction of H2 + 0 2 

to form H2 0 is usually 

rapid. 

Table 8 

THERMAL RECOMBINATION-NONVENTING 

Advantages 

The use of 

sintered metal 

flame arrestor 

burner is 

possible. 

Nonpoisoning 

Works at all 

concentrations 

of H2 >1/2% 

Simple 

Nonpoisoning 

Works at all 

concentrations 

of H2 >1/2%. 

Simple 

Nonpoisoning 

Disadvantages 

Provides igni

tion source and 

cou Id create 

accident. 

Will not work 

below 4% H 2 or 

5% 0 2 in 

burner. 

Provides igni

tion source 
(safety concern) 

(2) 

Provides igni

tion source 

(safety concern) 
(2) ... . . ; ... 

(1 I Hydrogen might be added to bring input composition up· to flammability. 
(2) Flame and detonation arrestors are possible. 

Air 

Containment 

H2 <4% 

No 
(1) 

Yes 

Yes· 

Ranges of Feasibility 

Inert 

Containment 

H2 <4% H1>4% 

No 
( 1) 

Yes 

Yes 

With much 

added 0 2 

Yes 

With 
sufficient 

02 

Yes Yes 

With 

sufficient 
. 02 

· . .': l~·~;~~·:~·/· 



re. 

System Description · 

Gas is treated to reduce 
relative humidity less 
than 30%, then passed 
through the catalyst bed 

where H2 + 0 2 combine to 
form water. 

· .. , .. ,,,.,, ;;. Table 9 

CATALYTIC RECOMBINATION-NONVENTING 

Advantages 

Works on any concentra
tion of H2 and 0 2 at 
temperatures between 100 

·and 500°C. 

Cari be used to remove 

0 2 by adding H2 • Is used 
·for normal off-gas. 

Disadvantages 

Potentialiy susceptible 
to poisoning. 

If not cooled, can be a 
source of ignition. 

• 

Yes 

Ranges of Feasibility_ 
r·~ . 

Inert 
H2<4% H~>4% 

Yes Yes 
If inert 

and 0 2 

suffi

cient. 



System Description 

By properly adjusting the 
temperature of a bed of 
finely divided Cu the 0 2 

in a stream of contain
ment atmospheric gas 

can be removed. 

By properly adjusting the 
temperature of a bed of 
finely divided CuO the H2 

ia a stream of contain
ment atmospheric gas 

~ can be removed. 

May be shown regenerable 

in both modes. 

Table 10 
SOLID-GAS RECOMBINATION-NONVENTING 

Advantages 

Nonpoisoning 

Operating range - -350°C 

Disadvantages 

Acts as catalyst for 

H2 + 0 2 reaction. 

Easily overheats and 

loses surface area 
(efficiency). 

Feasibility not yet 

demonstrated over 
composition.range of 

interest. 

·Yes 

Ranges of Feasibility 
Inert 

H2<4% H2>4% 

Yes Yes 



take about 2 to 3 years. The major contribution to the time period is the engineering required to design a system 

to operate over the large range of conditions that could follow a LOCA. Of course, the system must be highly re

liable, it must be instrumented, and it must not in itself generate the very accident that the system is there to 

prevent .. 
In 'case the initial mixture was postulated to be near the detonable range, i.e., -v5% metal-water* reaction, 

the. recc:imbiner systems described would have to be modified significantly. All systems would have to be isolated 
from the containment by flame and detonation arresters. The catalytic systems could also incorporate inerting with 
steam or nitrogen within the process stream as is done in the catalytic recombiner offgas systems. If the calculated 
initial hydrogen amount with appropriate safety factors is not to be used, it is of utmost importance to the system 
design to know what arbitrary amount of hydrogen must be considered. 

It is concluded that if one adopts a technically consistent attitude venting results in reasonable and 

acceptable doses and is thus the leading candidate to solve the hydrogen problem. 
Whether this or the other solutions are mutually satisfactory depends on the ground rules and regulatory 

decisions imposed. This is best illustrated by the matrix in.Table 11. The potential solutions are listed vertically. 

Across the top the key issues which must be agreed upon are indicated. Thus, for example, for inerting alone to be 

a solution the flammability limit must be at least 6% and the radiolytic hydrogen equilibrium must also be under 

6%. For solutions other than venting, the state of the art is such that it would be 2 to 3 years after agreement on 
boundary conditions before operating units could actually be installed at the sites. 

IX. CONCLUSIONS 

1. The calculated metal-water reaction across the entire brea~ area spectrum would be approximately 0.06% 

with the current ECCS design thereby resulting in a hydrogen concentration of less than 0.5% by volume. 

2. The ECCS can withstand degeneration without large increases in hydrogen production due to metal-water 

reaction. 

3. Fuel rod failure due to perforations from the internal gas pressure followi.ng the LOCA does not impede the 

performance of the ECCS. Therefore perforations cause an insignificant increase in the amount of hydrogen 

released. 

4. The hydrogen equilibrium value in the large BWR primary containment due to radiolysis of the coolant 

could be in the 4% to 7% range. 

5. Even if sufficient hydrogen accumulated to result in a flammable mixture, the containment can withstand, 
without failure, rapid burning of hydrogen concentrations up to approximately 15% by volume. 

6. The rate of hydrogen buildup within the containment would permit controlled venting and the resultant 

doses to the environs would be in the range of a few percent of the 1OCFR100 guidelines. 
7. The solution to the hydrogen problem is heavily influenced by policy and nontechnical decisions. Ground · 

rules must be established before the best solution can be chosen. 
8. lnerting alone is not a solution to the overall hydrogen problem. 

9. Controlled venting is the best solution from a technically consistent point of view and most practical from 

a backfit viewpoint. 

X. RECOMMENDATIONS 

* 

It is recommended that: 
a. The Tl D-14844 issue be realistically assessed and source terms decided upon in a manner which is 

technically consistent. 
b. A sensible approach be taken to the metal-water reaction source margin requirements taking due 

account of ECCS. 
c. Controlled venting be given very serious. consideration as the best solution. 
d. Policy and philosophical ground rules be explicitly stated as soon as possible so that detailed engi

neering toward a solution can begin. 

Implies an inert atmosphere required. 
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Resolution A 

Do Nothing 

Vent 

Inert 

1. Vent and Inert x 
2. Venfand Inert 

3. Vent and Inert 

Recombine 

Inert and Recombine 

Vent and Recombine 

Recombine and Cleanup 

Vent and Cleanup 

GE/AEC ISSUES 

A Evolution rate <o.2 vs. 0.45 

B $puree term <TIO 
·c G.E. Transport model 

D 10CFR100 limit vs. 10CFR20 

B 

x 

\ 

x 

Table 11 

HYDROGEN PROBLEM 

G.E.·AEC Issues 

c D E F 

x 
x x x x 

x 
x x x x 

x x x 
x 

x x x x 
x 

x x x 

E Metal-water 5 to 10 times calculated vs. arbitrary 10% 

F Time to vent-days vs. months 

G Flammability of 4% to 6% does not detonate 

H Radiolysis H2 equilibrium <6% 

Safety problem not introduced 

J Feasibility of actual design 
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APPENDIX A - ENERGY DEPOSITION IN COOLANT FOLLOWING LOCA 

1. · Reactor Region 
The energy transferred to the reactor coolant .is a function of both the core decay power and the mass 

denshy ·at coolant present within the core. Consideration of the realistic 1000-day irradiation time* (instead of 
· fnfinite as con$ervatively used in the generic study) would result in a reduction in the total integrated core de

cay energy. Furthermore, in the generic calculations the fraction of core decay energy deposited in the coolant 
in the reactor core region was based on the mass density fraction of water, fuel, and cladding within the core 

region. However, consideration of the different decay gamma energy levels and a detailed evaluation of the cross 
sections showed that a conservative value of 8% of the gamma decay energy is deposited in the core water. Since 
the gamma energy is approximately 60% of the core total decay energy and since all of the beta energy would 
remain within the fuel rod, the resulting amount of the core total decay power deposited in the reactor core water 

would be less than 5%, therefore, a decay energy fraction of 5% was used in the specific section while a conserva
tive value of 11 % of the core decay energy fraction was used in the generic sections. This reduction in gamma 

energy absorption in the core water to 5% coupled with the decay power generation for a 1000-day irradiation 
results in an integrated hydrogen production at 100 hours of 7,700 SCF instead of 23,000 SCF calculated using 
the higher value. A lower hydrogen production rate has three effects: first, it allows a longer waiting period before 
venting is required; second, it results in decreased venting rates; and third, it reduces the total fission products 
released from the containment. 

Consideration of the long-term post-LOCA time period could result in a reduction in the total fraction of 
core decay power being available for radiolysis in the.core region. This reduction in radiolysis would be a funetion 
of the total amount of water within the core region. The water swell within the reactor vessel does provide con-

. tinuous and adequate core cooling even with the collapsed water level (i.e., two separate and distinct phases

steam and liquid) below the top of the active fuel. For this condition of void distribution within the core region, 
the fractional amount of decay energy deposited in water is reduced since the quantity of water wou Id be less by 
a maximum factor of 1.5. 

2. ·Suppression Pool Region 

The energy decay fraction contained in the TID release is plotted versus time on Figure 13. Note that the 
time average release fraction is initially approximately 14% and decreases as a function of time (i.e., 6.5% in 3 days) . 

. Ofthis decay energy, the 100% noble gases and 50% halogens equally comprise essentially all of the decay energy. 
Furthermore, the beta energy fraction is about 30% of the total energy contained in the halogens. Essentially all 

of the energy, beta and gamma, associated with those halogens captured in the pool water would be available for 

radiolysis. With an infinite partition factor for the suppression pool, all of the halogen energy would be absorbed 
in the pool water. This boundary condition would result in the maximum amount of hydrogen and oxygen gener

ated due to radiolysis. Equation (A.1) would give the effective hydrogen generation following a LOCA. 

Moles H2 a {GH
2 

core x (1-Rel) x f 1 + GH
2 

pool (f2 x Rel) F3 } (A.1) 

where: molecules H2 generated 
GH 2 • 100 eV absorbed 

Rel , fraction of decay energy released from core 
f1 , fraction of remaining core energy into water, 0.05 
f2 , fraction of released energy into pool, 'V0.5 if all halogens and solids absorbed 
f3 , fraction of energy into pool absorbed by water, assumed to be 1.0 
Both Rel and f2 vary as a function of time 

* Equivalent to a core average exposure of approximately 19,000 MWd/ton. 

40 



For a stoichiometric release, the amount of Oi generated by radiolysls would be: 

Moles 0 2 = Y:. x moles Hi 
(radiolysis) (radiolysis) 

(A-2) 

Consideration of the extent of Hi generated by radiolysis for the TID release compared to using the.GE release* 

is given by equation (A.3): 

or 

Moles Hi (Tl D) 

Moles Hi (GE) 

Moles H2 (TID) 

Moles H2 (GE) 

GH
2 

core x (1-Rel) x f 1 + GH
2 

pool (f2 x Rel) 

-vGH
2 

core x f 1 ** 

GH
2 

pool (f 2 x Rel) 
( 1-Rel) + --------

GH2 core x f 1 

(A-3) 

(A-4) 

; 

Figure 15 shows the ratio of hydrogen generated due to radiolysis for both the TIO release .and the GE re-

lease as a function of time. It is evident from this figure that the use of Tl D release with all o_f'the e'nergy associat

ed with the halogens and the solids would result in a maximum increase in radiolysis of approximately .100% over the 

radiolysis associated with GE assumptions and would decrease with time. Also included in Fig.u're 15; is the fraction 

of the hydrogen generated in the suppression pool for the TID release compared to the total·H 2 generated for the 

Tl D release (i.e., pool and core) as a function of time. A maximum of approximately 60% of the radiolytic 

decomposition (H 2 production) would occur in the pool and the fraction would decrease with ti!lle to approxi

mately 30% after 10 days. 

It should be pointed out that if all of the energy associated with the halogens were deposited ;in the suppres

sion pool the fission ·product activity due to halogens in the containment atmosphere would be .. zero. The other 

extreme would be for all of the halogen activity to remain in the gas phase, thereby reducing the overall radiolytic · 

hydrogen to less than that calculated using the GE model. Actually, plateout and partition factor would reduce 

the airborne activity significantly such that the radiolytic hydrogen production in the pool could.: be mostly due 

to the energy decay associated with the halogens. The airborne halogen activity would then cofr~spondingly be 

significantly reduced from the activity associated with 50".tb of the core inventory of hal9gens assumed to be re

leased with the Tl D source term. . .;·I,. 

- Therefore, in summary. combustiple gases generated in eithe[- the ,core_xegion fre>nr'rnEl.t.!11-~ater reaction 

and/or by radiolysis or in the pool region by radiolysis would be reasonably mixed in t.tie -prim~~Y containm~nt 
due to thermal gradients and spray action. Furthermore, even for a significant fis5ion ·prc:jduct release fraction 

from the fuel, the additional H2 contribution due to radiolysis in the pool would resul.t in a· small increase on the 

total radiolysis, approximately 25%. 

* 

** 

This release is described in APED-5756(1) and consists of an average of 1.8% noble.g~ses and 0.32% 

halogens. 

The halogen fission products released to the pool in the GE model would only cause a 1% o~ 2% increase in 

the total radiolytical hydrogen production rate. The generation therefore equals approximately GH2 (core) 
x f 1 as shown in equation A-3. ·· 

I 
: .. ,,I 
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APPENDIX B CONTAINMENT VENTING ASSUMPTIONS 

The following assumptions were used to determine the doses to the environs for venting from the suppression 

chamber of a standard 3440 MWt BWR nuclear power plant . 

. Table B-1 

CONTAINMENT VENTING ASSUMPTIONS 

FOLLOWING DESIGN BASIS LOCA 

Assumed Value Calculated or Margin 
For AEC Doses Measured Value Present 

1. Metal-Water Reaction 0.3% ~0.06% ;:.5 

2. Fission Product Release 

Noble Gases 100% 1.8% 56 
Halogens 50% 0.32% 'V75 

Solids 1% 

3. Fuel Rod Perforations 100% ~ 13% ;,:7. 7 

4. Plateout Reduction Factor 

Halogens (Elemental Iodine Only) 2 25 12.5 
5. Core Decay Energy 1000-Day NA NA 

Irradiation 

6. Radiolytic Hydrogen Production* 

a. Energy Deposited 

( 1) Core 5% <5% <2 
b. Net Hydrogen Yield 0.2 0.05-0.2 1-4 

Molecules Hi/100 eV 

7. Venting Rate 21 cfm NA NA 
( 1 O"A> per day) 

8. Time to Initiate Venting 78 hours NA NA 
9. Methyl Iodide Production 5% of Halogens 1% 5 

10. Suppression Pool Fission Product 

Reduction Factor 

a. Elemental Iodine 10 >40 >4 
b. Methyl Iodide 2 'V2 

11. Standby Gas Treatment Filter Fission 

Product Reduction Factor 

Halogens 10 100 10 
12. Meterological Parameters 4 4** 

Same as used for normal leakage, 

* 
** 

See Appendix for discussion on radiolytic hydrogen production in both core and pool. 
Includes Reflection Factor, Atmospheric Dispersion . 
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APPENDIX C DOSES TO ENVIRONS 

The overall doses to the environs as a result of the postulated loss-of-coolant accident are included for both 

normal leakage and venting. The assumption of Tl D-14844 fission-product release and the fission-product releases 

determined using the General Electric model( 1) are also included_ The doses are normalized per MWt of reactor 

power and are plotted as a function of distance. The fission-product transport model used with the TID-14844 

fission-product .release to determine the doses is consistent with the assumptions specified in Appendix B. The 

fission-product transport model used with the GE fission-product release is also given. Reference 1 (APED-5756). 
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