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SUBJECT: 

HYDROGEN PRODUCED BY RADIOLYTIC DECOMPOSITION OF WATER AT INDIAN POINT II 

Introduction 

The amount of hydrogen produced by radiolytic decomposition of water is 
a complicated function of the water temperature, extent of boiling, system 
pressure, absorbed fraction of radiation, and extent of impurities in the 
water. A simplified model can be formulated to determine the amount produced.  
At Indian Point II it appears that after a week of accumulation the volume 
fraction of hydrogen could reach the flammibility limit; however, the 
complete burning of this amount of hydrogen would create a pressure differiential 
of only 25 psig and the containment design pressure would not be exceeded.  

Discussion 

The question of hydrogen production due to decomposing water with 
radiation was brought up by George Parker, ORNL, at the May , 1966 ACRS 
meeting on Indian Point. We asked a specific question (04 Suppl. 2)in our 
request for additional information following that meeting. The answer 
received was totally incorrect and an attempt was made by the applicant in 
Supplement Four, Part 1, to correct their answer.  

I have talked to Parker and he has consulted G.H. Jenks, a radiation 
chemist at ORNL, about their analysis in Supplement Four. Parker and Jenks 
have concluded that the justification for a steady state situation after 
boiling stops is incorrect and the results should be altered accordingly.  
Westinghouse assumed that a steady-state situation is attained where the 
rate of recomination (back reaction) equals the rate of disassociation once 
boiling has ceased. The following comments summarize the discrepencies 
in the~ analysis presented: 

1. The calculations and data used are b ased on pure water and for a 
real situation:,the impurities would have a significant effect.  

2. The excess oxidant ("alpha" in the equations) changes as the water 
heats up while passing through the core. This increases the gas 
evolution rate and effectively sweeps the hydrogen out of the water.  

3.Off.gasijigdoes not cease because boiling has stopped. Any turbulence 
or changes in solubility associated with the positive temperature 
gradient in the core will tend to force the hydrogen out of the water.  
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4. Jenks says that you can't use his work or Aliens (see references 
Suppi. 4) because it only applies to a closed system.  

5. The "G" value (molecules produced/lO0ev) used in their analysis 
(0.44) may not be conservative for a hot, open, circulating system.  
Data from a Borax experiment (Snowden) indicates that 0.5 may be a 
better value for a non-boiling situation and values as high as 1.0 
have been measured with boiling. If any of the beta energy is absorbed 
in the water, the G value would increase accordingly.  

A more accurate analysis should be performed to determine an equivalent 
"G" based on the temperature history, the effect '3of turbulence and temperature 
gradients of the water in the core. This analysis should then be compared 
to more applicable experimental work such as Borax.  

I have determined the amount of possible hydrogen accumulation by 
taking a more conservative(and simplier) approach to the problem. Assuming 
a G factor of 1.0 during the first hour (during boiling).and a value of 0.5 
thereafter, the lower flammibility limit 6f four percent by volume would not 
be reached until one week following the pipe rupture. The following table 
summarizes the accumulation using these conservative assumptions.  

TIME DECAY ENERGY (MWH) VOLUME % 

30 min. 44. .12 

1 hr. 61.5 .173 

1 day 650. 1.0 

1 wk. 2620. 3.7 

1 Mo. 7200. 9.5 

While these numbers are probably higher than one would obtain with a 
more refined analysis, it is safe to conclude that at some time there will be 
sufficient hydrogen to burn. Complete recombination of a 4 percent volume 
fraction of hydrogen would result in an energy addition of 31 x 106 Btu's 
to the containment atmosphere. Assuming that the containment atmosphere after 
1 week would contain essentially dry air at a temperature of 1500 F,, the 
instantaneous ignition of the hydrogen would increase the containment pressure 
to 25 psig and temperature to 700 0F., If the containment Air is brought 
into equilibrium with the steel containment lina. (without considering heat 
transfer to other surfaces or safeguards), the average liner temperature would 
approach 2900F. Since the liner and containment stresses ,,havea ib.eerf dsigtied 
not to exceed 0.95 yield for a pressure of 70 psig at saturated temperature 
(3000 F) conditions, containment integrity will be maintained.  

The initial temperature (7000 F) and corresponding pressure would rapidly 
be reduced by heat absorption in the liner, primary coolant and SIS water and 
other cool structures. It is uncertain what effect this temperature transient 
would have on active components within the containment; however, continued 
cooling can still be accomplished by the external residual heat removal pumps.  
Also, the required core heat removal capacity would be gt(atly reduced by



the time this situation could arise.  

The absorption of radiation in water is probably the greatest for a case 
when the core is in place which means that the SIS worked properly. For 
this situation the amount of radiation within the containment may be low 
enougbhto permit venting long before the hydrogen could reach the flammability 
limit. A knowledge of the hydrogen content under this situation would be 
imperative; therefore, it appears that some hydrogen monitoring device 
should be required.  

Conclusion 

Approximately a week following a major pipe rupture enough hydrogen could 
be produced due radiolytic decomposition to reach the lower flammability 
limit of four percent by volume in the Indian Point II containment. The 
resulting pressure peak in the containment from burning this hydrogen would 
be approximately 25 psig which is well below the design value of 47. It is 
uncertain what would happen to components within the containment due to the 
high temperatures associated with hydrogen burning; however, I have concluded 
that the containment would maintain its integrity and adequate core cooling 
would still be available. A monitor to determine the hydrogen content 
in the containment should be required.  
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