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The objective of this study was to evaluate the acceptability 

of using a diffusion principle, as described in the licensee's (New 

York Power Authority, Indian Point 3 Nuclear Power Plant) 

documentation (1,2), to environmentally qualify equipment for 

submergence and post LOCA.  

The primary objective is to establish and to validate the 

submergence qualification of those electrical cables that are 

installed and used in the Hydrogen Recombiner for monitoring the 

temperature of the recombiner elements for control of the 

recombiner: how the degradation of the electrical cables could be 

predicted in such a post LOCA environment (3). In order to predict 

the degradation, the licensee elected to use the diffusion method 

and compared the Insulation Resistance (IR) predicted from the 

diffusion equation with the measured IR's.  

Generally, the overall mechanism of the diffusion process is 

believed to consist of three steps: 

1. sorption of permeating components into the material which the 

penetrants are diffusing through.  

2. diffusion of penetrants across the material.  

3. desorption of penetrants from thl front side of the material to 

the other side of the material.  

These steps constitute the "sorption-diffusion-desorption.  

model. A mathematical theory of the diffusion process can be 

developed based on the model in conjunction with the following 

assumptions: 

1. Submergence proceeds through the material by a diffusive 

mechanism following Fick's law: Jf = -D,(c) dc1/dx
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where J, is the flux of the penetrating species i (lb/ft2sec), c, 
the concentration of i (b/ft3) , X, the position within the 

material (ft), and D,, the diffusion coefficient,is a function of 
temperature, material, and concentrations of penetrating species 

present.  

2. At the material surface, the components of the solution are 
assumed to be in equilibrium with the. penetrants dissolved or 

diffused just inside. Therefore, to maintain equilibrium, the 

sorption and desorption steps must be very fast compared to the 
diffusion process; hence, diffusion is the rate-controlling step 

of the overall mass transfer process.  

3. Pressure within the material is everywhere constant and equal 

to the upstream pressure contacting the material surface.  

The degree of difficulty involved in the mass transfer 

calculations along with the assumptions described above depends on 

the nature and complexity of the diffusivity and solubility 

relationship. The physics of diffusion in or through polymers 

including rubbers is exceedingly complicated; it is presently not 

possible to predict permeabilities or diffusion coefficients from 

known properties of the polymer and of the diffusing substance 
without experiments. The reasons are as follows: diffusion or 

solubility coefficients are related to various characteristic 

properties of penetrants and polymers. These properties depend on 
the chemical or physical nature of the materials (polymers, 

rubbers, etc.): the size, shape and polarity of the molecule, their 

molecular weight distribution, the degree of cross-linking, the



nature of plasticizer, morphology, thermal expansivity, etc.  

Keeping all the theory and the state of art in my mind, I read 

three documents (Reference 1,2 and 3), which led me to the 

following questions.  

1. The diffusion equation in an exponential form was not found in 

the References(i,2 and 3).  

2. I have no idea how the diffusion coefficient from the diffusion 

equation was converted into the Insulation Resistance. If there is 

an empirical correlation involved, what is the basis for that ? 

3. How were those constants in the diffusion equation determined 

including the diffusion coefficient ? In determining the diffusion 

constant, did the licensee assume 1) a linear relationship between 

X2 and time or 2) C as a function of time at constant X or 3) C as 

a function of X at constant time ? Generally, the determination of 

the diffusion coefficient is a tricky part. Most diffusion 

coefficients as shown in the reference are based on a limited range 

of operating conditions(mostly 250C and 1 atm.) and there is no 

discussion as to how they were obtained.  

4'. On the Post LOCA data for Silicone Rubbers(Lewis Engineering and 

General Electric, Refl, page14) that are the cables the licensee 

originally tested for the installation, the predicted submerged 

IR's were obtained using data from the LOCA testing. Again, the 

diffusion coefficient is strongly dependent on temperature and 

material: hence, the diffusion constants obtained from one 

condition must not have been used for the others.  

5. There is no clear description on the thickness of the Lewis 

Engineering - Silicone Rubber used in LOCA tests. Because diffusion



is the rate-controlling process, material thickness is a major 

consideration.

6. Some of the data presented in the reference 1 are confusing. For 

instance, a measured LOCA IR at 16.7 days (Lewis Engineering

Silicone Rubber) is about 100 times higher than that at 20.5 days.  

This is not the only one datum that is confusing. Some data sets 

show that as time proceeds, the IR's are decreasing. This leads us 

to consider the accuracy of the testing. What is the 

reproducibility of the testing ? Has the licensee performed any 

statistical analysis on these data sets? 

7. On the submergence or LOCA tests, the cables should be assumed 

to be exposed to the actual environment. Do the chemicals in 

chemical baths, or sprays used for LOCA tests contain the same 

composition as those in the actual LOCA environment? The chemicals 

will change all the physical properties of cables such as chemical 

structure, morphology, thermal expansivity, etc. described earlier.  

These will eventually change the diffusion process.  

8. On the LOCA data, did the licensee perform tests at the pressure 

and temperature of the LOCA (P=55.3 psia and T=2870F) ? What values 

of the activation energy were used for the LOCA and the post LOCA? 

9. I consider the effect of elastic~plastic deformation important 

on the diffusion coefficient. Again, I have no idea whether or not 

the licensee took account for this in their diffusion model.  

In conclusion, I am not able to comment whether or not the 

licensee's approach of using the diffusion method for predicting 

the Insulation Resistance of the electrical cables is appropriate 

without relevant detailed documentation and answers to those
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questions stated above.  
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