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COMPUTtR MODELING OF NUCLEAR WASTE STORAGt CANISTER CORROSION + 

Peter T. Co t t r e l ) * , Wesley D. Ludemann and R. Daniel McCright 

ABSTRACT 

Current plans for nuclear waste disposal include 
placing the waste in a canister to isolate i t from the re 
pository environment for 1000 years. Corrosion predict ion 
techniques are current ly inadequate to guarantee the canis
ter performance over this length of time. We are attempt
ing to better predict the corrosion process with the help 
of computer modeling. We developed a program to calculate 
anodic and cathodic polar izat ion curves using Tafel slopes, 
equi l ibr ium exchange current densit ies, and other electro
chemical parameters obtained from the experimental corro
sion l i t e ra tu re . The model generates and displays 
polar izat ion curves for d i f fe rent values of environmental 
parameters such as temperature, pH, and concentrations of 
pert inent species in the v i c i n i t y of the canister material . 
For the case of uniform corrosion in acidic media, our 
model predicts corrosion rates in fa i r agreement with 
l i t e ra tu re values. Our modeling e f fo r t is at present only 
applicable to the uniform corrosion s i tuat ion. Fundamental 
theoret ical and experimental research is necessary before 
models can be developed to handle passivating layers or 
non-uniform corrosion. 

Radioactive waste must be isolated from the biosphere unt i l 
rauioactive decay reduces the residual rad ioact iv i ty to a very low 
leve l . The disposal option current ly favored is bur ia l in a geo
logical medium. Several barr iers to radionuclide migration can be 
provided with th is option. The nuclear waste is f i r s t v i t r i f i e d or 
converted to another form which has very low s o l u b i l i t y in ground 
waters. This so l i d i f i ed waste is then placed in a protective can
is ter , and the canister is stored in a repository in a geological 
formation which has, among other character ist ics, a low permeability. 
Radioactive material then can enter the biosphere only after a 
sequence of events which includes corrosion of the canister, dissolu
t ion of the waste, and migration of the dissolved waste to the b io 
sphere. This sequence must take su f f i c ien t l y long for the released 
waste to a t ta in an acceptably low level of rad ioac t i v i t y . 

* Currently at Department of Chemistry, Florida A S M University, 
Tallahassee, Florida 32307 
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Short- l ived products of f i ss ion and activation are re la t ive ly 
mobile whereas the longer- l ived actinides migrate much more slowly. 
The role of the canister is to isolate waste from the repository 
environment un t i l these shor t - l i ved isotopes decay.. Perhaps 1000 
years iso la t ion w i l l be required for decay of the l-*7Cs and 90Sr 
isotopes. Since the canister provides the 1000 year i so la t ion , 
knowledge of i t s performance is essent ia l . 

I t is easy to state a corrosion performance c r i t e r i on for a 
waste storage canister; i t is simply, no breach for 1000 years. I t 
is more d i f f i c u l t to specify acceptance c r i t e r i a , however, as our 
current knowledge is insu f f i c ien t to assure in tegr i ty over this 
length of t ime. Twenty years is found to be a long time over which 
to predict corrosion performance on the basis of short term and 
accelerated corrosion tests. To extend our predict ive ab i l i t y by 
one to two orders of magnitude is a large task. Research needs 
include the development of wery sensit ive corrosion monitoring 
techniques and accelerated corrosion test ing methods. The effects 
of rad io lys is on corrosion, especial ly in the presence of chlorides, 
must be determined, and longterm corrosion mechanisms must be 
iden t i f i ed . 

tven with new experimental techniques, the prediction of cor
rosion behavior over a millenium w i l l be a d i f f i c u l t task. For this 
reason i t is necessary to develop an ab i l i t y to extend the range and 
degree of confidence of corrosion predict ion. Toward th is end we 
started work on a calculational model for predicting changes in 
corrosion rate with changing environmental conditions. 

In the complete model we w i l l use the canister composition, the 
repository ground water composition, and the thermal and radiat ion 
fluxes from the waste as input parameters. The f i r s t step is to 
calculate changes in the chemical environment due to heat and r a d i 
o lys is . The next step is to calculate the polarization curves, and 
from these obtain the instantaneous rate of corrosion. Since the 
corrosion rate depends on the environment, we must then make calcu
lations which take into account the changing conditions along with 
the buildup of protective f i lms on the canister. After making these 
changes, the new corrosion rate is calculated, and We process 
repeated as many times as necessary. Summation of the metal wastage 
after each loop of the calculat ion gives the tota l metal penetration. 
While our work so far has been l imi ted to the simple case of iron 
corroding in acid solut ions, we have established the method of 
generating polar izat ion curves as a function of the input variables. 
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When a metal such as iron is placed in a e lec t ro ly te , the 
fol lowing reaction occurs: 

Fe — Fe + + +2e 

The forward reaction leads to corrosion and the reverse reaction to 
p la t ing . At the equil ibr ium potential the two reactions are of equal 
magnitude and there is no net current flow. I f the electrode poten
t i a l is displaced from i t s equi l ibr ium value, current flows preferen
t i a l l y in one direct ion and the metal is either oxidized or plated. 
The fami l iar polarization diagram is obtained by p lo t t ing the 
electrode potential against the logarithm of the current density. 
The slope of the l inear port ion of the curve is cal led the Tafel 
slope, and the displacement of the potential from equil ibr ium is the 
overpotent ia l . 

During corrosion, the iron potent ial is shifted so that the oxidation 
reaction predominates. The concurrent reduction reaction is usually 
either the hydrogen evolution reaction or the oxygen reduction reac
t ion. Since anode and cathode are in e lectr ica l contact, the poten
t i a l s for a l l reactions sh i f t from their equi l ibr ium values to a 
common value, the corrosion po ten t ia l . At this potential the net 
current f lowing in the c i r c u i t is the corrosion current. The number 
of equivalents of iron dissolved are equal to the number of equiva
lents of hydrogen l iberated, and, Dy Faraday's law, the corrosion 
penetration rate can be calculated in min/yr. 

The Tafel slope of a reaction is a measure of the d i f f i c u l t y of 
t ransferr ing an electron at the interface during the react ion. The 
more d i f f i c u l t the transfer step i s , the steeper is the slope and 
the lower is the corrosion current . The overpotential resul t ing 
from electron transfer is cal led the activation overpotent ial , since 
an act ivat ion barrier must be surmounted. Other factors may also 
l im i t the corrosion rate. Slowness of mass transport gives r ise to 
a transport overpotent ial , and the e lectr ica l resistance of the ce l l 
which gives r i se to a resistance overpotential . 

In our calculations we refer a l l potentials to the standard 
hydrogen electrode as a reference. Thus the equil ibrium potential 
at 298°K is -0.44 volts for Fe/Fe + + and is +1.22 vol ts for 
H 2 0/0 2 . 

We calculate the act ivat ion potential nA in t " e fol lowing 
manner. Since the net current density i is the difference between 
the anode and cathodic current densities for a given react ion, 

Anodic "" kathode • 
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From the basic electrode or Butler-Volmer equation, 

exp 
[ l -B) n A zF -g nAzF 

RT RT exp 

where i 0 = equi l ibr ium exchange current density 

B = symmetry factor (~ 0.5) 

z = number of electrons transferred 

F = Faraday constant (96,487 coulombs/mole) 

R = Gas constant (8.31 Joules/mole °K) 

T = Absolute temperature 

For metal dissolut ion at apppreciable rates, 

Anodic > y ^a thod ic 

So that 

l = i 0 exp 
U-S)n A zF 

RT 
and the act ivat ion overpotential is 

RT RT 
"A n^BT^F l o g VrmiF l og i 

Note that HA = 0 at i = i 0 , 

RT and that the Tafel slope is vv • v • y K ( l -B) zF 

For B = 0.5, the Tafel slope is ~^~— 

The equi l ibr ium potential depends on the temperature and 
concentration of the ferrous ion, 

t = -0.49 + )Li21. o z 298 l 0 9 t F e ] 

The exchange current density and the equilibrium potential giv 
s tar t ing point for the polar izat ion diagram. 
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The exchange current density i 0 depends on the size and shape 
of the act ivat ion bar r ie r , the temperature and the concentrations of 
the species undergoing the electron transfer, so that 

i o = constant • T C 0 J 1 _ e ) C^ exp (-AH*/RT) 

where C = concentration of the oxidized species , 

C , = concentration of the reduced species 

AH^ = enthalpy at act ivat ion 

txperimental ly, Hurlen (1) has found for Fe/Fe++ that 

1°9 io> 298 = 3 * 5 8 _ POH _ P F e 

and for H + /H 2 

log i 0 , 298 = 5 - 3 5 _ 0.5pH 

so that at a temperature T 

log i Q = log i Q > 2 g 8 + l o g ^ + ^ - . I ^ i 

The transport overpotential nT depends on the l im i t i ng current i|_: 

n T =|f ln ( l - { - ) 

For hydrogen evolut ion, 

The resistance overpotential n.R is proportional to the ce l l resistance, 

^ R = iR 

and is negl ig ib le except for high resistance and high current 
densit ies. 

The to ta l overpotential n is thus 
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We tested the computer program by calculating a number of polar
ization diagrams using a r b i t r a r i l y selected parameters. The type of 
resul t we obtained is i l l us t ra ted in f igure 1 , which shows polar iza
tion curves for Fe/Fe++ (posi t ive slope), H2/O2 (negative slope, 
upper curve) and H+/H2 (negative slope, lower curve). The sum 
of the two cathodic reactions is given by the curve marked with X's. 
The contr ibut ion of the H+/H2 reaction to the sum is negl ig ible 
at low current densities and becomes important only at higher current 
densit ies. The intersection of the anodic curve with the sum of the 
cathodic curves gives the corrosion current density and the corrosion 
potent ia l . Act ivat ion overpotential controls over the l inear segment 
of each curve. Transport overpotential l imits the to ta l amount cur
rent that can f low, and resul ts in the vert ical segment of each curve. 
Resistance overpotential causes a s l igh t rounding of the polarization 
curves, and is noticeable only at high current densi t ies. 

In f igures 2 through 5 we varied dif ferent parameters indiv idu
a l l y to show the effect of the i r var ia t ion . In each case we show 
only the sum of the two cathodic reactions along with the anodic 
react ion. 

The ef fect of pH var iat ion in an anoxic solution is shown in 
f igure 2. The lower the pH, the higher the corrosion current. At 
high current densi t ies, the ef fect of resistance polar izat ion can be 
seen in the hydrogen polar izat ion curves. 

The ef fect of oxygen concentration variat ion is shown in f igure 
3 for a rather low hydrogen ion content. As the oxygen concentration 
decreases, hydrogen evolution replaces oxygen reduction as the 
dominant cathodic react ion. 

The ef fect of metal ion concentration variat ion is shown in 
f igure 4. At lower metal ion concentrations the reaction is 
act ivat ion cont ro l led , while at higher concentrations, i t is 
transport cont ro l led . 

The e f fec t of temperature var ia t ion is shown in f igure 5. I t 
affects-the Tafel slope and the l im i t i ng densities of both the anodic 
and catHodic react ions. 

The ef fect of cel l resistance is shown in f igure 6. The higher 
the resistance, the lower the corrosion current. 

In conclusion, we believe that where the mechanisms of corrosion 
are known, a calculat ional model such as the above w i l l be of value 
in improving our a b i l i t y to predict corrosion rates. An extension of 
this model to take into account temporal changes in environment and 
on the corroding surface w i l l aid in linking long tern, predictions. 

Reference 
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FIG. 1. A calculated polar izat ion diagram for i ron corroding 
in an oxygen saturated acidic solut ion. 
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FIG. 2 The ef fect of pH var ia t ion on the corrosion of iron 
in an anoxic so lu t ion. 
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FIG. 3. The effect of oxygen variat ion on the corrosion of 
iron in an acidic solut ion. 
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++ FIG. 4. The effect of Fe concentration on the corrosion 
of iron in an oxygen saturated acidic solution. 



LU 
X 
w 1 0 
in 
> 
h- 0 5 
_ l 
O 
> 

1 
0 

_J 

< - 0 5 
1 -
2 
LU 

O - 1 .0 
Q-

-1.5 

LOG CURRENT DENSITY - A/SQ CM 

FIG. 5. The effect of temperature on the corrosion of iron 
in an oxygen saturated acidic solution. 
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FIG. 6 The effect of cell resistance on the corrosion of 
iron in an oxygen saturated acidic solution. 



NOTICE 

This report was prepared as an account of work 
sponsored by an agency of the United States 
Government. Neither the United States Govern
ment nor any agency thereof, or any of the i r 
employees, makes any warranty, exp-essed or 
implied, or assumes any legal l i a b i l i t y or 
responsib i l i ty for any th i rd par ty 's use, or 
the results of such use, of any information 
apparatus, product or process disclosed in 
this repor t , or represents that i t s use by such 
th i rd party would not infr inge pr ivate ly 
owned r i ghts. 

Reference to a company or product name does not 
imply approval or recommendation of the product 
by the Universi ty of Cal i fornia or any U.S. 
Government agency to the exclusion of others 
that may be su i tab le. 


