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I.  IMPORTANCE OF DURABILITY EVALUATION OF RADIOACTIVE WASTE PRODUCT FORMS

A.. Conversion of nuclear "wastes" to a durable, solid, essentially
insoluble product will effectively limit transport of radionuclides
during time required for decay processes.

B.  Response to recent public concern regarding safety of perpetual
nuclear waste storage requires delineation of dependably safe systems
including waste product forms and interaction with storage'environments.

II. DURABILITY EVALUATION PROCEDURES

A.  Water contact with wastes is a possibility that must be considered
during long-term storage.

B.  Waste forms are subject to water attack and dissolution.

C.  Therefore wastes are tested in the laboratory by leaching procedures
to determine durability.

III.  DISCUSS SUMMARY SUBMITTED TO AMERICAN NUCLEAR SOCIETY (ARH-SA-165-A)

A.  Leaching equations  (Figure 1).

1.  f = atl 2 describes fraction leached by a diffusion process.
ti/2 is characteristic of ideal diffusion.  (Equation 1)

2.  f = atl/2 + bt fits some data better because of inclusion of
bt to describe chemical attack.  (Equation 2)

3.  f = ktn used to describe approximately data that is better
' fitted by f = atl/2 + bt. (Equation 3)

4.      Co F (#D),1/2 ti/2 This equation shows the constantsf =COV\37 . included in k, and can be arrived at
by theoretical derivation.  Note that

where... Sli de #27 Co and D are considered to be constants.
(Equation 4)

B.  Illustration of equations in ANS Summary Figure (Figure 2).

1.  Log-109 plot used since leaching equations yield straight lines

with a slope equal to the value of the exponent of time.  Also
retains sensitivity at short times.                 -

2.  BIKO equation plots as curved line, leveling off at a value
given by z and curvature determined by k.

3.  BIKO equation fits early data better than straight line functions.
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C.  Derivation of BIKO equation from conventional leaching equations
(Figure 3).

1.  A correction is made for changing concentrations in the
leaching process.  Co is eliminated in converting the leaching
equation to terms of fraction leached.  (Equation 5)

a.  Z is considered to be the fraction of a component subject
to leaching as described by the leaching equation.
Each Z may describe a different diffusion path.

b.  f is the fraction of the component that is leached.
f is subtracted from correction factor Z so that the
fraction leached does not exceed one and accounts for the

component,removed from the leached sample.

c.  The BIKO correction (Z-f) .allows for a situation including
more than one diffusion path and a finite amount of
diffusible material.

./
C-   F   /4 0\   1/22.   Constants -6! 1-1 are consolidated as k.  (Equation 6)
C o v(A l

3.  Quantities are multiplied; fraction f term is transposed.
(Equation 7)

4.  Solution for f gives the BIKO equation form.  (Equation 8)

5.  By fitting BIKO equations to experimental data, the exponent
on time has been found to have three values:  1/2, 1 and 3/2.
(Figure 4).

a.  1/2 and 1 are taken from conventional leaching
relationships as representing diffusion and chemical
attack.  (Equations 9 and 10)

b.  Exponent on time of 3/2 has been found to describe
terminal leaching processes, i.e., when the fraction
leached approaches one.  (Equatioh 11)g &&2222%2  I
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c.  One, two or three of the BIKO equations may be required

to describe leaching data.  (Equation 12)312:/AFT:=
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3.  The BIKO equations predict a leveling off effect,
precluding the fraction leached greater than one
predicted by conventional leaching equations.

IV.  SEVERAL EXAMPLES OF BIKO FIT TO DATA

A. Atlantic Richfield Hanford Company data ,by M. J. Kupfer

1.  Sodium data fitted by diffusion BIKO (Figure 6).

- 2.  Silicon data fitted by corrosion BIKO (Figure 7).

3.  Cesium data fitted by diffusion plus corrosion BIKO (Figure 8).

4.  Strontium data fitted by diffusion plus corrosion BIKO (Figure 9).

B.  Terminal leaching data

1. Terminal leaching and diffusion BIKO fitted to sodium data
for devitrified glass of Hahn-Meitner-Institut (HMI)
(complete removal of less durable phase) (Figure 10).

2.  Tenninal leaching of potassium from binary potassium silicate
-                  glass of Douglas and El-Shamy (Compl ete removal  of  less

durable phase.)  (Figure 11).

C.  Processes other than leaching

l.  BIKO equations have been fitted to ion-exchange data.

2.  BIKO equations have been fitted to xenon diffusion from
U02 fuel elements.                                          1

V.  HYPOTHETICAL COMPLETE LEACHING PROCESS  (Figure 12)

A.  k values used for BIKO (ti/2) and BIKO (t) have been found to fit
actual leaching data.

B.  k value used for BIKO- (t3/2) has not been observed since leach
data does not extend to long time required.

1.  Non-durable products have exhibited the terminal leaching
process, but at short times.

2.  Durable products are expected to exhibit a similar process,
but at long times.
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VI.  FEATURES OF BIKO EQUATIONS (Figure 13)

A.  Provides a correction for changing concentration with time; the form
of the correction may allow for changes of concentration in the leached

sample or leaching solution.

B.  Approaches one as the fraction leached for infinite leaching times.

C.  Sum of BIKO equations describes concurrent leaching processes.

D." Provides a set of numbers that characterize the leaching data.

E.  Fits all the data examined to date.

VII.  APPLICATION OF BIKO CONSTANTS TO DURABILITY EVALUATION

A.  Constant k (Figure 14).

1.  High value of k meansthat the component described by that k
is leached from the sample in a short time.

2.  Low value of k produces the leveling off effect at long times;
indicates high durability.

3.  Values of k that have been observed to date for each BIKO term
are shown; range of observed k is different for each BIKO term.

4.  k is noted to be a reciprocal ·time constant; further investigation
is underway.

B.  Fraction Z.

1.  Z is defined as the fraction of a component subject to removal
from the leached sample according to the BIKO term describing
its removal.

2.  A durable product has a low Z value.

C.  Exponent of time.

1.  tl/2 diffusion process exhibits a rate that decreases with time
which is a desirable durability characteristic.

2.  Linear time process exhibits a rate that is constant with time,

indicating a less durable product.

3. t3/2 terminal process indicates a rate that increases with time,
an undesirable property.

1

1
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VIII.  CONCLUSION

A.  Simplicity of BIKO terms facilitates fitting of leaching data.

B.  Constants obtained from fitted BIKO terms indicate durability
qualities.

C.  Evaluation and comparison of BIKO constants aid in interpreting
leaching data and provide insights concerning leaching processes.

D.- BIKO equation form may describe other ion-exchange and diffusion
processes.
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FIGURE 1.  CONVENTIONAL LEACHING EQUATIONS
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FIGURE 2. Sr++ LEACH DATA FOR BASALT AT 30'C



BIKO DERIVATION
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FIGURE 3.  DERIVATION OF BIKO EQUATION FROM A
CONVENTIONAL LEACHING EQUATION«



BIKO EQUATIONS
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FIGURE 4.  THE FORM OF THE BIKO EQUATIONS
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ODATA POINTS AFTER M. J. KUPFER '(2)
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FIGURE 6 COMPARISON OF BIKO RELATIONSHIPS TO DATA OF M.J. KUPFER FOR LEACHING OF Na FROM
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FEATURES OF BIKO EQUATIONS

1. CORRECTS FOR CONCENTRATION

2. APPROACHES FINITE FRACTION

3. DESCRIBES CONCURRENT PROCESSES

4. YIELDS CHARACTERISTIC CONSTANTS

5. FITS ALL DATA STUDIED

FIGURE 13.  USEFUL FEATURES OF THE BIKO EQUATIONS
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