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THERMAL ANALYSIS OF A FUEL CLADDING
REPOSITORY PILOT PLANT IN SALT

ABSTRACT

Fuel cladding wastes (hulls) remaining after a chop-leach process used in
the recovery of nuclear fuel from spent fuel elements are high level with
respect to radiation but rather Tow level with respect to thermal power.
Cost considerations dictate rather large waste canisters with compacted
contents; however, such a storage scheme can create thermal problems if
the canisters are packed too closely together in a disposal horizon within
a geological formation.

The design criteria for a pilot plant for these wastes include retrieva-
bility and ready access to the rooms for several years, a condition

that restricts the maximum floor temperature to less than 110°F and
probably to the order of 100°F. Initial planning calls for waste canisters
to be 15 ft long (active length of 13 ft) and made from standard 12-in.
steel pipe, with the hulls compacted to near 70% theoretical density. A
reasonable arrangement for the canisters is emplacement in 20-in.-diam
holes drilled in several rows in the salt comprising the floor of an
excavated room. The empty space would be filled with sand, which should
facilitate retrievability.

For this study it was assumed that the canisters were filled with PWR
fuel hulls, which had a heat generation rate of 0.35 kW per canister in
the case of l-year-old wastes, and that the material loadings were the
same for all of the canisters regardiess of the age of the waste.

A number of two-dimensional thermal calculations for a unit cell were
made to determine the effects of pitch, burial depth, waste age, and
canister stacking on the maximum mine floor temperature. It was found
that considerably less burial area is required for 10-year-old waste as
compared with l-year-old waste. A concept that utilizes a 4-ft pitch
has been studied from an excavation viewpoint. The results show that
the waste must be aged about 7 years in order for the maximum floor
temperature not to exceed 100°F when single canisters are buried 15 ft
deep (i.e., so that the top of each canister lies at a depth of 15 ft)
in an array with a 4-ft square pitch. In the case of two canisters
stacked vertically with a 5-ft sand-filled separation distance, at
least a 4-1/2-ft pitch and an age of 10 years are required for a burial
depth of 5 ft.

For selected maximum floor temperatures, the required excavation of salt
per waste canister (rooms plus canister holes) varies as some inverse
function of waste age, burial depth, and the number of canisters stacked
vertically in an array mode. The required excavation per canister is



greatly affected by the choice of parameters, particularly the age of

the waste. For example, if a 100°F maximum floor temperature is selected,
the reguired room excavation (for the conditions examined) ranges from
200 ft” per canister for 10-year-old waste contained in two vertically
stacked cgnisters and buried to a depth of 15 ft over the top canister

to 650 ft~ per canister for l-year-old waste in single canisters buried

5 ft deep.

1. INTRODUCTION

The disposal of any radiocactive waste in geologic formations re-
quires rather detailed thermal analyses in order to determine whether
the temperature in the vicinity of the waste will remain within the 1imi-
tations that are necessary to ensure mine operability; also, such analyses
are needed to verify that the resuiting conditions will not cause breaching
of the confinement or thermal pollution of the regions near the disposal
horizon.

Cheverton and Turner1 made thorough thermal analyses of a number
of waste canister array configurations for high-level waste in a single
disposal horizon in bedded salt; however, they only briefly examined
in a general way the thermal problems associated with the disposal of
fuel cladding waste (usually called fuel hulls). On a reactor produc-
tion basis, the thermal power generated by the fuel hulls varies bet-
ween 1 and 2% of that generated by the fission product waste during the
first 20 years after chemical reprocessing to remove uranium and plu-
tonium. However, cost considerations dictate rather large waste con-
tainers with compacted contents that can create thermal problems if the
canisters are too close together in a disposal horizon within a geologi-
cal formation.

The purpose of this investigation was to make a thermal analysis of
a pilot-plant repository that would be designed for storage of fuel hulls
in salt and could be enlarged into a full-scale repository. Easy retrie-
vability of the waste and ready access for many years to the mined cavi-
ties or rooms in which the waste is buried are presently irrevocable
design criteria for the pilot plant. Consequently, backfilling of the
rooms is precluded during operation as a pilot plant and the floor tempera-
tures assume a greater importance than would be the case for a full-scale
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repository because of human comfort requirements and potential limita-
tions of eguipment temperature.

Parametric studies were made with the objective of relating the
maximum floor temperature in a room and the maximum salt temperatures
to parameters such as the age of the waste, canister spacing or pitch,
burial depth, and vertical stacking of the two canisters in one burial
hole. The results were then used to relate the maximum floor tempera-
ture to the required excavation of salt per canister; this information,
in turn, can be used to estimate excavation costs for selected maximum
floor temperatures.

2. GEOMETRICAL CHARACTERISTICS OF THE
WASTE CANISTERS AND DISPOSAL HORIZON

The design criteria for a pilot plant for fuel hull wastes include
retrievability and ready access to the rooms for several years, a con-
dition that restricts the maximum floor temperature to less than 110°F
and probably to the order of 100°F. Initial planm‘ng2 calls for 15-ft-
long waste canisters made from standard 12-in. steel pipe. Thirteen
feet of this length will be filled with fuel hulls compacted to, at most,
about 70% of the theoretical density of Zircaloy. The remaining 2 ft
will contain some metallic components but will be mostly void space.

A disposal horizon will probably consist of long rooms that are
16 ft high and 30 to 50 ft wide, with the necessary shafts and passage-
ways excavated in the salt at a depth of about 2000 ft. A reasonable
arrangement for the canisters is emplacement in 20-in.-diam holes
drilled in several rows in the salt comprising the room floor (appli-
cable to either bedded or dome salt), with the tops of the canisters
being a minimum of 5 ft below floor level. The empty space surrounding
the canister can then be filled with sand, which should facilitate
retrievability. Calculations based on the use of sand for backfilling
gave a dose rate at floor level of <0.1 mrem/hr.

Each disposal room will contain several rows of waste canisters.
Conseauently, the interior canisters will have similar temperature his-



tories, and a two-dimensional unit cell in R-Z geometry can be devised
for calculational purposes. The unit cell selected consisted of the
waste canister with an annular area of salt (insulated at the outer edge)
bounded on the top by the mine floor, where heat is transferred to the
ventilating air, and on the bottom by an insulated boundary sufficiently
removed so that the temperature rise is essentially zero during the per-
jod of interest. Although the circular boundary does not correspond
exactly to either a sgquare or an equilateral triangular pitch (it is
closer to the latter), the results will be sufficiently accurate for a
square pitch when the diameter of the unit cell (which is equivalent to
pitch dimension) is determined from the area of the actual unit cell; in
the case of the square pitch, this area is equal to the square of the
pitch dimension,

Figure 1 shows a schematic of the calculational model for two ver-
tically stacked canisters. The depth of burial to the top of the upper
canister was either 5 or 15 ft in the calculations. When calculations
were made for only a single canister per cell, the model was altered
by eliminating the bottom canister and surrounding sand and by consid-
ering the Tower 500 ft of salt to abut against the bottom of the re-
maining canister.

3. THERMAL CHARACTERISTICS OF FUEL HULLS AND SALT

Fuel hull waste that remains after a chop-leach process used in
the recovery of nuclear fuel from spent fuel elements consists princi-
pally of fragments of Zircaloy cladding and Inconel (and possibly some
stainless steel) spacers that are contaminated with actinides and fis-
sion products. For these calculations, it was assumed that 0.057 of
the actinides and fission products in the spent fuel remained as con-
taminants. A previous study by Blomeke and Perona3 on the economics
of the disposal of fuel hulls favored compacting the hulls as densely
as possible; however, the cost of compaction was not considered. Their
comments on the possibilities of compaction are as follows:
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After discharge from the leacher, the cladding is dried

and put into cans at either of three packing densities. If

the cladding is canned as discharged from the leacher, the

fraction of void volume is about 0.8. One feasible method

of treatment, however, is to pass the hulls between steel

rollers, flattening the rings, and reducing the void fraction

to about 0.5. A third possibility is to compact the cladding

in a die under 20,000 to 100,000 psi pressure, reducing the

fraction of voids to 0.3. Flattening and compacting of met-

tallic scrap materials are standard practices in industry;
however, neither of these techniques has been demonstrated

with fuel cladding, except to produce a few experimental

briquettes of unirradiated material.

Work aimed at developing techniques for compaction up to 70% of
the theoretical density is currently under way.4 The brittleness of
irradiated Zircaloy and its pyrophoricity make this a difficult goal.

The contaminated hulls associated with 4.8 metric tons of uranium
metal fuel and generating 0.45 kW of heat in the case of l-year-old
waste* would constitute a canister loading if it is assumed that the
fuel hulls are compacted to 707 of the theoretical density of Zircaloy
and completely fill the 13-ft active length. However, this has yet to
be demonstrated with irradiated hulls and, in view of the probable dif-
ficulty in achieving such a goal in a loaded canister, a heat generation
rate of about 25% Tess (or 0.35 kW) was used in all the calculations. This
rate is equivalent to the heat liberated from the hulls associated with
3.8 metric tons of fuel plus the small amount arising from the actinide
and fission products that are present as contaminants.

Heat generation rates of the hulls associated with 1 metric ton of
uranium metal fuel, as calculated with the ORIGEN code5 for several
time periods after reprocessing, are shown in Table 1. Calculated values
of the decay constant for the time intervals for an assumed exponential
fit are also included in this table. Using piece-wise exponential fits
to the decay curve is slightly conservative since a plot on semilog pa-

per shows a slight upward concavity.

%
Waste allowed to decay for 1 year after reprocessing.



Table 1. Heat generation rates associated
with 1 metric ton of uranium metal fuel

Heat generation rate

Time after Decay
reprocessing (kW/metric ton of fuel) from: constant
(vears) Hulls Actinides? F.p.2 Total  (vear ')

1 8.90 X 107% 1.1 x107% 3.00x10% o0.0930  0.163

3 6.56 X 1072 5.0 X107° 1.49 X107 0.0671  0.136

5 5.01 X 1072 4.0 X 107 8.5 x 10°%  0.0510  0.132

10 2.63 X102 3.0%x 107> s5.1x10% o0.0263  0.124

30 1.90x 1073 2.0x 107 2.8x 107" 0.0022 --

qassumes that 0.05% of the total quantity present in the spent fuel remains
with the hulls.

Table 2. Material properties used in most thermal analyses.

Thermal . .
. o Heat capacity Density
Mate\"’la] (E%E?zﬁf}\ézzg) (Btu/'lb_oF) (]b/fts)
Air 0.04 0.25 0.07
Hulls 3.5 0.05 280
Salt 2.4 0.22 135

Sand 0.2 0.22 115




The material properties used in most of the thermal calculations
are listed in Table 2. The thermal conductivity shown for air is about
twice that for molecular conductivity. This should compensate for some
convective heat-transfer effect. The thermal conductivity of the hulls
was taken as one-half of that for Zircaloy. Any reasonable value used
for these materials will suffice since the salt temperature will be
very insensitive to the thermal properties of the materials in the can-
ister. The variation of the thermal conductivity of the salt with tem-
perature will have only a small effect on the floor temperatures and the
maximum temperature attained in the salt. Cheverton and Turner's values
of thermal conductivity as a function of temperaturel were used for the
few calculations made to check on this effect; these values are shown
in Table 3. Values for temperatures between those listed were linearly
interpolated by the machine program used in the calculations.

It was assumed that the salt and waste were initially at 82°F and
120°F, respectively, and that the ventilating air was constant at 82°F.
The exact value for the salt temperature will depend on the geothermal
gradient at the mine location and the depth of the disposal horizon. Al-
though the waste temperature will depend on the degree of cooling prior to
burial, the exact value is unimportant because of the small amount of
heat involved. Any reasonable initial value of the salt temperature will
suffice since the effect on the thermal conductivity will be small;
for the case of constant thermal properties, the results can be expressed
exactly in terms of a temperature difference.

The floor temperature will vary with the local heat transfer coeffi-
cient (h), which, for a natural convection coefficient, will be a function
of the floor temperature. The minimum heat-transfer coefficient should
be that for free convection from a horizontal flat plate with an increase
caused by ventilation flow (which has not yet been established with re-
gard to amount and pattern). Using a 30% increase over the free con-

T0‘25, where AT is the temperature dif-
6
)

vection correlation (h = 0.38 A
ference between the ambient air and the surface”) gives a value of 1.0
Btu/hr-ft-°F (for AT = 100 - 82 = 18°F) for the heat-transfer coeffi-
cient at the floor. The latter heat-transfer coefficient was assumed



Table 3. Thermal conductivity of salt

as a function of temperature

Temp?fg?“re congzﬁiTS}ty Temp?§§§““e colgﬁgﬁ?ligy
(Btu/hr-ft-°F) (Btu/hr-ft-°F)

32 3.53 392 1.80

122 2.90 482 1.60

212 2.43 572 1.33

302 2.08 662 1.20




to exist uniformly along the floor for all calculations except some

made simply for checking purposes. Allowing the heat-transfer coeffi-

10

cient to vary with the floor temperature increases the computing time, .

and the added expense did not seem warranted in view of the other un-
certainties and the survey nature of the calculations.

Also, the value

of h = 1.0 seems to be in general agreement with intuitive feelings and

experience.

where

When

In ou

where

4. METHOD OF SOLUTION

For example, the effective heat-transfer coefficient for
large insulated pipes in ambient air is about unity.

The flow of heat in this system can be described by the classical
heat conduction equation

- oT
VekVT + 0 = Cpp TR
k = thermal conductivity, Btu/hr-ft-°F,
T = temperature, °F,
Q = heat generation rate, Btu/hr-fta,
Cp= heat capacity, Btu/1b-°F,
o = density, 1b/ft?,
8 = time, hr,
vV = vector operator, oL,
k # f(T), VekVT = kV3T, and in RZ geometry
o7 = 12T, 27T
VT = v or TarE
r model,
_ =A8
Q_Ooe S
X = decay constant, year"1 (see Table 1),
OO= heat generation rate at & = 0, Btu/hr-ft3.
The boundary conditions are:

(1)

(3)
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dT
-k dz = h(Tf - Ta) ate=08,r=vr, z=20 (floor), (4)
dar _ L r=R, z=1z
dz ~ Oate=¢ r=r,z=1L"
and
T=T.ate=0,r=r,z=12,
where

h = heat-transfer coefficient, Btu/hr-ft2-°F,
Tf= floor temperature, °F,

Ta= ambient air temperature, °F,

L = depth of unit cell, ft,

R = radius of unit cell, ft.

If k, Cp,p, h, and Qo are functions only of position and not of temperature,

both the differential equation {Eq. (1)} and the boundary condition equa-

tion {Eq. (4)} are linear and the form of the solution becomes independent

of these properties and the heat source. Therefore, for Ta = Ti and a

specific value of X, the temperature rise at any point within the domain

of Eq. (1) will be proportional to Qo’ the heat generation rate at 6 = 0.
Equation (1) was solved numerically with the computer code HEATING-5,

7 The code is designed to solve

which is an improved version of HEATING-3.
a transient problem by one of several numerical schemes. The scheme used
in these calculations involved the Crank-Nicholson differencing procedure;
a solution of the system was obtained by the point-successive overrelaxa-

tion~-iterative method.
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5. RESULTS AND DISCUSSIONS

The results of the calculations for the maximum mine floor tempera-
tures are shown in Figs. 2 and 3 for a single canister and two vertically
stacked canisters, respectively, per unit cell. 1In these calculations it
was assumed that the heat generation rate for 1-year-old waste (i.e., waste
which had been allowed to decay for 1 year after reprocessing before being
buried) was 0.35 kW per canister and that the same material loading was
used for the canisters containing waste aged for longer periods. Because
of the additional decay time (see Table 1), the corresponding heat genera-
tion rates for the 5- and 10-year-old wastes were 0.19 and 0.10 kW per
canister. It is evident that considerably less area is required to limit
the floor to some particular temperature for 10-year-old waste as com-
pared with 1-year-old waste. The permissible floor temperatures are pri-
marily related to accessibility and experimental procedures and equipment.
Although the maximum permissible temperature has not been established,
100°F seems to be a reasonable design value. A concept that utilizes a
4-ft pitch has been studied from an excavation standpoint.8 It can be
seen from Figs. 2 and 3 that the waste must be aged at least 7 years in
order for the maximum floor temperature to remain below 100°F when single
cans are buried in an array with a 4-ft square pitch. In the case of
two canisters stacked vertically with a 5-ft sand-filled separation dis-
tance, at least a 4-1/2-ft pitch and an age of 10 years are required.

The maximum floor temperature as a function of time always occurred
in the salt at the outer edge of the unit cell; the radial temperature
drop through the salt along the floor was minimal. The insulating ef-
fect of the sand resulted in a decrease of several degrees (approx. 8
to 12°F) along the floor between the edge of the sand and the center line
of the can, where the lowest radial temperature existed at the time that
the floor temperature at the outer edge reached its maximum. The maxi-
mum salt temperatures attained as a function of pitch and age are shown
in Figs. 4 and 5 for the one-canister and two-canisters unit cells res-
pectively. The maximum salt temperature can be related to the maximum
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floor temperature by the pitch and by using Figs. 1-4. For example,
Fig. 2 shows that a pitch of 6.32 will produce a maximum floor tempera-
ture of 100°F for l-year-old waste buried 5 ft deep. The mawimum salt
temperature, 350°F, is obtained from Fig. 5.

This procedure can be used to show that the maximum salt tempera-
ture will not exceed 392°F (200°F) if the maximum floor temperature is
less than 110°F, except in the case of the two vertically stacked can-
isters buried 15 ft deep.* This 200°C (392°F) temperature had previously
been established as a maximum for 257 of the salt in a unit cell whose
height equals that of the canister in order to avoid problems from salt
creep, which could lead to floor upheaval and roof collapse during opera-
tion of a repository. An additional criterion was that no more than 1%
could exceed 250°C (482°F). For two vertically stacked canisters buried
15 ft deep, the maximum floor temperature must be Timited to about 106°F
to prevent the temperature of the salt from exceeding 392°F. The rela-
tion between maximum floor temperature and maximum salt temperature was
insensitive to the age of the waste.

In general, the 15-ft burial depth gave higher salt temperatures,
but Tower floor temperatures than the 5-ft depth for the same pitch.

The time-temperature curve at the floor was fairly flat around the maxi-
mum, and the time required to attain the maximum floor temperature was

an insensitive function of the pitch. The time to reach maximum tempera-
ture varied from about 1.3 years for a single canister that contained
l1-year-old hulls and was covered by 5 ft of sand to about 3.2 years for
two vertically stacked canisters that contained 10-year-old hulls and

was covered by 15 ft of sand. These results are shown in Figs. 6 and 7.

For selected maximum floor temperatures, the required excavation of
salt per waste canister (rooms plus canister holes) varies as some in-
verse function of waste age, burial depth, and the number of canisters
stacked vertically in an array mode (see Fig. 8). In preparing this

*Depth to the top of the upper canister.
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figure, the height of the room was taken as 16 ft; however, the width

was allowed to vary to accommodate an integral number of canisters
emplaced in a square array with an allowance of 1 ft between the canister
edge and the wall of the room. For the floor temperature range examined,
the number of holes (containing one or two canisters) per row (for very
Tong rooms) along the width varied between 5 and 17 and the room width
between 40 and 50 ft. It is quite evident that the required excavation
per canister is greatly affected by the choice of parameters, particu-
larly the age of the waste. For example, if a 100°F maximum floor tem-
perature is selected, the required room excavation (for the conditions
examined) ranges from 200 ft3 per canister for 10-year-old waste con-
tained in two vertically stacked canisters and buried 15 ft deep to

650 ft3 per canister for l-year-old waste in single canisters buried 5
ft deep.

Similar curves could be constructed for other room heights and
spacings between canisters and the wall. Such results could then be
used to obtain cost figures based on estimated unit costs for room
excavation and canister hole drilling.

Fiqure 9 shows the effect of the natural convection coefficient on
the maximum floor temperature (see Sect. 3). The calculations were
made for a 5-ft burial and a pitch that produced a maximum floor tem-
perature of 100°F when the heat-transfer coefficient was constant and
equal to 1.0 Btu/hr-ft-F along the floor, namely, pitches of 8.12 and
6.32 ft for the two-canister and one-canister cases, respectively (see
Figs. 2 and 3). The results for the two cases were within 0.2°F;
consequently, only one curve could be used to represent both cases for
the scale shown. It can be seen that the floor temperature is approxi-
mately 100°C at 1.3 times the natural convection coefficient for a hori-
zontal flat plate, which is in agreement with the uniform heat-transfer
calculations. Based on Fig. 9, the indication is that only about a 3 to
4°F rise in the maximum floor temperature would occur if the 307 increase
in the free convection coefficient (the apparent minimum heat transfer
coefficient) were not used. Consequently, the results appear to be rea-
sonable and sufficiently conservative for preliminary design purposes.
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As previously discussed, Cheverton and Turner1 concluded that select-
ing a reasonable and constant value for the thermal conductivity was
sufficiently accurate for most purposes. This conclusion was substantiated
by some "check" calculations. For example, in the case of a 5-ft-deep bur-
ial of two stacked cans and a pitch of 8.12 ft, a floor temperature of
100.3°F and a maximum salt temperature of 228°F were obtained when the
thermal conductivity was varied with temperature (see Table 3) as compared
with 100.0°F and 238°F when the thermal conductivity was held constant.

The effect of the change of the density and heat capacity with tem-
perature was not investigated since, for the range of interest, it will
be too small to be significant. When the temperature is changing slowly
with respect to time, the heat storage term (right-hand side) of Eq. (1)
is small with respect to the other terms and large changes in the product
of C_ and p will have Tittle effect on the maximum temperature attained.

The heat generation rate of 1l-year-old LMFBR fuel hulls is about
four times greater per metric ton of fuel charged than that for PWR
fuel hulls, but drops to slightly below the heat generation rate for the
PWR hulls after 5 years and continues to decline with respect to the
latter. Consequently, it seems clear that, compared with PWR hulls, much
greater advantages accrue by aging the LMFBR hulls at least 3 to 5
years before their emplacement in salt or other geological formations.

The results of this study should be sufficient for preliminary
design purposes. Any final designs should be analyzed in more detail,
and allowance should be made for the change of all physical properties
with temperature. In addition, a more careful definition of the heat
transfer coefficient at the floor should be used.



24

6. REFERENCES

R. D. Cheverton and W. D. Turner, Thermal Analysis of the National
Waste Repository: Progress Through March 1972, ORNL-4789 (Sept. 1972).

R. S. Lowrie, ORNL, private communication.

J. 0. Blomeke and J. J. Perona, Storage and Disposal of Spent Fuel
Cladding, ORNL-TM-3650 (Nov. 1959).

N. M. Levitz, B. J. Kullen, and M. J. Steindler, Management of Waste
Cladding Hulls, Part I. Pyrophoricity and Compaction, ANL-8139
(Feb. 1975).

M. J. Bell, ORIGEN - The ORNL Isotope Generation and Depletion Code,
ORNL-4628 (May 1973).

J. H. Perry (Ed.), Chemical Engineers' Handbook, pp. 10-12, McGraw-
Hi11, New York, 1963.

W. D. Turner and M. Siman-Tov, HEATING-3, An IBM 360 Heat Conduction
Program, ORNL-TM-3208 (Feb. 1971).

W. H. Grams, Design Aspects of the Alpha Repository: II. Conceptual
Layouts of Underground Storage Facilities, ORNL-Sub-4269-9 (June 1975).




DO XD M T T TINIEDRIOCOWN

TV TMWMIMOMr OO T O e
e © o @ © o © © © e ° s @ e e ° e

25

ORNL/TM-5221
UC-70-Nuclear Waste Management

Internal Distribution

. Auerbach 43,
Blanco 44,
Blomeke 45,
Bopp 46.
Boch 47.
Brown 43.
Brunton 49,
Claiborne 50.
Culler 51-53.
Ferguson 54.
Godfrey 55-63.
Hibbs 64.
Jenks 65.
Leuze 66.
Lindauer 67.
Lomenick 68.
Lowrie 69.
Malinauskas 70.

. C. McClain

. Postma

. K. Russell

. Tamura

. B. Trauger

. G. Wymer

. C. Zapp

. D. Zerby

Central Research Library
Document Reference Section
Laboratory Records
Laboratory Records - RC
ORNL Patent Office

J. C. Frye (Consultant)

C. H. Ice (Consultant)

J. J. Katz (Consultant)
Ken Davis (Consultant)

R. B. Richards (Consultant)

Moo O — =IO o=

External Distribution

Allied Chemical Corporation, Idaho Chemical Programs-Operations
Office, 550 2nd Street, Idaho Falls, Idaho 83401
C. M. Slansky

71.

Atlantic Richfield Hanford Company, P.0. Box 250, Richland,
Washington 99352

72.

R. E.

Isaacson

Battelle Memorial Institute, Pacific Northwest Laboratory, P.0. Box
999, Richland, Washington 99352
J. W. Bartlett

J. E. Mendel

A. M. Platt

73.
74.
75.

Brookhaven National Laboratory, Associated Universities, Inc., Upton,
New York 11973
P. W. Levy

76.

E.

South Carolina 29801
J. H. Horton, Jr.

77.

. duPont de Nemours and Company, Savannah River Plant, Aiken,

Lawrence Livermore Laboratory, K-Division, P.0. Box 808, Livermore

California
78.

94550

Jerry Cohen



26

Sandia Laboratories, P.0. Box 5800, Albuquerque, New Mexico 87115

79.
80.
8l.

82.

83.
84.
85.
86.

87.

88.

89.

90.
91.
92.
93.
9.

95.

96.
97.

98.
99-100.

101-306.

L. W. Scully
A. W. Snyder
W. D. Weart

E. Albrecht, Institus f. Tieflagerung des Ges. fur Strahlen-und
Unweltforschung Wullenweberstr. la, 334 Wolfenbuttel, Federal
Republic of Germany

Robert Cattling, Chief, Waste Management Section, IAEA, P.O.

Box 590, Karntner Ring 11-13, A-1011 Vienna, Austria

F. Gera, Comitato Nazionale per 1'Energia Nucleare, Viale Regina
Margherita 125, 00198 Roma, Italy

P. J. Dyne, Director, Chemistry and Materials Science Division,
Atomic Energy of Canada Ltd., Whiteshell Nuclear Research

M. Hagen, Nuclear Fuel Cycle Section, c/o Bundesministerium fur
Forschung und Technologie, Stresemannstrasse 2, D-53, Bonn,
West Germany

Helmut Krause, Gesellschaft fur Kernforschung m.b.H. Abteilung
Dekontaminationsbetribe, 7501 Leopoldshafen bei Karlsruhe,
Federal Republic of Germany

Klaus Kuhn, Gesellschaft fur Strahlen-und Unweltforschung m.b.H.
Munchen, Institut fur Teiflagerung, Wissenschaftliche Abteilung,
3392 Clausthal-Zellerfeld, Berliner Str. 2, Federal Republic

of Germany

S. A. Mayman, Head, Chemical Technology Branch, Atomic Energy of
Canada Ltd., Whiteshell Nuclear Research Establishment, Pinawa,
Manitoba, ROE 1LO, Canada

J. P. Olivier, OECD-NEA, 2 rue Andre Pascal, Paris 16e, France
A. M. Piper, 3 Sonoma Lane, Carmel, California 93921

Eugen Schmidt, C. C. R. EURATOM, Ed. 65B, I-21020 Ispra

(Varese) Italy

M. Y. Sousselier, Commissariat e 1'Energie Atomique, B. P. No. 4,
92320 Chatillon-sous-Bagneus, France

K. T. Thomas, Bhabha Atomic Energy Establishment, Apollo Pier
Road, Bombay 1, India

B. Verkerk, Stichting Reactor Centrum Nederland, Hoofdkantoor:
Scheveningseweg 112, °'s-Gravenhage, Onderzoekcentrum: Petten,
The Netherlands

R. F. Walters, Walters Drilling Co., 200 Insurance Building,
Wichita, Kansas 67202

E. J. Zeller, Department of Geology, University of Kansas,
Lawrence, Kansas 66044

Research and Technical Support Division, ERDA-OROD

J. J. Schreiber, Chief, Waste Management Branch, ERDA-ORO

Given distribution as shown in TID-4500 under category UC-70-
Waste Management




