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April 5, 1982

Mr. H. Lowenberg
Office of Nuclear Materials
Safety and Safeguards
U.S. Nuclear Regulatory Commission
MS-396-SS
Washington;-D.C. 20555

Dear Homer:

Eunclosed with this letter is the summary ORIGEN2 output for the CPBR

for use by yourself and PNL. I have also enclosed a memo summarizing |
the scope of the output, the assumptions employed in generating it, |
and other potentially relevant backup information. \

I received your letter concemning the meeting in Silver Springs on \
April 14 and 15 and I will be there on April 14 to discuss the \
CRIGEN2 CRBR model and to meet with you beforehand. If questions '
arise in the interim, give me a call at FTS 624-6147.

Sincerely,

AL

Allen G. Croff, Manager
Engineering Analysis and Planning
. * Chemical Technology Division

AGC:11
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cc: I. Nelson, PNL (w/att. and encl.)

8209300116 820820
PDR FOIA
WEISS82-290 PDR



Attachment to letter to H. Lowenberg
dated April S5, 1982

DESCRIPTION OF THE BASIS FOR ORIGEN2 CALCULATIONS CONCERNING CRBR

This memo is intenced to supply sufficient information to the users
of ORIGEN2 output concerning the CRBR until a draft NUREG/CR report
becomes available.

General Background and Fuel Management

A summary of the most pertinent fuel management and burnup-related
parameters is given in the attached Table 2. This table is based on the
average rate at which fuel is charged to the reactor over a period of
several cycles such that the refueling pattern repeats itself. A more
detailed depiction of the refueling sequences {is given in Table 3. A
copy of the core map is also included to facilitate understanding of the
refueling scheme. A summary description of the reactor characteristics
is given in Table 5.

Material Compositigns and Descriptions

The initial actinide compossition of the unirradiated, undecayed
(U,Pu)0; core fuel and the U0, blanket fuel is given in Table 4. The
nonactinide composition of the fuel material was taken from Table 9 of
ref. 1.

The description of the CRBR core and blanket fuel assemblies is
given in Table 6, including dimensions and overall masses. The composi-
tion of the stainless steel 316 fuel assembly structural materials was
taken from Table 7 of ref. 1.

ORIGEN2 Irradiation Parameters

The various fuel zones were irradiated separately using the specific
powers and residence timed given in Table 2. The irradiations were con-
tinuous with no allowance for decay during refueling intervals. The fuel
assembly structural materials associated directly with each fuel zone
wvere irradiated at the same flux level as the contained fuel. Fuel
assembly struciural materials outside of the fuel zones were irradiated
at reduced fluxes based on neutron transport calculations. All irradia-
tions were performed on a 1.0 MT initial heavy metal basis for each fuel
zone.



ORIGEN2 Decay Calculation Parameters

The decay times employed in the calculations are self-evident by
inspection of the column headings in the computer output and they will
not be listed here. Major assumptions and parameters used are as
follows:

a. the fresh, undecayed fuel was assumed to be decayed for 2 years
before irradiation,

b. the spent fuel is assumed to be reprocessed 150 days after
discharge from the reactor,

c. the parameters used during reprocessing are as follows:
1. 0.5% of the uranium and plutonium goes to the HLW,

ii. 0.05% of the nonvolatile fuel material is retained with
the cladding,

11i. 0.69% of the fuel assembly structural material is assumed
to dissolve and go to the HLW,

ive 0.1Z of the halogen elements and none of the noble gases,
tritiuvm, and !“C is assumed to be in the HLW.

d. the compositions of the HLW, structural material waste, plu-
toniua product, and uranium product are based on "blended” fuel
which is generated by weighting each of the fuel zones in
proportioa to the rate at which it i{s charged to the reactor
(see first column of Table 2).

Zh aH(;’.Q(

ORIGEN2 Oucput Descriptiqg

The ORIGEN2 output is comprised of several segments for different
materials and/or decay times. The first two segments summarize the com-
position of the charged and discharged fuel and structural material for
each of the fuel zones on a 1.0 MTHM, basis. Only masses (grams) are
given and no decay times are providéﬁ. M o

The next four segments decay core + core axial blanket, radial_
blanket, core, and inner blanket fuel assemblies, respectively. For
these segwents and all succeeding segments, only summary tables (defined
below) are given. The table types provided are mass (grams), radio-
activity (curies), thermal power (watts), inhalation hazard (m? air to
dilut to 10 CFR 20 values), ingesticn hazard (m? wastes to dilute to
10 CFR 20 values), and alpha radiocactivity for the actinides (curies) and
neutron production. Decay times range from 60 days to 10 years. All of
these segments are based on one fuel assembly (not 1.0 MTHM).




The next three segments summarize the results of the assuped
reprocessing ol the core + core axial blanket, inner and radial blankets
(including their axial omponents), and of the -blended fuel from all zones
of the reactor weighted as described above. The output for each fuel
composite consists of columns giving the couposition of the as-produced
HLW, structural material waste, uranium product, plutonium product,
thorium product (small or zero), and the volatiles (halogens, noble
gases, tritium, 1“C) from 1 MTHM., The volatiles are then decayed for
times between 30 days and 180 days. The table types included here are
the same as those above except that the thermal power and alpha
radiocactivity tables have been omitted.

The next two segments decay the HLW from 1 MT blended fuel for
various times. The first seugnet includes decay times ranging from
10 days to 2 years. The second segment has decay times ranging from
3 years to 1 million years. It should be noted that the as—-produced HLW
composition is given in the leftmost column of both of these segments.
The types of tables produced are the same as those for the fuel
assemblies described above.

The two segments following the HLW are for the fuel assembly
strnuctural materiz]l waste from 1 MT blended fuel. The decay times and
other couments pertinent to the structural material waste are exactly the
same as those given for the HLW above.

The firnal two segments decay the recovered uranium and plutonium
from 1 MI' blended fuel, respectively, for times ranging from 90 days to
100 years. The types of tables produced are the same as thuse for the
fuel assemblies described above, but only the actinides are given.

Except for the first two of the above segnents, all of the output
consists of ORIGEN2 summary tables. A summary table is generated by
first dividing the amount of each nuclide present at a particular time by
the total amount present at that time (e.g., 10 Ci of !37Cs divided by a
total radicactivity of 10® curies). This fraction is then tested against
a cutoff fraction specified by the user. If the nuclide being tested
contributes more than the cutoff fraction, the entire line is printed for
that nuclide. This test is performed for each decay time (column) for
the reprocessing output, HLW, structural material waste, uranium, and
plutonium segments. The test is performed for all columns except the
leftmost in the case of the spent fuel assembly decay (to eliminate
short-lived fission products). 1If the test is successful (true) for
any of the coluons tested, the entire line is printed. Otherwise, the
nuclide is not printed. A similar procedure is followed for the
chemical elements. This testing procedure is conducted separately for
each table type (e.g., mass, radioactivity) since the principal con-
tributors printed in the summary table can vary wvidely between table
types. The cutoff fraction used in the case at hand was 0.001.

References

1. A. G. Croff, J. W. McAdoo, and M. A. Bjerke, LMFBR Models for the

ORICEN2 Computer Code, ORNL/TM-7176 (October 1981).




Table 2. Detalls of CRBR sverage lrradiation characteristics

Parameter
Average® coarge mte lfverage inventory Avernge pover Average specilic power Resldence time Average dischrrge bumup AL E
Materlial type kg/eycle kg heavy metal MW(e) MW(t)/HTIIM full-power days HWd /MTIHN
Core
Fuelb 2645.0 5290.0 748.9 141.6 550 77,880
ADS 2152.9 4305.8 17.1 3.97 550 . 2,184
Fuel + AD 4797.9 9595.8 766.0 79.8) 550 43,907
Inner blanket
“Fuel™d 2240.8 44B1.5 1131 25.24 550 11,882
AB 1742.8 3485.6 13.3 3.82 550 2,101
“Fuel™ + AB 3983.6 7967.1 126.4 15.87 550 8,729
Radial blankets -
Radial blanket |
“Fuel” 850.9 3403.6 46.6 13.7 1100 15,070
AB 661.8 2647.3 5.1 1.93 1100 2,123
“"Fuel™ + AD 1512.7 6050.9 51.7 8.54 1100 9,394
Radial blanket 2
“Fuel® 748.8 * 3744.0 27.7 7.40 1375 10,175
AB 582.4 2912.0 3.1 1.06 1375 1,458
“Fuel™ + AB 1331.2 6656.0 30.8 4.63 1375 6,366
Radial blanket | + 2
“Fuel”® 1599.7 Ti47.6 74.3 10.4 1229 12,779,
AD 1264,2 5559.3 8.2 1.48 1229 1,819
“Fuel™ 4+ AB 284)1.9 12,706.9 8z.5 6.49 1229 7,977
Total 11,625.4 30,269.8 97s 32.21 23,063

.Averaged over cycles 510.
b36 in. (Pu,U)0; reglon,
cCo-pollto of upper (14 {n.) and lower (14 in,) VO; axlal blankets,

d]ﬁ in. U0, reglon at the same axlal elevation as the coce fuel.
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Table 4. Initial compositions of 1000 kg of CRBR heavy metal

Material type

Nuclide . Fueld Blankets
U-235, g 1,340 2,000
U-238, g 668,660 998,000

Total uranium, g 670,000 1,000,000
Pu-236, g 0.005
Pu-238, g 198
Pu-239, g 283,932
Pu-240, g 38,610
Pu-241, g 6,600
Pu-242, g 660
Total plutonium, g 330,000
Total heavy metal, g 1,000,000 1,000,000

#pssumes no preirradiation decay.



Table 5. Summary characteristics for the CRDR

Fuel reglon(s)®

Parameter Fuel AB Fuel + AD 1B rRpb Fuel + AB + IB + RB

Electrlic power, MW(e) net

Thermal power, MW(t) 749.0 17.1 766.1 126.4 62.5 975.0
Average speciffc power,© 141.6 3.97 79.8 15.9 6.49 32,21
MW(t)/MTIHM
Average fuel bumup, 77,880 3871 43,907 8729 7977 23,063
MWd /MTLHM 1
Irradlation duration, 550 550 550 550 1229
full-power days
Refueling cycle lengthy 275 275 275 275 275 275

full-power days

Ave .age charge,
kg/refueling cycled
235

. 3.5 4.3 7.8 8.0 5.7 21.5
Total wranfum 1772.1 2152.9 3925.0 3983.6  2843.9 10,752
Fissile plutonium® 768.5 C 768.5 0 0 768.5
Total plutonium 872.9 0 872.9 0 0 872.9
Total (U + Pu) 2645.0 2152.9 4797.9 3983.6 2843.9 11,625
Average dlscharpe, i
kp/refueling cyclcd

3%y 2.3 3.7 6.2 6.1 4.2 16.5
Total uranium 1669.8 2095.0 3764.8 3801.1 2690.5 10,256
Fissile plutonium® 624.2 51.6 675.8 141.4 123.8 941.0
Total plutonium 762.3 52.7 815.0 146.4 130.3 1091.7
Total (U + Pu) 2432.1 2147.7 4579.8 3947.5 2820.8 11,348

®Fuel = 36 1n. (Pu,U)0, reglon, AR = U0z axial blankete associated with fuel,
ID = entire inner blanket, RB = entire radial blanket.

chighted average of inner radial blanket (4 cycle residen-.) and ‘uter radial
blanket (5 cycle residence).

“Dased on rated power level.

dAveraged over 4 cycles.

€239p, 4 241py 4 239y,



Table 6. Physical characteristics of CRBR fuel assemblie;

Core and Inner and
axial blanket radial blankets

Assembly component lengths, cm

Upper end hardware ) 30.4 29.2
Gas plenum 124.5 124.5 .
Upper axial blanket 35.6
Core or radial blanket 91.4 162.6
Lower axial blanket 35.6
Lower end hardware 109.2 109.2
Overall total 426.7 426.7
Fuel element total 290.6 290.6
Assembly shape hexagonal hexagonal
Assembly flats, cm 11.62 11.62
Fuel element arrangement triangular triangular
Fuel elements per assembly 217 61
Fuel element OD, cm 0.584 1.285

Fuel pellet OD, cm

Core 0.491
Axial blanket 0.483
Inner and radial blanket 1.194

Fuel pellet density,
% of theoretical

Core 91.3

Axial blanket 96.0

Inner and radial blanket 95.6
Fuel element pitch, cm 0.731 1.378
Cladding thickness, em 0.038 0.038
Channel thickness, cm 0.305 0.305
Channel height, e 314 314
Circumscribed volume/assembly, m® . 6.0607 0.0607
Heavy metal/assembly, kg 60.35 100.85
MO, assembly, kgP 68.45 114,39
Stainless steel/assembly, kg 135.5 122.6
Assembly total weight, kg 204 237

aBased on data in ref. 10.

b Vo
(Pu,U)0; in the core and,axial blanket and UOz in the
inner and radial blankets.
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