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OAK RIDGE NATIONAL LABORATORY
OPERATED BY

UNION CARBIDE CORPORATION
NUCLEAR DIVl510N

g ..

POST office box X
OAK RIDGE. TENNESSEE 37830

Ap ril 5, 1982

Mr. H. Lowenbe rg
Office of Nuclear Materials

Safety and Safeguards
U.S. Nuclear Regulatory Commission
MS-396-SS
Washingtoni -D.Cr 20553~

Dear Homer:

Euclosed with this letter is the summary ORIGEN2 output for the CPER
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 concerning the meeting in Silver Springs on )April 14 and 15 and I will be there on April 14 to discuss the
ORICEN2 CRBR model and to meet with you beforehand. If questions
a rise in the interim, give me a call at FTS 624-6147. /

Since rely,

Allen C. Croff, Manager
Engineering Analysis and Planning -

- Chemical Technology Division-

AGC:il
2 enclosures
cc: I. Nelson, PNL (w/att. and encl.)

8209300116 820820
PDR FOIA
WEISS 82-290 PDR s
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Attachment to letter to H. Lowenbe rg
'

,
'

,

*

dated April 5,1982.

.. .

DESCRIPTION OF THE EASIS FOR ORIGEN2 CALCULATIONS CONCERNING CRBR

,

This memo is intended to supply sufficient information to the users
of ORIGEN2 output concerning the CRBR until a draf t hVREC/CR report -

becomes available.

General Background and Fuel Management

A summary of the most pertinent fuel canagement and burnup-related
parameters is given in the attached Table 2. This table is based on the
ave rage rate at which fuel is charged to the reactor over a pe riod of
seve ral cycles such that the refueling patte rn repeats itself. A mo re
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 summa ry description of the reactor characteristics
is given in Table 5.

Material Compositions and Descriptions

The initial actinide composition of the unirradiated, undecayed
(U,Pu)02 core fuel and the UO 2 blanket fuel is given in Table 4. The
nonactinide composition of the fuel material was taken f rom 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 f rom Table 7 of ref. 1.

ORIGEN2 Irradiation Parameters

The various fuel zones were irradiated separately using the specific
powers and residence times given in' Table 2. The irradiations were con-
tinuous with no allouance for decay during refueling intervals. The fuel
assembly structural materials associated directly with each fuel zone
were irradiated at the same flux level as the contained fuel. Fuel
assembly structural materials outside of the fuel zones were irradiated

reduced fluxes based on neut ron transport calculations . All irradia-at

tions were performed on a 1.0 MT initial heavy metal basis for each fuel
zone.
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* ORIGEN2 Decay Calculation Parameters
~ ''

The decay time's employed in the calculations are self-evident by
inspection of the column headings in the computer output and they will
not be listed he re. Major assumptions and parameters used are as
follows: ,,

the fresh, undecayed fuel was assumed to be decayed for 2 yearsa.

before irradiation,.

b. the spent fuel is assumed to be reprocessed 150 days af ter
discharge from the reacto r,

the parameters used during reprocessing are as follows:c.

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,

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

iv. 0.1% of the halogen elements and none of the noble gases,
t ri tium, and l''C is assumed to be in the HLW.

d. the compositions of the HLW, st ructural caterial waste, plu-
t onium p roduct , and uranium product are based on " blended" fuel.

which is generated by weighting each of the fuel zones in
p roportioa to the rate at which it is charged to the reacto r

(see first column of Table 2).
Ch aveGsk

4

ORIGEN2 Output Description

The ORIGEN2 output is comprised of seve ral segments for different
materials and/or decay times. The .f[irst _two_ segments,s_umma rize the com-
position of the charged and discharged fuel and structural material for
each of the fuel zones on a 1.0 ffTEM basis.
given and no decay ti=es are provided.

~Only masses (grams) are3 ~-
*

The next fou r segments decay _co.re.f..co.re_ax_ial blanket,, radial,
blanket, co re , and inne r, blanket fuel.. assemblies ,,ypectively. For
these segments 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 (m3 air to
dilut to 10 CFR 20 values), ingestion hazard (m3 wastes to dilute to
10 CFR 20 values), and alpha radioactivity 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 MIHM).

_

__ .
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The next three segments sunma rize the results of the assumed
reprocessing of the core + core axial blanket, inner and radial blankets
(including their axial emponents), 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 composition of the as produced
HLW, st ructural material waste, uranium product, plutonium product, .,

thorium product (small or zero), and the volatiles (halogens, noble
gases, tritium, 14C) f rom 1 MTHM. The volatiles are then decayed for
times between 30 days and 180 days. The table types included he re are'
the same as those above except that the thermal power and alpha
radioactivity tables have been omitted.

The next two segments decay the HLW from 1 MI blended fuel for
various times. The first secgnet 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 lef tmost 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
structural material waste from 1 MT blended fuel. The decay times and
other cocments pe rtinent to the st ructural cate rial waste are exactly the
same as those given for the ELW above.

The final two segments decay the recove red uranium and plutonium
f rom 1 MI blended fuel, respectively, for times ranging f rom 90 days to
100 years. The types of tables produced are the same as those for the
fuel assemblies described above, but only the actinides are given.

Except for the first two of the above seguents, all of the. output
consists of ORIGEN2 summary tables. A summa ry table is gene rr.ted by
first dividing the amount of each nuclide present at a pa rticular time by
the total amount present at that time (e . g. , 104 Ci of 137Cs divided by a
total radioactivity of 106 cu ri es ) . This fraction is then tested against
a cutoff fraction specified by the user. If the nuclide being tested
contributes more than the cutof f f raction, the entire line is printed for
that nuclide. This test is perf ormed for each decay time (column) for
the reprocessing output, HLW, st ructural cate rial waste, u ranium , and
plutonium segments. The rest is performed for all columns except the
leftmost in the case of the spent fuel assembly decay (to eliminate
short-lived fission products). If the test is successful (t rue) for
any of the columns tested, the entire line is printed. Othe rwis e , the
nuclide is not p rin ted. 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-
t ributors printed in the summa ry table can vary widely between table
types. The cutoff f raction used in the case at hand was 0.001.

Re f e rences

1. A. G. Croff, J. W. McAdoo, and M. A. Bje rke, LMFBR Models for the
ORICEN2 Computer Code, ORNL/TM-7176 (October 1981).
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Table 2. Detalle of CRBR sverage irradiation characteristics
.

*

.

Pa ra me t e r.

sAve rage cha rxe ra t e Ave rage invent o ry Average power Average specific power Residence time Ave rage dische.rge bu rnup "'8
Heterial type kg/ cycle kg heavy metal NW(t) HW(t)/HTillN full powe r days HWd/MTillN

Co re

Fueth 2645.0 5290.0 748.9 141.6 550 77,880
ABC 2152.9 4305.8 17.1 3.97 550 2,184' .

Fuel + An 4797.9 9595.8 766.0 79.83 550 43,907

Inne r blanket
" Fuel-d 2240.8 4481.5 113.1 25.24 550 13.882,.As 1742.8 3485.6 13.3 3.82 550 2,101
" Fuel * + A8 3983.6 7967.1 126.4 15.87 550 8.729.

.

Radial blankets ,

Radial blanket 1
" Fuel * 850.9 3403.6 46.6 13.7 1100 15,070
A8 661.8 2647.3 5.1 1.93 IID0 2,123

*

" Fuel" + An 1512.7 6050.9 51.7 8.54 1800' 9.394

Radist blanket 2 *

" Fuel" 748.8 3744.0 27.7 7.40 1375 10.175
'

A8 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 I+2

" Fuel" 1599.7 7147.6 74.3 10.4 1229 12,779;
AB 1244.2 5559.3 8.2 1.48 1229 3,819
" Fuel" + A8 2843.9 12,706.9 82.5 6.49 1229 7,977

Total 11,625.4 30.269.8 975 32.21 23.063

'AveraSed over cycles 5-10.

36 in. (ru.U)o2 re gi on .

*Coopeelte of uppe r (14 in.) and lower (14 in.) U02 axial blankets.

36 in. U02 region at the same antal elevation se the core fuel. *

4
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, Table 4. Initial compositions of 1000 kg of CRBR heavy metal
'

-- '- - Material type

Nuclide Fuela Blankets
.,

U-235, g 1,340 2,000
*

U-238, g 668,660 998,000
.Total uranium, g 670,003 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

* Assumes no preirradiation decay.

. .

. ._. . . . . - - .v.
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- Table 5. Summary characteristics for the CRDR *
-

Fuel region (s)a .
i ,

,

Pa rame te r Fuel AB Fuel + AB IB RBb Fuel + AB + IB + RB

Elect ric power, HW(e) net

Thernal powe r, IIW(t) 749.0 17.1 766.1 126.4 62.5 975.0
Ave rage specif f.c power,c 141.6 3.97 79.8 15.9 6.49 32.21

MW(t)/t!TIlut
Ave rage fuel bu rnup, 77,880 3871 43,907 8729 7977 23,063

ilWd /MTIllt!
:

. Irradiation du ration, 550 550 550 550 1229
| full power days *
,

! Refueling cycle length: 275 275 275 275 275 275
full power days

*

Ave rage cha rge, .

kg/ refueling cycled;

235U 3.5 4.3 7.8 8.0 5.7 21.5.

Total uranium 1772.1 2152.9 3925.0 3983.6 2843.9 10,752;

Flastle plutoniume 768.5 0 768.5 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
1

, Average discharge, i
kg/ refueling cycled

j| 235U 2.5 3.7 6.2 6.1 4.2 16.5
1 Total uranium 1669.8 2095.0 3764.8 3801.1 2690.5 10,256

e 624.2 51.6 675.8 141.4 123.8 941.0Fissile plutonium
'

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

i

" Fuel - 36 in. (Pu,U)O2 region, AB = UO2 axial blankets associated with fuel,
*

IB = entire inner blanket, RB = entire radial blanket. ,

'

Weighted average of inner radial blanket (4 cycle residen%) and auter radial
,blanket (5 cycle residence ) .

j cDased on rated power level.
d

j Ave raged ove r 4 cycles.

e239Pu + 2 4 IPu + 239Np.
-+ - - - - -___ 2-
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Table 6. Physical characteristics of CRBR fuel assemblied*

,

Core and Inner and
*

axial blanket radial blankets
.

... . .,

-

Assembly component lengths, em
Upper end hardware - 30.4 29.2
Cas 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, em 11.62 11.62

Fuel element arrangement t riangula r t riangular

Fuel elements per assembly 217 61

Fuel element OD, em 0.584 1.285

Fuel pellet OD, cm
Co re 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

j Channel thickness, em 0.305 0.305

Channel height, em 314 314

Circumscribed volume /asscably, m3 - 0.0607 0.0607

Heavy metal / assembly, kg 60.35 100.85
b 68.45 114.39! M02 assembly, kg

Stainless steel / assembly, kg 135.5 122.6

Assembly total weight, kg 204 237

* Based on data in re f. 10.
b

b(Pu,U)O in the core ang axial blanket and UO2 in the2
inner and radial blankets.

-

.
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