K

~w

!:i§  ' ". . »‘ e oo i . : ' . ??%E%? | T:Libfx’\v%).

HANGES
OF DESIGN C
. E FOR DETERMINING IMPLICATIONS I
OCEDUR ING P
A SIMPLE PR CTOR FUEL CYCLE COST AND BREED '

ON FAST REA '

by’

: ker

. . Martin. Bec

z.aman and R .

Ahmed EZigtzof Nuclear Engineering
Depar

- . Institute
“Polytechnic
Rensselgizy?oNzt York 12181

NOTICE
This report Was prepared ag g5 account

United Stares nor the Uniteq State:
Energy, nor any of thej,

any warranty, express or j;
lisbility of responsibility fo,
Or usefulness of any infor,
Process disclosed, or fepresents (h,
infringe Privately owned rights,

p :y . - ‘ _—o- - 5 .
r

1
DISTRIBUTION OF THIS DOCUMENT

Sponsored by the United States Govemmcm. Neither the
s Department of

T employees, nor any of thejr
contractors, subcommclors, or their employees, makes
implied, or assumes any legai
I the accuracy, completeness
‘Mation, 8pparatus, Product or
at its use woutd not

Yo S

'“WC\OLDQ%AT\%

of work

UNLISITED

Zud



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Recently, analytical sensitivity methods have been appliedl to obtain fuel

cycle cost implications of data unceftainties. To perform éxposuré dépendent
sensitivity analysis wifhout repeating expensive spectrum calculations, simple
correlations of the spectrum averaged cross sections (SAXS) were constructed.
The correlation coefficients were obtained by fitting the SAXS calculated by
direct methods over a widé range of IMFBR coré désigns. In this paper the
procedure has been extended to study sensitivity of fuél cyclé cost and breeding
ratio to design variation. Briéfly, thé'méthod'involves using the correlations
to construct both the SAXS and the sensitivity coefficients. Composition
dependent correlations have beén found to bé accuraté for'thé’COré while both
composition and position'havé to bé inclﬁded'in analysing the blanket.

A postulated design constraint to daté has béén to maintain the end of
cycle(EOC) multiplication constant. In an équilibrium cyclé with one-third core

refueling this is

Raoe = P1 Kgoc * Po Koc * Py Koo | )
where Pl’ p2, p3 are the poﬁer'fractions and K%OC’ KEOC’ K%OC are the EOC multi-
plication constants of once, twice and thrice burnt fuels respectively.

We considered a number of design options some of which are indicated in
Tablé i. In each case prediction of KEOC by the correlations have been verified
by direct spectrum célculaﬁion. The correlations have proved sufficiently
géneral to include variétion of the coolant fraction provided other volume
fractions are self-consistent. The initial enrichment in each case was chosen
to maintain the same KEOC' |

Fuel cycle costs and credits wére calculated with fissile plutqnium,

fabrication and reprocessing prices of $36/gm, $500/kg-HM and $200/kg-HM

respectively with fabrication and reprocessing penalties of 1%. Proper lead



and lag times were assumed. Table 2 shows fuel cycle cost implications of the

design variation and the excellent predictién' the corrélations providé of
these‘sensitivities. It is noted that usé of IWR recvcle plutonium instead
of FFTF grade Pu in CRIC2 (base case) involves a lower fuel cycle cost mainly
becaﬁse of the lower initial fissile loading. Reduction of coolant volume
fraction also involvés a lowér fuel cycle cost than thé'baSe case because of
the rednection 'inAenr'ithP.n’r. (H/TI:{-P{]) fhil'e ta the higher reactivity. The GF!
design3 which starts as a nét bréedér; has a lower fuél cyclé cost.

The corresponding brééding ratio implications aré also shown in Table 2.
Use of LWR Pu in CRIC givés a highér'breéding ratio beéausé théré is larger
amounts of U-238 initially resulting in gréatér Pu—239‘prodﬁctionL Similarly,

' . A
reducing coolant volume fraction‘incréaSés the‘bfeeding ratio.

We have also investigatéd the'sénsitivity of thé‘cost and BR to data
uncertainties in the various designs with thé same design objectivé of
maintaining KEOC' It has been obsérvéd thét cost sensitivitiés té data varia-
tions are nearly the same whethér FFTF Pu or LWR Pu is used in the CRIC com~
position. Howgver, sensitivities were greater for the GE core. For some
cross sections the sensitivities were small due to cancellation of effects.

A positive change in 058 led to a large negative change in cost fqr GE design
while the effect was smaller in CRIC case. Variation of oig had a 1§rge
effect on the breeding ratio in all cases.

Simple analytical sensitivity methods Lave been extended to study fuel
cycle cost and breeding implications in FBR coré désign variétion. These
methods have been found to be accurate, and inexpensive (computer time saving
of a factor of ten) reducing the néed for repeating detailéd calculations.

It has been found that simple correlations characterize both data changes and

design changes. Current effort at RPI involves extending the procedure to




nce

h IMFBR blankets where either position or exposure can be of greater significa

A B T , .
depending on whether one is considering the homogeneous or heterogeneous

design.
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Table 1. Fast Reactor Compositions Studies

C&Se lau Case 2b Case 3Cf - ‘Case hd

Initial Enrichment (% Pu/U+Pu) 18.700 . 20.003  18.170 15.010

Pu Grade:
Ny o/ Vg, ' | 0.8646.  0.6830  0.8646  0.5889
N, /Mo, 10.1169  0.1920  0.1169  0.2572
Ny, /N 1 0.0167  0.1010  0.0167 $0.1219
Ny /N 1 0.0018  0.0240 0.0018  0.0320
Fuel Volume Fraction 1 0.3797  0.3797  0.4062  0.L6Th
3 Coolant Vol/Structure Vol. 1.9583 1.9583 | 1.6478 2.3600

a Clinch River Inner Core (CRIC) Composition with FFTF Pu
b - CRIC with LWR Pu
c CRIC with FFTF Pu with Coolant Volume Fraction Reduced by 10%

d General Electric Advanced Design




Case 1

Case 2

Case 3

Case U4

Table 2. Fuel Cycle and Breeding Ratio
Variation with Design

TUCL CYCLE COST

mills/kwhr(e)
Direct Correlation
Method Method
3.77 3.80
3.59 3.58
3.69 3.70
) 2.30 o 2.27

+ Standard

definition of breeding ratio

CYCLE

(&3]

AVG. CORE BR'

Direct
Method
.731
.750
. 746

1.005

Correlation
_ Method
.733
.755
.750

1014 o
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/F”—_’~;;cently)analytical sensitivity methods have been applied‘ to obtain fuel

cycle cost implications of data uncertainties. To perform exposure dependent
sensitivity analysis without repeating expensive spectrum calculations, simple
correlations of the spectrum averaged cross sections (SAXS) were constructed.
The correlation coefficients were obtained by fitting the SAXS calculated by
direct methods over a wide range of LMFBR core designs. In this paper the
procedurc hac been cxtended to study sensiﬂivity ol fuel cycele cosl and breedlng
ratio to design variation. eBriefiyﬁighe method involves using the correlations
to construct both the SAXS and the sensitivity coefficients. Composition
dependent correlations have been found to bé accuraté for'thé core while both
composition and position have to be included in analysing the blanket.
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