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' , ' ' 3 9DOSES FROM CRBRP FUEL CYCLE
.

5 . 7 .1, 4

Onerations CRBRP f uel fabrication (core fuel)Doses f rom Facility
of the SAF line operational schedule (15 ofrequires about 65% the environmental impact of CRBRP fuel

every 24 months). Thus,
which ic afabricationisaportionoftheSAFlineimpact,

- -

portion of the FMEF impact.
The FMEF annual 50-year dose

commitments to maximum indiv'iduals and the general population

within 50 miles of the FMEF are as follows:pioiE Fv.+ JM s hF-

.

Maximum PopulationIndividual -

Dose (millireml Dose (Man-remi
_Orcan

1.5x10-3 4.6x10~3
Whole Body 4 9.0x10~4
Thyroid 2.2x10 3 1.1x10-2

2.9x10 3 4.0x10-2Lung
9.5x10 3 2.1x10~2Bone 5.3x10-Liver

Natural background and medical exposures would give an annualThe
average exposure to individuals of about 150 millirem.
annual whole body population doses due to natural radioactivity
would be about 25,000 man-rem for the year 2000 population within

50 miles of the FMEF.

Accidental release of radioactivity and resulting consequences
Routine atmospheric releases ofare given in Reference 7.

plutonium from the SAF line are given in the following table.'-

g h't 'j' Y {h)
I

YiI Isotopic
Annual Release Comoosition fit(Ci/vri

_Tsotooe
2.0x10-9 8x10-6

Pu-236 3.4x10-6 0.5
Pu-238 2.2x10-6 72.
Pu-239 2.2x10-6 20.
Pu-240 3.0x10-4 6.
Pu-241 3.0x10-9 1.5.'

Pu-242

i

5.7-20

82-0034

' . - : --.
- - - - -- ^ ----%m

,



These releases are based on the above isotopic composition,
* a

-
. .

release factors (from the
'

-

throughput of 4.0 MT/yr of plutonium,
of 10-3, and cleanup factors of 1.25x10-8* (for 3 HEPA

SAF line) separate
filters in series, where cach HEPA filter would have a

There are no liquid radioactivitytested ef ficiency of 99.95%) .
releases associated with SAF'line operation.

''
.

Routine atmospheric releases |of uranium (throughput of 6.0 MT/yr
and other radionuclides f rom the SAF line wereof uranium)

calculated on essentially the same basis and are given below,
'

f f4 k
Comoosition (%)

Tsotone - (Ci/vri _

-

U-232 5.8x10-ll 5x10-3
-

U-234 2.5x10-12 0.72
U-235 -

-

U-236 5.4x10-ll 99.27
U-23 8 <2.5x10-12

_

Th-231 <5.4x10-ll
-

Th-234 <5.4x10-ll
-

Pa-234

Blanket fuel fabrication for the CRBRP will be carried out at aFor purposes of this
yet-to-be selected commercial f acility.

it is assumed that the commercial facility selecte,d
assessment, (with an ef ficiency ofwill have three stages of HEPA filters 9

99.9% per stage) , yielding an overall confinement f actor of 10
Atmospheric releases for blanket fuel fabrication calculated on
this basis are given in the following table.

.

Actual cleanup factors would
. *This is a conservative assumption.

range from 10-9 to 1.25 x 10-10,

.

5.7-21'

82-0034

t
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included to account for potential systematic uncertaintles in the
extrapolation of the heterogeneous plate-gecmetry ZPPR-7 K,99 bias to the
nearly hctnogeneous pin-gecrnetry of the CRBRP.

'F

CRBRP criticality calculations are performed in hot-f ull-power gecrnetry with
cross-sections corrected for nominal Doppler reactivity feedback. The nominal
hot-f ull-power temperature def ect of about 1.7% Ak f rom Doppler and core '

expansion effects is therefore implicitly included in the criticality
calculations. The 1cr uncertainty in the Doppler and expansion feedback
reactivity between rocm temperature and hot-full-power conditions results in a
10.19% Ak uncertainty in the hot critical state of the reactor.

The tolerance on batch fissile content, arising from variations in plutonium
isotopic composition, fuel enrichment, and pellet dimensional and density
tolerances, _ results in an uncertainty in the reactor critical state of 0.15%
Ak (1r equivalent). The manufacturing tolerance on the core pellet stack
height and the relative position of each fuel rod with respect to the average
core height results in a 10.1% k uncertainty in core reactivity.
Additionally, the worst combination of pellet and steel impurities results in
a potential reactivity deficit of less than 0.1% ak.

The total excess reactivity requirement of 1.76% dk at the beginning of cycle
one in Table 4.3-3 is obtained from the dif ference between the two-cycle
burnup reactivity swing and the mid-term ref ueling worth, plus the root-mean-
square sum of the uncertainties. The fuel loading requiranents for the first

f' core in CRBRP are determined by searching the plutonium enrichment to an
"t eigenvalue (k equal to 1.0 plus k

The resulting pfu)tonigggchment is 3E*$s /olesgthe ZPPR criticality bias.
54 ef e

w which corresponds to apu
fissile plutonium (Pu ) Icading of 1498 kg+.U Due to the characteristgsof the batch core ref ueling schone, the equ!!!brium enrichments of 33 w/

Pu+Uare only slightly higher than the first core values because of the longer
burnup interval. The heavy metal mass inventories at the beginning and end of
the f Irst f ive cycles are summarized in Table 4.3-4.

4.3.2.1.2 Fuel and Blanket Management

Annual ref ueling is planned for all operating cycles. The first cycle is
based on operation at 975 hWt for one calendar year (365 days) at 35% capecity
(128 equival ent f ul l power days) . The capacity f actor is increased to 555
(200 equivalent f ull power days) during the second cycle and f urther to 75%
(275 equivalent f ull power days) during the third and subsequent cycles.

The CRBRP f uel management is a batch ref ueling scheme with a 2-year lifetime

4.3-5

Amend. 54
[ h fM



, , .

. . ,.

. . -

.

for fuel and inner bienket assemblies. Under equilibrium conditions, the
fresh fuel batch is burned for one cycle (275 fpd), at which time six Inner
blanket assemblies are replaced by six f resh f uel assemblies in order to add
suf ficient additional excess reactivity for the next 275 fpd burnup cycle.
The six refueled assemblies are of the same enrichment as the preceeding feed
batch. The entire fuel and inner blanket batch is replaced at the end of the S

second cycle and the scheme is repeated in two year Intervals. The radial
blanket assemblies reside in-place (that is, no shuffling or rotation) for
f our and !.ve cycles, respectively, in flic f irst and second " rows".

Table 4.3-5 summarizes the essential features of the CRBRP batch fuel
management scheme throughout the first five cycles of op'eration. The initial
core load (see Figure 4.3-1) contains 156 f uel assemblies, 82 inner blanket

| assemblies, and 126 radial blanket assemblies. At the end of the first cycle
(128 fpd), three inner blanket assemblies in alternating row 6 corner
positions (600 removed from the row 4 control channels in Figure 4.3-1) are
replaced.with fresh f uel essemblies f or the second burnup cycle (200 fpd). At
the end of the second cycle, all the f uel and inner blanket assemblies are
discharged and replaced with 156 fresh fuel assemblies and 82 fresh inner
blanket assemblies. At the end of the third burnup cycle (275 fpd), six inner
blanket assemblies in row 6 corner a.e replaced by six fresh fuel assemblies,
and a fourth burnup cycle of 275 fpd follows. At the end of the f ourth cycle,
all the fuel and Inner blanket assemblies are again discharged and replaced
with a fresh load. The f uel and inner blanket management scheme for cycles
5-6, 7-8, and subsequent repeats that f or cy'cl es 3-4. The first row of radial
blanket assemblies are discharged and replaced with fresh assemblies at the
end of cycle four and every fourth cycle thereaf ter. The outer row of radial ~

blanket assemblies are replaced at the end of cycle five and every fif th cycle f
thereafter.

4.3.2.1.3 Delaved Neutron Fraction and Neutron Lifetime

Delayed neutron data are required for the evaluation of the reactor core
transient (Chapter 15) and stability (Section 4.3.2.8) characteristics. The
six delayed-neutron group parameters are calculated by weighting the isotope-
dependent delayed neutron yields by the relative fission rates in CRBRP.
Table 4.3-6 shows the resulting ef fective delayed neutron fraction and decay
constants by precursor group. Bef f varies less than 1% over the first fourcycles.

The prompt neutron lifetime, 1*, is the mean time f rom the birth of a neutron
until it is absorbed or leaked out of the system. 1* ranges from 0.34 x 10-6
to 0.41 x 10-6 seconds f or beginning-of-Ilf e and end-of-lif e conditions,
respectively. The Increase in 1* Is due to a softening of the average core
spectrum with burnup.

!
4.3-6

Amend. 64
Jan. 1982
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TABLE 4.3-5,

CRBRP FUEL MANAGEMENT SCHEME

;

SOC 1: Charge 156 fresh fuel assemblies, .4 fresh

| inner blanket assemblies and 126 fresh

, radial blanket assemblies.

EOC1 (128 fpd) Discharge 3-Row Six Corner (3-R6C) Inner-

blankets.

Charge 3 fresh fuel assemblies in R6C.

E002 (200 fpd) Discharge entire core (159 fuel assemblies)

and Inner bla.'ket (79 blanket assemblies).

Charge 156 fresh fuel assemblies and 82

fresh inner blanket assemblies.

." EOC3 (275 fpd) Discharge 6-R6C Inner blankets.

Charge 6 fresh fuel assemblies in R6C.

E004 (275 fpd) Discharge entire core (162 fuel assemblies),

inner blanket (76 blanket assemblies)

and first row radial blanket (60 blanket

assemblies).

Charge 156 fresh fuel assemblies, 82 fresh

inner blanket assemblies and 60 fresh row

1 radial blanket assemblies.

EOC5 (275 fpd) Discharge 6-R6C Inner blankets and outer

| row radial blanket (66 radial blanket,

I

assemblies).

Charge 6 fresh fuel assemblies in R6C and

| 66 fresh row 2 radial blanket assemblies.

4.3-104
Amend. 64
Jan. 1932
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TABLE 4.3-4-

:. .

IlEAVY METAL * MASS (KG) INVENTORY IN TifE CR8RP .

Inner Radlel Lower Axlal Upper Antal

Eual Blanket el Blanket el sianket _ alanket -t t

Begi nni ng-of-F i r st-Cycl e
------

Pu-239 1468. --- ---

---
--- --- ---

Pu-240 199.7
------

Pu-241 34.0 ------

------

Pu-242 3.4 ------

U-235 7.6 16.7 25.7 4.3 4.3

u-238 3476. 8253. 12681. 2I08. 2108.

------
--- --- ---Fission Products

| Total Heavy Metal 5188.7 8269.7 12706.7 2112.3 2112.3

End-of-First-Cycle t

** Pu-239 1384 60.5 48.5 8.6 5.0
,

ta

j, Pu-240 217.7 0.6 0.3 0.1 ---

co ------

Pu-241 32.9 --- ---

------

Pu-242 3.9 --- ---

U-235 6.9 15.6 24.8 4 .1 4.2

U-238 3432. 8184. 12629. 2099. 2l02.

Fission Products 108.5 9.1 4.4 0.6 0.4

| Total Heavy Metal 5185.9 8269.8 12707.0 2112.4 2111.6

' Heavy metal excludes oxygen.
(a) including axial extensions.

.
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TABLE 4.3-4 (Cont.)
' '

.

HEAVY METAL * MASS (KG) INVENTORY IN THE CRBRP ,,
,

inner Radial Lower Axlal Upper Axlal
fatl Blanket (e) Blanket (al Blanket _ Blanket

Beginning-of-Second-Cycl e ,

Pu-239 1412. 58.2 48.5 8.6 5.0

Pu-240 221.5 0.5 0.3 0.1 ---

Pu-241 33.6 -- --- --- --

Pu-242 3.9 --- --- --- ---

U-235 7.0 15.0 24.8 4.2 4.3

U-238 3498. 7885. 12629. 2139, 2143.
~

Fission Products 108.5 8.8 4.4 0.6 0.4

| Total Heavy Metal 5284.5 7%7.5 12707.0 2152.5 2152.7

End-of-Second-Cycle
4
*

Pu-239 1291. 141.4 116.7 21.7 12.9

$ Pu-240 246.7 3.5 1.8 0.4 0.1

Pu-241 32.5 --- --- --- ---

Pu-242 4.5 --- --- --- ---

U-235 6.1 13.5 23.5 3.9 4.1

U-238 3432. 7779. 12551 2124 2134.

Fission Products 266.2 29.7 13.8 2.2 1.2

| Total Heavy Metal 5279.0 7%7.1 12706.8 2152.2 2152.3

" Heavy metal excludes oxygen.

$ o$ (a) including axlet extensions.
. :s

boa .

.

.

. g,
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TABLE 4.3-4 (Cont.) ..

HEAVY METAL * MASS (KG) INVENTORY IN THE CRBRP

Inner Radial Lower Anlal Upper Axlat
f.yal Blankat(a) Blanket (al Blanka L B l ank et

Beginning-of-Third-Cycle

Pu-239 1477. 116.7-- -- ---

Pu-240 200.9 1.8-- -- -

Pu-241 34.2 --- --- - -

Pu-242 3.5 -- -- - -

1)235 1.5 16.7 23.5 4.3 4.3

U-238 3465. 8253. 12551. 2l08. 2108.

Fission Products 13.8--- -- - -

|TotalHeavyMetal 5188.1 8269.7 12706.8 2112.3 2112.3

End-of-Third-Cycle
s

Pu-239 1308. 118.1 20 0. ~, 17.6 10.6

$ Pu-240 23 6.1 2.2 5.9 0.2 0.1

! Pu-241 32.2 --- - -- --

Pu-242 4.3 --- --- --- ---

U-235 6.2 14.5 21.8 3.9 4.1

0-238 3377. 8113. 12438. 2088. 20% .

Fission Products 218.2 22.2 33.0 1.6 1.0

|TotalHeavyMetal 5182. 8270,0 12707.2 2111.3 2111.8

' Heavy metal excludes oxygen.
c, w ( .n ) including axial extensions. ,

$ fa
g. .

-.

FA3 *

-

______-__ ___



'*

TABLE 4.3-4 (Cont.)

HEAVY METAL * MASS (KG) INVENTORY IN Tile CRBRP
,.

Inner Radial Lower A=Ist Upper Axlal '

Estl Blanket e) Blanket (a) Btanket _ Btanket _t

Beginning-of-Fourth-Cycle

Pu-239 1363 109.4 208.5 17.6 10.6

Pu-240 243.9 2.1 5.9 0.2 0.1

---

Pu-241 33.5 -- --- --

--

Pu-242 4.4 -- --- ---

LF235 6.5 13.4 21.8 4.1 4.2

U-238 3509. 7519. 12438. 2169. 217?.

Fission Products 218.2 20.6 33.0 1.6 1.0

Total Heavy Metal 5380.5 7664.5 12707.2 2192.5 2192.9

End-of-Fourth-Cycle

/ 7b #'
3

Pu-239 1216, 206.8 285.6 34.9 21.2h 'N *

Pu-240 273.5 8.0 11.3 0.9 0.3
4 2 .~7

--

Pu-241 32.7 ---- ---

#
--- --

Pu-242 5.2 -- ---

k b'
U-235 5.4 13.6 20.3 3.8 4.0

17
U-238 3421. 7381. 12334. 2149. 2165. / '

c $||I f I. ,
Fission Products 414.2 55.2 55.7 4.4 2.4 e

. . . . . . . . - ,

5368.0 7662.6 12706.9 2193.0 2192.9 ga p ') t/|TotalHeavyMetal
* Heavy netal excludes oxygen.

@g (e) including axial extensions.

i ?8 *

i A
$cn
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TABLE 4.3-4 (Cont.)

,

ilEAVY METAL * HASS (KG) INVENTORY IN TiiE CRBRP

inner Radial Lower Axial Upper Axlal
faal Blankat(s) Blankatfel Blankat Blankat

Baginning-of-Fifth-Cycle

Pu-239 1471. 130.1-- -- -

Pu-240 200.0 4.9--- - --

Pu-241 34.1 --- --- --- ---

Pu-242 3.5 -- - -- --

U-235 7.6 16.7 23.1 4.3 4.3

U-238 3474 8253. 12531, 2108. 2108.

Fission Products --- --- 18.1 - --

|TotalHeavyMetal 5190.2 8269.7 12706.9 2112.3 2112.3

u
*

End-of-Fifth-Cycle

Pu-239 1301. 119.7 224.7 17.6 10.6
N

Pu-240 235.8 2.3 8.7 0.2 0.1

Pu-241 32.1 -- -- --- ---

Pu-242 4.3 -- --- -- --

U-235 6.2 14.5 21.4 3.9 4.1

U-238 3382. 8111. 12416. 2088. 2096.

Fission Products 219. 22.6 36.1 1.6 1.0

| Total Heavy Metal 5180.4 8270.1 12706.9 2:11.3 2111.8
,

Gw
g ga " Heavy snetal excludes oxygen.
. :s

O. (a) including axial extensions.

ET -
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TABLE 4.3-4 (Cont.)
'

IIEAVY METAL * MASS (KG) INVENTORY IN THE CRBRP

,

inner Radial Lower Axial Upper Axial
Euc1 Blankat a) Blanket (8) Blankat Blankat _t

B eg i nn i ng-of-S ix t h-Cy c l e

Pu-239 1358. 110.7 56.8 17 -5 10.6

Pu-240 243.5 2.1 0.7 0.2 0.1

---

Pu-241 33.4 ---- ---

--

Pu-242 4.4 ----- ---

U-235 6.5 13.4 24.6 4.1 4.2

0-238 3518. 7518. 12617, 2169. 2177

Fission Products 219.0 20.9 8.1 1.6 1.0

5382.8 7665.1 12707.2 2192.5 2192.9
|TotalHeavyMetal

f End-of-S i xth-Cyc l e

[ [
Pu-239 1205. 211.5 145.4 34.9 21.2

? Tai8
Pu-240 274.4 8.5 3.0 0.9 0.3 4

'
- --

Pu-241 32.7 -- ---

/
-- --- -- --

Pu-242 5.2
#[7+

U-235 5.4 11.6 23.0 3.8 4.0 ,[
. . .-

'

U-238 3424. 7374. 12514 2149. 2165. [* 7 67 'ej ,3,
/r

'

90 . , ^7 *

Fission Products 421.1 57.6 21.5 4.4 2.4

p3d 12706.9 2193.0 2192.9|TotalHeavyMetal 5567.8 ,

N ' Heavy metal excludes oxygen. yh *7' -[ *
a tu
* a

c. la) including axial extensions. ,
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TABLE 4.3-7

FUEL AND INNER BLANKET POWER FRACTION SUMMARY *
"

.

INNER B1anket
Time-In-Life Fuel (36")

80Cl .8603 .0720

EBC1 .8174 .0989

B0C2 .8208 .0967 *

EDC2 .7618 .1330

B0C3 .8308 .0683

EOC3 .7526 .1190

80C4 .7623 .1129 .

f

E0C4 .6973 .1536.

BOC5 .8351 .0690

E0C5 .7541 .1214

B0C6 .7895 .1195

E0C6 .7172 .1639
!

51 * fraction of full operating power in central 36 inch high region.
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TABLE 4.3-9 -

RADIAL BLANKET ASSEMBLY POWER * SUMMARY

(MW)

TotalAssembly Position Bl anket
Cycle 1 2 3 4 5 6 7 8 10 11 12 13 Power

BOCl .658 .389 .502 .492 .466 .347 .222 .142 .206 .197 .171 .132 40.9

EOC1 .805 .498 .626 .612 .574 .438 .298 .192 .2 84 .268 .230 .178 52.1

BOC2 .815 .505 .614 .609 .577 443 .302 .194 .279 .267 .231 .3 80 52.3

EOC2 1.017 .657 .765 .760 .718 .568 410 .267 .378 .361 .312 .246 67.3

BOC3 1.0 96 .7 06 .878 .859 .800 .623 439 .284 426 400 .34l .266 74.2

EOC3 1.309 .880 1.064 1.041 .966 .772 .573 .379 .560 .524 .446 .353 92.4

BOC4 1.222 .821 1.021 .995 .916 .726 .537 .354 .535 .499 .422 .332 87.4
sm
*

EOC4 1.383 .956 1.143 1.118 1.035 .838 .641 430 .629 .589 .502 401 100.8,

E$ DOCS .664 411 .521 .511 .484 .370 .668 .445 .663 .619 .524 .416 67.3
co

EOC5 .955 .630 .770 .753 .702 .556 764 .516 .752 .70<l .600 4 80 86.7

* Total 64-Inch blanket power per assembif (assembly positions from Figure 4.5-31.
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TABLE 4.3-2

'"
FUEL ISOTOPIC COMPOSITION

Isotope Weight Fraction
_

Pu238 .0006

Pu239 .8604

'

Pu240 .1170

Pu241 .0200

Pu242 .0020
d

.

Depleted Uranium

U235 .002

U238 .998
)
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