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Neutronic Design of 900MWt Pb—-Alloy Cooled Breakeven Cores
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Abstract

In this work, the preliminary neutronic designs of 900MWt Pb-alloy cooled
breakeven cores with nitride fuel are performed. The cores are designed such
that their conversions wih no blanket assemblies are slightly larger than unity
to minimize the amount of the excessive fissile materials and such that there
are no needs for the external feeds of the fissile materials. The exclusion of the
blanket assemblies makes it possible to remove the weapon-grade plutonium

production. Further, the cores are designed to be comprised of single enriched



by using

MATRA-LMR shows that both cores satisfy the cladding temperature limit

(<6507TC) and the coolant velocity limt (<2m/s).

analysis

sub—channel

the core power distributions are considered here. The core calculations are
A preliminary thermal hydraulic

1s shown that the cores have the significant negative temperature feedbacks and

fuel rods and two methods by using B.C tie rods or vacancy tie rods to flatten
performed by using the REBUS-3 equilibrium models. From the calculations, it
show the negative reactivities by coolant level drop in total active core and the

reactor.
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ISOTXS Hejz W) oju A7|a¥ &3 (self-shielding effect)”} atw # o}

At Hz FE2oFS Y& TWODANT R-Z [6]129-S o] &3lo] 1507 x4 i%ﬂ&
o] A o] F o]gdle] Al 9 wEofd ddw Aol TRANSX ZE=E 9]
£3to] Ak o] Az @ REBUS-3/DIF3D-HEX-Z [7]8 o] &3lo] x=4d
ZAAbo]l AT, mAle] HbEEEA L 807 AW H S o] §3e] DIF3D/HEX-Z
2dE o] &3t ot

A A A A} A A Q-1 A A2

d=5 (MWt) 900 900
FaxAEo] (cm) 1129 1129
7t=ZHd 4ol (cm) 1129 1129
AR%E 974 (cm) 0.93 0.92
Ax% IH5AFA (cm) 0.059 0.059
Tie & 974 (cm) 0.94 0.94
Tie & A&5A F7 (cm) 0.34 0.34
A P/D W 1.37 1.38
AFAG & 217 217
AFA 14 (cm) 0.16 0.16
A 94 18.90 18.83
Az YA/ F2A 5]

Wi=4 (I0) 0.288/0.523/0.118 |  0.216/0.524/0.144

Z k=2l (MC) ¢ 0.241/0.526/0.134

=4 (0C) ¢ 0.283/0.529/0.118
A (IC/MC/OC) 36/36/126 42/48/108
AFAG tie B IC/MC/OC) 13/13/13 61/43/13
ATAG A5 H5 IC/MC/OC) | 204/204/204 156/174/204
A HHEE (Wee) 1275 1284
A AEYUE (Wem) 195.7 2139
F7]#4 o] (EFPDs) 360 360
TRU A1) (BOEC, wt%) 15.8 16.2
v =] 4= (IC/MC/OC) 5/5/5 5/5/5
B-10 5% (wt%, IC/MC/OC) 75/20/- No
A T3 A HT-9 HT-9
Ao B-Z] 3HA 4= (USS/SC/RC) 24/24/1 24/24/1
Aoy 52 A A ]

(%, BAC/ YA /F2A)

USS 85/5/10 85/5/10

SC 0/0/20 0/0/20

RC 50/10/20 50/10/20
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A = (o}
w4 8 54 21 %) A1 7] -2
w41 - 3] (BOEC/avg.) 1.018/1.005 1.021/1.004
o 287} (pem) -129.3 +263.5
FHdEA LT (MWD/ke)

IC/MC/OC/TC 81/82/59/67 99/89/61/74
AEUEA LT (MWD/ke)

IC/MC/OC/TC 100/102/102 119/114/102
w4 fissile % (kg, BOEC/EOEC) 2300/2302 2095/2098
HadEH AT (W/ee, BOEC)

IC/MC/OC 153/155/112 144/144/115
HdEHEE (W/em)

IC/MC/OC (BOEC) 934/239/173 986/253/176

IC/MC/OC (EOEC) 240/239/171 986/257/176
AFEMAZEET (Wem)

IC/MC/OC (BOEC) 291/295/296 345/331/294

IC/MC/OC (EOEC) 294/296/295 344/330/292
339 594 (BOEC/EOEC) 1.510/1.510 1.504/1.494
AEYE 1EFA2 SEAXA (n/emd) 3.29E+23 3.57E+23
TRU FA1] (wt%, BOEC, IC/MC/OC)|  15.9/15.9/15.8 16.4/16.3/16.0
TRU 78] (wt%, EOEC, IC/MC/OC)|  16.1/16.2/16.1 16.8/16.6/16.3

=

A TFALEE 27 6TMWD/kgd 7AMWD/kg S 2 A A QE-27F tha A=A el



e

7} =7

5
BEd g% FH4

FHAE

1

ki3

9/]

| 27 e of

I AAIRE-10A Fe

o5

=

P
~w T

o3

7ol

AZ Yol TRU (transuranics)®] FAH7F A9l <

uss
Scram
reactivity
compensator
Reactivity
compensator
Inner
core
ddle core

Mi

Outer core

Refiector

| =1 2 1 AW

uss
Scram
reactivity
compensator
Reactivity
compensator
Inner
core
ddle core

=

L 4 1 1

uter core

O

Reflector

O

(b) AAIRF-2

(a) A1

WA 71 3 Al = (100%713h), &A1

qaxA

oF

ol
™

2

o
n

3

o

|

stol A

HATE 90K, 1200K= 714

Thol we e

==
EAEES

ol M HTo] F

-
it

st

3

=
=

o
i)
No

o)

—

A

ol 2 &9 #

7] o

7+

ke

F9A7t ol

o
ol A WzbAfe] 1009713

o elaiA A el =]
75 WA 88 Ax= yeiwtt. WAATIEA s A5l

=

A vt H

=
=

,lo"l

A b

1
T

af

wAlo of

0

&
oW

el
!

Qa1 USS¥ SC

A

i;ﬂl

Atk AolE-F

2 Ao

=
T

&

974

=
5

s

g]

259 g s

s

& USS¢9t SCE FAlol AHE

al

K

7V Ao R Yy oz g

S 2=
=T

4]

=
5



B

7F, Aot e A

A WS =7t (F7] %)

=44 A7 k-1 A7) k-2
EEYAS (A5, dr/dT) -5.11E-06 -5.87TE-06
a7 g R 4

(dk/K)(R/dR)(pem/%) -335.9 -364.7
AR EHYGYRAS

(dk/k) (/D (pem/%)

AR -141.7 -152.1

AR+ 2E -98.7 -103.1
QLA HAF ()

(fr 540 100%7]3))

IC +3.89 +3.40

MC +2.69 +2.93

oC +1.22 +0.074

TC +8.09 +6.95
Desr 0.00353 0.00350
Ao} B FANEET (9)

Uuss 291 419

SC 6.21 7.36

RC 1.17 1.37

USS+SC 10.51 13.59

B

=A<, WAA 7] she-g- =), Alo]gF]

A W R (F71E)

=491 4 A7k A7) -2
EEYAT (A&, dr/dD) -5.01E-06 -5.63E-06
uk 7 e A

(dk/k)(R/dR)(pem/%6) -335.0 -365.8
AR H GG RA >

(dk/K)(H/dH) (pemy/%)

AR -140.9 -152.8

AR+ 2E -97.7 -103.4
YAAANEAS ($)

(224 100971 3)

IC +3.92 +3.44

MC +2.66 +2.97

0oC +1.17 +0.12

TC +8.03 +7.05
Dese 0.00351 0.00348
Aol B A FAVE R ()

UsSS 3.13 4.23

SC 6.05 743

RC 1.15 1.39

USS+SC 10.64 13.72
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® 598 FoIFF (A=, ke)

. AA-1 A A -2

3 ==

e 7% FAE | E= (%) Fx A% |27} (%)
U-234 | 7.7279E+00 | 7.6185E+00| -1.41 |6.2957E+00 | 6.1971E+00| -1.57
U-235 | 7.0140E+00 | 6.3486E+00 | -9.49 |6.2276E+00 | 5.5624E+00 | -10.68
U-236 | 6.50533E+00 | 6.5053E+00 |  0.00 | 5.7727E+00 | 5.7727E+00 | 0.0
U-238 | 1.9178E+04 | 1.8842E+04 | -1.75 | 1.7313E+04 | 1.6977E+04| -1.94
Pu238 4.2225E+01 | 4.1908E+01 | -0.75 |3.7994E+01 | 3.7673E+01 | -0.84
Np237 1.2566E+01 | 1.2575E+01 |  0.075 | 1.0400E+01 | 1.0410E+01 | 0.092
Pu239 2.1709E+03 | 2.1725E+03 |  0.075 | 1.9680E+03 | 1.9698E+03 | 0.091
Pu240 1.0529E+03 | 1.0534E+03 | 0.057 | 9.9409E+02 | 9.9479E+02 | 0.071
Pu241 1.2203E+02 | 1.2399E+02 | 161 | 1.2108E+02 | 1.2305E+02| 1.63
Pu242 8.9811E+01 | 89879E+01 | 0.075 |8.8956E+01 | 8.9038E+01 | 0.092
Am241 | 7.1160E+01 | 6.9338E+01 | -2.56 |6.3472E+01 |6.1671E+01| -2.84
Am?242m | 5.0639E+00 | 5.0676E+00 | 0.074 | 4.5222E+00 | 4.5263E+00 | 0.090
Am?243 | 2.3871E+01 | 2.3889E+01 | 0.075 | 2.3926E+01 | 2.3948E+01 | 0.092
Cm242 | 2.0827E+00 | 25517E+00 | 225 | 2.0853E+00 | 2.5502E+00| 22.3
Cm243 | 2.0210E-01 | 2.0394E-01 | 091 |2.1655E-01 | 2.1856E-01 | 0.91
Cm244 | 1.5198E+01 | 1.5402E+01 | 1.34 | 1.6227E+01 | 1.6447E+01| 1.36
Cm245 | 4.5732E+00 | 45766E+00 | 0.075 | 4.9489E+00 | 4.9535E+00 |  0.092
Cm246 | 2.5288E+00 | 2.5308E+00 | 0.076 | 2.8215E+00 | 2.8242E+00 |  0.094
U 1.9199E+04 | 1.8862E+04 | -1.76 | 1.7331E+04 | 1.6994E+04 | -1.94
PU 3A4778E+03 | 3.4817E+03 | 0.115 | 3.2101E+03 | 3.2144E+03 | 0.132
MA 1.3724E+02 | 1.3613E+02 | -0.809 | 1.2862E+02 | 1.2755E+02 | -0.832
TRU 3.6151E+03 | 3.6178E+03 | 0.078 |3.3387E+03 | 3.3420E+03 | 0.095
Fissile | 2.2999E+03 | 2.3028E+03 | 0.126 | 2.0953E+03 | 2.0984E+03 | 0.148

¥ 6§52 949
A A} AA -1 A A -2

AT/ ETEE (TC) 420/540 420/540
iRdgiEd 7 A =& A 5
ATA S (kg/s) 258.55 258.55
=4 (kPa) 62.9 63.3
Hat Y7 E75% (m/s) 1.59 1.6
Hol Y44 S5 (m/s) 1.70 1.69
Ho A= <°c) 591 598
Hol 954 ul % (T) 610 599
Ho dELE (V) 731 746

® 62 MATRA-LMR HF=d4d3=g o83 dFA 24745 v
AFABNE 7] wAlelA He ﬁ%éﬂ%l{ﬂ A= F kAl dislA

.
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