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Reference Core Design Mark-IIT of

the Experimental Multi-Purpose VHTR

- Study of Nuclear and Thermohydraulic Characteristics

for Design of Main Core Parameters -
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Purpose of the Mark-IIl core design is to obtain a well balanced
reference core of the experimental Very High Temperature Reactor (VHTR)
by solving problems in the Mark—-II core design, i.e. increase of the
minimum Reynolds number, increase of the shutdown margin, achievement of
the thermal flux level for excore nuclear instrumentation, and adjustment
to the structual design.

Therefore nuclear, thermohydraulic, fuel and kinetic characteristics
were studied extensively to search for optimum values of the experimental
VHTR core parameters. In the reference core Mark-1I1, the above purpose
is attained successfully, with the mentiomed problems practically solved,

Described in this report are procedures and results of the nuclear
and thermohydraulic studies to determine fuel element parameters, core

constitution and fuel zoning.

Keywords: VHTR Reactor, Mark-III Core Design, Nuclear Characteristics,
Thermohydraulics, Core Constitution, Fuel Element, Design

Parameter, Fuel Zoning
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Table 1.1 Nuclear and thermohydraulic design criteria

Item

Value

Comments

(1)

(2)

(3
(4)

(5)

(6)

(7)

(8)

&)

(10)

(11)

(12)

Fuel enrichment

Atomic number demsity
ratio of carbon to
uranium, (No/Ng)

Fuel dwelling time

Contrel rods stuck
out

Core shutdown margin

Maximum reactivity
worth of control rod

Reactivity compen-

sated with burnable
poison

Researve shutdown
system stuckout

Reactivity compen-
sated with researve

shutdown system

Critical heat flux

Reynolds number

Fuel temperature

Below 10 w/o

About 300

Above 2 years

2 rods- (pair) at
operational state and
1 rod at refueling
state

Subcriticality
20.01 Akgsf

0,035 Akgfr at near
critical state

As low as possible
and the reactivity
recovery with buraup
is less than 0.0l5
Akeoff (target)

One group

Excess reactivity
except that for burn-
up compensation

Prevention of
laminarization

Target value of mini-
mum Reynolds number
more than 3,500 at
rated power

Peak nominal tempera-
ture lower than
1,350 °C

With same value in one
fuel element

With 807 load factor

Control rods of pair can
be driven independently.

With 10% error for the
calculation of control
rod worth

Value for single drive
mechanism

If it's severe, it can
be modified.

T = 0.584x1075 Ref.t6S
crit

2,000 < Rep < 6,000

q
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Basic design condition
of the experimental VHTR

:

Reevaluation of the

design

Design guide
basic—-conceptual —= Design condition
Design criteria

Ajustment to
structual design
Development of

codes and data basis

PSG-1: Fuel pin type

and core structure

PSG-2: Control element
and neutron source
PSG-3; Fuel element, core constitu-
' tion and fuel zoning
PSG-4: Core kinetics
PSG-5: Data basis of fuel and

graphite materials

Decision of main parameters

Coated fuel particle

Fuel rod

Fuel element

Control element

Core and reflector
constitution

Structure arcund core

(PCRV, core barrel etc.)
Fuel zoning '

r

Analysis and evaluation on synthetical performance of Mark-II1 core

PAG

Programing scheme of control rods

Reactivity
Power distribution

Neutron flux distribution .

Burnup

Temperature distribution
Coolant flow distribution
Radiation heating

Others

DEG

Amoeba effect
Stress in the coatings, fuel
rods and graphite blocks
Release of metallic fission
products
Others

{Note) PSG

Parametric Study Group

PAG : Performance Analysis Group

DEG : Design Evaluation Group

Fig. 1.1 Procedure of Mark-TI core design
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Table 2.1 Examples of fuel eiement & core parameters
and their thermohydrolic characteristics

Width
No. of ] No. 0.D. of T Max Core Compact ACTOSS
fuel | Re™X of clesve f height| N¢/Ny thickness flat
pins columns (°C) (m) (mm) {cm)
12 4000 61 56 1301 3.5 290 7 30
1283 4.0 (PF=0.3)
1276 4.5
73 46 1309 3.5 430(7) 7 30
1286 | 4.0
1278 4.5
4500 61 49.5 1318 3.5 376 7 30
1294 4.0
1282 | 4.5
73 400.5 1330 3.5 550(7) 7 30
1299 4.0
1286 4.5
5000 61 45 1340 3.5 440 {7 30
1308 4.0 380 9
1284 4.5
73 36.5 1355 3.5 {650 {7 30
1320 4.0 570 9
1293 4.5 ‘ !
6 4000 91 75 1293 3.5 290 7 27
1281 4.0
1275 4,5
109 63.5 1297 3.5 {éOO(?) 7 27
/1 1282 4.0 320 ‘ 25
1275 4.5
4500 91 66 1310 3.5 {370 7 27
1288 4.0 290 25
1279 4.5
109 56 1312 3.5 500(7) 7 27
1290 4.0 400(7) { 7 {25
1279 4.5 350 9 25
5000 91 59.5 | 1328 | 3.5 {450 7 {27
1297 4.0 1360 | 25
1281 4.5
109 50.5 1340 3.5 {570 7 {27
1305 4.0 450 25
1285 4.5
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Table 2.2 Number of fuel channels in various core

constitutions with 6 & 12 pin fuel elements

No. of Total no. | Total no.
fuel pins of fuel of fuel
in a No. of No., of No. of channels channels Total no.
standard fuel standard | control | in stand- | in con- of fuel
fuel column fuel fuel ard fuel trol fuel| channels
element in core columns columns | columns columns in core
12 73 66 7 792 21 813
67 60 7 720 21 741
61 54 7 648 21 669
35 48 7 576 21 587
69 57 12 684 36 720
63 57 b 684 18 702
57 51 6 612 18 630
6 73 66 7 396 21 417
85 72 13 432 39 471
91 78 13 468 39 507
109 90 19 540 57 597
121 102 19 612 57 669
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Table 2.3 Number of fuel columns in core and controllable
reactivity with control rods

i i Control rods; | Control rods; | Control rods;
{ ! Non All inserted | All inserted
Case | No. of {No. of | No. of | except center
No. fuel | standard{ control ] : pair ;
column :column | column | kegr | o Keff o
! ! | Ake ] Ake x| pAnk
| | keff | eff | 8o eff* | fo
L 55 i 8 7 1.0901 } 8.3 | 0.8093 i-23.6 0.8795 i—13.7
| | { 0.2808 | 31.9|0.0702| 9.9
o i o |, |1.009 8.5 | o0.8120 l~23.2 0.8800 E-IB.6
B | | ! 0.2809 | 31.7; 0.0680 | 9.6
3 &7 | 60 | 7 1.0997 | 9.1 | 0.8175 | ~22.3] 0.8823 | -13.3
| ! | 0.2822 | 31.4] 0.0648 | 9.0
. 73 i 6 |7 1.1068 | 9.6 | 0.8240 | -21.4 | 0.8865 i—lZ.S
| ! : 0.2828 | 31.0] 0.0625| 8.6
5 g % 79 E 13 1.0918 } 8.4 | 0.8021 :-24.7 0.8573 i-l6.6
[ | f 0.2897 | 33.1]0.0552 | 8.1
. o1 | 78 1 1.0947 | 8.7 | 0.8064 | —24.0 0.8593 i-lﬁ.a
{ | E 0.2883 | 32.7|0.0520! 7.6
2 109 1 90 i Lo | 1.00991] 9.0 | 0.8167 | -22.4 | 0.8645 | -15.7
: | ! § 0.2824 | 31.4|0.0478 | 6.7
s | 121 | 102 i 19 1.1018 | 9.2 | 0,8261 E—21.1 0.8689 E—ls.l,
! | ! 0.2757 { 30.3['0.0428! 6.0
g 57 1osy i 6 1.0894 | 8.2 | 0.8075 | ~23.8 ] 0.8726 | -14.6
| ! | 0.2819 | 32.0} 0,0651 | 9.2
10 6 | 57 i 12 1.0947 | 8.7 | 0.8161 | -22.5] 0.8779 | -13.9
: | : 0.2786 { 31,2|0.0618 | 8.6

(Note} 1, Nuclear group constants in Mk-II core are used.
2, Calc, with CITATION; 2-D, X-Y, 16 mesh/block. Hot-clean core-state.

3, Width across flat of fuel element is 30 cm for case 1V4 and 9V10,
and 27 cm for case 5V8.

4, Core height is 3.5 m.
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Table 2.5 Comparison of power peaking factors
(P; & Py) in core with different core

diameters

Coéidgime o?lziszgéed Power peaking factor P; & P;
across contrel . . i .

flat rod pairs region no.l| region no.2 | region no.3 | region no.4

1.168 1.004 0.955 0.914
non  F—— ——— —+ e e — — — — SR —

73 COL. 1.128 1.144 1.123 1.118

Egg"iii Le 0.755 0. 880 1.285 1.274
1.136 1.398 1.194 | 1.147 |

1.159 0.991 0.940 _
non e e e e - e e -]

61 COL. 1.133 1.135 1.106 _

(30 cm) 1.338 0.994 0.823 —
all e [ A O

1.079 1.433 1.295 —_—

109 CoL., 1.305 1.136 0.899 0.824
non @ = ————— e — m e — — — —

(27 cm) 1,115 1.138 1.175 1.145

{(Note} 1. P; = P.p, average in orifice / Pch, average in core
ch

Py =
2. Py : upper value in one box.
P> : lower value in one box.

= Poh, max in orifice / Pep, average in orifice
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Table 2.8 Ajustment of N./Ny values
(Comparison between Mark-II and Mark-TTT)

Parameters Mk~IT | Case VIII| Mk-III Comments
(1) Width across flat (mm) 300 300 300 Constraints from stand-
pipe interval, control
rod insertion hole dia.,
pressure vessel dia., etc.
(2) Sleeve outer dia. (mm) 45.0 46.0 46.0 Consideration of min.
(0.93) | Reynolds number, max.
fuel temperature etc.
(3) Compact thickness (mm) 7.0 7.0 9.0 | Nearly max. thickness
{0.84) | from the point of strength
(4) Packing fraction (v/o) 27.5 30.0 30.0 | Nearly max. value in the
{0.92) | case of matrix density
1.65 g/em’
(5) Fuel kernel dia. (um) 500 500 600 Relation to R & D
{0.58) [|Additional investigation
concerning amoeba
{6) Thickness of lst damage
coating layer (1) 40 40 60
(1.64)
(7) Matrix density (g/cm®) | 1.6 1.6 1.65
Graphite block
density (g/em3) 1 1.75 1.75 1.85
(1.03)
N./Ny value 320 430 380 Standard fuel element
{Note} The values in parentheses of Mark-III column indicate how the

changes of parameters from Mark-IT to Mark-II

N./Ny value.

I have effects on
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Table 2.9 Effects of control rod hele and absorber's
concentration on contrellable reactivity

0.D. of Conc. : Effective
Case Core state control of Control | multiplication| Controlled
no. rod hole | absorber rod factor reactivity
{mm) (w/o) state (koff) (Bkegg)
1 | E=5w/o0,BP=30ppn 110 10 A 1.121 —_—
2 " " " B 1.084 0.036
3 " " " C 0.928 0.192
4 " " 20 C 0.921 0.200
5 " " 30 C 0.918 0.203
6 " 100 10 C 0.938 0.183
7 " " 20 C 0.930 0.190
8 " " 30 C 0.927 0.193
9 b 95 10 C 0.943 0.178
10 " " 20 C 0.936 0.185
11 " " 30 C 0.934 0.187
12 " 110 10 D 0.792 0.329
13 " " 20 D 0.773 0.347
14 " " 30 D 0.765 0.356
15 " 100 10 D 0.813 0.307
16 " " 20 b 0.795 0.326
17 o " 30 D 0.787 0.334
18 " 95 10 D 0.826 0.295
19 " " 20 D 0.808 0.312
20 " " 30 D
21 | E=4w/o,BP=20ppn 100 " A 1.112 _
22 " " " B 1.070 0.042
23 " " " D 0.750 0.361
24 " " " E 0.849 0.262
25 " " " C 0,902 0.210
(Note) 1. : Withdrawal of all control rod pairs

: Wirhdrawal of central rod pair and one rod pair in lst ring.
: Insertion of all control rod pairs
: Withdrawal of central rod pair

A
B : Insertion of central reod pair
C
D

t

2, Mk-IT1 core, Initial-hot-clear state
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Table 2.10 Effects of absorber's concentration and outer
diameter on controllable reactivity, and their
difference between core calculation and lattice
calculation.

Core calc.®! Lattice calc.®!
Concentration
Outer {(w/o) 10 20 30 10 20 30
dia. (mm)
76 1.0 1.0 1.0 1.0 1.0 1.0
80 1.030 1.031 1.033 1.063 1.062 1.062
90 1.083 1.081 1.084 1.173 1.169 1.166
Quter dia.
Concentya— {om} 76 80 90 76 80 90
tion  (w/o)
10 1.0 1.0 1.0 1.0 1.0 1.0
20 1.039 1.040 1.037 1.093 1.092 1.089
30 1.053 1.056 1.054 1.13% 1.137 1.132
(Note) *#] CITATION, 2-dimentional (X-Y) 4 group calculation,

%2 SLALOM, 4 group calculation, 5 w/o fuel.

5 w/o uniform loading, 2 pairs stuck out state.
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Table 2.11 Effects of fuel pin array and control rod
disposition on controllable reactivity and
local power peaking in orifice region

-Nuel
Control Y B C
rod \\\
1.22 1.27 1.26
1.002 1.005 1.010
A 1.410 0.408 1412 0.407 1 416 0.406
1.106 1.09 1.07
1.14
0.990 B i
3] 1417 0.422 — —_—
1.11
© 1.413 I E—
1.09
(Note) 1. PF
koff(all C.R, insertion)
kerf(all C.R. withdrawal) kg (C.R. worth)
PF
2. Mk-IT1 fuel, 5 w/o enrichment

3.

DELIGHT-2 (preparation of macro cross section) +
TOWIRAN-2 (super cell calculation, 6 groups)




Table 2.12 Essential results of parametric survey
for determining reflector thickness

(a) Neutron exposure at inner surface of fixed reflector

JAERL — M 8546

(n/cm?)
. Neutron energy
No. of : -
femovable reflector laye E 2 50 kev E 2 0.2 Mev
1 1.73%1020 | 1.10%x1040(2.75%x10%9)
2 7.26x1048 | 4.78x10%8(1.20x10!%)

(Note) 1.
2.

Operation term

20 years, Load factor = 0.8

The values in parentheses indicate the maximum ones
revised with assumed axial correcting factor 2.5.

(b) Fast neutron exposure and heating density in core barrel
and pressure vessel

Fast neutron exposure

Reflector (n/cm?) Heating
thickness Structure density
(em) E>1MeV | E > 0.2 MeV (w/cm®)
16 9.37x1016
Lo Core barrel 2.27%10 (2.34x1017)
16 -5
16 7.74x10 8.91x10
Pressure vessel 1.54%10 (1.94x1017) (2.23 107%)
16 4.17%x101°
o Core barrel 1.03x10 (1.04x10%7)
16 -5
15 3.45%10 7.18%10
Pressure vessel 7.01x10 (8.63x10'8) (1.80%x107")
(Note) See (Note) 1 and 2 in table (9) above.
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{c) Thermal flux level in graphite column

Reflector thickness (cm) Thermal flux (n/cmz-sec)
100 1.25x107 (6.25x107)
110 5.56x107 (2.78x107)

(Note) The values in parentheses indicate the minimum ones
revised with assumed uncertain factor 0.5.

(d) Gamma (yv) dose rate on outer surface of pressure vessel
(24 hours after reactor shutdown)

Reflector thickness (cm) v dose. rate (mrem/hr)
100 142 (355)
110 70 (175)

(Note) The values in parentheses indicate the maximum ones
revised with assumed axial correcting factor 2.5.
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{a) 12 pins/block

Packing fraction(p.f)
= 0.30

Possible maximum 0.D.

~ 300
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Quter diameter of graphite sleeve (cm)

A; Adjustable area
B; Non adjustable area (with packing fraction)

Fig. 2.3 Restriction on fuel pin dimension from
Nc/Nu standpoint (with across flat: 30 cm).
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(a) Width across flat : 25 cm

Packing fraction (p.f} = 0.3
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Nc/Nu
400 350 300 250

Fﬁ————: Max. 0. D. with ligament
y width 7 mm
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B e b Possible max. 0. D.
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Thickness of fuel compact {mm)
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(b) Width across flat : 27 cm

T
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| y
| A
/fA /
B
B = =—— Possible max. 0. D.

1 | | i

5 6 7 8 9 10

Outer diameter of graphite sleeve (cm)

1

A : Adjustable area
B : Non adjustable area (with packing fraction)

Fig. 2.4 Restriction on fuel pin dimension from Nc/Nu standpoint
(number of fuel pins per block : 6).
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Core height : 4.5 m

2.5mm - -———-—
Gap width for coolant flowy 2.0 mm
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0. D. of sleeve + gap width for cooclant flow

Fig. 2.6 {3)
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61 columns (669 channels)

73" (813 " )-m—m——
\
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3000' ""--..._____‘_ 73
| T T T T
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| Compact thickness
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I T I T |
30 40 50 60 70 mm

0. D. of sleeve + gap width for coolant flow

Fig. 2.7 (1) Dependences of T Max pe™N " Ne/Nu

on fuel pin dimensions and core configuration
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Fig. 2.7 (2)
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(a) Array of fuel rods in standard fuel element

Reserve shut down system

Control rod
A B ) c

(b) Disposition of control rods in control fuel element

Fig. 2.11 Array of fuel rods and disposition of control rods
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1.22 1.15

1.16
1.16 1.14

1.15 1.18
1.09

(i) Control rod withdrawal (2) Control rod insertion

Fig. 2.12 (1) Power tilt in orifice region
(Fuel pin array : A, Control rod disposition: A)
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{1) Control rod withdrawal
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>

12 1.07

(

(2)

Fig. 2.12 (2) Power tilt in orifice region
(Fuel pin array: A,
Control rod disposition: B)

Control rod insertion
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0.93
1 -99 0.93 1.26 1.17
01 0.93 1.25 1.16
1.02 0.99 1.19 1.21
1.08 1.18
.05 1.1371.13
1.08-7 06 1.1
0.93 1.04

0.80 1.01

@ 0.76 0.97
0.67
0.73

70N_0.97 1.0
0.86 ~J0.9
0.95

0.85 0.95

0.92 0.90
0.94 0.90
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(1) Control rod withdrawal (2) Control rod insertion

Fig. 2.12 (3} Power tilt in orifice region
(Fuel pin array : C,
Control rod disposition : A)
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AT A . BAHERANEHRERNELE L TAMICRXES QKo Tw 5, T05HE
i, SPEHUERFOE LOVEESEHCH LI EEELD &, MR EICHED BB HERIC
20, MEEAECTORMMNALE -+ v /2 ECFRHNISHEEB LN LENRHS 5,



JAERI — M 8546
3.3 EA MR AR R

O B #

Matk — HEAEHAA Fl 0 THOERR L 258, R OMERER 2% & HE{L S8 51 7]
Sy E T A SIS R 2T A, BRMERN ORBEEBTEEICI D -~ L, v
~A RS ARSI O R A B L T, FEEE 4w o itimA T3 w o, 5w/0
LB — A BT 18 4 — 2IT20T, —RTHEEEAE 2~ ¥ BRIQUET - 1MG ¥
ZRAVGTITONRIz, Kk, SIS SIBESHOMREERNICEFESNLOT, #ROM
HEEAGHTAOBEEOBICEET AL E LI,

@) AEEHE -~y - R

@ 1#EA FLDARENRET DPEEBREHED 6545,

(b BEHZIDELIGHT - 2ic & OfEk. #EHEE K U RGEM R D15 i Mark — [H4P.045 4

DBOLHEELTHA, £/, HALNAVRSTH—DFCEEELHVC TV 3, COER{Lic

TL]REDF = v /5 —FlitoTw % (Fig. 3928 ),

(0 B 2- FRBRIQUET - 1 MG, EHOHMBEERIN TN,

@ FxrFaRBALSEMERERE, EROEGDPCEULEELONIBRENTRBE

Lwﬁ%mwac&&t,%f7$Wﬁmﬁﬁ@ﬁ®W$E@®L2%(P,XP2:L2)&

LM HREEALPTEE (P =10 ) SGE L

(&) SEAMEBMEEME LT, ROMEEE (FL L SEEHARIC ) 24— A HRE L

M 3w 0! 4, 4,3 3 3 2 2

4, 4, 4, 3 2 2 2

4w ol 7.7 6 2 2 2 2

7,7 5 3 2 2 2

7.7 4,3 3 2 2

707 4 402 2 2

7.6 5 4 2 2 2

: 6, 6 4. 4 4 2 2
i 6, 6 4 4 22 2 (FH3T71)

| 66 6 4 2 2 2

6 6 5 5 2 2 2

6, 5 4 4 4 3 2

5 5 5 4 43 2

5 5 4,4 4, 3 3

4, 4, 4 4 4 4 4

SEH 5 w0 ! 7.7 5 5 5 3 3
7.7 5 5 3 3 3 (FH4aT1)

6 6 5 5 5 4 4



JAERI — M 8546

(3) #ER K

EEE Fig. 3 8 B3 9 ITRT £ 2R L7 &) ek E OB ERIFRICE L TR, Fil
FHDF v FIMEE U NLERE L CDELIGHT -2 KK OFELTWS, BFITE,
HH L ~URREAUTEROEWE (BicXe&Sm) OB L~ERT D, F—0ORER B
2 REIRIGECWEMRIC SIS ENE LT 5, $HbhE, 5RO -—~MiKBTh, £
oy F e aE D L S EROTBEERER AT L, TERRAE T SL
LTS NG, 20T, Fxv 7HEELT, MBICEHGHA VS Vvh SETNBEI LY
A THER U B e A -7 BRIQUET — I MG 3HE 2 BIRITL, SHIOFEEE &L
TFig.3 10RL. BETIR 0w e (M5%) 0ERLL0, MEHEEICTSZ 5 WK
KK 30 CREL#EINL,

A -~ CREEBAFBALBOVHBELMT>TLR0OT, HEBFAOHE%E Mark -
IOt HHEEE L7555, OBEIREERE 1300 C R ATV, QRERSRERP.OH
DicEbHNEY, QEMAHBREREESHAFTEETH S, OBRBEREZOREIIDTCANFEL
W, HEOYHEEE ICL Y, Mark T A OOERARERD O E GRE LTS

WL RS (BEFAD Y D57, 7, 5 5 5 3. 3 w/o BFEEEE CREBREESw o D3
B, /6 06 4 4 402 2 wSo BREERE (FHBREELwW 0 0EBEE ).

RNT, MBSy OREREERE L fods, ot B ES R SUCEME O A IER L THA
SAE TR FBBHLFEALE LGV, EOOBEARRAEAERET AL L. TOBE
Mark — IFEGIC B 0T, BEEEE O 4 w0 BREHAIR 2 RE0 L /oSy E, 6wo
BEHAITII AR, 2w oRHAICE 1 KERT AL E LT,

166_



JAERI — M 8546

s s v

yoo1q/saysaw # ‘sdroad gz “(A-X)AZ ‘£-00avZ T

*5309332 peloadxe [Tr Sulpnydoul anTeA poiBnTeBA® ATTBULY (Zx
*8uruoz TenJ SSTAUOTEDI TEIXE O3 QNP 1039 poumsse pue uiSiem Teuolleiazsdo BuTpnyourl anTea PadTadd (Ix "1 (210N)

v [ S . ~0¢, «
: | ERN G GO T {CTT T |B11°T |"€0° 1| ¢106°0 | 84960 | OT0°T | 59T1°1 106°T G < wuH 7'y Y 0T
| Gyt Gea 0z
CEEn | CO'T | SO'T | OI°T | TO°T| TS6°0 | 066°0 | 966°0 | TT'T 700°T | /. PEDTOE-GIA IS | (2T)
(DT (DT DL
- - i 1 £
m A ” 0Z-¢
579 |<€8 SO'T | 90°T | 9T°T | %T°T | %$8°0 | 806°0 | %0°T | 2¢'T .  60T°1T (von:d) MMIM"mmv II-R | (1T
e | E— = - m _ Im
T 5%0°T | £60°T | "wT°T [%00°T | %0980 | “0z6'0 | PvOo T | fOT'T i 9T€'T | S | S mw-uq b 6
cgL 1 0%6 q b60°T 590°T (%0T'T [®60°T [%€0°T | 988870 [ £7S6°0 | %20°T | €411 90£°T | g S C vy f 8
IR DU SRS LSRR MR M . 1 4.t )
$vg  10T0°T | SET'1 590°T [860°T |"9T°T [%€0°T | 5958°0 | "9T6°0 | 'so°T | €0T°1 L1e°1 C | s | SsHw| ¥ L nh
| AN £907T |2T°T {9171 |Sc0°1 | "or80 | '9s8°0 | Te0"1 | PrO"T 't v | Y € 9 pw
S0 1098 | Brit1 Leo*t |foT°T |BrrrT (feotT | fowet0 | fTo°T | BT0°T Pocero 887" T < | S Y £ G
o7 |os8 5¢TT b0 T |ETTT (%611 |%c0°T | %2760 | 82670 6670 | Cot T L6271 g g y Y Y
: 9171 160°T {"0T°T |%9T°1 |S%0°1 | “818"0 | ‘8870 | “80°[ | Sz0°1 62€°T I S Y €
o6  (STT'T | LoT 1 €c0°T [%0T°T 1£9T°T |860°1 |®%62°0 | O%sg 0 { %9071 | ®gz"1 9EE" 1 G < S < Z
L2 | _ . A
079 1682 | BT 590°T |5zT1°T | %411 {%¢o 1 | Brizv0 (%9870 |S90°T | Toe T 187°1 v | % Y Y T
! _ ,
Zx | Ty | ®9TJEI0 pug V2 > Z 1 Y S T (3374) v 1€ 4 T “ou
(s&ep) awry § PPTLFIFIC YD, ¢ ou uoTdel 9ITITI0 *ou uoT891 BDTITIQ A11a130®B02 ‘Oou UOISed B0TITIO osen
SuITTaMp Tong Wlmmmﬁmm4MMMu d wUﬂmﬁho,Lum\me.:u& = 73 uwou.:um\mUﬁuﬁHo.:um = 1g enl3ovizd (o/m) JuduysTIua ang

('1Iog) =23e35 2300 TRIITUT J® (¢4 % gy sioloey
Suryead iamod pue Juruoz Tong SSIMYDOTq TBIPEI JO SUOTIIBTIY T°f 2198l

e




JAERI — M 8546

¥oorq/soysew  ‘sdnoal z ‘(i-X)4z ‘£-00a4vi T (230N)
50,
9T T THOCT [ "90°T | R9T°T | E%0°T "T0°T L70°T ["9L6°0 1"€66°0 £86°0 00T°T| %1 < ¢ #IH« s Vi 0T
- 1 ¢—S
8STT T 00T | 4G0°T |[®TT"T | 2%0°T | %£L6°0 L00°T 800°T |°8%6°0 18670 00¢ T &T 5 S mqloe ki 6
€911 BCO°T ["90°T |E9T°T | £%0°T | €866°0 ¢e0°T 1988670 |T086°0 06670 00T T| %1 S < S %% Y 8
ETT°1 o407 [480°T {ETT T | 2%0°T | S%L67°0 00T LI0°T |59%6°0 £86°0 00z 1| 61 < < ey 14 L
L90°1 S90°T | "90°T [490°T | S%0°T S¢0°T SL0°T |5086°0 |%098°0. 166°0 000°T| €T < g Y £ S
f90'1 Sw0°T 1£90°T |“90°T | "wo'1 5101 360°1 {l/96°0 zo'1 0o0°'T 000°T| €T < G i % Y
£E90°1 ER0°T [%90°T [F90°T | ¥%0°T | 5GE6'0 (£%96°0 B10°1 60T £86°0 00E*T| 91 < S ) S z
81071 060*T |#£0°T |®/0°T | *%0°T | %€06°0 |'Z%6°0 8701 601 86670 006 A Y K Y Y T
z 7 € 4 T y ¢ z T | (33®y)  |skeq |tou | v | ¢ R S O .
20TITI0°YDy TOu UoT8ax 9vTyrag *ou worfai BVTITIQ £3TATIO®DI daig *ou UOTZaa BITITIAD .
ImmmdmmdeMamm wUﬁMMpo.gum\me.sum - 24 wuou.;um\mUﬂWﬂuo.sum - 13 2ATIODIIY dnuing (o/m) JuoWyDTIUE Tang

(103) =3®31s 2100 3IsBT 3B (¢g ® !g) siojzoey Buryead
1omod pue s8uTuoz T9NJ 9STMYOOTQ TETIPEA JO SUOTIBTAY 7 € °T9ElL




Effective multipliéatiom

facter (keff*)

Effective multiplication

facter (keff)

JAERI — M B546

(a) Variation of effective multiplication with fuel burnup,.
(ZADOC 2D-XY 2G Calc. B,P: None, C.R: None)
1.47 |

1.3

—-———-—Cut line (Cperational margin,

1.2 0.01 Ak)
1.1F
1.0 T T I T T i~ s Sl .~ sl m—
0 200 400 600 800 1000 1200 1400
Burnup time {(day)
(b) Influence of fuei enrichment on fuel dwelling time
and reétlivity {corrected results)
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f1400 ~ &
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1.2} - 800 ] %
- 6002 B
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Fig. 3.1 Surrey of equivalent fuel enrichment.
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1.4+
+ Standard fuel element
5 w/o enrichment
4 w/o enrichment —————— ————
1.3 BP =0

N
. LN . [ 1 |
/ 200 400 600 800 1000 1200 1400
1 : Irradiation (days)

Fig. 3.2 Effects of equivalent concentration of burnable
poison on multiplication factor (keff) through burn-up
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Fig. 3.3 (1) Comparison of channelwise power peaking factors

at initial state of various fuel Toading cores
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Fig. 3.4 Variation of effective multiplication factor and channel

power peaking factors (P} & P3) with fuel burnup
(zADOC-3, 2D-XY, 2G).
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Fig. 3.5 (1) Variation of channelwise power peaking factor
through burn-up



.12

.10

.08

.06

.04

.02

.0

Jd4

A2 F

.10

.08

.06

.04

.02

.10

.08

.06

.04 1

.02

JAERI — M 8546

: st Orifice p - _Pch, max
2 Pchs Orifice

i - - e & o)
Ebvvrgv*“if_'_Trﬂ_FU—

L | ] i 1 1 L

! L L i L L L
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

3rd Orifice |

4 w/o

\L.»«;\J 4,(4, 4, 5), 5, 5
P o \:E:D*“». )

i L

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

4th Orifice

1 L

00 1100 1200 1300 1400

1 1 1 i N i i 1 L

0 100 200 300 400 500 600 700 800 900 10
Full power days

Fig. 3.5 (2)



JAERI — M B546

dnuang ybnouyz 2402 uL uotrgLsod

(2) 9'¢ "bLd Buryead Jamod asim|auueyd 4o juswaAol (L) 9°¢ "BLd
skep 00zl - 00L (€) (o/m g} sAep gogl- ool (2}
skep oy (2) (o/m ) skep 006 - O  (2)

0 (L) ({330N) 0 (1) (330N)

/MG G (G G ‘P)v £ ISVD

o/mM g ¢ ASYD
o/m ¢ L 3S¥d



JAERI — M 8546

CASE 8 4,(4, 4, 5), 5, 5 w/o




Power density
{arbitrary unit)

Power density
(arbitrary unit)

JAERI — M 8546

(a)} Initial core state (BOC)

4 w/o
b 4, 4,5, 5
2 4,(4, 8, 5), 5, 5
N
3 o akn [ 4.4, 4, 5), 545
o i o »x = __ o'
.0 F i o ; X = -—- )5
O | X Exmg
— i = average value
Sl S | —-— © :q:
6 | | o) X 0T
| | i -
At [T
j
2L , a
| I |
.0 | I !
1 2 —4——:—354-—*

Orifice region no.

(b) Laﬁt core state (EOC)

900 d
6 ] ays
1000 days
2.4 | , 1100 days
I |
2k i ' |
|
I o |
OF - o ©
< | _fmm==ed | average value
BF [ %513 %o x 5 |
-3 S I S 1200 days L
At 1000 daypk
— - . 9_—’
.2 —;—‘} x_E;(—l
0 '
‘! 2 ——-—.5——9-—334*

Orifice region no.

Fig. 3.7 Radial power distributions in various
radial zonewise fuel loadings
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Fig. 3.10 Effects of assumed power level in lattice calculation for
preparation of macroscopic cross section on axial power
distribution
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Multification factor and reactivity of X-751

core on various

control rod palr patterns

Case Inserted control rod pair
no.| Ring 1| Ring 2! Ring 3| Ring 4 keff | bReff P Bp Reference
1 X X X * 1.095 — 8.7 —_ —
2 O X X X 1.007 0.,0877 0.7 8.0 —
3 X O X ¢ 1.031 0.0633 3.0 5.7 e
4 X X O x 1.029 0.0661 2.8 5.9 —
5 ® X X ®) 1.074 0.0209 6.9 1.8 —_
10.1(Ring 1)
6 9] ') X % 0.9339| 0.1608 7.1 |15.8 7.8(Ring 2)
_ 11.6(Ring 1)
7 @] * O X 0.9189| 0.1758 8.8 | 17.5 9.5(Ring 3
11.8¢Ring 2)
X -
8 @] O O 0.8290| 0.2657 20.6 | 29.3 13.5(Ring 3)
g O O O 'e) 0.8161! 0.2786 | -22.5 | 31.2 1.9(Ring 4)
(Note) 5 w/o uniform loading core
Hot-clean core condition
4-group, 2-dimensional (16 meshs/1 column) CITATION calc.

0 ... inserted, x.... 00D inserted
0 ... % keff/keff
keff (case no.l) - kgff
Ap = p(case no.l) - o

bkeff =

Reference

cotrol rod pairs are withdrawm.

: reactivity worth added in core if this ring's
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Table A.3.1(2) Multification factor and reactivity of Mark-II
core on various control rod pair patterns

Case Inserted contrel rod pair

no. |Ring 1| Ring 2 | Ring 3 | Ring 4| ‘eff | 2Keff o bo | Reference
1 « x X x| 1107 | — 9.6 | — —
2 o x x x | 1.077 | 0.0300 | 7.1| 2.5 —
3 x o x x | 0.9543| 0.01525 -4.8 | 14.4 ——
4 X ” o x | 1.055 | 0.0522 | 5.2 4.4 S
5 x « X « | 1.079 | 0.0278 | 7.3 2.3 N
6 o o X « | 0.9275 0.1793 | -7.8117.4 lz:ggﬁz g
7 o % o « | 1.012 | 0.0947 | 1.2 8.4 g‘:ggiigg 3
8 o o « | 0.8472| 0.2596 |-18.0 | 27.6 ig:ggizg %;
9 o o o O | 0.8240| 0.2828 |-21.4|31.0 | 3.4(Ring 4)
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Table A.3.2(1) Shut down margin for X-751 core on one or
two control rod pairs stuck out condition

contro?liggrgzzrs no. keff bkagf P he dp
1-1 0.8779 0.2168. -13.9 22.6 8.6

1-1 and 1-2Z 0.9215 0.1732 -8.5 | 17.2 | 14.0

1-1 and 2-2 0.8945 | 0.2005 | -11.8 | 20.6 10.7

1-1 and 3-4 0.8844 | 0.2106 | -13.1 | 21.8 9.4

no control rods inserted 1.095 - 8.7 — ——
all control rods inserted 0.8161 0.2786 -22.5 31.2 —_

(Note) 1. 5 w/o uniform loading core
Hot-clean core condition
4-group, 2-dimensional (16 mesh/l column) CITATION calc.

2. D -.n Zﬂkeff/keff
Akesf = koff (no control rods inserted)} - koff
Ao = p {(no control rods inserted} - p
Ap' = p — p (all control rods inserted)

3. Control rod pair number
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Table A.3.2(2) Shut down margin for Mark-II core on one or
two control rod pairs stuck out condition

contro?lizgr::?rs no. Keff Pkefs ? oe B!

1 0.8865 | 0.2203 | -12.8 | 22.4 8.6

1 and 2-1 0.9250 } 0.1818 -8.1 | 17.7 | 13.3

2-1 and 2-2 0.9196 | 0.1872 -8.7 | 18.3 } 12.7

2-1 and 2-3 0.8982 | 0,2086 | -11.3 | 20.9 | 10.1

2-1 and 2-4 0.8944 | 0.2124 | -11.8 | 21.4 9.6

no control rod inserted 1.1a07 _ 9.6 — —_—
all control rod inserted 0.8240 0.2828 | -21.4 31.0 —

(Note) 1. Control rod pair number
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Table A.3.3 Comparison of power peaking factor (P; & P3)

for X~751 core and Mark-I1 core

Core Inserted control . , . .
name rod rings no. Region 1 | Region 2 | Region 3 | Region 4
Py 1.145 0.995 0.891 0.894
Nom —-—————f———=————-— = "7 == ——4—— = — —
Py 1.143 1.1319 1.092 1.110
—~ P 0.878 0.914 1.178 1.114
o [ S T S E S EO R S
o P, 1.327 1.363 1.196 1.245
P, 0.990 1.348 0.849 0.910
1§3 ————————— ~f —————p —— —— — —— — — —
Po 1.280 1.163 1.512 1.548
P1 1.168 1,004 0.955 0.914
Non ——————-————= — ] e
o P, 1.128 1.144 1.123 1.118
|
x
5 Py 0.755 0.880 1.285 1.274
= 162 ————f—m———tf——— — —————— o —
P> 1.1356 1.398 1.194 1.147
{(Note) P; : Ratio of orificewise region average power density

to core average power density.

Py : Power peaking factor in orficewise regiom.
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