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Summary

Sodium cooled LMR core is comprised of many duct assemblies which have

no flow exchanges between them. So, the required flow to each assembly

corresponding to its power has to be allocated in thermal hydraulic design.

Flow allocation facility, which is called orifice, is used for this purpose in an

LMR core.

In this context, flow grouping module for an LMR core has been

developed. This report describes the modeling and method of this module,

and explains the calculation procedure and the sample calculation results.

Firstly, LMR core thermal hydraulic conceptual design and analysis

procedure was explained in chapter 1. Chapter 2 overviews this flow

grouping module, and in chapter 3 core design and configuration data with

power distributions were given. The calculation modeling and method of this

module were explained in chapter 4, and chapter 5 shows calculation

procedure and sample calculation results.

KALIMER breeder core design data, e.g., inlet and outlet temperatures,

power distributions and core flow, were used in this report to explain how

this module works. And this module works in the environment of Microsoft

Excel 2000 of MSOffice 2000.
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cP)
M)
Ts)
Pr)

^#5] g

kg/m"
J/kg
J/kg°C
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Orifice

A] 5)

Basic Design Data
- Thermal Power Output
- Core Inlet Temperature
- Core Exit Temperature

Core Configuration Data
- Rod Geometry
- Assembly Geometry

Nuclear Design & Analysis Results
- Assembly Power
- Peak Pin Linear Power
- Peak Pin Batch Factor
- Cycle Length
- Power Factors

Ideal Pin Flow Estimation and
Ideal Assembly Flow Estimation

Flow Fraction to Prior Assembly

Flow Grouping Selection
- Same Group for Assemblies

: Relative Flow Fraction < 10 %
and Same Assembly Type

Flow Grouping Results
- Input for Temperature

Calculation

Thermophysical
Properties

Data

Assembly Nominal Temperature Rise

Nominal Peak Subchannel
Temperature Rise

Nominal / 2 sigma Peak Temperatures
- Assembly Outlet Temperature
- Coolant Temperature
- Cladding Outer Surface Temperature
- Cladding Inner Surface Temperature
- Cladding Midwall Temperature
- Fuel Surface Temperature
- Fuel Centerline Temperature

Thermal Striping Temperature
- Maximum Difference in Assembly
Outlet Temperatures of Adjacent

Assemblies

L

Core and Assembly
Pressure Drop
Calculations

Steady State
Subchannel

Analysis

Detailed
Subchannel
Analysis for

Steady State and
Transient

Input Preparations
for Pin Analysis and
Transient Analysis

Flow Grouping Peak Pin Temperature
Calculation

Subchannel
Analysis
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S.S, NovendsternJE.1!^ CRTS.^

COBRA

COBRA S ^

MATRA-LMR^- ^^.[12] MATRA-LMR^

3-
oj 7))

COBRA-IV-I

2*11

MATRA-LMR
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- CDC CYBER Version
- British Unit
- Complicated

Structure
( FORTRAN 66)

- Uniform Axial
Noding

- Heat Transfer
Coefficient for
Sodium

Whole Core Modeling
(Multiassembly)

- Numerical Techniqi
Enhancement

2. MATRA-LMR 5 £ 7flt
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Corner
Subchannel

Edge
Subchannel

Fuel Pin
Wire Wrap

Interior
Subchannel

p
Pin Pitch

Duct Wall

Wire Wrap
Diameter

Pin
Diameter

(1)

4 4

(1)

(2)
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puBABcP
(7)

(2)

(8)

c •

Qc'-

mc :

37fl^

37fl 3

, Qc

— p uc Ac

(9)
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= Q»
2 p uc

(3)

^ £)(7)3)- *] (11)S]

= f I n 9m— ] _ On** n 2)
J * o uBAB cp\ 2 p uc Ac cP

 v ;

1.02

(4)

(bundle radial power peaking factor) (14)

fv=^f- : -8-̂ = &A °AA (bundle flow split factor) (15)

0
 A B . : 7l«>^-^ °\x\ (bundle geometry factor) (16)

1 2 e ^ tj-g-j

(17)
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fv-fg (18)

s c : J ^ S . ^4*1) (Subchannel Coolant)

1 —

Q

, \±a, l±2<r, 1±3<T °

; 67%, 95%, 99.73%^]t\. <$% # ^ , Zo$\

- 11 -

(21)

(Hot Channel Factor)

(5) ^^q Q&TW^r (Hot Channel Factor)

)-. o] ^ - ^ - ^ ^ ^ Hot Channel

Factor (HCF) S fe Hot Spot Factor (HSF) 5}JL ^c|-. nf̂ -A-̂  HCFfe #•# l°]



Q7\ ^*}+3o ° 1 # 3 3M- # m 3"l-8-, 0.13%7>

2.5%7>

HCFfe-

HCF

, ° 1 ^ ^ CRBR
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2. SLTHEN SS-cfl^ |̂-g-S]fe HCF <$*] (1/2)

ASSEMBLY TYPE NUMBER I

HOT CHANNEL FACTORS FOR 2-SIGMA FUEL CENTERLINE TEMPERATURES

DIRECT SUBFACTORS
INLET FLOW MALDISTRIBUTION
FLOW DISTRIBUTION CALCULATIONAL
UNCERTAINTY

PHYSICS MODELING
CONTROL ROD BAILING

3-SIGMA STATISTICAL SUBFACTORS
REACTOR DELTA T AND INLET TEMPERATURE

VARIATION
INLET FLOW MALDISTRIBUTION
LOOP TEMPERATURE IMBALANCE
SUBCHANNEL FLOW AREA
FILM HEAT TRANSFER COEFFICIENT
COOLANT PROPERTIES
FLOW DISTRIBUTION CALCULATIONAL
UNCERTAINTY

EXPERIMENTAL
CRITICALITY
PELLET DIAMETER
UNIRRADIATED FUEL CONDUCTIVITY
POROSITY OF SWOLLEN FUEL (CONDUCTIVITY)
PLUTONIUM (CONDUCTIVITY)
FISSILE FUEL DISTRIBUTION

COOLANT

1.020

1.030
1.020
1.020

0)
1.059

(2)
1.019
1.000
1.017

1.058
1.070
1.010
1.017

' 1.000
1.000
1.000
1.050

FILM

1.000

1.006
1.020
1.020

1.000
1.016
1.000
1.000
1.120
1.000

1.005
1.070
1.010
1.017
1.000
1.000
t.000
1.050

CLADDING

1.000

1.000
1.020
1.020

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.070
1.010
1.017
1.000
1.000
1.000
1.050

GAP

1.000

1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
I. 000

FUEL

1.000

1.000
1.020
1.020

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.070
1.010
1.017
1.080
1.060
1.070
1.050

(1) FOR COOLANT DELTA T = DT,
HCF = l+(3/DT)*SQRT(2.304O-3-DT..2 - 3.84D-1*DT +121)

(2) MAXIMUM 3-SIGMA UNCERTAINTY OF 7.4 DEG. F IN INLET DESIGN

HOT CHANNEL FACTORS FOR 2-SIGMA CLADDING TEMPERATURES
COOLANT FILM CLADDING

DIRECT SUBFACTORS
INLET FLOW MALDISTRIBUTION
FLOW DISTRIBUTION CALCULATIONAL

UNCERTAINTY
CLADDING CIRCUMFERENTIAL TEMPERATURE

VARIATION
PELLET-CLADDING ECCENTRICITY
PHYSICS MODELING
CONTROL ROD BANKING

3-SIGMA STATISTICAL SUBFACTORS
REACTOR DELTA T AND INLET TEMPERATURE

VARIATION
INLET FLOW MALDISTRIBUTION
LOOP TEMPERATURE IMBALANCE
WIRE WRAP ORIENTATION
SUBCHANNEL FLOW AREA
FILM HEAT TRANSFER COEFFICIENT
PELLET-CLADDING ECCENTRICITY
COOLANT PROPERTIES
FLOW DISTRIBUTION CALCULATIONAL

UNCERTAINTY
EXPERIMENTAL
CRITICALITY
FISSILE FUEL MALDISTRIBUTION

1.020

1.030

1.000
1.000
1.020
1.020

(D
1.059

(2)
1.010
1.019
1.000
1.000
1.017

1.058
1.070
1.010
1.100

1.000

1.006

2.100
1.010
1.100
1.020

1.000
1.016
1.000
1.000
1.000
1.120
1.010
1.000

1.005
1.070
1.010
1.100

1.000

1.000

0.900
1.010
1.100
1.020

1.000
1.000
1.000
1.000
1.000
1.000
1.010
1.000

1.000
1.070
1.010
1.100

(1) FOR COOLANT DELTA T = DT,
HCF = 1 + (3/DT)«SQRT(2.304D-3«DT«2 - 3.84D-1*DT + 121)

(2) MAXIMUM 3-SIGMA UNCERTAINTY OF 7.4 DEG. F IN INLET DESIGN

- 13 -



2. SLTHEN SL HCF (2/2)

ASSEMBLY TYPE NUMBER
HOT CHANNEL FACTORS FOR 2-SIGMA FUEL CENTERLINE

DIRECT SUBFACTORS
INLET FLOW MALDISTRIBUTION
FLOW DISTRIBUTION CALCUUTIONAL
UNCERTAINTY

PHYSICS MODELING
CONTROL ROD SAWING
EXPERIMENTAL (NUCLEAR)
CRITICALITY
HEAVY METAL
U-235

3-SIGMA STATISTICAL SUBFACTORS
REACTOR DELTA T AND INLET TEMPERATURE

VARIATION
INLET FLOW MALDISTRIBUTION
LOOP TEMPERATURE IMBALANCE
FILM HEAT TRANSFER COEFFICIENT
COOLANT PROPERTIES
FLOW DISTRIBUTION CALCULATIONAL

UNCERTAINTY
EXPERIMENTAL
CRITICALITY
PELLET DIAMETER
UN IRRADIATED FUEL CONDUCTIVITY
POROSITY OF SWOLLEN FUEL (CONDUCTIVITY)
PLUTONIUM (CONDUCTIVITY)
FISSILE FUEL DISTRIBUTION

TEMPERATURES
COOLANT

1.020

FILM CLADDING

1.000 1.000

GAP

1.000

(1) FOR COOLANT DELTA T = DT,
HCF = 1 + (3/DT)*S0RT(2. 304D-3«DT««2 - 3.84D-I«DT + 121)

(2) MAXIMUM 3-SIGMA UNCERTAINTY OF 7.4 DEG. F IN INLET DESIGN

HOT CHANNEL FACTORS FOR 2-SIGMA CLADDING TEMPERATURES
COOLANT FILM CLADDING

DIRECT SUBFACTORS
INLET FLOW MALDISTRIBUTION
FLOW DISTRIBUTION CALCULAT 1 ONAL

UNCERTAINTY
CLADDING CIRCUMFERENTIAL TEMPERATURE

VARIATION
PELLET-CLADDING ECCENTRICITY
PHYSICS MODELING
CONTROL ROD BAILING
EXPERIMENTAL (NUCLEAR)
CRITICALITY
HEAVY METAL
U-235

3-SIGMA STATISTICAL SUBFACTORS
REACTOR DELTA T AND INLET TEMPERATURE
VARIATION

INLET FLOW MALDISTRIBUTION
LOOP TEMPERATURE IMBALANCE
WIRE WRAP ORIENTATION
FILM HEAT TRANSFER COEFFICIENT
PELLET-CLADDING ECCENTRICITY
COOLANT PROPERTIES
FLOW DISTRIBUTION CALCULAT 1 ONAL

UNCERTAINTY

.020

.030

.000

.000

.020

.020

.030

.010

.010

.010

(1)
1.060

(2)
.010
1.000
1.000
.017

.203

1.000

1.008

3.800
1. 010
1.120
1.020
1.070
1.010
1.010
1.010

1.000
1.018
1.000
1.000
1.210
1.010
1.000

1.006

1.000

1.000

0.800
1.010
1. 120
1.020
1.070

t.oio
1.010

1.010

1.000

1.000

1.000

1.000

1.000

1.010

1.000

1.000

(1) FOR COOLANT DELTA T = DT,
HCF = l + (3/DT)«SORT(2.304D-3«DT*«2 - 3.84D-1-DT + 121)

(2) MAXIMUM 3-SIGMA UNCERTAINTY OF 7.4 DEG. F IN INLET DESIGN

FUEL

1.000

1.030
1.020
1.020
1.030
1.010
1.010
1.010

0)
1.059

(2)
1.000
1.017

1.203
1.070
1.010
1.017
1.000
1.000
1.000
1.050

1.008
1.020
1.020
1.070
1.010
1.010
1.010

1.000
t.018
1.000
1.210
1.000

1.006
1.070
1. 010
1.017
1.000
1.000
1.000
1.050

1.000
1.020
1.020
1.070
1.010
1.010
1.010

1.000
1.000
1.000
1.000
1.000

1.000
1.070
1.010
1.017
1.000
1.000
1.000
1.050

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000
1.000
.000

.000

.000

.000

.000
1.000
1.000
1.000
1.000

1.000
1.020
1.020
1.030
1.010
1.010
1.010

1.000
1.000
1.000
1.000
1.000

1.000
1.070
1.010
1.017
1.080
1.060
1.070
1.050
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3.1

Bfl*l-

Row

!C1O,1OJ(11.10X12,10)

: (9,9) ; (10.9)1 (11,9)1(12.9)1

i (8,8) ! (9.8) f(10,8)| (11.8) (12.8)i
• • ' - - . - • y - - K \ - \ ^ \

! (7.7) ' (8,7) i (9,7) i (10.7)f(11,7)T(12,7)i
1 i : J i i

- -' • -•.-- / - ' ' Y' " - - \ " " ' "V^ " ^
! (6,6)| (7.6)! (8.6)| (9.6) | (10.6)! (11.6)! (12.6)1

- ' " - - , - • • " " • • - . . - • ' ' : • - ^ - • " ' - ^ • ' v - . ^ ' ^ . / ^ ^ / ^ - .

i (5,5) i (6.5) ! (7,5) : (8,5) ! (9,5) [(10,5)1(11,5)1 (12,5):
: - • - - JL ' ••

I (4.4) ! (5,4) ; (6.4)1 (7,4) f (8.4) | (9.4) ! (10,4)1 (11.4)1 (12.4)>

(3.3) i (4,3) | (5,3) (6.3) [ (7.3) j (8,3) j (9,3) ! (10.3)f(11.3) (12,3)|

(2,2) ! (3,2) ! (4.2) ! (5,2) I (6,2) I (7,2)1 (8.2) ! (9,2) ! (10.2); (11.2):
• - , - • • . : , - . ' ; - . - , . A

Y - , , , - • . . • • • • , • • .

(1,1) (2.1) (3,1) i (4,1)i (5,1) I (6.1)! (7,1) I (8,1)! (9.1) ! (10.1); (11.1);

( 1 i 1 ) i (ring, row)

4. (1/6

- 15 -



o T l

2.1- * 5.

, DIF Codefe 4

Position-^-

f. Assy

Ring^ Row*
0!! Ring3|- Row

] , Sort Groups- 3. 3o\}x\Q

lfe Reflector ^ GEM-§r

Use Codefe True ^ 1^ ^ ^ - 7>*HS ^- i, False

3.

Assembly
Type

Fl

F2

IB

RB

BS

RS

CTL

USS

rvs
GEM

Assembly

Fuel (Low Enrichment)

Fuel (High Enrichment)

Internal Blanket

Radial Blanket

B4C Shield

SUS Shield

Control Rod

Ultimate Shutdown System

In-Vessel Storage

Gas Expansion Module

Sort Group

1

2

3

4

5

6

7

8

9

10

- 16 -



4.

17

18

19
20

21

22

23

24
25
26
27
28
29
30

31
32
33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

G I H I
Input Table
Assy
Num

1

2

3

4
5
6
7
8
9

10

11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

DIF
Code

11

21

31

32
41
42
43
51
52
53

54
61
62
63
64
65
71

72
73
74
75
76
81
82
83
84
85
86
87
91
92
93
94
95
96
97
98

1001
1002
1003
1004
1005
1006
1007
1008
1009
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1201
1202
1203

I

Ring

1

2

3

3
4
4
4
5
5
5

5
6
6
6
6
6
7

7
7
7
7
7
8
8
8
8

CO
 

C
O

8
9
9
9
9
9
9
9
9
10
10
10
10
10
10
10
10
10
11
11
11
11
11
11
11
11
11
11
12
12
12

J I
Row

1

1

1

2
1
2
3
1
2
3

4
1
2
3
4
5 •

1

2
3
4
5
6
1
2
3
4
5
6
7
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9
10
1

2
3

K

Position

(1.1)
(2.1)
(3.1)
(3,2)
(1.D
(1.2)
(4,3)
(5.1)
(5,2)
(5.3)
(5,4)
(6.1)
(6,2)
(6.3)
(6.4)
(6.5)
(7.1)
(7.2)
(7.3)
(7.4)
(7.5)
(7.6)
(8.D
(8.2)
(8.3)
(8.4)
(8.5)
(8.6)
(8,7)
(9.D
(9.2)
(9.3)
(9.4)
(9.5)
(9.6)
(9.7)
(9.8)
(10.1)
(10,2)
(10,3)
(10,4)
(10,5)
(10,6)
(10,7)
(10.8)
(10,9)
(11,1)
(11,2)
(11,3)
(11.4)
(11.5)
(11,6)
(11,7)
(11,8)
(11.9)

(11.10)
(12,1)
(12,2)
(12.3)

I «•

Type

USS
IB
F1
F1
CTL
IB
IB
F1
F1
F1
F1
RB
RB
F1
F1
RB
RB
RB
RB
GEM
RB
RB
RF
RF
RB
RB
RB
RB
RF
BS
BS
RF
RF
RF
RF
RF
BS
RS
IVS
BS
BS
BS
BS
BS
BS
IVS
RS
RS
IVS
IVS
IVS
IVS
IVS
IVS
IVS
RS

RS

M

Sort
Group

8

3

1

1
7
3
3
1
1
1

1
4
4
1
1
4
4

4
4

10
4
4

11
11
4
4
4
4

11
5
5

11
11
11
11
11

5
6
9
5
5
5
5
5
5
9
6
6
9
9
9
9
9
9
9
6

12
12
6

N

Use Code
FaIse=Omit
True=Use

1

1

1

1
1
1
1
1
1
1

1
1
1
1
1
1
1

1
1
0
1
1
0
0
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o

Assy
Count

1

6

6

6
6
6
6
6
6
6

6
6
6
6
6
6
6

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
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3.2

°1

3)o]Eife KALIMER ^ ^ #

KALIMER

5.

Core Inlet Temp [°C]
Core Outlet Temp [°C]
Core DT [°C]
CP U/kg-°C]
Design [MWth]
Design Flow [kg/s]
Design Bypass [%]
Orificed Flow [kg/s]

386.2
530

143.8
1272.8
392.2
2143
2.26 (1.5%Leak + Omits)
2094

^ -n-^^r ^ 1.5% ^7}

z\$z\<L

3.3

Batch

Factor ^ Assembly Radial Peaking Factor&°] BOEC ^ EOEC<>)H
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S. 6.

17

18

19
20

21

22

23

24
25
26
27
28
29
30

31
32
33
34
35
36
37
33
39
40

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

P I Q I

Assy Power (MWth)

BOEC

0.092
2.019
7.451
7.439
0.061
2.053
2.053
5.715
6.452
6.682
6.452
0.889
1.445
5.213
5.213
1.445
0.301
0.479
0.810
0.015
0.810
0.479
0.014
0.022
0.264
0.417
0.417
0.264
0.022
0.008
0.026
0.013
0.017
0.019
0.017
0.013
0.026
0.001
0.019
0.007
0.015
0.020
0.020
0.016
0.007
0.019
0.000
0.001
0.001
0.047
0.021
0.009
0.021
0.047
0.001
0.001
0.000
0.000
0.000

EOEC

0.094
2.962
6.937
6.979
0.061
2.790
2.790
5.278
5.895
6.081
5.895
1.067
1.678
4.804
4.804
1.678
0.374
0.591
0.955
0.015
0.955
0.591
0.015
0.023
0.323
0.499
0.499
0.323
0.023
0.008
0.027
0.013
0.018
0.019
0.018
0.013
0.027
0.001
0.019
0.007
0.016
0.020
0.020
0.016
0.007
0.019
0.000
0.001
0.001
0.049
0.022
0.010
0.022
0.049
0.001
0.001
0.000
0.000
0.000

R I S I

Pk Pin Linear Power
(kW/ft) "1.073

BOEC

0.041
6.844
9.105
9.099
0.088
6.379
6.379
8.174
8.275
8.222
8.275
4.147
5.959
7.680
7.680
5.959 .
1.178
2.009
3.647
0.020
3.647
2.009
0.079
0.107
1.041
1.970
1.970
1.041
0.107

20.424
45.850

0.070
0.090
0.098
0.090
0.070

45.850
0.006
0.211

18.302
31.933
37.698
37.698
31.933
18.302
0.211
0.005
0.005
0.000
0.456
0.885
0.159
0.885
0.456
0.000
0.005
0.000
0.000
0.004

EOEC

0.040
8.922
7.949
7.939
0.083
8.225
8.225
7.058
7.105
7.086
7.105
4.501
6.329
6.576
6.576
6.329
1.394
2.321
3.903
0.019
3.903
2.321
0.077
0.105
1.208
2.164
2.164
1.208
0.105

19.980
44.436

0.068
0.087
0.094
0.087
0.066

44.438
0.005
0.204

17.802
30.744
36.064
36.064
30.744
17.802
0.204
0.004
0.005
0.000
0.438
0.852
0.154
0.852
0.438
0.000
0.005
0.000
0.000
0.004

T I u

Pk Pin Batch Factor

BOL

X

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
.000

1.000
1.000
1.000
1.000
1.000
.000
.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
.000
.000
.000
.000
.000

1.000
1.000

EOL

X

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

V

Assy Rad

BOEC

X

1.001
1.210
1.012
1.012
1.003
1.117
1.117
1.180
1.061
1.018
1.061
1.661
1.472
1.219
1.219
1.472
1.433
1.508
1.626
1.108
1.626
1.508
1.571
1.281
1.461
1.734
1.734
1.461
1.281

17.900
24.380

1.580
1.410
1.336
1.410
1.580

24.380
1.278
1.635

17.861
22.686
23.732
23.732
22.686
17.861
1.635
2.675
1.659
1.184
1.964
3.381
1.509
3.381
1.964
1.184
1.659
0.000
0.000
2.731

W

Pk. Factor

EOEC

X

1.001
1.110
1.017
1.008
1.009
1.097
1.097
1.181
1.069
.034
.069

1.567
1.410
1.212
1.212
1.410
1.410
1.468
1.540
1.105
1.540
1.468
1.566
1.279
1.433
1.659
1.659
1.433
1.279

18.059
24.349

1.575
1.404
1.333
1.404
1.575

24.349
1.277
1.629

17.930
22.558
23.493
23.493
22.558
17.930
1.629
2.671
1.657
1.182
1.940
3.342
1.505
3.342
1.940
1.182
1.657
0.000
0.000
2.728
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4.1

2, °13#

(kW/ft)3|- Batch Factor (BF) z\-

(BOC1) £: BOEC x Batch Factor (BOL) 7} S\ZL, °) ^ 3 4 BOEC^

^ . (EOC4) ^r EOEC x Batch Factor (EOL) 7\ squL, <>

KALIMER

KALIMER Batch Factor

tj-. 11^04,

70])

A]

EOEC

o
Q_

CD
CD

BOEC*BF(BOC)

EOEC

— o — - o —

EOEC-BF(EOC)

— O

+ + +
BOC1 BOC2 BOEC BOC3 BOC4

EOC1 EOC2 EOEC EOC3

Cycle
EOC4

5.
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7.

1
2
3
4
5

BOO
BOEG
BOECBFB
BOEC*BFB
BOEOBFB
BOEC*BFB

EOC1
EOEC
EOEC*(2-BFE)
EOEe(2-BFE)
EOEC*(2-BFE)
EOEC*(2-BFE)

BOC2

BOEC*(2-BFB)
BOEC
BOEC*((1/3)*(BFB-1)+1)
BOEC*(l+(BFB-l)/2)

EOC2

EOEC*BFE
EOEC
EOEO(l+a/3)*(l-BFE))
EOEC*(l+(l-BFE)/2)

BOO

BOEe(2-BFB)
BOEea-(l/3)*(BFB-l))
BOEC

EOC3

EOEC*BFE
EOEC*(1-(1/3)*(1-BFE))
EOEC

BOC4

BOEC*(2-BFB)
BOEC*(l-(BFB-l)/2)

EOC4

EOECBFE
EOEO(l-(l-BFE)/2)

BOC5

BOEC*(2-BFB)

EOC5

EOECBFE

4.2

EOC

4.3

HCF

Til

- 21 -



4.4

, Sort Group,

a

Ring, Row,

Sort Group^

4.5

ZLf-

Ho]]

5-10%

^- a llofl
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3. 8.

17

18

19
20

21

22

23

24
25
26
27
28
29
30

31
32
33
34
35
36
37

38
39
40

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

AN I AO
Assy Group MWth

All Assys

BOC

0.092
12.115
44.708
44.635

0.366
12.321
12.321
34.290
38.713
40.091
38.713
5.334
8.667

31.280
31.280
8.667
1.805
2.876
4.660
0.093
4.860
2.876
0.086
0.133
1.581
2.504
2.504
1.581
0.133
0.048
0.155
0.077
0.103
0.116
0.103
0.077
0.155
0.008
0.111
0.042
0.093
0.117
0.117
0.093
0.042
0.111
0.002
0.004
0.006
0.281
0.129
0.056
0.129
0.281
0.006
0.004
0.000
0.000
0.002

EOC

0.094
17.772
41.621
41.876

0.367
16.740
16.740
31.666
35.371
36.488
35.371
6.399

10.070
28.823
28.823
10.070
2.246
3.545
5.733
0.093
5.733
3.545
0.089
0.136
1.938
2.992
2.992
1.938
0.136
0.050
0.162
0.079
0.105
0.117
0.105
0.079
0.162
0.008
0.114
0.044
0.097
0.121
0.121
0.097
0.044
0.114
0.002
0.004
0.006
0.291
0.133
0.058
0.133
0.291
0.006
0.004
0.000
0.000
0.002

AP AQ I

Omitted Assys

BOC

0

0

0

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0.092707
0
0

0.086498
0.132555

0
0
0
0

0.132555
0.047768
0.154747
0.077334
0.10344

0.115543
0.10344

0.077334
0.154747
0.007676
0.111324
0.042493
0.092962
0.117373
0.117373
0.092962
0.042493
0.111324
0.002124
0.004371

0.0058
0.281232
0.128676
0.056481
0.128676
0.281232

0.0058
0.004371

0
0

0.001911

EOC

0

0

0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0

0.092816
0
0

0.08B729
0.135578

0
0
0
0

0.135578
0.049905
0.162378
0.079016

0.10507
0.116911
0.10507

0.079016
0.162378
0.007802
0.113541
0.044201
0.096713
0.121179
0.121179
0.096713
0.044201
0.113541
0.002159
0.004444
0.005891
0.291212
0.133381
0.057864
0.133381
0.291212
0.005891
0.004444

0
0

0.001943

AR | AS

Modeled Assys

BOC

0.091857
12.11535
44.70802
44.63469
0.366156
12.32097
12.32097
34.28986
38.71338
40.09101
38.71338
5.333968
8.667355
31.28039
31.28039
8.667355
1.805228
2.876266
4.85994

0
4.85994

2.876266
0
0

1.581439
2.503653
2.503653
1.581439

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

EOC

0.094408
17.77241
41.62115
41.87581
0.367347
16.74031
16.74031
31.66602
35.37127
36.48768
35.37127
6.399216

10.07
28.82255
28.82255

10.07
2.24632

3.545195
5.732836

0

5.732836
3.545195

0
0

1.938207
2.991974
2.991974
1.938207

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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9.

17

18

19
20

21

22

23

24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
5B
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

A T I AU AV AW AX AY 1 A Z I
Flow Distribution Based O n Pk Subchannel Coolant Temp Rise Equalization
Max Cycle
Pin kW/ft

0.041

8.922

9.105

9.099

0.088

8.225

8.225

8.174

8.275

8.222

8.275

4.501

6.329

7.680

7.680

6.329

1.394

2.321

3.903

0.000

3.903

2.321

0.000

0.000

1.208

2.164

2.164

1.208

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Pin Count

61

762

1626

1626
366
762
762
1626
1626
1626

1626
762
762
1626
1626
762
762
762
762

6
762
762
366
366
762
762
762
762
366
42
42
366
366
366
366
366
42
366
1626
42
42
42
42
42
42

1626
366
366
1626
1626
1626
1626
1626
1626
1626
366
366
366
366

Bundle
Flow Split
Factor

fv

1.00000

1.03200

1.00285

1.00285

1.00000

1.03200

1.03200

1.00285

1.00285

1.00285

1.00285

1.03200

1.03200

1.00285

1.00285

1.03200

1.03200

1.03200

1.03200

1.00000

1.03200

1.03200

1.00000

1.00000

1.03200

1.03200

1.03200

1.03200

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

.00000

.00000

1.00000

.00000

.00000

.00000

.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

Bundle
Geometry
factor

fg

1.00000

1.17375

1.09978

.09978

.00000

.17375

.17375

.09978

.09978

.09978

.09978

1.1737S

1.17375

1.09978

1.09978

1.17375

1.17375

1.17375

1.17375

1.00000

1.17375

1.17375

1.00000

1.00000

1.17375

1.17375

1.17375

1.17375

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

Sodium

Subchannel

TempRise

HCF

HCFna

1.00000

1.40000

1.21300

1.21300

1.00000

1.40000

1.40000

1.21300

1.21300

1.21300

1.21300

.20000

1.20000

1.21300

1.21300

1.20000

1.20000

1.20000

1.20000

1.00000

1.20000

1.20000

1.00000

1.00000

1.20000

1.20000

1.20000

1.20000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

Power
Shape

Factor (F1)

1.00000

0.88000

1.00000

1.00000

1.00000

0.88000

0.88000

1.00000

1.00000

1.00000

1.00000

0.88000

0.88000

1.00000

1.00000

0.88000

0.88000

0.88000

0.88000

1.00000

0.88000

0.88000

1.00000

1.00000

0.88000

0.88000

0.88000

0.88000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

Scaled Power

Pin kW/ft

2.529

10145.393

19805.969

19793.217

32.298

9353.167

9353.167

17781.594

17999.798

17885.870

17999.798

4387.081

6169.105

16705.531

16705.531

6169.105

1358.612

2262.061

3804.427

0.000

3804.427

2262.061

0.000

0.000

1177.814

2109.071

2109.071

1177.814

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

BA I

Ideal Pin
Flow

Ibm/hr

3.3

1052.2

962.6

962.0

7.0
970.0

970.0

864.2

874.8

869.3

874.8

455.0

639.8

811.9

811.9

639.8

140.9

234.6

394.6

0.0
394.6

234.6

0.0

0.0
122.2
218.7

218.7

122.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

BB

Ideal
Assembly

Flow

Ibm/hr

199.9

133627.1

260868.7

260700.7

425.4

123192.6

123192.6

234205.2

237079.2

235578.6

237079.2

57783.2

81254.6

220032.1

220032.1

81254.6

17894.6

29794.1

50108.9

0.0
50108.9

29794.1

0.0

0.0
15513.2

27779.0

27779.0

15513.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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3. 10.

17

18

19
20

21

22

23

24
25
26
27
28
29
30

~3i"
32
33
34
35
36
37

38
39
40

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

BC I
Sort Table

Assy
Number

3

4

9

11
10
8

14
15

2
6
7

13
16
12
19
21
18

22
26
27

17
25
28
30
31
37
40
41
42
43
44
45
38
47
48
56
59
60
61
62
63
64
65
66

5
1

39
46
49
50
51
52
S3
54
55
20
23
24
29

BD BE I BF
(Recalc Before Sort)
Ring

3

3

5

5
5
5
6
6
2
4
4
6
6
6
7
7
7
7
8
8

7
8
8
9
9
9

10
10
10
10
10
10
10
11

11
11
12
12
12
12
12
12
12
12
4
1

10
10
11
11
11
11
11
11

11
7
8
8
8

Row Type

1 F1
2 F1
2 F1
4 F1
3 F1
1 F1
3 F1
4 F1
1 IB
2 IB
3 IB
2 RB
5 RB
1 RB
3 RB
5 RB
2 RB
6 RB
4 RB
5 RB
1 RB
3 RB
6 RB
1 BS
2 BS
8 BS
3 BS
4 BS
5 BS
6 BS
7 BS
8 BS
1 RS
1 RS
2 RS

10 RS
3 RS
4 RS
5 RS
6 RS
7 RS
8 RS
9 RS

10 RS
1 CTL
1 USS
2 IVS
9 IVS
3 IVS
4 IVS
5 IVS
6 IVS
7 IVS
8 IVS
9 IVS
4 GEM
1 RF
2 RF
7 RF

BG |

Sort
Group

1

1

1

3
3
3
4
4
4
4
4
4

4
4
4

4
4
4
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
7
8
9
9
9
9
9
9
9
9
9

10
11
11

11

BH |

Assy
Count

6

6

6

6
6
6
6
6
6
6
6
6
6
6
6
6
6

6
6
6

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
1
6
6
6
6
6
6
6
6
6
6
6
6
6

Bl

Ideal Assy
Flow

Ibm/hr

260868.7
260700.7
237079.2
237079.2
235578.6
234205.2
220032.1
220032.1
133627.1
123192.6
123192.6
61254.6
81254.6
57783.2
50108.9
50108.9
29794.1
29794.1
27779.0
27779.0
17894.6
15513.2
15513.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

425.4
199.9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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11.

17

18

19
20

21

22

23

24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

BJ I BK BL
FLOW GROUP WORK TABLE
Assy Group

Flow

Ibm/hr

1565212.0
1564204.3
1422475.2
1422475.2
1413471.7
1405231.1
1320192.6
1320192.8
801762.9
739155.4
739155.4
487527.6
487527.6
346699.1
300653.5
300653.5
178764.6
178764.6
166674.2
166674.2
107367.4
93079.4
93079.4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2552.4
199.9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Flow
Fraction Of
Core Max

1.0000
0.9994
0.9088
0.9088
0.9031
0.8978
0.8435
0.8435
0.5122
0.4722
0.4722
0.3115
0.3115
0.2215
0.1921
0.1921
0.1142
0.1142
0.1065
0.1065
0.0686
0.0595
0.0595
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0016
0.0008
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Flow
Fraction Of
Prior Assy

0.9994
0.9094
1.0000
0.9937
0.9942
0.9395
1.0000
0.6073
0.9219
1.0000
0.6596
1.0000
0.7111
0.8672
1.0000
0.5946
1.0000
0.9324
1.0000
0.6442
0.8669
1.0000
0.0000

#DIV/0l
#DIV/0l
#DIV/0l
#DIW0!
#DIV/0l
#DIV/0l
#DIV/0!
#DIV/0l
SDIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/0!
#DIW0!
SDIV/0!
SDIV/0!
#DIV/0!
#DIV/0!
#DIW0!
#DIV/0!

0.4698
0.0000

#DIV/0!
#DIV/0!
#DIV/0l
#DlV/0l
#DIW0!
#DIV/0l
#DIV/0!
#DIV/0!
#DIV/0l
SDIV/0!
#DIV/0!
#DIV/0!

BM |

Orifice
Group

1

1

2

2
2
2
3
3
4
5
5
6
6
7
8
8
9

9
10
10
11
12
12
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99

BN

Flow
Fraction
Within
Orifice
Group

1.0000
0.9994
1.0000
1.0000
0.9937
0.9879
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0016
0.0008
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

BO I

Orifice
Group

Flow Total

3129416

5663653

2640386

801763
1478311

975055

346699
601307

357529

333348

107367
186159

BP |

Assy Ct.

12

24

12

6
12

12

6
12

12

12

6
12

BQ

Orifice
Group Avg
Assy Flow

260785

235966

220032

133627
123193

81255

57783
50109

29794

27779

17895
15513
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5.1

4
127fl.

12.

Orifice
Group

1
2
3
4
5
6
7
8
9

10
11
12

Assembly
Type

Driver Fuel
Driver Fuel
Driver Fuel
Internal Blanket
Internal Blanket
Radial Blanket
Radial Blanket
Radial Blanket
Radial Blanket
Radial Blanket
Radial Blanket
Radial Blanket

Total Primary Loop Flow [kg/s]
Bypass Flow Fraction [%]
Orificed Flow [kg/s]

Assembly
Count

12
24
12

6
12
12

6
12
12
12

6
12

Assembly Flow
[kg/s]

39.80
34.70
27.00
12.15
12.50
8.70
5.30
4.80
2.90
2.45
1.80
1.55

2143
2.26
2094

1/6

a A]
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2,1
IB
4

2.02
528

Assembly Location
Assembly Type
Flow Group
Assembly Power (MWIfi)
Assy Outlet Nominal Temp (C)

6.
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5.2 J S . 1 -

£JE.7fi<*hg:

13.

18

19

za
21

22

23

24
25

IT
27-
28
29
30

31
32
33
34
35
36
37
38
39
40

Ti"
43
44
45
46
47
48
49
50
61

"52
53

• 54 "

55
56
57
"58
59
60
61
62
63
64
65
66
67
68
69

•76"
71
72
73
74
75
76
77
78"
79"
80

BR |
Assy Num

1

2

3

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

BT
Orifice
Group

99

4

1

1
99

5
5
2
2
2
2
7
6
3
3
6

11

9
8

99
8
9

99
99
12
10
10
12
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
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