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S U M M A R Y

A Task Force Team was made up to establish the design

and test requirements of the Fuel Test Loop(FTL) which will

be installed in HANARO. The activities of the Task Force

Team include the review of the performance of the FTL, the

establishment of user requirement, the review of interface

between HANARO and FTL, the reevaluation of design concept

and finally the provision of the viable design option through the

impact analysis on design change.

Based on the review, the Task Force Team has finalized

the design concept of the In-Pile Test Section(IPS) which

accommodates a maximum number of 7 fuel pins. Following

the modification of the IPS, we have identified the required

design modification of the Out-Pile System(OPS) to reduce the

investment cost FTL facility while maintaining the performance

and not jeopardizing the safety of system.

The results of the analysis will be used for the design

change of both IPS and OPS system of FTL and for the future

works of the project.
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FTL^l 4-§-̂ V Î iL^S^li : ^fl^^^H FTL1-

1.2.3

7]

-a-

- 7 -



)-a-

4.

1.2.4

4 ^ 4 ^ 37fl

1.2.4.1 FTL

- FTL *k?l} q%<% ̂  7]7]
- FTL -

- FTL

• FTL

1.2.4.2 FTL ^ ^

FTL

- FTL ^ ^ ^ l^^^ l /

1.2.4.3 ^ S Interface ^ £ £

- FTL

— Q —



- FTL Policy

1.2.5

1.2.5.1 FTL

- 9 -



1.3 Task Force Team

1.3.1 Task Force Team

1.3.1.1 7} 1} : 1998. 5. 1 ~ 1998. 10. 31 (67fl*D

1.3.1.2

5. 1.3.1.1 FTL

1. FTL A|-a a s 31 7|^SS SO^

FTL a?l 39£l 31 7171 -^U|S|

7|fe ^2f

- ^TlSg(y) £S^I 010| Cjtl-

7171-7IS2J SJS^ , y a ^ ,

- FTL 71^ a s 12}0| n^a 2|*1

- iJ2>.| 2J^SS7|- Xfg

a FTL a ^ g s so^

- 715 FTL ^MSI y=a a7^

Ah?f 97h

Ahs- q y 3i ^lfS7^

- FTL ^ ^ 3i A I S ^ /aa«ta

3. s(Us Interface S£ Sot
- FTL S^ TiS a s

ytiAh& a s

- FTL s a Policy a s

'98.5 '98.6 '98.7 '98.8 '98.9 '98.10

- 10 -



1.3.2 Tsak Force Team

1.3.2.1 Task Force Team

Task Force Team

- £ Task Force Tearn^

Task Force Team^

1.3.2.2 Task Force Team

Task Force Team £ ^

FTL Ai^SL^oll 4^. ^Tfl^^A] 7l

FTL

- 11 -



- FTL

- 12 -



2.1 £6)1

2.1.1 FTL ^

2.1.1.1. 7]|iL

^ 37-g-

dp S : I n P i l e Section)^ - i^l l-

S i r tfll- woV<yvg; 2.^*>7l ^ ^ H IPS

Force Team)^ A J ^

2.1.1.2. A]~§-;4 A ^ A>ej- 5J A>-§-

- 13 -



JE# >̂o> a 2.1.1.1 °ll ^^}^^[2, 3, 4,
5].

71)̂ 34^1 el]A-]^ 2 - 67113

2.1.1.3. 4 ^ " ^ IPS<̂ 1

CANDU 4^- i -
f LH3 ^fl^^:

PWR3 ^-f°flfe 247113
^JZ. CANDU3 ^-f^llfe
4 . ^r ^ ^ r 71^- IPS3 7̂41*1 JLZ\-s}<%#

IPS3

X14.
^ MCNP4B3 ENDF/B-V

: fresh clean core
: 36^ 4 ^ 207fl, 18^ 4 ^ : 127fl
: s.3

- 14 -



5. 2.1.1.1 FTL

a*MS AS

•MSI •a a.

•14-r

•s*i

4 * *«!

•ait

a-M-7l?v

-MS * 3

*-«»s. («)

-MS* 3-r
A)S*Sol<Cin)
^ S * 7lS

SJ?*£.fC)
»?•££<£>

tt«l (bar)
-fr^ (kg/sec)

J|<l (kW/m)
3 S (kW/m)

(kWth)

CMWrvkeM)

•a'flS.Cd. i l ^ )

Fuel Stacks «1
^1S* S»l
-MS* 33

4* as

FTL
PWR"8

Fresh/lrrad.
11
24
70

17x17 KOFA

316
328

155
10.25

353
30.8

690

50

O
O
O
O

O

FWR9 -MS^a

<!« ̂ U

FreshArrad
3 - 5
2 - 6

50-100
17x17

270-290
-

150 - 155

-

20-30

70-80

5 - 6

O
O
O

o
o

o

o

Fresh/frrad.
3 - 5
2 - 6

50-100
17x17

270-290
-

150 - 155

-
20-30

70-80

5 - 6
2 - 3

O
O
O
o
o
o

o

FTL
CANDU3

Fresh/trad,
10
37
50

CANDU6

281
290

100
17.21

525 >
432

800

20

-

o
o
o
o

CANDUS •MS'l'as.

CANFLEX

Fresh
05(SEU/R

U)
37/43

50
CANDU6

281
290

100

X57, >53

>1030

15
CANDU6

21
CANFLEX

-

o
o
o
o

o
o
o
o
o
o
o

DUF1C

trad.
L4
37
50

CANDU6

281
290

100

65
60

17

2

o
o
o
o

o
o

- 15 -



$1*1 : 1/2 #°U (350mm)

41

i f e ^ ^ # 27.5MWS.
7] $l*IH*r ^Spower

7}. PWR 24-pin 4U:

n ^ 2.1.1.1-2.1.1.241 LH4H4 PWR 24-pin >
A^L MCNP ^l-^S-^i-i- ^xl-sl-^4. «}<£g.-g- ^ o ] ^ 70cm

S. §1-^4. ^^-S-4 ^ t ^ r 2.5%, 5.0%, 7.5%, 10.0% ^
11.0%^l ^-r-41 cfl^ 7 l l ^ } ^ 4 . S 2.1.1.241 fe FTL4

2.1.1.441 A

!•=• flow
22.93 - 53.77 kW/mS. 4 4 ^ 4 . ou% 2.1.1.3-2.1.1.7

2.1.1.8-2.1.1.1241 A

41 xi ^ ^ ;
^ ^ ^ o . S . ^ - 4 4 10cm

- 16



] 70cm J

cosine

8. 2.1.12 Fuel 5J Flow Tube, Pressure Tube

IPS ^3:

Row Tube

Technical

Description
fuel pellet dia. (cm)
air gap -T-^I (cm)
$ ^& ¥^1 (cm)

^ 3 (cm)

^ ^ (cm)

^ 1 (cm)
^ 1 ^ (cm)
^ ^ (cm)
^% (cm)
5 1 ^ (cm)

CANDU fuel

1.21
0.008
0.042

10.34

10.74

0.2
12.07
13.524
13.924
14.635

PWR fuel

0.819
0.0083
0.0572

7.008 (across
#1)

8.062 (across
#2)
0.2
10.1

12.481
13.021
14.6

£ 2.1.1.3
(density=10.45 g/cc)

UO2 fuels]

U-235

U-238

O

0.711K

0XXS2SH

0.875226

0.118S06

2J5%

0^59433

0.11853

5.0%

0.044072

0S37365

0.11856

0.066105

0815298

0118597

10.0«

0.088137

0.793233

0.U863

11.0%

0.096949

0.784*7

0.118644

12.0X

0.105761

0.775582

0.118857

- 17 -



2.1.1.4 PWR

Fuel Type

PWR

(wt%)

2.5

5.0

7.5

10.0

11.0

Linear Power

(kW/m)

Avg.

11.96

17.58

20.86

23.28

23.78

Max.

22.93

36.29

45.02

51.51

53.77

Thermal Neutron Flux

(E<0.625 eV)

(n/cmVsec)

Avg.

4.4721+13*

3.5119+13

2.9401+13

2.5833+13

2.4500+13

Max.

5.6229+13

4.3779+13

3.6634+13

3.1782+13

3.0150+13

Fast Neutron Flux

(E>0.821 MeV)

(n/cmVsec)

Avg.

15744+13

2.2690+13

2.6566+13

2.8971+13

2.9773+13

Max.

2.0224+13

2.9076+13

3.3656+13

3.6764+13

3.7426+13

Read as 4.4721xlOk

2.1.1.1 PWR MCNP

- 18 -



^gsgssgjgpp^^^

2.1.1.2

25

15

10

PWR 2 4 ^ MCNP

n
A

A 1 r
n

Peak = 22S3 kW/m

^t
A A
A A

-40 -30 -20 -10 0 10 20 30 40

Axial heigt (cm)

2.1.1.3 PWR

2.5%°J
-S-3L

- 19 -



40

35

30

~ 2 5

A 20

\ 15

10

5

k A
A A

fi H Hn

Peak =3 29kW*n

ee
- 4 0 - 3 0 - 2 0 - 1 0 0 10

Axial heioht (cm)
20 30 40

2.1.1.4 PWR z}-

50

45

40

35

20

15

10

5

i4

I~~A"

n
A 2

_L
Peak =4502 kWJh

t-i

-40 -ao -eo H O o 10 20 30 40

Axial height (cm)

2.1.1.5 PWR
7.5%<a

- 20 -



60

50

40

i 30

20

10

i! n! H
-30 -20 -10 0 10

Axial height (cm)

20 30 40

2.1.1.6 PWR 24*1 A
10.0%°^

60

50

40

-

20

10

ft
A
A

I
I

A
A

A A

* A

• i
i i
! *

k

I
A

t
A

4I

i
A

A

A

:

A

I
A

A

A
A
A
A

A

A

1
|Z

i
k

1
1
A

Peak =53.

A

1

h
i!

A

i

kWfr

k

1
A

1 1

t
k

I

-40 -30 -20 ^ 0 0 10

Axial height (cm)

20 30 40

2.1.1.7 PWR 2:44

- 21 -



1E-H4

5 1E-H3

1E-H2
-30 -20 -10 0 10 20 30 40

Axial height (cm)

2.1.1.8 PWR

2.5%<y

1E-H4

1E-M3

—*

-30 -20 -10 0 10 20 30 40

Axial height (cm)

2.1.1.9 PWR

5.0%

- 22 -



i
5 1E-H3

1E+12
-40 -30 -20 -10 0 10 20

Axial height (cm)

30 40

2.1.1.10 PWR

1£-M4

1£-H3

1£-«2
-40 -30 -20 HO 0 10 20 30 40

Axial height (cm)

2.1.1.11 PWR 4 ^ 2:4*1
10.0%^

- 23 -



1E-H4

3 1E-M3

1E+I2
-40 -30 -20 -10 0 10 20 30 40

Axial height (cm)

2.1.1.12 PWR

11.0% °J

CANDU 3 7 ^

2.1.1.13 ~ 2.1.1.14^1 i - y ^ L H ^ ^ i ^ CANDU Al^cf^-ofl tfl

MCNP Tfl-tbJZ.'S-g- ^l^l«1-^4. « i ^ a * ^° l fe 50cmS. «V^-5-^, ^

fe 0.711%, 2.5%, 5.0%, 7.5%, 10.0% ^ 12.0%•?! ^-f<fl tflafl ^ 1 - ^

42.1.1.5*11 ^

7> 12% 91 CANDU ^ 1 ^ 4 ^ " ^ ^-f°H 82.59

2.1.1.15-2.1.1.20 ^ 2.1.1.21 ~2.1.1.26°1]

PWR

CANDU PWR

- 24 -



^LS. €•

- v

2.1.1.13 CANDU MCNP

- 25 -



mmimmmSmmm

•fi ('iffi • i -"i itif\nt?iVYifTfflVi * M * (Mifi%f

2.1.1.14 CANDU MCNP

2.1.1.5 FTL^^I CANDU

Fuel Type

CANDU

(wt%)

0.711

2.5

5.0

7 5

10.0

12.0

Linear Power

(kW/m)

Avg.

8.14

17.41

23.30

26.10

28.61

30.31

Max.

15.17

37.18

55.29

65.08

72.33

82.59

Thermal Neutron Flux

(E<0.625 eV)

(n/cmVsec)

Avg.

4.9911+13*

3.9992+13

3.3972+13

3.1390+13

3.0249+13

2.9323+13

Max.

7.4744+13

7.9907+13

8.0130+13

8.4271+13

8.7864+13

8.8283+13

Fast Neutron Flux

(E>0.821 MeV)

(n/cmVsec)

Avg.

9.1691+12

1.8341+13

2.3636+13

2.6148+13

2.8416+13

3.0018+13

Max.

1.4441+13

2.7805+13

3.5234+13

3.9678+13

4.3223+13

4.5672+13

' Read as 4.9911xlO13

- 26 -



16

14

12

10

I

Peak-15.1 kW*n

n
-30 -20 -10 0 10

Axial heiflht (cm)

20 30

2.1.1.15 CANDU

0.711%°^

40

35

30

2S

20

15

10

j
A

A

A

i
i

A

A
A

A

t
A

1

i

i

*
A

t
4I

* i
A 1

A

t '
A

t •
1
I

!

i

i

1

\

A

A
A

t
j

A
A
A
A
A

i
A

t

j*

. Peak

1

1
*
t!
i
i

=3 1

1
A

i
A

j1

kWAti L

1

I
A

AJ

•30 -20 HO 0 10

Axial hekW (cnj

20 30

2.1.1.16 CANDU

- 27 -



I

t 1

u
4-4

-30 -20

2.1.1.17 CANDU

Uu H
4-4

|Pe»k = 5529 kW/|n

* A

4

z}-

5.0%^

-10 0 10 20 30
Axial height (cm)

70

60

50

30

2X)

10

1
A

A
A

1
j

A

I

i

A

A

A

A

1
1
I

t

A
A

A

A

A

•
4

t
A

I

A

A

A

i
A

A

A

A

i

i

I

A

A

1
A

ft
A

A

i
A.

II

*
i
A

A

1

|

1t

i

A

4

ft
A

i
4
A

1
A

I

Pe

1

I
1
A
A

i
i
A

1

ik =

A

i
A
A

tf
t
II

5.0 kW/m

ft

i
i

i
1

-30 -20

2.1.1.18 CANDU 4 ^

- 10 0 10

Axiat height (cm)

7.5% <a

20

- 28 -



80

70

60

50

40

30

20

10

0

A

i

«

A

A

A

t
•

i

!

A
ft

*
A

...

1
A
A

A

A

l

A

A

*

A
A

i
I

|

<
I
i
i

i
A

J
A

!

A
A

*
A

A
A

t

|
A

1

i
A

A
i
A
A

t
{

1

A

t

t

1
j

Peak

A
1

A

i
t
i

i
1

= 233 kWAn |_

t
A

A

A
A

i

i

A
ft

\

I

-30 -20 -10 0 10
Axial heigh! (cm)

20 30

2.1.1.19 CANDU

10.0%

90

BO

70

60

50

40

30

20

10

A

A

i

f
A
A

i

t

A

1
I

A

k

A

1
A

ft

I
A

J
A

A
*

i
A

t

j

A
A

1
4

A

t
j

t
A

!

t
A—

1

I
|

* A

* A

A A

A A

* ii |

t A

|

Peak

!

t
—i—

A

!

|

= 23

A

A

•
t
A
A

1

3kWAn

A

i
A

A

j
A

|
I

-30 -20 HO 0 10

Axial height (cm)

20 30

2.1.1.20 CANDU

12.0%-a
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1. 14

1. 13

i
•" I . 12

1. 11

2.1.1.21 CANDU

0.711%°^

3 1£-H3

1£-M2

•—

/

\

\

\

—*

-30 -20 -10 0 10 20 30

Axial height (cm)

40

2.1.1.22 CANDU

- 30 -



2 1E-M3
|

i

1 E+12

/
K—•

-40 -30 -20 -10 0 10 20 30 40
Axial heiaht (cm)

2.1.1.23 CANDU

1E-H3

1£-H2

1
}1

*—-*̂--•—*. <
\

-30 -20 -10 0 10

Axial height (cm)

20 30 40

2.1.1.24 CANDU

- 31 -



1E+14

"1? 1E+13

1 £+12

f1 -*—*--*—*-

i\\
-40 -30 -20 -10 0 10

Axial height (cm)

20 30 40

2.1.1.25 CANDU

10.0%°^

1£+14

•e 1E+13

1£+12

" • * * - .

~*~—•-.

—*— J I ^ S ^ *\^

i\
-*
\

-30 -20 HO 0 10 20 30 40

Axial height (cm)

2.1.1.26 CANDU

12.0%<a

- 32 -



. CANFLEX 4 3 ^

LH CANFLEX
MCNP S.'gNfr

87flfe 0.
4 . a 2.1.1.6^1 Tfl
FTL^l pressure tube^ ^ ^ ^ ^^1 CANDU
4 . ^ ^ S ^ l ^ ^ £ £ CANDU
2.5%, 5.0%, 7.5%, 10.0% ^ 12.0%°

2.1.1.27

4 3 ^ ^ ^

0.5355cm^l

0.711%,

2.1.1.6 CANFLEX

Ring

Cladding

UO2 i ^ ^ l

^ ^

3 3

^ £

Center+Inner Ring

8

12.74 mm

13.50 mm

0.38 mm

12.66 mm

500 mm

10.6 g/cc

Intermediate+Outer

Ring
35

10.80 mm

11.50 mm

0.35 mm

10.71 mm

500 mm

10.6 g/cc

- 33 -



2.1.1.27 CANFLEX cfl*t MCNP

•

f ri 111 fi i f11 fi f f11 n f n tYi'A f (i\ i • i

|

rr-rrrrrrrrrr.rrrrrrr'r"r'r'" '•?

2.1.1.28 CANFLEX 4 1 H cfl^: MCNP
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2.1.1.7^

- A CANFLEX

27.5MWS.

64.72

^ flow

^ 70cm

5cm ^ > ^ - 5 L

3.711

2.1.1.29-2.1.1.34 ^ 2.1.1.35-2.1.1.40^1

2.1.1.7 CANFLEX

Fuel Type

CANFLEX

* ^ £ .
(wt%)

0.711
25

5.0

75
10.0
12.0

Linear Power
(kW/m)

Avg.

6.96

15.18

20.05

22.74

2481
26.15

Max.

12.66

31.65

46.20

56.00
62.42
64.72

Thermal Neutron Flux
(E<0.625 eV)
(n/cmVsec)

Avg.

4.9771+13"

4.0132+13

3.4466+13

3.1530+13
2.9783+13

2.9135+13

Max.

7.2391+13

7.8287+13

8.4063+13

8.4186+13
8.6239+13
8.6851+13

Fast Neutron Flux
(E>0.821 MeV)

(n/cm2/sec)

Avg.

8.9783+12

1.8290+13

2.3647+13

2.6363+13
2.8675+13

2.9855+13

Max.

1.3827+13

2.8199+13

3.6092+13

4.0191+13
4.3719+13
4.5486+13

' Read as 4.9771xlOu
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I

-30 -20

^ r
j »

I
Peak = 12. kW/m

-10 0 10
Axial heiaht (cm)

20 30

2.1.1.29 CANFLEX

0.711%^

35

30

25

20

15

10

1 A
_4 .

n

Peak-31.5kWAn

-30 -20 -10 0 10
Axial height (cm)

20 30

2.1.1.30 CANFLEX

- 36 -



50

45

40

35

30

25

20

15

10

5

•30

I L
I t

-20

Peak =4 20 kWAn

f-J

-to o io
Axial height (cm)

20 30

2.1.1.31 CANFLEX A

50

30

20

1 t

I"t

II u

Peak =5 DO kWAn

MO 0 10

Axial height (cm>

20 30

2.1.1.32 CANFLEX

7.5%°J
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_| Peak - 242 kWihi ~[_

50

30

20

10

rr n i !n 4-4
HO 0

Axial height (cm)

20

2.1.1.33 CANFLEX

70

60

50

20

10

t

ft
A

A

1
A

i

I1

4

i

A

A
A

A

A

A

i

|

f

A

A

A

A

i
4

A *•
A

A
A

i »

i *
A

A Ai 1

i

A

;

(

!

i
A

[

Peak

A

t
A

t
i

= 4 ;

t
t
t
A

|

kWAn

A

A

i
A

t
-30 -20 -10 0 10 20

Axial height (cm)

2.1.1.34 CANFLEX 4 ^

12.0%<H

30
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8 1EH3

i
i
I 1£*I2

•—

-•—t-

1

\

—•

-iO -30 -20 -10 0 10 20 30 40
Axial heiaht (cm)

2.1.1.35 CANFLEX

0.711%°^

1E+14

1E+13

1E+12

/

\

/

•~+ *—

— HSiMSi

-*-I2^g3XHf

/

\

\

—•

MO -30 ^ 0 -10 0 10 20

Axial height (cm)

30 40

2.1.1.36 CANFLEX
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1E+14

1E+13

8

1 £+12

/

}
1

~»—•-.

\

\

-30 -20 -10 0 10

Axial height (cm)

20 30 40

2.1.1.37 CANFLEX

5.0%^

1E+14

1E+13

1E+12
-30 -20 -10 0 10 20 30 40

Axial heiflht (cm)

2.1.1.38 CANFLEX 4 ^ :

7.5%°̂
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1E+14

5 1£+13

1E+12

\

-30 -20 -10 0 10

Axial heioht (cm)

20 30 10

2.1.1.39 CANFLEX

10.0%^

1£-H4

1H-H3

1E-H2

1
}1

i

A
\

—

- 4 0 - 3 0 - 2 0 -10 0 10

Axial heioht (cm)

20 30 40

2.1.1.40 CANFLEX

12.0%
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. DUPIC 4 3 ^

FTL^H CANFLEX

Sfe #^-7> DUPIC

2.1.1.84

4 3 7 ^

DUPIC

a 2.1.1.8 DUPIC

016

Kr84

Kr86

Rb85

Rb87

Sr88

Y89

Zr-nat

Zr93

Mo95

Tc99

RulOl

RhlO3

PdlO5

PdlO8

AglO9

Tel28

Tel30

0.117953

0.000097

0.000157

0.000115

0.000251

0.000361

0.000469

0.003076

0.000751

0.000786

0.000609

0.000828

0.000445

0.000439

0.000182

0.000086

0.000109

0.000348

«!*

1129

Xel31

Xel34

Csl33

Csl34

Csl35

Csl37

Bal38

Lal39

Cel40

Prl41

Ndl43

Ndl45

Ndl48

Pml47

Sml47

Sml49

Sml50

*rA*) | ^ ^
0.000155

0.000355

0.001343

0.001032

0.0000023

0.000354

0.000855

0.001365

0.001298

0.001323

0.001186

0.000756

0.000693

0.000397

0.0000048

0.000186

0.0000029

0.000324

Sml51

Sml52

Eul53

Eul54

Eul55

Gdl56

U234

U235

U236

U238

Np237

Pu238

Pu239

Pu240

Pu241

Pu242

0.000012

0.000132

0.000138

0.000017

0.000003

0.000091

0.000015

0.006707

0.003576

0.827436

0.000433

0.000163

0.004977

0.00214

0.00072

0.00047

10.2 g/cc
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2.1.1.41-2.1.1.46^

DUPIC ^

DUPIC <££.& 371]7>

2.1.1.41)

2) DUPIC <as .^ 37]|7l-

2.1.1.42)

3) s\$\ A r ing i £ ^ DUPIC

2.1.1.43)

4) 7}£i:-11fe voidS. ^ dummy elemental 3-, ^ ^ ^ ring

<̂1 S.^- DUPIC " a ^ ^ ^ l 3*1 ( n ^ 2.1.1.44)

5) 3.^ <$.£-%-<>} 5 . ^ DUPIC <&£-& ( H ^ 2.1.1.45)

6) 7>^-^l^ voids. ^ dummy element6! JL,

DUPIC ^ S . ^ ( n ^ 2.1.1.46)
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2.1.1.41 DUPIC 37H7V

2.1.1.42 DUPIC
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2.1.1.43 4371121 DUPIC

2.1.1.44 4371]51 |fe voids. ^ dummy elemental J£,

DUPIC <&3.%-°)
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2.1.1.45 DUPIC

2.1.1.46 437flfi] voidS- € dummy element0]3L,

DUPIC
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DUPIC

3. 2.1.1.9*11
^-3]- 7k

2.1.1.9 DUPIC

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

DUPIC <SJL#°1H£] A}#ej

(kW/m)

22.93

21.01

23.16
21.74

23.57

22.05

19.37

18.50

18.87

18.15

18.72

18.48

5% SEU S iS^o iH^ l ^ 1 # ^

(kW/m)

44.68

43.90

26.68

25.27
-

-

37.07

36.46

21.26

20.13
-

-

2.1.1.4. Multi-pin^ IPS^l

7>. PWR 7-pin

2.1.1.47-2.1.1.48^ PWR^ multi-pM &q%

LH
MCNP S.'go]4. 2.1.1.49-2.1.1.50^

at
flow tube^H

2.1.1.104
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42.1.1.10

PWR

(wt%)

2.5

5.0

7 5

10.0

11.0

(kW/m)

21.08

31.23

3a21

45.53

47.25

16.56

25.29

30.81

35.37

36.09

1 f ^ ; < H r (n/cm"-sec)

(E<0.625eV)

8.04*+13

7.03+13

6.48+13

6.08+13

5.94+13

6.49+13

5.67+13

5.19+13

4.93+13

4.76+13

:a^-S^^(n/cmz-sec)

(E>0.821MeV)

3tfl

1^2+13

1.87+13

2.26+13

2.60+13

2.62+13

1.04+13

1.50+13

1.80+13

2.03+13

2.07+13

1 g

2
8.04xl013

2.1.1.47 PWR^ multi-pin^ MCNP
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1E+14

f 1E+13
I
8

1E+12

; • - * •

- ^

—•—25%

- B - 5 J O %

- * - 7 5 %

—•—10X)%

- » - 11JO%

-•

V

-40 -30 -20 -10 0 10 20 30

Axial heiQM (cm)

2.1.1.51 PWR 7pin flow

CANDU^ 7-pin

2.1.1.52-2.1.1.53^: CANDU^ 7-pin °ll
ZL^ 2.1.1.54-2.1.1.56^

*£ A I # ^ ^ - i ^ flow

^: a 2.1.1.114

MCNP

CANDU

70cm

50cm
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2.1.1.11

CANDU

<wt%)

0.711

2.5

5.0

7.5

10.0

12.0

(kW/m)

ĉa
15.43

38.66

54.55

63.31

74.03

74.40

13.49

33.10

47.21

54.65

62.46

64.22

S-g"U*Hr (n/cm'-sec)

(E<0.625eV)

856+13"

R42+13

ai7+13

a37+13

ai4+13

ai4+i3

6.94+13

5.90+13

5.14+13

475+13

445+13

435+13

^ ^ ^ ( n / c m ' - s e c )

(E>0521MeV)

1.02+13

Z22+13

3.00+13

3.29+13

3.57+13

3.70+13

*8-a-
6.37+12

1.40+13

1.88+13

2.12+13

2.31+13

2.40+13

1 g

2
8.56xlO13

64.22

2.1.1.55^1^1

CANDU

CANDU

4El-
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2.1.1.52 CANDU^ multi-pin^] MCNP

2.1.1.53 CANDU^ multi-pin^] MCNP
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-30 -20 -10 0 10

Axial height (cm)

20

Peak fcW/to)
0. 11 15.43
25 3 .
5D 5455

5 331
100 403
120 4.40

O 0. 11
a 25

A 50

O 5

X 100

+ 120

30

2.1.1.54 CANDU 7pin

40

2.1.1.55 CANDU 7pin flow
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-2 1E«3

I
s

- V
**

• »~

• " — « -

- * - » -

5̂

—•—0. 11
- B — 2 5
-A— 5D
—•— 5
-*—100
—1—120

1

- 4 0 - 3 0 - M H O 0 10 2 0 3 0 4 0

Axial height (cm)

2.1.1.56 CANDU 7pin flow

4 . DUPIC 7-pin

DUPIC ^<2
€^r CANDU i^
0.6077cm, ^ ° 1 ^
a ^ LH hole^£

S, 7 pin-i: LH

50cm°lH, ^ ?
1 H2OI- D2OS.

hole°ll^i 2
DUPIC

IS ^51^7 10.2 g/cm

A ^ S . ^ ^ A ^ ^ i # ^ ^ flow
i » n ^ 2.1.1.57 ^ 2.1.1.58^1
29.75kW/mS ^H1"^^-^^, ^tfl ^ # ^ ^ 1
A ^ ^yov^ j g ^ ^ # ^ ^ 25.71kW/mS
DUPIC ^ S ^ 3*11 s j 5 ^ # ^ ^ 21.96kW/mS.
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LH hole^i inner pressure H2OI- D2OS.

2.1.1.57*11 ^°1 n ^

^-ol ^cfl A i # ^ ^ 40.99kW/mS. H 2 0 ° ^ l 4 ^ 38%

§1-51^-^ #wov^ ^ 5 " ^i#^5L 35.71kW/mS

^ 39% ^J-^*]-^4. DUPIC ^S-^^l 31 *H
30.99kW/mS. 41% ^7}*}%^. Flow

^ - i f e n ^ 2.1.1.59^1

45

40

35

30

I 2Si
I 20

S 15

10

5

0

A

A

t
a
Ba

a

A 4
A

Ai t
a I

414

44 •"

A ^

I i
• !a H

A

i !
A A

i *
i |

n a

Q [-J20^ 1J

A D20 ^ 1J

{ A

i ;
B B

1
Peak
H20=Jtt| : 29.75 kW/m
D20^lH : 40S9 kW/m

1

A

X

B

-30 -20 -10 0 10

Axial height (cm}

2.1.1.57 DUPIC 7pin
(Inner pressure tube^fl

20 30

D2OS.
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1 £+14

1 £+13

1E+12

1E+11

I
" • * — * -

x

-a—B-

\

-A

-40 -30 -20 -10 0 10 20 30 40

Axial height (cm)

2.1.1.58 DUPIC 7pin

1H+14

1E+13

1E+12

1 £+11
-30 -20 -10 0 10 20 30 40

Axial height (cm)

2.1.1.59 DUPIC 7pin
(Inner pressure tube^H D2OS.
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4 . <

MCNP

WIMS

2.1.1.60^- 2.1.1.61^1

Pu-2394 A5^ ^ r ^

?7}5}3. Si^.4 (Pu

] 44

4
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40000 50000
BurnupUlD/KTtl)

70000

2.1.1.60 PWR 7-pinS}

40000 S00O0
Buroup(HID/imj)

2.1.1.61 CANDU 7-pin^l <&±<*\]
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FTL

3717}

« 2~6

2.1.1.5.

IPS

712:

-I: 7-pin
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4 FTL <&&>§ &q!L3L*\", ^:^^}n9l^±, 1997.

2. 4]7]^ , CANFLEX -&o>, private communication, 1998.

3. afl 7l3h DUPIC £-°>, private commvinication, 1998.

4. T 1 0 ^ ^ , ojeflTg q ^ S •&<>), private communication, 1998.

5. ^EflJi, 7H^ ^ ^ S «j<S.S. £o) , private communication, 1998.

6. °}^%, "LH hole^ FTL«1H CANDU ^ PWR «?«ia 2: A} A]

^ •S" , -Lfl^^^lS-, HAN-RR-CR-98-049, 1998.7.7.

7. o l ^ l i , "LH holefil FTL«H^ PWR ^<3

tfl^-l-^l^, HAN-RR-CR-98-050, 1998.7.10.

8. o l ^ C "LH hole^ F T L ^ A I CANFLEX

ifl-¥-l-41*, HAN-RR-CR-98-053, 1998.8.4.

9. «»1»3^, "LH holes) F T L ^ ^ PWR 15 CANDU ^ £ 5 . 7 pin

# ^ " , v f l ^ ^ l ^ - , HAN-RR-CR-98-058, 1998.9.1.

10. °W&, "LH holes] FTL°IH PWR ^ CANDU ^<£g- 7 pin

# 3 (SS316# Zircaloy4S. H ^ ^ ^ 1 1 ! ! ) " , ^fl^

HAN-RR-CR-98-059, 1998.9.4.

11. o l ' S i "LH holes] FTL^flAi DUPIC Fuel SA]-A) #%•** £&

# ^ J ^ , HAN-RR- CR-98-060, 1998.9.4.

12. ^ l ^ ^ , "LH holes] FTL°flAi PWR ^ CANDU ^ ^ 5 . 7 pin

Flow Tubo Size «^-«fl i^€- # ^ 3-3L", ^ ^ ^ A J - ^ ,

HAN-RR-CR-98-061, 1998.9.11.

13. °]*§^., "LH holes] FTL^lAi PWR % CANDU ^<&Si 7 pin 2:A}-A]

HAN-RR-CR-98-063, 1998.10.1.

14. °]*§%, "LH holes] FTL^Ai DUPIC ^ # 3 . 7 pin

^ ^ • ^ A ] ^ ( HAN-RR-CR-98-066, 1998.10.19.

15. ^ t i ^ , ^ - ^ , "FTL Aj-jiSfl^ ig-^^. ^ s . " , Speed Memo,

-004, 1998.10.8

16. 3 t i g , "FTI. ^>^tfl^- ^S2)-", Speed Memo, FTL-Ai^-005, 1998.10.9
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2.1.2 ^ ^ S . Interface

2.1.2.1 Tfl-

FTL 31#^H 311-8: 3.A)

Class IE Control Panel(l^)

Emergency Shutdown Panel(ESP)d^)

FTL Protection Panel(FPP)(3^)

Shutdown Transfer Relay Panel(STRP)(2^)

DCS (Distributed Control

rfl^fl ^ ^ 7 1 ^ - 1 ; ^§M^1^1 ^ ^ - ^ ^ 1 -SITill- ^
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7\.

1) ESP 7]*g- ^ BL^r

^ ^ ^ PanelS.^1
^71

-H.S. ESP^ 7l^ ^ i ^ ^-^1 7 ] -^^^ rfl̂ l- $£.7}

4)

- Flow/Pressure/Temp Indicators(97H)^

Accumulator level Ind ica to r^ )£]- ECW Pump Outlet

Flow Indicator(27B) %-S. ^ ^ ty<>\} ^^l*Vfe F P P i

Push Button^ Hand

^^l 6>ia ^ # S ] ^ l

%•£: ESP7> o>^ F P P i
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HANARO Trip(l7fl)

FTL Trip(l7fl)

HANARO Channel trip(37fl)

FTL Channel Trip(27fl)

- ESP^l ^r^-B: HANARO

lAi FTL

^ ^ 7171
FTL «1 #3*1

^ E S P i ^^151<H Xl^r HANARO

Trip(l7fl), FTL Trip(l7fl), HANARO Channel trip(3

7fl), FTL Channel Trip(27fl), HELB Trip(l7fl), HELB

Channel Trip(27fl) %•$ Push Button # 4 ,

Flow/Pressure/Temp Indicators(97fl), Accumulator

level Indicator(27fl), ECW Pump Outlet Flow

Indicator(27l]) ^ Indicator #•§: F P P i

ESPi - i^lsM XI ̂  4" 7]7l 1 Hand Switch^ 197fl
1̂ Control Transfer PB

7)1 o]^-o| R d a y

o.S.^ ESP*
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E S P *

5] Push Buttonl- FPP l̂l
4 7}±s-is\-v).3L #T£S\3L, 2.1.2.2, 2), BK

HANARO Trip(l7ll)
FTL Trip(l7fl)
HANARO Channel trip(37fl)
FTL Channel Trip(27fl)

JELS. ESP

ESP*

2) FPP^- STRP^l

7\)

Trip
^ FTL^l

fe Panel ^
^ Relay ^7}

^ FTL Trip Parameter^ IPS
FTL Room #1^]
RPS Panels ^l

3] Relayl-S.
^ STRP^ FPP^ ^f-^-«
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^ z]- FPP^l ^ 377)1^ Relay7}
A S T R P ^ ^ 3127})̂  Relay7>

^ ] ^ Relay ^7> M^

(2)

^ - i : Trip Parameter ^"^1^- ^^r Push Button^:
^S. ^±^t ^-f^. ^ 4 . °1 ^-r-°ll ^ STRP^l

Relay ^r^^& °-} 190^ 7flS. # ^ € 4 . ESP(l^l)^ FPP(3^)
4 STRP# ^ ^ ^ ^ ^7]l7l^
PanelsS. ^ ^ - ^ ^ Sl^ 7}^

^- Panels^

^JL ESP^l 71^-i; ^ ^ Push Button^:

tb ^-fS. ^ 4 . 61 3-fS. 2^> i^4 ^-^r ^ £ ^ Panels
f-o] 7>^-&l-4^ ^ 4 . ^-^14 °1 ^-f^r 2 ^ 4
Panelsl- 2.1.2.2, 2), 4 . 1̂ ^ ? W

3) FTL Room # 1 ^ ^ &-%: %^ ^ A>JL A H ^J-A]

7 »
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fi FTL Trip Parameter^ FTL ^ £5=,
FTL Room #13 ^ ^ J i S 4 ^ f M 4 . L̂

^ FTL ^ -&5L, -fr3=, <a-^^^fe Transmitter*

-̂M- FTL Room #13
3. FPP vfl^ Relayi ^ ^ ^ ] ^

lfe 1̂-M-S. ^ FTL Trip Parameters.^
1̂ Al317> Transmitter

Relay4^1 7>fecfl £ e |
Transmitter

4) ^-^ ^ ^ Instrument^ «1

7»

a] ^^ i^ l^^ l 4-8-3 fe Safety
Transmitter ^ -^ ^ ^ ^ ^ 7l7l

7)17}

Safety
fe y l ^ ^ i ^ ^ ^ H l - ^ ^ Transmitter ^ - ^
s. ^7fl# 1 i

5) FPP3- STRP1-
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STRP1- Relays,
Panels 3.717> 3.71 ^ i FPP^f STRP^l

^ Panels 3

Panel-!:
y}-^^ J IE | 1,2 J17H

KINS^l <y^7
^ Panels <>]
«l*|-^4. FTL^ ^ ^ Panels 7 l ^ ^ ^^1 Trip ^IJl-i:
H>O> - i ^ x l l - 3 : 4 ^ ^-f^l ^ ^ 7l7l-t Trip^l-Tl^ AND
£ ^ OR fcell- ? -^^H 7l7l-t ON £ ^ OFF «l-fe 71^^-

W ^ l Controller^

7 " H J I $XJL, Relays ^ ^ ^ > ^ y
o

v^^-4 Panels
Relay

1) ECPCElectric Control Panel)

7»

^r FTL
^ Panels ECP*
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fe FTL €^r
Breaker 1-

Panel
Cable Tray ' g ^ ^

Cabled «g=̂ - #^«>]: ^ 4 . ECP

ECP1-

2) Remote Control Room^ Operating Console

7\)

^ Class IE PaneH^i
DCS (Distributed Control System)^. ^ ^ 5 ] ^ Operating
Consoled r f
•sf^ Remote Control Room l̂ 5. Operating Consoled
<̂  FTL start up

Remote Control Room°ll ^ ^ 1 ^ Operating Consoled ^
7J
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3) Hl^^i 31#*1H ^1^^-i : DCS°fl^ PLCS.

7})

^ FTL^l

[l] ^ ^ ^ ^ V ^ ^ ^ i , " ^ 4 ^ «!<?!-£-
Rev.O, 1998.

[2] ^ ^ - ^ ^ 1 - ^ ^ ^ i , FL-684-DS-D001, "Tech. spec, for FTL protection
panels," Rev.2, 1998.

[3] ^ r ^ ^ ^ ^ ^ ^ i , FL-660-DS-D001, "Tech. spec, for ClasslE control
panel, Em'cy shutdown panels, shutdown transfer relay panels"
Rev.3, 1998.

[ 4 M ^ " € ; 4 ^ < 3 T L : £ ,FL-660-DT-S001,"Tech. spec, for FTL distributed
control system," Rev.l, 1998.
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2.1.2.2 ^ T l l f - -£31

FTL ^ 3 1 ^ - g T l l ^ S f e 7)

1) ±$\ ^i^ ̂ If-
i h ^ ^ ^ ^ - ^ S]S.7>

2) ±ifl

, 7171

IE -̂̂ i ^7i
7l7l7> Q&tt IE

37113
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71-) 1E-3-

M-) 4 ^ l E ^ 4 ^
^ rf€- 71 Ef

4 ) 1E3- ^V^^ :^ 2.-51^

A]

7171

RG 1.9, "Selection,

Design, and Qualification of Diesel-Generator Units Used as

Onsite Electric Power Systems at Nuclear Power Plants"°fl
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10% < -̂B-#
^ # 0.8^1^

v\

Blackout)^
^ (Station

Non-IE^"

Non-IE^"
A] a f e A>J1^ 71713

A}JL

fe Non-IE^- 7J71
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4.

1)

s i^
FTL
^ ^

2

2)

71
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3-4
2.1.2.1^ FTL
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w

S3"

50

n
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7» General Design Criteria (10 CFR 50 Appendix A)
- GDC 17 : # £ • £ - g - ^ JL
- GDC 18

Regulatory Guide

- RG 1.6 :
- RG 1.9 :
- RG 1.17
- RG 1.22
- RG 1.26
- RG 1.29
- RG 1.30
- RG 1.32
- RG 1.40
- RG 1.41
- RG 1.47
- RG 1.53
- RG 1.62
- RG 1.63
- RG 1.68
- RG 1.73
- RG 1.75
- RG 1.89
- RG 1.93 :
- RG 1.97
- RG 1.100
- RG 1.106

D/G JZ.&

Sabotage

IE
IE -
IE -

MOV

J L ^

MOV thermal overload
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RG 1.108
RG 1.118
RG 1.131
RG 1.153
RG 1.155
RG 1.160

D/G

IEEE Standards
- IEEE 344

- IEEE 384

- IEEE 387

- IEEE 450

- IEEE 485

- IEEE 628

- IEEE 741

- IEEE 946

D/G

4.

nfl-

IE
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- 71 £•

7»

3 ^ 1 ^ IE

-*] 2.A] ^1 94-IO
^ ^ 4 ^^-^ fl-^dfl ^-^

- ANSVANS 58.14, Safety and Pressure Integrity

Classification Criteria for Light Water Reactors,

ANS , 1993

- ANSI/ANS 58.14, Nuclear Safety Criteria for the

design of Stationary Pressurized Water Reactor

Plants, ANS , 1983

- BNL 50831-HI Design Guide for category m

Reactors, Pool Type Reactors

- BNL 50831 -II Design Guide for category II Reactors,

Light and Heavy Water Cooled Reactors

2.1.2.2^- ^ ^ .
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71 A 7)

Class IE Class IE 1:1-2.

1

Class IE ^ l ^ ^ -

Class IE Ali /.}<&

2.1.2.2
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FTL

IE UPS

717j #oim
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- FTL

7)7]

- 7171

(5)

DG

^ IE Tf-3.7}

2)

FTL
37M

O}6\]
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1)

FTL 2.1.2.34

o.q-
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oJ

LTJ

S3"

n
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FTLS. t l ^ f e #<&•%: 6600V4M 460V

1711^ <£$. ^ IE ^-^j-wV^: -S]-^-^ MCC

1711 <>!

M C C

^ IE MCC ^ ^-^^1 ^s l -^4 f"̂  D/G^
-El 3

MCC 47111- ^ ^

^ ^ DG (AAC) X| 71

^ -̂f̂  AAC ^ #^as
(Station Blackout) <̂1 tfltil^c^ ^ ^ ^ - DG °14.
^ ^ * i € o l ^ ^ S I J L lE^- Emergency DG 2tfl7> S.^-

FTL ^] ^-ffe- °J:^-Sl-7> IE

(UPSH ^^5]<H $1

« t -r Xî

D/G ^ <a
AAC
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S Non IE UPS ^±.
7}% €• -g-^^1 UPS ^

. us]4 ^

^ 3-4

7} ^ * H UPS* ^^1
4

^ 4 ) ^ , ^^z] - ^H-g- Non-IE UPS ^
7] 7 } ^

^•si4 4 - ^ I ^ H ^ ^ ^-S-^4^1 °1^# UPS 7}
\d Motor-Generator Sets
M-G set 3 7 } ^ ^ UPS

© IE UPS
IE ^ 3711 ̂  ^fl^S. ^ ^ ^ 1 - ^ 4 . *im 1,2 ^ 120V

UPS Q 460V 34V UPSS. ^ S r S a a l , ^ ^ 3̂ 8: 120V ^:^-^-
-ol 3

120V 4 460V
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^ 120VS.

r 2 trainiLS ^ = U 3 ^

^: Si«LB.S. o]fe 1,2

^ ^ ^ 1 ^ 1,2 ^
UPS 7> ^

* ^ 2

Cj

UPS 120V

l 120V

460V1- ^T^M- ^l

120V ^^>fe §H*l:n. 460V

120V UPS

i 460V MOV fe, ^

fail -safe

FTL 2.1.2.4^
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H1"

1—l"l»
B

I il

oJ

L T J

BIO

n
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MCC

^ IE MCC 7}

MCC 17DS- ^ 7>

(redundancy)^

MCC ^

© D/G

UPS
£ s l ^ S ^>^ ^ D/Gl-
D/G» ltfl^ *l9i3i ^ ? D/GS.
^ ^ D/G ^ ^ > ^ ^ ^ UPS* ^

-g- M/G
D/G7>

^ ^ - 8 - UPS M- MG set
UPS M- MG set ^ ^-^^1 JL<y-

IE UPS

E S IE 460VAC1- I A S «J-fe HELB ^ ^ M0V1-
120VS. tfl^ 7>^^V4^ 460V UPS 7} *M] € ^r 5H4. BE.
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UPS

KW

§1-^ FTL

fe D/Gt: 1ES. ^^1 ^>£ 1 3H4.
^ ^ Hl^>^ ^ - ^ D/G7> ^ ^

FTL ^ i ^ ^ l ^ ^ ^ ^ n.^ 2.1.2.5^

FTL ^ T i m ^ ^ 1 ^ - FTL
i: ^

1, 2,
^ FTL

RX

^71717}!- ^ i ^ } ^ 7fl^ 1 ° ^ ^- f 2 D/G(2
Sets), 3 UPS(3 sets), Battery(3 Sets), MCC ^-^ ^ ^ 7 } ] ^
^7l7l7]5} FTL Protection Panels(3^), Shutdown Transfer
Relay Panel(2^) ^ ^ ^V^^-S- 31 # Panels MCC, UPS,
Battery %$ *]<&& ^ ^7l7l7l# *}^3, RX

^ RX
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^V-

v̂

A>-

^v

H'l1

S3

-<^~

-(̂ V

H*

3e

oJ

5J

LTJ
110
?=;

icr

SO

n
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2
^ UPS Tfl̂ f-G sets),

BatteryO Sets) # ^A^-JL til<£*I ^ #7l7l7l^r D/G
7)1 f-(l Set), UPS Tfl̂ f-CL Set), Batteryd Set) *§•<>] € -3 -^4 .
4 4 * ] Oj ^^-6)1^. OV^^-^- ^717171 o] UPS TJl^O sets),

BatteryO Sets)* ^ ^ 1 ^ # ^ ^.q-s. RX
717171 ^ ^ 1 1

S. RX &^*\ Room 106(FTL I&C Room)i^ FTL
^1^7l7l7> -i^lslJL FTL Room #1-5.3. ?m ^
Cable €-°l ° d # s l ^ ^^:7-7> ^ ^ 1 ^ 4 . n^laL Room 111,

UPS ^l-f-^14 Battery 3 1 ^

Room 121, 122^
-8- Cable #°1 ( 3 # 5 l ^ FTL I&C Room f̂ ^l
^ r f - ^ S - i ^ m 3 ^ CabUngi -B-Hll: ^
Room-i- f-̂ -̂ - 7J^ ^ ^ i ^ ^ - ^7l7171^1 UPS 7Jl^(3 sets),
BatteryO Sets)^ ^^ i^-^- ^ 1 ^ Panels!- Q*\*k *r 9X^r ̂ f

^1^717151

RX Room 121, 1224 ^ ^ n ^ 2.1.2.6^1 4 4
4 l̂̂ L Wlo>^^-^ ^717171 -g*lt

2.1.2.7 4 2.1.2.8^1 4 4 4
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oJ

oJ

(N
<N

IW

H>0

n
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. 2.1.2.7



i I

! fVT_

! II
[V

I
1

oJ

| J
r>
v /

«0

oJ

*r
7)

oq

n
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3) 71 £•
FTL £ 71^ #7] 311^1 &£ <8̂ -£r $ 4 .

7\) 4^ € ^ ^ ^
FTL ^ 1̂̂11 ^ -8-^^: ^ 830 kVA °14. ^islM- 7l

oi«a^S. -§-^^r 6800 kVA S.-H ^ 2000 kVA
$14. 4 e M FTLi ^^-

FTL ^i^ ^ ^ - ^ 1 ^ : *1-4S-^ 6.6 kV ^

^ FTL

4) 3^- ^ i^ ^^>
fe 3^" ^ i^^ : FTLi

3^" ^ ^ - i : ^^^-711 5]^ 4^-4
711;

kW
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FTL

^ FTL Room

. FTL ROOM #1
7}

FTL ROOM #2

. FTL I&C ROOM

FTL

(paging, ^^-, PA) £ £ ^ 1 €-8-^-5.3.
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^ 7171 5]f- ^

.(raceway)

7} A^-^4. 3=-$ ^ ^ i A i # ^ ^ i^(cable schedule)
nl«l«H
^ £1.2.5.5

37>
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: Multi-pin

37H

717}!-

FTL , 2,

FTL
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S. 2.1.2.1 <£

(IE)

(N-IE)
Non-IE

DG

IE DG

Non-IE

MCC
IE MCC

Non-IE

UPS

IE UPS

M-G set

27ii -as

2711

27H

201

™
201

2.1.2.1

(Multi-pin ^ ^ ,

7]lAj 2°1"

17H A d S

1711

^^1

-ij'̂ ll

201

101

^ Wi

(HANARO

201

1 nil

301

101 44

2.1.2.3 2.1.2.4 2.1.2.5

711AJ 1,2,3-J:

-1

- W ^
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£.3L*\,U Rev.O, 1998.

[2] ^ ^ H ^ i , "«W-S V^ €•*! J I J I -H," KAERV

TR-710/96, 1996.

[3] *m-5L ^?il «-M

- KOPEC, KM-530-DM-P001, "Main connection and

primary power distribution, Rev.O.

- KOPEC, KM-540-DM-P001, "Secondary power

distribution".

- KOPEC, KM-550-DM-P001, "Uninterruptible power

supply".

- KOPEC, KM-560-DM-P001, "Lighting, and building

service".

- KOPEC, KM-570-DM-P001, "Cable, conduit, and cable

tray".

- KOPEC, KM-501-DC-P001, "Main transformer sizing,"

Rev.O.

- KOPEC, KM-501-DC-P021, "Emergency diesel

grenerator sizing," Rev.2.
[4] q ^ f i ^l^^Hl *|7fl &X\

- FL-400-RT-S001, "Hazards Report," Rev.l.

- FL-400-RT-S002, "Evaluation 10CFR 50.59".

- FL-440-RT-S001, "Characterizaton of Blow-down

effects of FTL LOCA within the KMRR Pool".

- FL-500-EQ-D001, "Consumer List," Rev.2.

- FL-501-DC-D002, "Calculation for Power cable

Ampacity," Rev.O

- FL-501-DC-D003, "Calculation for Short Circuit

Current," Rev.l

- FL-501-DC-D004, "Calculation for Load Flow and

Voltage Drop," Rev.l.
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- FL-543-DC-D001, "Calculation for Emergency Diesel

generator Capacity(lE)," Rev.l.

- FL-543-DC-D002, "Calculation for Emergency Diesel

generator Capacity(Non-IE)," Rev.l.

- FL-551-DC-D001, "Calculation for UPS capacity,"

Rev.l.

- FL-551-DC-D002, "Calculation for UPS capacity

(Non-IE)," Rev.l.

- FL-553-DC-D001, "Calculation for Battery and Battery

Charger Capacity," Rev.2.

- FL-553-DC-D002, "Calculation for Battery and Battery

Charger Capacity(Non-lE)," Rev.2.

- FL-553-DC-D003, "Calculation for Battery and Battery

Charger Capacity (Non-IE)," Rev.A.

- FL-560-DC-D001, "Calculation for Illumination, Rev.O".

- FL-501-DC-D001, "Calculation for Transformer

capacity," Rev.O.

- FL-S70-EG-D001, "Cable Schedule," Rev.2.

[5]
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2.1.2.3

7}. 2*}

1)

FTL 2*}

2) FTL 31 ^

FTL Tll^lH €-S-"?b 2*}

^ ^^f. ^ 2 : ^31-b FTL 3]:§-

-g-^5. 21.48m3A4 purification

S 2.1.2.2 FTL 31 T M 2*}

8: a 2.1.2.2

main cooler

A S 10.8m3/h#

Purification

Main cooler

MCW pump cooler

Sample cooler

Room #1 AHU

31

(m3/s)
21.48

10.8

—

—

—

32.28

(mVs)
137

28.8

6.8

1.1

1.6

175.3
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FTL

175.3 m3/h [2]°1^ main cooler-§-

4.

3) 2^}

^ FTL-g- 32.28 m3Ait

3382 3

^}°0-, 5.624 mAqSj- 10.15 mAql-

38

fl ^ 5
1800 m3/h^- 40

FTL -^-^^7} ^ 2^}

FTL ^ ^-^°11^ *r*S^r flow network analysis (FNA)l-

^i A], ^ 1 ^ ^ 0 . 5 . -B-^OJ ^ 7 > § H ^

3700 m
3/h^- 38.6 mAq (55.65 psi

FTL TJl^^l ofl'S-B-^Jitl- <% 10 m3/h ^ 7 > ^ 185 m3/h
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, FNA ^ ^ - # 3£*Kr 4 3 ^ 2*}

3) 4 ^ -

S^ll tf)«H ^5-°l] # ^ " ^ ^ S . (1998. 6. 23.

2^} ^ z ^ H l^jsj- 2»i 7]-^ A] -S-sj, 3528

42.8 mAq (420 kPag)^l^ +/- 5%

8.1 mAq (80 kPag)!- *W*}5a4. °ll- JLBj^H FTL

[1] ARCL, DR-KM-43000-001 Rev.O, "Design requirement for In-Core

Fuel Test Loop System".

[2] KAERI, FL-231-DC-S001, Rev. 0, "Intermediate Cooling Water

System Sizing"

[3] KOPEC, KM-711-DC-P001, rev.l, "Secondary Cooling System Head

Calculation and System Head Curve".
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4.

2) FTM-i

71

kPag7>

-8-̂ = (200scfm)^ 4 (3)

l 795, 760 ^ 725

865, 830 ^ 795 kPag7>

^ 760 865 kPag

2.1.2.34 ^°1 3/4"4

8.

^\

A
OK

2

171

1.2.3

-8-
-8-

xL -7]
0 ' \

-8-

FTL

3/4"

3/4"

E-7

Room #1

X

X

1

1

EA

EA

FTL

3/4"

1"

Room #2

X 1 EA

X 1 EA
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3)

.^ ^%\ data sheets

r a 2.1.2.54 ^ 4 .

piston ^ -

620 kPag (90 psig)6]4. 7il±

^ - f 0.75 scfm, piston

4QI ^ - ^ ^ ^ ^ 4 ^

2.1.2.44 ^ 4 .

S ^>^^(intermittent)

3l 1̂ 12

3. 2.1.2.4

diaphragm

scfm^:

4-g-̂ l 71

kPag
4iA §-7l*£,

scfm

480

(70 psig)

9.75

620

(90 psig)

12

-

21.75

4)

10%, (3)

40

7}

400

, 10%, (2) ̂ 7 1 ^ ^

(overload)^-S

. FTL

41 <=>fl SI-SLS

(1)

^7} , 20 %

, 12

- 107 -



, FTL 3 1 ^ ^ ^ l - f i - ^ t f ^ 620

[1] KOPEC.KM-750-DC-P001, rev.l, "Compressed Air System

Calculation (Demanded Air Load)", 1992. 1. 15.
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S. 2.1.2.5 FTL

FL-210-J*
AOV0048A

/B

FL-210-J*
AOV0060A

/B

FL-231-J-
TV0001

FL-21O-J-
FV0025

FL-21O-J-
FV0029

FL-24O-J-
FV0003

FL-24O-J-
FV0020

FL-240-J-
FV0021

FL-21O-J-
PCV0032

FL-24O-J-
PCV0037

FL-240-J-
PCV0038

FL-24O-J-
FV0O40

711

3.7]

2X4"

2X4"

4"

4"

2"

1"

1"

1"

%"

-

piston
(9Opsig)

-

diaphragm
(42psig)

piston
(70 psig)

diaphragm
(65psig)

diaphragm
(60psig)

diaphragm
(65psig)

diaphragm
(65psig)

diaphragm
(65psig)

diaphragm
(60psig)

-

-

(scfm)

£ 3

0.75

3

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

10.75

* 3

3X2

3X2

12

•§- s .

-flA[: MCWS Hot Leg
--8-S.: A 0 0 / 4 ^ A I MCWSf ECW System mH
- ^ • ^ ^ l ^ : SBO H *\3.>'] trip signal # £ • ^
-4-S-Sl^ 'r : id 1*1 °l«r
-Status : Normal Open, Fail Close
-31*]: MCW System^ Cold Leg
-•%-S.: A0O/4^ A l MCW4 ECW System 3e}
- ^ • ^ • A | ^ : SBO 5J A>^AI trip signal >££ ^
-4-8- > 2i i r : 'd 1*1 °l«r
-Status: Normal Open, Fail Close
- $ * 1 : Intermediate Cooling Water System
-•8-S.: MCWS -a^-S-S -S-̂ l-8- -3-^=2:^
-Status : Normal Open, Fail Open
- 3 * 1 : MCWS 21 Cold Leg
-•8-H: MCWS ^^A^-H-Sf -8-*!
-Status: Normal Open, Fail Open
-fl* | : MCWS^l Bypass Line
-•§-£: MCWS^l IPS ^ ^ - S - -fSl-S-^ -fr*l
-Status : Normal Open, Fail Close
- # * 1 : Purification Systems) <8?

-Status: Normal Open, Fail Close
-$]*]: Purification System^ -f-T-
--§-.£: ^ - S - ^ - ^ A ] ^^^1-f-fil A^-a -^ -fr l̂
-Status-' Normal Open, Fail Close
-fi*l: Purification Systems! -t-̂ p-
--§-£: 3-8-3-3H ^SV^l-1-sl A^- f r* -fi-̂ 1
-Status: Normal Open, Fail Close
- ^ * 1 : MCWS ifl PressurizerSl Spray Valve
--§-£: Pressurizer>flSl "a-^-fr^l* ^ ^ ' r ^ V
-Status: Normal Close, Fail Open
-$1*1: Purification Systems! Degasifier
-•§•£.: Degasifierifloil N2 gas^l initial charge
-Status: Normal Close, Fail Open
-$1*1: Purification Systems) Degasifier
--§-£: Degasifienfl°fl H2 gasS| ^"y
-Status: Normal Open, Fail Open
-$1*1: Purification Systems] Degasifier
--8-.E: Degasifienfl°I| H2 gas^l ^-g-
-Status: Normal Open, Fail Open
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4.

1)

FTL 31 ̂ H f ^ ^ °Jj*ll 31711-3. «1*H 3L*V3. 3|

2)

FTL ^ 3 ) * ] ^ U N oj-a.

wfl^a^ 7 f l2. 2)
A]

3)

«}4S ^31 2.7H1 FTL ]]l

4-S-4 ^o] cl^^-1; -i^[2], [3]$ *M Sl-5-^ ^ ^ blind

flanges. v\#s\o] ^ 4 . o]

1 - ^ 3171

, 31711-

AJEL5. FTL ^ ^ 3171
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7» fl-^: 2", ANSI 150#, RF flange

M-) ^ ^ i ^ : NNS

4) ^ ^ 1 ^ ^ - : NON

} T-class

: ANSI B 31.1

4) ^7>A}*j-

7» ^ 71

S-S. FTL^l

M-) FTL ^ ^ Bfl7l

[1] tn- fqj l^m©^, FL-070-DM-D001 Rev. 0, "Design

manual for KMRR fuel test loop", page 65, 88-92, 1983.

[2] KAERI, KM-782-NC-P001, Rev. 8, "Liquid radwaste

system P&TD", 1993. 11. 10.

3) KAERI, KM-782-NOP003, Rev. 9, "Liquid radwaste system P&ID",

1993. 11. 10.

- 111 -



1)

FTL^l i^flA^*- (IPS, in-pile section)

^ Service Pool ^ Spent Fuel Pool̂ l

2) ^v f lAl^^ - ^ ^ ^ T i l A ^ [1]

FTL t ^ ^ l ^ ^ - ^ Al$ «j^£l- ^ ^ ^ ^ -§-71

-E.S. JL

Service Pool̂ l

S l - ^A>

Spent Fuel Pool*H

caski ^7i ^ - ^ 4 .

FTL-g-A^ ^ ^

channel

71 ^ sleeve7>
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3)

7» Service Pool ^ Spent Fuel Pool^ *}-%•

Service PooH

Spent Fuel PooHH

cask^ll ^7^ ^ - ^

- ^ o l "cask loading area" [2]7}

A]
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2.65m

^ 2.5

[3].

4.

FTL dummy fuel-i:

^ EL 76^1^ ^ 3 1 - EL80.4^:

^ ef 4m

1.5m
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[1] tfl-T-^lT-M^, FL-070-DM-D001 rev. 0, "Design manual for

KMRR fuel test loop", 1983. 3. 24.

[2] KAERI, KAERI/TR-710/96, "

page 10-51, 1996.

[3] 3i «3?J-, HAN-RO-CR-97-009, "

'', page 5, 1997. 2. 28.
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1)

A}J1 A]

2)

A] ̂ 41 a]

RCI

3)

7]-)

A A 600 CMH, 6200 CMHS ^^1 6800 CMH7>
4 ^ ^ ^ ^ : 10% ^S. ^± 2:^
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25

600 m3/hri:

^-717} til

^71711-

25 mmWG^l

600 m3/hr^ iL^^r

[1] fll-f ^ m « H ^ , FL-070-DM-D001, rev.O, "Design manual for

KMRR FUEL TEST LOOP', 1998.3.24

[2] KAERI, KAERI/TR-710/96, "^-^S. <£*{A$ § -^ i U ^ "

page 7-4, 1996

[3] KOPEC, KM-731-DC-P001, rev.l, "RCI ventilation system load

calculation", 1992.10.15

[4] KOPEC, KM-731-DC-P002, rev. 1, "Rx hall vfl^ infilteration flow

rate calculation"
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2.1.3 FTL

2.1.3.1 FTL

(OPS)S.

7>. iiiflA]^w- dn-piie T e s t Section : IPS)

1) IPS Seal 3 £

7» Seal 711 iL
4-8-^1 ̂  Seal^: Gamah SealS.-H

\ q% Seal-i: 4-§-^-7l
Tr seal 7fl^o.S o]v]

Gamah seal^ ^-f^ ^ ^ ^ \ } f A>o]6)l s e a l
insert7> seal^ <&& ^^1 ^ - ^ ^ ^ (^ ^ ^^r0] seal insert^
^ § ^ r ^>fe ^ - f S . Sl̂ g-) seal °^^: ¥ £°] o0-#€ )̂ seal insert

°1 sealer £ ^ H ^-g-^JL^ §}^ ^ i seal^l SL

IPŜ fl 4-8-SI3. 5Û - sealer seal insert7> seaKGamah
seal)^] «9=^ |̂ ^-o] ^3-̂ -sJfe- ^EflS IPS^l Spool piece
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Outer pressure tube <*}°H] -rl^l^raL 9X^ Lower seal3!- Spool
piece -tf^^ Upper fuel bundle *}°H ^ ^ ] ^ - 3 . & ^ Upper seal
3, ^ £ H 9X±v] sealer IPS

IPS 3 v
sealer

IPS ^i^A>o] nl^-o^ Battelle4^ IPS
Chimney^- IPS(Spoolpiece) 4 6 1-^ ^ ^ ° 1 4^1
°J-i: °l-§-^: ^ ^ : seaM: ^-g-^-7l7> #71-^^1-^ Gamah seal 7fl
^ ^ - IPS ^"^^Til^ seal Efod-5-S. # ^ l - £ t } . ^- ^ BatteUe4
£• Gamah seal^ ^^^r ^-^^l-^ ^ ^ x}g.3, Gamah seal >fl̂ -

mock-up

1*} mock-up

Gamah seal0]
Mock-up A l ^ ^

SXA ^ o ] ^ . 4 ^ 1 BatteUe^fe 2^>S Hot Mock-up
^*S*l-^^.4 ZL ^ 4 ^-^-o] Gamah seal *\}*\^
^ Gamah seal
BatteUe4

rfl^

IPS ^^-^r ntflS. -fMf; ^-f(CANDU 1 bundle
PWR 24 pin) :
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f^l ^ i Gamah sealer H
s e a H ^ ^ f ^ # "̂71 ^-gflAi^ 4^-0)

seal-i- Viton4 £•& I M elastomer seals. JiL3f| :
Elastomer sealer 4-&"& 3-f V̂M-S. t ^ A S -

^ ^ ^ ^ fl ^ « s e a l w.^

piece
Fuel bundle head ^

seal^l
seal^i ^ - ^ o ^ - i : tbtfls. ^ ^ ^ - ^ - f *V -̂ seal4
] S IPS ifl^a-sH ^ ^ H seal ^ ^ 6 |

Gamah sealer ^ ^ ^ A ] H ^ ^ H ^ ^}B.S. seal
4 IPS £*fl (Spool piece ^ Fuel bundle head)i

^ o . ^ s e a l

p i n

pin ^rl- # ^ IPS
0146mm => 01O5mm^£(pin r̂7> 77fl̂ l 3-f)) IPS
Chimney * H 3 ^ ^ 6 1 7 ^ A ^ Seal ^ - ^ 1 - # ^ 1 ^Bfls.

o]^ ^ 1 ^ seal ^ 3 -̂§-<»l 7}^-8}?\) ^tf. o)
seal-i: £ ^ ^-§-3 ° 1 ^ ^11: seal-i:

5a4.

2) IPS ^

^^SSAl-Al^^tiKFTL)^] A}-§-S]^ IPS-^ ASME SecIII
Class 1 <£;£i-§"^"3 ^"^-§-7]

- 120 -



fe IPS

7 »

IPS -g^l ^ < > 1 tlfe ^ ^ 1 S IPS ^ 2 : ^

> 5&^ ^7)1 IPS

3.7]) ^ S ^ ^ , ^S7l7Jl7>^- ( -g-^ ,

EPS^l

Stainless

IPS3
N-Stampl- A-fr^uL &$= ^ « \

4^ i 1 ^ ] ] IPS
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Z r ^^-%r

Zr tJ-g-zilfe ^ 7 } 10mm

Zr -8-^ 7V^<y^l^ Q classS.^1

Zr

R&D

4 2 } ^ ^ ^ -8-^71^- ^ -8-3*1- ^ - , Vacuum chamber

wl̂ f IPS ^ 1 4 ^ ^ ^ : iL-fi-^-ul Slfe

si4.
2.1.3.1-8: Tfl̂ f ^ ^ 5 .

(Main Cooling System : MCW)

^ (Emergency Cooling System : ECW)

^- (Component Cooling System : CCW)

(Intermediate Cooling System : ICL)

^-^lf- (Letdown,Makeup,Purification : LMP)

- Jfl 711- * ] # ^ °]& (Waste Storage and Transfer : WST)

*£ Hl^-tifl7l^f- (High Energy Line Break Vent

Duct : HELB)

- 122 -



fi'i'i'i'i'i'i'i'iVi'i'i'i'iVi'i'i'i'i'i'i'i'i'i'i'
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A

Single Line Diagram ( n ^ 2.1.2.1
Class IE ^-^-^ 460V H^-^^^r 2 Train^-S

, 120V HLff-^^r 3 Channels. ^7fl£]^ &tj-. 1 2 0 v

. Class IE 460V

°i Class IE ti]# Diesel Generator 2tfl7>
Class IE 460V

A}3.A] ^£]-#<£, 7-Pin A ] ^ ^ ^ ^ ^ in-pool

AOO A>JL ]̂ ^-f^-
. ^ , LOCA A>JLA]^ 3,7] 3Q&1V-B: Accumulator^]
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fe AOO

Accumulator^

^ DNBR)-!:

PWR 32-g- ^ CANDU

°1 Accumulator^ ^ A l ^ ^ < g s ^ vgz]-o] 7 ] - ^

^ Accumulator^

7» 2 ^ Accumulator7> ^

^ Accumulator^ y J - # l « - * ^ik^A 30

Accumulator^
* AccumulatoH
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r Accumulator6!] £.^i\7) 4)SH£- Accumulator

°]3L ^ z ] - ^ » 7)1 # ^ 2 S nfl#-Q- Tj-f ^ S ^ M Levels
Dry WeUS.

4 ) In-Pool

} Loop ^Efl-i: oj^-ji Heat SinkJE

Inlet ^ Outlet wfl^^ «Jti.# ^^1*H Accumulator^

îl Boiling^

PWR
^o] 3.0. oj: 9 K W ( CANDU ]̂ Tj-f ef H.2Kw7H^- Subcooling
Boiling^

.^ 7_P i n A l ^ s j ^ o ] ^ . f 30^

Decay Heat^ ^ 2-3Kw°l2-S. 4 ) In-Pool vfl°lM
7}^" ^ ^ H , ^7114^1 42}

#^r 4 ) In-Pool
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2) FTL AOO^l Accumulator^

7» ^M-s. PoolS. Dump *}TT ^

FTL AOO] Accumulator^
*}••§• ^«fl Steam Vent Valve* 1°1 ^ 5 . Pools

-o] z | ^ PQOH Injection 5]<H Flashing^-

Pool

Vent Pipe^l^ 3L<$si\ #o] pooi

Vent Pipe^H
Chimney ^ Control Rod

: KAERI/CM-127/96, FTL
? l ^ i ^ ^ 7 »

Vent S)fe 3.^-^1 #^] S]^: Flashing JL3}-°11

AOO l̂ FTL^ll^ -s>M-S. Trip Signal^: ^°] *}^£.±r Trip
s)ai \+ $• Vent Pipei^i i ^ ^ #
SteamS S.^H ^«fl Bubble^ l H | s | ^ , j i ^ Jet

.3. *l«fl Pool ^ ^ -

^ r̂M-S.7]- Trip ^ ^-Eflolji ^uj-s.4 FTL
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FTL Primary Coolant ^ ^ ^rM-S. Pool^)

Boron#
s\<>\ 3,7}^ FTL Primary Coolants]

S. Pool ^
(Accumulator^

FTL ^ r l l ^
PH : 3.3 - 10.5
TSS : <2.0 ppm
TDS : <4000 ppm
Chlorides : <100 ppb
Oxygen : <50 ppb
Boron : <2000 ppm

© «>T4S. Pool Level
- FTL Accumulator (2tfl)sl %*] ^M-S. Pool vfls. Charge

1̂ ^ 1̂ Pool Levels #<£ J L 4 ^ 4^-4 ^ 4 .
• Rx ^ Service Pool Open ^ : 6cm A

o
v^

(12.2m -> 12.26m)
• Rx Pool ^ : 18cm ^ - *

(12.2m -* 12.38m)

-•b Rx ^ Service Pool-i: Open
i 6cm ^7}-s}7]} s)<H CAR Dry WellS.

FTL Waste Disposal TankS. Dump 's}^ ^ -T-

FTL Accumulator %•& *>M-S. Pool l̂ ^ } ^ 7],
Waste Disposal Tanks. Dump £j-^ ^-T-^I ^ ^ ] A 1 Volumetric 7}

2|2}- FTL Accumulator
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Disposal Tank4|>*1 ^-g- "t ^ fl£.

- Accumulator (2tfl) Volume : 2.64 m3

- Waste Disposal Tank Volume : 3.38 m3

FTL AOO l̂ Accumulator^ ^ S7l 30£r£)
Pool ^

^•A ^ ^ -T-^ 4*J-^r uLŜ  ^ nfl Accumulator^ #^r FTL
Waste Disposal Tanks. Dump*Vfe ^°1 «r lHsH- , 30^-
^ l ^ ^ ^ l # # ^°J ^ 1 ^ Waste Disposal Tank Volume^

3) In-Pool

FTL ^>JL 1̂ 7-Pin
Accumulator^] $•& #A

r. FTL AIJI ^
^ ^ o. of 2-3%

IPS l̂l ^ ^ € 7-Pin^i PWR ^ CANDU # ^ ^ r 4 4 108
r 2%^Ai ll%FP(full
^ ^ RELAP Mod 3.2.1.2

MARS 1.3.1 ©15a .̂ 1̂̂ > S ^ ^ 7-Pin-§- IPS
5] ^5if l tifl^ EL7}3, *}%<LV\ ^ 2 r ^-^r, 1̂ 1 ̂ ^ Infinite
Reservoirs,
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., CANDU

-f 9%FP

i Bulk Boiling^
-f 8%FP, PWR ^<&§-2\ ^
Subcooling Boiling^

^zfl J l ^ ^ J L i l ^ In-Pool
^r FTL A>JL ^

^ 65°C

2.1.3.2^- 7-Pin
lJi, n ^ 2.1.3.3, 2.1.3.4, 2.1.3.5, 2.1.3.6^

Decay Power Fractional tfl-^ Mass Flow, ^ ^ f i
Transfer Mode ^ Fuel Coolant Temperature Difference
A.

, Heat

TMDPVOL
lbar

308.15K

TMDPVOL
lbar

3O8.15K

1
2^
3_
A
5

fi

7

180

9
8
7

42C

1

2 11

10

21CI

410-O6
410-05

01
02
03

05
06
07
OS

oy

11
12

410-04
410-03
410-02
410-01
310-05
310-04
310-03
310-02

230-01
220-01

2.1.3.2
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0.22

"a
•3.

CANDU Fuel
PWR Fuel

0O4 0 J 0 6
0.12

Decay Power Fraction

2.1.3.3 Decay Power Fractional EJ)^ Mass Flow

390

380

370

3S0

32O

310

_ _

.....

i
0.02

_

i

s

_

i _

aturation Line

" j

* -,

i-
1 t

_

!

'i

A i
i
i
t

• Coolant 3 - CANDU
*. Clad 3 - CANDU
• Coolant 3 - PWR
A Clad 3

! ? •
o/M oos oca

Decay Power Fraction

-PWR

U
Q.10 0

-• CANDU

-» PWR

- CANDU
-• PWR

12

2.1.3.4 Decay Power Fraction6)!
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4
m

E

1"
e

"co
X 2

i

—•—CANDUFuel I
—A— PWR Fuel 1 ;

Single Phase Uquid

» • • * •

i . i . 1

: Subcooled Nucleate

rr._..../—/ :
i . i

0 02 a04 0.06 COS

Decay Power Fraction
0.10

2.1.3.5 A l ^ q < g s . ^ Decay Power Fractional tfl^ Heat Transfer Mode

70

g 60
£
i
b so
<D

O 40
a.
o

o
o

<s

0.02 0.04 0.06 0.08

Decay Power Fraction

0.10 0.12

2.1.3.6 A i ^ ^ ^ a s ] D e c a y P o w e r F rac t iono]i

Fuel Coolant Temperature Difference
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4)

7 »

FTL

ClassS. A] 7 1 ^

System

EPS

ECW/CCW System-i: Non-Safety
System^ ^l^fe <^^ ^

PWR : 24 Pins
CANDU : 1 Bundle

PWR : 7 Pins

CANDU : 7 Pins

«1 Jl

* IPS 1 I £ Zr-Nb
4H Zr-43. ^7J

OPS System

System

ECW
CCW

SC-2
SC-3

NNS
NNS

* ECW/CCW Pump/Cooler
^ Non-SafetyS ^ ^

(IE Class 7]7]

IE D/G
460V UPS

2tfl -g*l
2cfl ^A|

«1 ul
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4 ) System ifi3-§

7}^ FTL System-i: ^*}7] ^«fl^i^ 4£- 4 1 M #£•

AOO 4 LOCA
Accumulator^ ^Itl: ^7] 30£ CooUng

Decay Heat 4>\*

Off-Site yov

fe Safety Ventilation System (EVS)-ir
FTL A}JLA] Radiation Source* Stack Release

-̂M-, System ^ ^ ^ 1 4 ^ IE Class Diesel Generator-I-
^ - ^ . S ^ EVSi IE Class ^^^^-^>1 ^£]H.^ EVS^l
Stack Released ^ 4 .

^ ^ 1 IPS ^^Hl 4 1 : ^ l ^ ^ ^ S . 7)& (7pins)^l
Radiation Source-!: Stack Release7l- °}\± -&1-M-S.5} ^-
Ground Releases. Radiological Consequency Analysis?}

System ^ ^ 7 } ^ ^ ^ £

FTL Operation Condition M ^ l 4^- Heat & Mass Balance

IPS ^ ^ € 3 i 4 & 71^-i^) System^ Operation
Parameter7} ^^t|-7fl sj^^l o]6fl tfl^ System^ ^1^1^
7> ( a 2.1.3.1, FTL Operation Parameter
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MCW Flow Rate #

IPS H # € 3 H 4 ^ ^ - 2 - ^ Mass Flow Rate7>

Flow Rate ^ ^ - ^ : PWR : 10.25 -> 5.5 Kg/s
CANDU : 17.21 -> 6.7 Kg/s

FTL MCW Pump •%•%<>] 420 GPM <>]B.£, IPS^^I
«l-fe Flow ^ ^ 1 ^ System ^ i ^ i By-Pass ^ l ^ 6 ) ^
7 1 ^ - i ^ l ^ By-Pass Line ^ Control Valve^r 2"£-
S I « L 4 By-Pass ^ ^ 7 > # ^^fl 4" Line ^ Cv^^l

^ Control Valve* -£*1SH6> ^ ^
MCW Line *M *&*] ^^SX^ IPS Flow*
^b Control ValveS £ •£ Flow* ^ v # ^r S V

Valve* ^ ^ l ^ l - ^ 0 ) t!:4.
By-Pass ^ MCW L i n e i ^ i ^ Flow Measurement

Range ^-^1 A><g=o]

Control Valve
FL-210-J-FV-0029 (2", by-pass c/v)
FL-210-J-FV-0025 (4", main flow c/v)

• By-Pass Line Size £ ^ (2" -> 4")
•Flow Measurement ^7] *}<$ *{7$

FL-210-J-FE-0020 (by-pass FE)
FL-210-J-FE-0050 (main FE)
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2.1.3.1 FTL Operation Parameter

PAKAJ\1ETERS

IPS Capacity

Generated Heat (Kw)

Design

IPS
Operation

Temp.
(TC)

Press.
(MPa)

OPS
IPS

OPS

IPS

Inlet Temp. CC)

Outlet Temp.CC)

Outlet Press.
(MPa)

Mass Flow Rate

(Kg/s)

Velocity (m/s)
(in Fuel Region)

PWR

^ 2:

32 Pins

800

354.5

17.24

17.24

316

328

15.5

10.25

4.6

7 Pins

108

354.5

17.24

17.24

308.8

312

15.5

5.5

4.6

CANDU

lBundle

(37 pins)

690

354.5

17.24

11.03

281

290

10

17.21

7.2

7 Pins

138

354.5

17.24

17.24

286.2

290

10

6.7

7.2
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System Heat Balance #

IPS 41 ̂  ^ I ^ l 7}& -£31*1 ^ . 4 ^o} Main

Cooler ^ Main Cooler^ Heat sink1*! ICL

Heat Balance ^

- g - t ^ £51*1-7} £ 6 . ^ , Main Flow-^

By-Pass^c.1 ^ } Main Cooler ^ ^-^r^ £:£*}7} HC

Main C o o l e r i ^ Performance

Main Cooler^ 2*} #«1 ICL #^] Control Valve-^

Main Cooler 2*> #*1 ICL System -ff-*g
System^ Heat Balance* 4M «r7l 7} <H 3 •§• Al Normal
Operation^ 4-g-^ On-Line Heater^l ^^l3E

ICL System^ ICL Pump^ -g-^o] 540 GPM-?LS- Main
Cooler 2*} # 3 Flow7f ^<H^ X\ ICL Pump^l
By-Pass Flow-i: H ^ A H ^ ^ ^ t t ^ .
a ^ ^VM-^ Secondary CooUng Water4 ^ ^ f e ICL
Cooler^ Performance ^-"y0! €-S.sM, ^ - ^ 4 Line
Size ^ ^ ^ 1

Main Cooler 2*\ # ICL Control Valve
FL-231-TV-001 (6", ICL Flow Control)

ICL Pump By-Pass Line ^*1
By-Pass Line ^*1 (6")
By-Pass Control Valve Q*\

•On-Line Heater ^^1 C
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In-Pool Passive Cooling System

In-Pool Piping^] Solenoid Valve (87fl)

In-Pool ^ H ^*lsM<>> SVS.S. Submerged Type
51 Solenoid Valve^ *fl*j-, -£*1 7 } ^ ^ 3 S t h
7 ] ^ FTL^l Solenoid Valve ^^-^^1^1 ol^-o^ Target
RockA> ^ *I-£-*lM<^l<y ^ 1 ^ ^ ValcorA}^ ^^^V ^
2f PWR f^d i^ l Post LOCA A] Flood Level S±*)}*\ q-

^ Submerged Valve# 4^ ^^^ ^^Q] Sl̂ -M-
AS. In-Pool ^fli^i Services]^ Valve^

§1^-4, 71 £• Valve^l

Solenoid Valve^l Inside-^ ^rS.7> SSOt^lS^ In-Pool
^ ^ ^ # 3 f e Sl^fife 4^ r^ ^-^^l 61^<^ ^
^•«1 Valve^ Open Nozzlei^i P o o l ^ Boiling^

In-Pool î -Sl Solenoid Valve^ Long Term Passive
Cooling S ^ H ^ r ^ s ] ^ ^ ^E.S. FTL AOO M- LOCA
^>2.̂ 1 Accumulator ̂ 1 #^1 ^ ^ LeveHl £ ^ £ l ^
Accumulator #£] ^-^-^ ^^-§>J1 -̂Alofl In-Pool vfl
Solenoid Valve7> ^ e l £ ^ . Safety ^g-̂ -̂ l Logical

In-Pool tffl^N Solenoid Valve ^7>^^1
2", Submerged Type Solenoid Valve (87fl)
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Accumulator # # Waste Disposal Tanks. Jixfl^

•FTL Accumulator 1-1: * r43 . Pool °]
Waste Disposal TankS. Jiiflfe ^ - f ^ tfltb

7 l$ FTL Accumulator^ # ^ ^ ^ Waste Disposal
Tank^l ^ i ^ ^-8- ^ ^ sa^-^r 71 ^£S1$1#.
FTL^ System €3*HhS: Accumulator^ Mr-%: Waste
Disposal TankS. ^ . ^ ^ wfl̂  ^ ^ ^ ^ S | s ^ § ] - ^
Solenoid Valve (47fl)t- ^7>S. ^ ^ * f ^ 6 >

FTL 4JLA1 7 1 ^ ^ Steam Vent Valve ^
-H-^1«VJI Waste Disposal Tank ^ Solenoid

Valve* ^ -fi-S.7> ^ ^ s)3E^- Logicl-

Accumulator # 6 1 SV -̂r-S. Pool^l <»>\1 Waste Disposal
TankS. ja.vfl ^ ^ Accumulator^! ^ ^ H Waste
Disposal TankS. J i i f l ^ E S <=>}H^\ Waste Disposal

^ System ^ S j - ^ A>jL

Steam Vent Lineal ^1 Waste Disposal Tank 7?}*]

Solenoid Valve (47fl)
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2.1.3.2

7}.

Class^l

PWR, CANDU ^l^^^S-7]- 7 pin^-S. u l^^^ l 4 ^ SfM-S. LH
zircaloy-4^ IPS^fl^ 5% ^ ^
^ ^ # ^ - 1 : PWR U CANDU

IPS geometry^] tfl^H ^ H v

tfsW PWR 5.5kg/s, CANDU
6.7kg/sS. £ ) ^ 4 . ^Aov^-^^1 ECW ^ ^ ^ continuous operational

ECW cooler^ 1^}^^.^ 0.5kg/s 6 1 ^ - ^ ̂ -^c] ^ ^ ^ ^
fuel temperature7} ^-i«V^- ^ ^ o ] # ^ § H ECW

^ 1 ^ 1 l solenoid valvei-
ECW coolers. }

-•b AOO(Anticipated Operational Occurrence)^

^ SB07]-
^- active component7l- 7̂11 ^ t j - . 4^A]

)^ ^ 1 fl^«l DNBR-i:
°1 ^ - f i steam vent valve*

logics ^r^^l-^ accumulator^ ^ U -
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°1 *U<££l&4. °1 steam vent valve^
Si^-S-S. AOO^Hl steam vent valve7>

^7} 7} ^ # 5 ) ^ ^- i : si §1-71 ^t>H steam
vent valve^l ^*1 ^ l * 4 ^ ° ! WDT(Waste Disposal Tank)3.

-i-

RELAP5 ^ MARS1.3 3 E f 4-&*H PWR ^
CANDU mode-S] Isolation valve failure, SBO, Safety valve stuck
open, Small break LOCA-inpool coldleg^l ^-f^l tfl«||^ ^*J*>

^ ^ ^ accumulator
-SL̂  accumulator^

WDTCWaste Disposal Tank)S tifl#£)£S. 3 ^ 4 . o]
hotleg^l^i WDTS. 7>^ ^£^1 vent Iine4 vent valve-
9i^v] vent valve^ *}<&•£: 7}^ vent line(
vent line)5l ^}4 ^ ^ T l l *>^6.^, logic^r

FTL trip(FTL ^eJH^. closeMH
AOO(Anticipated Operational Occurrence)fe- tfl

f i fuel heatup^l ^ ^ * M ^TlM- n Ht! : heatup r̂<>l
safety parameterl- ^«fl^r^ ^^-

SBLOCA l̂ tfl§V^ ^ r^^ r^^ -^ PCT-

vent line l
nfl-f £7| | 4 4 ^ ^ - 2 - S . vent line f̂l̂ l orifice area#

^ accumulator^ ^^-n"^ 0 !
9XSLV] iong term cooling-i:

^ s i ^^^ ^ a«LS.S. long term
cooUng# ^ t b passive cooling-i: JL^*]-^4. o]
accumulator ^°J -
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Multi-Pin

FTL^] PWR, CANDU

5%
31.23kW/m, 22.06kW/m, CANDU
s]^4(HAN-RR-CR-98-059). ^ ] ^

108kW, 138kW°lH

CANDU 6.7kg/sS.
power profiled ^2.1.3.2^-

7 pin-^-3. 3Ltf%
zircaloy-4-S]

m-S: PWR 3-f
54.55kW/m, 39.31kW/m7}-

h%:^^& PWR, CANDU
IPS geometry6!] cfl^r^

7̂ | ̂ £]<H PWR 5.5kg/s,
HANARO LH

3.2.1.3.2 FTL 7 P in i Axial Power Profile

No.

1

2

3

4

5

PWR

Hot Rod
(1 Pin)

0.03397

0.03909

0.03767

0.03099

0.02206

Ave. Rods
(6 Pin)

0.17138

0.19980

0.19693

0.15778

0.11033

CANDU

Hot Rod
(1 Pin)

0.03839

0.03903

0.03619

0.03172

0.02622

Ave. Rods
(6 Pin)

0.18408

0.18491

0.17820

0.14954

0.13172
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. PWR, CANDU 7 pin^l

fe hot
40kW/m,

power profiled ^2.1.3.2^1

^61 -&H 7
4 ^ ^2.1.3.34

£2.1.3.3 FTL 7 pin°11

Hot Rod̂ i

7 Pin^ ^ 5 ^ # ^

7 PinS] %-%^

PWR

40kW/m

34.89kW/m

47.73kW/m

171kW

CANDU

61kW/m

50.80kW/m

69.39kW/m

178kW

a] 3.

LH^^5] heat

fraction
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4- ^ ^ H r r ^ l ^ Mass & Heat Balance

FTL 3
.3.4^ IPS

. Generated heat-g: 7 p
^L^ mass flow rate^ fuel region^] velocity

outlet temperature^ tfl̂ fl inlet
temperaturel- S^ ^ l ^ 4

IPS si geometryl- RELAP5 code^l
^ 4 ECW ^ S ^ continuous operational ^^lAi ECW cooler^]
1^}#AS 0.5kg/s ^l^--^ -fl-IM ^^s|«H IPS^l fuel temperature

214 lbar ^ S . ^-if-^ll 4 4 MCW 7]]^^
ECW ^SLS. -fi-^sl^ -fr^^ ^7>s]7l tq]§.oii 4 4 ^
4 . 4 4 A i ECW pump discharge Unê ] 4 ^ - 4 Q-& solenoid
valvel- ^^^-^-S.^1 31#£3l f ' i MCW ^ ^ ^ -̂ -̂ =ol ECW

- Valve type : Solenoid valve
- Position '• Normal close
- -M l̂ TI^I : ECW pump discharge line

(FL-220-75-L010/L023)

Main
£2.1.3.54

Nodal Diagram^: n^2.1 .3 .54

4.
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H2.1.3.4 FTL 7 pi IPS

IPS Operation Parameters

Generated Heat (kW)

Inlet Temperature CC)

Outlet Temperature (TC)

Outlet Pressure (MPa)

Mass Flow Rate (kg/s)

IPS Up Channel
Flow Area (lxiO~3m')

IPS Fluid Velocity
in Fuel Region (m/s)

Fluid Density (kg/m5)

Specific Heat Capacity
(kJ/kgK)

PWR

171

306.9

312

15.5

5.5

1.7093

4.6

692
©309.451:

6.124
©309.45 TJ

CANDU

177

285.2

290

10

6.7

1.2654

7.2

737
@287.6t:

5.469
@287.6r
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52.1.3.5 FTL 7 Pin^ cfl^ MCW

MCW System Operation Parameters

Main Cooler

Main Pump

MCW
Bypass Valve

Primary

Side

Secondary
Side

Transferred Heat
(kW)

Inlet Temp. CC)

Outlet Temp. CC)

Mass Flow Rate
(kg/s)

Removed Heat (kW)

Inlet Temp. (°C)

Outlet Temp. CC)

Mass Flow Rate

(kg/s)

Mass Flow Rate (kg/s)

Temperature CO

Mass Flow Rate (kg/s)

Temperature (TC)

PWR

171

308.5

306.9

17.21

171

49

51

20.45

17.21

306.9

11.71

306.9

CANDU

177

287.1

285.2

17.21

177

49

51

21.17

17.21

285.2

10.51

285.2
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Accumulators
B

X-D127 Isolation Valve
* 131 135

J01l02roil01f02|03l04l08l
110 120 130

Main Coolant
Pump

I 0i|011 071061 051 04 |O3|O2|O1| 09

417

2.1.3.7 Nodal Diagram for Multi-Pin Accident Analysis



1) A00(Anticipated Operational Occurrence) £]

PWR, CANDU modern tflsH AOO^

Hotleg Isolation Valve Failure(Close)
Station Blackout
Safety Relief Valve Stuck Open

.1.3.6, 7-& 4 4 PWR, CANDU mode^]
n ^ 2.1.3.8, 9fe 4 4 PWR, CANDU mode^l tfl

Isolation valve faiH tfl-^ A}JL sfl^ ^r*3 A] PWR
fe CANDU mode HQ ^A BLA6^ ^ - ^ O 1 3711 #<H1-^O.DJ O]

S. ^1^>^ «)^S. s )^ -^ ^-5.7} 4 ^ 5 1 ^ 4 . IPS -fi-^o] ^ - i ^ -
€ ^ 1 ^ : PWR modefe CANDU mode ^sf ^e] SRVCSafety Relief
Valve)7> 7flHJ-5l̂ l ^ ^ AovtfliAi(CANDU mode-b 3L7\<$ high
pressure signaH 1̂*HA1 SRV7> 7flwo>̂ ) WDTS 7>fe- vent
valves 71]WO>A1

pressure set point* 7]&*\ £.t\- 2% ^#AS.^1 SRV7>
^ ?>}<*] IPSS.^ i 7 ] -fi-^ol ^ A j s ] £ s . -grl-^r}. Isolation valve
fail ^ SRV stuck openAH^ FTL low flowi ^1§F^ 31*1-3.7}
trip £1^4 . SBO Ajo]]^ QT.}3, trip°l FTL^ trip signal^ <>}\i,
^ ^ 4 V ^ i 7 H RRSi ^ ^ ^ Qx}£-7\ shutdown
4 . AOO l̂ ^ - f safety parameter1?! DNB^ ^ s }

DNB analysis* ^ * ) H ^ ^g^$] \ channeH
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o

CO
CO
«

03
9= 1

k

. \

PWRSBO

PWR SRV Open

' - - • • • * ' ^

. 1 1 .

5 10 15 20 25 30 35 40

Time (sec)

^ 2 . 1 . 3 . 8 PWR modes] IPS

10

9

8

7

6

5

4

3

2

1

0

}

1 1 1 1

CANDU tSV Fail

CANDU SBO

CANDU SRV Open

• i i

) 5 10 15 20 25

Time (sec)

3 f] 2.1.3.9 CANDU mode^ IPS

30 35 40
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01

'ra
0)

Te
m

o

CD

650

640

630

620

610

630

590

580

570

560

PWR ISV Fail

PWR SBO

PWR SRV Open

5 10 15 20 '25 30 35

Time (sec)

40

^2.1.3.10 PWR mode^]

650

640

630

620

-CANDU ISV Fail

CANDU SBO

CANDU SRV Open

10 15 20 25

Time (sec)

30 35 40

.1.3.11 CANDU mode^
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2) LOCA «fl^

PWR, CANDU mode^ SmaU Break LOCA-Inpool Coldleg^l

20%, CANDUfe 7%£\ 4 3 : ^ : limiting caseS
^r bundle * l ^ i tfl^H <££ 1 4 * ^itflS.

multi-pin 4 ^ N t})^ limiting case^r ^-^11
t- coldlegS. t}^ ^-f7> hotleg^H
coldleg<*H3 LOCA1- S^lA

4 . A>JI 7flA] ^ isolation valve^ low flovH
WDTS 7>fe vent valve^
accumulator^ ^ ^ -fi-^-^-S.

4 IPS

7> ^S^V^ 4 ^ & 7 H ^^S-S. 7}^

vent line# ^ H WDTS 7>^
7> ^ f l ^ H vent lineal

tyV&.o.u}- ^

WDTS. 7"Rr

WDT

4 . ° 1 ^ ^ WDT^ ^ ^^(-f-5. ^^1 sfl^^ 2.5Hfl)
. WDTS 7 } ^ vent line<^H^ 3,7}^ ^ $&& vent
orifice area* #^ .$ .

- 151 -



15 20 25
Time (sec)

30 35 40

3^2.1.3.12 SBLOCAAls] IPS

a) 600

ra

03 550

E
CD

- 450

PWH
~ CANDU

10 15 20 25 30 35 40

Time (sec)
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3) ^7} ^zKLong Term Cooling)

PWR Inpool SBLOCA l̂ tfl
accumulator ^ ^ z ^ ^ r I A ] # O]

.1.3.12^ accumulator^
.3.13^- ^A^r7\ JL^r^^l
. Accumulator0!]^^

-I:
FTL

accumulator
o] PWR ^ CANDU modei ^ ^ H AA 1.21MPa, Q.
S-^% nfl̂ l 7fl^£j;£S. ^ ^ 4 . A } J L ^ ^ ^ - PWR ^ CANDU
mode^l tfl^H Safety Relief Valve 7^ *}JL<>\}

^1^2.1.3.14, 15^ SRV 7flnh A}JL ^-f^fl ^-7] ^ Z ] - A ] ^ IPS
£ £ ^ ^ - # M-B^-^4. ^ s ^ i «J«.^ PWR mode
2690^1 7^s]9X^v\ CANDU mode^^^- 3490

. 7fli9- 2:71^1 accumulator^^

71 ^ §1-^^-^ oH 45}
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3.50E+06

~ 3.00E+06
a.

<D 2.50E+06

a> 2.00E+06
a.
o 1.50E+06

1.00E+06

5.00E+05

O.OOE+00

v Accumulatof
Pressure
Water Volume o(
Accumulator

1
0

0

0

0 4

02

0 1

0
600 900 120015001800 2100 24002700 3000 3300 3600

Time (sec)

.1.3.14 PWR SBLOCAAls] Accumulator

575

550

525

500

475

450

425

400

375 \

350

325

300

310-01
310-02
310-03

- - - - 310-04
310-05

600 900 1200 1500 1800 2100 2400 2700 3000 3300
Time (sec)

3600

^1^2.1.3.15 PWR SBLOCA^fij
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-05 -

2400 2700 3000 3300 3600 3900 4200 4500 4800 5100 5400 5700 6000 6300 6600 6900 7200
Time (sec)

SRV x\s\ IPS

^ 2 . 1 . 3 . 1 7 SRV 7fl«o>
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^ S ^ l £ ] € ^ ^r &?fl =1 SI4. 4 ^ 1 Waste Disposal TankS.^1
vent line-i- 7i|*y-*H accumulator ^ - B - ^ A ^ ^

-fe hot rod^] ^ S ^ i # ^ ^ : PWR ^-f
40kW/m, CANDU ^- f GlkW/m^l^, gj-uj-̂ . L H i ^ i ^ 7 pin ^

S H ^ l ^ ^ r A A 47.73kW/m, 69.39kW/m7> ^tf.
AOO ^ LOCA l̂-el

ifl*H safety parameterl-
i7l«=fl accumulator ^ -̂ -
-^ -a-^^: ^^-%v ^ Si^-^r S H ^ 4 . Vent li ^
^ r S i ^ i WDTS. »[^A]^OI] 4ef cl^cj] «]£]-&] v e n t

flow7} ^ 7

^i WDTS.

Long term cooling^ 7]^-%: 2 :4^7] ^-SH PWR SBLOCA
accumulation

accumulator

Accumulator
parameter^, accumulator
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2.1.3.3

rr CANDU 1 Bundle ^ PWR 32 Pin ^
EAB(200m), LPZ(300m), EPZ(800mHH

*ov<t (Ground Release)^ 3- f
^-^•o^ ti]^-^71^]^-(Safety Ventilation System)^:

3-^-yov#(Stack Release)

FTL

LOCA(Loss of Coolant Acident)

FTL Room 1 ^ H H ^ A}JI
• ^ 2 ^ 5 ] wov## -S-^SV^- FTL Room 1 LOCA
• WDT(Waste Disposal Tank)S£] wo

v#^r * ^ § 1 - ^ FTL
Room 1 LOCA

EPZ(800m)

FTL
(MCW ;

FTL

(WD'

A]- ji

a ^ LOCA

, canal, ^ " ^ S

Room l 0 ! !^ -

Room H ^ s ]

LOCA

LOCA

(rem)
10

1.14

4.02

(300)*

3.78

2.80

(rem)
1

0.67

0.13

(25)*

0.64

0.033

y] J I

4 QQ -tl2] ' i i^ :

4 ^-?t ^J2j yvi^:

4 11-?!: ;9;^'vi^:
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7\.

7-Pin 4^<3£-# 7l^o_S FTL -*! 317l ^A} JL A]

FTL
%°14. (7-Pin

-S.5}- j£o] 100%°14.
: 4 3 . ̂ - l ° a ^ H ^ 600nVAr

fe 50mVhr<>lth

HELB Vent Linear *}3L $• 3 0 ^ 1 ^V^AS. Vent Valvel-
^o> 2$ B\ A] ̂ 14.

FTL
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1) In-Pool LOCA A] ^ s l -

20%

20% 3JJE1- <^]^-^4. ° H EPZ(800mHH 4
1̂1 ^"^ tftf-S ^ 4 ^ ^ ^ 1.37

6.87 rem)^.S. fl-^1^1 *] 10 rem ^

2) FTL Room 1 LOCA

FTL Room 1 LOCA A]
3 - f 4 WDTCWaste Disposal Tank)^

7» ^

-^ FTL Room 1 LOCA A] A}

^ ^ ^ ^ HELB Vent Line-i:

3 0 ^ ^ ^ 1 ^ HELB Vent Valve* ^ } ^ ^

^^.-B: 3402,
HELB Vent Valve7> ^^ l fe 3 0 ^

£ 1.4 rem-^-^ Tf-̂ fl̂ l ^ 10 rem

M-) WDTS ty-^-i

HELB1-

l FTL Room H ^ ^ ] ^ WDT(Waste

Disposal Tank)S. <=>]^^4. WDT^l

«fl Room
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0.8 rem°-5. TM1*1 91 10 rem

2.1.3.4 FTL

7-Pin-g- t ^ A l ^ ^ - c D o^^- A ] ^ ^ . ^ ^ o f l 45} FTL

7]

^r Class IE 460V
(Class IE til^ Diesel Generator 2tfl -̂)<>1
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3.1

3.1.1. A}-g-*l-

3.1.1.1

3.1.1.2

1: r̂ 544. °J|^1 71)

3.1.1.1 ^ 3.1.1.2^
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FTL

-Gas Gpa^i

Transient Loop^ ^«l7> 5J-^^^1 M A]

In-Pile Test

^ ^l^r^S]- ^ # On-Line^-S.

FTL^l S 7

Fresh Fuel4

Irradiation Fuel-i: JLB^JL 91^ DUPIC
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Peaking Factor ^ - i -

.5-^, PWR

3.1.1.2^1

3-f

LH

CANDU

24-g-

cfl̂ V

150 mm <>1^ IPS

^ - f 24 -g-, CANDU

37 -g-, CANFLEX ^^1
43 3-O.

4.
Slfe 3.71
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6fJ

A
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a"

A
50
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so
•0-

A
5
60
-<

—I o j

«Joas

K)-

5 K
(HT

o!
S3

n
CIO

iw

«sr

so
n

a ^ 2 ° «
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0)
en

tm
SMART g KOFA
(SMART

; : : : : ; : . : : - : - : ^ : : : • . : . : , : • : ; ; ' ; . : • . : : . : . : " ; ' : : : : : :

Integral Fuel Behavior and Fission Gas Release using
Fresh Fuel
Integral Fuel Behavior and Fission Gas Release using
Irradiated Fuel

Fission Gas Release at Isothermal Conditions

Cladding Creep-out at High Bumup Irradiated Cladding

Pellet Disk Irradiation for the Specimens of Thermal
Conductivity Measurement and Pellet Rim Examination

AN(^E| | | | !a | | | | ! !^

DUPIC

as

99 00 0! 02

II

03 04

II

1

05 06 07 08 09 10 I I 12 13 14 15

3.1.1.2 711



5. 3.1.1.1 -M-g-*}-

* ^ S. (%)

tm#3( kW )

<£}#3| ( kW/m )

• a i £ . ( MWD/kg U)

PWR <g

2 - 6

3 - 5

-

2 0 - 4 0

7 0 - 8 0

2 - 6

3 - 5

-

2 0 - 4 0

7 0 - 8 0

CANDU ^
CANFLEX

37/43

0.9

800/935/1030

43.3/50.5/55.7

61

15/21

DUPIC

43

1.4

800

60

65

17

PWR

37

DUPIC ^

7} nfl^-^ DUPIC

study

43

» 1.5
5%

CANDU

fe SEU
^ case

3.1.1.3
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7\.

1) PWR

2:4*1%! « £ £4-

2) CANDU *
CANDU

935

37

^ 6 0 0 kW

500

~ 400

| 300
w 200

100

() 2 4 6 8 10 12 14

—•—pwr
—•— candu
—*—canflex

3.1.1.3
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3) DUPIC
DUPIC

DUPIC «?
U-235 5} Pu-239

S£^ DUPIC
5% SEU ^g-ir ^ ^ ^B

Case 1. DUPIC 913-& 37))7\ s]514 ring $\ ^s\- 7}

Case 2. DUPIC ^S.-g- 37)17]- Sl^z]- ring °11 ^ £ r

Case 3. a ^ z j - ringi S^f DUPIC <

Case 4. Case 3 4 ^-^.14 ^4J5l ^s.-g- ^ 7 }

Case 5. £ € • ^sL-g-0! DUPIC
Case 6. Case 5 ^ ^:^-M- f1

2]- Case 1 tff:^ # ^ ^ r ^-^ 3.1.1.4 ^ ^-^-^ Case
5(3-€• ^ S ^ ^ l DUPIC «?££.)£] ^ - f i ^ 225 kW 1̂ #•

800 kW« ^ ^r
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3.1.1.4 DUPIC

PWR ^ CANDU ^^1
^-gr 3L^ 3.1.1.54 7 ^

n ^ 3.1.1.64

1) PWR

PWR

kW/mS.

24«1

^ ^ 18

^ # ^ ^ r 28.49 kW/m

20 - 40 kW/mS- ^
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90
80
70

~eo
. 60

m
' 3 0

20
10
0

-»-pwr ax
-•-candu x̂
-*-canflex
—pwr a
-•-candu a
-«-canflex

3.1.1.5

3.1.1.6
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5% %^5=Sl 3-f 24 Si ^ 1 * ^ ^ ^ T ^ ^ T C local
peaking factor )^- 1.62 6 H ^ ^ ^ ^ l ^ r ^ C axial
peaking factor ) 1.273. total peaking factor^ 2.1
4 e H PWR
fe 24«i -£
dummy -g-̂ -

8̂: 35.26 kW/m
% 1

2) CANDU ^

CANDU ^^1 4 ^ j g ^ A J ^ ^ ^ ̂ ^ £ 7 > ^7>f-oll 4

2} ^7>§V^ 5% ^ ^ £ ^ 1 ^ - f sg^ ^ # ^ ^ r ^ 23.3 kW/m

50.5 kW/m5] «> ^3Eo]r|-. A>-g-̂ >

local peaking factor7> ^ 1.21 (=

61/50.5) ol«V6ljL axial peaking factor^ 1.2

4 . ^ total peaking factor 7} 1.45 °l*r7>

5% ^ ^ £ ^ 1 CANDU ^ 4 ^ : ^ ^ - f local peaking factor^

1.98 (=46.2/23.3) 6 H axial peaking factor fe =̂ 1.2^ £7} £]

<H total peaking factor7r 2.4 ^ £ ^ 4 . 4 4 ^ $^^7f l ^

CANDU ^ Al^ ^<£g_ 4 ^ - i - ^1-45.^1 Large Hole^]
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3.

7}

total peaking factor!- 1.45 31S.

NRU
Large

3) DUPIC

DUPIC

^ case study
2|tfl

1.4%S.
5% SEU ^ S . ^ - 1 : DUPIC

3

Sl7l

3.1.1.74 ^ 6 .

3.1.1.7 DUPIC #3-%-$]
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DUPIC <£S- -g-3 -H#3€: <$ 19

kW/mS *}•%•*} S-^^Q 60 kW/m°fl «1«M î-y- 3 4 .

CANDU, CANFLEX, DUPIC
*17> ^ . ^ # ^ ^ 1 935 kW H-fi-t J L ^ « H 1030 kW)#

peaking factor -2]
LH

CANFLEX^- DUPIC ^<&£-

7-pin
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3.1.1.4 7-Pin

# ^ 4 4 ^°1 4 ^ S A } A ] ^ O | ^ j j j . peaking factor

. PWR ^<££L 7 f l ^ : ^ ^ A ^ 2 - 6
o_^ CANFLEX ^^S-7fl^:^oj|A]^ 1 - 2 7fl

t : 7 7flS 4^«V5a^. 7 ^
^ CANDU « j ^ S ^ inner ringi ^ t t ^ ^ S ^ l ^ ^

CLV] PWR ĝ-fil 3-f ^1^61 ^-71 nfl^oll
PWR^ ^ CANDU^ -§

7>. IPS

1)

- 7
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2)

BPS
x\.o}^ annuiusi- tcfE}- vfls^^ IPS

IPS^l

Zrl-

o.^ Large Hole 4 Al :^^-

AM- SS
1/3 Zr&

IPS A

2:4*1^5]
IPS ^ ^ -
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3) IPS

3.1.1.2. 7-Pin IPS

=?• &

U02 PeUet O.D.

Fuel Sheath Thickness

Fuel O.D.

Flow Tube I.D.

Flow Tube Thickness

Flow Tube O.D.

Inner Pressure Tube I.D.

Inner Pressure Tube Wall

Inner Pressure Tube O.D.

Insulation Gas Gap

Outer Pressure Tube I.D.

Outer Pressure Tube Wall

Outer Pressure Tube O.D.

Al I.D.

Al O.D.

PWR <g

8.198

0.572

9.507

53.0

2.0

57.0

69.0

6.0

81.0

3.0

87.0

7.5

102.0

139.0

145.0

CANDU <§

12.154

0.419

13.081

53.0

2.0

57.0

69.0

6.0

81.0

3.0

87.0

7.5

102.0

139.0

145.0

7 -S-°.
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3.1.1.8 . (7

70

60

50

40

1 30
"" 20

10 *

0 2 4 6 8 10 12

-•—candi

3.1.1.8 7 ^

1) PWR %
7 ^ 6 . L 5%

8̂: 22.06 kW/m
25.29 kW/m

# ^"^ PWR

peaking factor fe-
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*}•

local peaking factor = 1.15
axial peaking factor =1.23
total peaking factor = 1.42

3^r 18.69

20 kW/m

5%

2) CANDU %

5-̂ 1 ^-f ^ 5 # # ^ £ - 39.31 kW/m •

^ H ^ l *i#^£r 47.21 kW/m ^14.
peaking factor ^-8: 4"5r2f -^"4.

local peaking factor =1.2
axial peaking factor =1.16
total peaking factor =1.39

^ 4 . CANFLEX 7fl̂ r̂ <>llA-q _£L^:

:fe CANDU ^ 1 ^ ^ ^

28.87 kW/m^ ^ ^ 4
f: £ ^ 40 kW/m» ^
[3. 9X^= ^tfl^lol 6 1

kW/m
50.5
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61 kW/m
-f T f ^ £ f f̂ 10% ^ S . fe^6># W . CANFLEX

50 kW/m ol^H'S ^ 1 ^ 7>^-g)-t|-ji «}-

^ ^ * V ^ ^ ^ ^ i # ^ o l 47.21 kW/m

10 } j 4

3) DUPIC ^ ^ S
DUPIC ^ ^ S ^ l ^ ^ £ 7 } *$ 15%°i ^-f^l ^ # ^ - 1 -

. 7-pin A ] ^ ^ ^ ^ ^ 3g$ A I # ^ ^ 21.96 kW/m
^.g. -g-o) A ] # ^ ^ - 25.71 kW/m

peaking factor &•& 4^-^f

local peaking factor = 1.17

axial peaking factor = 1.16

total peaking factor = 1.35

671]

20 kW/m -̂fifl 5]^] #o\ Large Hole
Lf S^^ l 60 kW/m# ^ ^ 7 ] <^^4.

DUPIC ^ ^ S S A H ^ A]^ q ^ £ 711^1: 1 - 3 7}]S. ^

CT, IR, OR̂ g-̂ ] ^r^ 2:

^r ^ 40 % ^51 ^7}-gV^^M- # ^ ^ 1 7}
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35.7 kW/m

. IPS

IPS

1̂] 7}

7 -g- ^1^-8- IPS %<$
Large Hole 4 6 H Slfe

l̂ Al ^ Zr E

CANDU

sensitivity study# ^ r^^ l -^4 . ^7]tb IPS
^ ^^-g-3f Large Hole 4 °
^ 4 . 13.575 mmojjL PWR
3.1.1.9^ PWR ^ CANDU

^-Tfl-i: lmm ^ ZrS y
^ 3.1.1.9^

-£ 10 % . ^

17.647

3 mm
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60

50 (

40

3 30

~~ 20

10

0
(

('I £ • candu=13.575mm.pwr=1 7.647mm)

) 1 2 3
a^^ ¥1 Si(mm)

—»—pwr

-»—candu

3.1.1.9

3.1.1.5

A}JL A]

SX

- AOO DNBR-& 1.3 <>1#

= 1311 K
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32-pin
35.2 kW/m , 37-pin CANDU 52.5 kW/m

^ S axial peaking^-S. ^ 1.21-
Al-̂ -Tg z|-ẑ - 29.3 kW/m, 43.75 kW/m7|- ^ 4 . 7-pin

<&.3.si\ ^ - f 5 | ^ # ^ ^ : ^ ^ ^-s] ^ i # ^ ^ r PWR ^
25.29 kW/m, CANDU *§^ ^ - f 47.21 kW/m ^rf.
z]- l̂̂ f-̂  4 ^ ^°1 accumulator^ nJ: ^ 1 ^ "t ^-f^l

A)

3.1.1.10, 3.1.1.11, 3.1.1.12^1 AOO ^ small break LOCA

3.1.1.10 AOO 4 ? i A]
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CANDU ISV Fafl

„ CANDU S60

CANOU SftVOpan

15 20 25 30

Time (sec)

3.1.1.11 AOO CANDU -&5L

a

a.
<D

la
d

650

625

600

575

550

525

500

475

450

400
0 5

1 -

10

^ _
• .

CAICIU

15 20 25

Time (sec)

30 35

3.1.1.12 SmaU break LOCA
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7-pin

PWR -̂f 40 kW/m, CANDU
.̂̂  PWR ^ CANDU ^

3.1.1.6

42} U-235^ ^ - i , Pu^l

PWR 3-f n ^ 3.1.1.13, CANDU ^-f n ^ 3.1.1.144

. 10000 MWD/TU ^ ^
4 ^ # ^-^ CANFLEX 7fl^<HM 1̂-̂ 1

4 ^ A 1 ^ ^ # ^ ( defect threshold)^ 5% ^ # A l ^ ^ ^ s .
7-11 ̂ 4 1 - yl^^r ^ ^ n ^ 3.1.1.154 ^ 4 . ^ ^ i 5%
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3.1.1.13

7 0 1
60

50
1 to

30

20

10

0

•HKXtCKKieXKXKXKKyKXKWXKXXXKWK
-0 13
-2 50°/.
-5 00°/.
- SO'A
- 1 0 %
- 1 2 00

100 200 300 400

°.<£E(MWh/1<gU>

3.1.1.14
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3.1.1.15

3.1.2

3.1.2.1
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7\.

oil- nv7]

. Gamma heating^l

7} ^ <$*& °^\ 9X^. # < £ ^ ^ 7 } 3 mm

^ 1 1 : 2 mm
Large Hole #£ | ^ 2 ^ ^V^£ 1.1 mm

EL7}7\

M-. Seal Y-g

IPS^I °J-^^^1°1] 4-8-3 fe Sealer Gamah seal^^i
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& Gamah
1- ^1^-JL &j&^ z}- ^ 4 tfl-g-sj-fe seal inserts
•i: 3 : ^ 4 . Gamah sealer < £ ^ seal insert^

seal6fl ^ ^ o ]

^ f e spool piece *H?-

2}- spool piece •^••r-^f fuel bundle head

seals ^^sl<H & - ^ IPS ^-^-^1 ^ H
-e-^m^- ^>^4. IPS ^ ^ ^

A ^ Gamah

upper

. IPS

lower seal

SX^ upper

A] a]]

CANDU 1 bundle1) ^zfls) IPS ^

PWR 24 -S-) :

Upper seal^l

&7}x)3, IPS ^
^ Gamah sealer

4 spool piece ^ fuel bundle head0!] ^ °1 4^1 €

lower seal4 4

. 4

^ upper sealer Viton^ ^ ^

elastomer seals. H^]*]-^ ^ ^ r U"^^: ^r $14.
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elastomer seal-i- 4-g- "t 3-f
upper seaH t ^ ^ S . ^ - ^ ^ ^ ^ $:4. °H

spool piece ^ fuel bundle head î

2) IPS^l ^ ^ # ^ ^-f( 7-pin

7-pin A!^ ^^s.-g- IPS l̂ ^ ^ ^ - ej= 105 mm ^ £ 7 } s)

^ , ^>q-S chimney^^ ?V^^- # ^ ^ ] ^ seal^: ^r-g-^ ^r $Jl

4 . °1 ^ - r ^ *V seall- S.^- -#-%-£\ 6 1 ^ metal seal -& A>

3.1.2.2

2.1.3.1^

l 71
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A A ^ ^ -HA?} QSLS\9XSLV] ?\7\s\

^ ^ ^ 1 ^ ^ single line diagram(n^ 2.1.2.1
Class IE ^-g-Si 460V H ^ - ^ i ^ ^ 2 train^.^
120V i i ^ - ^ i ^ ^ 3 channel^-S.

Class IE 460V H ^ - ^ ^ ^ H]

Class 1E«1^ diesel generator7> 2
^ ciass IE 460V
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7\. A\5L 4

, AOO 4 1
-^, Accident^ ^ ^ 4^1 2:7] 30^:

accumulator^ ^ 4 ^ 7 } i^iflAl^«-S ^r^^JL 30^: <=>]

^ ^ 1 a l l f e AOO
H1) 4 ^ ^l^

3- SI 4 .

accumulator^
^ 1 ^ ^71 til]#^

DNBR) -SL3-I:

PWR 32 ^ ^ CANDU 4
-I:

l 30

accumulator^

accumulator^ ^

- 191 -



accumulator7} ^

&^r accumulator^

30^:

2) Accumulator^
# accumulator^

3)

accumulators. £.^7] ^ ^ l ^ i ^ accumulator

levels ^ " W *V^S. ^1H^ dry weUS.

loop ^Bfl# ol^JL heat sink
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fe inlet ^ outlet pipe^l ISJSL-i- ^*13H accumulator-^

boiling^]

10 kW ? M « J ] ^

PWR ^S] ^ - f ^ 9 kW,

CANDU ^51 ^ - f 11.2 kW ? H f e subcooled boiUng^l

7-pin ^ } < S ^ ^§-f 30 ^ ^ decay powerfe ^ 2 - 3 kW

7-pin

ifl ^ 7171
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fe- Class IE 460 V «1 7>

20

100
^- 600

i=. 50

7] E|-

°1 20%

20 % 3}£.t- 800

1.4
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: 6.87 rem) 10 rem

2)

^ - ^ 800

: 0.8 rem

leak constant7}

800m EAB, LPZ£

EAB(200m),

3.1.3

- 195 -



^r 7-pin

L^H, -£*H tf *}¥•$] Gamah sealer
flange fl } ^

sealer
O.SS. IPS

&4.

3.1.3.1

-H-^^8: PWR^I ^ - f 10.25 kg/sec^^ 5.5 kg/sec,
CANDU^ ^-H- 17.21 kg/sec^^i 6.7 kg/secS.

zl- ^ S £ l -g-^o] 420 gpm^.S
r bypass ^}]^ $ 4 . Bypass-^-

2" bypass Iine4 ^1<H^«-1- 4"

45}
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31 ̂  main cooler^-

(ICL)^ cooler ^ S H H
bypass Iine4

3.1.3.2

30

accumulator^ $m ^<&£-^ ^v) ^?\s\v\ 30^:

;9-7l ^z]-7l^-i; ^-H^- f̂1^ accumulator-^ Ievel4

3.1.3.4
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2.1.2.1^
single line diagram^: n ^ 2.1.1.4^ ^o] ^ ^ y ] . - ^ ^

Class lE^- ^ i ^ ^ ^ 1 # ^ ^ ^ ^ 120 VAC # 3 1 3 1 ^ ^r-§-

•^ ^r Slfe ? # - ! : ^ ^ ^ ^ 51S.S. tflif 10m(L) x 10m(W)

2.1.2.6, 2.1.2.7, 2.1.2.8

^rii 7j-^sl-t^. ^ shutdown transfer relay panel 27}] Q

remote shutdown panel l7}]fil 71^-i: ^-^-^H FTL
protection panel 37}H ^ 7
^ fe-e)^ xfl<H algorithm!: ^ £ ^ r ^ 2.7}^ DCS
^--g-^ PLC5L 7 l ^ ^r^^Jl ^-^l7> ^ A S - S PLCM-
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3.2

FTL Al^fl-SL # ^ ^ 4 ^ - g T f l ^ A] 71

3.2.1 FTL 7 l ^ ^ S

: )^ a 3.2.1.14

BPS# Multi-Pin-8-^.S. ^^«fol ^7l.?fl^- ^ Item ^ ^

FTL ECW/CCW ?fl̂ --£ «l«y:^ f ^ A S €^^1^1 fe ° ^ S IPS
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3.2.4

3.2.4.1
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3.3

LH " M ^ i ^<$.g- ^ 4 * 1 ^ * 1 (Fuel Test Loop)

FTL-i:
Task Force Tearn^: -Br^^ *}•%•*)• &•& H # , FTL

FTL

^ ^ 1 , 2000\i ^ 2001^^1
, 2002^^1 ^ ^ ' i ^ l ^ ^ l ^ ^ i ^ : ^ r S - ^ ^ 2003

FTL A ] ^ ^ ^ 7 4 ] ^ . ^ ^ ^ # $•& Task Force
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