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Abstract

The domestic evaluation of nuclear power plant fuel designs usu-
ally follows the Standard Review Plan issued by US Nuclear Regulatory
Committee (NRC). Fuel performance analysis is essential to assure that
thermal and mechanical design criteria are met. Therefore, fuel behavior
analysis code is common and developed in the authority, fuel venders,
utility and research laboratory. FRAPCON-3 code is the latest version of
FRAPCON series applied by NRC for licensing review. It’s developed
and maintained by Pacific Northwest National Laboratory (PNNL).

Code installation and verification will be our first approach. We
will focus on those analyses such as temperature distribution, fission gas
release, rod internal pressure, cladding oxidation, cladding deformation
and stress. A failure rod simulation will be included as a case study to

understand the capability of root cause analysis.
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1

2 |Output file name £2a025_1030_4.out

3 |Case Description Base Irradiation

4

5 Input file name k22025_1030_4.in

6 |Location to save input file C:\frapcon3_4a FRAPCON-3 FRAPCON-3'FRAPCON-3 (Put\ afterlast &
7

8  Output units type si

9

10 Rod Size British

11 Outer Diameter 10.05 mm 0.395669291 :
12 Inner Diameter 8.84 mm 0.348031496 :
13 |Pellet Diameter 8.67 mm 0.341338583 .
14 Stack Length 3796 mm 149.4488189 .
15 Plenum Length 329 mm 12.95275591
16

17

18| i

19 spring outer diamfter 447 mm 0.175984252
20  spring wire diamefer 137 mm 0.053937008 :
21 |number of spungfums 53 53
22

23 Pellet Shape

24 |Pellet Height 10.49 mm 0412992126
25 | Central Hole Radus mm 0.
26 Dish Radius 4 mm 0.157480315 .
A7 N Ty eat — PYYIPIVIEE
14" W] Tput Power History . AxiaNgower Profiles - Coolant Conditions  FRAPCON-3 Input £ 485

Rod Size Bri
Outer Diameter 0fmm | v/
Inner Diameter (1] mm
Pellet Diameter 0

Stack Length 0

Plenum Length 0

Bl- FRAPCON-3.4a #z;% % @ (Input)

c ) E F G H 1 J K L M N o 3 Q R s T
i 76827737
03413386 i dishradus 0.1574503 dish volum: 00001258
0 1 dish depth 00016182 VA 00912038 tme WA
09585 pelechegh 0415921 B bumup kWi

Input powers are rod average powers Avial
7 Tme time power time ——Power——  tme  power  Power .
8 step  days [ dys  KWR KW days Profile # time
9 1 0.00041666 0 0.0004167 0 0 000042 0 1 0.00042, 4.7 6
10 2 aresiser 138 47697907 1378 450904 4767 452 1 476979,9.4 5
1 3 9539583333 2756 9.5395833 275 90418848 953958 9042 1 953958, 14/ §
12 4 4134 (4309575 4134 13362827 1430938 13363 1 s 1| g 4
13 s ssi2 79167 SS12 18087 19017 1808 1 wow2 83
“ s nos 549 5489 15008311 229125 18008 1 29125, 43| 2
15 7 4501687 5456 5456 17900045 4507917 119 1 4507917, 4
16 8 ssosusen  4sn 189845 4521 1483497 4896458 14832 1 1896458, 5, 1
17 s ses 3586 2 3586 11768949 5285 11765 1 285,528 0 y
18 10 379 2875 12234108 2875 12234 1 52875,55 L 200 40 60 500 To00 200
19 1 4569 5539375 18989975 5539375 1499 1 $539375,3] e
20 2 5409 579125 17745847 579125 1746 1 57.9125,70
21 1 5426 o915 5426 0915 17802 1 709125, 84 rromTrr T v
2 1 sions S48 saons  suss si918 1% 1 4509167 5456
2 15 939125 5453 939128 5453 1sMQ 93018 1189 1 450167 asn
W W[ Input] Power History ,<Axial Pywer Profiles ,Coolant Conditions ON-3 Input %) AN . m E——

Time/Burnup Power Axial Power Shape Number
inp Input powers are rod Axial
power Power
KW/t Profile #
1
10

Bl- FRAPCON-3.4a #2;" # & (Power History)
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(110

Axial
Power Profile

BEES

t11%

Eid

| A | J

E Axial Power Profile i = 0 ig=0, fa=1

6 = 1

7 |

8 .|

9 Number of shapes 10

10

11

12 | #1 #2 #3 #4 #5

13 26 26 26 26 26
14

15 Axial Axial Axial Axial Axial Axial Axial Axial Axial

16 Elevation Power Elevation Power Elevation Power Elevation Power Elevation
17 | m Profile m Profile m Profile m Profile m

18 1 0 0 0 0 0 0 0 0 0
19 2 0.152 0.21 0.152 0.192 0.152 0.234 0.152 0.504 0.152
20 3 0.304 0.756 0.304 0.609 0.304 0.67 0.304 1.346 0.304
21 | 4 0.456 1.03 0.456 0.811 0.456 0.848 0.456 1.548 0.456
22, | 5 0.608 1.198 0.608 0.965 0.608 0.973 0.608 1.555 0.608
a4 avi St APower Fisiong] Axial Poue: Bofiles (Goaiant Contilionss R APCONEA Tt

Coolant
Conditions
C D E E G H
nsp = 0
4
5
6 | Fill out this table
7 coolant pressure 1050 psi 1050 psi 7239497 Pa
8 coolant inlet temperature 421.5 °F 421.5 °F 489.53889 K
9 coolant mass flux 1533.7 kg/s-m? 1128511.8 Ib/hr-fi2 1533.7 kg/s-m?
10
11
12 Don't do this table
13 coolant coolant coolant
14 pressure inlet temperature mass flux
15 | Time Step Number psi Pa °F K Ib/hr-fi2
16 1 0 2554
17 2 0 2554
18 3 0
¢ ‘Axial Pover Profles]_ Coolant Conditions FRAPGONS

Bz FRAPCON-3.4a #2;' # & (Coolant Conditions)
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Frapcon-3 1
2 . FRAPCON-3, steady-state fuel rod analysis code . Add Time
Input 3 . b Dependant
4 - . Variables
S . CASE DESCRPTION:Base Irradiation
6 . .
7 *UNIT  FILE DESCRPTION "
ds (3= Output .
9 *  Output .
10 '8 STANDARD PRINTER OUTPUT .
1 . .
12 ' Scratch. .
13 * S SCRATCH NPUT FILE FROM ECHO1 .
14 . .
15 * Input. FRAPCON-3 INPUT FILE (UNIT $5) .
16 9 9
17
18 * GOESIS:
19 FLEOS="nulifie’, STATUS='UNKNOWN', FORM=FORMATTED',
20 CARRIAGE CONTROL="NONE"
21 .
22 * GOESOUTS:
2 FLE0S+123025_1030_4.0ut,
24 STATUS='UNKNOWN', CARRIAGE CONTROL=LIST
25 FILEGS=128025_1030_4.plot,
26 STATUS="UNKNOWN', FORM=FORMATTED', CARRIAGE CONTROL="LIST
27 )
28 Base kradiation
2 Strpen
30 ime213, nre2S, ngasr=45, na=18
3 Send
32 Sfrpcon
M- 4> ¥ | Input ~Power History . Axial Power Profiles ,“Coolant Conditions | FRAPCON-3 Input <97 4

Bl FRAPCON-3.4a #%:* % & (FRAPCON-3 input)

Iteration on gas pressure convergence criterion <1% AP

/ N N p
Gas release,
Initial Fuel rod Fuel Void ;
Input data diti femDerature cladding volume. as New time
are specified conditions P ! deformation » & step
are computed are computed are computed pressure
are computed
. AN AN AN AN 2N /

Iteration on gas temperature difference criterion <1% AT

B+ 423 A 47 %
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Cladding Aval Extention
Plenum Gas Tempershue
Plerum Pressuse

Total Void Vokume
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Rod Average Bumup

Fission Gas Release.
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17] Y Axis

Time

Average Power

Fuel Stack Aual Extertion
Claddng Al Extention
Plenum Gas Tenperatue
Plenum Pressuse
Total Void Volume
Average Fuel Temperature
Fueled Region Stored Enery
Rod Average Bunup

~
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28|

XY b ¥ R E R

D
K2a025_1030_4 plot

R T2

»

W 4 » M| data /1D data /2D data %D

(1D
1D data

833

g g
g
g

Average Power
§ 2
- g

Time (hours )
stripf br3

=)l

0 5000

15000 20000 25000
Time (hours )

10000 30000

- ra
Por | Tmean| Axsian
¥ Fie Max Extorts

Claddng Aoial Stiain =
Claddng Hoap Strain
Clsddng Radial Stsin

Stored Ensgy

Fuel Centerine Temperatue
Fuel Pelet Surface Tempess
FuelVolume Average Temp:
Cladding Inside Temperature

Ovide Suface Temperature
Bulk Coolant Temperatue __§
3z Fusl Susface Dis

>
CO0U000000000000000000000000,

[ J [ K | L | M N ]| O P | a

o
Chart
Baogroun
4.50E-02
4.00E-02

3.50E-02

D

1.50E-02

Thermal Radlal Gap (m

1.00E-02

5.00E-03

0.00E+00

=
-

4%7hi"data ] 1D data 2D data 4%

|

(11D
2D data

A B Cc

Thermal Radial Gap (mm )
stripfSpTemp.na33

e

r—f‘—,_#—’

L

04 08 1

06
Time (sec)

s i oL e s s s Bt

Aniate.

I e P25t 1L

|5 Fueifiod e Tempera)

12 0/l ~lofin] s wlr] 4 ]

S|
| Slow}

16 Time

17 100
18 MIN =

19 MAX =

20 STEP MAY

i

<= Must run animation once to set

<= Must tun animation once to set
16536
21
2 Only used if "Fix Max Extents" set

Rod Temperatures

Rod Temperatures
stripf.treatloca

1800
1600
1400
1200
1000
800
600
400
200

~ FRAPCON-3.4a % B4z % &
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power, kW/ft

—
4=

—
]

—

o N A OO 0 O

IFA-432 Rod 1 Case
+ GOESINS
nullfile’, STATUS:
CARRIAGE CONTROL:

STATUS='UNKNOWN', CAR
STATUS='UNKNCWN', FORM

0.5035 thkeld = 0.037,gadol

kgap=0.0045, rc = 0.0345, dspg = 0.35,

dspgw = 0.03, enrch = 10.0,fgpav = 14.7, hplt = 0.5, ia
0 iplant 1., cldwk

= 0.0,

.5,1.9,
.,0.8636,0.8638,

S,
.0

25,10, 0 9,
2195,1.2195,1 7805,0.7805,

1
0.5

.087,1.087

,763., 764., 765.

B ~ IFA432Rodl #% 5 75

Time Step Days

50, KR #A 1-44 0.1-765

200 400 600

time, days

\

s 2 o B Y
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Fuel Centerline Temperature (F)

Centerline Temperature, K

1800

1600
1400
1200 1
1000 A
800
600

400
200

RLRRLER s

axial profile

Axial power profile

Input powers

Shape of num

Axial elevation(m)

User Input
Rod average
8

0~0.4826

1.25 4

1.20 4

1.15 4

1.10

1.05

1.00

0.95

0.90 H

0.85

0.80

0.75

=

—2

axial

T T T
3 4

nodes

HELG - BEREh HER R

Fuel Centerline Temperature (F)

plotd32ri.n

100

200

300 400 500 600 700 800

Time (days)

Frapcon-33a 4 = 4 R

o

100

200

300 400 500 6l
Time, Days

g]..l_._
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Time Step Days

1614 #3 1-94 0.04-485
1733 £4 95-184 487.7075-1063.25
1833 A 185-213 1074-1122.25
16-1831 #A 1-213 0.04-1122.25
7
€1 .
€ 51
: .
g 3
a2 2 -
1 -
0 T r T T r !
0 200 400 600 800 1000 1200
time, days
6
5 -
- 31
1 -
0 L L Ll L T
0 200 400 600 800 1000 1200
time, days

B~ - i3 16-18 5 F B ¢
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Cladding Hoop Stress (mpa)

250

150

100

50

O

=100

axial profile

1.6

Input powers

Shape of num.

Axial power profile

User Input

rod average

Axial elevation(m)

10
0-3.796

—#1

B =

fhe 7 5

axial nodes

LR E TEELED T

200

400

600

800

—1
—2

—5
—6
—7
—8
—9
—10
—11
—12
—13
—14
15
—16
17

18

Time (days)

Bl v hpl4azE 2 2. Hoop Stress 4 i
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—— 1081.079days
50— ——1081.82%days
8.5 —— 1091.829%days
2.0
7.5
7.0
ETE
o EE _]
R
2 504
o a5 ]
E 404
pE) 4
= 204
" o oz2s5]
BT
1.5 J
1.0 3
0.5
0.0 T T LA L L LA DL B | T T T T 1
o 2 4 & 8 10 12 14 16 18 20 22 24 326
axial nodes

R ays
——1081.079day
——1083.829days

——1091.529%days
200
150
- i
Z o0 4
=
o
o
= i
B
0 4
1 ﬁ
50 -
T T T T T T T T T T T T T T T T T T T T |
0 2 4 g 3 10 12 14 16 18 20

axial nodes

Bl 7 % 18 ik#p wplE 2 Hoop Stress £7 fihe M4 7 5 B 4



Rod Pellet
Outer Diameter 12.79 Pellet Height 12.7
T oan thickpece 3 Central Hole Radius
Size(mm) Radial gap thickness 0.1143 Shape(mm) : .( S
Cladding wall thickness 09398 Dish Radius 0
Stack Length 4826 Dish Depth 0
Plenum Length 200 Fuel U-235 Enrichment(%o) 10
) U0, or MOX? Uo,
S l‘il'lg spring outer diameter 8.89 -
. p. y ) O/M ratio 2
dimension(mm) spring wire diameter 7.62 — N - -
Gadolinia content(wt fraction) 0
number of spring turns 5 - -
water in pellet(ppm) 0
Fill gas pressure(Mpa)  0.1014 . .
Fill conditions Isotopi nitrogen in pellet(ppm) 0
Fill Gas hel sotopic . i
S — percent IFBA rods in core(%0) 0
Reactor Conditions Boron-10 enrichment in
o P .0
Type of plant HBWR Z1B,(atoms"o) 0
Rod b 14924 Z1B, laver thickness(mm) 0
itc . . . ]
od pitch(mm) Densitv of ZrB,(%T.D.) 0
Crud model constant thickness| pellet density(®) 955
l'n]nkl:lml cru(ll 0 open porosity(%o) 0
thickness(miles ! . . -
{ ) Fabrication pellet surtace roughness(microns) 0.000085
(miles/hr) 0 expected density increase(kg/m?) 75
Convert W/g to n/m*/s 3%3.0E+13 sintering temperature("F) 2911
+
=~ =
coolant pressure coolant inlet temperature  coolant mass flux

500ps1 464F Okg/s-m*

N

T KR

\\\?{r

#ic
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Rod Pellet
Outer Diameter 10.05 Pellet Height 10.49
. : 5 Central Hole Radius
Size(mm) Inner Diameter §.84 Shape(mm) . : -
Pellet Diameter 867 Dish Radius 3.09
Stack Length 3796 Dish Depth 0.041
915 o 0 5
Plenum Length 179 Fuel U-235 Enrichment(%o) 3
o . U0, or MOX? U0,
Spring spring outer diameter 447 - -
. L . O/M ratio 2
dimension(mm) spring wire diameter 137 . N K i
Gadolinia content(wt fraction) 0
number of spring turns 53 -
water in pellet(ppm) 0
Fill gas pressure(Mpa)  0.653 . . -
Fill conditions Isotopic nitrogen in pellet(ppm) 0
Full Gas heli SO .
S S percent IFBA rods in core(®o) 0
Reactor Conditions Boron-10 enrichment in
Type of plant BWR Z1B,(atoms%) 0
7Z1B, laver thickness(mm) 0
Rod pitch(mm 12.95 . .
pitch(mm) Densitv of ZrB,(%T.D.) 0
Crud model constant thickness pellet density(%o) 05
.].ruhal c”fd open porosity(%o) 0
thickness(miles) 0 R . ]
Fabrication pellet surtace roughness(microns) 63
(miles/hr) 0 expected density increase(kg/m?) 0
Convert W/g to n/m*/s 221E+106 sintering temperature("F) 29011

Lz REHRE RS GRS

coolant pressure coolant inlet temperature  coolant mass flux

1050psi1 421.5°F 1533.7kg/s-m?
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