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Research Project 2406-2, Topical Report, June 1996, EPRI (1996)1 (U4 [NP-4619)
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1) “Decay Heat Measurements and Predictions of BWR Spent Fuel”, NP-4619
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#2-1 CZ205 s 5

Table 3-3
REPORTED CALORIMETER MEASUREMENTS OF C1205

Measured Decay Heat?
Decay Heat Adjusted to
Measurement 1984 Date (Watts) December 22, 1984

1 9/24 324.0 295.5
2 10/4 361.5 336.2
3 10/8 343.5 319.5
4 10/9 353.2 329.5
5 10/23 331.8 312.6
6 10/24 338.7 319.8
7 10/29 327.5 310.2
8 11/2 313.1 297.1
9 11/05 311.4 296.3
10 12/06 314.0 308.9
11 12/12 331.0 328.0
12 12/22 317.1 317.1

Ayerage 314.2
Standard Deviation  $13.40
Percent Standard Deviation 4.3

3adjusted by using ORIGEN2 predicted daily decay rate.

DDepends on what day measurements were adjusted to. A
value of £15 watts is a conservative average value.

 [7] UREHCZ205) TOHRSEEE D 12 [H O eHAERE B2 6 7 — % O FEME 2 354 L 72,

FEAERZEDS 13.4Watt (£4.3%) THAHZ L &R L,




#2-2 EHHGESE & ORIGEN2 (2 L A THIE & ki

Table 4-1

MEASURED AND PREDICTED DECAY HEAT

Meas. Pred.
Decay Decay Difference? Average

Assembly Meas. Heat Heat Pred. Pred. Difference

10 Date (Watt)  (Watt)  Weas. (Watt) (Watt)
DN212 10/3/84 31.2 29.7 0.94 1.5 -4.3
DN212 10/18/84 19.5 29.7 1,52 -10.2
cz102 9/25/84 62.3 83.5 1.34 -21.2 -16.5
cz102 12/14/84 70.4 82.2 1.17 -11.8
Cz205 9/24/84 324.0 329.5 1.02 -5.5
Ccz205 10/4/84 361.5 326.6 0.90 34.9
Cz205 10/8/84 343.,5 325.1 0,95 18.4
cz205 10/9/84 353.2 324.8 0.92 28.4
C2205 10/23/84 331.8 320.6 0.97 11.2
cz205 10/24/84 338.7 320.3 0.95 18.4 > 12.3
C2205 10/29/84 327.5 319.1 0.97 8.4
cz20% 11/2/84 313.1 318.5 1,02 -5.4
C2205 11/5/84 311.4 317.0 1.02 -5.6
Cz205 12/6/84 314,0 308.2 0.98 5.8
C2205 12/12/84 331.2 306.5 0.93 24.7
CzZ205 12/22/84 317.1 303.6 0.96 13.5 J
Ccz209 10/28/84 279.5 295,1 1.06 -15.6 -15.6
Cz259 10/29/84 247.6 293.3 1.18 -45.7 .20.6
Ccz259 12/20/84 288.5 284.0 0.98 4.5
CZ331 9/24/84 162.8 161.8 0.99 1.0 11.4
€z331 12/21/84 180.1 158.3 0.88 21.8
CZ369 10/25/84 347.6 348.3 1.00 -0.7 -0.7
Cz429 10/26/84 385.6 375.4 0.97 10.2 10.2
cz515 9/25/84  294.0  288.4  0.98 5.6 } 9.8
CZ515 10/26/84 296.0 282.7 0.95 13.3
CZ526 10/1/84 395.4 384,2 0.97 11.2 11.2
Ccz528 10/26/84 297.6 282.5 0.95 15.1 15.1

aﬂeasured-predicted values.
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#2-3 Form30 & Cycle Summary OBREEE

Table 4-2
FORM 30 AND CYCLE SUMMARY FINAL BURNUP VALUES

Cycle Ratio of
Form 30 Summary Form 30
Burnup Burnup to Cycle Disch. Out?
Assembly (GWD/MTU) (GWD/MTU) Summary Cycle Cycles
DN212 5.28 1 0
Cz102 11.667 10,733 1.09 2 0
€2331 21.332 22.336 0.96 3 0
CZ259 26.466 23.930 1.11 6 0
Cz209 25.383 25.056 1.01 7 4,5
CZ515 27.737 26.728 1.04 6 3,4
cz528 25.715 26.748 0.96 6 3,4
C2205 25.344 25.793 0.98 7 4,5
C2369 26.576 25.680 1.03 7 4,5
C1429 27.641 27.586 1.00 7 4,5
C2526 27.596 27.511 1.00 7 4,5

3Fuel assembly was not in the reactor during these operating cycles.

*k Form30 D& OBREEFE X, Cycle Summary EOC #REEE 12 Form30 D&k DPREERE &

Cycle Summary OFEEOBREEE O 2 H T A Z &1 K 5 T Cycle Summary EOC BABE
EAFEET L0 fibns, ZOEIENE 2-3 CCHER Table 4-2) (RS TV 5D,
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Predicted Decay Heat (Watt)
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|

Standard Deviation

100 + 15 Watts
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Measured Decay Heat (Watt)

Figure 4-1, Comparison of Decay Heat Predictions Using Form 30
Adjusted Cycle Summary Burnup Values with Calorimetry Measurements

2-1 REEEEOFIE & TREOE: (Form30 (2 X 5 #1EA D)

400 -

350 -

300 f

Predicted Decay Heat {Watt)

Standard Dewviation

100 + 15 Watts

50

=21 02 a a l s l
0 100 200 300 400
Measured Decay Heat (Watt)

Figure 4-2, Comparison of Decay Heat Predictions Using Only Cycle
Summary Burnup Values with Calorimetry Measurements

2-2 HAEEAEOFHE & THIEOHE: (Cycle Summary)
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Y= RAY MI=v Ay XENiT 72, "Thermal Radiation Heat

Transfer” Fifth EditionV? Appendix B. Table B.1 (% 3-1) IT/R&NLHER=

v /r)v A % (Electroplated on iron, not polished) ™1 0.11 Zffif L 7=,
FPRE DRI Ta /= M AV MNEOFESRE ZZ (LS, ENEnDk

BHERRE Ol il 2 R Tz,
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Appendix B

TABLE B.1 (CONTINUED)
Normal-Total Emissivity

875

Metal Surface Temperature,® °F (K) €,
Monel:

Polished 100 (310) 0.17

Oxidized at 1100°F 1000 (810) 0.45
Nickel:

Electrolytic 100-500 (310-530) 0.04-0.06

[echni i 440-710 (500--650) 0.07-0.087

| Electm:lated on iron: not polished 68 (293) 0.11

Plate oxidized at 1100°F 390-1110 (470-870) 0.37-0.48

Nickel oxide 1200-2300 (920-1530) 0.59-0.86
Platinum:

Electrolytic 5001000 (530-810) 0.06-0.10

Polished plate 440-1160 (500-900) 0.054-0.104
Silver, polished 100-1000 (310-810) 0.01-0.03
Stainless steel:

Type 304 foil (1 mil) 80 (300) 0.05

Inconel X foil (1 mil) 80 (300) 0.10

Inconel X, polished —300-900 (90-760) 0.19-0.20

Inconel B, polished —-300-900 (90-760) 0.19-0.22

Type 301, polished 75 (297) 0.16

Type 310, smooth 1500 (1090) 0.39

Type 316, polished 400-1900 (480-1310) 0.24-0.31
Steel:

Polished sheet —~300-0 (90-273) 0.07-0.08

Polished sheet 0-300 (273-420) 0.08-0.14

Mild steel, polished 500-1200 (530-920) 0.27-0.31

Sheet with skin due to rolling 70 (295) 0.66

Sheet with rough oxide layer 70 (295) 0.81
Tantalom 2500-5000 (1640-3030) 0.2-0.3

Foil 80 (300) 0.05
Tin:

Polished sheet 93 (310) 0.05

Bright tinned iron 76 (298) 0.043-0.064
Tungsten:

Polished 80 (300) 0.03

Clean 100-1000 (310-810) 0.03-0.08

Filament 80 (300) 0.032

Filament 6000 (3590) 0.39
Zinc:

Polished 100-1000 (310-810) 0.02-0.05

Galvanized sheet, fairly bright 100 (310) 0.23

Gray oxidized 70 (295) 0.23-0.28

(continued)
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3. fENTHRE R
fEMTAE R A X 3-2 1TRT,

CB#L CBEDY

Casel-1 : HEAUEE 200°C Case2-1 : BE/UEEE 200°C
EIRE : 220°C REIRE : 217°C
Casel-2 : H52FURE 250°C Case2-2 : HEFURE 250°C
BERE : 268°C R : 265C

X 3-2 iRtk (1/2)
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CB L

CBAHY

Casel-3 : BE SR 300°C

Case2-3 : BESUEE 300°C

: 316C

1= Ry==
e

BEiaE - 313°C

Casel—4 : B4R E 350°C

Case2-4 : B UERE 350°C

iR E « 364°C

iR E  362°C

X 3-2 fiEMTRE R (2/2)
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BYRERIINY AT ALY CB (UvhaA) OIF)>RENDZ b, CBH
D OYEDIE D BEREMEIZR L b,

BREMR S v D a /= R AV FETOBMRIEICB W TIE, a2 /8= kA2 b
AT CB O ENRE WD, CBH Y DIE D MEREHEEE 5 CBALE £ T
DIRER TN/ NS L 725,

L7235 T CBEL DI D BREHESIRE T VOBENT LIXRSFRIE 72D Z &y
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5. =&k

(1) John R. Howell, et al., “Thermal Radiation Heat Transfer” Fifth Edition, CRC
Press, 2010
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