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Gamma Spectrometry of TMI—2 Debris
Hiroshi UETSUKA, Fumihisa NAGASE and Toshio SUZUKI*
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(Received October 27, 1995)

To obtain the basic information evaluating the radiochemical property of TMI—2
debris sample, gamma spectrometry was performed on 8 debris samples including
fuel pellet fragments at JAERIL. The present analysis based on the measurement
data (without code calculation) showed the burnup of UQ, fuel in debris samples,
Cs retention, and UQ, fraction ranged from 3030 to 3600 MWd,'t, from 0.4 to 6 % and
from 64.5 to 83.3 wt%, respectively. The gamma spectrometry data base obtained
at Idaho National Engineering Laboratory was analyzed by the present evaluation
method, thereby the Cs retention and burnup distribution of debris samples collected
from different origins were evaluated. The evaluation indicated that the character-
istics of debris from the molten pool region was similar to that from the lower head
region. Heat generation in debris was estimated by combining the decay heat in
TMI—2 fuel calculated by ORIGEN code and the gamma spectrometry data. They
were 0.186 W,/ (g-debris) at 224 min and 0.142 W, (g-debris) at 600 min after the
initiation of the accident when the average burnup 3300 MWd,”t and the complete

release of high volatile elements were assumed.

Keywords: TMI—2, Debris, Fission Product, Gamma Spectrometry, Burnup, Cs
Retention, UO; Fraction, ORIGEN Code, Heat Generation, Vessel Lower
Head
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Table 1 List of samples for ¥ spectrometry

Sample Sampling Appearance | Weight
Location [mg]

07-P1-A2 a | Molten Pool F 140.15

07-P1-A2 b | Molten Pool F 124.76

E9-4 Upper Core C 27.04

H8-1 Upper Core C 35.24 |

VIP-9H a Lower Plenum C 61.31 II

VIP-9H b | Lower Plenum C 20.81

VIP-10C a Lower Plenum C 40.36

VIP-10C b Lower Plenum C 30.37

* : Obtained by Core Boring from Periphery of Molten Pool Region

F : Fuel Pellet Fragment
C : Resolidified Ceramic Particle
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Table 2 Radionuclide concentrations in TMI-2 debris samples

Bq/g on Mar.29, 1979

Radionuclide Concentrations (X ERRY%)

Sample
Cs-137 Cs-134 Eu-154 Co-60

07-P1-A2® | 3.36E+08 8 .45E+07 2.90E+06 9.65E+04
(3.9) (3.9) (3.9) (5.8)

07-P1-A2Q 3.17E+08 7.94E+07 2.50E+06 7.78E+04

(3.9) (3.9) (4.2) (20)
E9-4 9.40E+05 2 .50E+05 1.87E+06 2.75E+06

(0.6) (23) (0.5) (0.1)
H8-1 1.17E+07 3.48E+06 2.75E+06 5.67E+05

(0.6) (2.6) (0.5) (0.7)

VIP-9H® 1.52E+07 4.28E+06 2.76E+06 5.23E+05
(0.6) (1.6) (1.0) (0.1)

VIP-9H® 1.01E+07 2.85E+06 2.84E+06 6.37E+05
(0.6) (3.5) (0.6) (0.2)

YIP-10CD 8.69E+06 2.53E+06 2.72E+06 5.64E+05
(0.6) (1.2) (0.5) (0.2)

ViP-10C@ 1.66E+07 4.91E+06 2.76E+06 5.88E+05
(0.5) (4.2) (0.4) (0.3)
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Table 4 Estimated burnup, Cs retention and U0, fraction

in TMI-2 debris

* : Assumption

Sample Burnup | Cs Retention | UO, Fraction
[MWdlt] | [%] [Po]

07-P1-A2-a 3200 100 ° 100

O7-P1-A2-b 3030 100 ° 100

E9-4 3300 04 64.5

H8-1 3700 4.2 72.5

VIP-9H-a 3500 5.3 794

VIP-9H-b 3500 33 83.3

VIP-10C-a 3600 3.0 76.7

| VIP-10C-b 3600 5.9 73.9 |
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Table 5 Comparison of Cs retention data for molten pool debris

Sample No.. Cs_Rtention[%] Sample No.. Cs_Rtention[%]
JAERI TNEL JAERI INEL
K9-P3-A 0.5 0. 65 09-P1-A
K9-P3-D No. 2 0.6 0.14
No. 1 0 0. 64 09-P1-B 0.4 0. 17
No. 2 0.7 1.0 G12-P2-B
K9-P3-F 0.4 0. 56 No. 1 0.1 118
K9-P4-D No. 2 1.4 0. 12
No. 1 - 0.14 G12-P4-A 0.2 0. 32
No. 2 0.4 0.6 G12-P9-A 4.0 3.3
G08-P5-B N5-P1-H
No. 1 0.9 0. 38 No. 1 0.1 23
No. 2 0.8 12 No. 2 6. 2 36
G08-P§-B N5-P1-D
No. 1 0.1 0. 56 No. 1 8.7 53
No. 2 0.1 0.34 No. 2 22.4 101
68-P7-A 0.1 2. 3E-4
68-P7-C
No. 1 - 6.1
No. 2 0.1 0. 44
G8-P8-A 0.4 0. 61
G8-P9-A 0.2 83
G8-P10-A
No. 1 0.1 10
No. 2 0.6 2.6
D§-P4-A - 0. 10
D§-P4-C ‘
No. 1 - 0.63
No. 2 - 0. 40
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Table 6 Comparison of Cs retention data for lower head loose debris

7-1-p 11-1-A 11-1-C 11-2-C 11-4-B 11-4-D 11-5-C 11-6-B 11-7-C

INEL 22.5 124 7.2 10.9 21.3 18.0 7.6 15.0 16.3

JAERI 19 13.8 6.5 111 21.2 173 8.5 134 15.5

INEL :[y-—SpectrOmetry] + [ORIGEN Calculation

JAERI : + |Measured Data

Cs-134 / Cs-137 vs Burnup

Eu-154 / Cs-137 vs Burnup
from Fuel Pellet Fragments
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Table 7 Comparison of Cs retention data for lower head hard debris

Case Southeast(1-9) Northwest(1-10) Southwest(1-11) Northeast(1-12)

Case 1 3.6 1.3 18

Case 2 1.13 1.01 16.9

* Same samples were analysed in Case 1 & 2.

Case 3 43 4.45
8 Companion Samples 4 Companion Samples
y-Spectrometry y-Spectrometry
(INEL) (JAERI)

IORIGEN 2[ Cs-134 / Cs-137 vs Burnup

[ Eu-154 / Cs-137 vs Burnup
from Pellet Fragments

(JAERI, ITU)

i ¥ 3
Case 1 Case 2 Case 3
Cs Retention [%]

Comparison of evaluation methods for Cs retention
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Table 8 TMI-2 fuel group calculated radionuclide concentration

in TMI-2 fuel

on Mar. 28,1979

Fuel Enrich- | Average Radionuclide Concentration [B g,/ g3
Group nent Burnup
£31] CiwD/t] Cs—134 Cs—-137 Eu—1854
1 1.98 1863  4.962E+7 | 2.270E+8 | 8.181E+5
2 2746 |1.061E+8 | 3.363E+B | 1.824E+6
3 3637 |1.855E+8 | 4.496E+8 |3.341E+6
4 4391 |2.721E+8 {5.487E+8 |5.017E+6
5 2.64 2239 |5,646E+7 |2,725E+8 |[8.943E+5
6 3552 |1.406E+8 4.336E+8 | 2.327E+6
7 4315|2.063E+8 | 5.273E+8 |3.496E+6
8 5465 i 3.316E+8 | 6.723E+8 | 5.824E+6
Table 10 Heat generation after shutdown &
Decay Mode Post Shutdown Heating Rate (W/g U)
after 224 minutes after 10 hours
non-local gamma release 0.12 0.083
local release 0.11 0.079
total 0.23 g.16
non-volatile total 0.18 0.14
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Table 11(a) Elemental thermal power in kgUO; (Group 1)
Burnup=33300MWD/t
Unit : Watt
Element Initial Discharge 224 Min. 600Min

H 0.0 2.954E-18 2.954E-18 2.954E-18
C 0.0 3.434E-09 3.434E-09 3.434E-09
K 0.0 6.885E-18 6.051E-21 1.337E-22
Ca 0.0 7.079E-14 6.913E-14 6.642E-14
Sc 0.0 1.080E-09 9.485E-10 8.616E-10

Ti 0.0 8.605E-07 2.023E-18

v 0.0 1.403E-03 1.347E-23
Cr 0.0 1.074E-01 1.045E-01 1.039E-01
Kn 0.0 3.039E-04 1.665E-04 1.021E-04
Fe 0.0 2.461E-04 2.457E-04 2.450E-04
Co 0.0 9.085E-08 4.301E-08 4.292E-08
Ni 0.0 6.902E-22 6.902E-22 6.902E-22
Cu 0.0 7.606E-24 7.606E-24 7.606E-24
Sr 0.0 2.295E-04 2.086E-04 1.838E-04
Y 0.0 1.254E-02 1.205E-02 1.128E-02
ir 0.0 1.412E-01 1.409E-01 1.405E-01
Nb 0.0 7.570E~-02 7.584E-02 7.608E-02
Mo 0.0 5.000E-16 4.810E-16 4.508E-16
Tc 0.0 1.859E-16 1.846E-16 1.785E-16
Cd 0.0 2.001E-08 9.429E-09 8.694E-09
In 0.0 9.207E-07 3.400E-12 1.754E-18
Sn 8.520E+00 5.209E+00 5.204E+00 5.196E+00
Sb 0.0 1.178E-01 1.162E-01 1.159E-01
Te 0.0 5.136E-05 5.164E-05 5.209E-05
Total 8.520E+00 5.676E+00 5.654E+00 5.644E+00
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Table 11{b) Elemental thermal power in kgUU, (Group 2)

Burnup=3%300MWD/t;

Unit ° Watt

Element Initial Discharge 224 Min. 600 Min.
Tl 0.0 1.354E-12 1.360E-12 1.354E-12
Pb 0.0 2.325E-13 2.325E-13 2.325E-13
Bi 0.0 2.813E-12 2.814E-12 2.813E-12
Po 0.0 1.209E-11 1.209E-11 1.209E-11
At 0.0 1.590E-15 1.589E-15 1.613E-15
Rn 0.0 6.129E-12 6.130E-12 6.133E-12
Fr 0.0 1.437E-15 1.445E-15 1.457E-15
Ra 0.0 5.529E-12 5.530E-12 5.533E-12
Ac 0.0 1.698E-15 1.706E-15 1.719E-15
Th 0.0 1.355E-07 1.349E-07 1.350E-07
Pa 0.0 1.593E-06 1.590E-06  1.588E-06
u 9.444E-06 5.841E+01 2.376E-01 1.545E-01
Np 0.0 3.331E+01 3.196E+01 2.958E+01
Pu 0.0 6.923E-03 6.420E-03 5.998E-03
Am 0.0 4.972E-04 2.017E-04 1.547E-04
Cm 0.0 4.008E-04 4.037E-04 4.075E-04
Bk 0.0 6.876E-17 3.138E-17 8.048E-18
Cf 0.0 3.078E-19 3.123E-19 3.152E-19
Total 9.444E-06 9.173E+01 3.220E+01 2.974E+01
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Table 11(c) Elemental thermal power in kgUO: (Group 3’
Burnup=8E300MWD.E
Unit : Watt
Element Initial Discharge 224 Min. 600Min.

H 0.0 2.288E-06 2.288E-06 2.288E-06
Zn 0.0 1.710E-05 1.618E-05 1.473E-05
Ga 0.0 2.183E-02 4.195E-04 3.279E-04
Ge 0.0 4.555E-02 1.195E-02 5.929E-03
As 0.0 6 .404E-01 4.848E-02 8.461E-03
Se 0.0 9.889E+00 4.063E-03 2.730E-05
Br 0.0 8.264E+01 1.561E-01 2.333E-02
Kr 0.0 9.305E+01 6.602E+00 1.215E+00
Rb 0.0 1.951E+02 6.808E+00 1.443E+00
Sr 0.0 8 .500E+01 1.180E+01 8.337E+00

Y 0.0 1.524E+02 2.939E+01 1.776E+01
ir 0.0 2 .930E+01 2.086E+01 1.750E+01
Nb 0.0 1.325E+02 2.172E+01 1.766E+01
Mo 0.0 6.293E+01 7.686E+00 7.203E+00
Tc 0.0 6.771E+01 1.442E+00 1.388E+00
Ru 0.0 1.087E+01 5.345E+00 3.837E+00
Rh 0.0 1.172E+01 2.474E+00 1.786E+00
Pd 0.0 7.278E-01 2.549E-01 1.835E-01
Ag 0.0 8.227E-01 3.308E-01 2.600E-01
Cd 0.0 2.440E-01 3.712E-02 2.116E-02
In 0.0 9.312E-01 4.475E-02 1.830E-02
Sn 0.0 4 .802E+01 6.250E-01 9.643E-02
Sb 0.0 1.282E+02 3.598E+00 1.538E+00
Te 0.0 1.168E+02 9.102E+00 5.560E+00

| 0.0 2.087E+02 6.447E+01 4.613E+01
Xe 0.0 9.478E+01 6.777E+00 6.544E+00
Cs 0.0 1.448E+02 8.398E-01 2.193E-01
Ba 0.0 8 .264E+01 8.467E+00 6.481E+00
La 0.0 1.291E+02 4.841E+01 3.696E+01
Ce 0.0 4.273E+01 1.150E+01 1.051E+01
Pr 0.0 4 _518E+01 9.706E+00 7.829E+00
Nd 0.0 6.244E+00 2.950E+00 2.408E+00
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Table 11(c:continued) Elemental thermal power in kgU0; (Group 3)

Burnup=3%3004WD/1
Unit : Watt

Element  Initial  Discharge 224 Min. _ 60OMin.
Pm 0.0 4.937E+00 2.540E+00 2.324E+00
Sm 0.0 4 .639E-01 2.872E-01 2.565E-01
Eu 0.0 4.338E-01 3.451E-01 3.332E-01
Gd 0.0 7.774E-03 4.528E-03 3.557E-03
Tb 0.0 3.482E-03 1.092E-03 9.906E-04
Dy 0.0 7.119E-05 7.048E-06 4.494E-06
Ho 0.0 2.705E-05 2.663E-05 2.586E-05
0 1.990E+03 2.846E+02 2.058E+02
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Table 12 Estimated heat generation in TMI-2 debris

(a) Estimated heat generation in TMI-2 debris ( calculation by ORIGEN )

Heat Generation [W/g-debris]

Burnup | Decay Mode
CMWd/t] (Npt+FP)

Time after Shutdown

0 min 224min 600min

3300 Total 1.584 0.248 0.184
Non-volatile

total 1.165 0.186 0.142

(b) Assumed heat generation in debris containing higher burnup fuel
( calculation by ORIGEN )

Heat Generation [W/g-debris]
Burnup | Decay Mode -
Time after Shutdown
CMWd/t]1 (Np+FP) - - -
0 min 224min 600min
16500 total 1.479 0.253 0.196
Non-volatile
total 1.104 0.194 0.153
33000 Total 1.456 0.262 0.206
Non-volatile
total 1.112 0.201 0.160

Asumption in calculation
@D Volatile : the whole amount of H, Kr, | and Xe and 96% of Cs
@ The fraction of U02 in debris : 78.3%
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Fig.2 OQut-side view of TMI-2 debris samples fory spectrometry
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Fig.8 Cs retention of TMI-2 debris samples estimated on 7
spectromeiry data base obtained by INEL
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Fig. 11 Calculated Cs-137 concentration produced in T™I-2 fuel




6

Activity [ X10 Bg/g]

A
o

iy

JAERI—Research 95—084

1 1 I 1 i |
Eu—154 enrich= 1.98  2.64
ORIGEN s
k JAERI(meas. '.‘O
07-P1-A2) y
ITU
2.0 (meas.) i
A 1 1 | I ]
0 2000 4000 6000

Burnup [MWd/t]

Fig. 12 Calculated Eu-154 concentration prodeced in TMI-2 fuel



