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The Nuclear Safety Research Reactor (NSRR) program for studying
failure threshold of pre-irradiated LWR fuel under simulated reactivity
initiated accident conditions is in progress. In this program, a l4xl4
PWR type fuel Ké4-2 was segmented from a K&4/GO8 long size PWR rod pre-
irradiated in MIHAMA Unit-2 and was pulse irradiated on March 8, 1990 at
NSRR. Energy deposition given to the test rod was 68 cal/g<fuel. No
failure Indication was observed by in-core monitoring and by post-pulse
irradiation examination. As one of the NSRR data base on fuel behavior
during transient/RIA, data obtained from pre-pulse irradiation examina-
tion, during NSRR pulse irradiation, and from post-pulse irradiation

examination are summarized.
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1. INTRODUCTION

The 14x14 PWR type assembly (GO08) has been preirradiated with an
average linear heat rating of 18 kW/m in Mihama Unit-2 from 23rd April,
1978 to 20th August, 1983. This preirradiation was performed at a
coolant pressure of 15.82 MPa, inlet and outlet temperatures of 289°C
and 305°C. Effective full power days are about 7150 resulting in
assembly average burn-up of 32.1 MWd/kgU.

After unloading from Mihama Unit 2, the assembly was stored at
reactor pond for cooling for one year and transported to the Department
of Hot Laboratories JAERI for post—irradiation examination (PIE) in
1984. One of the fuel rods in the assembly was transferred to JAERT
from Kansai Electric Powef Company in 1989, This was due to scheduled
fuel performance test under simulated reactivity initiated accident
(RIA) conditions. After receiving this 4m long fuel rod K4, routine P1E
was planned and carried out at the Department of Hot Laboratories (1),
Subsequent to the PIE, the long sized rod K4 was shortened from 3.6 m to
0.12 m. Then, post-refabrication examination was made.

The data obtainéd from post-refabrication examination, during NSRR
pulse irradiation and from post-pulse irradiation examination on re-
fabricated fuel rod were summed up in the present paper.

This is the second test of preirradiated Mihama PWR fuel rods in
geries of the simulated RIA. Result of the previous RIA test was pub-

iished in the author's separate report(2).

2. REFABRICATION OF FUEL ROD

2.1 Refabrication

Due mainly to the limited height of NSRR core, long sized fuel rod
K4 had to be shortened to the active column length of 0.12 m. For this
purpose, the equipment described below were prepared and installed in the
facility of the Department of Hot Laboratories, JAERI.
(1) Dry cutter
(2) TFuel pellet dismantling device
(3) End plug insertion device

(4) Fuel pellet heater/dryer device
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(5) Device for seal and circumferential welding

{6) Gas puncturing device

(7) Helium leak test device

(8) Ultrasonic cléaning device

(9) Reconnection device for combining fuel column with clean end
plugs.

During refabrication work, we met some technical difficulties. How-
ever, they were successfully overcome. The details regarding techniques
used for refabrication of long sized fuel K4 as well as refabricated PWR
fuel and technical difficulties those encountered were published by
separate report(s). '

As of year 1989, actual cutting of ftm long fuel roé K4 into some
pleces was executed. Cutting location was decided by taking into account
the more uniform power distribution along rod except grid spacer loca-
tions, then a segmented fuel rod hereinafter called MH-? or occasionally
K&-2 was refabricated. Henceforce, long sized rod K4 will be denoted as
OTFR (original test fuel rod), While refabricated/segmented rod will be
denoted as STFR (segmented test fuel rod}, respectively.

In—core instrumentations were attached to the STFR during refabrica-
tion process. Used instruments were thermocouples (Pt/Pt-~13% Rh, 0.Zmm -
dia.), axial elongation sensor (linear variables differential transformer
type), fuel column movement marker (zircaloy ring), rod internal pressure

sensor, capsule strain gauge, and capsule pressure sensor, respectively.

7.2 Post-refabrication examination

Post-refabrication examinations were made. They were cutting,
welding, helium gas refilling, helium leak testing, rod profilemetry.
X-ray inspection, weight measurement, eddy current testing, respectively.
Obtained data from this examination are sunmarized in Appendix 0 attached
to this paper. After examination, $TFR was transported from Department

of Hot Laboratories to NSRR facility for subsequent pulse irradiation.

4. NSRR PULSE IRRADTATION

Prior to NSRR pulse irradiation with STFR, construction and modifi-

cation of semi-hot cell and semi-hot cave in NSRR facility were made in
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order to deal the doubly sealed irradiation capsule which was specially
designed and developed for this program. These works were completed in
1989(3),

After assembling, MH-2 (K4-2) fuel was loaded into the doubly sealed
irradiation capsule. The capsule was set in the middle of NSRR core and
pulse irradiation was performed on March 8, 1990. Obtained data from
attached in-core instrumentations are attached to this paper as Appendix
I,

It is worthy of mentioning that there was no sign of fuel failure
through in-core monitoring. Estimated energy deposition is 68 cal/g-
fuel. This corresponds either to the inserted reactivity of 3.85% or to

the released core energy of 78.4 MW-s,

4. POST-PULSE TRRADTATTION EXAMINATION

After pulse irradiation, STFR MH—Z was transported from NSRR to Het
Laboratories, JAERL for post-pulse irradiation examination (PIE). Prior
to PIE, the following devices were newly prepared at the facility for
subsequent studies.

(1) Dismantling device for doubly sealed irradiation capsule

(2) ZX-ray inspection device

(3) Diameter profile and eddy current devices

(4) ~vy-scanning devices

{5) Fuel melting apparatus for burn-up and energy deposition analysis

Details on these devices are described elsewhere(s).

4,1 Visual Inspection

Visual inspection on STFR MH-2 was made. Attention was paid to the
place where hardened cladding by preirradiation was jointed by welding
with fresh plugs made of zircaloy—4. Detail inspection was also address-
ed to the mid-active cladding location where thermocouple was welded
.after abrading cladding surface.

Results of visual inspection are shown in Appendix II. As seen from
many photographs attached to, no anomalies affecting to fuel integrity

were found.
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4.2 X-ray Inspection

X-ray inspection was made to check whether or not incipient PCMI

cracking did exist. The photographing conditions were:
Voltage : 130 kv
Current : 200 mA
Exposure time: 1.0 sec.

Results are shown in Appendix HII. From Fig. AJII.1, it can bhe found
that attached movement marker has travelled to some distances from its
original position. It means that there is an axial deformation of fuel
column during pulse irradiation. At rod top end, there observed void.
However, this gave no loss of Integrity of fuel rod. No significant
fuel relocation and further cladding damage were revealed from X-ray

inspection.

4.3 Dimensional Measurement

Dimensional measurement was performed by newly developed laser type
measuring devices. Hence, rod outer profile was detected by laser scan
micrometer with accuracy by t 0.005 mm for rod bending and by * 0.05 mm
for rod length, respectively. Results of measurements are shown in Ap-
pendix IV, in which Fig. A.IV.l ~ Fig. A.IV.13 and Table A.IV.1 ~ Table
A.TV.16 are included. From these data, it is known that a dimple type
scratch is observed in the axial center of the fuel rod. This is re-
vealed to be artificially fabricated cladding scratch for the thermo-
couple welding and 1s not scratch caused by pulse irradiation.

Fig. A.IV.l ~ Fig. A.IV.6 are representing rod outer profiles. No
significant irregularities except ridgings are observed. Fig. AJIvV.7 ~

Fig. A.IV.12 are data for rod bowing. Rod total length measured is shown

in Fig. A.IV.13. Numerical data are also attached from Table A.IV.1l to

Table A.IV.36.

4.4 Eddy Current Testing

This test was done by using the penetration type coil having outer
diameter by 11.5 mm. Coil frequency was 400 kHz. Phase angle, gain, and
coil velocity were 30 degree, -4 dB, and 30 mm/sec, respectively. In the
preparation stage, a dummy zircaloy cladding tube having various types of
artificial defects are manufactured. By using this, data calibration was

made (3). Resultant data from calibration are attached to Appendix LV,
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where Fig. A.IV.14 ~ Fig. A.IV.25 are included.

It is understood from eddy current testing that there occurred
ridging as a result of pellet-cladding mechanical interaction (PCMI).
However, no significaﬁt damage to be connected directly to the fuel

failure was cbserved.

4.5 Gamma Scanning

Gross gamma scanning with speed of 5 mm/mm was made by using a lead
collimator having slit width by 0.3 mm. Enérgy range of gamma spectro-
metry was selected from 40 to 2599 keV. According to interest to knowing
amounts of released FP gas by non-~destructive method, measurement of 85y
in the fuel plenum was tried. This is main reason why we performed the
stational gamma spector measurement. The elapsed time used for stational
gamma spector measurement was about 5 days {(4x10° seconds).

Detail conditions of above two measurements are described in Appen-
dix V, where Table A.V.1 ~ Table A.V.4 and Fig. A.V.1 ~ Fig. A.V.6 are
attached to. Results of gross gamma scanning and stational gamma spec-
trometry are obtained. From the former, it can be understood that axial
power distribution'between before- and after-pulsing are not changed
significantly. From the latter, it was found that radibactivity from

nuclide ®%Kr at fuel plenum was detected successfully(“).

4.6 Cutting

As shown in cutting map of Fig. A.VI.l in Appendix VI, specimens for

metallo/ceramography, o and R/y autoradiograph, and EMPA were sampled.

4.7 Metallo/ceramography

For metallo/ceramographic examination, 3 specimens were used. First
one was cut from transversal section (specimen no. 51). This was used
for fuel microstructural analysis and for oxidation study. Second one
was cut from longitudinal section (specimen no. 50). This was used for
metallo/ceramographic examination and for oxidation study. This is used
for ¢, B/y autoradiography, too. Cutting locations of the previous two
were adjacent to the center of fuel column. Third one was cut from
transversal section (specimen no. 49) and used for EMPA and for auto-
radiographic studies. Cutting location was near to fuel bottom. Addi-

tionally, cross sectional specimen (No. 30) was cut at fuel bottom for
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micro gamma scanning. After taking macro photograph, this was transport-
ed to Hot Laboratory for studying micro gamma scanning.

Obtained photographs from these specimens are summarized in Photo.
A.VII.l to Photo. A.VIL.13 in the appendix, where external and internal
oxidation of zircaloy-4, as-polished and as-etched surface conditions of

U0, fuels are involved.

4.8 Autoradiocgraph

Both o and B/y autoradiographs are taken from transversal section
(specimen 49) and from longitudinal section (specimen 50). Results are
shown in Photo. A.V.12 and Photo. A.VI.13. From B/y autoradiograph, it
is known that there occurred comparatively large plutonium build-up at

fuel periphery region.

4.9 EPMA

Secondary electron beam image of fuel surface was provided by EFMA
(Electron Probe Micro Amalyzer). During preparation stage, fuel surface
(specimen 49, cross section) was coated by gold. Test condition of EPMA
was as follows:

Accelerated voltage: 15 kV
Current of specimen: @ X 10" 4mA
Beam diameter : 1 ym¢

Experimental data are summarized in Appendix VII. All photographs
taken from this study are listed in Table A.VII.l and VII.2. Marked
attention was paid on fuel edge morphology, boundary condition of onset

gas swelling and fuel morphology at center, respectively.

4,10 Micro Gamma Scanning

Fission products such as 125gy, 106Rh—loeRu, la”Cs, 137Cs—l37Ba,
L54Ey, are considered to be changed their radicactivities due to migra-
tion either during pulse irradiation or during preirradiation stage.

Because of this reason, radial distribution of previous nuclides in a
fuel pellet and radioactivities at selected place were measured. Re-
sultant data are summarized in Appendix VIII. Photo. A.VIIL.l shows fuel
cross section. Data obtained from radial FP distribution measurements
are shown in Fig. A,VIO.l ~ Fig. A.VIIL.l4. While, radioactivity at fuel

center is shown in Fig. A.VII.l5 together with calibration data shown

_64.
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in Fig. A.VII.16.

4.11 Pellet Density Measurement

Fuel bulk density was measured by water immersion method. Results
were summarized in Appendix IX. Outerview of tested UO0; pellet is also
shown as Photo A.IX.l. Obtained demsity is 10.356 g/cm3, that is, 94.53%
T.D. '

4.12 UQ, Dissolution and Burn-up Analysis

A pulse irradiated U0, fuel pellet located 4th from top of active
column was cut in width by 2 mm. The weight of it was about 1.1747 g and
dissolved by 8 mol HNOg3 at 110°C for 6h; followed by 4 mol HNOj3 dilution
for sampling 5 ml solution. Details of these are described in Appendix

X.

Burn-up analysis was made by nuclide 140Ba, which was separated
chemically from othér FPs. The chemical separation method used here was
reported detaily elsewhere(5), Estimated energy deposition by 140Ba was
68 cai/g+fuel having error band by t 4.5%Z. Correction of initial esti-
mated energy was made after that. Reasons of this and any other details
related to burn;up analysgsis are explained in Appendix X.

It is worthy to mention that there was no sign of fuel failure

through PIE.

5. CONCLUSION

Refabrication, NSRR irradiation, and post-pulse irradiation examina-
tion of MH-2 fuel rod were performed on a fair way to success. No indi-
cation of fuel failure through NSRR pulse irradiation by 68 cal/gefuel

was seen. Thus, MH-2 fuel rod was concluded to be intact.

"ACKNOWLEDGMENTS

Appreciation is addressed to the staff of the Department of Hot Lab-
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examinations.



JAERI-M 92—015
in Fig. A.VII.16.

4.11 Pellet Density Measurement

Fuel bulk density was measured by water immersion method. Results
were summarized in Appendix IX. Outerview of tested U0; pellet is also
shown as Photo A.IX.1. Obtained density is 10.356 g/cmS, that is, 94.53%
T.D.

4.12 U0, Dissolution and Burn-up Analysis

A pulse irradiated UO; fuel pellet located 4th from top of active
column was cut in width by 2 mm. The weight of it was about 1.1747 g and
dissolved by 8 mol HNO3 at 110°C for 6h; followed by 4 mol HNOj; dilution
for sampling 5 ml solution. Details of these are described in Appendix
X.

Burn-up analysis was made by nuclide 140Ba, which was separated
chemically from othér FPs. The chemical separation method used here was
reported detaily elsewhere(®). Estimated energy deposition by 140Ba was
68 cal/g-fuel having error band by * 4.5%Z. Correction of initial esti-
mated energy was made after that. Reasons of this and any other details
related to burn;up analvsis are explained in Appendix X.

It is worthy to mention that there was no sign of fuel failure

through PIE.

5. CONCLUSION

Refabrication, NSRR irradiation, and post-pulse irradiation examina-
tion of MH-2 fuel rod were performed on a fair way to success. No indi-
cation of fuel failure through NSRR pulse irradiation by 68 cal/g-fuel

was seen. Thus, MH-2 fuel rod was concluded to be intact.
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in Fig. A.VAL.16.

4,11 Pellet Density Measurement

Fuel bulk density was measured by water immersion method. Results
were summarized in Appendix IX. Outerview of tested UO; pellet is also
shown as Photo A.IX.l. Obtained density is 10.356 g/em3, that is, 94.53%
T.D.

4,12 U0, Dissolution and Burn-up Analysis

A pulse irradiated UO, fuel pellet located 4th from top of active
column was cut in width by 2 mm. The weight of it was about 1.1747 g and
dissolved by 8 mol HNO3 at 110°C for 6h; followed by 4 mol HNO3 dilution
for sampling 5 ml solution. Details of these are described in Appendix
X.

Burn-up analysis was made by nuclide 140Ba, which was separated
chemically from othér FPs. The chemical separation method used here was
reported detaily elsewhere(%), Estimated energy deposition by 140Ba was
68 cal/g+fuel having error band by * 4.5%. Correction of initial esti-
mated energy was made after that. Reasons of this and any other details
related to burn;up analysis are explained in Appendix X.

It is worthy to mention that there was no sign of fuel failure

through PIE.

5. CONCLUSION

Refabrication, NSRR irradiation, and post-pulse irradiation examina-
tion of MH-2 fuel rod were performed on a fair way to success. No indi-
cation of fuel failure through NSRR pulse irradiation by 68 cal/g+fuel

was seen. Thus, MH-2 fuel rod was concluded to be intact.
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Appendix O

Result of Post—-Refabrication Examination
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0.1 Marking and cutting

Before cutting, a dimension necessary for refabrication was de~
termined by using X-ray photograph taken from long sized rod K4. By
setting rod bottom end as an original zero point, rod K4 was marked
for dry cutting. This condition 1is described in Fig} A.0.1 and A.0.2,
respectively.

Cutting map is shown in Fig. A.0.3. At this stage, obtained active
column length was about 167.0mm which was longer than séheduled active
column length of 122mm due to give a cutting margin for joint of end
plugs. As-cut condition of segmented fuel from original test fuel rod
(hereinafter called OTFR) K4 is shown in Fig. A.0.4.

Rod pumber of shortened or refabricated was denoted then as Ké4-2.
After cutting from OTFR, U0, fuel at top and bottom end of K4-2 was dis-—
mantled for welding of end plugs. As shown in the previous figure,
measured active column was: 2393.1-2271.7=121.%mm. Cutting was between
2971.7mm and 2393.lmm from bottom end of OTFRK.

Welding of fresh end plugs-made of zircaloy-4 with refabricated fuel

was performed. Welding condition is described detaily in Fig. A.0.5.

0.2 Cas refilling and He leak test

Segmented test fuel rod{hereinafter called STFR) Ké4-2(or convention-
ally MH-2) was refilled by pure helium to amounts of 5.12MPa (26.8°C).
This condition is shown in Fig. A.0.6, in which gas refilling results on
other STFRs are also attached to.

As a result of helium leak test, leak rate of K4-2 was 7.5 x 10-8
cce/s, showing rather good resistency against leakage than that of stan-

dard value (3.2 10~7¢ce/s). This result is shown in Fig. A.0.7.

0.3 Outerview

After sealing top end of STFR K4-2, outerview of STFR was inspected.
Figs. A.0.8, A.0.9.1 and A.0.9.2 show full outerview at different axial

locations and at representative orientations. No anomalies are seen.
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0.4 X-ray inspection

To check the reliability of STFR K4-2, especially at welded portion
between irradiation hardened zircaloy and fresh zircaloy plug used at
both fuel ends, X-ray inspection was executed. Test condition is shown
in Fig. A.0.10. Results of X-ray photograph taken at 0° and 90° orienta-
tions are shown in Figs. A.0.1ll and A.0.l12. From these, it was found to

be no significant damage on cladding of STFR K4-2,

0.5 Weight

Total weight of STFR K4-2 as shown in Figs. A.0.13, was 170.lg,

where, weight of other STFRs fabricated at the same time is attached to.

0.6 Eddy current test

To check the reliability of STFR K4-2 after refabrication, an eddy
current test as shown in Fig. A.0.l14 was performed. From comparison with
calibration data shown in Fig. A.0.15, it can be said that no significant
damage is seen in refabricated rod K4-2. Test condition is summarized in

Fig. A.0.16.

0.7 Diameter profile

Diameter profile of STFR K4-2(MH-2) was measured at 0°~180° and at
90°-270° orientations. Result is shown in Fig. A.0.17. Creep-down of
K4-2 after refabrication was about 0.61% of original 0.D.(i.e., radial
shrinkage by 0.065mm).

Bowing of K4-2 was also measured and shown in Fig. A.0.18. This was
within + 0.2mm. A total length of fuel rod as shown in Fig. A.0.19, was

about 297.7mm.
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{1) Result of cutting, before dismantling of U0z fuel

Top Bottom

13.0 4.0

X 4 — 2
167.0mm

(2) Result of cutting, after dismantling of UOz fuel

14.7 8.6

2383.1
(2271.7)

Fig. A.0.4 TFuel after cutting (top) and after dismantling end U0,
for welding of end plug (bottom)
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K 4 — 2

Fig. A.0.8 Outerview of STFR K4-2 (MH-2)
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Fig. A.0.9.1 Outerview of STFR K4-2 (MH-2), (cont'd)



H

JAERI-M 92—015

(¢

HH) 2

7 d4LS

JO mdTAXaIng 7

o

6

.

0

v

814




JAERI—M 92—015

HEREM R 1.8.30 ® B 4 NSRRANAEKEREHPIE
®EH® AWy FRE HEHELSEL G O 8
B E AR o* / 80° HREERL K4-1 (K4-D. K4-3-. K4-4

X kB RN

BELH
XRERE 380KV
THREEHR 4mA
REEE 4.3 mm/min
XS ~HE&MER 1300mm
BEE~ T L WAMERE 300mm
mEER
BAHR 23
AR o}
LEER. (5]
0° 50"
X A% X

Fig. A.0.10 Test condition of X-ray inspection
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Appendix I

In-core Data Obtained from Attached Instrumentations
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Fig. A.I.1 Cladding surface temperature Vs irradiation time
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Fig. A.I.2 Internal rod pressure Vs irradiation time
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Fig. A.I.10 Integrated reactor power Vs irradiatien time
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Fig. A,I.11 Integrated reactor power vs irradiation time

TEST MO. : NPIRE3B3M M{-2  3.85%
ADR-11 - CLADDING SURFACE TEMPERATLIRE

MH-2(K2/K4-G08)

T PR e

CE+B21

C

£

: M‘WWW WWWMW
il

8.08 SEC (E+p@) 1.6889

Fig. A.I1.12 Cladding surface temperature vs irradiation time
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Fig. A.I.13 Internal rod pressure vs irradiation time
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Fig. A.I.l4 Cladding axial elongation vs irradiation time
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Fig. A.I.15 Fuel stack elongation vs irradiation time
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Fig. A.I.16 Capsule water temperature vs irradiation time
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Fig. A.I1.17 Capsule water temperature vs irradiation time
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Fig. A.1.18 Capsule strain vs irradiation time
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Fig. A.L.19 Capsule pressure vs irradiation time
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Fig. A.I1.20 Reactor power vs irradiation time
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Fig. A.I.21 Reactor power vs irradiation time
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Fig. A.1.22 Integrated reactor power Vs irradiation time
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Fig. A.I.23 Integrated reactor power vs irradiation time

TEST NO. : NPIBE3EZB1 MH-2 3.85%

ADR-41 : CLADDING SURFACE TEMPERATLRE M H - 2 ( Kz / KZQ' G 08)

2.8

CE+B2)

c

E &

2.58 SEC (E-813 3.58

Fig. A.I1.24 Cladding surface temperature vs irradiation time
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Fig. A.I1.26 Cladding axial elongatiomn Vs irradiation time
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Fig. A.I.28 Reactor power vs irradiation time
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Fig. A.1.29 Reactor power vs irradiation time
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Fig. A.I1.30 Integrated reactor power Vs irradiation time
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Fig. A.1.31 Integrated reactor power vs irradiation time
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Appendix Il

Visual Inspection
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Appendix IIL

X~-Ray Inspection
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Appendix IV

Diameter Profiles, Eddy Current Testing
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Table A.IV.l Numeral data obtained from dimensional measurement

Axial Laser Data List
Date Of Data Collection: 20 Mar 1880 09:58:53
Rod Q2ZNJGKOZ Hot Lab Number H13532 Rod Type P-CF,GK Angle 0 Degrees
List Pitch .5 mm List Range 70 mm To 83.5 mm

Distance {mm) Diameter {mm) Bow (mm} Roundness (mm}
70.0 10.69¢ 0.277 0.015
70.5 10.575 0.259 0.05%
71.C 10.710C 0.279 0.010
71.5 10,716 0.278 0.013
72.0 10.716 0.277 0.020
72.5 10.724 0.278 0.017
73.0 10.731 0.277 0.020
73.5 10.761 0.272 ¢.030
74.0 10.757 0.264 0.051
74.5 10.740 0.256 0.031
75.0 10.732 0.247 0.046
T5.5 10.729 0.241 0.043
76.0 10.734 0.235 0.037
76.5 10.728 0.224 0.027
77.0 10.723 0.229 0,026
77.5 10.714 0.226 0.038
78.0 10.686 0.213 0.027
78.5 1C.667 0.208 0.025
79.0 10.662 0.204 0.031
79.50 10.644 0.198 0.041
80.0 10.638 0.195% 0.041
80.5 10,627 0.190 0.043
81.0 10.628 .188 0.041
1.5 10.635 0.189 0.040
82.0 10.623 0.181 0.044
82.35 10.624 0.179 0.071
83.0 10.627 G.175 0.042
83.5 10.629 0.173 0.044
84.0 i0.630 0.172 0.041
84.5 10.632 0.173 0.039
85.0 10.638 0.171 0.039
85.5 10.642 0.171 ¢.034
86.0 10.641 0.171 0.031
g6.2 10.645 0.171 0.041
87.0 10.647 0.169 0.026
87.5 10.648 T 0.169 0.024
88.0 10.6845 0.169 0.025
a88.5 10.643 0.167 0.022
29.0 10.646 0.167 0.019
89.5 106.647 0.16% 0.016
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Table A.IV.Z? cont'd

Axial Laser Data List
Date Of Data Collection: 20 Mar 1990 09:58:53
Rod 02NJGEKOZ Hot Lab Number H152 Rod Type P-CF,GK Angle 0 Degrees
List Pitech .5 mm List Range 90 mm To 1092.5 mm

Distance {mm) Diameter (mm} Bow {(mm) Roundness (mm)
90.0 10.6453 0.164 0.012
90.5 10.647 0.164 c.012
91.0 10.645 0.162 0.017
91.5 10.645 0.161 0.023
92.0 10.648 0.162 0.012
92.% 10.648 0.15¢ 0.013
93.0 10.645 0.159 ¢.012
93.5 10.645 0.159 0.012
94.0 10.644 0.157 0.013
84.5 10.648 G,155 G.013
95.0 10.648 0.153 0.010C
95.5 10.647 0.154 0.009
96.0 10.648 0.152 0.008
96.5 10.648 0.150 0.009
97.0 10.649 0.149 0.008
97.5 10.650 0.149 0.009
98.0 10.630 0,147 0.013
98.5 10.649 0.146 0.011
93.0 10.650 0.145 6.013
99.5%5 10.651 0.144 0.010

10C.0 10.651 0.143 0.011
100.5 10.652 0,142 0.022
101.0 10.653 0.142 0.017
101.5 10.654 0.140 0.0189
102.0 10.654 0.139 ¢.022
102.5 10,655 0.138 0.032
103.0 10.655 0.138 0.022
103.5 10.657 0.137 0.022
104.0 10.658 0.136 0.024
1i04.5 10.657 0.132 0.026
105.0 10.655 0.133 0.025
105.5 10.857 0.132 0.028
106.0 10.6586 0.13 0.023
106.5 10.657 ¢.126 0.027
107.0 10.656 0,128 0.026
107.3 10.857 0.127 0.032
108.0 10.657 0.126 0.024
108.5 10.655 0.126 0.021
109.0 10.6535 0.123 0.023
109.5 10.6565 .123 0.022
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Table A.IV.3 cont'd

_ Axial Laser Data List
Date Of Data Ccllection: 20 Mar 1990 09:58:53

Rod C02NJGEKOZ Hot Lab Number H152 Rod Type P-CT¥,GK Angle 0 Degrees
List Pitch .5 mm List Range 110 mm To 129.5 mm

Distance {mm) Diameter {mm) Bow (mm) Roundness {(mm)
110.0 10.654 0.123 0.034
110.5 10.8655 0.123 0.027
111.0 10.656 0.12 0.022
111.5 10.€655 0.121 0.022
112.0 10.655 0.119 0.044
112.5 10.854 0.119 0.024
113.0 10.656 0.119 0.024
113.5 10,656 0.116 0.022
114.0 10.656 0.115 0.023
114.5 10.658 0.112 0.021
115.0 10.658 0.115 0.021
115.5 10.654 0.113 0.021
116.90 10.655 0.113 0.020
118.5 10.857 0.112 0.024
117.0 10.657 6.111 0.022
117.5 10.680 0.111 0.024
118.0 10.661 0.109 0.024
118.5 10.861 0.111 0.044
119.0 10.559 0.109 0.031
118.5 10.6358 0.1086 0.026
120.0 10.659 0.104 0.024
120.5 10.661 0.104 0.025
121.0 10.680 0.104 0.023
121.5 10.658% 0.1012 0.023
122.0 10.859 0.102 0.023
122.5 10.659 0.100 0.02¢9
123.0 10.861 0.100 0.024
122.5 10.658 0.09¢ 0.024
124.0 10.857 0.098 0.023
124.5 10,660 0,098 0.022
125.0 10.859 0.098 0.023
125.5 10.659 0.088 0.01¢
126.0 10.865 0.100 c.029
128.5 10.661 0.087 0.023
127.0 10.639 0.095 0.020
127.5 10.6G0 0.0¢3 0.022
128.0 10.659 0.093 0.020
128.3 10.6€1 0.083 0.023
129.0 10.6589 0.091 0.020
129.3 10.659 0.080 0.026
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Table A.IV.4 cont'd

Axial Laser Data List
Date Of Data Collection: 20 Mar 1990 09:58:53
Rod 02ZNJGROZ Hot Lab Number H152 Rod Type P-CF,GH Angle 0 Degrees
List Pitech .5 mm List Range 130 mm To 149.5 mm

Distance {mm) Diameter (mm) Bow (mm}) Roundness {mm)
130.0 10.661 0.091 0.023
130.5 10.8862 0.081 0.024
131.0 10.661 0.090 g.022
131.5 10.6860 0.089 6.023
132.0 10.661 0.087 c.023
132.5 10.660 0.085% 0.027
133.0C 10.660 0.086 g.022
133.5 10.857 0.084 0.019
134.0 10.658 0.083 0.020
134.5 10.657 0.082 0.020
135.0 10.680 0.079 0.022
135.5 10.658 0,081 0.02¢9
136.0 10.656 0.078% 0.023
138.5 10.658 0.078 0.024
137.0 10.6586 0.C77 0.023

37.5 10.€56 0.075 0.022
138.C 10,656 G.074 0.028
38.5% 10.660 0.075 0.074
135.0 10.677 0.084 0.056
139.5 16.658 0.072 0.025
0.0 13.6580 0.070 0.C30
130.5 10.658 0.071 0.027
141.0 10.6586 0.071 G.028
141.3 10.655 0,06¢ 0.027
142.0 10.630 0.068 0.022
142.5 10.647 0.0865 0.027
143.0 10.645 0.062 0.027
143.5 0.639 ¢.060 0.028
144.0 10.637 0.058 0.02¢C
44.5 10.637 0.057 0.024
145.0 10.632 0.0586 0.033
145.5 10.629 0.0352 0.029
146.0 16.627 0.052 0.031
146.5 10.623 0.030 0.031
147.0 10,622 0.048 0.033
147.3 10.624 0.048 0.033
148.0 10.613 0.042 0.044
148.5 10.610 0.041 G.047
149.0 10.811 0.041 C.046
148.5 10.615 0.043 0.042
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Table A.IV.5 cont'd

Axial Laser Data List
Date Of Data Collection: 20 Mar 1990 089:58:52
Rod 02NJGEKOZ Hot Lab Number H15E Rod Type P-CF,Gh Angle 0 Degrees
List Pitech .5 mm List Range 130 mm To 163.5 mm

Distance {mm} Diameter (mm) Bow {mm) Roundness {(mm)
150.0 10.622 G.044 ¢.040
150.5 10.638 0.051 0.046
151.0 10.8651 0.057 ¢.043
151.5 10.654 0.059 0.039
152.0 10,653 0.057 0.032
152.5 10.652 0.058 0.026
153.0 10.654 0.057 0.026
153.5 10.653 0.0586 0,025
i54.0 10.654 0.055 0.026
154.5 10.656 0.052 0.028%
155.0 10.651 0.054 0.032
155.5 10.653 0.054 0.030
156.0 10.651 0.052 0.029
156.5 10.651 0.054 0.028
157.0 10.653 0.054 0.028
157.5 10.650 0.052 ¢.030
158.0 10.650 0.052 0.031
158.5 10.651 0.051 0.02%
i5%.0 10.650 0.050 0.028
159.5 10.850 0.050 0.031
160.0 10,650 0,049 0.027%
160.5 10.651 £.048 0.031
161.0 10.653 0.048 0.045
161.5 10.65¢€ 0.046 0.036
162.0 10.653 0.047 0.031
i62.5 10.652 0.047 0.030
163.0 10.651 0.047 0.02
163.5 10.653 0.04¢ 0.025
164.0 10.652 0.045 0.021
164.5 10.654 0.046 0.038
165.0 10.653 0.045 0.020
165.5 10.653 0.048 0.018
166.0 10.656 0.046 0,020
166.5 10.653 0.042 0.020
167.0 10.654 0.044 0.017
167.5 10.655 0.043 0.01¢
18,0 10.657% ¢.C34 .02
168.5 10.655 0.6G43 0.020
i69.0 10.653 C.042 3.017
169.5 10 55 0.042 0.021
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Table A.IV.6 cont'd

Axial Laser Data List
Date Of Data Ceollection: Z0 Mar 1990 09:58:53

Rod 02NJGHOZ Hot Lab Number H152 Rod Type P-CF,GE Angle 0O Degrees
List Piteh .5 mm List Range 170 mm To 188.5 mm
Distance (mm) Diameter (mm) Bow {mm) Roundness {mm)

170.0 10.853 0.040 0.038
170.5 10.655 0.041 0.019
171.0 10.655 0.029 0.020
171.5 10.855 0.042 0.020
172.0 10.654 0.039 0.039
172.5 10,654 0.039 0.018
173.0 10.656 0.039 ¢.018
173.5 10.855 G.039 0.023
174.0 10.855 0.038 0.039
174.5 10.657 0.038 0.0214
175.0 10.655 0.038 0.025
175.5 10.658 0.040 0.028
176.0 10.659 0,038 0.029
176.5 1¢.660 0.G38 0.028
177.0 19.660 0.039 0.029
177.5 10,6859 0.038 0.032
178.0 10.657 0.038 0.051
178.3 10.628 0.037 D.027
179.0 10.660 0.0328 0.029
17§.5 10.680 0.037 0.02

180.0 10.659 0.037 0,032
180.5 . 10.660 0.033 0.028
181.0 10.660 0.037 0.027
181.5 10.680 0.027 0.027
182.0 10.658 0.036 0.027%
182.5 10.658 0.036 0.025
183.0 10.659 0.036 $.038
182.5 10.658 0.038 0.040
184.0 10.63 0.037 0.025
184.5 10.656 0.035 0.024
185.0 10.659 0.037 0.027
183,35 10.6060 0.038 0.02%9
186.0 10.658 0,036 0.028
186.2 10.858 0.037 0.028
187.0 10.6855 0.037 0.034
187.5 10.657 0.038 0.029
188.¢ 10.658 0.036 0.028
188.5 10.6563 0.036 0.026&
189.0 10.658 0.02 0.048
189.5 10.655% 0.036 0,035



Rod 0ZNJGEOZ

190,
190.
181,
191.
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192.
193.
193.
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201.
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202,
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203,
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208.
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209,
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Hot Lab Number H152

List Pitch
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Table A.1IV.7

cont'd

Axial Laser Data List
Date Of Data Collectian:

.5 mm

16.657
10.654
10.6355
10.857
10.6358
10.658
10.637
10.659
10.875
10.660

10.657 -

1¢.655
10.653
10.654
10.655
10.654
10,656
10.655
10.655
10.€658
10.655
10.654
10.654
10.655
10.662
10.683
10.680
10.663
10.655
10.651
10.654
10.655
10.86352
10,651
10.652
10.654
10.653
10.65¢2
10.652
10.€652

20 Mar 1980 09:58:53

Rod Type P-CF,CGK

Angle 0 Degrees

List Range 190 mm To 208.5 mm

0.02
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.Table A.IV.8 cont'd

Axial Laser Data List
Date Of Data Collection: 20 Mar 1980 09:58:53
Rod D2NJGKOZ Hot Lab Number H152 Rod Type P-CF,GK Angle 0 Degrees
List Pitch .5 mm List Range 210 mm To 229.5 mm

Distance (mm) Diameter {mm) Bow (mm) Roundness {mm)
210.0 10.655 0.041 0.024
210.5 10.651 0.043 0.024
211.0 10.641 ¢.044 0.026
211.5 16.632 0.044 0.030
212.0 10.618 0.045 0.034
212.5 10.615 0.053 0.02%
213.0 10.585 0.051 0.026
213.5 10.591 0.0565 0.021
214.0 10.598 ¢.058 0.020
214.5 10.622 0.085 0.050
215.0 10.601 0.057 0.127
215.5 10.567 £.048 0.156
216.0 10.556 0.047 0.179
216.5 10.54% 0.051 0.1689
217.0 10.566 0.058 0,175
217.5 10.615 C.0869 0.163
218.0 10.681 0.088 0.131
218.5 106,770 0.104 0.157
219.0 10.808 0.118 0.268
219.5 10.837 0,113 0.189
220.0 10.777 0.085 0.101
220.5 10.701 0.076 0.021
221.0C 10.699 0.074 0.021
221.5 106.697 0.074 0.01%
222.0 10.695 0.074 0.022
222.5 10.682 0.074 0.020
223.0 10.558 0.072 0.048

223.53 10.694 0.071 0.018
224.0 10,703 0.075 0.023
224.5 10.718 0.081 0.032
225.0 10.714 0.077 0.025
225.5 10,707 0.071 0.022
226.0 10.714 0.069 0.026
226.5 10.720 0.068 0.045
227.0 10.734 0.070 0.029
227.5 10.731 0.07¢6 0.032
228.,0 10.725 0.08%2 0.02
228.5 10,728 0.079 0.020
229.0 10.731 0.081 0.018
229.5 10,731 0.081 0.018
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Table A.IV.9 cont'd

Axial Laser Data List
Date Cf Data Collection: 20 Mar 1980 09:58:53

Rod 02ZNJGHOZ2 Hot Lab Number H152 Rod Type P-CF,Gh angle 890 Degrees
List Piteh .5 mm List Range 70 mm To 89.5 mm
Distance (mm) Diameter {mm) Bow {mm) Roundness {mm}
70.0 10.6891 -0.046 0.015
70.5 10.255 -0.0860 0.053
71.0 0.7C5 -0.048 0.010
T1.5 10.708 -0.048 0.013
72.0 10.711 -0.048 0.020
72.5 10.714 -0.046 0.017
73.0 10.742 -0.032 0.020
73.5 10.742 -0.048 0.030
74.0 1¢.744 -0.03¢ 0.051
74.5 10.747 -0.,029 0.031
5.0 1C.74¢€ -0.024 £.046
75.5 10.747 -0.022 £.043
76.0 10,744 -0.025 0.037
76.3 10.73¢6 -0.027 0.027
77.0 10,7086 ~0.03 G.go6
77.0 10.685% -{0.033 0.63
8.0 iC.6E67 -G.034 0.027
78.3 0.658 ~0.03% 0.025
79.0 10.648 -0.0323 0.021
TH.O 10.64¢6 -0.G23% G.G4t
8CG.0 10.843 -0.033 G.041
0L T 10.640 ~0.026 G.042
81.G 16.623¢ -3.03 c.041
§1.5 15,688 -0, 008 0.040
10,838 -0.0373 0.044
G+l -0.043 3.071
B2 -0.0315 G.042
g 10,648 -0.04¢6 0.044
24,0 i0.652 -0.0468 0.041
84.5 10.655 ~0.047 0.02
R3.0 10.659 -0.048 0.03§
80.90 10.660 ~-0.048 0.034
86.0 10.663 -0.049 0.031
g86.5 1G.662 -0.051 0.041
87.0 10.662 -0.0352 0.026
87.5 10,681 -0.053 0.024
88.0 10.680 -0.0353 0.025
88.5 10.661 -0.036 0.022
89.0 1C.ES9 -0.0350 0.018
59.5 10.65¢9 -0.058 0.0186
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Table A.IV.10 cont'd

Axial Laser Data List
Date Of Data Collection: 20 Mar 1990 09:58:53

Rod 02NJGKOZ Hot Lab Number H152 Rod Type P-CF,Gk Angle 90 Degrees
List Pitech .3 mm List Range 80 mm To 108.5 mm
Distance {(mm} Diameter (mm) Bew (mm) Roundness {mm)

a0.0 10.856 -0.060 0,012
90.5 10.655 -0.059 0.012
91.0 10.6586 -0.0569 0.017
91.5 10.667 -0.054 0,023
g2.0 10.655 -0.063 0.012
92.5 10.658 -0.063 0.013
93.0 10.635 -0.064 0.012
3.3 10.65% -0.065 0.012
94.0 10.654 -0.067 0.013
94,5 10.653 ~0.066 0.013
95,0 10.655 -0.0867 0.010
95.5 10.853 -0.068% 0.008
96.0 10.654% -0.070 0.008
96.5 10.656 -0.068 0.009
97.0 10.655 ~0.071 0.008
g7.% 10.655 -0.073 0.009
98.0 10.659 -0.075 0.0123
88.5 10.604 -0.073 0.011
99.0 10.654 -0.074 0.013
89,5 10.652 -0.076 0.010
100.90 10.651 -0.076 0.011
100.5 10.651 -0.078 0.022
101.0 10.651 -0.078 0.017
101.5 10.651 -0.079 0.019
102.0 10.651 -0.080 0.022
102.5 10.652 -0.082 0.032
103.0 10.659 -0.086 0.022
103.5 10.647 -0.080 g.022
104.0 10.6845 -0,081 0.024
104.5 10,644 -0.082 0.026
105.0 10.645 -0.081 0.025
105.5 10.645 ~0.083 0.028
106.0 10.652 -0.080 0.023
106.5 10.644 -0.08¢8 0.027
107.0 10.644 -0.0886 ¢.026
107.5 10.644 -0.088 0.032
108.0 10.643 -0.087 0.023
108.5 10.645 -G.088 g.021
109.0 10.644 -5.088 0.023
108.5 1¢.645 -0.088 0.02%
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Table A.IV.11 cont'd

Axial Laser Data List
bate Of Data Collection: 20 Mar 1980 08:58:53
Rod CZ2NJGEOZ Hot Lab Number H1:S2 Rod Type P-CF,GK Angle 90 Degrees
List Pitch .5 mm List Range 1i0 mm To 129.5 mm

Distance (mm) Diameter {mm} Bow {(mm) Roundness (mm)
110.0 10.645 -0.089 0.034
110.5 10,647 -0.089 G.027
111.0 10.645 -0.091 0.022
111.5 10.644 -0.091 0.022
112.0 10.646 -0.092 0.044
112.5 10.645 -0.082 0.024
113.0 10.644 -0.093 0.024
113.5 10.646 -0.0981 0.022
114.0 10.643 -0.094 0.023
114.5 10.646 -0.084 0.021
115.0 10.642 ~-0.095 0.021
115.5 10.645 -0.085 0.021
116.0 10.643 -0.098 0.020
116.5 10.642 -0.087 0.024
117.0 10.641 -0.098 0.022
117.5 10.642 -0.098 0.024
118.0 10.642 -0.098 0.024
118.5 10.640 -0.100 0.044
118.¢C 10.640 -0.101 0.031
119.58 10.640 -0.101 0.026
120.0 10.640C -0.101 0.021
120.5 10.640 -0.101 0.025
121.0 10.639 -0.102 0.023
121.5 10.63¢ -0.102 0.023

22.0 16,639 -$,102 g.c23
122.5 10.83¢9 -0.103 0.028
123.0 10,640 -0.102 0.024
123.5 1C.639 -0.104 0.024
124.0 10,639 -0.104 0.023
124.53 10.638 -0.104 0.02%2
125.0 10.643 -0.105 0.023
125.5 1¢.640 -0.10¢ 0.018
126.0 10.639 -0.1086 ¢.029
128.3 10.62 -0.103 0.023
127.0 10.638 -0.105 0.020
127.5 10.640 -0.104 0.022
128.0 10.642 -0.105 0.02
128.5 10.639 -0.106 0.023
129.0 10.638 -0.10¢ 0.020
129.5 10.640 -0.107 0.0286
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Table A.IV.12 cont'd

Axial Laser Data List
Date Of Data Ccllection: 20 Mar 1990 09:58:33

Rod C2NJGEKG2 Hot Lab Number H1352 Rod Type P-CF,GK Angle 90 Degrees
List Pitch .5 mm List Range 130 mm To 149.5 mm
Distance (mm) Diameter (mm) Bow {mm} Roundness (mm}

130.0 10.638 -0.106 0.023
130.5 10.638 -0.108 0.024
i31.0 10.640 -0.108 0.022
131.5 10.B637 -0.1089 0D.C23
132.0 10.839 -0.107 ~0.0232
132.5 10.638 -0.108 0.027
133.0 10.638 -0.109 0.022
133.5 10.639 -0.108 0.018
134.0 10.638 ~0.108%9 0.020
134.5 1i0.638 -0.110 0.020
135.0 10.637 -0.108 0.023
135.5 10.624- -0.110 0.029
136.0 10.636 -0.110 0.023
136.5 10.624 -0.113 0.0243
137.0 10.634 -0,113 0.023
137.5 10.634 -0.1132 0.022
138.0 10,634 ~G.115 0.026
138.% 10.634 -0.115 0.074
139.0 106.632 -g.118e 0.0356
139.5 10.633 -0.116 0.025
140.0C 10.623 -0.118 0.030C
130.5 10.623 -0.117 0.027
141.0 10.631 -C.118% 0.028
111.5 10.632 -0.118 0.02%
142.0 10.639 -0.123 0.022
142.% 10.625 ~-G.120 0,027
143.0 10.636 0,119 0.027
143.5 0.635 ~-0.120 0.028
144.0 10.636 ~0.121 0.026
144,35 10.637 -0.12 0.024
145.0 10.638 -0.123 0.033
145.58 10.63 ~-0.123 0.029
146.0 10.641 -0.,1243 ¢.031
146.5 10.659 ~0.124 0.031
147.0 10.640 -0.123 0.033
137.5 10.642 -0.124 0.033
148.0 1¢.641 ~(.126 0.044
148.5 10.642 -0.,125 0.04a7
148.0 10.642 -G.12 0.046
14G9. 3 10.642 -C.127 0.042
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Table A.IV.13 cont'd

Axial Laser Data List
Date Of Dats Collection: 2C Mar 199C 09:538:352
Rod 0ZNJGRKOZ2 Hot Lab Number H132 Rod Type FP-CF,GK Angle 90 Degrees
List Pitech .5 mm List Range 150 mm To 1G%.5 mm

Distance {mm) . Diameter (mm} Bow (mm) Roundness (mm)
150.0 10.641 -0.1286 0.040
150.5 10.640 -0.127 0.046
151.0 10.64 -0.12 0.043
151.5 10.642 -0.12 0.039
132.0 i0.642 -0.129 0.032
152.5 10.645 -0.128 0.026
1533.0 10.641 -0.129 0.026
153.5 10.6423 -N.130 0.025
154.0 10.644 -0.132 0.026
154.5 10.646 -0.130 0.02%
155.0 10.648 -0.135 0.032
155.5 10.642 ~-0.,133 ¢.030
156.0 10.644 -0.133 0.029
156.5 10.642 -0.133 0.028
157.0 10.643 -0.132 0.028
157.5 10.642 ~-0.133 0.030
158.0 10.641 -0,135 0.031
158.5 10.641 -0.134 0.029
159.¢C 10.642 -0.134 0.028
159.5 10.642 -0.135 0.031
160.0 10.6414 -0.134 0.CG27
160.5 10.640 -0.136 0.031
161.0 10.6490 -0.137 0.045
161.5 10.640 0,137 0.036
162.0 1C.640 -0.138 0.0231
162.5 10.641 -0.128 0.030
163.0 10.652 -0.133 0.024
163.5 10.653 -0.133 0.025
164.0 10.641 -(.138 0D.021
164.5 10.653 -0.132 0.038
185.0 10.641 -0.138 0.020
165.3 10.639 -0.138 ¢.018
166.0 1C.6836% ~-0.140 0.020
166.5 10.641 -0.139 0.020
167.0 10.638 -0.140C 0.017
167.5 10.643 -0.142 0.019
168.0 10.638& -0.14¢C 0.021
188.5 10.827 ~0.131 0.020
169.0 10.638 -0.147 0.017
169.5 10.637 -G.i4d 0.821
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Table A.IV.l4 cont'd

Axial Laser Data List
Date Of Data Collection: 20 Mar 1890 08:58:53

Rod 02NJGKOZ2 Hot Lab Number H1G2Z Rod Type P-CF,GK Angle 90 Degrees
List Pitch .5 mm List Range 170 mm Teo 189.5 mm
Distance {mm) Diameter {mm) Bow {(mm) Roundness {(mm}

170.0 10.638 -0.142 0.038
170.5 10.638 -0.143 0.019
171.0 10.641 -0.145 0.020
171.5 16.637 -0.144 0.020
172.0 10.640 -0.143 0.039
172.5 10.64 -0.146 0.019
173.0 10.638 ~0.146 0.018
173.5 10.62 -0.144% 0.023
174.0C 10.635 -0.145 0.039
174.5 10.639 -0.145 0.024
175.0 10.637 -0.144 0.025
175.5 10.632 -0.145 0.028
176.0 10.634 -0.146 0.029
176.5 10.634 ~-0.146 0.028
177.0 10.633 ~0.148 0.029
177.5 10,638 -0.150 0.032
178.0 10.632 -0.147 0.051
178.5 10.63 -0.148 0.027
179.0 10.633 -0.148 0.02¢9
1792.5 10.63 ~(.149 0.029
180.0 10.633 -0.150 0.032
180.5 10.632 -0.151 0.028
181.¢ 10.833 -0.151 0.027
181.5 10.634 -0.150 0.027
igz2.0 10.634 ~0.151 0.027
182.5 10.633 -0.152 0.025
183.0 16,634 -0.152 0.038
183.5 10.833 -0.152 0.040
184.0 10.638 -0.153 0.025
184.5 10.832 -0.123 0.024
185.0 10.632 -0.153 0.027
185.5 10.632 -0.1532 0.029
186.0 10.631 -0.153 0.028
186.5 10.631 ~0.155 0.028
187.0 10.630 -0.157 0.02

187.5 10.628 -.156 0.029
188.0 10.627 -0.158 0.029
188.5 10.827 ~0.1587 0.026
189.0C 10.62G6 -0.158 1,048
189.5 10.626 -0.159 0.035
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Table A.IV.1I5 cont'd

Axial Laser Data List
Date Cf Data Collection: 20 Mar 19880 09:58:53
Rod 02NJGEOZ Hot Lab Number HIS3Z2 Rod Type P-CF,Gk Angle 80 Degrees
List Pitch .5 mm List Range 190 mm To 209.5 mm

Distance {mm) Diameter {(mm) Bow {(mm) Roundness {(mm}
19¢.0 10.8625 -0.158 0.032
150.5 10.628 -0.158 0.080
191.0 10.628 -0.1860 0.062
191.5 10.528 -0.1861 0.029
1¢2.0 10.629 -0.160 - 0.030
192.5 10.628 -0.161 D.030
183.¢ 10.627 -0.161 0.030
193.5 10.628 -0.161 0.021
1¢4.0 10.628 -0.162 0.047
194.5 10.628 -0.162 0.034
185.0 10.628 -0.163 0.028
193.5 10.627. -0.163 0.048
186.0 10.629 -0.164 0.02
196.5 10.630 -0.161 0.024
187.0 10.628 -0.163 0.027
197.3 10.83 -0.164 0.02%
1¢8.0C 10.629 -0.164 0.028
198.5 10.6830 -0.165 0.02¢6
19%.0 10.632 -0.165 0.028
199.5 10.633 -0.165 0.028%
200.0 10.632 -0.165 0.026
200.5 10.623 -0.166 0.024
201.0 10,630 ~-C.167 0.023
2C01.5 10.631 -0.167 0.02¢6
202.0 10 33 -0, 163 0 22
202.5 10 3z -0.167% 0.05%2
203.0 10.635 -0 1686 0.059
203.5 1¢.63 -0.167 0.031
204.0 10.635 ~-0.167 0.049
204.5 10.638 -0.167 0.018
205.0 10.638 -0.166 0.021
205.5 16.643 -0.164 ¢.023
206.0 10.640 -0.166 0.G20
206.5 10.628 -0.165 0.018
207.0 10.641 -0.1635 0.G22
207.5 10.640 -0.165 0.023
208.0 10.646 -C.163 c.02
208.5 10.647 -0.,163 0.0Z4
206.0 10.648 -0.162 0.021
2009.5 10.648 -0.162 g.022
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Table A.IV.16 cont'd

Axial Laser Data List
Date Of Data Collection: 20 Mar 1990 08:58:33

Rod O0ZNJGKOZ2 Hot Lab Number H152 Rod Type P-CF,GH Angle 90 Degrees
List Pitch .5 mm List Range 210 mm To 229.5 mm
Distance (mm} Diameter {mm} Bow (mm) Roundness {mm)

210.0 10.6489 -0.1861 0.024
210.5 10.649 -0.160 D.024
211.0 10.648 -0.159 0.026
211.5 10.839 -0.159 0.030
212.0 10.626 -0.180 0.034
212.5 10.614 -0.161 0.029
213.0 10.803 -0.162 0.026
213.5 10.600 -0.162 0.021
214.0 16.608 -0.163 ¢.020
214.5 10.639 ~0.168 0.050
215.0 10.666 -G0.170 0.127
215.5 10.696 -0.175 0.156
216.0 10.718 -0.172 0,179
216.5 10,718 0,177 0.169
217.0 10.731 -0.179 0.175
z217.5 10.764 ~0.166 0.1683
218.0 10.815 -0.162 0.131
218.5 10.781 -0.173 0.157
219.0 10.756 -C.167 0.268
219.5 10,737 -0.157 0.189
220.0 10.720 -0.149 0.101
z220.5 10.693 ~0.159 ¢.021
221.0 16.683 -0.161 0.021
221.5 10.6879 -0.162 0.01¢
222.0 10.676 -0.162 ' 0.022
222.5 10.672 -0.161 0.020
223.0 10.540 -0.157 G.046
223.5 10.687 -0.1867 0.018
224.0 10.691 -0.166 0.023
224.5 10.691 : -0.187 0.032
225.0 10.688 -0.,163 0.025
225.5 10.594 -0.1863 0.022
226.0 10.703 -0.164 0.026
226.4 10.707 -0.161 0.045
227.0 10.717 -(.159 ¢.029
227.5 10.718 -0.159 0.032
228.0 10.714 -0,1861 0.02%
228.5 1¢.721 -0.162 $.020
229.0 10.72 -0.164 0.018
229.5 10.72¢2 -0.,1863 0.018
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Data Fnalysis —-Laser 0D vs. Distance Plot
Date Of Data Collection: 208 Mar 1986 B3:58:53 _
Rod B2NJGKE2 Hot Lab Number HIS5Z2 . Rod Type P-CF,GK FAngle @ Deg
- 11.23
®
13
“
[}
+
o
Max OD 1@.84 mm 5
At £19.5 mm a
1 9
43
Min 0D 18.55 mm 4
At 216.5 mm °©
Length 297 .52 mm g \ | ] ; ]

%] Distance {(mm3 - 297 .5

Fig. A.IV.1 Resultant diameter profile, 0°

- —
Data Analysis ——Laser OD wvs. Distance Plot
Date OFf Data Collectton: 28 Mar 1998 B38:58:53 )
Rod B2NJGKBZ Hot Lab Number HISZ Rod Type P-CF,GK HAngle 3@ Dey
- 11.25
€
E
t
®
»
£
Max 0D {8.88 mm g
At 213.5 mm =
[
o
Min OD 1@.42 mm s
Rt 275 mm ©
Length 237.682 mm B A I 1 | )

a Distance (mm} 297.5

Fig. A.IV.2 Resultant diameter profile, 30°
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Data Analysis —-Laser 0D vs. Distance Plot
Date Of Data Colliection: 2B Mar 1988 @9:58:53
Rod B2NJIGKAZ Hot Lab Number H132 Rod Type P-CF,GK HAngle 58 Deg
ey
=~ 11.25
e
=
i
o
+ i
° !
Max OD 13.89 mm 5 |
At .9 mm A |
L
v
Min OD 19.56 mm b4
At 223 mm ©
Length £37.62 mm ‘o Lo I TR I DU
%) Distance (mm) 297.95
Fig. A.IV.3 Resultant diameter profile, 60°
[ S
Data Analysis —-lLaser OD vs. Distance Flot
Date OFf Data Collection: 2B Mar 1388 B8:58:53
Rod B2NIGKS2 Hot Lab Number. H!S52 Rod Type P~CF,GK Angls 82 Deg
- - e
- 11.25
e
£
p .
o
43
£
Max 0D 1@.81 mm e
At 218 mm A
“
©
Min OD 18.54 mm 5
At 223 mm e
Length 2397.62 mm 8 1 I . I [ o
) g Distance (mm3 297.5

Fig. A.IV.4 Resultant diameter profile, 90°

—_ 84 —
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Data Analysis ——lLaser GD vs.

Distance Flot

Date OFf Data Collectian:

28 Mar

1980 BS:58:53

Rod @2MIGKBAZ

Hot Lab Number HI152

Rod Type P-CF,GK FPRngle 128 Deg

- 11.25
P
e
i
i) !
- |
Q
Max OD 1E.85 mm g |
Bt 218.5 mm &
[
4]
Min 0D 1@.52 mm g
At 223 mm o
Length 237.62 mm 18 { i L - L _
%] Distance (mm) 29?'5_J
Fig. A.IV.5 Resultant diameter profile, 120°
Data Analysis —-Laser OD vs. Distance Plot

Nate Of Data Collection:

Rod BZ2HIGKAZ

Hot iLab Number HI1S3Z

20 Mar 138398 £839:58:53
Rod Type P-CF,GK FAngle 158 Deg i

- 11.25
e
E
1
©
Pt
£
Max CDI 18.98 mm w
At 219 mm =)
|
©
Min 00 1@8.54 mm X
o)
At 216 mm
tength 237 .62 mm (@ \ { i o
' 15} Distance (mm)
Fig. A.TIV.6 Resultant diameter profile,

i50°
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Rod B2NJGKB2

Rod Type P-CF,GK

20 Mar 1980 B9:38:

33

Data Analysis ——Laser Bow vs. Distance Plot
Date GOf DNata Collection:

Hot Lab MNumber H152

Angle 8 Deg

.22

e

E
Max Baw .28 mm 30 g ' i : [ T
At 71 mm ® 237.5
Min Bow H mm . 22
At 2.5 mm
Length 237.E2 mm

Distance (mm)
Fig. A.IV.7 Rod bowing, 0°
Data Analysis ——Laser Bow vs. Distance Plot
Date Of Data Collection: 2@ Mar 1388 B%:58:33

Rod B2NIGKEZ Hot Lab Number HISZ Rod Type P-CF,GK HAngle 38 Deg

Max Bow .24 mm
At 72.9 mm

Min Bow —.14 mm
At 273 mm

Length 297.62 mm

{mm]}

Bow

Distance {(mm)

Fig. A.IV.8 Rod bowing, 30°
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Data Analysis

Rod 82MIGKBZ

Date OFf Data Collection:
Hot Lab Mumber H152

——| aser Bow wvs. Distance FPlot

28 Mar 1998 B9:58:53

Rod Type P-CF,GK HAngle BB Deg

Max Bow .83 mm

At 73.5 mm

Bow (mm)

Min Bow —~.14 mm
At 201 mm

Length 237.62 mm

Distance {mm)

297.5

Fig. A.IV.9 Rod bowing, 60°

Data Analysis

Rod B2NIGKE2

Date Of Data Collection:
Hot Labk Number HI132

—~—Laser Bow wvs. Distance Plot

28 Mar 1998 @9:58:53
Rod Type P-CF,GK Angle 98 Deg

.22

Max Bow
At

.A1 mm

Bow (mm)

5 mm

Min Bow —.1i8 mm
At 217 mm

l.ength 2397.62 mm

(mm)

Distance

—_———

Fig. A.IV.10

Rod bowing, 90°
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NData Analysis ——l.aser Bow vs. Distance Plot
Date Of Data Caollection: 20 Mar 1938 B89:58:53
Rod @znIGkBaz Hot Lab Number HISZ Rod Type P-CF,GK HAngle 126 Deg
- .22

E

£

bt J e e [
Max Bow B mm

314 = 4/?.5
At 295.5 mm 2
Min Bow —.2 mm b 22
Bt 219 mm '
Length 237.62 mm

ODizstance (mmJ

Fig. A.IV.1l1 Rod bowing, 120°

Data Analysis ——laser Bow vs. Distance Plot
Date OFf Data Collection: 20 Mar 1598 B9:38:53
Rod @2MIGKEZ Hot Lab Number H152 Rod Type P-CF,GK fAngle 158 Deg
| - .22
I
€
E

Max Bow .@¢ mm‘
At 2.3 mm

Bow

Min Bow —.29 mm
At 7B8.2 mm

l.ength 237.E2 mm

Distance (mm)

L___.____ e e = S = LI

) I

Fig. A.IV.12 Rod bowing, 150°



JAERI—M 92—015

Data FAnhalysis ——Total Rod Length
Dzte OFf Datz Collectian: Z@ Mar 1988 @3:58:33

Rad B2NJGKEZ Hat Lab Numbar HIGZ Rod Type P-CF,GK
Total Length Extension
@ Degrees 297.63 -1.87
SE@ Degrees 237.61 -1.38
Rverage 297.82 -1.98

Fig. A.IV.13 Total length of MH-2 fuel rod
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1y 7 o> LR =2 — TS AFE =
Rod Number MHZREFARL Hat Lab# HIS2 Rod Type P-CF,GK
Dafect Distance Scan Anglz Phase Angle Amplitude Channel
Mo, { ) {deq) {deg] (valta)
{25 |----na=---| 86 221 |4 Bebbin (/AE))
2 235.5 |----na----| 28 4,87 4 Bobbin ( #HE) )
3 {90.5 |----na----| 33. = 3 Bobbin ( =«
4 164.5 |----na----| 42 1.38 4 Bobbin ( rR
! 65.5 |----na----| 228 17.7 4 Bobbin ( 5,3~
§ 25.5 ----na----| 228 18 4 Bobbin ¢

Fig. A.IV.14 Signals obtained from PWR reference tube
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YZylyAFfFa-—7 (M@ -

]
Data Analysis ~—Eddy Current Bobbin Data
Date Of Data Collectton: 2&@ Mar 1990 15:16:35
Rod MH2REFARI Hot Lab H1S2 Rad Type P-CF,GK
Vartical Horizantal Channel 4 Diff Set 2 Freq.
— ' | 4@B kHz
T T /= —
* [ k ‘
i l
\ l Distance
S I PR I F S 275 mm
| |
| |
| [ Gain
I -4 dB
| — |
Y l | Phase
! ! |
! : | i Degrees
L i _— . 3@
Fig. A.IV.15 Reference tube {internal)
V7 LyRFa-F (HE)
Data Analysis ——Eddy Current Bobbin Data
Date Of Data Collection: 28 Mar 1998 15:16:35
Rod MHZREFRR1 Hot Lab H132 Rod Type P-CF,GK
Vertical Horizontal Channe! 4 Diff Set 2 Freq.
— I—— | 488 kHz
—  ——— 1
|
ﬂlj I
NDistance
™ i j ke I
| I 1| TV 235 mm
. !
| ]
[ I
I [ Gain
l | ~4 dB
]
(:ﬂ EE::i:>
. i E | | C:,-'——‘E‘ Phase
f - i j Degrees
[ il [ \ 3a

Fig. A.IV.16 Reference tube (external)
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U7y byRXFa—7 (HiH)

—

Data Analysis ——Eddy Current Bobbin Data
Date Of Data Collection: 2@ Mar 13932 13:16:35

Rod MHZREFARIL Hot Labk H152 Raod Type P-CF,GK
Vertical Horizontal Channel 4 Diff Set 2 Freqg.
— R ——— 498 kH=z

Distance

e
3
!
I P — e e e e} 188 om
Gain
: -4 dB
fi >
I
| a

!
I
I
!

Ed
i

L

Phase

Degrees

38

Fig. A.IV.17 Reference tube (external)

B7r by AFa-—7 (i)

Data Analysis - Eddy Current Bobbin Data
Date OFf Data Collection: 28 Mar 1398 13:16:35

Rod MHZREFRRI1 Hot Lab H152 Rod Type P—CF,GK
vertical Horizontal Charnel 4 Diff Set 2 Freqg.
— e ——— 488 kH=z

_],—-—'—'—__ﬂ

Distance

[BE
VAN SEEEEE s =

Gain

* |
! gl
] Fhase

- Degrees
1 | : 3@

Fig. A.IV.18 Reference tube (through hole)
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Y77y bwRARFa—T(Uv¥)

Data Analysis ——Edcdy Current Bobbin Data
Date Of Data Collection: 28 Mar 13998 15:16:35

Red MHZREFAR! Hot Lab HI15Z Rod Type P-CF,GK

Vertical Horizantal Channel 4 Diff Set 2 Freqg.
T ] ]
T | 408 kHz
J P ————

Distance

_____________ 65 mm
|
|
| —
| Gain
| 7 -8 4B
/> -
) C:;HH“L‘HQ‘ Prhase

L

[egrees

3a

Fig. A.IV

7y V}Ul%:L—V'(P'yy)

.19 Reference tube (ridge)

Data Analysis ~—-Eddy Current Bobbin lata

Date OFf Data Collection:
Hot Lak HI152

Rod MHZREFARRI

2B Mar 18388 15:16:35

L

[

Rod Type P-CF,GK

Vertical Horizenta! Channe! 4 Diff Set 2 Freg.
— e —— 488 kHz
____‘L/——— I ————

Distance

25 mm
Gain
-8 dB
) <>
u%i::>. Fhase

Degrees

38

Fig. A.IV.20

Reference tube (ridge)
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o3
b
2
B
[ ' i
=il — |l |t - -
— —— s vl |
Eli
Bl )21 i 18 410} 20 o 121.6 20 {9 |5 50
F4 1 [ 12
- 307.G
. — J— 3] —4 -
Rod Number 02HJGKE2 Hot Labk HI1S2 Rod Type P-CF GH
Defect Distance Scan Angle Phase fingle Amplitude Channel
Ho.  (mm} (deg) (deg) (valts)
1 139 . [----na----| 168 1.3 q Bakbin
2 155.5 [--=-na----{ @B 1,02 4 Bobbin
3 i ----na----| 164 1,65 q Babbin
4 209 -—=-na----| 143 1.28 3 Babbin

Fig. A.1V.21 Result of MH-2 fuel rod after pulse irradiation
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Data Analysis ——Eddy Current Bobbin Data

Rod @2NJIGKEZ

Date Of Data Collection:

Hot Lab H152

18:45: 15
Rod Type P-CF,GK

28 Mar 1394

Vertical Horizaontal Channel 4 Diff Set 2 Freq.
. 428 kHz
} ] I
I e — I
f—/——f’-_-‘_ N el I
i EL“_‘"'_E"— | Distance
i ] I A - R 139 mm
| f
|
|
x C) € | Gain
| | ~4  dB
T S— I i
T )
| |
— |
— — , [ Phase
=
|
— == | Degrees
] L 38

B

Fig., A.IV.22 MH-2 fuel rod (1)

Data Analysis ——Eddy Current Bobbin Data

Date OFf Data Collectian: 2@ Mar 1988 18:45:13
Rod HaNIGKZZ Hot Lab H!S52 Rod Type P-CF,GK
Vertical Horizontal Channel 4 Diff Set 2 Freq.
I——— T
: T | 408 kHz
] g [
D P |
; — : i Distance
s T I T S q? ______ 155 mm
!
|
@ |
} Gain
: | -4 dB
} f
; I
I————
A
= |
= it | Degrees
! 1 3B

Fig. A.IV.23 MH-2 fuel rod (2)
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Data Analysis ——Eddy Current Bobbin Data

Date Of Data Collectiaon:

28 Mar

1998 1@:45:15

Freg.
402 kHz

IDistance

178 mm

Gain

dB

Phase

Degrees

Rod B2NJGKE2Z2 Hot Lab H152 Rod Type P-CF,GK
Vertical Horizontal Channel 4 Diff Set 2
——— I !
] ) E— \
e —¢=%B§§;;;;:
—— 1 5
1 | — = — — 7¢L? ——————
| I
£3) |
I
I
|
— T v
- ] j
= |
— |
IS ==
o | |
R == —
_ pu o !
1 ] , /.

39

g Y]

Fig. A.IV.24 MH-2 fuel rod (3)

Data fnalysis ——Eddy Current Bobbin Data

Date Of Data Collection: 28 Mar 1898 18:45:13
Rod H2NIGKAazZ Hot Lab HLIS52 Rod Type P-CF,GK
Vertical Horizontal Channel! 4 Diff Set 2 Freq.
——— R e— | 408 kHz
e T
] ( — !
PN e 1
t i | Distance
= = e b o 208 mm
@ G
| i
|
| | Gain
| ! ~4  dB
i — f
— | .
T =l | 4
== |t | Degrees
I I 3p
Top
Fig. A.IV.25 MH-2 fuel rod (4)
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Appendix V

Gamma Scanning
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Table A.V.1l Measuring condition and analytical one

£-1 WEZXHERUBKFSEH

> S P S HTERSERUEERY ¥ KX
- farkrd T ORTEC Model No. GEM-25185-P HpGe X AR 25
NALTF A ¥ T34 . ORTEC Model No. 459 BJAS SUPPLY HeV = +2000 Volis
BiE 2% : ORTEC Model Ne. 572
| Coarse Gain=50<20> . Fine Gain=0.792 . Input=Pos
Shaping Time=3x Sec . BLR=Auto . Output=Uni
Wiamathes : CANBERRA Series-40 4086ch MCA
ADC Gain = 4086ch + Memory = 1/1. LLD = 0.1<2.68>
ADC Offset = All off . AMP = EXT . ULD = 10
S.C.A _ : ORTEC Model No. 551  TIMINIG SCA
) LLD = 0.1 . ULD = 10.0 . Mode = NORMAL
SrE =G : ORTEC Model No. 449 LOG/LIN RATEMETER
Range = 1X 104 ¢cps . T.C = 0.3 Sec
Bk 1 . GRAPHTEC MCB801 4ch < ILFa—%
IchZ #EH. F+-bEE=300 mm/hr
[nput Range = BY
HTA®$y 2F D A& yEE= 5 mn/min
ay -5 D 0.3mm{AY» )X 23mmCh)
| 7E FE ¥ D H R AF w2 P 713 mm
FEEHIRBEANS FAGE © 798 mm
X < >PJidt4%Ba-' 42 Lafk B I E By
¥ XX F-FERYATLRUETZY XK X
BirBEayEa—% ! DEC#H LSI-11/73 VY AT &
B Jrox7 . CANBERRA#: Spectran-F Ver 2.08
® E B & : LMRIZE1S2€uE#E 11.3uCi at 23-Feb-78
BTyl D1~ 4096 ch
A= T « K42+ 3 KAVPH
TRLFE—D42F o = 1 Kev _ :
o473 © Spectran-FE# S 4 TS Y RURAHEFT—FT

v 7 (M AEHE S5TELA FIT) REAHEU L.

— 100 —
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Table A.V.2 Camma ray spectra at plenum, MH~2 rod

PWRAESRBHE (FE) 7L F LBy REININBIER

Samrle Name

Collect Started
Collect Live Time

Centroid
Channel

268,43
280.68
289.04
326476
336.68
338.31
718.49
166%.31
1960.012
1764.,462
1968.98
19227.04
2242.504
2325.79
2343.00
2362.36
2544.69
2780.13
305%7.71

Erergw
eV

69 .67
72.B6

73,03
84,84

87.42
139.86
238.74
434,02
509.463
g10.82
311.946
914,05
583,11
604.75
609.24
614,32
661,69
722.93
795,64

b a2 S+

Count Rate
CFS

0.02
0.08
0.13
0.07
0.02
0.01
0,01
0.07
0.01
0.01
0.01
0;02
0.01
0.01
0.01
.09
0.15
0.0%9

02NJGKOQZ2-F
4-AFR~90 at 15!134:00
400000 Sec
Total Net Ares
Counts Counts
1046144, B174,
127716, 30807,
148359, 52191,
133692, 26097,
116230, 8339,
133413, 5945,
85270, 2857,
61954, 29340,
22955, 2307
36335, o821,
360355 9667
36822, 6668,
26322, 2924,
28341, A754.,
25211. 2121,
57254, 34724,
83205, 61312,
546453, 36405,
23673 4713,

— 101 —

.01

Nuclides

Rh-106
kRh=-106
Kr—85

Ce-134
Cs—137

Eu-154
Cg—~134
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Table A.V.3 Gamma ray spectra at pellet to pellet interface location

-3 PWRUMERSBHE (RE) XL v FEAEONS;IIEANIMBETER
¥ Samrle Name H O02NJGROZ2-L
% Collect Started b 10-AFR-90 a8t 091:1S0:00
¥ Collect Live Time 3 00000 Sec
FK Centroid Enerdy Total Net Area Count Rate HNuclides
Channel keV Counts Counts CFS
1 1288.%1 B146.03 235077, 53366, 0.11 La-140
2 1335.37 BAT, A7 318477, 36499, 0.07
3 13243.58 830.468 2910353, 14542, 0.03
4 1379.24 873.27 1033390, 787575, 1.98 Eu-154sRh-104
] 1321.05 B80.74 259482, 2399, 0.00
6 1397.58 884.%90 255079. 2820, 0.01 Agilom
7 1410,15 B8?2.8% 274438, 31443, 0.08&
8 1427.95 204,14 297743, S4932. 0.11
? 1437.02 211,13 240774, 1887, 0.00
10 1460.25 ?24.,61 223085, J08%. 0.01 La-140
i1 1573.49 996.37 B20B&P . 609320, 1.22 Eu-154
12 1580.34 1000.71 215065, 1865. 0.00
13 1584,8B&6 1004.84 12588408, 1048791, 2+10 Eu—-154
14 1634,20 1034.8B4 211999, 1877. 0,090
15 -1640,33 1038.72 474989, 2865723, 0.53 Cs—-134
is 1653.65 1047.1¢6 212700, 9278, 0.01
17 14658.,9% 1050.52 3199%8. 113338, 23 Rh-106
18 17646.18° 11i18.47 1465767, 6200, 0.01
19 1781.83% 1128.40 179845, 428746, 0.09 Rh=106
2 1801.49 1140.84 151564, 123346, 0.02
21 1832.66 11460.5°9 105311, 2676, 0.01
22 1844.350 1168.10 540179, 445381, 0.8%9 Cs-134
23 1852.64 1173.25 282542, 193146, 0.3% Co-60
24 1876.2% 11BE.24 B4028., 4933, 0.01
25 188B46.27 11i94.546 79800, 40352, 0.01
26 1933.09 1224,23 71873, 753, .00
27 1940.,13 1241.37 85359, 6578, 0.01
28 1267.88 1244.2 105380, 44550, 0.09 Eu-154
27 1995.41 12863.73 609463, 3482. 0,01
30 1999.28 1266.17 62882, 7673, 0,02
31 2012.33  1274,59 1796085, 17484687, 2.50 Eu-154
32 2037.54 1290.42 444640, 1244, 0.00
23 2064.2 1307.32 53348, 1530, 0.00
24 2070.09 1311.095 S2466, 2346, 0.00
b7 2075.1%9 1314,28 51394, 2744, 0.01
36 2079.2 1316.87 S1592. 4119, 0.01
37 2083,78 1319.72 2549, 6374, 0.01
38 2088,40 1322.65 603%7., 13356, Q.03
37 2104,04 1332,5 223480, 191205, 0.38 Co-40
40 2148,467 13460.84 25332, 13870, 0.00
41 21%4,37 13484.45 26808, 74441, 0.15 Cs-134
42 21995.95 13465.4%5 617148, 099140, 1.19 Cs=-134
A3 2185.95 13B4.,446 23102, P99, 0.00 Ag110m
44 220é&.16 1297.2 164199, 481, 0.00
45 2210.,59 1400.08 16330, 821 .00 Ei-214
44 2223.74  140B.42 15939, 1221, 0.00 Bi~-214
47 22328,49 1417.73 14532 9548, 0.00
48 2268.50 1436.77 19668, 174, 0.00
A9 2290,16 14350.4°9 1646463, 1093, 0.00
30 2295.46 1453.98 156668, 2195, 0.00

— 102 —
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86
87
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71
92

Centroid
Channel

2300.22
2306.53
2351.47
2357.24
237%.,31
2418,52
2428.33
24466,885
2508.50
2514,03
25290.82
2538.11
2630.86
2644.,12
2731.04
2787.32
2818.57
2835.58
2837.94
2917.27
3011.13
3043.00
3055,45
2073.17
313%.82
3198.%7
3318.68
3321.13
3335.34
J450.49
34462.56
3479.68
3644,22
3547 .37
3657 .47
3735473
3774.490
379%9.00
3837.11%
3831.63
39B82.05
4014.77

Erierdy
keV

1456,87
1440.87
1489 .33
1494,27
1519.66
1531.83
1538.,05
153624456
15g8.8%
1592.35
1596. 66
1620.28
16466,38
1674.78
1729 .86
1765.52
1783.32
17946.10
1797 .60
1847.84
1207 .33
1927,E3
1935.42
1946.85
1988.87
202636
2102.21
2103.746
2112.77
2185.85
2193.37
2204.,22
2308.48
2310.47
2314.87
2366444
23920.24
2406.54
2431.9¢6
2439.89
2522.33

2543.26

JAERI—M 92—015

Count Rate

CFrS

0.01
0.04
0.01
0,06
0.00
0.00
0.00
0.02
0.00
0.00
.16
0.00
0.00
0.00
0,00
0,01
0.00
0.00
0.00
0.00
0.+00
0.00
0.C0
0.00
0.00
0.00
0.00
0,00
0.00
.02
0+00
G.00
0.00
0.00
¢, 00
0400
0.00
0.00
0.00
0,00
0.00
0.00

Table A.V.3 (cont'd)
Totel Net Area
Counts Counts

18758. o193,

342435, 219348,

15587, 96469,

414690, 31782,

92333, 329,

7927, 245,

9724, 2406,
161346, B?S91.,
7389, 604,

7816 1079,

84707, 78472,

16384, 418,

4762, 184.
4983, o958,
4403, 184,
534, 2982,
2738, S5
2742, 465,
3140, B31.
3225, 175,
3070, 147,
4702, B804,
4180, 435,
2667 9%
33461, 1102,
43%0., 176,
1696, 198,
1864, 354,
2891, 1307,
11502, i01%8,
14830, 201.
1709. 454,
1047, 124,
265, 52,
1051. 172,
2136, 23
1218, 213,
1689, 5B2.
479, 43,
=38, Fé.
11935, 223,
758, 104,

— 103 —

Nuclides

K-40
Fr-144
Eu-154

Rh=106

Eu-i34-La-140

Bi-214

Fr-144

Ri-214

La-140
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Table A.V.4 Gamma ray spector at background level

Bl NP2 TIUFEONVREININVRETER

»* I

. Samrle Name ' Rsck Greund
Collect Started : 14-AFR=-90 at 18327100
Collect Live Time 3 100000 Sec
Centroid Enerdy Total Net Area Count Rate Nuclides
Channel kel Counts Counis CPS
113,97 72.73 31895, 6065, 0.07
119.36 74,88 34790, 12014, 0.12
134.78 84.465 32027, 59463, .06
138.85% 87,23 27667 1883, 0.02
683,460 433,72 16306, 4958, §.05
B0B.13 511.34 13445, 3146, 0.03 Rh—=104&
PS5.13 604.52 25463, S92, 0.01 Cs—-134
?70.28 614,12 14147, 5989, 0.06
1045,04 661447 24925, 1788%. 0,18 Ce—-137
1141.73 722.77 12975, 6651, 0.07 Eu-154
1256,77 799467 7830. 1470, 0,02 Cs—-134
1852.46 1173.14 43311, 405620, O.41 Co-60
2103.80 1332.41 413863, 40373, 0,40 Co—-&0
23C6.30 14460.,72 4519, 4288, 0.04 K=40
2783.,27 17464,22 444, 307 . 0.00
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Appendix VI

Cutting, Metallo/Ceramograph, a, B/y Autoradiograph
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Micro Gamma Scanning
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Fig. A.VII.13 Cs-137, 90° ~ 270°

- 183 ~ 184 -



JAERI—M 92—015

R H 2. 6.12 | 8# B £ | 47nvyAxxv=z=vd
REFE (BAAGyAFyr=rT | BEESHKS GOS8
AEPUZUIGE | B AF Yy 20T BEERA K—4
HlzsE Gross ® OB % MC1
#l E #H & B (un) -5.5 ~ +7.65
E E T 42 & (om) +0. 5
bz £ g () S0 ~ 270
[ EEE Y EE (an/nin) 1.5
2 % ¥y v = ¥ J H ® EEAH O ETFr@
AR ERRME
HPGe®BHB |[Fvv~F 2020-76005 20% 2. 0KeV 486:1
W OE B B |[Fyr~3T 3105 3000 Vv
AR ROAT [Fy T 2020 GAIN COARSE 30 FINE 4.0
va47v7 SHAPING 4  psec
S C A |[FerAS 2031 WINDOW 10.0 LOVER LEVEL 0.01
LIN/LGOG LIN : 8%
Lo hA—%— FvyU~RT 1481L R A N G B 100
TIME CONSTANT 2 sec
va— ¥ — HDHEE  SR-651 IV A= 100 cps
* Y 12 am/min
IYA—F— 1.0 (&) X0. 5 () X192mm (&)
W =

— 185 —




Sty e e

JAERI-M 92—015

| I | 1 | N 1 | 1 | 1 L 1 I 1 N § 1 | | I I 1 i | 1 I 1 | ] ' | 1 [ |

| ZVZ-dS 0N LEVHY JHOD SLNTANL S 2avNYIve | T _ _ _ _ ﬂ _ .
RS ) G Bt B et
B RV SN O (R NN Y O A (OR[N PO ) PR SO P N SN T NS U S O O Ut s PO v Y JE SN (N U0 U O O [N )OS BN P B RSOy A¥eUL m,
e S T e By s ) s e Y o o e e e e o S U T ek, GO8 e
e e e e o IR et ot B e el i R [ o ot st e e 0 e i ot st A I 0 O I RN Y K—4 10
et e T I e O e e o e e e e e e e e o e e s B it i I e B % MC1 47
e o o ol e P [t o ot e Rt [t et S Al s st i vl e o o o g W o H 2. 6.12 |-
EE Ko 90° ~ 270" |°|&
Elon TR R
““““ SESEE g - B o A o
e O o o o e e e B S
e O EEE==E
0 S ot N et sl o el : s e
: ey e e o ot e
B O e el e B R e < - S - =
I B o e I e e 4 855 kO O
i -z ARE=REER=REN
, - R O At R B - L
I EEEEE ERAESEEAE
R ' e
e el e e e i i o S B O s e Gl s A Y I
—— O] S e r==En
p 1 @ - B S B
- o = = . -
e ) o —
— -yt - - - —b

Fig. A.VII.l4 Gross, 90° ~ 270°

- 187 ~ 188 —



JAERT—M §2-015

H A H 02, 6. 5 ® B O£ Aoy RFer=vY
HEH & EEARYT UL HEBEKS GO8
F-RTYTH MBPH70 HBHEFRL K—4
x O®H % MC1
3 £ & & & (we) 0.0
iE
2 T 1 & (am 1.5
B £ E () 0.0
0 = B M B Live O True 10000 sec
HHRRERRY
HPGe®BEE ¥ XF 2020-76008 20% 2. 0KeV 46 :1
E E B B |FvANTF 3106 3000 V
Nal BHEE |+~ 10HSW1O %5 Qmum(BI4A) X 12 5 mm (THICK)
g OE B B [y 3002 1000 V
AN ROAZD Gain Coarse 30 Fine 4. O
vA7vr v AT 2020 Shaping 4 g sec
ADC A uFE sy 100MHz
M C A [y S5 8180 Base line : 5. 5
Conv.Gain 4096
Ch.No 40896 Ch.
Full Scale 2345, 3 KeV
Dead time 5 %
ANTI COMPTON SYSTEM | &5 {5 | PEAK/COMPTON RATE 150: 1

aYy—A—4

1. 0 (&) x0.5 () X192mm (&)

H

HECBOEERVLETHER. ABOFRMETSHS,

189 —




~ ¢Bl ~ 161 —

vemyoads 7-H JO Aarswoaloads TRUOTILIS G TIIA'Y "3Td

E

aN

\
-

'llf

NN

h

LA

J

=z
==
-
s EB=
oo !
L :
M~
1 e
s} ; RS
.
M. S
N
e
-
| L
[ T —
N
il e

- 108
_E___

kO

PN
~

0"

.~ — & — - $b-125(427.1 KeV)
_ _ _ . — — Ru-Rh-106(512.0 KeV)

L _ _ __ — — Cs-134(563.3 KeV)
- — — —— - — (Cs-134(568.9 KeV)

b——— - = - Cs-134(604.5 KeV)

-

i~ - (Cs-Ba-137(661.7 KeV)

= =~ -~ Eu-154(723.8 KeV)
. T — - - — Eu-154(756.6 KeV)
T Ti-— - L (s-134(795.9 KeV)

- “ ~ — Ru-Rh-106(621.9 KeV)

T -~ - (Cs-134(801.9 KeV)
e Fu-154(873.1 KeV)

KeV)
KeV)
KeV)
KeV)

- . — - — Eu-154(996.

- — — = — — — Eu-154(1004.
— — - = — — C(s-134(1038.
—~ — — = - —Ru-Rh-106(1050.

Wik OO

o ittt ol — Cs-134(1167.9 KeV)

e R I PR —— iEu—154(1275.0 KeV)

. - _ - _ - _ _ (s-134(1385.1 KeV)

i
i
: :
3 r
i '
i
{
H 1
H i

PN

l
L

D

-

-

—

~90-06

e

§T0—26 W—1d9vl



JAERI—M 92015

RPN H 02. 5.15 ® B O£ wAPO0vRAIFyrZuvd

HEHE EHEARY st | BEREaEH

F-RTUT7H MBPHS5 1 MEIERSA
Xy T L—vavi—4A #® OB £

| &= & & B @

E

Az t T i & (mm)

=) £ B ()

B o2 B B Bl Live O True 1000 s ec

BERBERRY

HPGe®mHEH |Fv X35 2020-7600S 20% 2. 0KeV 48 :1

B F 8 B ¥ o~NT 3105 3000 V

Nal BHEE |¥>~XT 10HSWLD 25 Q0Onu(DIA) X 12 Sem{THICK)

HOE & OE O|Fyr~AT 3002 1000 V

AR RO A Gain Coarse 30 Fine 4., 0

Y477 y T 2020 Shapineg 4 [ sec

ADC A%y 100MHz

M C A Fe A5 8180 Base line 5. D
Conv.Gain 4086
Ch.No 4086 Ck.
Full Scale 2345, 8 KeV
Dead time 5 %

ANTI COMPTON SYSTEM |- : FfEF] | PEAK/COMPTON RATE

ay—A—4

% =

— 193 ~




JAERI-M 92—015

SUO-SPECTOL %% yTb-vay

o m, m M o - - 1000 s ec
<X S RV
0 . © ® « n W
2 o = L3 R
~ L . e ) S zcZ
10¥%6.0 | S 0T
1 [ ;B0
L | ! | B
| ! | § “ i _ !
P | | | _ | “
. | | | I
” I “q “ I “ —
U , | b
= |
D #\.‘Q\If}}lfz
C g_“
%i%%%}ff%f
L ,
1 MRRIRT |
0%k, O “ i %?;;_____::_f_,: RN T

(4.5 oUl. 3 o 1Isl b 164,/ 2565, 5
ENERGY KBV

Fig. A.VIIL.16 Stational spectrometry from calibration (MH-2)

- 195 ~ 196 —



JAERI-M 92—015

Appendix IX

U0, Pellet Density
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Appendix X

U0, Fuel Dissolve and Burn-up Analysis
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AL 2

90801, MH-2 ON — B PABESEIFERT U, Pu, Nd
OEEFEERHEFR (N—RBHETH | 1983.08.00)

¢ Julwrs03-1998 5

SAMPLE DESCRIPTIOH(Discharge:!Aug.,84,1983)Initial Uranium C(RAtom %O

1D Hame Assembly Rod Sampling Position

234 235 236 238

S0B-01 CHH=2D

¢,824 2.628 B.825 97.322

AS OF DISCARGED DATE

ISOTOPE COMPOSITION (Atom X2
1D Hame uU-234 U-235 u-236 u-238 Fitoms/g.s01n PusU
90H-81 B.8133 B8.4088 9.392 99,1385 2.6381E+18 1. 188E-B2

1S0TOPE COMPOSITION (Atom
ID Name Pu—-238 Pu-239 Pu-248 Pu-241

%2
Fu-242 Atoms~sg.soln

S83-91 2.682 438.672 26,440 14.083

€.283 2.9015E+16

ISOTOPE COMPOSITION ¢ Atom % O
ID Mame Md-142 Hd-143 Hd-144 HNd-145 Hd-146

Hd—148
Md—~148 HNd-1%8 Atroms-/gscin

50B-51 ©.637 17.821 34.806 16.844 17.659

9.253 4.5v8 1.8872E+13

BURMUP FRACTION Pusy MWDAT
ID Hame C(FIMR %>  U-235 U-238  Pu~239 Pu-241 (xE=3)
993-81 3,548 §.4826 ©0.1824 @.3444  9,8706 10,998 33280

BURNUP ¢ FIMR X%

143Nd /T

1D Hame by Hd-142 by ICT ¢ MWD/T O by €S-137
$8B-91 4.858 3.948 ¢ 38288 O €.888 T(C4X 0 T

38.900HWA 4
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AL 3

G0B0L, MH-2 DN — X EHBBERFHR U, Pu, N
O REAREEE R (BE. Normarized Date : 1990.06.08)

¢ Julwrsa3-s139%8 3

SAMPLE DESCRIPTIONC(Discharge:flug.,B84,1983>Initial Uranfum C(Atom %>
ID Name HAssembly Rod Sampling Position 234 235 236 238

9gB-01 CMH=22 ¢,824 2.628 9.825 97.322

AFTER DECAY CORRECTION
Normalized Date i Juner838-,1950

ISOTGPE COMPOSITION (Rtom ¥
ID Hame U-234 U-235 U-236 u-238 filtoms/g.so0ln PusuU

92B-@1 B,.8133 0,409 8.392 99.195 2.6381E+18 1.835E-82

ISOTOPE COMPGSITION (Atom X2
ID NHame Pu-238 Pu=-239 Pu-248 Pu-241 Fu-242 Atoms~sg.soln

98B-91 2.571 59.747 27.553 18.4%2 £.638 2.7823E+16

ISOTOPE COMPOSITION ¢ Atom X ) Nd-148
ID Mame Hd-142 Md-143 MNd-144 Hd-145 Hd-146 Hd-148 HNd-158 Rtoms-sgsoln

99p-al B8.637 17.821 34.896 16.944 17.6359 9,255 4,578 1.8872E+](S

BURMUP FRAZTION Pu-su MUD-AT
ID Hame CFIMA %) U-223 u-238 Pu-239 Pu-241 (*E-3D
98B-01 3.940 B.4826 6.1924 9.3444 8.8786 183,547 38208
BURNUP ¢ FIMA X O / //
1D Hame by Hd-148 by ICT ¢ MWD-/T 3 by (:5-137 4h8ﬂ&¥ U
$8B-81 4.0836 3.948 ¢ 38208 O €.008 7/54*)(/9-4'

v

38 0o MWA /T
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Sample No. JH-1 JM-2 TS- 1 MH-2 [199Ra Fy(%)
Chehical
Yield(%) 60 71 79 89

14083 (Bq/gU0z) 7.46X10% 6.70X10% 3.98X10° 3.79X10°

Burnup(%) 2.08 2.82 2.71 3.94
F/U (%) 2.12 2.88 2.81 4.27
Pu/U (%) 0.176 0.235 0.888 1.10
U Corr.

1/(1+F/7U+Pu/l) 0.978 0.970 0.964 0.849

Pu-fiss.Corr.  1.003 1.004 1.055 1.084
235/ (%) 7.85 7.08 0.93  0.400
259py /Py (%) 90.2 86.6 62.6 50.7
241py/py (%) 2.10 2.82 6.6 10.5

Energy Deposition
(cal/gl0z) 129 116 69 66

Energ.Depo.Corr. 126 113 70 63

(Activity : at the Pulse Irradiation)

- 210




JAERT—M 92—-015

Fissile Nuc!ide 235 238p 24a1py p>
Fission Yield(%) 6.2 5.4 5.7

(A) Relative to =52 £.00 0.87 0.92
IM-1 Content(%) 7.847  0.159 0.002

(B) Relative to 235U 1.00 0.020 0.000 1.02
B/A 1.00 0.023 0.000 1.023

et i

Pu Fiss.Corr.
> (B/A)/ZB 1.003
JM-2 Content(%) 7.007  0.204 0.005

(B) Relative o 23U 1.00 0.029 0.001 1.03
B/A | .00 0.033  0.001 1.034
Pu Fiss. Corr.
= (B/AY/ZB 1.004
T$-1 Content(%) 0.936  0.528 0.058

(B) Relative to 233U 1.00 0.564 0.080 1.62
B/A 1.00 0.648 0.0865 1.71
Pu Fiss.Corr.
T{(B/A)/ZB 1.055
MH-2 Content(%) 0.400  0.535 0.111

(B) Relative to 233U 1.00 1.34 0.278 2.62
B/A 1.00 1.54 0.304 2.84
Pu Fiss. Corr.
S (B/A)/ZB 1.084
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