PNL-5777 Vol. |
UC-85

aF

BWR Spent Fuel Storage Cask Performance Test

Volume |

Cask Handling Experience
and Decay Heat, Heat Transfer,
and Shielding Data

February 1986

Prepared for the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute

I 19A LLLS-INd






3 3679 00058 6356
PNL-5777 Vol. I

Uc-85

BWR SPENT FUEL STORAGE CASK PERFORMANCE TEST
VOLUME 1

CASK HANDLING EXPERIENCE AND DECAY HEAT,
HEAT TRANSFER, AND SHIELDING DATA

A. McKin?og
W. Domani@
. E. Tanner
J
M
£

February 1986

Prepared for
the U.S. Department of Energy
under Contract DE-ACQ6-76RL0O 1830

Pacific Northwest Laboratery
Richland, Washington 99357

{a) Genmeral Electric-Morris Operation, Morris, Iliinois






ACKNOWLENGMENTS

The authors would like to acknowledge those individuals from the U.S.
Department of Energy (DOE), the Pacific Northwest Laboratory (PNL), General
Electric's Morris Operation (GE-MO), Nebraska Public Power District (NPPD), Los
Alamos National Laboratory (LANL), Lawrence Livermore National Laboratory
(LLNL), and the Electric Power Research Institute (EPRI) who contributed to
the project.

Appreciation is extended to Jim Daily and Phil Craig of DOE's Richland
Operations Office for sponsoring this work., Dale Oden, Jr., Darrell Newman,
and Gordon Beeman of the Commercial Spent Fuel Management program office man-
aged by PNL are acknowledged for their support and guidance during the study.

The authors would like to recognize the following GE personnel for their
efforts: Gene Voiland and Eugene Ingels for management support at GE-MO; Ken
Eger for analytical support; and the staff at GE-MO for test operations.

Appreciation is extended to NPPD for the use of the Cooper reactor spent

fuel assemblies,

Thanks are extended to Phillip Rinard and Gene Bosler of LANL for provid-
ing their ION-1 system, which was used to obtain axial radiation profiles on
each spent fuel assembly. Their assistance in setting up the instrument and
in training the GE-MO staff in its operation was helpful.

Pretest decay heat, heat transfer, and shielding predictions provided by
PNL staff were helpful in planning the test. Appreciation is extended to the
involved staff members who have prepared Volume I!, results of the pretest and

post-test decay heat, heat transfer, and shielding analyses, of this document,

The efforts of Burt Johnson and Bob Gilbert of PNL in planning fuel integ-
rity activities are acknowledged and greatly appreciated. Appreciation is
extended to LLNL staff Dr., Charles F. Smith, Wayne Culham, and Dr. Virginia
Oversby for the analyses of gas and particulate samples.

Appreciation is alsc extended to Ray Lambert and Bob Williams of EPRI for
their interest in the program and for the work they funded to evaluate ORIGEN?
for predicting decay heat rates of BWR spent fuel assemblies to assist this DOE
testing effort,






EXECUTIVE SUMMARY

This report documents a heat transfer and shielding performance test
conducted on a Ridihalgh, Eggers & Associates REA 2023 boiling water reactor
(BWR} spent fuel storage cask. The experimental work was conducted for the U.S.
Department of Energy's {DOE) Commercial Spent Fuel Management Program by the
Pacific Northwest Laboratory (PNL)} and General Electric at the latter's Morris
Operation (GE-M0). The testing effort consisted of three parts: pretest pre-
parations, performance testing, and post-test activities. Pretest preparations
included conducting cask handling dry runs and characterizing BWR spent fuel
assemblies from Nebraska Public Power District's Cooper Nuclear Station. The
performance test matrix included 14 runs consisting of two loadings, two cask
orjentations, and three backfill environments., Post-test activities included
calorimetry and axial radiation scans of selected fuel assemblies, in-basin
sipping of each assembly, crud collection, video and photographic scans, and

decontamination of the cask interior and exterior.

The REA 2023 spent fuel storage cask consists of a double containment
design with silicone rubber O-rings for sealing the primary 1id of the inner
cavity and a welded final closure on the secondary cover. The cask has a
smooth, painted, stainless steel outer skin; a lead/stainless steel gamma
shield; and a water/glycol neutron shield. The fuel basket is constructed of
stainiess steel clad Boral for criticality control, copper plates to conduct
heat to the cask wall, and stainless steel for structural strength. The loaded
cask is approximately 5 m tall and 2.25 m in diameter, and weighs approximately
100 tons. The basket is configured to hold 52 BWR spent fuel assemblies. The
test fuel assemblies were of the General Electric 7x7 rod design. The REA 2023
BHR spent fuel storage cask design and manufacturing rights have been acquired
by Mitsubishi of Japan, and the cask model designation has been changed to
MSF 1V,

Ory runs of cask handling were performed prior to fuel being loaded in the
cask and concurrent with fuel calorimetry. The objectives of the dry runs were
to gain cask handling and loading experience and to finalize procedures, Each
dry run was conducted successfully without significant problems. During the dry



dry runs, minor mcdifications were required to make the 1ifting yoke, yoke
alignment guide, impact limiter, primary head bolts, neutron shield rupture
disk, and the cask pressurizing device more functional.

The Cooper spent fuel assemblies were characterized using in-basin sipp-
ing, calorimetry, axial radiation scans, video scans, and 35-mm photography.
The results of these methods revealed no indicaticn of any failed fuel befcre
or after the performance test. Gas sampling during testing did indicate a leak
in a fuel rod after the cask was fully loaded. However, the leak was calce.-
lated to be extremely small, so small that its source was not identifiable by

post-test sipping activities, video scans, or photography.

Based on pretest calorimetry, fuel assembly decay heat rates averaged
~310 W/assembly to produce a total initial heat load in the cask of ~15 kW
{Table S.1). Assembly decay heat rates ranged from 250 W to 390 W. The hcotter
fuel assemblies were located in the center of the basket, and the cooler assem-
blies were in the outer basket locations.

Figures S.1 and S.2 show representative measured gamma and neutron axjal
profiles for the Cooper fuel assemblies. The profiles are typical of BWR
assemblies, and indicate Tess activity in the upper region of the assembly
active length., Lower activity levels in the upper ends of BWR fuel assemblies
can be expected because steam-water voids in the upper region of a BWR core

result in lower fuel assembly burnup values, which produce lower activity

levels.
TABLE S.1. Cooper Spent Fuel Assembly Characteristics and
Decay Heat Rates
Burnup Cooling Measured
Number of Range, Jperating History Tine, Decay Heat,
Assemblies GWd/MTU cycles in reactor () months W
36 25-23 1,2,3,*,*,6,7 ~28 265-350
24-25 1,2,%,%,5,6 ~41 280-2:0
26 1,2,3,4,5,6 ~11 250-2t0

Average 310

{a) The * designates that the fuel assembly was out of the reactor for
this cycile.
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BWR SPENT FUEL STORAGE CASK PERFORMANCE TEST
VOLUME I
CASK HANDLING EXPERIENCE

AND DECAY HEAT, HEAT TRANSFER, AND SHIELDING DATA

1.0 INTRODUCTION

The need for additional storage capacity for spent fuel from commercial
nuclear power reactors is near-term (as few as 3 to 5 years) for some utili-
ties. The consequences of failure to provide additional storage capacity could
be significant if reactors are forced to terminate operations until required
storage expansions can be provided. The storage capacity requirements can be
expected to increase in the foreseeable future until reprocessing plants and/or
repositories are established. Therefore, a proven method of interim dry stor-
age of spent fuel is needed in the near term to avoid reactor shutdowns and, in
the long term, to provide emergency storage capability in the event that imple-~
mentation of reprocessing and/or a repository is delayed.

The U.S, Department of Enerqgy (DOE} Commercial Spent Fuel Management
{CSFM) Program(a) and operators of commercial nuclear power reactors have
jdentified metal storage casks as one of the Teading candidates among available
dry storage concepts for interim spent fuel storage, It is anticipated that
licensing of large, multi-assembly storage casks will be attempted. The number
of casks needed could be very large, representing a substantial investment,
Economics is, therefore, an important consideration, and every effort should be
made to ensure that the chosen interim storage system provides the minimum cost
commensurate with environmental and safety considerations. Therefore, perform-
ance tests are needed to 1) provide experimental data to support licensing
efforts, 2) determine cask operating limits, 3) gain cask handling and

(a) The CSFM Program is managed by the Pacific Northwest Laboratory, which is
operated for the U,S, Nepartment of Energy by Battelle Memorial Institute.
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decontamination experience, 4) identify candidate cask design improvements, and
5) evaluate computer codes required to perform future design and licensing

analyses,

The primary objective of the study documented in this report was to per-
formance-test a Ridihalgh, Eggers & Associates REA 2023 boiling water reactor
(BWR) spent fuel storage cask. The work was conducted by the Pacific Northwest
Laboratory (PNL) and General Electric for DOE's CSFM Program. The REA cask,
tested at General Electric's Morris Operation (GE-MO}, contained 52 BWR spent
fuel assemblies from Nebraska Public Power District's Cooper MNuclear Station.
The primary data to be obtained during the testing activities were peak fuel
cladding temperatures and cask surface radiation dose rates for a cask filled
with well-characterized BWR spent fuel. Secondary information to be obtained
was cask handling and decontamination experience and fuel integrity data.

The work began with a revision to GE-MO's safety analysis documents, to
permit loading of BWR spent fuel in the REA cask. Dry runs were required to
finalize handling and operating procedures. The fuel assemblies were sipped in
the GE-MO basin to ensure integrity, and calorimetered to determine decay heat
rates before being Toaded inte the cask. The exterior surface and basket of
the cask were instrumented with thermocouples, and the cask was incrementally
loaded with spent fuel, Thermocouples were inserted into selected fuel
assemblies during the first incremental loading, to monitor clad temperatures
throughout the test. A test station was prepared, comprising a depressed-
center rail car, a weather station, and a data acquisition system. A total of
14 runs, involying a combination of cover gases, fuel loadings, cask orienta-
tions, and cask surface boundary conditions, were performed during the test,
The backfill environments used were vacuum, nitrogen, and helium, and they were
sampled and analyzed to detect leaking fuel assemblies. Fuel loadings included
a partial load of 28 assembljes and a full load of 52 assemblies. Both ver-
tical and horizontal orientations were investigated; test runs were performed
inside under controlied conditions and outside in the natural environment,

Cask surface radiation dose rate measurements were taken as part of the test
program. At the conclusion of testing, the cask was decontaminated and crud
samples were collected and analyzed.
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2.0 CONCLUSIONS AND RECOMMENDATIONS

The performance test of the REA 2023 BWR spent fuel storage cask was
successfully conducted at GE-MO during the winter of 1984-85. The test
demonstrated that the cask could be satisfactorily handled and decontaminated
in a reactor-like facility, and demonstrated the heat transfer and shield-
ing performance of the cask when loaded with 52 BWR spent fuel assemblies.
The heat transfer performance of the cask was excelient, as indicated by
retatively low {<250°C) peak cladding temperatures with a heat load of
approximately 15 kW. Even though the shielding performance did not meet
design expectations (20 mrem/hr), cask surface dose rates were manageable.
With minor shielding modifications, dose rates of <50 mrem/hr can be estab-
lished.

The following sections prasent specific concliusions and recommendations
noted during the testing effort.

2.1 CONCLUSIONS
The results of the performance test permit the following conclusions:

Cask Handling and Decontamination

o The cask can be satisfactorily handled in many reactor facilities
with only minor modifications to the suppiied handiing equipment and
procedures.

e The cask lifting yoke, yoke alignment guide, impact limiter, primary
head bolts, and cask pressurizing device required modifications to
function satisfactorily.

e The cask was awkward to rotate from a vertical to a horizontal
orientation or vice versa.

e (ccasional leaks of the neutron shield rupture disk during the test
were attributed to selection of a less than optimal design and
overtorquing of the disk.
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During the insulated cask test runs, the Carboline silicone-based
paint softened, and it was concluded that the paint had not been

The cask exterior can be decontaminated using soap and water in a
manner similar to that used for transportation casks.

Smear surveys taken during testing demonstrated that the painted cask
surface does not leach smearable or otherwise detectable radiocactive

Significant amounts of crud were not found in the cask after the fuel

The cask interior can be decontaminated to below Class A licensing
limits, even when a small leak is present in fuel rod cladding, by

Total personnel exposures during the cask testing effort were
surprisingly low {670 mrem for 28 people) and will be even lower at a
reactor where the cask will be loaded only once and not worked around

Results of pretest in-basin sipping of each Cooper spent fuel
assembly indicated that no failed fuel was 1oaded in the REA cask.

The average decay heat rate of each assembly was ~310 kW at the start
of testing, which produced a total initial cask heat load of ~15 kW.

Repeated calorimetry measurements of the decay heat rate of spent
fuel assembly CZ205 resulted in a measurement standard deviation of

]
properly cured.
a
a
particles after long periods.
a
was unloaded.
°
flushing it with water.
a
continually.
Fuel Characterization and Integrity
a
»
.
t14.1 W,
a

Krypton gas was found in gas samples taken from the cask after it was
fully loaded, The size of the cladding penetration was estimated to
be extremely small, and it had no adverse effects on the testing
effort.,
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Heat Transfer

Peak cladding temperatures for an uninsulated, vertical cask with
vacuum, nitrogen, and helium backfilis were 200°C, 151°C, and 110°C,
respectively. The respective average cask surface temperatures were
9°C, 15°C, and 15°C. Average cask surface temperatures were ~20°C
above ambient temperatures.

Peak cladding temperatures for an uninsulated, horizontal cask with
nitrogen and helium backfills were 164°C and 113°C, respectively.
The respective average cask surface temperatures were 23°C and 10°C.

A maximum peak cladding temperature of 241°C occurred during a full
load, vertical, vacuum run with an insuiated neutron shield. The

average surface temperature of the neutron shield was 95°C.

Effects of fill gas on the thermal performance of the cask were
apparent. The increased convection in a vertical cask filled with
nitrogen shifted peak cladding temperatures near the top of the
cask. Peak cladding temperatures showed some upward shift due to
helium convection in a vertical cask. Temperature profiles in
vertical vacuum runs showed that peak cladding temperatures occurred
at an axial location where the axial decay heat rate peaked,
indicating the absence of convection.

Rotating the cask from a vertical to a horizontal orientation
resulted in higher temperature differences between the peak cladding
and ambient, i.e., the additional contact between fuel assemblies and
the cask basket in the horizontal orientation was not sufficient to
overcome the convection present in a vertical orientation. The axial
location of the peak cladding temperatures corresponded to the
location of the peak axial decay heat rate, indicating the absence of

convection,

Comparisons of temperature profiles across the diameter for vertical
and horizontal orientations indicated a change in contact resistance
between the basket and the cask due to the effects of gravity. This
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change in contact resistance resulted in higher temperatures in the
upper quadrants and lower temperatures in the lower quadrants of a

horizontal cask,

e The REA 2023 BWR spent fuel storage cask has a thermal time constant
of ~22 hours.

e Solar insolation does not appear to add to the total cask heat load

in a significant or correlatable manner.

Shielding
e The average surface dose rate on the primary 1id of the cask was
~50 mrem/hr (40 wrem/hr gamma, 10 wrem/hr neutron), with a peak of
~80 mrem/hr {70 mrem/hr gamma, 10 mrem/hr neutron) in the vicinity of
the parting plane of the 3lid.

e The average surface dose rate on the side of the cask was ~20 mrem/nr
(15 mrem/hr gamma, 5 mrem/hr neutron) with peaks of ~40 mrem/hr
{35 mrem/hr gamma, 5 mrem/hr neutron) near the ends where the neutron

and/or gamma shieids ended,

o The dose rate profile on the bottom of the cask was relatively
uniform, with an average value of ~110 mrem/nr {85 mrem/hr gamma,
25 mrem/hr neutron) and an anomaly of 195 mrem/hr at a radius of
0.5 m and 270°, This apparent anomaly in the gamma shield in a very
localized area was also identified during post-fabrication quality
assurance verification activities.

e With minor shielding modifications, total surface dose rates of <50

mrem/hr can be attained.

Pressure Monitoring

e The performance of the pressure transducer provided with the cask was
unsatisfactory, and the transducer faijled during the performance

test.
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2.2 RECOMMENDATIONS

The results and conclusions of this experimental work led to the following
recommendations:

Cask Handling and Decontamination

e The redundant cask lifting yoke was not used during the cask
performance test. Dry runs should be performed with the yoke prior
to using it with a loaded cask.

® Cask handling procedures are site-specific, and procedures should be
developed for each site., The experience gained at GE-MO will be
helpful in developing such procedures,

e The method required to rotate the cask from a horizontal to a
vertical orientation or vice versa is awkward; the standard method of

using a shipping cradle as a pivot base is recommended.

e The Carboline silicone base paint should be properly cured to

minimize decontamination problems.

Fuel Characterization and Integrity

o If better precision (<tl4.1 W) is needed for measurements of
relatively low spent fuel decay heat rates such as those planned for
repositories, the in-basin calorimeter should be evaluated for
potential methods of increasing precision.

Heat Transfer

e The maximum decay heat load in the cask during testing was ~15 kW,
The maximum cask heat load at allowable fuel temperatures or cask
design Timits should be determined [see Volume II {Wiles et al. 1986)
for predictions of allowable cask heat loads].

Shielding

o Additional shielding is needed to reduce dose rate peaks and meet

design expectations (20 mrem/hr) on the cask side, above and below
the neutron shield, and on the cask bottom.
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Pressure Monitoring

e A more reliable pressure monitoring device should be utilized on the

cask.
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Bundle ID CZ182

Date/Time Bundle Loaded 9-27-34 20:24
Date/Time Bundle Removed 9-238-34 03:20
Pump

t Delta T, Delta T, Toit_ Power, W
0 0,00 1.01 B0.76 --
1 1.05 . 80.75 -
2 2.0? 2.95 80.77 -—
3 2.93 3.81 30.78 --
4 3.77 4.61 80.78 -
b 4,55 5.33 30.79 -
"Hb" Coefficient 1.0761071
Index of Determination 0.999997
Slope MWatts 314,92288
Corrected Slope Watts (0.9342)} 309.9471
Ave. Corrected Radiation Value 2184.4 R/hr
Gamma Watts (0.01499) 3z2.7
Total Thermal Output 342.6

Bundle ID CZ195

Date/Time Bundie iopaded 10-29-84 13:14
Date/Time Bundle Removed 10-30-84 01:30
Pump

t Delta T Delta T Toit_ Power, W
0 0.00 1.00 78,73 252.1
1 0.84 1.83 718.75 252.2
2 1,61 2.58 18.76 252.72
3 2.32 3.30 78.78 251.8
4 2.99 3.94 78.79 251.5
5 3.61 4.55 78.81 251.3
"h" Coefficient 0.8542
Index of Determination 0,999982
Slope HWatts 232.25
Corrected Slope Watts (0.9842) 228.6
Ave. Corrected Radiation Value 1796,5 R/hr
Gamma Watts (0.01499) 26.9
Total Thermal OQutput 255.5
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S

Date/Time Bundle loaded 9-24-84 06:30
Date/Time Bundle Removed 9-24-84 13:30
Pump
Delta T, Delta T, Ipit_. Power, W
0,00 0.98 79.81 -
1.01 1.96 79.82 --
1.93 2.88 79.82 -
2.80 3.75 719.84 -
3-62 4.54 ?9.84 -——
4,37 5.26 79.85 -
"H" Loefficient 1,0246429
Index of Determination 0.999986
lope Watts 295.75
Corrected Slope Watts (0.9842) 291,07
Ave. Corrected Radiation Value 2196.3 R/hr
Gamma Watts (0.01499) 32.9
Total Thermal Output 324

£ L2 MO D

5

"b" Coefficient

Bundle ID CZ205

Bundle ID CZ205

Date/Time Bundle Loaded
Date/Time Bundle Removed

Qelta T

<

10-04-84 19:57

10-05-84 03:00

Delta T

Index of Oetermination

S

Corrected Slope Watts (0.9842)
Ave, Corrected Radiation Value

lope Watts

Gamma Watts (0.01499)
Total Thermal Qutput

D.12

Pump
Ipit_. Power, W
77.16 -
77.19 -
77.23 -
77.26 --
77.28 -
77.31 -
1.1281429
0,999951
334.3
329.02
2167.6 R/hr
32.5

361.5



Bundie ID CZ205

Date/Time Bundle Loaded
Date/Time Bundle Removed

10-08-84 15:08

10-08-84 21:10

Pump
t Delta T, Deita T, Toit_ Power, W
0 0.00 1,00 76.70 --
1 1.05 2.02 76,72 .-
2 2.04 2.99 76.74 -
3 2.95 3.87 76.75 --
4 3.81 4.70 76.78 --
5 4,60 5.47 76.80 --
"b" Coefficient 1.0822143
Index of Determination 0.999997
Slope MWatts 317,198
Corrected Slope Watts (0.9842) 312.18
Ave, Corrected Radiation Value 2095 R/hr
Gamma Watts (0.01499) 31.3
Total Thermal Output 343.5

Bundle ID (Z205

Date/Time Bundle Loaded
Date/Time Bundle Removed

10-09-84 10:42

10-09-84 16:45

Pump
t De1ta4I€ Delta T¥ Ipit_ Power, W
0 0.00 1,00 76.91 -
1 1.08 2.07 76.93 --
2 2.08 3.00 76.95 --
3 3.02 3.90 76.96 --
4 3.90 4.74 76.98 --
5 4,70 5.49 77.00 -
“b" Coefficient 1.1078571
Index of Determination 0.999996
Slope Watts 326.75
Corrected Slope Watts (0.9842) 321.538
Ave, Corrected Radiation Value 200% R/hr
Gamma Watts (0,01499) 31.3
Total Thermal Output 352.9



Bundle ID CZ205
Date/Time Bundle Loaded 10-22-84 20:54
Date/Time Bundle Removed 10-23-84 03:23

Pump
t Delta T. Delta T, Ipit_ Power, W
Q 0.00 1.02 75.61 --
1 1.02 2,01 75.65 -
2 1.98 2.92 75.67 -
3 2.88 3.81 75.69 --
4 3.72 4.62 75.71 --
5 4.50 5.35 75.73 -
"b" Coefficient 1.0500000e 00
Index of Determination 1
Slope Watts 305.2
Corrected Slope Watts (0.9842) 300.4
Ave,. Corrected Radiation Value 2095 R/hr
Gamma Watts (0.01499) - 31,3
Total Thermal Output 331.7

Bundle ID (CZ205
Date/Time Bundie Loaded 10-24-84 11:17
Date/Time Bundle Removed 10-24-84 17:19

Pum
t Delta T: Delta T Ipit_ Power? W
0 0.00 1.01 76,34 2.56
1 1.04 2.00 76,37 2.50
2 2.01 2.93 76.40 2.50
3 2,91 3.79 76.43 2.57
4 3.74 4,60 76.46 2.64
5 4.52 5.33 76,47 2.68
“H" Coefficient 1.0689286
Index of Determination D,.999995
Slope Watts 312,2
Corrected Slope Watts (0.9842) 307,3
Ave. Corrected Radiation Value 2095 R/hr
Gamma Watts (0.01499) 31.3
Total Thermal Output 338.6

D.14



Bundie ID CZ205
Date/Time Bundle Loaded 10-29-84 09:24
Date/Time Bundle Removed 10-29-84 16:22

Pump
t Delta T Delta T, Toit_ Power, W
0 0.00 1,01 78.59 253.0
1 1.01 2.00 78.61 252.4
2 1.94 2.92 78.61 252.3
3 2.83 3.78 78.64 251.8
4 3.63 4,58 78.65 251.3
5 4,38 5.30 78.68 250.9
“b" Coefficient 1.038214
Index of Determination 0,99999
Slope Watts 300.806
Corrected Slope Watts (0.9842) 296.0532
Aye, Corrected Radiation Value 2095 R/hr
Gamma Watts (0.01499) 31.3
Total Thermal Output 327.4

Bundle ID (Z205
Date/Time Bundle Loaded 11-02-84 12:02
Date/Time Bundle Removed 11-02-84 19:00

Pum
t Delta T Detta T Ipit_. Power? W
0 0.00 1.01 77.63 -—
1 0.98 1.99 77.63 --
? 1.87 2.88 77.64 --
3 2.70 3.67 77.65 --
4 3.46 4.44 77.65 -
5 4,17 5.13 77.65 --
"b" Coefficient 0.9989644
Index of Determination 0.999985
Slope Watts 286.1838
Corrected Slope Watts {0.9842) 281.6621
Ave, Corrected Radiation Value 2095 R/hr
Gamma Watts (0.01499) 31.3
Total Thermal Output 313.0

D.15



Bundle ID CZ205

Date/Time Bundie Loaded 11-05-84 14:32

Date/Time Bundle Removed 11-05-84 21:39

Pump
t Delta T. Delta T, Toit_ Power,
0 0.00 1.02 78.04 254.9
1 D.96 1.98 78.04 2563.5
2 1.86 2.87 78.05 252.9
3 2.70 3.71 78.07 252.8
4 3.47 4.49 78.08 253.0
5 4,18 5.20 78.09 253.1
"b" Coefficient 0.9943216
Index of Determination 0,999999
Slope Watts 284,4541
Corrected Slope Watts (0.9842) 279.9597
Ave., Corrected Radiation Value 2095 R/hr
Gamma Watts (0.01499) 31.3
Total Thermal Qutput 311.3

Bundle ID CZ205

Date/Time Bundle Loaded 12-05-84 19:21

Date/Time Bundle Removed 12-06-84 01:45

Pump
t Delta T, Delta T, Tit_ Power,
0 0.00 1.01 81.31 251.1
1 0.97 1.96 81.34 250.4
2 1.86 2.84 81.35 249.8
3 2.70 3.65 81.34 249.3
4 3.46 4.41 81.35 249.1
5 4,15 5.10 81.38 249.1
"p* Coefficient 1.001714
Index of DOetermination 0.999995
Slope Watts 287,2081
Corrected Slope Watts (0.9842) 282.6702
Ave, Corrected Radiation Value 2091 R/hr
Gamma Watts (0.01499) 31.3
Total Thermal Output 314.0

0.16



Bundle ID C(CZ205

Date/Time Bundle Loaded 12-11-84 23:06

Date/Time Bundle Removed 12-12-84 05:25

Pump
t Delta T. Delta T, Ebit_. Power,
0 0.00 1.02 82.56 251.4
1 1.02 2.00 82.55 251,8
2 1.98 2.95 82.56 251.9
3 2.87 3.82 82.58 251.9
4 3.68 4.63 82.57 251.9
5 4.46 5.38 82.59 252.0
"b" Coefficient 1.051286
Index of Determination 0.999984
Slope Watts 305,6759
Corrected Slope Watts (0.9842) 300,8462
Ave, Corrected Radiation Value 2021.9 R/hr
Gamma Watts (0.01499) 30.3
Total Thermal Output 331.1

Bundie ID (CZ205

Date/Time Bundle Loaded 12-21-84 19:09

Date/Time Bundle Removed 12-22-84 0l:40

Pum
t Delta T Delta T Ibit_. Power?
0 0.00 1.01 81.59 251.3
1 0.99 1.94 81.62 251.5
2 1.88 2.81 81.63 251.8
3 2.68 3.60 81.65 251.4
4 3.42 4.30 81.66 251.3
5 4,09 4,93 81.67 251.4
"h" Coefficient 1.011857
Index of Determination 0.99997
Slope Watts 290,9869
Corrected Slope Watts (0.9842) 286,3893
Ave. Corrected Radiation Value 2052 R/hr
Gamma Watts (0.01499) 30.8
Total Thermal Output 317.2

D.17



Bundle ID CZ205

D.18

Date/Time Bundle Loaded 5-13-85 14:10
Date/Time Bundle Removed 5-14-85 01:31
Pump
t Delta T. Delta T, Ipit_. Power, W
0 0.00 1.01 75.43 --
1 0.93 1.86 75.46 248.3
2 1.79 2.68 75.46 247.0
3 2.59 3.46 75.48 246,5
4 3.33 4.19 75.50 246, 1
5 4,05 4.85 75.53 245,9
“b*" Coefficient 0.94375
Index of Determination 0.999966
Slope Watts 265,61
Corrected Slope Watts {0.9842) 261.5
Ave, Corrected Radiation Value 1886 R/hr
Gamma Watts (0,01499) 28,3
Total Thermal Output 289.7
Bundle ID CZ205
Date/Time Bundle Loaded 5-28-85 04:45
Date/Time Bundle Removed 5-28-85 16:00
Pump
t Delta T, Delta T, Ipit_. Power, W
0 0.00 1.00 73.09 -
1 0.99 1.95 73.12 251.84
2 1.88 2.81 73.15 251,39
3 2.70 3.57 73.19 250,94
4 3.46 4,28 73.21 250,66
5 4,19 4.96 73.25 250,55
"b" Coefficient 0.9962144
Index of Determination 0.999934
Slope Watts 285.1
Corrected Slope Watts {0.9842) 280.6
Ave. Corrected Radiation Value 1818 R/hr
Gamma Watts (0.01499) 27.3
Total Thermal Output 308.0



Bundle IN C/209
Date/Time Bundle Loaded 10-28-84 14:55
Date/Time Bundle Removed 10-28-34 22:12
Pump
t Delta T, Delta T, Toit_ Power, W
0 0.00 1.03 78.22 252.1
1 0.89 1.90 78.28 251.8
2 1.73 2.69 78.26 251.7
3 2.50 3.44 78,31 251.4
4 3.23 4,16 78,32 251.4
5 3.88 4.76 78.32 2bl.4
"b" Coefficient 0.9233
Index of Determination 0.99991
Slope Watts 258,.,9901
Corrected Slope Watts (0.9842) 253,9139
Ave. Corrected Radiation Value 1707 R/hr
Gamma Watts (0,01499) 25.6
Total Thermal Qutput 279.5
Bundle ID CZ211
Date/Time Bundie Loaded 10-01-84 20:12
Date/Time Bundle Removed 10-01-84 03:10
Pump
t Delta T Delta T, Ipit_. Power, W
0 0.00 1.00 75.82 -
1 0.94 1.89 75.84 -
2 1.80 2.69 75.87 -
3 2.61 3.45 75.91 --
4 3.37 4.14 75.95 -
5 4.07 4.78 75,97 --
"b" Coefficient 0.95571429
Index of Determination 0.999499
Slope Watts 270,07
Corrected Stope Watts (0.9842) 265.8
Ave. Corrected Radiation Value 2015.4 R/hr
Gamma Watts (0.01499) 30.2
Total Thermal Output 296

D.19



Bundle ID CZ2211
Date/Time Bundle Loaded 5-20-85 11:43
Date/Time Bundle Removed 5-2D-85 21:48

t Delta T, Delta T,
0 0.00 1.00

1 0.80 1.77

2 1.62 ,

3 2,22 3.16

4 2.86 3.78

5 3.45 4.37

"b" Coefficient

Index of Determination

Slope Watts

Corrected Slope Watts (0.9842)
Ave, Corrected Radiation Value

Gamma Watts (0.01499)
Total Thermal Output

Pump
Ipit_. Power, W

76.70 251,22
76,72 250,34
76.71 250,10
76,72 249,92
76.73 249,68
76.73 249.17

0.81175
0.999978
216.4381
213.0184
1820.,5 R/hr
27.3
240.3

8undle ID (CZ222
Date/Time Bundle Loaded
Date/Time Bundle Removed

11-04-84 17:10

11-04-84 23:29

t Delta T, Delta T,
0 0.00 1.00
1 1.07 2.03
2 2.08 2.96
3 3.02 3.89
4 3.87 4.68
5 4.66 5.45

"h" Coefficient

Index of Determination

Slope Watts

Corrected Slope Watts (0.9842)
Ave, Corrected Radiation Value

Gamma Watts {0.01499)
Total Thermal Output

D.20

Pump
Ipit_ Power, W

77.53 251.0
77.54 251.8
77.57 252.1
77.59 252.4
77.60 252.2
77.62 251.9

1.114714

0.999994
329,3057
324.1026
2107.1 R/hr

31.6
355.7



Bundle ID CZ225

0.21

Date/Time Bundle Loaded 10-02-84 05:50
Date/Time Bundle Removed 10-02-84 14:16
Pump
t Delta T, Qelta T, Toit_ Power, W
0 0.00 1.00 76.10 -
1 1.02 1.95 76.12 --
2 1.97 2.84 76.14 -
3 2.85 3.64 76,17 -
4 3.869 4,42 76.21 -
5 4.47 5.13 76.23 -
"b" Coefficient 1.039
Index of Determination 0.999989
Slope Hatts 301.09
Corrected Slope Watts (0.9842) 296,34
Ave. Corrected Radiation Value 2069.65 R/hr
Gamma Watts (0.01499) 31.0
Total Thermal Output 327.3
Bundle ID (2234
Date/Time Bundle Loaded 10-30-84 03:45
Date/Time Bundle Removed 10-30-84 10:30
Pump
t Delta T. Delta T, Ipitﬂ. Power, W
0 0.00 1.00 7/8.96 253.1
1 1.10 2.06 79.00 252.5
2 2.14 3.11 79,03 252.3
3 3.10 4.03 79.04 252.0
4 4.00 4.91 79.07 251.6
5 4.82 5.71 79.09 251.5
"b" Coefficient 1.139571
Index of Determination 0.999948
Slope Watts 338.566
Corrected Slope Watts (0,9842) 333.2167
Ave. Corrected Radiation Value 2222 R/hr
Gamma Watts (0.01499) 33.3
Total Thermal Output 366.5



Bundle ID CZ246

Date/Time Bundle Lopaded 11-02-84 02:04

Date/Time Bundle Removed 11-02-34 08:45

Pump
t Delta Tc Delta Tv Ipit_ Power,
0 0.00 1.09 78.61 253.1
1 0.99 2.17 78.49 253.2
2 1.89 3.19 78.39 253.1
3 2,72 4,17 78.27 253.2
4 3.48 5.07 78.13 253.3
5 4.15 5.87 78.00 253.1
"b" Coefficient 1.022857
Index of Determination 0.999995
Slope Watts 295.0849
Corrected Slope Watts (0.,9842)} 290.4225
Ave. Corrected Radiation Value 2032.8 R/hr
Gamma Watts (0.01499) 30.5
Total Thermal Output 320.9

Bundle ID (CZ246

Oate/Time Bundle Loaded 11-05-84 02:55

Date/Time Bundle Removed 11-05-34 09:45

Pump
t Oelta TC Oelta T¥ Ipit_ Power,
0 0.D0 1.01 717.75 251.7
1 1.05 2.03 17.76 253.0
2 2,02 2.98 17.79 253.3
3 2,91 3.86 77.82 253.1
4 3.73 4,63 77.83 253.1
5 4.49 5,31 77.87 253.6
"b" Coefficient 1.,079607
Index of Determination 0.9999929
Slope Watts 316,2268
Corrected Slope Watts (0.9842) 311,2304
Ave. Corrected Radiation Value 2032 R/hr
Gamma Watts (0.01499) 30.5
Total Thermal Output 341.7

D.22



Bundle ID C(CZ259
Date/Time Bundle Loaded
Date/Time Bundle Removed 10-29-84 07:17

10-29-84 00:40

Pump
t Delta T, Delta T, Ipit_. Power, W
0 0.00 1.00 78.48 249.5
1 0.82 1.80 78,50 249.6
2 1.57 2.51 78.48 249,5
3 2,28 3.23 78.52 249.4
4 2.94 3.97 78,52 249.4
5 3.55 4,46 78,52 249.5
"b" Coefficient 0.835035
index of Determination 0.999992
Slope Watts 225,1131
Corrected Slope Watts (0.9842) 221,5563
Ave. Corrected Radiation Value 1739 R/hr
Gamma Watts (0.01499) 26.1
Total Thermal Output 247.7

Bundle ID C(CZ259
Date/Time Bundle Loaded
Date/Time Bundle Removed 12-20-84 17:28

12-20-84 10:58

Pump
t Delta T, Delta T, lpit_. Power, W
0 0,00 1.01 81.07 -
1 0.93 1.91 81.10 -—
2 1.78 2.72 81.10 -
3 2.57 3.49 81.14 -
4 3,33 4,20 81.16 --
5 4,01 4.86 81.18 --
"h" Coefficient D.9448929
Index of Determination 0.995978
Slope Watts 266,0397
Corrected Slope Watts (0.9842) 261.8363
Ave, Corrected Radiation Value 1781 R/hr
Gamma Watts (0.01499) 26.7
Total Tnermal Output 288.5

D.23



Bundle ID CZ259
Date/Time Bundle Loaded 5-14-85 09:55

Date/Time Bundle Removed 5-14-85 17:27
Pump

t Delta T, Delta T, Ipit_ Power, W
0 0.00 1.00 75.88 246.7
1 0.85 1.80 75.88 246,2
2 1.60 2.52 75.91 245.6
3 2.29 3.17 75.93 244.8
4 2.92 3.78 75.95 244,3
5 3.52 4,33 75.96 244
"b" Coefficient 0.8544644
Index of Oetermination 0.999918
Slope Watts 232,3511
Corrected Slope Watts (0.9842) 228,68
Ave. Corrected Radiation Value 1693 R/hr
Gamma Watts (0.01499) 25.4
Total Thermal Output 254,1

Bundle ID CZ264
Date/Time Bundle Loaded 10-23-84 08:09
Date/Time Bundle Removed 10-23-84 15:00

Pum
t Delta Tc Delta T, lpit_. Powerf W
0 0.00 1.01 75.84 --
1 0.87 1.82 75.86 --
2 1.66 2.54 75.88 --
3 2.41 3.26 75.90 --
4 3.10 3.90 75.92 -
5 3.75 4,50 75.94 --
"p" Coefficient 8.8221429¢-01
Index of Oetermination 0,999983
Slope Watts 242.7
Corrected Slope Watts (0.9842) 238.8
Ave, Corrected Radiation VYalue 1669 R/hr
Gamma Watts {0.01499) 25.0
Total Thermal OQutput 263.8

D.24



Bundle ID (1277
Date/Time Bundle lLoaded 10-27-84 19:42
Date/Time Bundle Removed 10-28-84 02:06

Pump
t Delta T. Delta T, Toit_ Power, W
0 0.00 1.00 77.89 250.1
1 0.85 1.84 77.90 248.8
2 1.65 2.59 77.93 248,7
3 2.38 3.29 77.94 248.2
4 3.08 3.95 77.98 247.9
5 3.70 4,56 77.99 247.7
"b" Coefficient 0.8790
Index of Determination 0.999987
Slope Watts 241.5
Corrected Slope Watts {0,9842) 237.7
Ave, Corrected Radiation Value 1671 R/hr
Gamma Watts (0.01499) 25.0
Total Thermal Output 262.7
Bundle ID (2277
Date/Time Bundle Lopaded 5-26-85 16:41
Date/Time Bundle Removed 5-26-85 23:438
Pump

t Delta Tc Delta Tv Ipit_ Power, W
0 0.00 1,01 72.79 --
1 0.82 1.79 72.82 242,06
2 1.56 2.51 72.84 242,22
3 2,26 3.17 72.86 242,30
4 2.93 3.78 72.88 242.34
5 3.54 4,37 72.89 242.57
“b" Coefficient 0.8253216
Index of Determination 0.999969
Slope Watts 221.5
Corrected Slope Watts (0.9842) 218.0
Ave, Corrected Radiation Value 1668 R/hr
Gamma Watts (0,01499) 25.0
Total Thermal Output 243

D.25



Bundle ID CZ286
Date/Time Bundle Loaded 12-06-84 09:22
Date/Time Bundle Removed 12-06-84 17:5Q

Pump
t Delta 1. Delta T, Ipit_. Power, W
g 0.00 1.00 81.50 252.7
1 0.88 1.90 81.50 253,2
2 1.70 2.73 81.48 253.3
3 2.44 3.52 81.53 253.2
4 3.13 4,24 81.51 253.0
5 3.77 4,88 81.59 252.8
"h" Coefficient 0.9061429
Index of Determination 0.999985
Slope Watts 251,6037
Corrected Slope Watts (0,9842) 247.6283
Ave, Corrected Radiation VYalue 2058 R/hr
Gamma Watts (0.01499) 30.8
Total Thermal Output 278.4

Bundle ID CZ286
Date/Time Bundle Loaded 5-28-85 19:43
Date/Time Bundle Removed 5-29-85 02:30

Pump
t Delta T, Delta T, Ipit_ Power, W
0 0.00 1,02 73.52 247.86
1 0.92 1.91 73,56 248,11
2 1.76 2.71 73.58 248.20
3 2.53 3.44 73.61 247.97
4 3.27 4,15 73.64 248.06
5 3.95 4,79 73.66 248,25
"h" Coefficient 0.9305715
Index of Determination 0.9994966
Slope Watts 260.7
Corrected Slope Watts (0.9842) 256.6
Ave, Corrected Radiation Value 1841 R/hr
Gamma Watts {0,01499) 27.6
Total Thermal Output 284.2

D.26
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Date/Time Bundle Loaded 11-03-84 00:39
Oate/Time Bundle Removed 11-03-84 08:15
Pump
Oelta T. Oelta T, Epit_. Power, W
0.00 1.00 17.57 253.4
0.83 1.89 77,52 252.9
1.59 2.70 77.48 252.7
2.30 3.46 77.43 252.7
2.95 4,14 77.40 252.8
3.55 4,78 77.36 252.9
"h"* Coefficient 0.8511072
Index of Determination 0,999995
lope Watts 231,1004
Corrected Stope Watts (0.9842) 227,449
Ave. Corrected Radiation Value 1955 R/hr
Gamma Watts (0.01499) 29.3
Total Thermal Output 256.7
Bundle ID CZ296
Date/Time Bundie Loaded 5-21-85 01:19
Oate/Time Bundle Removed 5-21-85 08:00
Pump
Delta T, Delta T, Ipit_. Power, W
0.00 1.00 76.73 248,16
0.83 1.80 76,73 247.78
1,59 2,53 76.74 247.89
2.29 3.19 76,74 247.85
2.94 3.84 76,75 247.97
3.55 4.41 76,75 247.97
"H" Coefficient 0.8454999
Index of Oetermination 0,99998
lope Watts 229.0114
Corrected Slope Watts (0.9842) 225.3931
Ave, Corrected Radiation Value 1770 R/hr
Gamma Watts (0,01499) 26.5
Total Thermal Output 251.9

Bundle IO £7296

D.27



Bundle 1D CZ302

D.28

Date/Time Bundle Loaded 10-24-84 (02:41
Date/Time Bundle Removed 10-24-84 (09:00
Pump
t Deita T, Delta T, Toit— Power, W
0 0.00 1.01 76.16 -
1 0.91 1.88 76.18 2.04
2 1.76 2.70 76,19 2.02
3 2.54 .47 76,22 2.02
4 3.28 4,16 76.24 2.01
5 3.96 4.80 76.25 1.99
"b" Coefficient 0.9331071
Index of Determination 0.999993
Slope Watts 261.6
Corrected Slope Watts (0.9842) 257.5
Ave. Corrected Radiation Value 1873 R/hr
Gamma MWatts (0.01499) 28.1
Total Thermal Output 285.6
Bundie ID (2308
Date/Time Bundle Loaded 11-01-84 16:42
Date/Time Bundle Removed 11-01-84 23:21
Pump
t Delta T. Delta T, Ipit_. Power, W
0 0.00 0.99 79.04 252.6
1 0.87 1.84 79.04 253.6
2 1.68 2.64 79.04 253.9
3 .42 3.30 79.05 254.0
4 3.11 4,02 79.07 253.8
5 3.74 4,73 79.05 253.5
"b" Coefficient 0.8974288
Index of Determination 0.993997
Slope Watts 248,3573
Corrected Slope Watts (0.9842) 244,4332
Ave. Corrected Radiation Value 1685.3 R/hr
Gamma Watts (0.01499) 25.3
Total Thermal Output 269.7



Bundle ID CZ311
Date/Time Bundle Loaded 10-26-84 18:29

Date/Time Bundle Removed

10-26-84 00:50

Pump
t Oelta T. Delta T, Toit_ Power,
0 0.00 0.99 77.45 253.0
1 1.09 2.05 77.46 252.6
2 2,08 3.00 77.50 252.3
3 3.00 3.91 77,53 252.2
4 3.85 4,70 77.54 251.9
5 4,61 5.44 77.55 251.4
"b" Coefficient 1,11875
Index of Determination 0.9999929
Slope Watts 330,8093
Corrected Slope Watts (0.9842) 325,5325
Ave. Corrected Radiation Value 2090 R/hr
Gamma Watts (0.01499)} 31.3
Total Thermal Output 356.9

Bundle ID CZ315
Date/Time Bundle Loaded
Date/Time Bundle Removed

12-07-84 18:46

12-08-84 01:15

Pump
t Delta Tc Delta Tv Ipit_. Power,
0 0.00 1.00 82.05 250.0
1 1.01 2,01 82.13 251.2
2 1.94 2.94 82,15 250.8
k! 2.82 3.80 82.16 250.3
4 3.61 4,60 82.18 250.3
5 4,36 5.34 82.18 250.3
"5" Coefficient 1.036929
Index of Determination 0.999989
Slope Watts 300,3273
Corrected Slope Watts {0,9842) 295.5821
Ave. Corrected Radiation Value 2161 R/hr
Gamma Watts (0.01499) 32.4
Total Thermal Output 328

D.29



Bundle ID (Z318
Date/Time Bundle Loaded
Date/Time Bundle Removed

12-07-84 08:20

12-07-84 15:40

Pump
t Delta T, Delta T, Ipit_. Power,
0 0.00 1.00 81,85 250.8
1 0.88 1.89 81.88 250.4
2 1.71 2.74 81.89 250.8
3 2.49 3.52 81,91 250.9
il 3.21 4,22 81,93 250.7
5 3.88 4,90 81.96 250.5
" Coefficient 0.9093216
Index of Determination 0.999999
Slope Matts 252.7879
Corrected Slope Watts (0.9842) 248.7938
Ave, Corrected Radiation Value 1923 R/hr
Gamma Watts (0.01499) 28,8
Total Thermal Output 277.6

Bundle 1D (CZ337
Date/Time Bundle Loaded
Date/Time Bundle Removed

11-01-84 01:05

11-01-84 07:28

Pump
t Gelta T, Delta T, Toit_ Power,
0 0.00 1,01 79.96 250.6
1 1.07 2.05 79,98 250,72
2 2.03 3.02 80.01 249.8
3 2.97 3,93 80,04 249.8
4 3.82 4,78 80.06 249.8
5 4.58 5.53 80,07 249.5
"b" Coefficient 1,094536
Index of Oetermination 0.999962
Slope HWatts 321.7885
Corrected Slope MWatts (0.9842) 316,7042
Ave. Corrected Radiation Value 2070.6 R/hr
Gamma Watts (D,01499) 31.0
Total Thermal Qutput 347.7

0.30



Bundle ID CZ337

D.31

Date/Time Bundle Loaded 5-24-85 14:49
Date/Time Bundle Removed 5-24-85 21:54
Pump
t Delta T, Delta T, Ipit_. Power, W
0 0.00 0.99 71.73 -
1 0.95 1.87 71.76 246,03
2 1.83 2.72 71.79 246,05
3 2.67 3.50 71,82 245,44
4 3.44 4,19 71,85 245,08
5 4,16 4,82 71.87 244,91
"b" Coefficient 0.9724158
Index of Determination 0.999995
Slope Watts 276.3
Corrected Slope Watts (0.9842) 271.9
Ave. Corrected Radiation Value 1901 R/hr
Gamna Watts (0.01499) 28.5
Total Thermal OJutput 300.4
Bundle ID C(Z342
Date/Time Bundle Loaded 12-06-84 22:10
Date/Time Bundle Removed 12-07-84 05:30
Pump
t Delta T Delta T, Ipit_~ Power, W
D 0.00 1.01 81,69 249.1
1 0.90 1.93 81.69 249,0
2 1.73 2.78 81.70 249.3
3 2.52 3.57 81.72 249.3
4 3.25 4,30 81,73 249.3
5 3.92 4,99 81.75 249.3
"b*" Coefficient 0.9223931
Index of Determination 0.999995
Slope Watts 257,6575
Corrected Slope Watts (0.9842) 253.5866
Ave. Corrected Radiation Value 1770 R/hr
Gamma Watts {0.01499) 26.5
Total Thermal Output 280.1



Bundle 1D (2342

D,32

Date/Time Bundle Loaded 5-26-85 03:07
Date/Time Bundle Removed 5-26-85 09:52
Pump
t Delta T. Delta T, Ipit_. Power, W
0 0.00 1.01 72,36 --
1 0.97 1.92 72.39 246,94
2 1.85 2.75 72.42 246.99
3 2.65 3.52 72.45 247,11
4 3.42 4,24 72.48 247,25
5 4.14 4.91 72.52 247,23
"b" Coefficient 0.9751788
Index of Determination 0.999936
Slope Watts 277.3
Corrected Stope Watts (0,9842) 272.9
Ave, Corrected Radiation Value 1805 R/hr
Gamma Watts (0.01499) 27.1
Total Thermal Output 300.0
Bundlie ID (7346
Date/Time B8Bundle Loaded 10-27-84 11:46
Date/Time 8undle Removed 10-27-84 17:51
Pump
t Delta Ic Delta Ty Ipit_. Power, W
0 0.0 1.01 77.77 -
1 1.17 2.17 77.76 --
2 2.24 3.21 77.79 -
3 3.26 4,19 77.81 --
4 4,20 5.12 77.83 --
5 5.06 5.92 77.85 --
J'b" Coefficient 1.196536
Index of Determination 0.999992
Slope Watts 359,788
Corrected Slope Watts (0.9842) 354,1033
Ave, Corrected Radiation Value 2309 R/hr
Gamma Watts (0.D1499) 34,6
Total Thermal Qutput 388.7



Bundie ID (7348

Date/Time Bundle loaded 10-31-84 16:46

Date/Time Bundle Removed 10-31-84 23:28

Pump
t Delta T, Delta T, Toit_ Power,
D D.00 1,02 79.79 252.1
1 1.04 2.01 79.80 251.9
2 2.01 2.96 79.84 251.8
3 2.94 3.84 79.86 251.3
4 3.75 4,63 79.87 250.9
5 4.53 5.36 79.90 250.3
"b" Coefficient 1.079214
Index of Determination 0.999969
Slope Watts 316,08D3
Corrected Slope Watts {0.9842) 311.0863
Ave, Corrected Radiation Value 2117 R/hr
Gamma Watts {0.01499) 31.7
Total Thermal Qutput 342.8

Bundle ID (Z351

Date/Time Bundle Loaded 12-09-84 22:21

Date/Time Bundle Removed 12-10-84 04:45

Pump
t Belta 7. Delta T, Ipit_. Power,
0 0.00 1,00 82.58 249.5
1 0.99 1,97 82.60 250.4
2 1.9D 2.87 - 82,59 250.6
3 2.75 3.75 82.59 250.6
4 3.54 4,53 82.58 250.5
5 4.29 5.25 82,60 250.7
"b" Coefficient 1.005714
Index of Determination 0.999982
Slope Watts 288.6983
Corrected Slope Watts (0.9842) 284,1369
Ave, Corrected Radiation Value 1978 R/hr
Gamma Watts (0.01499) 29.7
Total Thermal Output 313.8

D.33



Bundle ID CZ355

Date/Time Bundle lLoaded 10-28-84 04:46

Date/Time Bundle Removed 10-28-84 11:05

t  Delta T, Delta T,
0 0.00 1.00
1 0.94 1.92
2 1.78 2.71
3 2,57 3,49
4 3.29 4.19
5 3.96 4.84

"h" Coefficient

Index of Determination

Slope Watts

Corrected Slope Watts {0,9842)
Ave. Corrected Radiation Value
Gamma Watts (0.01499)

Total Thermal Output

Bundle ID (Z357

Pump
Ipit_. Power,

78.06 250.6
78.08 250,7
78.07 251.0
78,11 251,2
78.12 251.1
78.14 251,1

0.9531073
0,999974
269.1
264,8482
1712 R/hr
25.7
290.5

Date/Time Bundle Loaded 12-08-84 04:50

Date/Time Bundle Removed 12-08-84 12:55

D.34

Pump
t Delta T_ Delta T, Ipit— Power,
0 0,00 1.00 82.29 249.4
1 0,98 1.98 82.34 2449,1
2 1.87 2.85 82.35 249.1
3 2.65 3.65 82.35 249.0
4 3.35 4,34 82.39 249,2
5 3.99 4.96 82.40 249.3
"b" Coefficient 1.01572
Index of Determination 0.999965
Slope Watts 292.1846
Corrected Slope Watts (0.9842) 287.5681
Ave, Corrected Radiation Value 2184 r/hr
Gamma Watts (0,01499) 32.7
Total Thermal Output 320.3



Bundle 1D (21369
Date/Time Bundle Loaded 10-25-84 04:59
Date/Time Bundle Removed 10-25-84 11:26

Pump
t Delta T, Delta T, Ipit_ Power, W
0 0.00 1.0D 76,83 --
1 1.06 2.02 76.86 2.23
2 2.05 2.97 76.88 2.24
3 2.95 .84 76.92 2.25
4 3.78 4,64 76,94 2.29
5 4,54 5.36 76.97 2.34
"b" Coefficient 1.098500
Index of Determination 0,999997
Slope Watts 323.3
Corrected Slope Watts (0.9842) 318.2
Ave, Corrected Radiation Value 1966 R/hr
Gamma Watts (0,01499) 29,5
Total Thermal Output 347.7

Bundle ID C€Z370
Date/Time Bundle Loaded 9-28-84 05:45

Date/Time Bundle Removed 9-28-84 13:10
Pump

t Delta T Delta T, Toit_ Power, W
0 0.00 0.99 80.82 --
1 0.91 1.85 80.83 -
2 1.76 2.66 80.83 -
3 2.56 3.43 80.85 -
4 3.31 4,15 80.88 --
5 3,99 4,79 80.89 --
"b" Coefficient 0.93696427
index of Determination 0.999996
Slope Watts 263.08
Corrected Slope Watts (0.9842) 258,92
Ave, Corrected Radiation Value 1951 R/hr
Gamma Watts (0.01499) 29,2
Total Thermal Output 288,1

0.35



Bundle ID C2372
Date/Time Bundle Loaded 9-26-84 23:22
Date/Time Bundle Removed 9-27-84 07:55

Pump
t Delta T. Delta T, Toit_ Power, W
0 0.00 1.00 80,53 -
1 0.92 1.90 80.57 --
2 1.77 2.74 80,61 --
3 2.55 3.563 80.64 -
4 3.29 4.26 80.66 --
5 3.98 4,94 80.67 --
"b" Coefficiaent 0.93596428
Index of Determination 0.99998
Slope Watts 262.7
Corrected Slope Watts {0.9842) 258.56
Ave, Corrected Radiation Yalue 2017.4 R/hr
Gamma Watts (0.01499) 30.2
Total Thermal Output 288.8

Bundte ID CZ379
Date/Time Bundle Loaded 11-03-84 21:14
Date/Time Bundle Removed 11-04-84

Pump
t Delta T Oelta T, Toit_ Power, W
0 0.00 0.99 77.33 -
1 0.92 1.89 77.33 --
2 1,78 2.71 77.34 -
3 2.59 3.49 77.34 --
4 3.34 4,22 77.35 --
5 4.05 4.87 77.36 -
"h" Coefficient 0.9421786
Index of Determination 0.999996
Slope Watts 265.0286
Corrected Stope Watts (0,9842) 260.8411
Ave, Corrected Radiation Value 1772.5 R/hr
Gamma Watts (0.01499) 26.6
Total Thermal Output 287.4
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Bundie ID (£Z398
Date/Time Bundle Loaded 10-27-84 02:51
Date/Time Bundle Removed 10-27-84

Pump
t Delta T. Delta T, Toit_ Power, W
0 0.00 1.01 77.60 --
1 1.13 2.13 77.62 -
2 2.17 3.13 77.63 -
3 3.15 4,10 77.66 --
4 4,06 4,96 77.67 -
5 4.89 5.79 77.68 --
"b" Coefficient 1,158072
Index of Determination 0.999996
Slope Watts 345,4584
Corrected Slope Watts (0.,9842) 340.00D2
Ave, Corrected Radiation Value 2138 R/hr
Gamma Watts (0.01499) 32
Total Thermal Qutput 372

Bundle ID CZ415
Date/Time Bundle lLoaded 9-26-84 05: 39

Date/Time Bundle Removed 9-26-84 12:50
Pump
t Delta T Delta T Ipit—- Power, W
0 0.00 0.99 79.95 --
1 0.91 1.87 79.97 --
2 1.75 2.42 79.99 --
3 2,51 3.08 80.00 -
4 3.21 3.82 80.01 -
5 3.86 4,45 80.05 --
"b" Coefficient 0.93635713
Index of Determination 0.999984
Slope Watts 262.85
Corrected Slope Watts (0.9842) 258.7
Ave, Corrected Radiation Value 2039,47 R/hr
Gamma Watts (0.01499) 30.6
Total Thermal Output 289.3
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Bundle ID CZ4l6

.38

Date/Time Bundle Loaded 10-31-84 07:01
Date/Time Bundle Removed 10-31-84 13:15
Pump
t Delta T, Delta T, Toit_ Power, W
) 0.00 1.00 79.58 251.5
1 0.99 1.95 79.60 252.3
2 1.92 2.86 79.62 252.9
3 2.77 3.69 79,65 253.°2
4 3.57 4,45 79.66 253.3
5 4,29 5,14 79,68 253,72
“H* Coefficient 1.02525
Index of Determination 0.999996
Slope Watts 295.9763
Corrected Slope Watts (0.9842) 291,2999
Ave., Corrected Radiation Value 1902.6 R/hr
Gamma Watts (0,01499) 28.5
Total Thermal Output 319.8
Bundle ID CZ429
Date/Time Bundle Loaded 10-726-84 07:39
Date/Time Bundle Removed 1D-26-384 13:30
Pump

t Deita T, Delta T, Ipit_. Power, W
O O.UD 1.00 ??023 -
1 1.15 2.13 77.26 2,51
2 2,23 3.19 77.26 2.50
3 3.26 4,17 77.30 2.50
4 o 4.21 5,12 77.31 2.54
5 5.09 5.95 77.33 2.57
“H" Coefficient 1.185822
Index of Determination 0.999996
Slope Watts 355.7966
Corrected Slope Watts (0,9842) 35D.175
Ave. Corrected Radiation Value 2363 R/hr
Gamma Watts (0.01499) 35.4
Total Thermal Output 385.6



Bundle 1D CZ430
Date/Time Bundle bLoaded
Date/Time Bundle Removed

10-30-84 22:39

10-30-84 04:58

Pump
t Delta T. Delta T, Ipit_. Power, W
0 0.00 1.00 79.42 251.,6
1 1.08 2,06 79.43 251.3
2 2.08 3.01 79.46 251.7
3 3.00 3.91 79,49 251.7
4 3.85 4,73 79.50 251.6
5 4,64 5.49 79.52 251.4
“b" Coefficient 1.109608
Index of Determination (.999994
Slope Watts 327.4035
Corrected Slope Watts (0.9842) 322.2305
Ave, Corrected Radiation Value 2075.7 R/hr
Gamma Watts (0,01499) 3.1
Total Thermal Output 353.3

Bundle ID C(Z433
Date/Time Bundle Loaded 9-25-84 20:47

Date/Time Bundle Removed 9-26-85 03:35
Pump

t Delta T, Delta T, Toit_ Power, W
0 0.00 1.02 79.94 -~
1 0.91 .93 79.93 -~
2 1.76 277 79.93 --
3 2.54 3.56 79.92 -—-
4 3.27 4,28 79.92 --
5 3.95 4,96 79,92 -
"b" Coefficient D.93439287
Index of Determination (.999993
Slope Watts 262.128
Corrected Slope Watts (0.9842) 257.98

Ave., Corrected Radiation Value 1959 R/hr
Gamma Watts (0.01499) 29.4

Tota! Thermal Output 287.4
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Bundle ID CZ433
Date/Time Bundle loaded 5-21-85 10:38

Date/Time Bundle Removed 5-21-85 17:35

Pump
t Delta T, Delta T, Toit_ Power, W
0 0.00 0.98 76.79 249,69
1 0.84 1.76 76.80 249.69
2 1.62 2.47 76.81 249,25
3 2.34 3.15 76,82 248,99
4 3.03 3.78 76.83 248.84
5 3.65 4,36 76.85 248.63
"b" Coefficient 0.8600715
Index of Determination 0.999989
Slope Watts 234,44
Corrected Slope Watts (0.9842) 230.7
Ave, Corrected Radiation Value 1735.2 R/hr
Gamma Watts (0.01499) 26.0
Total Thermal Output 256.7

Bundle ID CZ460
Date/Time Bundle Loaded
Date/Time Bundle Removed

12-09-84 12:48

12-09-84 19:20

t Delta T, Delta T,
D 0.0D 1.00
1 0.97 1.99
2 1.89 2.88
3 2.73 3.72
4 3.52 4,51
5 4.25 5.23

"h" Coefficient

Index of Determination

Slope Watts

Corrected Slope Watts (0.9842)
Ave. Corrected Radiation Value

Gamma Watts (0.01499)
Total Thermal Output

D.40

Pump

T Power, W

—pit—
82.63 250.2
82.61 249.5
82,61 249.3
82.61 249.0
82.61 249,0
82.60 248.9

1.003286
0.999995
287,7938
283.2466
2023 R/hr
30.3
313.5



Bundle ID CZ466

Date/Time Bundle Lpaded 9-28-84 75:00
Date/Time Bundle Removed 9-28-34 21:55
Pump

t Delta T. Delta T, Ipit_ Power, W
0 0.00 1.00 80.96 -
1 0,94 1.92 80.99 --
2 1.84 2.77 81.00 --
3 2.64 3.56 81.02 --
4 3.41 4,29 81.04 -
5 4,11 4.96 81.06 --
“b" Coefficient 0,9752857
Index of Determination 0.999978
Siope Watts 277.36
Corrected Slope Watts (0.9842) 272.98
Ave, Corrected Radiation Value 1939.37 R/hr
Gamma Watts (0,01499) 29.1
Total Thermal Qutput 302.1

Bundle ID CZ468

Date/Time Bundle Loaded 12-11-84 16:11
Date/Time Bundle Removed 12-11-84 23:01
Pump
t De]ta;IC Delta Tv Ipit_ Power, W
0 0.00 1.02 82.56 248,7
1 1.01 2.00 82,58 248.3
2 1.94 2.93 82.58 249,0
3 2.82 3.80 82.58 249.5
4 3.63 4.59 82.58 250,.1
5 4,39 5.35 82.59 250.4
"b" Coefficient 1.033072
Index of Determination 0.999995
Slope Watts 298.9
Corrected Slope Watts (0.9842) 294,2
Ave. Corrected Radiation Value 2074,4 R/hr
Gamma Watts (0,01499) 31.1
Total Thermal Output 325.3

D.41



Bundle ID CZ472

Date/Time Bundle Loaded 9-726-84 15:03
Date/Time Bundle Removed 9-26-84 21:56
Pump
t Delta T. Delta T, Toit_ Power, W
0 0.00 1.00 80.16 --
1 1.00 2.00 80.19 --
2 1.93 2.91 80,20 --
3 2.79 3.77 80.23 --
4 3.59 4,56 80.27 --
5 4,33 5.28 80.33 --
"b" Coefficient 1.0276428
Index of Determination 0.999997
Slope Watts 296.86777
Corrected Slope Watts (0.9842) 292.17726
Ave, Corrected Radiation Value 2187 R/hr
Gamma Watts (0.01499) 32.8
Total Thermal Qutput 325

Bundle ID C€Z473
Date/Time Bundle Loaded 12-10-84 07:11
Date/Time Bundle Removed 12-10-84 14:05

Pump
t Delta T. Delta T, Ipit_. Power, W
0 0.00 1.00 82.57 250.6
1 0.93 1,94 82,57 250.8
2 1.80 2,78 82,58 251.0
3 2.60 3.59 82,57 251.3
4 3.36 4,33 82.57 251.5
5 4,06 5.03 82,57 251.6
"b" Coefficient 0.9531074
Index of Determination 0.9999929
Slope Watts 269.1
Corrected Slope Watts (0.9842) 264.8483
Ave. Corrected Radiation Value 1895 R/hr
Gamma Watts {0,01499) 28.4
Total Thermal Output 293,2

0.42



Bundle ID CZ498

D.43

Date/Time Bundle Loaded 10-24-84 20:17
Date/Time Bundie Removed 12-25-84 02:50
Pump
t Delta T, Delta T, Tpit— Power, W
0 0.00 1.02 76.62 2.38
1 1.10 2.08 716.63 2.57
2 2.11 3.06 76.67 2.50
3 3,06 3.497 76.67 2.40
4 3.95 4,84 76,72 2.33
5 4,75 5.61 76.74 2,29
“b" Coefficient 1.1267857
Index of Determination 0.999992
Stope Watts 333.8
Corrected Slope Watts (0.9842} 328.5
Ave, Corrected Radiation Value 2065 R/hr
Gamma Watts (0.01499) 30.9
Total Thermal Qutput 359.4
Bundle 1D CZ508
Date/Time Bundle Loaded 12-09-84 03:55
Date/Time Bundle Removed 12-09-84 10:46
Pump
t Detta T. Delta T, Toit_ Power, W
D 0.00 0.99 82.57 250.2
1 0.98 1.96 82.59 249.9
2 1.87 2.83 82.58 249.8
3 2,72 3.65 82.59 249.9
4 3.50 4,42 82.58 249.8
b 4,23 5.12 82.59 249.6
" Coefficient 0.9954644
Index of Determination 0,999987
Slope Watts 284,8799
Corrected Slope Watts (0.9842) 280,3788
Ave. Corrected Radiation Value 1977 R/hr
Gamma Watts (0,01499) 29.6
Total Thermal Qutput 310



Bundle ID CZ515
Date/Time Bundle Loaded 9-25-84 11:41
Date/Time Bundie Removed 9-25-84 19:14

Pump
t Delta T. Delta T, Toit_ Power, W
0 0.00 1,01 79.98 --
1 0.92 1.92 79.97 -
2 1.79 2.77 79.97 --
3 2.58 3.47 79.97 --
4 3.33 4,32 79.96 --
5 4,01 5.00 79.96 --
"b* Coefficient 0.9520001
Index of Determination 0.999993
Slope Watts 268.688
Corrected Slope Watts (0.9842) 264.44
Ave. Corrected Radiation Value 1973.8 R/hr
Gamma Watts (0.01499) 29,6
Total Thermal Output 294

Bundle ID (2515
Date/Time Bundle Loaded 10-25-84 22:03
Date/Time Bundle Removed 10-26-84 04:44

Pump
t Delta Ic Delta l¥ Ipit_ Power, W
0 0.00 1.01 77.20 -
1 0.93 1.95 77.21 2.33
2 1.80 2.82 77.20 2.32
3 2.61 3.64 77.20 2.31
4 3,38 4.38 77.19 2.29
5 4.07 5.09 77.18 2,27
"h" Coefficient 0.9574286
Index of Determination 0.999992
Slope Watts 270.7
Corrected Slope Watts (0,9842) 266.4
Ave. Corrected Radiation Value 1974 R/hr
Gamma Watts (0.01499) 29.6
Total Thermal Output 296
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Bundle ID CZ526
Date/Time Bundle Loaded
Date/Time Bundle Removed

10-01-84 11:

40

10-01-84 18:

25

t Deita T. Deita T,
0 0,00 1.00
1 1.16 2,15
2 2.26 3.19
3 3.27 4.16
4 4.21 5,06
5 5.07 5.89

"p" Coefficient

Index of Determination

Slope Watts

Corrected Slope Watts (0.9842)
Ave. Corrected Radiation Value

Jpit_
75.47
75.60
75.63
75.65
75.68
75.71

Pump

Power, W

1.2056428
0.999997

363.18
357.44
2530,97 R/hr

Gamma Watts (0.01499) 37.9
Total Thermal Output 395,3
Bundle ID CZ526
Date/Time Bundle Loaded 5-21-85 272:51
Date/Time Bundle Rempved 5-21-85 05:45
Pump

t Deita T, Delta T, Ipit_. Power, W
0 0.00 1.02 76.93 247,71
1 1,02 1.97 76.94 247.69
2 1.93 2.86 76,96 247.82
3 2,78 3.67 76.97 248,00
4 3.58 4.42 77.00 248.16
5 4.33 5.13 77.02 248,22
"b" Coefficient 1.02210
Index of Determination 0.999947
Slope Watts 294.8
Corrected Slope Watts {0,9842) 290.1

Ave, Corrected Radiation Value 2112.3 R/hr
Gamma Watts {0.01499) 31.7

Total Thermal Output 321.8
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Bundle ID (7528

Date/Time Bundle Loaded 10-25-84 13:01
Date/Time Bundle Removed 10-25-84 19:13
Pump
t Delta T, Delta T, Toit Power, W
0 0.00 1,00 77.03 --
13 0.95 1.90 77.06 2.39
2 1.81 2.75 77.09 2.42
3 2.65 3.52 77.10 2.45
4 3.40 4,28 77.14 2.45
b 4,11 4,93 77,17 2.44
"p" Loefficient 0.9675715
Index of Determination 0.9999749
Slope Watts 274.5
Corrected Slope Watts {0.9842) 270.2
Ave, Corrected Radiation Value 1831 R/hp
Gamma Watts {0.01499} 27.4
Total Thermal Output 297.6
Bundle ID CZ531
Date/Time Bundle Loaded 10-30-84 13:06
Date/Time Bundle Removed 10-30-84 19:24
Pump
t Delta Tc Delta Tv lpit—- Power, W
0 0.00 1.03 79,20 254.0
1 1.08 2.05 79.21 253.0
2 2,05 3.04 79.25 253.0
3 2.99 3.92 79.26 252.9
4 3.83 4,76 79,31 252.5
5 4,63 5.52 79,33 252.5
"b" Coefficient 1.095429
Index of Determination 0.9999/1
Slope Watts 322,1211
Corrected Stope Watts (0.9842) 317.0316
Ave. Corrected Radiation Value 2016.8 R/hr
Gamma Watts (0.01499) 30.2
Total Thermal Output 347.2
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Bundle ID CZ536

Date/Time Bundle Loaded 9-27-84 10:47

Date/Time Bundie Removed 9-27-84 17:18
Pump

t Delta T, Delta T, Tpit_ Power, W

0 0,00 1,01 80.71 -

1 0.94 1.88 80.71 -

2 1.80 2.72 80.72 -

3 2.61 3.51 80.73 --

4 3.36 4-22 8[}-?3 -

5 4.07 4,88 80.73 --

"H" Coefficient 0.95396479

Index of Determination (.999984

Slope MWatts 269,41922

Corrected Slope Watts (0.9842) 265.16239

Ave. Corrected Radiation Value 2006.1 R/hr

Gamma Watts (0.01499) 30.0

Total Thermal Output 295.2

Bundle ID (7542
Date/Time Bundie Loaded 12-08-84 15:10
Date/Time Bundie Removed 12-08-84 22:D5

Pum
t Delta T Detta T Ipit_. Power? W
0 0.00 1.00 82.49 248.8
1 0.96 1.94 82.49 248.2
2 1.86 2.83 82.49 248.,2
3 2.71 .67 82.51 248.3
4 3.48 4,42 82.51 248.4
5 4.19 5.11 82.53 248.4
"b" Coefficient 0.9968931
Index of Determination (.94999929
Slope Watts 285.4121
Corrected Slope Watts (0.9842) 280,9026
Ave, Corrected Radiation Value 2071 R/hr
Gamma Watts (0.01499) 31
Total Thermal Output 311.9
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Bundle ID CZ545
Date/Time Bundle loaded 12-11-84 01:20
Date/Time Bundle Removed 12-11-B4 07:40

Pump
t Deita T. Delta T, Ipit_. Power, W
0 0.00 1.02 82.61 249.5
1 0.93 1.93 82.61 248.8
2 1.80 2.80 82.59 248.5
3 2.63 3.59 82.62 248.5
4 3.37 4,36 82.61 248.4
5 4,08 5.04 82.61 248,2
"b" Coefficient 0.9603573
Index of Oetermination 0.999984
Slope Watts 271.8
Corrected Slope Watts (0.9842) 267.5
Ave, Corrected Radiation Value 1845 R/hr
Gamma Watts (0.01499}) 27.7
Total Thermal Output 295,2
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AXIAL RADIATION PROFILES






















TABLE E.1. ({contd)
Date, Elevation from Bottom of Fuel Assembly, in.

Assembly mo/da/yr /.6 21,5 41,6 61,8 97,1 11/7.3 137,5 1hl.6 169.5
C2357 11/30/84 106.2 233.1 295.6 305.6 311,2 301.2 21i.2 95,0 2.4
7369 11703784 0.0 220.,6 293.1 307,5 315.0 301.8 213.7 100.3 24,0
CZ2370 117/07/84 76.4 193,1 ?268.1 282.5 290.6 273.7 193,1 88.7 12.6
C1372 11/07/84 95,7 195.0 263.1 285.0 292.5 287.5 213,1 98.6 13.9
C1379 11/03/84 110.9 200.6 253.1 262.5 268.1 267.5 207.5 99.8 17,2
C7398 11/07/84 125.9 242.5 306.8 323.7 335.6 329.3 238.7 107.8 22.8
CZ415 11/07/84 91,3 202.5 276,2 ?293.7 304,3 294.3 ?2iz.5 101.5 15.1
C7416 10/30/84 120.1 216,2 276.8 295.0 310.0 297.5 211.8 97.3 21.4
7429 11707784 127.1 ?265.6 337.5 349.,3 357.6 336.2 234.,3 104.5 13.8
2430 10/30/84 105.1 248.7 317.5 335.0 328.1 308,7 213.1 92.5 13.1
7433 11/08/84 73,6 201.2 266.9 ?282,5 289.4 277.5 197.5 90.1 21,0
CZ460 11/30/84 117.3 225.0 278,1 2B0.6 290.6 279.4 193.7 90.3 13.1
CZ466 11/30/84 112,5 192.5 242.5 259.4 295,0 266.2 193.7 89.5 12.8
Cl468 11730/84 113.3 230.6 297.5 301,2 301,9 280.6 188,1 83.6 10.7
C7468 5/22/85 105.4 208,7 271.2 275.0 273.1 255.6 176.2 79,5 11.7
CZ47? 11/30/84 115.4 231,2 297.,5 300,0 296.2 280.6 198.,7 88,0 11.0
CZ473 11/30/84 97.8 194.4 245,0 262.5 278.7 271.9 193.7 89.2 20.7
7498 11/03/84 95,6 246.2 313.7 323.1 328.7 310.0 212.5 95,7 13.0
2498 5/22/85 83,7 213.7 ?276.2 285.,6 288,1 272.5 192.,5 91.5 13.8
CZ508 11730/84 88.4 215.6 271.,2 280.6 293.7 281.9 198,7 95.1 14.3
2515 11/08/84 91.2 196.9 267.5 280,0 288.1 273.7 191.9 92.6 14.2
C7526 5/23/85 97.3 220,6 286.9 298.7 302.5 303.7 236.2 117.5 25.5
2528 11/03/84 58,6 200.6 ?266.2 284,3 295.6 286.2 209.9 102.3 24.2
C7531 10/30/84 68,6 243.7 307.5 320.0 321.8 322.5 243,7 116.2 16.0
7531 5/22/85 58,0 213,7 274.,3 277.5 1282.5 281.8 216.2 106.2 16.8
CZ536 11/07/84  53.9 191.2 263,7 285.6 298.7 288.1 207.5 98,7 25.8
£Zh42 11/30/84 115.9 205.6 263,7 280,0 301.2 291.2 201.2 90.0 23.0
1545 11/30/84 111.8 210.6 262.% ?270.6 275.6 255.0 171.9 82,8 11.1

E.7



TABLE E.Z2,

Neutron Data Collected with the I0N-1

Date, Elevation from Bottom of Fuel Assembly, in.

Assembly mo/da/yr /7,6 21,5 41,6 61.8 97,1 T117.3 13/.5 151.6 169.5
CZ147 11/03/84 4,3 70,2 150.0 161.,3 175,0 144,3 55,0 4.1 0.0 -
CZ148 11/27/84 3.0 60.9 124,0 144.8 164.2 125.9 50.5 2.7 1.0
CZ182 11/07/84 5.1 80,7 190.3 1%94,0 246.,2 208,7 72.2 4.8 0.u
Cz182 5/22/85 2,7 45,4 93,0 102.5 116.7 99.4 33,5 3.0 0.0
CZ195 10/29/84 4,9 67,3 152,7 157.0 142.0 107.2 34.4 2,2 0.0
7205 11/29/84 5.6 75,6 169.7 183,3 214,6 207.9 75.2 5.2 0.0
Cz209 11/07/84 3.8 73,7 150.3 170.6 182.3 149.4 49,1 3.5 0.0
CZ211 11/03/84 3.4 70.4 152,1 184.4 180,5 147.5 57.3 3.3 0.0
C1222 11/05/84 6.7 109.4 225.4 241,9 233.5 193.0 93,6 4.2 0.0
CL222 5/23/85 3.1 47,7 108,0 122.1 120.2 63.3 31.3 2.3 0.0
CZ225 11/03/84 0.0 95,1 191.2 205.9 202.0 164.0 59.5 5.2 0.0
21239 10/30/84 7.5 11,6 231.0 260,7 251.7 196.,4 65.0 5.2 0.0
CZ246 10/30/84 8,0 114.3 235.7 269,3 251,0 186.5 59.4 5.2 0.0
CZ259 11/29/84 5.2 69,9 151.,2 165.0 139.,7 103.,3 31.8 2.3 0.0
CZ264 11/05/84 4,1 73.3 150.3 150.8 146.,4 109,7 37.0 3.5 0.0
Cz277 11/07/84 4,2 66,5 147.6 143.1 127.,3 95.9 31.8 1.8 0.0
CZ286 11/06/84 0.0 103,3 213.,0 220.5 223.9 165.4 55.7 3.7 0.0
£1296 11/03/84 0.0 65.1 140.4 162.4 175.,0 143.,9 51.8 4.0 0.0
CZ302 11/05/84 0.5 57.0 164,4 196.4 243.0 245.7 102.9 3.8 0.0
CZ302 5/22/85 1.7 26.9 79.9 102.,7 119.2 125.2 55.7 4.8 0.0
CZ308 10/30/84 4.8 62,9 147.,3 163.,1 177.1 153.1 58,7 4.6 0.0
CZ311 11/07/84 6.6 105.5 223.5 223.1 239.5 229.7 93.4 6.2 0.0
CZ311 5/23/85 2.3 49,5 110,7 111l.6 119.7 114.,0 45,2 2.5 0.0
CZ315 11/29/84 4.4 85,1 187.9 219.8 ?246.,4 214.8 77.1 5.0 0.1
2318 11/30/84 3.8 63,3 152.0 184.9 232,1 221.2 87.1 6.5 0.0
CZ337 10/30/84 5.5 112.2 220,9 229.8 253.7 215.7 78.8 4.9 0.0
CZ342 11/30/84 4.8 77,2 169.,5 191.8 226,7 221.0 100.,1 7.3 0.0
CZ346 11/07/84 6.1 102.7 226,0 242.6 264.5 271.3 149.1 11.5 0.0
7348 10/30/84 5.7 104.,9 236.2 260.,5 284.2 223.8 8.8 7.4 0.0
CZ351 5/22/85 2.7 43.0 92.3 94,8 114.,9 102.1 42,5 3.0 0.0
C2351 11/30/84 5.8 92.6 181,2 182.1 232.,6 207.2 74,1 6.7 0.0

E.8



TABLE E.2. {contd)
Date, Elevation from Bottom of Fuel Assembly, in.

Assembly mo/da/yr 7.6 21.5 41,6 61.8 97,1 117,33 137.5 151.6 169.,5
CZ355 11/07/84 4,5 65,7 152.2 173.5 186.,8 156.3 57.4 3.7 0.0
CZ357 11/30/84 4,9 101.8 216.,6 222.4 ?250.1 250.3 95.3 6.5 0.0
CZ369 11/03/84 0.0 79.8 175.6 204.0 256.5 231.2 89,7 6.6 0.0
Cz370 11/07/84 3.4 68.7 178.1 207.3 238.5 ?218,4 9l.6 7.1 0.0
C2372 11/07/84 4,2 62,7 170.9 214.9 248.,9 251,7 122.8 8.7 0.0
1379 11/03/84 5.2 69.8 155.,9 164.1 183.7 197.,8 97.6 9.0 0.0
2398 11/07/84 4,9 93,9 200.0 235.7 260.8 262.3 111.4 9.4 0.0
CZ415 11/07/84 3.7 65,5 187.3 219.6 270.2 254.7 110.6 8.3 0.0
CZ416 10/30/84 3.9 80.7 180.3 209,2 253.4 245.3 94.3 7.4 0.1
7429 11/07/84 8.1 123.7 245.8 287.6 295.1 251.,0 93.7 8.9 0.0
CZ430 10/30/84 8.0 116.6 241.3 246,0 265.2 233.7 80.2 6.7 0.0
CZ433 11708/ 84 3.5 67,1 182,3 212.3 236.5 236.5 93.1 8.1 0.0
2460 11/30/84 4,6 104,3 205.8 196.,5 215.1 188.5 70.7 6.4 0.0
CZ466 11/30/84 4,8 69.3 150.,2 173.6 203.4 198.8 82.7 6.5 0.0
CZ468 11/30/84 5.3 100.4 224.4 202.3 203,2 180.6 59,5 3.5 0.0
CZ468 5/22/85 1.7 47.6 113.3 107.1 106.8 98.9 32.8 2.0 0.0
CZ472 11/30/84 6.8 103.2 208.,5 210.6 210.2 183.7 75.3 5.3 0.0
CZ473 11/30/84 4.6 69.7 141,3 173.8 226.2 217.6 84.7 5.2 0.1
2498 11/03/84 5.8 113.4 231,3 224.9 244,7 217.0 75,2 5.0 0.1
cz498 5/22/85 2.9 51,7 110,7 109.3 119.9 106.0 37.7 3.4 0.0
CZ508 11/30/84 5.4 86.1 177.0 197.5 222.6 207.4 76.8 5.8 0.0
CZ515 11/08/84 3.8  69.5 184,1 212,5 260.6 242.8 95.0 5.9 0.0
CI526 5/23/85 2.4 50,1 116,0 120.3 137.0 146.5 82.6 5.8 0.0
CZ528 11/03/84 3.9 71.4 173.4 209.9 247.2 249.2 117.5 8.7 0.0
€531 10/30/84 5.3 110.0 209.7 227.4 240.4 261,7 136.0 9.8 0.2
7531 5/22/85 2.0 47.6 103.4 101.7 122.3 128.0 68.0 6.0 0.0
1536 11/07/84 3.8 64,0 175,2 209,8 263.1 253.1 112.2 8.0 0.0
CZ542 11/30/84 4,7 80.0 170.1 187.6 242.4 227.4 78.2 4.3 0.0
CZ545 11/30/84 6.1 91,2 180.,6 206.0 214.5 164.9 57.9 3.6 0.0

£E.9
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IN-BASIN SIPPING RESULTS




APPENDIX F

IN-BASIN SIPPING RESULTS

The detailed sipping data for the fuel bundles used in the performance
test are given in this appendix. Background levels of 13?05 and 60cy in the
basin are given, as are pool temperature and date of examination. Some of the
tables include analyses of (2205 before and after the sipping of fuel bundles
from a given basket. Bundle CZ205 was used as a calibration check. Occa-
sionally the date of examination, pool temperature, background concentration,
or other parameter changed; such changes are reported as required. Concentra-
tions given in the tables are the differences between the measured value and
the hasin levels. All these values are expressed as Ci/ml and should be

multiplied by 107°.

F.1



[ABLE F,1. Sipping Tests For Cooper Fuel

Pre-Characterization, Basket B-85

Date Tested
Basin Water Temperature
137

60

Basin Sampie
Basin Sample

137

Bask. Bundle Cs Delta

p No c n 13?Qi
€Z205 5.99 +0,22

A CZ302 6.34 +0,57
B C1259 6.50 +0.73
C CZ264 5.92 +0.15
D 7331 6.29 +0.52
E CZ205 5.13 -0.64
F 7102 5.20 -0.57
G CZ286 5.01 -0.76
H 2148 4,74 -1.03
I CZ195 5.68 -0.09

Cs Concentration:
Co Concentration :

September 19, 1984

29.5°C
5.77 x 10~
1.22 x 107
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[ABLE F.2. Sipping Tests For Cooper Fuel
Pre-Characterization, Basket B-86

Date Tested
Basin Water Temperature

Basin Sample 137

Basin Sample 60C0 Concentration :
Bask, Bundle 13?(:5 Delta
Pos,  _No,  Concen, 137&5
CZ205 5.53 +0.11

A CZ296 7.03 +1.61
B C7225 8.48 +3.06
C CZ526 5.43 +0.01
D CZ379 10.3 +4,88
E CZ147 10.1 +4 .68
F CZ369 7.07 +1.65
G 2528 5.74 +0,32
H €Z493 6.86 +1.44
1 CZ211 5.82 +0.40

F.2

Cs Concentration:

5
4

pCi/ml
pCi/ml

L] .

- .
NN TN ~SOo D

. .

+
—
] L]
W W o OO

September 17, 1984

29.2°C

5.42 x 1072
3.79 x 107>

60CO

Concen,

14.5
10.9
21.9
13.6
63.5
31.6
42,5
55.4
67.1
63.7

aCi/ml
uCi/mi

Delta
60c

.71
.11
.11
.81
.71
.81
.71
.61
.31
60.n

—
o

—
D D~

L)
oo

+ 4+ + + + F++ o+
O W PO
G -] —



FABLE F.3.

Date Tested

Sipping Tests For Cooper Fuel

Pre-Characterization, Basket B-88

Basin Water Temperature

Cs Concentration:
Co Concentration :

Basin Sample 137
Basin Sample 60
Bask. Bundle 13?Cs
Pas, No, Congen.
CZ205 5.70
A CZ239 4,81
B CZ531 5.08
C 7430 5.01
D CZ416 5.51
E CZ34B 5.10
F CZ337 5.16
G CZ308 6.08
H 7246 13.3
I Cl222 8.12
JABLE F.4.

Date Tested

Delta

137

Cs

-0.45

-1.
-1.
-1,
-0,
-1.
-0,
-0.
+7,
+1,

34
07
14
64
05
99
07
15
95

September 18, 1984
29.5°C

6.15 x 107> 4Ci/ml
2.89 x 107> 4Ci/m)

60Co Delta
C GOQQ_
18.3 - 10.6
5.04 - 23.86
8.87 - 20.03
12.4 - 16.5
7.64 - 21.26
8.13 - 20.77
8.77 - 20.13
18.6 - 10.30
235, +206.1

81.2 + 52,3

Sipping Tests For Cooper Fuel

Pre-Characterization, Basket B-90

Basin Water Temperature

Basin Sample

Basin Sample 6OCO Concentration :

137

137

Bask. Bundle Cs
Pos, No, Concen,
CZ205 5.28

A CZ342 7.45

B CZ318 10.3

C CZ315 10.6
D C7182 8.77
E CZ370 5.31
F C7357 4.97
G CZh42 5.28
H C7508 5.78
I C7466 4,70

137

8asin Sample
Basin Sample

CZ205

4.73

Cs Concentration:

Delta

137

+1.
+3,
.16
-3.
+4,
+1.
.83
+1,
.64
.56

+6

+0

+1
+0

Cs

14
31

08
63
17

14

0 Cs Concentration:
Co Concentration :

~0.45

F.3

September 20, 1984
29.1°C

4.14 x 107> 4Ci/ml

8.11 x 107> 4Ci/ml
60Co Delta
Concen, 6UQQ_
26.9 + 18.8
34. +25.9
163. +154.9
111. +102.9
54.5  + 46.4
7.49 - 0.6
8.85 + 0.75
7.20 - 0.9
9.40 + 1.3
8.62  + 0.52

4.73 x 10:2 #Ci/ml
4,32 x 10 7 wCi/m]

43.2 - 24.4



[ABLE F.5.

Date Tested

Sipping Tests For Cooper Fuel

Pre-Characterization, Basket B-91

Basin Water Temperature

Basin Sample 137

Basin Sample 60

Bask. Bundle

Pos.

CZ205
CZ460
€Z351
CZ415
CZ473
CZ472
CZ468
CZ545
CZ372
CZ536
Back-
ground

— IO MMmMOoOOm e

TABLE F.6.

Date Tested

_ No._ Concen.

Cs Concentration:
Co Concentration :

137¢4 Delta

137Q§

[ e QLIS B oo B
[an B AN IR ERIE B e o B AN

»

L U N S WD Q0 e e L

L} -

PO R WO DN N &

(AN ]

[ —
Bl WD = YO OO OO
'S L T

—
QWO NN BB
P + = 4 s & = =

+ 4+ + + 0+ o+

J

September 21, 1984
28.9°C

4.10 x 107> 4Ci/mI
1.25 x 107% 4Ci/ml
60

Co Delta
Concen. 60@0_

15.0 + 12.5
40.9 + 28.4
80.2 + 67.7
57.8 + 45,3
59.3 + 46,8
48.3 + 35.8
12.0 - 0.5
11.3 - 1.2
21.3 + 8.8
9.74 - 2,76
88.3 + 75.8

Sipping Tests For Cooper Fuel

Pre-Characterization, Basket B-92

Basin Water Temperature

Basin Sample 137

Basin Sample 60

Bask. Bundle
Pos.  __No.
CZ205
A CZ515
1 C7433

Cs Concentration:
Co Concentration :

137

Cs Delta
c 137&5
092284 4,48
092184 9,52
092184 8.78

F.4

See below
Not Availabie

4.43 x 107> uCi/m
8.83 x 107% uCi/ml
60,

Delta
Concen. BOCQ_
+ 0.05 51.6
+ 5.09 80.6
+ 4.35 150.



TA F

Sipping Tests For Cooper Fuel

Pre-Characterization, Basket B-93

Date Tested
Basin Water Temperature

Basin Sample 13?05 Concentration:
Basin Sample 60Co Concentration :
Bask. Bundle 13¢s  Delta
Pos, No. Concen., 13?@;
CZ205 5.43 + 0,25
A CZ429 5.05 - 0.13
B C7311 5.01 -~ 0.17
C CZ398 5.99 + 0,81
E CZ346 10.3 + 5,12
G Cc7277 8.27 + 3.09
H CZ355 5.41 + 0,23
I CZ209 6.00 + 0,82
[ABLE F.8,

September 18, 1984
29.2°C

5.18 x 107 4Ci/ml
4.15 x 107> 4Ci/ml
60

Co Delta
Concen, 6029_
28.1 + 23.9
10.1 + 5,95
7.55 + 3.40
20.1 + 15.95
117. +172.8
/8.0 + 73.85
11.9 + 7.75
53.2 + 49.1

Sipping Tests For Cooper Fuel

Post-Characterization, Basket B-85

Date Tested
Basin Water Temperature

Basin Sample 137

Basin Sample 6OCo Concentration :
Bask. Bundle 13?Cs Delta
Pos.  _No,  Concen. 13?&5

C7205 9.69 + 0.99

A C7302 11.9 + 3.2

B CZ259 10.9 + 2.2

Date Tested

Basin Water Temperature

Basin Sample 137

Basin Sample 60Co Concentration :

137

Bask. Bundle Cs Delta
Pos, No., Concen. 137&5
C CZ264 8.45 + 0,81
D CZ331 13,2 + 5.56
F C7102 12.3 + 4.66
G CZ2B6 8.97 + 1,33
H CZ148 9.02 + 1.38
I CZ195 10.4 + 2.76
F.5

Cs Concentration:

Cs Concentration:

May 2, 1985
25.5°C

8.70 x 107> 4Ci/ml
6.51 x 107> uCi/ml
60

Co Delta
Concen, GOQQ_
23.2 + 16.69
29.1 + 22.59
33.1 + 26,59
May 3, 1985
26.1°C

7.64 x 107> uCi/ml
3.28 x 107> uCi/ml
60

Co Delta
&0
Concen, Co
11.6 + 8.32
33.7 + 30,42
25.3 + 22.02
18.0 + 14.72?
18.2 + 17.92
29,3 + 26,02



TABLE F.9., Sipping Tests For Cooper Fuel
Post-Characterization, Basket B-86

Date Tested : May 4, 1985
Basin Water Temperature : 27.5°%C
137¢s Concentration: 8.79 x 107 #Ci/ml

Basin Sample %0co Concentration : 3.37 x 107° 4Ci/ml

Basin Sample

Bask. Bundle 13?Cs Delta 6000 Delta
Pos,  __No.  Concen, 13?2& Concen. GOC_O_
CZ205 9.20 + 0.41 24.3 + 20.93
A CZ296 11.9 + 3.11 15.3  + 11.93
B CZ225 9.34 + 0.55 13.2 + 9.83
D Cz379 6.34 - 2.45 12.8 + 9.43
E Cz147 6.10 - 2.69 4.68 + 1.28
F C7369 6.37 - 2.42 6.34 + 2.97
H CZ498 4,47 - 4.32 5.70 + 2.33
I CZ211 10.4 1.61 21.6 + 18.23
[ABLE F.10. Sipping Tests For Cooper Fuel
Post-Characterization, Basket B-88
Date Tested : May 5, 1985
Basin Water Temperature 1 28°C

Basin Sample 137

Cs Concentration: 8.92 x 107> uCi/ml
Basin Sample ®Co Concentration : 3.47 x 107° #Ci/ml

137 60

Bask. Bundle Cs Delta Co Delta
Pos.  __No.  Concen. 13?&; Concen., 60£Q_
CZ205 7.40 - 1,52 8,72 + 5,25

A C7239 9.89 + 0,97 9.05 + 5,58

B CZ531 8.27 - 0.65 6.57 + 3,10

C CZ416 8.93 + 0,01 6.68 + 3.21

E CZ348 9.09 + 0.17 8.91 + 5,44

G CZ308 7.92 - 1.00 6.51 + 3.04

H £7430 10.2 + 1.28 11.3 + 7,83

1 CZ337 0,14 + 0,22 7.89 + 4,42

F.6



[ABLE F.11.

Date Tested

Basin Water Temperature

Basin Sample 137

Sipping Tests For Cooper Fuel
Post-Characterization, Basket B-90

Cs Concentration:

Basin Sample 60Co Concentration :

Bask. Bundle
Pos, No,

CZ2205
2342
CZ318
CZ315
2182
CZ357
CZ542
CZ508
CZ466

— T oMo O o>

TABLE F.12.

Date Tested

Basin Water Temperature

Basin Sample 137

Basin Sampie 60
Bask. Bundle
Pos., No,
CZ205
A CZ460
B CZ351

Date Tested

Basin Water Temperature

Basin Sample 137

13?CS

E
E

=
OO WO W OO WD F

= e

L] -

TN O LN~ h L)
Y &=

—t
WOoOWOUODOoODOoOR O
- a - - " - -

(=]

Delta
137

+ + 4+ 4+ + + + +
M L) Lo = B L) Lo

Cs

.73
.79
.99
.49
.09
.93
.27
.59
.05

May 6, 19B5
27.1°C

6.61 x 10
2.80 x 107
60

5
5

Co

13,
24,
16,
13.
23,
13.
15.
12.
11.

O 00 =~ = LD b
+ + + + 4+ + + + +

pCi/ml
pCi/ml

Delta
60

10.
21.
13.
11,
20,
10.
12.
10.

8

Sipping Tests For Coocper Fuel

Post-Characterization, Basket B-91

13?CS

Concen,

6.37
5.94
6.00

Cs Concentration:
Co Concentration :

Cs Concentration:

Basin Sample 60Co Concentration :

Bask. Bundle
Pos., No.

CZ415
CZ473
C2472
CZ468
CZ545
CZ372

oM mo o,

13?CS

Concen,

5.57
9.39
8.49
9.73
11
11

.1
.1

Delta
137

AT B S
W O b

Cs
3.

43

e B = T
L WO D

May 6, 1985
26.0°C

6.88 x 107°
3.62 x 1072

60CO

Concen

May 7, 1985
26.0°C

8.00 x 107°
3.47 x 1072

60C0

Concen,

pCi/ml
pCi/ml

Delta
60

F

+ + +
FopN AN
N
o — D

sCi/ml
pCi/ml

Delta

GOQQ_

+ 4+ + + + +
OO~ N
L " - - -
TN OO WD
Ll L0 L ] LR



[ABLE F.13. Sipping Tests For Cooper Fuel
Post-Characterization, Basket B-92

Date Tested ¢ May 7, 1985

Basin Water Temperature : 26.5°C

Basin Sample '3’Cs Concentration: 8.00 x 107 pCi/ml
Basin Sample %Co Concentration : 3.47 x 107° uCi/ml
Bask. Bundle B3¢ Delta 60¢0 Delta

Pos.  __No.  (Concen. 137&; Concen, GOCQ_

CZ205 8.33 + 0.33 10.0 + 7.53
A CZ515 11.8 + 3.80 20,2 + 16.73
B CZ370 10.9 +2.90 12.9 + 9.43
C CZ526 7.77 - 0.23 5.71 + 2.24
D CZ536 8.18 + (.18 8.01 + 4,54
£ (z222 7.90 - 0.10 6.72 + 3.25
F 7346 8.34 + 0,34 10,7 + 7.23
Date Tested : May 8, 1985
Basin Water Fuel Temperature : 26.5°C
Basin Sample 137¢5 Concentration: 8.00 x 107° pCi/ml
Basin Sample °OCo Concentration : 3.47 x 107 pCi/ml
Bask. Bundle 137Cs Delta 60C0 Delta
Pos.  _ No.  (oncen, 137&; Concen. 60CQ_
F CZ346 7.55 - 0.45 7.22 + 3.75
G CZ528 8.01 + 0.01 5,62 + 2.15
H CZ246 7.83 - 0.17 6.55 + 3.08
I CZ433 8.98 + 0,98 3.98 + 0.51
IABLE F.14. Sipping Tests For Cooper Fuel
Post-Characterization, Basket B-93
Date Tested : May 8, 1985
Basin Water Temperature 1 27.5°C
Basin Sample 13?Cs Concentration: 8.79 x 10—5 #Ci/ml
Basin Sample ©0Co Concentration : 3.47 x 107> 4Ci/ml
Bask. Bundle 13765 Delta 6OCO Delta
p N c 137&5 C GOCQ_
CZ205 8.51 - 0,28 8.88 + 5,41
A CZ429 10.8 + 2.01 16,3 + 12.83
B CZ311 9.88 +1.09 18.9 + 15.43
C 72209 10.0 +1.21 15,3 + 11.83
G Cz277 11.2 + 2.41 15,0 + 11.53
H CZ355 12.1 + 3.31 25,2 + 21.73
I €Z398 13.0 + 4,21 15.6 + 11.13
F.8
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CASK TEMPERATURE PERFORMANCE DATA










JABLE G.1. Vertical VYacuum Run

GENERAL RUN CONDITIONS

Run No. 1 Date: Nov 25, 1984
Loading Partial Temp, 6.7 C 2
Wind Sp. 5 MPH Sotar 85 W/m
Cask P 4 mm Hg Power 9 KW
AXTAL PROFILE DATA
ELEY -—--e=eu-- Basket Locations---------—--
(M) 2J 4J SURFACE 1A 2A
4.9 10.7 11.5
4.5 48.6 16.1 43,4 43.0
3.8 111.6 18.4
3.3 149.4 154.4 18.0 126.8 116.9
2.8 161.2 21.3
2.0 165.7 21.3 143.6 135.5
1.4 162.6 166.4 20.0 138.8 132.6
0.7 129.9 19.9
0.2 50.8 13.4 46.9 47.0
0.0 24,1 18.9
RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 95.2 86.1 1.11 20.3 19.1
0.13 162.6 149.9 0.58 138.8 126.8
0.25 108.3 98.8 0.25 159.6 142.7
0.38 149.8 133.4 0.09 166.4 154.4
0.49 97.1 83.6 -0.09 162.6 149.4
0.61 135.3 123.6 -0.58 132.6 116.9
0.75 61.3 61.4 -1.11 17.0 19.0
1.11 20.0 18.0 AMB. 6.7 6.7

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169

G.3



[ABLE G.2. Vertical Nitrogen Run

GENERAL RUN CONDITIONS

Run No. 2 Date: Dec 1, 1984
Loading Partial Temp, 1C 9
Wind Sp. 3 MPH Solar 84 W/m

Cask P 20.4 psia Power 8.9 KW
AXIAL PROFILE DATA

ELEY ----mmmmm Basket Locations------———---
(M) 2J 4J SURFACE 1A 2A
4.9 13.5 22.5
4.5 79.1 20.9 74.3 77.1
3.8 116.0 15.1
3.3 114.9 116.8 13.7 97.5 91.9
2.8 107.4 16.6
2.0 88.0 14.7 77.0 73.9
1.4 71.5 71.9 13.5 63.4 62.5
0.7 41.7 12.5
0.2 23.5 8.8 33.5 32.7
0.0 15.3 11.0
RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position-- RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 45.5 69.6 1.11 13.5 13.6
0.13 71.5 114.9 0.58 63.4 97.5
0.25 50.4 75.2 0.25 71.6 110.4
0.38 70.9  105.2 0.09 71.9 116.8
0.49 47.0 63.8 -0,09 71.5  114.9
0.61 62.3 93.5 -0.58 62.5 91.9
0.75 35.3 50.6 -1.11 8.2 14.7
1.11 13.5 13.7 AMB. 1.3 1.3

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169

-45 8.1 14.0 19.9
0 8.2 13.6 21.1
45 6.7 13.5 21.0
90 13.1 13.9 21.4
135 13.5 13.7 20.9
180 13.5 14.7 18.6
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TABLE 6.3. Horizontal Nitrogen Run

GENERAL RUN CONDITIONS

Run No. 3 Date: Dec 6, 1984
Loading  Partial Temp. ~-10C 5
Wind Sp. 8 MPH Solar 94 W/m
Cask P 20 psia Power 8.9 KW
AXTAL PROFILE DATA
ELEV -———wemmom—- Basket Locationse~w-=~----—-
(M) 2J 4] SURFACE 1A 2A
4.9 -4.,0 1.5
4.5 31.9 2.4 35.0 20.5
3.8 63.6 -0.5
3.3 91.7 100.5 -0.6 85.3 60.7
2.8 103.6 3.1
2.0 110.1 3.6 100.0 77.9
1.4 108.3 114.3 3.6 96.5 74.3
0.7 82.1 3.5
0.2 42.3 4,2 50.3 29.8
0.0 0.3 1.1
RADIAL PROFILES DIAMETRICAL PROFILES
RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123
0.00 62.0 57.5 1.11 -7.1 -8.6
0.13  108.3 91.7 0.58 96.5 85.3
0.25 69.0 57.7 0.25 113.2 95.1
0.38 91.3 75,2 0.09 114.3 100.5
0.49 53.7 45.0 -0.09 108.3 91.7
0.61 79.8 67.2 -0.58 74.3 60,7
0.75 30,2 27.8 -1.11 -8.4 -11.3
1.11 3.6 -0.6 AMB. -9.8 -9.8

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169
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TABLE G.4. Horizontal Helium Run

GENERAL RUN CONDITIONS

Run No. 4 Date: Dec 9, 1984
Loading Partial Temp. 4.5 ¢C 2
Wind Sp. 3 MPH Solar 87 W/m
Cask P 22 psia Power 8.8 KW
AXIAL PROFILE DATA
ELEV ———me-—m- Basket Locations------—-----
(M) 2J 4J SURFACE 14 2A
4.9 14.3 18.4
4.5 29.6 19.0 30.2 24.0
3.8 59.6 19.0
3.3 79.7 82.2 18.9 68.4 56.0
2.8 86.9 22.6
2.0 89.9 23.4 78.7 64.4
1.4 87.5 90.4 23.5 75.9 62.4
0.7 70.8 23.7
0.2 33.2 21.9 37.5 27.1
0.0 15.7 17.2
RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position-- RADIUS ---Positiaon--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 60,0 57.1 1.11 10.5 12.1
0.13 87.5 79.7 0.58 75.9 68.4
0.25 63.8 58.5 0.25 88.7 78.2
0.38 79.3 71.4 0.09 90.4 82.2
0.49 55.2 49.4  -0.09 87.5 79.7
0.61 68.3 61.6 ~0.58 62.4 56.0
0.75 33.6 36,9 -1.11 10.8 5.6
1.11 23.5 18.9 AMB. 4.5 4.5

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169

~45 20.3 20.4 18.4

0 10.8 12.1 22.3
45 18.3 20.3 20,3
90 24.3 19.8 19.1
135 23.5 18.9 19.0
180 10.5 5.6 19.5
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TABLE G,5. Vertical Helium Run

GENERAL RUN CONDITIONS

Run No. 5A Date: Dec 19, 1984
Loading Partial Temp, -3 C 5
Wind Sp. 8 MPH Solar 21 W/m
Cask P 21.5 psia Power 8.8 KW
AXIAL PROFILE DATA
ELEY  ——mmmmemee Basket locations-------—--—--
(M) 2J 4J SURFACE 1A 2A
4.9 -0.2 2.9
4.5 34.3 8.6 29.6 27.8
3.8 68.6 7.6
3.3 83.1 82.8 6.6 63.8 58.7
2.8 85.6 9.7
2.0 79.2 9.3 64.3 60.0
1.4 71.4 71.4 8.5 58.0 55.7
0.7 46.4 8.2
0.2 14.6 2.1 18.3 17.6
0.0 11.4 7.1
RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position-- RADIUS «--Position--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 43.9 53.8 1.11 8.3 7.5
0.13 71.4 83.1 0.58 58.0 63.8
0.25 49.6 58.1 0.25 68.4 76.0
0.38 63.5 69.9 0.09 71.6 82.9
0.49 41.5 48.7 -0.09 71.4 83.1
0.61 57.3 64.3 -0.58 55.7 58.7
0.75 26.2 35,2 -1.11 4.5 7.9
1.11 8.5 6.6 AMB. -3.1 -3.1

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169
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TABLE G,.6. Vertical Helium Run

GENERAL RUN CONDITIONS

Run No. 5B Date: Dec 28, 1984
Loading Partial Temp, 14 C 5
Wind Sp. 14 MPH Solar 16 W/m

Cask P 21.5 psia Power 8.7 KW
AXIAL PROFILE DATA

ELEY - Basket Locations-=--=-==---
{M) 2J 4] SURFACE 1A 2A
4.9 16.1 18.2
4.5 48.0 21.9 43.2 40.9
3.8 79.3 21.6
3.3 93.9 93.9 20.5 75.9 71.3
2.8 96.6 20,7
2.0 91.1 20.5 76.8 73.3
1.4 84.1 84.4 20.1 71.2 68.9
0.7 60.5 20.2
0.2 29.0 16.9 34.0 32.5
0.0 26.3 22.3

RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position-- RADIUS ---Position--
(M) EL.50 EL,123 ) EL.50 EL.123

0.00 58.4 66.2 1.11 20.1 21.5
0.13 84.1 93.9 0.58 71.2 75.9
0.25 63.1 70.6 0.25 81.9 87.7
0.38 76.7 81.5 0.09 84.4 93.9
0.49 55.1 61.0 -0.09 81.5 93.9
0.61 70.2 75.8 -0.58 68.9 71.3
0.75 40,3 47.8 -1.11 19.4 22.1
1.11 20.1 20.9 AMB. 13.9 13.9

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE EL.50 EL.123 EL.169
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TABLE G.7. VYertical Vacuum Run

GENERAL RUN CONDITIONS

Run No. 6A Date: Jan 13, 1985
Loading  Full Temp. 24 C
Wind Sp. 0 Solar O
Cask P 1 mm Hg Power 15,2 KW
AXIAL PROFILE DATA
ELEY ----—--—-- Basket Locations-----------
(M) 24 4) SURFACE 1A 2A
4.9 38.4
4.5 98.4 54.6 91.6 91.7
3.8 162.6 54.2
3.3 202.0 207.8 56.3 186.4 i71.7
2.8 216.0 53.5
2.0 222.0 54,7 209.2 195.5
1.4 217.9 222.7 54.4 202.4 192.6
0.7 181.0 49.3
0.2 104.4 52.0 98.7 97.7
0.0
RADIAL PROFILES DIAMETRICAL PROFILES
RADIUS ---Position--  RADIUS ---Pasition--
(M) EL.50 EL.123 (M) EL.50 EL.123
0.00 164.1 150.9 1.11 54.5 56.8
0,13 217.9 202.2 0.58 202.4 186.4
0.25 181.1 165.9 0.25 221.6 201.2
0.38 217.5 196.4 0.09 222.7 207.8
0.49 189.0 168.8 -0.09 217.9 202.7
0.61 208.3 191.2 -0.58 192.6 171.7
0.75 122.4 123.7 -1.11 55.1 57.5
1.11 54.4 56.3 AMB, 24.3 24.3

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169

-45 55.1 57.2 50.9

0 55.1 56.8 52.6
45 54.5 56.0 53.3
90 53.8 56.0 53.8
135 54.4 56.3 54.6
180 54.5 57.5 55.4
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TABLE G.8. VYertical Yacuum Run

GENERAL RUN CONDITIONS

Run No. 6B Date: Jan 19, 1985
Loading  Full Temp. =-10C >
Wind Sp. 8 MPH Solar 60 W/m

Cask P 4.4 mm Hg Power  15.2 KW

AXIAL PROFILE DATA

ELEYV ----—-—-na Basket Locations--=---—-——-—-
(M) 2J 4J SURFACE 1A ZA
4.9 -2.0 -0.8
4.5 62.0 11.2 54.0 54,1
3.8 131.8 9.9
3.3 172.8 180.2 13.1 158.2 143.2
2.8 187.5 13,2
2.0 194.6 10.9 181.0 168.2
1.4 190.7 196,27 10.5 174.2 164.7
0.7 153,86 9.7
0.2 66.4 0.4 64.5 61.5
0.0 24.1 15.1

RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position-~  RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 131.6 116.7 1.11 9.6 11.1
0.13 190.7 172.8 0.58 174.2 158.2
0.25 148.9 132.2 0.25 195.6 173.3
0.38 190.6 168.1 0.09 196.2 180.2
0.49 158.1 135,44 -0.09 190.7 172.8
0.6 180.9 162.3 -0.58 164.7 143.2
0.75 86.8 87.7 -1.11 7.4 13.1
1.11 10.5 13.1 AMB. -9.8 -9.8

SURFACE TEMPERATURE PROFILE
—————— Position------~-
ANGLE  EL.50 EL.123 EL.169

-45 9.3 12.3 6.7

0 /.4 11.1 9.7
45 9.2 11.9 11.4
90 7.8 11.5 10.4
135 10.5 13.1 11.2
180 9.6 13.1 13.5
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TABLE G,9. Vertical Nitrogen Run

GENERAL RUN CONDITIONS

Run No, 7 Date: Jan 25, 1985
Loading  Full Temp. -4C ,
Wind Sp. 7 MPH Solar 43 W/m

Cask P 20,5 psia Power 15,1 KW

AXTAL PROFILE DATA

ELEY —=cemom—- Basket Locations=--==mar---
(M) 2J 4J SURFACE 1A ZA
4.9 7.7 20.4
4.5 105.4 21.0 97.1 100.2
3.8 147.6 17.8B
3.3  150.9 151.1 17.3  136.3 127.0
2.8 145.8 15.3
2.0 126.9 11.3 114.5 111i.2
1.4 108.7 106.3 10.9 97.5 97.7
0.7 69.3 9.6
0.2 38.7 7.5 64.3 60.1
0.0 25.4 16,7
RADIAL PROFILES DIAMETRICAL PROFILES
RADIUS ~~~Position-- RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123
0.00 77.2 104.8 1.11 4.0 17.3
0.13 108.7 150.,9 0.58 97.5  136.3
0.25 85.3 116.0 0.25 106.3 151.1
0,38 106.1 146.3 0.09 107.7 154.1
0.49 g2.0 111.e -0.09 108.7 150.9
0.61 93,7 133.9 -0.58 97.7 127.0
0.75 59.4 82.8 -1.11 9.2 16.7
1.11 10.9 17.3 AMB. -3.9 -3.9

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE EL.50 EL.123 EL.169

-45 10.7 17.0 17.2

0 9.2 17.3 28.0
45 10.6 17.2 28.7
90 8.5 16.4 24.3
135 10.9 17.3 21.0
180 4.0 16.7 18.1
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TABLE G.10. Vertical Nitrogen Run

GENERAL RUN CONDITIONS

Run No. 8 Date: Feb 3, 1985
Loading  Full Temp. -16.5 C2
Wind Sp. 3 MPH Solar 143 W/m

Cask P 20.8 psia Power  14.9 KW
AXIAL PROFILE DATA

ELEY —aceme——- Basket Locations---=-«--—-—-
(M) 2J 4J SURFACE 1A 2A
4.9 9.8 20.6
4.5 100.5 26.2 93.6 93.1
3.8 141.3 16.7
3.3 144.5 145.7 15.4 129.5 117.9
2.8 138.6 13.4
2.0 118.2 8.1 107.7 102.1
1.4 98.8 98.4 7.5 89.6 89.5
0.7 58.0 5.0
0.2 30.5 -1.2 55.9 51.1
0.0 19.7 11.2

RADTAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position-- RADIUS ---Position--
(M} EL.50 EL.123 (M) EL.50 EL.123

0.00 69.4 97.4 1.11 5.3 15.9
0.13 98.8 144.5 0.58 89.6 129.5
0.25 77.9 108.6 0.25 97.2 141.6
0.38 97.6 137.3 0.09 98.4  145.7
0.49 73.8 104.2 -0.09 98.8 144.5
0.61 86.6 127.9 -0.58 89.5 117.9
0.75 52.1 75.6  -1.11 5.5 15.6
1.11 7.5 15.4 AMB. -16.5 -16.5

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169

7.8 . .
0 5.5 15.9 30.5
45 7.1 14.1 28.1
90 6.3 14.0 20.1
135 7.5 15.4 26.2
180 5.3 15.6 21.1
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IABLE G.11. Horizontal Nitrogen Run

GENERAL RUN CONDITIONS

Run No. 9 Date: Jan 30, 1985
Loading  Full Temp. =-3.9C 5
Wind Sp. 4.5 MPH Solar 47,5 W/m
Cask P 20.8 psia Power 15 KW
AXIAL PROFILE DATA
ELEY e —- Basket Locations---——-—--—--
(M) 2J 4] SURFACE 1A 2A
4.9 11.0 15.4
4.5 59.8 24.7 66.8 45,7
3.8 95,7 23.9
3.3 126.8 140.,7 24.6  131.3 94,2
2.8 23.8
2.0 152.4 22.8 156.4 94,7
1.4 150.8 161.8 23.9 150.3 117.0
0.7 119.2 25.0
0.2 73.6 24.3 89.3 64.4
0.0 24.8 22.0
RADIAL PROFILES DIAMETRICAL PROFILES
RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.,123 (M) EL.50 EL.123
0.00 109.9 100.0 1.11 4.2 13.3
0.13 150.8 126.8 0.58 150,3 131.3
0.25 119.3 99.8 0.25 162.8 138.9
0.38 145.1 118.5 0.09 161.8 140.7
0.49 117.8 94,7 -0.,09 150.8 126.8
0.61 132.6 108.8 -0.,58 117.0 94,2
0.75 67.8 62.0 -1.11 11.8 4.3
1.11 23.9 24.6 AMB, -3.9 -3.9

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169

e A ——— — ——— — — — — ———

-45 26.5 26.4 22.4

0 11.8 13.3 27.6
45 25.8 24.6 25.5
a0 23.7 24.3 22.0
135 23.9 24.6 24.7
180 4.2 4.3 26.1
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TABLE G,12. Horizontal Helium Run

GENERAL RUN CONDITIONS

Run No. 10 Date: Feb 14, 1985
Loading Full Temp. -8¢C 2
Wind Sp. 9.4 MPH Solar 127 W/m

Cask P 20,2 psia Power 14.8 KW
AXIAL PROFILE DATA

ELEV «--ema———- Basket Locations-------~-——--
(M) 2J 4J SURFACE 1A 2A
4.9 2.7 5.5
4.5 30.2 i4.5 31.0 22.0
3.8 67.6 10.2
3.3 92.1 96.8 11.6 84.4 65.2
2.8 102.3 11.2
2.0 106.0 10.1 99.9 77.6
1.4 102.8 110.2 11.5 95.5 74.5
0.7 80.4 11.6
0.2 32.7 12.2 44.1 27.4
0.0 6.7 5.9
RADIAL PROFILES DIAMETRICAL PROFILES
RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123
0.00 77.0 70,7 1.11 ~-4.5 4.1
0.13 10z.8 9z.1 0.58 85,5 84.4
0.25 81.8 73.3 0.25 109.0 95.7
0.38 97.8 86.7 0.09 110.2 96.8
0.49 80.6 70.3 -0.09 102.8 92.1
0.61 88.4 78.1 -0.58 74.5 65.2
0.75 39.4 43.6 -1.11 2.7 -4.9
1.11 11.5 11.6 AMB. -7.8 -7.8

SURFACE TEMPERATURE PROFILE
—————— Position----~--
ANGLE EL.50 EL.123 EL.169

-45 11.7 11.8 8.7

0 2.7 4.1 14.1
45 15.4 13.4 13.6
50 12.2 10.1 10.1
135 11.5 11.6 14.5
180 -4.5 -4.9 14.6
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TABLE G.13. Vertical Helium Run

GENERAL RUN CONDITIONS

Run No. 11A Date; Feb 5, 1985
Loading  Full Temp. -14 C ,
Wind Sp. 2 MPH Solar 141 W/m
Cask P 20,4 psia Power 14.9 KW
AXTAL PROFILE DATA
ELEY  —=me—om——- Basket Locations----------~
(M) 2J 4] SURFACE 1A 2A
4.9 8.8 12.7
4.5 51.0 23.0 43,0 43.0
3.8 88.2 19.0
3.3  105.9 106.3 18.9 88.4 80.0
2.8 109.8 18.8
2.0 101.9 15.4 90.0 81.6
1.4 91.4 92.2 14,7 80.0 75.5
0.7 59.1 12.7
0.2 19.7 2.6 31.8 29.1
0.0 17.1 13.0
RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.123 (M} EL.50 EL.123

0.00 66.3 78.6 1.11 13.8 19.0
0.13 91.4 105.9 0.58 80.0 88.4
0.25 74.3 86.7 0.25 89.7 101.8
0.38 86.4 98.3 0.09 92.2 106.3
0.49 71.2 82.6 -0.09 91.4 105.9
0.61 8l.6 94,4 -0.58 75.5 80.0
0.75 42.4 5.1 -1.,11 11.5 19.0
1.11 14.7 18.9 AMB. -14.3 -14.3

SURFACE TEMPERATURE PROFILE
—————— Position--w====
ANGLE  EL.50 EL.123 EL.169
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TABLE G.14. Vertical Helium Run

GENERAL RUN CONDITIONS

Run No. 11B Date: Feb 8, 1985
Loading  Full Temp, 22 C
Wind Sp. O Solar 0

Cask P 22.3 psia Power 14.6 KW
AXIAL PROFILE DATA

ELEY ---me=eaeeu Basket Locations----—------
(M) 2J 4J SURFACE 1A ZA
4.9 49.6 50.5
4.5 80.8 59.8 79.0 80.1
3.8 122.7 49,3
3.3  139.4 140.7 60.9 123.4 114.6
2.8 143.2 58.5
2.0  136.9 41.1 127.6 118.2
1.4 127.1 129.7 52.9 117.9 112.6
0.7 96.2 50.9
0.2 57.2 45.4 67.8 65.2
0.0 57.7 52.7
RADIAL PROFILES DIAMETRICAL PROFILES
RADIUS ---Position-- RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123
0.00 104.9 115.7 1.11 52.8 61.0
0.13 127.1 139.4 0.58 117.9 123.4
0.25 112.7 123.0 0.25 126.8 13s6.1
0.38 125.6 136.5 0.09 129.7 140.7
0.49 111.2 121.0 -0.09 127.1 139.4
0.61 119.1 129.3 -0.58 112.6 114.6
0.75 81.3 93.7 -1.11 50.5 60.3
1.11 52.9 60.9 AMB. 22.3 22.3

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169

45 55.1 5

90 53.9 29.2 60.4
135 52.9 60.9 59.8
180 52.8 60.3 57.3



[ABLE G.15. Insulated Vertical Helium Run

GENERAL RUN CONDITIONS

Run No. 12 Date: Mar 11, 1985
Loading  Full Temp, 20,2 C
Wind Sp. O Solar 0

Cask P 25.5 psia Power 14.4 KW
AXIAL PROFILE DATA

ELEYV -—--—m———- Basket Locations--------—---
(M) 2J 4J SURFACE 1A 2A
4.9 67.9 66.2
4,5 121.6 72.5 110.6  115.7
3.8 160.5 112.6
3,3 179, 177.8 11t.,7 161.0 153.2
2.8 185.1 114.3
2.0 181.0 113.8 171.5 160.0
1.4 170.7 172.9 110.,1 161.4 157.2
0.7 138.3 109.0
0.2 97.9 98.7 107.9 106.7
0.0 99.6 100.0

RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 148.7 129.6 1.11  112.3 111.3
0.13 170.7 179.6 0.58 161.4 161.,0
0.25 159.6 165.0 0.25 167.8 172.9
0.38 169.1 175.8 0.09 172.9 177.8
0.49 158.4 161.6 -0.09 170.7 179.6
0.61 164.1 169.1 -0.58 157.2 153.2
0.75 131.3 136.9 -1.11 117.1 118.6
1.11  110.1  111.7 AMB., 20.2 20.2

SURFACE TEMPERATURE PROFILE
~-----Position-------
ANGLE EL.50 EL.123 EL.169
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TABLE G.16. Insulated Vertical Nitrogen Run

GENERAL RUN CONDITIONS

Run No. 13 Date: Mar 13, 1985
Loading Full Temp. 21.9 ¢C
Wind Sp. 0 Solar O

Cask P 21.6 psia Power 14,4 KW
AXIAL PROFILE DATA

ELEV ———mmmeeea Basket Locations--=w--————-
(M) 2J 4 SURFACE 1A 2A
4.9 73.3 82.7
4.5  146.,3 81.0 139,9 145.7
3.8 195.6 109.1
3.3 207.7 209.4 108.4 186.4 180.8
2.8 207.0 110.4
2.0 193.2 109.0 178.7 172.4
1.4 177.1  175.7 103.8 162.2 163.6
0.7 136.8 102.6
0.2 106.5 95,5 127.6 176.1
0.0 99,5 98.0

RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 142.0 51.3 1.11 105.9 108.0
0.13 177.1 207.7 0.58 162.2 186.4
0.25 153.8 175.3 0.25 171.9 203.6
0.38 172.7 203.7 0.09 175.7 209.4
0.49 153.7 175.8 -0.09 177.1 207.7
¢.61 162.3 194.3 -0.58 163.6 180.8
0.75 133.5 147.7 -1.11 110.8 115.2
1.11  103.8 108.4 AMB. 21.9 21.9

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE  EL.50 EL.123 EL.169
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TABLE G.17. Insulated Vertical Vacuum Run

GENERAL RUN CONDITIOQNS

Run No. 14 Date; Mar 19, 1985
Loading  Full Temp, 23.5¢C
Wind Sp. 0 Solar O
Cask P Vacuum Power 14.3 KW
AXIAL PROFILE DATA
ELEV —-;eeea— Basket Locations-----—--—----
{M) 2J 4] SURFACE 1A 2A
4.9 62.7 60.4
4,5 120.2 70,7 112.2 115.6
3.8 179.8 110.4
3.3 216.6 220.7 110,9 201.2 187.6
2.8 229.8 110.6
2.0  236.2 100.0  226.4 210.4
1.4 231.2 236.1 106,9 218.7 209.2
0.7 194.8 98.0
0.2 124.3 86.3 121.6 119.5
0.0 99.8 98.2
RADIAL PROFILES DIAMETRICAL PROFILES

RADIUS ---Position--  RADIUS ---Position--
(M) EL.50 EL.123 (M) EL.50 EL.123

0.00 184.4 1.11  104.0 110.0
0.13 231.2 216.6 0.58 218.,7 201.2
0.25 200.8 185.8 0.25 233.7 212.8
0.38 231.2 211.6 0.09 236.1 220.7
0.49 204.5 186.5 -0,09 231.2 216.6
0.61 224.2 207.9 -0.58 209.2 187.6
0.75 153.0 149.6 -1.,11 104.7 108.4
1.11 106.9 110.9 AMB. 23.5 23.5

SURFACE TEMPERATURE PROFILE
—————— Position-------
ANGLE ~ EL.50 EL.123 EL.169
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APPENDIX H

CASK RADIATION MEASUREMENT DATA AND INSTRUMENTATION

This appendix contains a description of the instruments and devices used
to obtain gamma and neutron dose rate measurements. It also contains the data
obtained with these devices.

GAMMA AND NEUTRON INSTRUMENTATION

The thermoluminescent and track etch dosimeters were used to measure gamma
and neutron dose rate profiles, respectively. A 3He spectrometer, a tissue
equivalent proportional counter, and a multisphere spectrometer measured neu-
tron dose equivalent rate and average energy. The intrinsic germanium gamma

spectrometer measured the gamma spectrum.

Thermoluminescent Dosimeter

The axial and radial gamma dose rate profiles of the cask were measured
using thermoluminescent dosimeters {TLDs). Each dosimeter consisted of four
1LiF chips placed in a gelatin capsule. The capsule was attached to a 1l-in.
square styrofeam cube to protect the dosimeter from the high temperatures
expected at the surface of the cask. When heated, the TLDs emit light in
quantities proportional to the energy deposited in the material by the incident
radiation; hence, the need to use the styrofoam cubes to protect the dosimetars
from high temperatures. The four chips per dosimeter were used to give good
statistical results,

The dosimeters were left on for 2 to 3 days; the dates and times on and
off were recorded for each dosimeter. The first set of measurements for a

partially loaded cask consisted of 30 locations; the second set of measurements
with a fully loaded cask consisted of 54 locations. After exposure of the TLDs

from the storage cask, the chips were removed from the gelatin capsules and
read out on a Harshaw 2000A detector.
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The gamma dose for the TLD is calculated using a calibration factor
derived by exposing a set of calibration dosimeters to 100 mR of radiation
from a 10-Ci 137Cs documented source. The average of the readouts from all the
calibration chips was used to convert the TLD reader output from nanocculombs
to mR. The results for the four chips in a given dosimeter capsule were aver-
aged and then the background given by a set of control TLDs was subtracted
out, The resulting total dose equivalent in mR was divided by the length of
time the TLD was on the cask to determine dose rate.

Track Etch Dosimeter

The track etch dosimeters {TEDs) were used during the full load of the
performance tests to improve the definition of the neutron dose rate profile.
The track etch dosimeters were used on only the fully loaded cask, and the
measurement locations consisted of 21 points along the side of the cask, 4 on
the top, and 8 on the bottom. The dosimeters were left on the cask for a total
of about 2 days and then returned and processed.

The track etch dosimeters were made of 1.125-in. by 0.625-in. by 0.07-in.
strips of CR-39 plastic, allyl diglycol polycarbonate. They were covered with
a 3-mil layer of polyethylene to protect them from background alpha radiation,
The dosimeters were also wrapped in aluminum foil during the trip to and from
the test site. During the dose rate measurements, the dosimeters were taped
directly to the surface of the cask, and the times and locations were indi-
vidually recorded. Upon exposure to radiation, damage sites are created
through neutron bombardment of the polymer, causing proton recoil interactions
and breaking some of the polymer crosslinkages. The dosimeters were analyzed
using a caustic solution and electrochemical etching to produce visible tracks
of the damage sites. The number of tracks were counted and the visible track
density was related to the dose rate.

Several track etch dosimeters designated as controls were taken to the
site and stored away from the cask to provide an indication of the background
radiations received by the dosimeters. The neutron doses for the track etch
dosimeters were calculated from the track density (tracks/cmz) using the energy
3He
tracks/

response curye at an average neutron energy of 200 keV as given by the

spectrometer data analysis. The calibration factor was 5.0 x 10'6
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2 to neutron fluence (n/cmz). The neutron dose

neutron to convert tracks /fcm
was calculated from the fluence using 6.11 x 10‘6 mrem/(n/cmz). The total dose
in mrem was then divided by the time the dosimeter was on the cask to get the

dose equivalent rate.

3He Spectrometer

The 3He spectrometer provides a direct measurement of neutron flux as a
function of energy. The detector itself consists of a proportional counter
filled with a mixture of 3He and argon. The neutrons interact with the 3He to
produce a triton and a proton. These charged particles are slowed down by the
fi1l gas and deposit some or all of their energy in the detector. When the
charged particles are completely stopped in the sensitive volume of the tube,
the energy absorbed is directly proportional to the energy of the incident
neutron plus 764 keV, the energy released by the nuclear reaction. The e
detector is most sensitive to thermal neutrons due to the 1/v cross section of
3He for neutron absorption. This results in a large peak at 764 keV, which is

used to calibrate the spectrometer,

The data accumulated with the 3He spectrometer is analyzed using an
unfoiding code called HESTRIP3 (Brackenbush, Reece, and Tanner 1984), which
converts counts/channel into neutron dose equivalent as a function of energy
and calculates an average neutron energy. The 3He spectrometer can be used to
determine the neutron energy spectrum for neutrons with energies between ther-

mal and 5 MeV, although it is most accurate between 50 keV and 1 MeV.

Tissue Equivalent Proportional Counter

The tissue equivalent proportional counter (TEPC} is used to directly
measure the neutron dose rate. The TEPC also provides information about the
linear energy transfer and quality factor of the incident neutrons. It con-
sists of a hollow sphere or cylinder of tissue equivalent plastic filled with a
low pressure tissue equivalent gas. Neutrons interacting within the wall of
the TEPC produce recoil protons and heavy ions that travel through the fill gas
causing fonization. The electronic pulses created by the charged particles are
collected on the counter anode. Because energy deposited in the gas divided by
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the mass of the gas is the absorbed dose that would be received by an equiva-
lent volume of tissue in air, it is possible to determine dose equivalent rates
directly from the TEPC data. As a result, the TEPC is an absolute dosimeter
and does not require independent calibration, so long as the size of the gas
cavity is accurately known. The data taken with the tissue equivalent propor-
tional counter is analyzed with the computer code TACI {Cummings 1984), which
is run on an HP-87 desktop computer.

Multisphere Spectrometer

The multisphere spectrometer is used for determining neutron dose equiva-
lent and spectra for intermediate and high energy neutrons, The detector is a
lithium-6 fodide {Lil) scintillation crystal optically coupled to a photo-
multiplier tube, The detector is used in conjunction with a cadmium cover and
five high density polyethylene spheres of varying sizes. For a single loca-
tion, count rate measurements are taken with the bare detector, with a cadmium
cover on the detector, and with a 3-in., 5-in., 8-in., 10-in., and 12-in.
diameter polyethylene sphere on the detector. The polyethylene moderates

the neutrons, and the resulting slow neutrons produce a distinct peak that
can be measured. The incident neutron energy spectrum can be estimated by

using the differences in slow neutron count rates given by the different sizes
of moderator,

The multisphere spectrometer data is analyzed with the unfolding code
SPUNIT (Brackenbush and Scherpelz 1984). The number of counts and the Yive
time for each detector configuration are entered into the code. The code then
calculates neutron flux, dose rate, dose equivalent rate, quality factor, and
average neutron energy. However, the response function contained in SPUNIT is
for a 12.7-mm x 12.7-mm Lil crystal; the crystal used in the measurements was a
4-mm x 4-mm crystal, Therefore, based on the ratio of the volumes of the
crystals, a correction factor of 10.1 was used on the SPUNIT results for flux

and dose equivalent rate.

Intrinsic Germanium Spectrometer

The intrinsic germanium spectrometer was used to provide gamma spectral
information. The spectrometer is a semiconductor-type radiation detector and
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consists of a germanium crystal operated as a reverse bjased diode. Gamma rays
that interact within the crystal cause ionization, and the resulting charged
particies produce an electron current that is collected at the electrodes. The
electron current is proportional to the energy deposited within the crystal.
The detector is also useful in identifying source radionuciides. The Source
radionuclides can be identified by their characteristic photopeaks that are
measured by the germanjum detector. The magnitude of the peaks can also be
compared to estimated relative quantities of radionuclides, Before taking any
measurements of the gamma radiation around the cask, calibration runs were made
with a 20Co and a 13?65 source at the site. Data from the intrinsic germanium
detector was analyzed on a Canberra Series 85 multichannel analyzer. The
Series 85 has a resident library that contains nuclear decay data from Kocher
(1977).

Survey Instruments

The PNL neutron survey was performed using a SNOOPY, which consists of a
BF3 detector moderated by an 8-1/2 in. polyethylene cylinder. GE-MJ used an
Eberline Model PNR-4, The SNOOPY provided simple dial readouts for dose equiv-
alent, and was used to check neutron spectrometer and TED results and to locate
points where streaming occurred. The PNL gamma survey readings were taken with
a standard Hanford Cutie Pie {Eberline R0-3B). GE-MO used an Eherlipe Mode]
RO-3, Both instruments utilize ion chambers. The PNL survey instruments are
described in BNWL-MA-62 PT 2 (Pacific Northwest Laboratory 1973). Information

on the Eberline instruments can be obtained from the vendor.

SHIELDING DATA

The radiation measurements consisted of a general survey of the cask with
the portable survey instruments, a set of measurements with neutron and gamma
spectrometers at four Tocations, and profiles obtained with TLDs and TEDs. The
four spectrometer locations were the center of the top 1id, center of the bot-
tom, the side of the cask at an elevation of 150 c¢cm with respect to the bottom
of the cask at an angle of 90 degrees, and at the top of the neutron shield at
an angle of 90 degrees as shown in Figure H,1., The survey and profile points
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FIGURE H.1, REA 2023 Spent Fuel Storage Cask Spectral Radiation
Measurement Location

included the four main locations plus additional points along the side, top,
and bottom., A set of measurements was made for both the partially and the
fully loaded cask.

Gamma Dose Measurements

The gamma dose rates estimated using the TLDs are presented in Tables H.1
and H.2 for the partial and full loads, respectively. The uncertainty in a
measurement is the spread in the readings from the four TLD chips contained in
a single gelatin capsule. Prior to the TLDs being put on the cask, GE-MD had
surveyed the cask at various locations determined by dividing the cask into
eight sections and elevations as shown in Figure H.2. Readings were taken by
GE-MO personnel with portable instruments (Eberline R0-3) at the intersections
of the grid thus created. These reading are found in Table H.3. Similar but
fewer gamma dose rates measurements were made by PNL personnel with a Cutie Pie
and are given in Table H.4, The GE-M) measurements were taken inside on the
decontamination pad; the PNL measurements were taken outside at the test site.
The PNL measurements should be adjusted to compensate for overresponse at cold
temperatures, Figure H.3 shows the temperatures response of the Cutie Pie.
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TABLE H.1. Thermoiuminescent Dosimeter Results for the REA
Spent Fuel Storage Cask (Partial Loading)

Side Elevation, Angle, Dose Rate, Uncertainty,
cm degrees mR/hr mR/hr
40 45 11.45 0.35
46 45 5.17 0.17
60 45 5.33 0.28

100 45 6.67 0,41
150 0 8.49 0.11
223.1 26.5 8.88 0.60
223.1 45 8.31 0.30
223.1 45 71.99 0.21
300 45 8,32 0.42
350 45 6.64 0.25
380 45 5.46 0.22
408.5 45 6.33 0.34
420 a5 6.84 0.16
440 45 12.17 0,57
450 45 11.27 0.44
480 45 8.28 0.50
470 45 14,78 0.97
480 45 19,38 1.95
4990 45 3.83 0.05

Top Radius, Angle, Dose Rate, Uncertainty,

cm degrees mR/hr mR/hr
0.0 0 26,82 0,77
13.0 45 25,31 0.83
13.0 225 19,97 0.75
37.6 45 20.68 0,42
61.0 45 18.34 0.32
64.5 24.5 13,18 0.30
80,0 26.5 31.10 0,77
80.D 45 28.36 1.40
90.0 26,5 16.38 0.47
90.0 45 19.28 1.85

Bottom Radius, Angle, Dose Rate, Uncertainty,
cm degrees mR/hr mR/he

0.0 0 68,57 2.34
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TABLE H.2. Thermoluminescent Dosimeter Results for the REA
Spent Fuel Storage Cask {Full Loading)

Side Elevation, Angle, Dose Rate, Uncertainty,
cm degrees mR/hr mR/hr
20 26.5 21.27 0.63
30 26.5 26.89 1.64
40 26.5 22.84 1.15
46 26.5 9,14 0.50
53 26,5 9,07 0.27
60 26.5 9,02 0.31

100 26.5 11.66 0.44
150 26.5 13.57 0.99
223.1 0 10,47 0.54
223.1 4 11.38 0.67
223.1 26.5 14.43 0.28
223.1 41 12,81 0.60
223,1 45 11.61 0.49
300 26.5 13,36 0.67
380 26.5 9,08 0.16
400 26.5 10,77 0.42
420 26.5 14,27 0.19
435 26.5 9,17 0.31
440 26.5 26,64 0.64
445 26.5 24,99 1.52
450 26.5 20.33 0.35
455 26.5 17.62 0.49
460 26.5 14,59 0.71
465 26.5 16.83 0.87
470 26.5 26.40 1.73
475 26.5 36,79 1.37
480 26.5 34,79 0.63
485 26.5 14,52 0.37
490 26.5 5.20 0.41
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