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ABSTRACT 

From March 1978 through March 1982, 
spent fuel dry storage tests were 
conducted at the Engine Mainten
ance, Assembly and Disassembly 
(E-MAD) facility on the Nevada Test 
Site to confirm that commercial 
reactor spent fuel could be encap
sulated and passively stored in one 
or more interim dry storage cell 
concepts. These tests were: 

• Electrically Heated Drywe11 

• Isolated and Adjacent Drywe11 

• Concrete Silo 

• Fuel Assembly Internal 
Temperature Measurement 

• Air-Cooled Vault 

This document presents the test 
data and results as well as results 
from supporting test 
(spent fuel calorimetry 
ister gas sampling). 

operations 
and can-

Near-surface instrumented drywe11s 
were tested using an encapsulated 
electric heater and encapsulated 
spent fuel assemblies. The Elec
trically Heated Drywe11 Tests were 
run at electric power outputs of 
1.0, 2.0, and 3.0 kW. Testing 
shows the peak measured canister 
and liner temperatures to be 276 
and 232°F for 1.0 kW, 506 and 458°F 
for 2.0 kW and 785 and 74rF for 
3.0 kW. Isolated and Adjacent 
Drywe11 Tests were conducted using 
pressurized water reactor spent 
fuel assemblies with decay heat 
levels at emplacement of about 1.0, 
1.25, and 0.63 kW. Testing shows 
the peak measured canister and 
liner temperatures to be 254 and 
203°F for 1.0 kW, 323 and 262°F for 
1.25 kW and 199 and 158°F for 0.63 

v 

kW. The Concrete Silo Test placed 
an encapsulated spent fuel assembly 
with a decay heat level of about 
1.0 kW at emplacement in an instru
mented above-surface storage cell. 
canister and liner temperatures 
reached peak values of 202 and 
141°F, respectively. The Fuel 
Assembly Internal Temperature Mea
surement Test placed pressurized 
water reactor spent fuel assemblies 
with decay heat levels of about 
0.85 and 1.4 kW in a test fixture 
with internal fuel assembly tem
perature instrumentation to measure 
fuel assembly thermal response to 
various temperature profiles (im
posed by external electric heaters) 
for air, he 1ium and vacuum atmos
pheres. The peak recorded internal 
temperature (measured inside the 
center instrumentation tube) was 
680°F which corresponded to a peak 
canister temperature of 595°F. The 
Air-Cooled Vault Tests included 
flow rate, vault outlet temperature 
and canister temperature measure
ments during the temporary storage 
of 13 encapsulated pressurized 
water reactor spent fuel assemblies 
in an underground vault. Canister 
temperatures reached peak values of 
149 and 181°F for forced cooling 
and natural circulation cooling 
respectively. 

In all the above tests (except the 
Air-Cooled Vault), computer models 
evaluated thermal response. The 
computer predictions of the trans
ient and steady-state temperatures 
are presented and compared with the 
actual test data. The predictions 
showed reasonable agreement with 
test data. 

Predictions 
temperatures 
spent fuel 

of peak 
were made 

test using 

fuel 
for 

the 

clad 
each 

re1a-



tionships developed from Fuel 
Assembly Internal Temperature 
Measurement Test data. These 
predictions (including maximum 
prediction errors and uncertain
ties) showed peak fuel clad tem
peratures as follows: 452, 364 and 
291°F for the drywell stored spent 
fuel assemblies with 1.25, 1.0 and 
0.63 kW decay heat levels at em
placement, respectively; 334°F for 
the concrete silo stored fuel as
sembly; and 532°F for the air
cooled vault stored fuel assembly. 
These values were well below a fuel 
assembly storage temperature limit 
of 715°F. 
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1.0 INTRODUCTION AND SUMMARY 

1.1 INTRODUCTION 

This report was prepared in re
sponse to a request by Pacific 
Northwest Laboratory to consolidate 
previous dry storage test reports 
(References 2 through 9) and to 
report any additional test data. * 
These tests were performed at the 
Engine Maintenance, As sembly and 
Disassembly (E-MAD) facility at the 
Nevada Test Site as part of the 
Department of Energy's Spent Fuel 
Handling and Packaging Program 
(SFHPP) 1978 Demonstration, and 
Commercial Waste and Spent Fuel 
Packaging (CWSFP) Programs. The 
objective of these programs was to 
develop and test the capability of 
satisfactorily encapsulating typi
cal spent fuel assemblies from com
mercial nuclear power plants and to 
establish the suitability of one or 
more surface and near-surface con
cepts for the interim dry storage 
of the encapsulated fuel assem
blies. E-MAD was selected because 
of its extensive existing capa
bilities for handling highly radio
active components and desirable 
site characteristics for the pro
posed storage concepts. 

The E-MAD facility is operated for 
the Department of Energy Nevada 
Operations Office by the Advanced 
Energy Systems Division (AESD) of 
the Westinghouse Electric Corpor
ation. All testing at E-MAD was 
conducted by Westinghouse AESD 
personnel. In addition, test hard
ware for the 1978 Demonstration was 
designed, analyzed, built and in
stalled by Westinghouse AESD with 

the exception of the concrete silos 
(designed by Kaiser Engineers for 
Rockwell Hanford operations). On
site construction activities were 
performed by Reynolds Electric and 
Engineering Company with archi
tect-engineering services provided 
by Holmes & Narver Inc. Additional 
canister and auxilliary hardware 
for the CWSFP Program was designed 
and built by Westinghouse in sup
port of the Spent Fuel Test at 
Climax (SFT-C) Program. 

This report provides test descrip
tions, results and conclusions for 
the Electrically Heated Drywell 
Test, Spent Fuel Drywell Test, 
Concrete Silo Test, Fuel Assembly 
Internal Measurement Tes t and Air
Cooled Vault Test conducted at 
E-MAD from March, 1978 through 
March, 1982. The report is organ
ized to present the testing in the 
following order: 

• Drywell Testing in~luding 
objectives, hardware, opera
tions, results, analyses, ex
trapolations and applicability 

• Concrete Silo Testing in-
cluding objectives, hardware, 
operations, results, analy
ses, extrapolations and ap
p licability 

• Fuel Assembly Internal Tem
perature Measurement Testing 
- including objectives, hard
ware, operations, results, 
analyses and applicability 

• Air-Cooled Vault Testing 
including objectives, hard
ware, operations, results, 

*Editor's note: The configurations, operations and test data presented herein 
have been ammended and/or augmented from those previously reported to present 
accurate information. 
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extrapolations 
ability 

and applic-

Additional supplementary infor
mation included to more completely 
describe the tests and data is 
presented in the following order: 

• E-MAD Facility and Equipment 
Descriptions 

• construction, Installation, 
and Spent Fuel Handling Oper
ations 

• Test Data 

• Test Data Illustrations 

• Spent Fue 1 Assembly Calor
imetry Operations and Results 

• Spent Fuel Canister Gas Sam
pling Operations and Results 

• Test Data and Peak Fuel Clad 
Predictions Uncertainty Ana
lyses 

1.2 SUMMARY 

The tests conducted during the 
SFHPP and CWSFP Programs are sum
marized in bar chart form in Figure 
1.2-1. The following is a sununary 
description of each of the tests 
performed. 

ELECTRICALLY HEATED DRYWELL TEST 

The Electrically Heated Drywell 
Test primary objective was to con
firm, by electric heater simula
tion, that conunercial reactor spent 
fuel assembly storage ~n Nevada 
Test Site soil for an extended 
period of time would not result in 
exceeding design temperature lim-
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its. The Electrically Heated Dry
well testing began in March, 1978, 
and operated at various power lev
els for nearly three years. The 
test arrangement consisted of an 
extensively instrumented carbon 
steel drywell liner, a stainless 
steel canister containing an as
sembly of electric heaters ~n an 
air atmosphere, and a concrete
filled shield plug to support the 
canister from the top liner. De
tails of the test hardware are 
included in Section 3.2 and Appen
dix B. The drywell liner is 
grouted into a hole in the soil. 
An array of thermocouple wells mea
sured ground temperature response 
to the electric heat source. 
Throughout the test, readings from 
the thermocouples, heater input 
voltage and current, and atmospher
ic conditions were recorded. The 
test objectives, operations and 
results are described in Sections 
3.1 through 3.4. The test data can 
be found in Appendix C. 

A finite difference computer model 
was developed in conjunction with 
the Electrically Heated Drywell 
Test to predict canister, drywell 
and soil temperatures. Results 
from the computer model were com
pared to the test temperature data 
and are presented in Section 3.5. 
Sections 3.6 and 3.7 discuss 
temperature extrapolations and the 
applicability of test results. 

SPENT FUEL DRYWELL TEST 

The Spent Fuel Drywell Test primary 
o~jective was to confirm, by actual 
testing, that conunercial reactor 
spent fuel could be passively 
stored ~n near-surface drywells at 
the Nevada Test Site. The Isolated 
Drywell Test Phase I began on 
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Figure 1.2-1. Summary of E-MAD Testing, March, 1978 through March, 1982 

January 12, 1979 when a pressurized 
water reactor (PWR) spent fuel as
sembly with a decay heat level of 
about 1.0 kW was placed into a dry
well storage cell. The Isolated 
Drywell Test Phase II began on 
September 4, 1980, when a 1.25 kW 
spent fuel assembly was stored. 
The Adjacent Drywell Test began on 
September 15, 1980. This test 
consisted of placing three nearly 
identical PWR spent fuel assem
blies, each with a decay heat level 
of about 0.63 kW, into three in
line drywells spaced 25 feet apart. 
The test hardware for each drywell 
consisted of an instrumented carbon 
steel liner, an instrumented stain
less steel canister (containing the 
PWR spent fuel assembly) and a 
concrete-filled shield plug to 
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support the canister from the liner 
top. Details of the test hardware 
are included in Section 3.2 and 
Appendix B. The drywell liner was 
grouted into a hole in the soil. 
Thermocouple wells measured ground 
temperature response to the spent 
fuel decay heat. Throughout the 
test period, temperature readings 
from thermocouples on the canister, 
liner, and in the soil were record
ed. The test objectives, opera
tions and results are discussed in 
Sections 3.1 through 3.4. The test 
data are presented in Appendix D. 

The finite difference computer 
model, developed for the Electric
ally Heated Drywell Test, was modi
fied to match the fueled drywell 
configuration and predicted trans
ient and steady-state canister, 



drywell and soil temperatures. 
These results are presented in 
Section 3.5 while Sections 3.6 and 
3.7 exam1ne the temperature ex
trapolations and the applicability 
of test results. 

CONCRETE SILO TEST 

The Concrete Silo Test pr1mary ob
jective was to confirm, by actual 
testing, that commercial reactor 
spent fuel could be passively 
stored in an above-ground concrete 
silo at the Nevada Test Site. The 
Concrete Silo Test began on Decem
ber 7, 1978 when a PWR spent fuel 
assembly with a decay heat level of 
about 1.05 kW was placed into a 
concrete silo and transferred to a 
storage pad next to the E-MAD faci
lity. The test hardware consisted 
of an instrumented carbon steel 
liner, an instrumented stainless 
steel canister (containing the 
spent PWR fuel assembly), a con
crete-filled shield plug to support 
the canister from the liner top and 
the instrumented reinforced con
crete around the liner. Details of 
the test hardware are included in 
Section 4.2 and Appendix B. 
Throughout the test period, temper
ature readings from thermocouples 
on the canister, liner and in the 
concrete were recorded. The test 
objectives, operations and results 
are described in Sections 4.1 
through 4.4. The test data are 
presented in Appendix E. 

A finite difference computer model 
predicted concrete silo and can
ister temperatures. Comparisons of 
the analytical predictions with the 
test data are presented in Section 
4.5. Sections 4.6 and 4.7 discuss 
temperature extrapolations and the 
applicability of the test results. 
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FUEL ASSEMBLY INTERNAL TEMPERATURE 
MEASUREMENT TEST 

The primary objective of the Fuel 
Assembly Internal Temperature Mea
surement Test was to provide spent 
fuel assembly internal temperature 
data under simulated dry storage 
cell conditions to verify that 
spent fuel assemblies with a decay 
heat level of about 1.0 kW could be 
stored in drywells and concrete 
silos at the Nevada Test Site with
out exceeding design temperature 
limits. Phase I began in May, 1979 
and was run with an electrical 
heater assembly inside the canis
ter. Phase II began on July 18, 
1979 when an actual PWR spent fuel 
assembly with a decay heat level of 
about 0.85 kW was placed in the 
test stand. In Phase III, begun in 
September, 1979, a second PWR spent 
fuel assembly with a decay heat 
level of about 1.4 kW was used. 
The test arrangement consisted of 
an instrumented stainless steel 
canister, a stainless steel can
ister lid containing instrumenta
tion tubes to measure internal fuel 
assembly temperatures, a stand to 
support a carbon steel liner repre
sentative of the storage cell 
liner, and an evacuation and back
fill system. Details of the test 
hardware are included in Section 
5.2 and Appendix B. The test ob
jectives, operations and results 
are described in Sections 5.1 
through 5.4. 

Phase I provided canister temper
ature profiles for heater power 
levels between 0.5 and 3 kW. Phase 
II tests, run with air, helium and 
in a vacuum, measured the internal 
fuel assembly temperature distri
butions as a function of canister 
temperature profile and atmos
phere. Phase III test, also run 
with air, helium and in a vacuum, 



provided additional fuel assembly 
temperature response data to the 
different media and canister tem
perature profiles for a higher de
cay heat level fuel assembly. Test 
data can be found in Appendix F. 

Several computer models developed 
by Oak Ridge National Laboratory 
and Pacific Northwest Laboratory 
were used to calculate fuel clad
ding and canister temperatures 
under test conditions. Results 
from these computer model predic
tions were compared to the test 
temperature data and are discussed 
in Section 5.5. Section 5.6 pre
sents the applicability of the test 
data. 

AIR-COOLED VAULT TEST 

The primary objective of the 
Air-Cooled Vault Test was to pro
vide temperature and flow data 
under normal operating and si~ 
ulated accident conditions to 
verify that spent fuel assemblies 
with a decay heat level of 2.0 kW 
could be stored temporarily or for 
long periods in the E-MAD Lag Stor
age pit (an air-cooled vault). The 
Lag Storage pit: stored 13 PWR spent 
fuel assemblies with decay heat 
levels up to 2.0 kW. Fuel assembly 
storage began September 21, 1979. 
Air flow and temperature measure
ment tests under normal and acci
dent conditions were conducted 
several times with a different 
number of assemblies in the vault. 
Canister temperature measurements 
were taken between December 1979 
and June 1980 for one canister. 

The test arrangement consisted of 
stainless steel canisters (each 
containing a PWR spent fuel asse~ 
bly) and concrete-filled shield 
plugs to support the canisters from 
the concrete vault covers. The 
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concrete lined Lag Storage pit con
sisted of three individual vaults 
each with three inlets from a com
mon inlet header and three outlet 
pipes for air flow. Eight canis
ters were installed in one vault 
(one canister instrumented) and 
five in another. Outlet pipe air 
flow and temperature readings were 
taken for various flow conditions 
(forced flow, partial flow blockage 
and natural circulation flow) in 
two separate tests. Throughout 
much of the test period, temper
ature readings from thermocouples 
on the canister and in the outlet 
pipes were recorded. The test 
objectives, operations and results 
are described in Sections 6.1 
through 6.4. Sections 6.5 and 6.6 
discuss temperature extrapolations 
and the applicability of test re
suIts. Test data are provided in 
Appendix G. 

1.3 CONCLUSIONS 

The following conclusions can be 
drawn from the results of each of 
these tests: 

ELECTRICALLY HEATED DRYWELL 

1. The peak measured canis ter and 
liner temperatures for an air 
filled canister and a 1.0, 2.0 
and 3.0 kW constant power level 
applied to an isolated near
surface drywell installed in 
soil typical of the Nevada Test 
Site were as follows: 

Power Level Peak Canister Peak Liner 
(kW) Temp (OF) Temp (OF) 

1.0 276 232 
2.0 506 458 
3.0 785 747 

2. The maximum spent fuel 
heat leve 1 which can be 

decay 
stored 



ln an air filled canister in an 
isolated drywell configuration 
in Nevada Test Site soil is be
tween 2.0 and 3.0 kW based on a 
fuel assembly storage tempera
ture limit of 715°F. 

3. Day/night variations in ambient 
air temperature have little ef
fect on the peak canister tem
peratures which occur 10 feet 
below the ground surface. 

4. The proportion of heat trans
ferred to the atmosphere through 
the drywell itself and through 
the surrounding soil becomes 
greater as the power level in a 
drywell increases as evidenced 
by: 

• Peak canister temperatures 
occurred at lower depths as 
the power level was increased 
from 1.0 to 2.0 kW and from 
2.0 to 3.0 kW 

• Temperatures along the entire 
canister decreased during 3.0 
kW operation by about 40°F in 
nearly direct response to the 
seasonal atmospheric tempera
ture decrease from October to 
December, 1980 (about 40°F) 
whereas previous canister 
response to seasonal atmos
pheric temperature changes 
had a definite time lag simi
lar to that of the soil at 
the same elevation 

5. For soils typical of the Nevada 
Test Site, near-surface drywell 
thermal response characteristics 
are affected by the heat-source
induced changes in soil thermal 
conductivity (specifically from 
the surrounding soil drying 
out). To accurately model dry
well thermal response, the pro
per relationship between soil 
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thermal conductivity, tempera
ture and time are needed. Thi s 
relationship, a function of soil 
moisture content and the effects 
of moisture transport mechan
isms, would yield time and tem
perature dependent properties of 
heat capacity and thermal con
ductivity. 

FUELED DRYWELLS 

1. The peak measured canister and 
liner temperatures for encapsu
lated PWR spent fuel assemblies 
with helium backfill stored in 
an isolated drywell configura
tion in soil typical of the 
Nevada Test Site were as follows: 

Fuel Assembly Peak Peak 
Decay Heat at Canister Liner 

Emplacement (kW) Temp (OF) Temp (OF) 

1.25 323 262 
1.00 254 203 
0.63 199 158 

2. Predictions using the relation
ships developed from the Fuel 
Assembly Internal Temperature 
Measurement Tests show the peak 
fuel clad temperatures (includ
ing prediction error and uncer
tainties) were as follows: 

Fuel Assembly 
Decay Heat at 

Emplacement (kW) 

1.25 
1.00 
0.63 

Estimated 
Peak Fue 1 

Clad Temp (OF) 

452 
364 
287 

3. For decay heat levels of about 
1.0 kW, the peak drywell canis
ter and liner temperatures and 
the time to reach the peaks are 
influenced by the seasonal am
bient air temperature varia
tions, by the decrease in decay 



heat level, and by thermal pro
perty changes in the soil. 

4. Day/night variations in ambient 
air temperature had little or no 
effect on peak canister temper
atures. 

5. A 50 foot spacing 
cent drywells in 
Site alluvial soil 
thermally isolate 
assemblies with 
levels of about 1.0 

between adj a
Nevada Test 
is judged to 

spent fuel 
decay heat 

kW. 

6. A 25 foot spacing between lin
early arrayed adjacent drywells 
1n Nevada Test Site alluvial 
soil is judged to produce vir
tually no thermal interaction 
between drywells conta1n1ng 
spent fuel assemblies with decay 
heat levels of about 0.5 kW. 

7. The peak canister and liner 
temperatures reached by an 
unused drywell were about 10°F 
less than those for a drywell 
which had contained the same 
decay heat level fuel assembly 
(about 0.5 kW) for some period 
of time (about 30 months). This 
is attributed to the decrease in 
soil thermal conductivity caused 
by the heat-source-induced mois
ture loss with time in the sur
rounding soil. 

8. For soils typical of the Nevada 
Test Site, near-surface drywell 
thermal response characteristics 
are affected by the heat-source
induced changes in thermal pro
perties of the surrounding soil. 
To accurately model drywell 
thermal response, the proper re
lationship between soil thermal 
properties (heat capacity and 
thermal conductivity), tempera
ture and time are needed. 
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CONCRETE SILO 

1. The peak measured canister tem
perature for an encapsulated PWR 
spent fuel assembly with helium 
backfill and an initial decay 
heat level of 1.05 kW stored in 
a concrete silo configuration at 
the Nevada Test Site was 202°F. 
The peak liner temperature was 
141°F. 

2. Predictions using the relation
ships developed from the Fuel 
Assembly Internal Temperature 
Measurement Tests show the peak 
fuel clad temperature (including 
prediction error and uncertain
ties) was 334°F. 

3. Seasonal variations in ambient 
air temperatures and solar rad
iation have a noticeable effect 
on the canister temperature. 
The peak canister temperature is 
about 115°F above the average 
monthly ambient temperature 
(yearly range is 37 to 83°F). 

4. Day/night variations in ambient 
air temperature are essentially 
damped out within the outer 15 
inches of concrete. 

FUEL ASSEMBLY INTERNAL TEMPERATURE 
MEASUREMENT TESTS 

1. Both helium and a1r are accep
table canister backfill media 
for spent fuel decay heat levels 
near 1.4 kW based on measured 
peak center thermowell to canis
ter temperature differentials. 

2. The helium backfill is a notice
ably better radial heat conduct
or than air and produced the 
smallest center thermowell to 
canister temperature differen
tials. 



3. 

4. 

5. 

6. 

7. 

8. 

The air backfill is 
axial heat convector 
duced canister and 

a better 
and pro

thermowell 
temperature profiles skewed 
towards the upper end (fuel 
temperatures at the upper end 
exceeded those for the vacuum 
backfill) • 

As canister temperatures in
creased, the peak center ther
mowell to canister differen
tials decreased as did the 
effects of axial heat convec
tion for the air backfill. 

The 15 axial thermowell tubes 
provided in the test assembly 
to measure temperatures inside 
the spent fuel assembly reduced 
fuel assembly upper end temper
atures (by creating additional 
axial heat conduction paths) 
which would not occur in the 
actual storage cells. 

The peak fuel clad temperature 
for a 1.0 kW decay heat level 
spent fuel assembly stored in 
an air filled canister Ln an 
isolated drywell at the Nevada 
Test Site would be about 400°F 
based on a 275°F peak canister 
temperature measured for the 
Electrically Heated Drywell 
Test. 

The peak center thermowell 
temperatures measured for fuel 
assembly B43 for a uniform can
ister temperature of 500°F were 
about 550°F for a helium back
fill and 575°F for an air back
fill. 

The peak fuel clad temperature 
for a 1.4 kW decay heat level 
spent fuel assembly stored in 
an air filled canister in an 
isolated drywell at the Nevada 
Test Site would be about 525°F 
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based on a 348°F peak canister 
temperature interpolated from 
the Electrically Heated Drywell 
Test. 

9. The peak fuel clad temperature 
for the 1.6 kW decay heat level 
spent fuel assemblies stored in 
helium filled canisters Ln dry
wells at the Spent Fuel Test at 
Climax was about 460°F based on 
a measured 289°F peak canister 
temperature. 

10. The peak center thermowell 
temperature measured for fuel 
assembly D15 for a uniform can
ister temperature of 600°F was 
680°F for a helium backfill. 

AIR-COOLED VAULT TESTS 

1. The peak measured canister tem
perature for an air filled can
ister contaLnLng a PWR spent 
fuel assembly with a decay heat 
level of about 1.8 kW in the 
E-MAD Lag Storage pit was 181°F 
for natural convection cooling. 
The peak measured canister tem
perature for forced cooling was 
149°F. 

2. Predictions using the relation
ships developed from the Fuel 
Assembly Internal Temperature 
Measurement Tests show the peak 
fuel clad temperatures (includ
ing prediction error and uncer
tainties) were 532°F for natur
al convection cooling and 516°F 
for forced cooling. 

3. Canister temperatures Ln the 
E-MAD Lag Storage pi t were af
fected by changes Ln the total 
decay heat of fuel assemblies 
in the pit, by changes Ln Hot 
Bay ambient air temperature, by 
pit cooling flow conditions, 
and by removal of adjacent 
canisters. 



2.0 OVERVIEW 

2.1 PROGRAM BACKGROUND 

The E-MAD facility at the Nevada 
Test Site was chosen as the loca
tion for the SFHPP 1978 Demonstra
tion because of its extensive ex
isting capabilities for handling 
highly radioactive components and 
because of the desirable site char
acteristics for the proposed stor
age concepts. The E-MAD facility 
is described in Appendix A and in 
more detail in Reference 1. Near
surface and above-surface storage 
concepts were chosen for testing. 
The near-surface storage concept or 
drywell consisted of a steel liner 
grouted into a shallow hole drilled 
in the alluvial soil at the E-MAD 
facility. A sealed canister con
taining the fuel assembly in a 
helium atmosphere is suspended from 
a shield plug which, in turn, is 
supported on an internal ledge in 
the liner. The above-ground stor
age concept, or concrete silo, had 
a steel liner (identical to that 
used in the drywell) encased in a 
252 inch high, 104 inch diameter 
reinforced concrete silo with the 
canister/shield plug package sup
ported in the liner in the same 
manner as in the drywell. In these 
storage systems, the decay heat of 
the fuel assembly is passively 
transmitted to the storage cell and 
then dissipated to the environ
ment. The drywell and concrete 
silo storage cells were constructed 
in an area immediately adjacent to 
the E-MAD facility. 

An overriding requirement from the 
start of the SFHPP 1978 Demonstra
tion Program was that the spent 
fuel storage system and associated 
activities not result in undue risk 
to the public, property, environ
ment, or site employees. To ensure 
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meeting this requirement, the leak
tight integrity of the fuel clad
ding and the canister was main
tained. Because high temperature 
can affect the long-term integrity 
of both of these barriers to fis
sion product release, thermal con
siderations were an important con
cern in the storage cell design. 
Preliminary analyses performed by 
the Hanford Engineering Development 
Laboratory established 715°F 
(380 0 C) as the fuel cladding tem
perature limit below which fuel 
cladding integrity would be main
tained in an inert (helium) en
vironment for long storage times 
(100 years) • Scoping thermal 
analyses of the storage cell 
concepts indicated that cladding 
temperatures reached in the con
crete silo would be well below the 
limit, but that those reached in 
the drywell could approach the 
limit. Therefore, a series of 
tests was conducted to verify that 
fuel cladding temperatures would 
remain below the established limit 
and to obtain data for use in 
qualifying the thermal design model. 

The two verification tests were 
defined to provide temperature 
measurements from the canister out 
into the soil and inside a canister 
containing a spent fuel assembly. 
The first test, the Electrically 
Heated Drywell Test, used an in
ground electrically heated drywell 
configuration to measure the spa
tial temperature distributions on 
the canister surface, the drywell 
liner surface, and in the ~urround
ing grout and soil. The canister 
temperature profile (approximating 
that for an actual drywell) would 
then be input to the Fuel Assembly 
Internal Temperature Measurement 
Test to determine peak fuel clad
ding temperatures. This test used 
a canister containing a spent fuel 



assembly and internal temperature 
instrumentation to determine fuel 
cladding thermal response to an 
imposed canister axial temperature 
profile from thermocouples inserted 
into fuel assembly guide tubes. 
The canister is installed in a dry
well liner with electrical band 
heaters along the liner axial len
gth. The Fuel Assembly Internal 
Temperature Measurement Test ap
paratus 1S located in a large hot 
cell (West Process Cell) inside the 
E-MAD facility. A test within the 
E-MAD facility hot cells was used 
to determine canister interior tem
peratures rather than using inter
nal canister instrumentation wells 
in the actual storage canisters. 
It was felt that adding multiple 
thin-wall internal canister instru
mentation tubes would decrease the 
canister reliability in providing a 
leak-tight radioactive containment 
boundary. These two tests would 
provide canister and spent fuel 
temperature data for storage of the 
original SFHPP 1978 Demonstration 
spent fuel assemblies at E-MAD. 

In addition to the above mentioned 
verification tests, soil properties 
testing was done to measure thermal 
properties from soil core samples. 
These measurements were made on 
reconstituted soil samples under 
laboratory conditions and the 
results are discussed in Section 
3.5.1.1. 

The storage cell experiments 
consisted of encapsulating spent 
fuel assemblies and placing them in 
storage with thermocouple instru
mentation on the exterior of the 
fuel storage canister and through
out the storage cell. The fuel 
assemblies selected had a burnup of 
approximately 25,000 megawatt days 
per metric ton uranium (MWD/MTU) 
and were approximately three years 
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out of the reactor with a thermal 
power level of approximately 1.25 
kW. Fuel encapsulations were per
formed at E-MAD during December 
1978 and January 1979. An encap
sulated PWR fuel assembly was 
placed in a concrete silo on Dec
ember 7, 1978, and two other encap
sulated PWR fuel assemblies were 
placed in drywells on January 12 
and 24, 1979. The fourth PWR fuel 
assembly was placed 1n the Fuel 
Assembly Internal Temperature 
Measurement Test on July 18, 1979. 

Results from the Electrically 
Heated Drywell Test presented in 
Reference 2 and Section 3.4 
confirmed that fuel cladding tem
peratures for the spent fuel as
semblies selected for testing would 
remain below established limits. 
Results from the Fuel Assembly 
Internal Temperature Measurement 
Test, presented in Reference 3 and 
Section 5.4, provided additional 
confirmation that fuel cladding 
temperatures were well below the 
limits. The Concrete Silo Test is 
described and results are presented 
in Reference 4 and Section 4.4. 
The results from the Phase I Iso
lated Drywell Test (1.0 kW spent 
fuel assembly) are presented in 
Reference 5 and Section 3.4. 

Following completion of the SFHPP 
testing in FY 1979, further testing 
was initiated as part of the CWSFP 
Program. The objective of the 
CWSFP Program tests at the Nevada 
Test Site was to further evaluate 
E-MAD drywell performance. This 
included additional testing using 
the Electrically Heated Drywell 
Test, all four drywells, and the 
Fue 1 Assembly Internal Temperature 
Measurement Test assembly. 

The Spent Fuel Test at Climax 
(SFT-C) used the E-MAD facility for 



encapsulation and temporary storage 
of 13 PWR spent fuel assemblies. 
The SFT-C Program, a test of re
trievable geologic storage of spent 
fuel assemblies in a granite mine 
at the Nevada Test Site, provided 
the additional spent fuel asse~ 
blies for further Isolated Drywell, 
Fuel Assembly Internal Temperature 
Measurement, and Air-Cooled Vault 
Tests. Of the thirteen assemblies 
acquired for the SFT-C Program, 
eleven were installed in the SFT-C 
test array and two were retained.at 
E-MAD awaiting a series of fuel 
assembly exchanges to be performed 
periodically during testing. These 
two fuel assemblies were chosen for 
testing as part of the CWSFP Pro
gram tests at E-MAD. 

As part of the CWSFP Program, addi
tional testing at a 2.0 kW level 
(and later a 3.0 kW level) was de
fined for the Electrically Heated 
Drywell Test. Since the results of 
the SFHPP 1978 Demonstration showed 
that peak canister temperature and 
associated fuel cladding temper
atures for a 1.0 kW spent fuel 
decay heat level were well below 
the design limit, this test was 
used to evaluate drywell response 
to higher power levels. This addi
tional testing provided canister 
temperature data that was used with 
the Fuel Assembly Internal Temper
ature Measurement Test and thermal 
models to determine the maximum 
decay heat level a drywell storage 
cell could accomodate in Nevada 
Test Site soil. 

Several additional tests were 
identified for the E-MAD drywells. 
To complete the original testing, 
an Adjacent Drywell Test was per
formed. This used three SFHPP 1978 
Demonstration PWR spent fuel asse~ 
blies placed in adjacent drywells 
spaced 25 feet apart. This test 
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provided additional data which 
could be used in evaluating drywell 
arrays and compared to computer 
code predictions. The data eval
uation would provide confirmed heat 
transfer correlations of inter
actions between adjacent drywells 
and could be used to determine 
optimum drywell spacing in Nevada 
Test Site soil . A higher decay 
heat level (approximately 1.25 kW) 
spent fuel assembly was installed 
in the fourth drywell to evaluate 
isolated drywell response to higher 
power levels. This test was iden
tified as the Phase II Isolated 
Drywell Test. 

To supplement the drywell testing 
(electrical and spent fuel), addi
tional Fuel Assembly Internal Tem
perature Measurement Tests were 
planned. The results of the ini
tial test showed that peak fuel 
clad temperatures for the storage 
cell tests were well below the 
design limit. Fuel assembly in
ternal temperatures for higher 
decay heat level fuel assemblies 
were then studied. This testing 
provided fuel temperature data in 
conjunction with the 2.0 kW Elec
trically Heated Drywell Test data 
and the Phase II Isolated Drywell 
Test data to further define the 
thermal response of drywell storage 
cells. 

The results from the CWSFP Program 
testing are presented in References 
2 and 6 and Section 3.4 for the 2.0 
and 3.0 kW Electrically Heated Dry
well Tests, respectively, Reference 
7 and Section 3.4 for the Phase II 
Isolated Drywell Test where an ap
proximately 1.25 kW spent fuel as
sembly was tested, in Reference 8 
and Section 3.4 for the Adjacent 
Drywell Test where three approx
imately 0.63 kW spent fuel assem
blies were tested and in Reference 



9 and Sect ion 5 . 4 fo r the Fuel 
Assemb l y In t erna l Temperat ure Mea
s urement Test where an app rox 1-
mately 1.4 kW spent fuel assembly 
was tes t ed. 

2.2 E-MAD STORAGE AREA AND TE ST 
ARRANGEMENT 

The E-MAD fac i lit y , shown i n Figure 
2. 2-1 was or i g inal l y cons t ructed 
fo r use 1n t he nuc lear r ocket 
de velopment p r ogram. As s uch , a 
Cold Bay wa s p r ovide d for the as 
semb l y of rocket engines to be 
t e sted , a large Ho t Bay for t he 
dis a ssembl y o f t he h i ghly r adio
active nuclear r e ac t ors fo llowing 
t e st r uns , and a rail r oad s y s t em 
for transporting t h e t est e ngines 
between E-MAD and the r emote l y 
l ocated engine t est s tands . The 
major f e a t ure s of the E-MAD bu ild-
1ng a r e ind icated 1n Figu re A-3. 

E- MAD was readi l y adapte d t o pe r
form t he remo te e nc apsu lat ion a nd 
handlin g f unct i ons r e qui re d for t he 
SHIPP Demon s t rat i on . Th e Co l d Bay 
is used f or t he a ssembly a n d che c k
ou t of e quipment for l ater r emote 
operat ion s i n the Hot Bay. The Hot 
Bay is used for the r e ceipt and 
un lo a d in g of spen t f ue l s hipping 
casks; t he remote hand lin g o f s pent 
f uel as semb l ie s , f uel canisters, 
a nd e qu ipmen t for e ncapsulation; 
and t he lag s t orage of up to 24 
fuel a s s emblie s 1n an ai r-coole d 
vau l t . The e x i sting ra i lroad 
sys t em and equipment a r e use d 1n 
tra nsport i ng e nc aps u la t ed fuel 
assembl i es from the Hot Bay to the 
outside drywell s. 

A numbe r of modif ications were made 
insid e the E-MAD f a c i lity to acc o
mod at e the SFHPP Demonst ration. 
Majo r mod if icat ion s i n the Hot Bay 

.. . :-" 
. 01~.. -

Figure 2.2-1. E-MAD Facility 
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involved construction of a weld 
pit, a trans fer pit, a survey pit, 
a shipping cask work platform, and 
a lag storage pit or air-cooled 
vault. A significant modification 
was the lag storage pit used to 
store spent fuel assemblies 1.n 
canisters prior to final closure 
welding and during the interval 
before storage emplacement. The 
lag storage pit is discussed in 
detail in Section 6.0. The other 
modifications 
Appendix A. 

are described in 

Additional modifications were made 
on the west side of the E-MAD 
building to provide the site for 
the Electrically Heated Drywell 
Test and for the encapsulated fuel 
tests (Drywells and Concrete 
Si los) • Figure 2.2-2 shows the 
storage area relative to the entire 
E-MAD facility and the specific 
arrangement of the test hardware 
for all the tests. 

The Electrically Heated Drywell 
Test was located in the southwest 
corner of the E-MAD facility fenced 
area. A 60 foot square leveled 
fenced area was prepared. The dry
well liner was installed in a 7 
foot square by 15 inch deep con
crete pad. Five soil instrumen
tation wells and one soil Reference 
Well were grouted into the soil 
near the drywell. The E-MAD 
weather station and an environ
mentally controlled instrumentation 
shed were also installed within the 
fenced area. 

Two concrete silos and associated 
support pads were constructed ad
jacent to the west side of the 
E-MAD building . The silo site was 
chosen for compacted soil proper
ties to support the heavy loads of 
the concrete silo, mobile trans
porter and crane during emplace
ment. The reinforced concrete pad 
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is 16 feet by 16 feet by 9 feet 
deep. A second environmentally 
controlled instrumentation shed was 
installed near the concrete silos . 

Four drywells were constructed west 
of the E-MAD building. This site 
was chosen since it was fairly 
level and would allow rail spur 1.n
stallation with a minimum of modi
fications. Because the existing 
railroad equipment was to be used 
to move a fuel canister from the 
Hot Bay to the drywells, the dry
wells were embedded in reinforced 
concrete and centered between the 
rails of a new rail spur which tied 
into the existing trackage north of 
the E-MAD building as shown in 
Figure 2.2-2. An additional switch 
located 100 feet south of the north 
fence was used to start a new rail 
spur for the drywell storage site. 
The three northernmost drywells on 
the new spur are spaced 25 feet 
apart while the southern-most dry
well is 50 feet from the adjacent 
drywell. The 7 foot wide by 28 
inch deep by 235 foot long concrete 
pad provides! l)a level surface to 
facilitate canister emplacement 
with the transfer shield, 2)support 
for the rail equipment during em
placement, and 3)shie1ding in the 
innnediate area. Four soil instru
mentation wells were grouted into 
the soil adjacent to each drywell. 

Details of storage area construc
tion and hardware installation are 
provided in Appendix B. 

Two other spent fuel tests were 
performed inside the E-MAD build
ing. The Air-Cooled Vault Tests 
used the lag storage pit in the Hot 
Bay. The Fuel Assembly Internal 
Temperature Measurement Test used a 
special test stand and equipment 
located in and around the West 
Process Ce 11. 
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Figure 2.2-2. Arrangement of E-MAD Spent Fuel Storage and Related Tests 

14 



2.3 SPENT FUEL ASSEMBLIES 

Seventeen PWR spent fuel assemblies 
were either stored or tested at 
E-MAD during the period covered by 
this report. These assemblies were 
acquired by the Department of Ener
gy from the Florida Power and Light 
Turkey Point Unit Number 3. Four 
assemblies (serial numbers B02, 
B03, B4l and B43) were shipped to 
E-MAD for the SFHPP 1978 Demon
stration Program. Fuel assembly 
B02 was installed in Concrete Silo 
No. 2 for the Concrete Silo Test, 
fuel assemblies B03 and B4l were 
installed in Drywells Sand 3 res
pectively for the Phase I Isolated 
Drywell Test and fuel assembly B43 
was used for the Phase II Fuel As
sembly Internal Temperature Mea
surement Test. Fuel assemblies 
B03 , B4l and B43 were later in
stalled in Drywells 3, 2 and 1 
respectively for the Adjacent 
Drywe 11 Te s t. 

The 13 PWR spent fuel assemblies 
acquired for the SFT-C Program 
(serial numbers DOl, D04, D06, D09, 
DIS, D16, D18, D22, D34, D35, D40, 
D46 and D47) were encapsulated and 
stored in the E-MAD lag storage pit 
prior to transport and installation 
in the SFT-C tes t array. Two 0 f 
these assemblies, D22 and DIS , were 
used in the Phase II Isolated Dry
well Test and the Phase II Fuel As
sembly Internal Temperature Mea
surement Test, respectively, prior 
to being transported to the SFT-C 
test site. While in the lag stor
age pit, the canister containing 
fuel assembly D22 was instrumented 
for the Air-Cooled Vault Tests. 

A representative Turkey Point PWR 
fuel assembly 1S illustrated in 
Figures 2.3-1 and 2.3-2. Table 
2.3-1 provides fabrication statis
tics for Turkey Point fuel assem
blies. The fuel assembly is 161.3 
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inches long (prior to irradiation) 
with a square cross section having 
a maximum distance across flats of 
8.426 inches (including grids). 
The overall length is made up of 
top nozzle , the fuel rods, and the 
bo ttom nozzle . The fuel rods con
sist of a 15 by 15 array of 0.422 
inch diameter Zircaloy cladding 
around uranium oxide pellets. The 
fuel rods are arranged in a square 
pattern with 0.563 inches between 
centers. The active fuel length is 
nominally 144 inches. The fuel 
rods are laterally constrained by a 
series of seven grids located along 
the length of the rods. The PWR 
fuel assembly is supported by the 
bottom nozzle when in the vertical 
position. The bottom nozzle has 
four square feet located at the 
corners of the assembly. When in
stalled in any of the test canis
ters, the fuel assembly bottom noz
zle plate is seated on the hori
zontal cruciform plate at the bot
tom of the canister (see Figure 
3.2-18) • 

The fuel assembly configuration in 
Figure 2.3-1 is accurate for the 
four B serial number fuel assem
blies. The D serial number fuel 
assemblies are of a slightly 
different design with some of the 
dimensions for the top nozzle, 
bottom nozzle and overall length 
being different. These differences 
are noted below: 

Overall Length 

Height of Top Nozzle 

Height of Bottom Nozzle 

Bottom Nozzle Support Plate Thickness 
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Of these differences, only the bot
tom nozzle support plate thickness 
is significant since it affects the 
elevation of the active fuel bottom 
in the canister. 

Fuel assembly operating data per
tinent to fuel assemblies tested at 
E-MAD are provided in Table 2.3-2. 
This data was used to generate de
cay heat level predictions using 
the ORIGEN 2 computer code (Refer
ence 10). Decay heat level predic
tions for the fuel assemblies are 
provided in Figures 2.3-3, 2.3-4 , 
2.3-5 and 2.3-6. Figure 2.3-3 
shows the decay heat level pre
dictions for all four B serial 
number assemblies calculated using 
the burnup for B02, B03 and B41. 
Also shown is the Boiling Water 
Calorimeter data for fue 1 assembly 
B43 measured on September 10, 
1980. Figures 2.3-4, 2.3-5 and 
2.3-6 show the decay heat level 
predictions for each group of D 
serial number assemblies with 
different predicted burnups . Each 
figure shows a Boiling Water 
Calorimeter data point for one of 
the assemblies in that group. 
Further information on the Boiling 
Water Calorimeter and data shown on 
these figures is contained 1n 
Appendix L. 

Specific data concerning some of 
the spent fuel assemblies were 
collected during nondestructive 

B Assemblies 

161.29 in. 

3.48 in . 

3.188 in. 

0.953 in. 

D Assemblies 

161.45 in. 

3.495 in. 

2.738 in. 

0.755 in. 



TABLE 2.3-1 
FABRICATION STATISTICS FOR TURKEY POINT FUEL ASSEMBLIES 

Vendor 

Type (Rod Array) 

Assembly Parameters 
Transverse Dimension 
Assembly Weight 
Assembly Length 

Control Rod Guide Thimble Tubes 
Number 
Upper OD 
Wall Thickness 
Material 

Instrument Tubes 
Number 
OD 
Wall Thickness 
Material 

Spacer Gr ids 
Number 
Material 
Spring Material 

Fuel Rods 
Number 
Length 
OD 
Wall Thickness 
Material 
Fuel Length 

Top Nozzle Material 

Bottom Nozzle Material 

Plenum Springs 
Working Length 
Material 

Fuel Pellet 
Material 
Enrichment 
Density 

Westinghouse Electric Corp. 

15 x 15 

8.426 in. 
1439 lb.* 
161.3 in.* 

20 
0.546 in. 
0.017 in . 
Zr-4 

1 
0.546 in. 
0.017 in. 
Zr-4 

7 
Inconel 718 
Inconel 718 

204 
152.0 in.* 
0.422 in. 
0.0243 in. 
Zr-4 
144.0 in.* 

304 SS 

304 SS 

6.80 in. 
Inconel 718 

U02 
2.559 Weight % U235 
92% Theoretical 

* See Table 2.3-3 for measurements taken on spent fuel assemblies 

examination at Battelle Columbus 
Laboratory (BCL) prior to their 
shipment to E-MAD. Five of the B 
serial number assemblies (including 
Bl7 - not part of E-MAD tests) and 
three of the D serial number assem
blies (DOl, D04 and D06) were 
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examined at BCL. The 
reported in References 
respectively. 

results 
11 and 

are 
12, 

To allow temperature measurements 
in fuel assembly center instrumen
tation tube using the Fuel Assembly 



TABLE 2.3-2 
FUEL ASSEMBLY OPERATING DATA 

B Assemblies 

Date Irradiation Began 

Date Reactor Shutdown 

Total Effective Full Power Days 

Initial Uranium Loading per Assembly 

Calculated Burnup 

January 12, 1972 

October 25, 1975 

825 Days 

448 kg 

B02, B03, B4l 

B43 

D Assemblies 

Date Irradiation Began 

Date Reactor Shutdown 

25,665 MWD/MTU 

25,595 MWD/MTU 

Total Effective Full Power Days 

Initial Uranium Loading per Assembly 

Calculated Burnup 

December 12, 1974 

November 19, 1977 

851 Days 

457 kg 

D09, D16, D18, D34 

DOl, D04, D06, DIS, D35, D40, D46, D47 

D22 

27,863 MWD/MTU 

28,430 MWD/MTU 

26,485 MWD/MTU 

Internal Temperature Measurement 
Test closure lid, a clearance hole 
had to be made through the fue 1 
assembly top nozzle. This was 
accomplished prior to fuel shipment 
to E-MAD from BeL. A 3 inch dia
meter hole was cut into the fuel 

assembly top nozzle plate and a 
steel plug with a clearance hole in 
the center was installed in the 
hole in the nozzle plate for fuel 
assemblies B43 and 015. This hole 
provided the necessary access for 
closure lid central thermowell 
insertion. 

TABLE 2.3-3 
NONDESTRUCTIVE EXAMINATION DATA FOR BAND D SERIES FUEL ASSEMBLIES 

B Assemblies D Assemblies 

Measured Weight (lb. ) B02 1465 DOl 1462 

B03 1450 D04 1457 

B4l 1452 D06 1459 

B43 1448 

Measured Irradiated Length 
Between Top and Bottom Nozzles (in.) 153.360 (ave) 153.660 (ave) 

Measured Irradiated Fuel 
Rod Lengths (in. ) 152 . 539 (ave) 152.561 (ave) 

Measured Irradiated Active 
Fuel Length (in.) 144.532 (ave) N/A 

Measured Irradiated Fuel 
Rod Weights (lb. ) 6.75 (ave) 6.82 (ave) 
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3.0 DRYWELL TESTING 

The following section describes the 
drywell testing performed at E-MAD 
during the period March, 1978 
through March, 1982. Included are 
the test objectives, hardware de
scriptions, test operations, test 
results, and thermal analyses for 
both the Electrically Heated Dry
well and Fueled Drywell Tests. 

3.1 TEST OBJECTIVES 

3.1.1 ELECTRICALLY HEATED DRYWELL 
TEST 

The goals of the Electrically 
Heated Drywell Test (as defined for 
the SFHPP 1978 Demonstration) were: 

• 

• 

• 

Objective 1 To provide 
data in the form of proto
typic drywell canister tem
peratures which could be 
used, in conjunction with 
the Fuel Assembly Internal 
Temperature Measurement Te
st, to verify that spent 
fuel assemblies with a de
cay heat level of about 1.0 
kW could be stored 1n Neva
da Test Site soil without 
exceeding design temper
ature limits 

Objective 2 - To checkout 
instrumentation, construc
tion and installation meth
ods for drywells prior to 
installing actual drywells 
for spent fuel storage 

Objective 3 To provide 
storage cell thermal re
sponse data so that ther
mal properties and boundary 
conditions could be accur
ately determined to cali
brate and verify a drywell 
thermal model 
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The engineering approach applied to 
ensure that the Electrically Heated 
Drywell Test met the above stated 
objectives included an extensively 
instrumented drywell and soil test 
arrangement and a multi-phase con
firmation test program. Confir
mation Phase I was designed to 
generate data to support the spent 
fuel encapsulation in late 1978 
(Objectives 1 and 2 above) and 
Confirmation phase II was designed 
to collect test data to support the 
verification of a drywell thermal 
model (Objective 3 above). Addi
tional test phases, identified 
following Confirmation Phase II 
completion, were designed to gener
ate data to satisfy Objectives 1 
and 3 at higher decay heat levels 
of 2.0 and 3.0 kW. 

The Electrically Heated Drywell 
Test Confirmation Phase I data 
generation and evaluation would be 
directed towards providing a basic 
understanding of the drywell stor
age cell thermal response. Test 
Phase I, performed at a nominal 
constant power level of 1.0 kW 
(preceeded by an accelerated heatup 
at 3.0 kW), was intended to verify 
that the original drywell thermal 
analyses were sufficiently conser
vative to negate any concern about 
spent fuel temperatures . Data 
evaluation would concentrate on 
steady-state canister midplane 
(Le., hottest) temperatures, on 
near-field (drywell liner and 
canister only) temperatures, and on 
che~king out installation and 
construction methods. 

Recognizing that the Electrically 
Heated Drywell Test is strictly a 
thermal test and, as such, a tool 
for thermal model verification, the 
Confirmation Phase II period of 
steady-state operation at 1.0 kW 
would be extended and would include 



an evaluation of test data directed 
towards reducing certainties and 
conservatisms in the drywell ther
mal model . Test data evaluation 
was specifically identified for: 
soil and grout thermal properties, 
far-field effects, axial tempera
ture effects, seasonal and day/ 
night temperature variations, 
canister and liner end effects, and 
transient and steady-state tem
perature trends . Data evaluation 
would provide an understanding of 
the various heat transfer mechan
isms present in the tes t arrange
ment . 

The results of the SFHPP 1978 
Demonstration (Test Phases I and 
II) showed that peak canister 
temperature and associated fuel 
cladding temperatures for a 1. 0 kW 
spent fuel decay heat level were 
well below the design limit . 
Therefore, for Test Phase III, the 
power level was raised and drywell 
response evaluated at 2.0 kW by the 
Electrically Heated Drywell Test. 
This additional test was designed 
to provide canister temperature 
data which could be used, in con
junction with the Fuel Assembly 
Internal Temperature Measurement 
Test and fuel assembly canister 
thermal models, to determine the 
maximum decay heat leve 1 a drywe 11 
storage cell in Nevada Test Site 
soil could accommodate. The re
sults of Phase III testing showed 
that peak canister temperature and 
associated fuel cladding tempera
ture for a 2.0 kW spent fuel decay 
heat level were still substantially 
below their design limits. It was 
decided to extend the Electrically 
Heated Drywell Test to Phase IV at 
a power level of 3.0 kW . This 
extension would provide test data 
to meet the CWSFP Program objective 
for the Electrically Heated Drywell 
Test . 
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3.1.2 FUELED DRYWELL TEST 

The objectives of the spent fuel 
Drywell Test (as defined for the 
SFHPP 1978 Demonstration) were: 

• Objective 1 
that spent fue 1 
can be safely 
Nevada Test Site 

To verify 
assemblies 
stored in 

soil 

• Objective 2 - To determine 
storage cell thermal pro
perties and interface and 
boundary conditions to cal
ibrate and verify thermal 
models 

• Objective 3 - To determine 
thermal interactions of 
adjacent drywells 

The test objectives would be met by 
a combination of actual test re
sults and calibrated computer model 
predictions. Encapsulated spent 
fuel assemblies would be installed 
into drywells and the thermal 
response of the canisters, drywell 
liners , and surrounding soil would 
be recorded. In addition, a com
puter model of the drywell would be 
compared with the test results and 
would be used to evaluate drywell 
performance beyond the test limits. 

The maximum canister temperature 
level attained would be compared 
with the Fuel Assembly Internal 
Temperature Measurement Test mea
sured temperatures and existing 
fuel assembly and canister thermal 
models to evaluate drywell perfor
mance. Acceptable drywell storage 
capabilities were verified if fue 1 
cladding temperatures were less 
than the 715°F criteria. 

Transient test results would be 
compared to computer code predic
tions using the decay heat versus 



time predicted for the actual spent 
fue 1 assembly as input . Computer 
model thermal property and heat 
transfer correlation revisions 
would be made - as necessary to 
update the model for good model/ 
test agreement. This agreement 
would qualify the computer model 
for use in the evaluation of 
var10US decay heat level fuel 
assembly storage and conceptual 
drywell spacing variations. 

Due to delays in completion of the 
Fuel Assembly Internal Temperature 
Measurement Test and in procurement 
of boiling water reactor (BWR) 
spent fuel assemblies, the Drywell 
Test was limited to two drywells 
rather than the four originally 
planned. Two drywells were chosen 
to provide data for two thermally 
isolated drywells . The computer 
model to be used would be limited 
to a single thermally isolated 
drywell for comparison with results 
of the two isolated drywells. This 
first portion of the Isolated 
Drywell Tests had a heat decay 
level of approximately 1.0 kW. 

A higher decay heat leve 1 (approx
imately 1.25 kW) spent fuel assem
bly was installed 1n the fourth 
drywell to evaluate isolated 
drywell response to higher power 
levels. This additional portion of 
the Drywell Test was termed the 
phase II Isolated Drywell Test. 

As part of the CWSFP Program, 
several additional objectives were 
identified. To complete the ori
ginally planned testing, an Adja
cent Drywell Test (Phase III) was 
identified to use three of the 
SFHPP 1978 Demonstration PWR spent 
fuel assemblies placed in adjacent 
drywells spaced 25 feet apart. 
This test was to provide additional 
data to be used in evaluating 
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drywell arrays 
computer code 
drywell arrays . 

and in comparing 
predictions for 

3.2 HARDWARE DESCRIPTIONS 

This section describes in detail 
the hardware for the Electrically 
Heated Drywell Test and the Fueled 
Drywell Tests. The descriptions 
focus on the specific test arti
cles, instrumentation, and overall 
arrangement of the test hardware to 
allow independent modeling of the 
test configurations. Details of 
the construction and installation 
operations used to assemble the 
tes t hardware inc luding ident i
fication of hardware not essential 
to modeling the test arrangement 
(conduit and pipes for routing 
instrumentation, positioning of 
auxiliary test equipment, etc) is 
included in Appendix B. The over
all arrangement of" the drywells in 
relation to the E-MAD building and 
other tests is shown in Figure 
2.2-2. 

3.2.1 ELECTRICALLY HEATED DRYWELL 
TEST 

3.2.1.1 GENERAL ARRANGEMENT 

The Electrically Heated Drywell 
Test general arrangement is shown 
in Figure 3.2-1 . The test hardware 
consists of: 1) a drywell liner 
grouted into a 26 inch diameter 
hole drilled approximately 19 feet 
deep, 2) a test canister assembly 
consisting of a canister body, a 
closure lid, and a concrete-filled 
shield plug to support the test 
canister from the top of the liner, 
3) an electric heater assembly 
containing four tubular heater 
elements, 4) an array of soil 
instrumentation wells to measure 
ground temperature response, 5) an 
electric power supply control panel 
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Figure 3.2-1. Electrically Heated DryweJl General Arrangement 

for heater power control, and 6) a 
data acquisition system to record 
thermocouple data. Figure 3.2-2 
provides a detailed illustration of 
the Electrically Heated Drywell 
Test drywell and installed hard
ware. Figure 3.2-3 shows the 
relative dimensions and elevations 
of the installed hardware. A map 
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of thermocouple locations and 
identification of the data acquisi
tion system channel number to which 
each thermocouple is attached is 
provided in Figure 3.2-4. A de
scription of the Electrically 
Heated Drywell Test construction 
and hardware installation has been 
provided in Appendix B. 
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Figure 3.2-4. Electrically Heated Drywell Test Thermocouple Locations 

3.2.1.2 DRYWELL LINER 

The liner lower section consists of 
a 15 foot long section of 18 inch 
diameter by 0.25 inch thick pipe . 
The liner upper section is manufac
tured from a 3 foot long, 0.25 inch 
thick plate which was rolled to 
form a cylinder having a 20.25 inch 
nominal inside diameter. The upper 

27 

and lower sections of the liner are 
positioned concentrically to one 
another and welded to opposite 
sides of a 21 inch outside dia
meter, 17.5 inch inside diameter, 
0.375 inch thick ring. This ring 
forms the ledge on which the 20 
inch diameter shield plug (con
nected to the canister assembly) is 
supported. A 20 inch diameter, 



0.3 75 inc h t hick plate is welded to 
the bottom o f the lower portion o f 
t he l ine r to seal the lower end . 
Th e l ine r material is carbon steel . 

LINER INSTRUME NTAT ION 

The r e are 26 thermocouples secured 
t o t he liner . Sixteen t he rmo
couples are at t a ched d i rec t ly to 
the l iner exterior surface whi l e 
t en are positioned in t he grouted 
reg i on surrounding the l i ner after 
ins t allat i on . Liner thermocoup l e 
i nstallation photographs are shown 
in Figures 3.2-5 and 3 . 2-6. 

Eleven of the sixteen thermocoup le s 
which are attached directly to the 
line r exte rior sur face are arranged 
~ n an a x ia l column at spacings 

Figure 3.2-5. Thermocouples Installed on 
Liner 
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Figure 3.2-6. Thermocouple Bead Routing on 
Liner 

varying from 8 . 8 inches be l ow the 
top o f the liner to t he l iner 
bottom plat e . The posi t ions are 
tabu lated ~n Tab le C-l . At on e 
axia l elevat i on (98 . 7 inches from 
the top of the line r ), the re a re 
three add i tiona l thermocoup l es 
oriented a t 90 , 180 and 270 0 f rom 
the thermocouple co l umn to f o rm a 
circumfe r ent i al array around the 
outside diamet e r o f the liner . 
This array co r responds to a similar 
ci r cumferential array on the c an
iste r ass emb l y. There is an addi
tiona l thermocoup le at the center 
o f the bottom p late and one nea r 
the top of the liner. The thermo
coup l e tip of the to p-most t her
mocouple is offset at 30 0 from the 
axial column to avo i d interference 



with the orientation and handling 
features present on the liner upper 
surface . 

Of the sixteen thermocouples 
attached directly to the liner out
side surface, four are on the upper 
portion, ten are on the lower por
tion, and two are on the liner bot
tom plate. All sixteen are secured 
to the outside of the liner using 
metal foil tape and large diameter 
stainless steel hose clamps. The 
thermocouples were taped to the 
exterior surface of the liner 
ensuring contact with the liner. 
The thermocouple tip extends 
approximately 0.5 inches below the 
tape (i.e., the tape is not in 
direct contact with the thermo
couple tip). The thermocouple at 
the center of the liner bottom 
plate is tack-welded to the bottom 
p late by a small sheet metal 
dimpled bracket. 

Ten thermocouples are attached to 
the liner exterior with the bottom 
6 to 12 inches supported by a 
bracket which places the thermo
couple tip about 1.8 inches away 
from the liner surface. This 
standoff distance places the ther
mocouple tip in the approximate 
center of the ring of grout between 
the liner and the drilled emplace
ment hole. Each standoff bracket 
consists of a 0.25 inch thick by 3 
inch long PVC plate strapped to the 
liner using large diameter hose 
clamps and epoxied into position on 
the liner exterior. The thermo
couple sheathing is bent away from 
the liner and wire wrapped in two 
places to the 0.25 inch by 3 inch 
long face of the standoff bracket. 
The axial elevations of the ther
mocouple tips correspond to the 
thermocouple t ips secured directly 
to the liner exterior surface. 
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LINER INSTALLATION 

The fully-instrumented liner assem
bly was grouted into a 26 inch 
diameter 19 foot deep hole drilled 
into E-MAD soil. A photograph of 
the liner and its installation is 
shown in Figure B-5 . An 84 inch 
square by 15 inch thick concrete 
pad is provided at the top of the 
electrically heated drywell. This 
pad simulated that which would 
exist at the top of an actual stor
age cell. The pad construction is 
shown in Figure B-4. After the 
liner was positioned into the 
emplacement hole, the annulus was 
filled with high conductivity 
Luminite grout. The grout con
sisted of two parts soil removed 
from the emplacement hole to one 
part Luminite . Figure 3.2-7 pro
vides a photograph of the installed 
liner and the cracks which formed 
when the power level was decreased. 
Details of liner installation oper
ations are contained in Section 
B.l.I. 

3.2.1.3 CANISTER ASSEMBLY 

The canister assembly consists of 
the following components: canister 
body, closure lid, and shield 
plug. The canister assembly is 
shown in Figure 3.2-8 during a 
trial fitup with the liner. The 
following describes each of these 
components. 

CANISTER BODY 

The canister body for the Electric
ally Heated Drywell Test consists 
of a 160 inch long section of 14 
inch diameter, 0.375 inch thick 304 
stainless steel pipe welded to a 
standard 14 inch diameter, 6.5 inch 
high ellipsoidal end cap. Welded 
into the end cap is a 13.25 inch 
outside diameter, 8.5 inch inside 



Figure 3.2-7. Crack s in Grout Aroun d Liner, Formed When Power Was Reduced From 3 
k W to 1 kW 

diameter, 0.5 inch thick 304 s t a in
less s t eel ring. Welded to t his 
ring are 4 sheet metal bracket s 
which f orm the corne rs of an 8. 26 
inch square which ma te with the 
lower end of the elec t ric heate r 
assembly . The brackets a l so serve 
as funnels to guide and center t he 
heater assembly (which s i ts on the 
ring welded into the ellipsoidal 
end cap) . These fea t ure s are s hown 
in Figure 3.2-2. 

We lded into the canis t er body 4. 5 
inches below the canister t op sur
face is a 13.25 diamete r , 1.0 i nch 
thick 304 stainless steel plate 
containing an 8.5 inch square 
chamfered opening. This plate a nd 
opening provides cen t ering a nd 
support for the upper e nd of t he 
electric heater assembly. The out 
s ide upper surface of t he canister 
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body contains four blind holes 
equa lly spa ce d around the pipe 
ci r cumference for the attachment of 
the s hield p lug ( describe d later). 

Thi s canister body simulat es the 
actual s to r age can is t er in te rms of 
ma terial, size a nd s hape. These 
were j udged to be t h e mo s t impor
tant parameters s i nce they p rovide 
f or proper the rma l simulation of 
the conductivity, t hermal diffus
ivity , and t otal rad iatin g area of 
an ac t ual caniste r . The major dif
ference between the test canister 
and a n actual storage canister i s 
f ound i n the canister internal fea
tures. An actua l storage canister 
c ontains an internal c age formed by 
f our structural angles tied to
gether lateral l y by rectangular 
p l ates at Sl.X ele vations. This 
interna l cage p r ovide s support 



Figure 3.2-8. Electrically Hea ted Drywell Test 
Canister Assembly Prior to 
Fitup with Liner 

a l ong t he entire length of a n 
encapsu l ated pressurized water 
reacto r spent fuel assembly . 
Therma lly, it acts as a thermal 
rad iat ion barrier at the corners of 
the fuel assembly. Although the 
test canister body does not contain 
this cage, its presence is simu
lated by the electric heater assem
bly which uses four st r uctura l 
ang l es along i ts entire length. 

An actual storage c anister differs 
from t he test canister 1n the 
fo l lowing additional areas: 

• Different bottom support 
for a fuel assembly 

• No top support plate 
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• Ins trumentation 
t he exte r ior of 
i ste r body 

tubes 
t he 

on 
can-

• He lium rathe r t han a1r 1n 
canister 

The me chanica l di ff e rences are 
j udged to have a neglig i b le e ffec t 
o n the thermal resu l ts . Th e a1r 
backfill media is judged to have 
s ome effect 1n that t he a1r con
duc tivity and density d iffer ences 
p r oduce a c ani s ter t emperature 
pro fi le differing in s hape from a 
h e lium f i l led can is ter temperature 
p r of ile. 

CANISTER INSTRUMENTAT ION 

There a re eleven the rmocouples 
attached to the canister body 
ex t erior surface. These t he rmo
couple s are atta che d a t v a rious 
angular orie ntat ion s and at S1X 
d i f ferent elevations, including one 
on t h e bo ttom cen t e r o f the ellip
soidal c ap . The thermocouple 
at tachment me thod 1S the same a s 
u sed for t he liner (se e the Liner 
In s trumentation section). The 
t he rmocoup l e locations are tabu
lated i n Table C-l. 

CLOSURE LID 

The t est canister closure lid 1S a 
13.25 inch diameter, 2.5 inch thick 
304 stainless steel plate. It con
tains four through-holes which 
a ccept 0.5 inch diameter bolts 
whic h thread into the upper support 
plate o f the canister body. Four 
sma l l spacers extend from the bot
t om surface of the lid to control 
the axial positioning when instal-
l e d 1n the canister body. After 
as s embly , the annular gap between 
the clos ure lid and the c anister 
body was fi lled a nd s e aled with 



adhesive cement to better simulate 
a sealed canister containing fue l . 

There are four additiona l hole s i n 
the closure lid through wh ich the 
electric heater assembly conductor 
wires are routed. These holes a r e 
lined with a stack of high tempe r 
ature interlocking ceramLC t ubes 
cemented in place. These ceramLC 
insulators protect the conducto r 
wires from inadvertent ly gr ound i n g 
to the closure lid. 

CLOSURE LID INSTRUMENTATION 

There is one thermocouple attached 
to the top center of the canister 
closure lid. This thermocouple i s 
attached by a small sheet metal 
dimpled bracket which LS tack
welded to the top surface of the 
closure lid. The thermocouple tip 
is inserted through the d i mple on 
the bracket and held Ln contac t 
with t h e closure lid top surface. 
A second thermocouple is suppor t e d 
from the shield plug a nd contacts 
the closure lid near the outs i de 
diameter of the lid. This ther
mocouple is attached to the under
side o f the shield plug bot t om 
plate by a tack-welded sheet meta l 
brac ke t and extends at a 4 5 ° a ng le 
from t he shield p lug plate. 

SHIELD PLUG 

The test shield plug s imulates the 
concrete-filled shield plug design 
used in actual spent fuel storage. 
The canister assembly is s upported 
from this plug which, Ln its Ln
sta l led condition, rest s on t he 
ledge i n the top of the drywe l l 
line r . 

The shi e Id plug consists of 
inch long section of 20 inch 
meter, 0.25 inch thick carbon 
pipe which has a circular 

a 34 
dia

stee l 
plate 
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welded to both ends . The top plate 
i s a 19.5 inch diameter, 0.25 inch 
t h i ck carbon steel plate positioned 
about 2 inches below the top sur
face of the pipe. This 2 inch in
dent a tion provides space for the 
bund l i n g a nd c onnection of instru
men t a tion a nd power leads from the 
canister as semb l y. The top plate 
cont a ins two 4 inch diameter holes 
fo r the i nst a l l ation of concrete 
and t hree lifting brackets for 
hand l ing t he e nt ire assemble d 
can i s t er assembly. These features 
are s hown i n F i gure 3.2-9. 

Figure 3.2-9. Top View of Electrically Heated 
Drywell Test Canister Assembly 
Shield Plug Fitup Inside Liner 

The shield plug bottom plate is a 
20 inch diameter, 0.5 inch thick 
car bon s t ee 1 p late which is we lde d 
t o the face of the 20 inch pipe. 
Ex t ending from and welded to the 
bo ttom plate is an 11 inch long 
"skirt" of 16 inch diameter, 1.031 
inch t h ick carbon stee 1 pipe. The 
i n s i de diameter of this skirt LS 
machined to c los ely fit the outsid e 
o f the canister body. There are 
four threaded holes in this skirt 
wh ich line up with the four blind 



holes machined into the top portion 
of the canister body. These 
threaded holes accept large dia
meter threaded pins. It is through 
these pins that the canister is 
supported from the shield plug. 

Fifteen 0.375 inch outside dia
meter, 0.035 inch thick carbon 
steel tubes extend from the top to 
the bottom shield plug plates. 
Thirteen tubes are spaced on a 16.5 
inch diameter circle and provide a 
routing path for the 11 canister 
thermocouple leads and for two 
shield plug skirt thermocouple 
leads. The canister thermocouple 
leads run along the canister exter
ior surface, past the shield plug 
skirt into these tubes, and exit 
the top surface for routing to the 
data acquisition system. 

Two additional tubes are located on 
a 10 inch diameter circle and pro
vide for routing of canister and 
closure lid upper surface thermo
couples. One provides a routing 
path for the thermocouple leads for 
the thermocouple attached to the 
top center of the closure lid. The 
other provides a routing path for a 
spring loaded thermocouple which 
contacts the outer rim of the can
ister body after it is installed 
inside of the shield plug skirt. 
There are an additional four 0.5 
inch outside diameter by 0.035 inch 
thick carbon steel tubes extending 
from the top to the bottom shield 
plug plates. These four tubes are 
arranged in a close rectangular 
pattern (1.76 inches by 1.5 inches) 
and provide for routing the four 
conductor wires from the heater 
assembly. The shield plug instru
mentation and conductor wire tubes 
are shown in Figure 3.2-9. Figure 
3.2-10 provides a photograph of 
the completed Electrically Heated 
Drywell Test assembly. 
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SHIELD PLUG INSTRUMENTATION 

In addition to two thermocouples 
attached to the outside surface of 
the shield plug skirt, eight addi
tional thermocouples are attached 
to the shield plug. TWo of these 
are attached to the top plate of 
the shield plug using the small 
dimpled sheet metal brackets de
scribed earlier. One of these 
thermocouples is at the center of 
the top plate, the other at the 
outside edge. Three thermocouples 
are located in the internal cavity 
of the plug slightly offset from 
the axial centerline at a radius of 
0.7 inches. These thermocouples 
are supported from small gusseted 
brackets attached to the two inner
most 0.5 inch diameter by 0.035 
inch thick tubes described earlier. 
These thermocouples were installed 
prior to the pouring of concrete 
into the shield plug cavity. The 
remaining three thermocouples are 
installed along the inside wall of 
the shield plug body at the same 
axial elevation as those along the 
axial centerline of the plug. 
These thermocouples are inserted 
into holes in small pins which are 
threaded through the shield plug 
wall . 

3.2.1.4 ELECTRIC HEATER ASSEMBLY 

The electric heater assembly con
sists of four tubular heater 
elements mounted in an 8.42 inch 
square steel frame. The frame 
outer dimensions and the heater 
power profile approximate those of 
a pressurized water reactor fuel 
assembly. Details of the heater 
assembly are shown in Figure 3.2-11. 

The electric heater assembly frame 
consists of four 1. 5 inch by 1. 5 
inch by 160 inches long by 0.12 
inches thick 304 stainless steel 



Figure 3.2-10. Electrically Heated DryweJJ Test Installation Completed With Drywell Cover 
in Place 

Figure 3.2-11 . Electric Heater Assembly 
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angles which are tied together by a 
series of four stainless steel 
plates welded to the angles at nine 
elevations. These structural side 
plates are 1.5 inches high by 0.109 
inches thick. Inside the angles, 
five baffle plates (7.92 inch 
square , 0.048 inch thick 304 stain
less steel) and a top and bottom 
plate (7.92 inch square, 1.25 inch 
thick and 0.75 inch thick, respec
tively, 304 stainless steel) are 
welded at various elevations. 
These plates are provided to reduce 
convection currents within the heat 
assemb ly (simulating the fuel 
assembly grids). Outside the 
angles, cover plates of 0.05 inch 
thick 304 stainless steel are 
welded to the angles between the 
structural side plates to enclose 
all but the top and bottom 2.5 
inches of the frame. 

Four tubular heaters are secured 
inside the heater frame by screw
mounte d pipe straps on the middle 
seven structural side plates. Each 
heater is located at the center of 
one side of the heater frame . 
Clearance holes are provided in the 
internal baffle plates and the top 
and bottom plates for the heaters. 
The tubular heaters are 0.43 inches 
in diameter by 156 inches long with 
a 0.049 inch thick incoloy sheath. 
The heaters have a precision-wound 
nicke 1 chromium wire heating ele
ment rated at 4 kW heat output at 
240 volts. The heaters have 2 
inches of unheated section at each 
end and have threaded stud termin
als at each end for electrical 
connections . A locator ring is 
welded to the heater sheath about 
0.5 inches from one end. The 
heaters are capable of operating at 
about 1600°F at rated power. 

The tubular heaters are inter
connected at the top and bottom by 
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a series of four 0.125 inch dia
meter 304 stainless stee 1 wire as 
semblies . Each assembly has a 0 . 06 
inch thick steel washer welded to 
both ends which fits over the 
heater stud terminal. Two W1re 
assemblies at the lower heat er end 
have 210 inch long wires which 
extend through the interior of the 
heater assembly to approximately 50 
inches above the heater frame. Two 
wire assemblies at the top of t he 
heaters have 54 inch long wire s 
which extend approximately the s ame 
distance above the heater frame . 
All wire assemblies are secured to 
the heater stud terminals be t wee n 
the two hex nuts provided and t hen 
brazed to the nuts. The two heate r 
conductor wires which extend 
through the heater interior pass 
through all seven interior plates . 
Clearance holes are provide d in 
each plate and insulator blocks of 
marimet (through which the conduc
tor wires pass) are bolted to each 
of the plates. The four conduc to r 
wires are arranged in a rectangular 
pattern and pass through ceramic 
insulators in the closure lid and 
through tubes in the shield p l ug. 

Prior to the completion of heat er 
assembly fabrication, the heat er 
subassembly was heated to approx
imately 4 kW . This power outpu t 
was maintained for 48 hours t o 
allow heater off-gassing and to 
verify proper heater operat i on. 
The photograph of the heater assem-
bly shown in Figure 3.2-11 wa s 
taken prior to this heater "burn 
in" , period. After "burn-in", the 
insulating blocks were tightened 
and the heater cover plat es i n
stalled. Prior to instal l ing t he 
assembly into the test canister , a 
stack of high temperature i n te r 
locking ceramic tubes was assembled 
on each of the conductor wires and 
cemented together. This insulation 



between the conductor wires and the 
s hie ld p lug tubes prevented inad
vertent grounding of the wires. 

3.2.1.5 INSTRUMENTATION WELLS 

The soil surrounding the electric
ally heated drywell was instru
mented with 49 thermocouples 
divided and grouped into five 
wells. The instrumentation wells 
are oriented in a spiral pattern 
around the drywell so as not to 
affect the soil thermal conduc
tivity between the electrically 
heated drywell and instrumentation 
well and thus not affect soil 
thermal response readings. The 
spatial location is defined by a 
radius and angle with respect to 
the drywell axial north-south 
centerline (defined as 0°) as shown 
in Figure 3.2-1. 

Each instrumentation well consists 
of a 1 inch diameter schedule 80 
PVC pipe grouted into a 3 inch dia
meter hole drilled into E-MAD soil . 
A typical instrumentation well is 
illustrated in Figure 3.2-12. The 
sheathed thermocouples for each 
well were attached to the outside 
surface of the PVC pipe at various 
axial locations . The thermocouples 
were attached using wire ties and 
epoxy cement. Table C-l provides 
the location data for the thermo
couple array on the instrumentation 
wells. 

Figures B-6 and B-7 show photo
graphs of instrumentation well 
installation. The top of each in
strumentation well extended above 
ground level where an enclosure box 
was provided to attach the flexible 
conduit routed to the instrumenta
tion shed . The enclosure boxes and 
flexible conduit were used to route 
the thermocouple leads after in
stallation of the well and conduit. 
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FLEXIBLE CONDUIT 

FOR THERMOCOUPLE 
TIP LOCATIONS 
SEE TABLE 1:-1 

WIRE TIE (TVPI 

GROUT 

SHEATHED 
THERMOCOUPLE 

EPOXV PATCH ITVPI 

SOIL 

6'5516· 1AB 

Figure 3.2-12. Electrically Heated Drywell 
Test Instrumentation Well 
Configuration 

Details of the instrumentation well 
installation operations are con
tained in Section B.l.l. 

A sixth well was spaced 60 feet 
from the center of the liner and 
designated as a Reference Well to 
provide soil temperatures unaf fe c
ted by the test heat source. The 
Reference Well consists of a 1 inch 
diameter schedule 80 PVC pipe with 
sheathed thermocouples attached 
using wire ties only. The Refer
ence We l l is grouted into a 3 inch 
diameter hole, similar to the 1.n
strumentation wells, and 1.S com
pletely buried. The Reference Well 
thermocouples are routed through a 
buried pipe to the instrumentat ion 
shed. Details of Reference Well 



installation operations are con
tained in Section B.1.1. 

3.2.1.6 HEATER POWER CONTROL 

Power to the four tubular beaters 
in the electric heater assembly is 
controlled by a variable voltage 
power transformer located in an in
strumentation shed. The environ
mentally-controlled instrumentation 
shed is located 18 feet from the 
electrically heated drywe11 as 
shown in Figure 3.2-1. The trans
former is mounted on the cover of a 
waterproof, dustproof electrical 
enclosure. The transformer accepts 
a 120 volt AC input and has an 
adjustable output capability of 0 
to 140 volts, and is rated for 7 kW. 

Mounted to the controller electric
al enclosure are two meters to 
determine transformer power out
put. A 0 to 150 volt AC voltmeter 
and a 0 to 50 amp ammeter are 
mounted above the transformer on 
the electrical enclosure cover. A 
digital voltmeter, located in the 
instrumentation shed and attached 
to the top of the heater conductor 
wires provides more accurate volt
age readings. Adjustments to the 
test power level are made based on 
the current measurement of the con
troller meter and the voltage mea
surement of the digital voltmeter. 

Also mounted to the controller 
electrical enclosure is a power1ine 
monitor chart recorder. The 
recorder continuously monitors the 
input voltage for fluctuations, and 
the strip chart recording provides 
a permanent record of applied 
voltage. The electrical wiring 
from the heater power control to 
the electric heater assembly is 
enclosed in underground flexible 
conduit for protection. 
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3.2.1.7 DATA ACQUISITION SYSTEM 

The data acquisition system for the 
Electrically Heated Drywell Test 
consists of the array of thermo
couples, two remote signal condi
tioning/multiplexing units, and the 
E-MAD data logger. The thermo
couples are attached to the test 
hardware as described earlier ~n 
this section of the report. The 
thermocouple leads are routed 
through flexible conduit to the 
mUltiplexer units located in the 
instrumentation shed. Multiplexer 
signal cables are routed through an 
underground pipe to the data logger 
(see Section A.5.5). 

THERMOCOUPLES 

All thermocouples used in the 
Electrically Heated Drywell Test 
described in the previous sections 
consist of a Type K, chrome1-a1ume1 
thermocouple with an ungrounded 
junction enclosed in a 0.125 inch 
diameter 304 stainless steel 
sheath. Two 24 gage, Type K exten
sion wires are brazed to the ther
mocouple wires and are enclosed in 
a 0.187 inch diameter by 0.028 inch 
thick by 2.75 inch long stainless 
steel transition boot. The transi
tion boot is crimped onto the end 
of the thermocouple cable sheath 
and filled with epoxy. 

3.2.2 FUELED DRYWELL TEST 

3.2.2.1 GENERAL ARRANGEMENT 

The Drywe11 Test hardware arrange
ment is shown in Figures 3.2-13, 
3.2-14 and 3.2-15. The test hard
ware consists of: 1) a drywell 
liner grouted into a 26 inch dia
meter hole drilled 23 feet deep, 
2) a canister assembly , consisting 
of a canister body, a closure lid 
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Figure 3.2-13. SFHPP Fueled Dry well 
Configura tion 

and a concrete-filled shield p l ug, 
which supports the canister from 
the liner, 3) a PWR spen t fue l as
sembly, 4) an array of soil instru
mentation wells to measure ground 
temperature response, and 5) a data 
acquisition system to record ther
mocouple data. A description of 
the Drywell Test storage area con
struction and hardware installat ion 
have been included in Appendix B. 

3.2 . 2.2 DRYWELL LINER 

The drywell liner is illustrated in 
Figure 3.2-16. The liner lower 
section consists of a 17 foot long 
section of 18 inch di ameter by 
0.375 inch thick pipe. The line r 
upper section is manufac tured f rom 
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a 51.5 inch l ong, 2 2 inch diame ter, 
0.7 5 i nch thick pipe. The uppe r 
and lower sections o f t he line r a r e 
po s i tioned concentr i c a l ly to one 
another and welded to oppos i te 
side s of a 22 inch outside di a
me te r , 17. 2 5 inch i n side d iame ter , 
0.5 inch thick ring. This r ing 
forms the ledge which supports the 
20 i nch diameter shield plug (con
n e cted to the canister assembl y ). 
A 20 inch diameter, 0.5 inc h th i c k 
p late is welded to the bottom o f 
the l i ner lowe r por tion se a l i n g the 
lowe r e nd. Fou r 1 i nch diamet e r 
holes spaced 90° apa rt a r e l o c ated 
1.5 i nc he s below t he t op of the 
liner f or han d l i ng and instal la
tion. Th e line r ma t e r i al i s c a rbon 
steel. The as s embled line r ~ s 

s hown ~n Figure 3 .2-17. 

LINE R INSTRUMENTATION 

Nine tubes, with a 0. 156 i nch 
outside diameter and 0 .086 i nch 
inside diameter a re attac hed to the 
outside of the l iner and serve a s 
thermocouple wel l s. The n i ne t u bes 
extend from abou t 17 i nches be low 
the l iner top t o a bout 2 i n ches 
from the liner bo ttom. Th e t ube s 
are clamped to t he l i ner by ten 
large hose clamps. The t ube s a re 
s e cured to the liner near t he top 
and bottom and a t t wo i nte rmed i at e 
points by 0.03 inch th i ck bracke ts 
spot welded to the liner as s hown 
in Figure 3.2-16. 

The thermocouple t ubes a r e oriented 
around the liner in thre e group s as 
shown in Figures 3. 2-15 a nd 3. 2- 16 . 
The fi r s t t wo gr oups eac h contain 
three tubes tha t are spaced 30 ° 
apart. Th e middle tube s o f these 
groups are 180 0 ap a rt. The t h ird 
group has three tubes bande d to
gether. The midd le t ube of this 
group i s s paced 90° f rom the midd l e 
t ubes o f the other groups. The six 
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Figure 3.2-14. Fueled DryweJl Schematic 

39 



CANISTER TIC TUBE 

CANISTER 
INTERNAL 
SUPPORT 
CAGE 

PlNR FUEL 
ASSEMBLY 

, . ~SOIL 
-I~

,.I,' 
",': 

CONTROL ROD 
GUIDE TH IMBLES 

LINER 

LINER TIC TUBE 

61544()'2AB 

Figure 3.2-15. Drywell Section View 

thermocouple tubes spaced 30 0 apart 
ma tch six o f the ten thermocouple 
tubes on the installed canister. 
The third group of thermocouple 
tubes provides additional circum
ferential tempe r ature reading 
pos1t10ns. The tubes allow thermo
couple installation to any eleva
tion. The ends of the tubes are 
swaged and tack-we l ded to prevent 
grout from entering during liner 
installation . 

The installed 
thermocouples 
controlled by 

elevation of the 
1n the tubes is 

the thermocouple 
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length. The thermocouples are in
serted until the trans1t10n boot 
between thermocouple and extension 
lead contacts the tube top thus 
control l ing the pos it ion of the 
thermocouple tip. One thermocouple 
is positioned at the middle of the 
fuel assembly active fuel length, 
another about one foot above the 
bottom of the active fuel and the 
other about one foot below the top 
of the active fuel. These posi
tions line up wi th positions on the 
canister. Tables Dl-I , D2-1, D3-1, 
DS-l and DS-8 provide depth and 
position data for the installed 



LINER LI FTING & 
LEVELING HOLES 

THERMOCOUPLE WE LL 
(9 TOTAL) 

II Tl"Io..;::::;;;:-illl.:::;:::~ltt- BANDING STRAP 

LINER UPPER SECTION 

LI NER LOWER SECTION 

SWAGED AND WELDED END 

LINER BOTTOM PLATE 

615045-2FA 

Figure 3.2-16_ Drywell Lin er Showing 
Instrumenta tion Con figuration 

l i ne r thermo c ouple s fo r Drywel ls 1, 
2, 3 a nd 5 . 

LINER INSTALLATION 

The liner assemb l y wa s pos i tioned 
a nd l eve l e d inside o f a 26 inch 
di ame t e r , 23 f oot dee p ho l e dril l ed 
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Figure 3.2-17. Drywell Liner Prior to 
Shipment 

i nto E-MAD soil. The liner u 
shown during installation in Figure 
B-14. An 84 inch wide by 28 inch 
deep concrete pad with standard 
gauge rails was provided at the t op 
of the drywells. The pad has a n 
18.75 inch deep by 37.25 inch dia
meter annulus around the line r 
upper section in which a port ab l e 
lead shield adapter is insta l le d 
(see Figure A-24). 

The pad provided a re ference da tum 
to aid ~n drilling and liner ~n
stallation operations. After the 
liner was positioned into the em
placement hole, the annulus was 
filled with Luminite grout to the 
top of the instrumentation tube s . 
The grout consisted of two par t s 
soil, removed from the emplacement 
hole, to one part Luminite. De 
tails of liner installation opera
tions are contained ~n Sec t i on 
B.l. l. 

3.2.2.3 CANISTER ASSEMBLY 

The canister assembly consists of a 
canister body, a closure lid and a 



shield plug. The canister assembly 
~n a drywell ~s illustrated ~n 

Figure 3.2-13. The can is ter de
scribed below was designed to 
accommodate one PWR spent fue 1 
assembly. The canister assembly 
used in phase II Isolated Drywell 
Test was actually part of the Spent 
Fuel Test at Climax. The encap
sulated fuel assembly was being 
temporarily stored at E-MAD a nd 
thus was available for the Phase II 
test. The m~nor differences are 
noted below. 

CANISTER BODY 

The canister body is illustrated in 
Figure 3.2-18. The main body of a 
PWR canister is a standard 14 inch 
diameter, 0.375 inch thick, 304 
stainless steel pipe (304L for 
Phase I I) 154 inches long. Welded 
to the bottom of this pipe ~s a 
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8 0TTOM N OZZL E 
SUPPORT C RUCi f O RM 

EV ACUATION ! G RO OV E FOR 
BACKFI LL FI TTIN G ALIGNM ENT 
WI TH MEC H A NICAL O f SE A L LIP 
SEAL CAP 

SUP P OR T 
PIN HOlf CA NISTER BO DY 

EX TE RIO R SID E 
SUP POR T K EY 

I !!IOOY EXTER NAL 
TUBES 

FUEL ASSEMBL Y 

Figure 3.2-18. Canister Configuration 
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s t anda rd 14 inch diame te r , 6. 5 inch 
high ellips oid a l end cap. Th i s end 
cap has welde d i nto it a cruc ifo r m 
forme d of a 0. 75 inch th ick 304 
s t a i nless steel plate with fou r 
0 . 25 i nc h thick 304 st a in l es s stee l 
v ert i c a l gusse ts welded to the 
unders i de . Thi s crucifo rm s upports 
t he bo t tom of t he PWR fue l a s semb l y . 

The top of the PWR caniste r body 
cons i sts o f a sec tion of 14 i nch 
diame t e r , 0.9 37 i n ch thick , 304 
stain l es s stee l pi pe a pp r oximate ly 
9 i nches long . This s e ction is 
we l ded t o t he 0 . 3 75 inch thic k ma i n 
body p ipe and cont a ins mach i ne d 
t h r e ad s which mate with the clos ure 
lid . Th e ou t s ide u pper surface o f 
the can i s te r body cont a i ns f our 
bl i nd holes equal l y spaced around 
the pipe circumference for shield 
plug att a chment. Two 0.7 5 i nch 
square bars (keys) are welded t o 
the out side o f the canis ter body to 
s upport the canister dur ing remote 
o pe r a t i ons and t o pos i t i on t he 
s hield p lug so t hat t he inst r umen
tat i on tubes on both components a re 
prope rly a ligned . 

Welded t o the inside ~ s a f ue l 
as s embly s uppo r t c a ge forme d o f 
standard 2 inch by 2 inch by 0. 18 
inch thick 304 s t ainless st e e l 
a ng l es tied toge ther on four sides 
at s i x ele vat ion s by 7. 1 2 i nc h l ong 
b y 2 i n ch high by 0.18 inch t hi ck 
plates. At t h e cage t op, eight 
additional st r a ps are welded be
tween t h e c an i ster body p ipe a n d 
t he t op c age straps to provide 
cent e r ing and s up port . 

CAN ISTER INSTRUMENTATION 

The caniste r 
"tubes" (six 
insertion o f 
e mpl a c ement 
thermoc oup le 

ha s ten t hermocoup le 
for Phase I I) f o r 
t hermocouple s 

~n a drywell. 
a ft e r 

The 
"tubes" consist of 



0.75 inch by 0.75 inch angles, 
intermittently welded to the out
side of the canister body. A fun
nel is formed at the top of each 
tube by a 1.25 inch by 1.25 inch 
angle, cut to match the smaller 
angle and welded to the top of the 
tube (see Figure 3.2-18). The 
funnel is provided to compensate 
for potential radial and azimuthal 
mismatch between shield plug and 
canister body instrumentation tubes 
and thereby ensure proper thermo
couple installation. A triangular 
plate is welded to the bottom of 
each tube. Contact with this plate 
is intended to cause the tip of the 
thermocouple to be diverted toward 
and eventually touch the canister 
body. 

For Phases I and III, five thermo
couple tubes are located on oppo
site sides of the canister. The 
five tubes in each group are spaced 
lS o apart and extend down the can
ister to lengths approximately 
matching the PWR fuel assembly 
active fuel middle, 2.5 feet above 
and below the active fuel middle 
and 1 foot from each end of the 
active fuel. Each different tube 
length is matched by a tube of the 
same length 180 0 away. 

In Phase II, three thermocouple 
tubes are located on opposite sides 
of the canister. The tubes extend 
down the canister to lengths ap
proximately matching the PWR fuel 
assembly active fuel middle, and 1 
foot from each end of the active 
fuel. 

The thermocouples are installed 
through tubes in the shield plug 
until they contact the bottom of 
each instrumentation tube. When 
installed, the thermocouples mea
sure temperatures at five different 
elevations on both sides of the 
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canister to determine the axial 
canister temperature profile. The 
uppermost, middle and lowermost 
thermocouples are located at the 
same elevations as those in the 
drywell liner. Tables D1-1, D2-1, 
D3-1, D5-1 and DS-8 identify the 
thermocouples installed in the can
isters for Drywe11s 1, 2, 3 and 5. 

CLOSURE LID 

The canister closure lid is illu
strated in Figure 3.2-19. The 
closure lid is a flat disc, 3.5 
inches thick and 12.5 inches in 
diameter made of 304 stainless 
steel . This disc has approximately 
1 inch of buttress threads machined 
near the top which mate with 
threads machined into the thicker 
section of pipe at the top of the 
canister body. The top outside 
surface of the closure lid has a 
seal lip for remote seal welding of 
the canister after fuel assembly 
installation. Features include a 
machined groove for alignment of 
the seal welding machine with the 
machined seal lip, prov~s~ons for 
the lifting and torquing tool, and 
a fitting with a mechanically 
sealed cap through which helium is 
introduced into the canister. The 
bottom 1 inch of the closure lid 
serves as a lead-in for the lid 
installation . 

The seal lip on the canister clos
ure lid is welded to the canister 
body to complete the containment 
boundary. The gas fitting on the 
top of the closure lid provides 
access to evacuate the canister and 
backfill with helium. The helium 
provides an indicator for initial 
leak checking of the closure lid 
seal weld and the gas fitting 
mechanical seal, to stabilize the 
fuel assembly in an inert atmo
sphere, and to enhance conductive 
heat transfer to the canister. 
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Figure 3.2-19. Canister Closure Lid Configuration 

SHIELD PLUG 

The canister is at t ache d t o a 
shield plug before emp l a cement int o 
storage. The shield plug, shown i n 
Figure 3.2-20, is a 20 i nch di a
meter, 0.25 inch thick c a r bon ste e l 
pipe a pproximately 34 inc hes lon g 
with a 1.5 inch thick plat e we l de d 
to the top and a 1 inch t hi ck p l a te 
welded to t h e bottom. Th e vo l ume 
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between the t wo e n d plates is fi 1-
led with c onc r e te for shielding. 
Ex t end ing f r om the bo t tom plate of 
the assemb l y is a 16 inch diameter, 
1. 031 i nc h t h i ck, c a r bon stee l pipe 
a p prox i mately 13 .5 inches long. 
Th is pipe e xtens i on cont a ins four 
tap pe d a nd spo t - f aced holes 90° 
a part t o a c c e pt t h e canister sup
port p ins whi ch s e cure the canister 
to the s h i e l d p lug. The shield 
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Figure 3.2-20. Shield Plug Configuration 

plug is lowered ove r the canister 
(which f its inside o f the 16 inch 
diame t er extension) and the support 
pins a r e threaded into the shield 
plug e x t ension. The pins protrude 
from the i ns i de of the extension 
int o fou r f 1atbo t tomed holes in the 
can is te r uppe r portion . 

The shi e ld plug has eleven 0.086 
inch ins ide diameter tubes extend
i ng f r om the uppe r plate , through 
the lower plate down to the bott om 
of t he s hield p l ug exten s i on; ten 
for routing the rmocouples int o the 
canister tubes and one fo r sampling 
the atmos phere above the closure 
l i d . The t ubes a re r outed thr ough 
s lots i n the bo ttom port ion of the 
extens i on so there is no interfe r e 
wi th t h e cani s t e r body . The tubes 
a r e s ecured t o the ext ension by 
spo t welde d straps . The shield 

45 

p l ug has t wo sets of five tubes 
with 15 0 spacing between t ube s. 
These tubes match the thermo couple 
tubes on the canister by an a li gn
ment keyway Ln the sh ie l d p lug 
extension and a bar (key) on t he 
outside of the canister. 

CANISTER AS SEMBLY EMPLACEMEN T 

The e ncapsulated fue l ed canister 
assemblie s are installed into t h e 
drywe 11 u s ing a railcar -mount e d 
transfe r shie ld and a d r ywe 11 
s hie Id adapter described i n Appen
dix A. The Engine Installat ion 
Vehicle, Manned Cont ro l Ca r and L-3 
locomotive , previously used a s part 
o f the Nucle a r Engine f o r Ro cket 
Vehic le Appl icat ion (NERVA) Pro
gram , transport the cani ster t o t he 
drywe1 1 . The drywe11 s are centere d 
between rai ls and the c onc r ete 
shie ld pad above each drywe11 which 
LS l evel to faci l it a te trans fe r 
shield and drywe1 1 alignment . Hor
i zon ta l al i gnment o f the t r a ns f e r 
s hield wi th t he drywell LS ac com
p l ished by a ligning a pointer on 
the transfer shield with t arge t s 
insc r ibed on the top of the drywe1 1 
concrete pad. Deta i ls o f spent 
fue l enc a psulation , c anister t ran s
fe r to the drywe11 , and emplac ement 
in t h e drywell have been i nclude d 
in Appendix B. 

3 . 2 . 2.4 STORAGE AREA 

Tne storage area fo r the Dr ywel 1 
Test is locat ed on the we st s i de o f 
the E-MAD bu ilding within the se
curit y fence surrounding t he E-MAD 
c omplex. Early in the SFHPP 1978 
Demonstration , it was decided that 
canister emplacement i nt o the 
drywe11s wou ld use existing ra i l 
equipment a t E-MAD. The a rea we s t 
o f the E- MAD building was chos en a s 
the storage site since it was fai r
ly level and would allow rai l spu r 



installation wi th a m1n 1mum of s ite 
modifications. 

The drywells are cente re d bet ~veen 

rail tracks embedded in a r ein-
. forced concrete pad as i llus t r a t ed 
in Figure 3.2-13. The pad i s 84 
inches wide by 28 inche s dee p by 
235 feet long. The pad provides : 
1) a level surface to facilitate 
emplacement of the canister with 
the transfer shield, 2) support for 
the rail equipment during emplac e
ment, and 3) shielding in the 1mme
diate a rea around the d rywe11 . 

Four drywe11 liners we re inst a lled 
for the SFHPP 1978 Demons t r ation 
using the t hree northernmost and 
the southernmost concre te pad hole s 
for alignmen t and spac ing . The 
spacing between the t h ree northern
mos t drywells (25 feet) wa s chosen 
to provide test data for what had 
been predicted to b e thermally 
interacting drywel1s whe reas the 
southernmost drywe11 was placed 50 
fee t from an adjacent drywe ll to 
thermally isolate it from the 
others. 

Each drywe1l has a cover plat e 
which 1S bol t e d to the to p of the 
concrete pad. The dr ywe 1l cover 
plate is 4 6 inches i n di ameter by 
0.25 inches thick and i s made of 
carbon steel . Four lif t i ng eye s 
are welded to the top of the cover 
plate for handling. A 4 1 inch out
side diameter by 39 inch ins i de 
diameter by 0.25 inch thick neo
prene gaske t 1S cemented t o the 
unders ide of the cove r plate to 
seal the plate agains t the concrete 
pad. The cover plate has six teen 
0.625 inch diameter clearance ho les 
for the 0.5 inch diame te r b y 1. 2 5 
inch long hex head bolts used t o 
secure the cover plate to the con
crete pad. Four bo lts on e ach 
cover plate have a hole through t he 
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hex head which allows security 
wires to be placed through two pair 
of adjacent bolts on each drywel1 
after the canister has been 1n
stalled . The cover plate is shown 
in Figure 3.2-21 • 

Figure 3.2-21. Drywell Cover Plate Showing 
Neoprene Gasket 

3.2.2.5 INSTRUMENTATION WELLS 

The soil surrounding each drywell 
was instrumented with a total of 12 
thermocouples divided and grouped 
into four instrumentation wells. 
These instrumentation wells were 
similar to those for the Electric
ally Heated Drywell Test (see 
Figure 3.2-12). The orientation of 
the instrumentation wells is shown 
in Figure 3.2-22 for all four dry
wells . Each instrumentation well 
consists of a 19 foot long, 1 inch 
diameter, schedule 80 PVC p1pe 
grouted into a 3 inch diameter hole 
drilled into the soil. The 
sheathed thermocouples for each 
instrumentation well were attached 
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to the outside surface of the PVC 
pipe at three axial locations. The 
t hermocoup les were attached using 
wire ties and epoxy patches spaced 
12 i nches apart. Tables 01-1, 
02-1 , 03-1 and 05-1 provide the lo
cation data fo r the attached ther
mocoupl es on the instrumentation 
wells . 

The t op of each instrumentation 
well extended above ground level 
where an enclosure box was provided 
to at t ach a flexible conduit which 
was r outed to a storage area elec
trical enclosure . The electrical 
enclosures were attached to under
ground pipe which connected the 
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enclosures to the instrumentation 
shed. The well enclosure boxes and 
flexible conduit were used to route 
the thermocouple leads after in
stallation of the well and condui t. 
Figures B-15 and B-16 show inst ru
mentation well installation ac t ivi
ties. 

3.2.2.6 DATA ACQUISITION SYSTEM 

The data acquisition system for the 
Orywell Test consists of the array 
of thermocouples, a remote signal 
conditioning/multiplexing unit and 
the E-MAO data logger. The ther
mocouples are attached to the test 
hardware as described earlier Ln 
this section of the report. The 
thermocouple leads are rout ed to 
sealed electrical enclosures and to 
the multiplexer unit located in the 
instrumentation shed. Multiplexer 
signal cables are routed through an 
underground pipe to the data logger 
(see Section A.5.5). 

THERMOCOUPLES 

Each thermocouple used in the Ory
well Tests consists of a Type K, 
chrome I-a lume1 thermocouple with 
ungrounded junction enclosed in a 
304 stainless steel sheath. The 
canister and liner thermocouples 
have a 0.062 inch diameter sheath 
and the instrumentation well t her
mocouples have a 0.125 inch dia
meter sheath. TWo 24 gauge Type K 
extension wires are brazed to t he 
thermocouple wires and are enclosed 
in a 0.187 inch diameter by 0.025 
inch thick by 2.75 inch long s t ain
less steel transition boot . The 
transition boot is crimped onto the 
end of the thermocouple cab l e 
sheath and filled with epoxy. Heat 
shrink tubing is installed on t he 
instrumentation well thermocouples 
transition boot and a length of the 



extension wires to provide addi
tional moisture protection for the 
portion installed underground . 
Appendix D provides theidentifi
cation and location data for all 
the thermocouples installed in and 
around Drywells 1 , 2, 3 and 5. 
Figure 3.2-23 shows the typical 
drywell thermocouple elevations. 
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Figure 3.2-23. Typical DryweJ1 Thermocouple 
Locations 

Instrumentation for the Phase II 
Isolated Drywell Test was the same 
as that used for t he Phase I test 
except some of the Phase I test 
thermocouples could not be used for 
Phase II. These included the four 
thermocouples which had been in
stalled on the Phase I canister for 
which there were no Phase II canis
ter instrumentation tubes and four 
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thermocouples on the liner which 
had been affected during removal 
for canister assembly changeout 
(Phase I to Phase II). The four 
canister thermocouples which could 
not be installed (TIc's 870, 871, 
881 and 882) were coiled in the 
annulus around the top of the 
drywell liner and their data were 
not included for the Phase II 
test. Four of the liner thermo
couples (TIc's 866 , 867, 877 and 
888) were broken during their 
removal. For three of the four, 
the thermocouple broke near the top 
of the liner tube ; therefore, no 
replacement could be made. The 
fourth liner thermocouple (TIc 866) 
broke about 78 inches below ground 
level. A replacement was installed 
to provide an additional data point 
at that elevation . The degradation 
of the thermocouple sheaths and the 
corrosion of the liner instrumen
tation tubes caused by moisture in 
the drywell concrete pad annulus 
(discovered after the Phase I 
test - see Section 3.3.2) was the 
hypothesized reason for thermo
couple breakage. Thermocouple 828 
failed prior to the Adjacent Dry
well Test. Since no replacement 
thermocouple was available, no data 
readings from this thermocouple 
were taken. Table D5-8 identifies 
the specific thermocouples used for 
the Phase II test and describes 
their locations . 

3.3 OPERATIONS 

3.3.1 ELECTRICALLY HEATED DRYWELL 
TEST 

The Confirmation Phase I test se
quence, with a March, 1978 start up 
date, consisted of a low power 
level heatup rate phase to verify 
heater operation and instrumen
tation; an accelerated heatup phase 
at 3.0 kW heater output level to 



raise the test hardware and sur
rounding soil temperature to at or 
above the thermal stabilization 
point; and operation at a constant 
1.0 kW heater output level until 
thermal stabilization was achieved. 

The Confirmation Phase II test 
consisted of an extended period of 
1.0 kW heater output level. In 
April, 1979, Phase III testing was 
initiated, as part of the CWSFP 
Program, by increasing heater power 
level to 2.0 kW. The Phase III 
testing was completed in April, 
1980. Phase IV extended the tes t
ing to a 3.0 kW heater power level 
and recorded data for a nine month 
period. 

Phases I, II, III and IV of the 
Electrically Heated Drywell Test 
are described in detail in the 
following sections. 

CONSTRUCTION AND ASSEMBLY 

The Electrically Heated Drywell 
Test area construction was com
pleted in early 1978. This area, 
relative to the E-MAD site, is il
lustrated in Figure B-1 of Appendix 
B. The construction activities, 
beginning with site grading and pad 
forming, and continuing through 
liner, thermocouple, and test as
sembly installation, are shown in 
Figures B-3 through B-9 in Appendix 
B. 

INITIAL PREPARATION AND HEATUP CHECK 

Prior to Electrically Heated 
Drywell Test startup, the entire 
array of test thermocouples was 
checked to ensure proper opera
tion. The heater and control panel 
were calibrated so that the power 
level (wattage) at the heaters 
could be approximated by the volt
age setting of the control panel. 
The data logger was also tested to 
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verify proper operation. A data 
logger scan and printout of all 
thermocouples was made just prior 
to starting the heatup check. 

The heatup check began on March 6, 
1978, at a power leve 1 of 0.5 kW 
for about 19 hours, and verified 
that the system was operating 
properly. Thermocouple data were 
taken at one hour intervals by the 
data logger and compared to the 
ambient data . The input power 
applied to the heaters was checked 
and recorded . 

ACCELERATED HEATUP (3.0 kW POWER 
OPERATION) 

On March 7, 1978, at 11:00 a.m., 
the power level was raised from 0.5 
to 3.0 kW. As expected , the canis
ter and liner began to heat up 
rapidly. On the first day of 3.0 
kW power operation, thermocouple 
readings were recorded at one hour 
intervals. Readings were then 
recorded at 4 hour intervals until 
the tenth day. After 10 days ther
mocouple readings were recorded at 
12 hour intervals. 

1.0 kW POWER OPERATION 

On May 1, 1978, at 11:00 a.m., test 
power was reduced to 1.0 kW and 
maintained at this power leve 1 for 
a 12 month period. To record the 
transient temperatures more close
ly, thermocouple readings for the 
first two weeks were taken every 
four hours. The thermocouple read
ings after the first two weeks were 
recorded twice a day at 4: 00 a.m. 
and 4:00 p.m. 

2.0 kW POWER OPERATION 

On April 26, 1979, at 12:00 noon, 
test power increased from 1.0 to 
2.0 kW. For the following seven 
days, thermocouple readings were 



taken every four hours. After this 
initial period , thermocouple read
ings were recorded three times a 
day at midnight, 8:00 a.m. and 4:00 
p.m. 

3.0 kW POWER OPERATION 

On April 1 , 1980, at 12: 00 noon, 
heater power was increased from 2.0 
to 3.0 kW . For the first seven 
days of increased power operation, 
thermocouple readings were taken 
every four hours. After this ini
t ial period, thermocouple readings 
were recorded three times a day at 
midnight , 8:00 a.m. and 4:00 p.m. 
Following one month's operation, 
thermocouple readings were recorded 
once a day at 4:00 p.m. until Dec
ember 30, 1980 when power operation 
was terminated. 

HEATER POWER VARIATIONS 

Throughout the Electrically Heated 
Drywell Test, measurements of input 
voltage to the heater power con
troller and power applied to the 
test heater were made. The strip 
chart recorder mounted to the power 
controller cabinet recorded input 
voltage variations. The power 
applied to the heater was checked 
and recorded each weekday at 8: 30 
a.m. and 3:30 p.m. Power levels 
were determined from the' current 
measured by the power controller 
ammeter and from the voltage mea
sured at the top of the heater 
conductor wires. Frequent voltage 
adjustments compensated for minor 
input powerline changes and heater 
resistance changes with temperature. 

3.3.2 FUELED DRYWELLS 

CONSTRUCTION 

The drywe11 storage area construc
tion (shown in Figures B-11 through 
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B-13) was completed in September, 
1978. Four drywel1 liners were 
installed in positions 1, 2, 3, and 
5 (drywell positions numbered from 
north to south, see Figure B-10). 
The positions chosen were based on 
the preliminary thermal analyses to 
provide one thermally isolated 
drywe11 and three adjacent drywe11s 
providing test data on drywell 
thermal interactions. 

Instrumentation well installation 
was completed in October, 1978. 
Sixteen instrumentation wells were 
installed with four wells near each 
of the four installed drywe1l 
liners (Figures B-14 through B-16). 
The 19 canister and liner thermo
couples and the instrumentation 
well thermocouples for each drywe11 
were coiled and placed in the 
adjacent electrical enclosures. 

ENCAPSULATION AND ASSEMBLY 

The Drywell Test spent fuel assem
blies were encapsulated prior to 
emplacement in a drywe11. The fol
lowing presents a brief summary of 
these activities. Further details 
are found in Appendix B. The oper
ations began with preparing the 
spent fuel shipping cask for fuel 
assembly unloading. Next , by re
mote operations , a fuel handling 
tool was inserted in the cask and 
the handling tool and fuel were 
lifted out . Each fuel assembly was 
visually examined by a remotely 
held TV camera and then placed in a 
canister located in the Hot Bay 
weld pit. The canister closure lid 
was installed and seal welded to 
the canister. The weld was made 
remotely and the completed weld 
visually inspected uS1ng a wa11-
mounted periscope. The canister 
was then evacuated and backfilled 
with helium. A sample was drawn 
from the vacuum chamber into a 



helium leak detector in the opera
tor gallery and examined for he
lium. The canister and shield plug 
were then moved to the survey pit 
where swipes are made of the canis
ter surface using the master-s lave 
manipulators. Prior to transfer
ring the canister to the drywell, 
the canister was moved to a trans
fer pit where a special lifting 
bail was installed on the shield 
plug. The canister and shield plug 
were then moved to a drywell in the 
storage site. To complete the dry
well operations, the thermocouples 
were inserted through the shield 
plug and liner, the instrumentation 
connections made at the multiplexer 
unit, and the drywel1 cover secured. 

ISOLATED DRYWELL TEST - PHASE I 
(FUEL ASSEMBLIES B03 AND B4l) 

The first canister assembly con
taining fuel assembly B03 was in
stalled in Drywel1 5 on January 12, 
1979. The second canister assembly 
containing fuel assembly B4l was 
installed in Drywell 3 on January 
24, 1979. Thermocouples for both 
drywells were attached to the mul
tiplexer and a set of reference 
temperature readings taken prior to 
thermocouple insertion. 

During thermocouple installation 
activities for both drywells, it 
was noted that some of the pad con
crete in the area of the drywell 
cover gasket had cracked or was 
broken and that a good seal between 
the gasket and concrete would not 
occur. The pad top was repaired 
using epoxy grout which provided a 
53 inch square by I inch high 
raised area on the pad top. Dry
well 5 concrete pad repairs were 
completed on January 22, 1979, and 
Drywe11 3 concrete pad repairs were 
completed on February 12, 1979. 
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Temperature data monitoring from 
the two drywells began from their 
dates of emplacement. For each 
drywe11, data logger printouts were 
made every hour for the firs t day, 
every four hours for the next six 
days and twice a day, at 4:00 a.m. 
and 4:00 p.m., thereafter until 
May, 1979. In May, 1979, the 
printouts were made at 8:00 a.m. 
and 4:00 p.m. and continued at 
these times throughout the Phase I 
test period. 

DRYWELL REARRANCEMENT 

After the initial phase of Drywell 
Testing, a second and third phase 
of isolated drywell tests were 
planned. Phase II would use a 
higher decay heat level fuel assem
bly and Phase III an adjacent dry
well test uS1ng three PWR fuel 
assemblies from the SFHPP 1978 
Demonstration. To accommodate 
these two tests, the two fueled 
drywells (3 and 5) were rearranged 
so that the canister assembly in 
Drywell 3 would be placed in Dry
well 2, and the canister assembly 
in Drywe1l 5 would be placed in 
Drywell 3. Moving both canister 
assemblies was considered necessary 
(rather than moving the canister in 
Drywe11 5 to Drywe1l 2) to maintain 
the canister and fuel assembly tem
peratures for the Hanford Engineer
ing Development Laboratory Mater
ials Interaction Test experiment in 
fuel assembly B03 by keeping the 
canister in a previously heated 
drywell. Removing the canister 
from Drywe11 5 left this drywe11 
available for the higher power 
level isolated drywe11 test. 

Drywe11 rearrangement activities 
started on August 4, 1980 when the 
canister with fuel assembly B03 was 



removed from Drywel l Sand trans
ported t o the Ho t Bay by the rail
mounted trans fer shield , Engine In
stallat ion Vehi c le , Manned Control 
Car and L-3 locomo tive. Th e can
iste r cont aining f uel ass embly B41 
was move d from Drywel l 3 to Drywel l 
2 pr ior t o emplacin g t he c anis ter 
c onta i n i ng fue l assembly B03 ~n 

Drywe 11 3 . On Augus t S , the can
ister containing fuel assembly B41 
was als o moved t o the Hot Bay. 
Wh i le i n t he Hot Bay , each canister 
as semb l y was placed ~n the weld 
pit, the shie l d plug removed a nd a 
gas s ample taken to determine if 
any fuel rod s had fa iled during 
storage . Furthe r description of 
t he gas s ampling i s provided in 
Appendix L. No evidence of fuel 
r od fa i lure wa s found . 

To remove the cani s t er assemblies, 
the drywel l liner thermocouples had 
t o be removed . Prob lems were e n
countered in r emoving t he Drywe ll S 
thermocoup l es and four l ine r ther
mocouple s broke off. Subse quent 
drywe l l rearrangement operations 
used l ead bricks as spacers beneath 
the drywell adapter to pre c l ud e 
liner thermoc ouple removal. 

Each drywe ll was inspec t e d both 
be fore and a f t e r the c a nis t er was 
removed. Once the drywe ll covers 
were r emoved, i t was noted t hat 
muc h of the e poxy grou t placed 
a bove the concrete pad had cracked 
and that there was a lack of 
adhesion to the con c re t e a s shown 
in the photograph i n Figure 3.3-l. 
In addition, both of t he drywell 
cover gasket s we r e uneven and not 
flat enough t o seal . The cover 
plate and gasket for Drywell 3 are 
shown in Figure 3.3 -2 . Th e annulus 
a round each line r conta i ned quite a 
bi t of s and and small concrete 
chunks as shown in the phot ograph 
i n Figure 3.3-3 for Drywell 3. 
Af ter e ach canister was removed 
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Figure 3.3-1. Drywell 5 at End of Isolated 
Drywell Test Phase I With 
Cover Plate and Canister 
Removed 

Figure 3.3-2. Drywell 3 Cover Plate Removed 
After Isolated Drywell Test 
Phase I 



Figure 3.3-3. Drywell 3 Concrete Pad 
Annulus After Isolated Drywell 
Test Phase I 

from its drywell, a visual inspec
tion showed several inches of water 
at the bottom of both liners . Both 
liners also had surface rust and 
evidence of water having entered 
the liner lower section. Prior to 
replacing each drywell cover, the 
liner was dried out. To prevent 
water from getting inside the liner 
for the Adjacent Drywell Test and 
to investigate how the water got 
into the drywells, a ser1es of 
moisture collection tests and dry
well cover insulating and venting 
tests were planned . As part of 
these tests, a thin cover plate was 
installed on the top of the liner 
to catch the moisture which conden
sed on the bottom of the cover. 
These tests are judged to have had 
little or no effect on the drywell 
data taken during the tests since 
they only affected heat transfer 
through the drywell cover plate. 
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ISOLATED DRYWELL TEST - PHASE II 
(FUEL ASSEMBLY D22) 

Fuel assembly D22 was received at 
E-MAD on November 12, 1979. The 
fuel assembly was visually exa
mined, placed in an SFT-C canister 
body and a canis ter lid ins talled 
but not welded. A standard drywell 
shield plug was installed and the 
canister assembly was placed in the 
lag storage pit inside the E-MAD 
Hot Bay for temporary storage. 
While in storage in the lag storage 
pit , two thermocouples were 1n
stalled through the shield plug 
into the center canister thermo
couple tubes. These monitored and 
tested the thermal response of the 
lag storage pit to varying decay 
heat loads and pit cooling condi
tions. Results are described 1n 
Section 6. O. 

Following the completion of canis
ter transport activities for the 
eleven canisters shipped to the 
SFT-C site, the canister containing 
fuel assembly D22 was retrieved 
from the lag storage pit and the 
shield plug and lid were removed. 
Fuel assembly D22 was removed from 
the canister and placed 1n the 
Boiling Water Calorimeter in the 
E-MAD Hot Bay for a decay heat 
level measurement on July 9, 1980 . 
After the calorimetry was com
pleted , the fuel assembly was 
reinstalled in the canister body , 
the lid and shield plug installed 
and replaced in the lag storage 
pit. On August 7, 1980, the can
ister assembly was seal welded , 
helium backfilled and leak checked 
and returned to the lag storage pit 
to await transfer to Drywell 5. 

Following the drywell rearrangement 
activities, the canister assembly 
containing fuel assembly D22 was 
transported to and installed in 
DryWell 5 on September 4, 1980 at 



4: 00 p.m., 31 days after the can
ister assembly containing fuel 
assembly B03 had been removed. To 
complete drywe11 canister opera
tions, the drywe11 shield adapter 
and the shield plug lifting bail 
were removed, the thermocouples 
inserted through the shield plug 
i n to the canister instrumentation 
t ubes and into the liner instru
mentation tubes, the thin liner 
cover installed and the drywe11 
cover secured in place . 

Temperatures from Drywe11 5 with 
fue l assembly D22 were monitored 
from the time of emplacement (Sep
tember 4, 1980). Data logger prin
touts were made every hour for the 
first day, every four hours for the 
next 18 days and twice a day there
after at 4:00 a.m. and 4:00 p.m. 

ADJ ACENT DRYWELL TEST - PHASE III 
(FUEL ASSEMBLIES B03, B41 AND B43) 

Fuel assemblies B03, B41 and B43, 
used in the Adjacent Drywell Test, 
were previously used for SFHPP 1978 
Demonstration spent fuel tests . 
Fuel assemblies B03 and B41 were 
part of the Isolated Drywell Test 
(Phase I). Fuel assembly B43 was 
previously installed in the test 
stand for the Fuel Assembly Inter
nal Temperature Measurement Test. 

Fuel assembly B43 was received at 
E-MAD on February 6 , 1979 , visually 
examined, placed in a canister body 
and a canister lid installed but 
not welded (see Appendix B for a 
complete description of standard 
encapsulation procedures). A 
standard drywe11 shield plug was 
installed and the canister assembly 
was placed 1n the transfer pit 
inside the E-MAD Hot Bay for 
temporary storage. On July 18, 
1979, the canister assembly was 
removed from the transfer pit; the 
shield plug and lid were removed; 
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and fuel assembly B43 was removed 
and installed in the Fuel Assembly 
Internal Temperature Measurement 
Test stand. Following test stand 
lid installation and placement of 
the stand in the E-MAD West Process 
Cell, testing began on July 23. 
The tests consisted of a series of 
air, vacuum and helium backfill 
tests with various heater impose d 
canister temperature profiles. 
Test-ing was concluded on July 2, 
1980. 

Following test completion a nd 
return to the E-MAD Hot Bay the 
fuel assembly was removed and 
placed in the Boiling Water Ca l or
imeter for a decay heat level mea
surement. This occurred on Sept
ember 10, 1980. The fuel assemb l y 
was subsequently installed in a 
canister body, and a lid installed 
and seal welded. Following the 
helium backfill and leak check 
operations, a drywe11 shield plug 
was installed and the canister as
sembly was returned to the transfer 
pit to await transfer to Drywel1 1. 

Phase III began with the canister 
containing fuel assembly B03 being 
transported to and installed in 
Drywell 3 at 7:00 p.m. on August 4, 
1980. The canister containing fuel 
assembly B41 was installed in Dry
well 2 at 4:00 p.m . on August 4, 
1980 but was removed for about six 
hours for gas sampling on August 5, 
1980. The canister containing fuel 
assembly B43 was transported t o 
Drywe1l 1 and installation com
pleted at 1:00 p.m. on September 
15 , 1980. To complete drywell 
canister operations for each dry
well, the drywe1l shield adapter 
and the shield plug lifting bail 
were removed, the thermocouples 
installed, the thin liner cove r 
installed and the drywe11 cove r 
secured in place. 



Thermocouple installation for the 
three drywells differed slightly. 
In Drywells 1 and 2, the thermo
couples were installed through the 
shield plug into the canister 
instrumentation tubes and into the 
liner instrumentation tubes. In 
Drywell 3, the thermocouples were 
installed through the shield plug 
into the canister instrumentation 
tubes only. Thermocouples had not 
been removed because of the prob
lems experienced removing Drywell 5 
thermocouples during canister rear
rangement operations. As a result 
of thermocouples having been in
stalled beyond the end of the can
ister instrumentation tubes in Dry
wells 5 and 3 for the Isolated Dry
well Test, the instrumentation 
tubes on the canisters containing 
fuel assemblies B03 and B4l had 
been measured while the canisters 
were in the E-MAD Hot Bay. The 
thermocouple lengths for these can
isters were marked and the thermo
couples were installed so that 
their tips were approximately 0.25 
inches above the bottom of each in
strumentation tube. The instrumen
tation tube ends had been sealed on 
the canister containing fuel assem
bly B43 prior to fuel assembly en
capsulation; and therefore thermo
couples for Drywell 1 were instal
led until they contacted the bottom 
of the tubes. A sealing compound 
was installed around the thermo
couple at the top of each liner 
thermocouple tube for all three 
drywells to prevent entry of water. 

Since Drywells 1 and 2 had not been 
previously used for drywell test
ing, the thermocouple leads for 
each drywell and the four adjacent 
instrumentation wells had to be 
routed to the mUltiplexer unit in 
the instrumentation shed. During 
routing of the Drywell 1 thermocou
ple leads, it was found that they 
would not reach the multiplexer 
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unit. All the leads were then con
nected to a terminal strip with 
compensated thermocouple terminal 
lugs (chromel and alumel) and 
placed in a waterproof, dustproof 
junction box mounted on the outside 
wall of the instrumentation shed. 
Chromel and alume 1 extension leads 
connected the junction box terminal 
strip and the multiplexer unit. It 
should also be noted that two sets 
of instrumentation well thermocou
ples for Drywell 2 (798 to 801 and 
809 to 811) were not connected to 
the mUltiplexer unit until 
September 18. 

Temperature data from two of the 
three drywel1s were monitored from 
canister emplacement. For Drywell 
3, data logger printouts started on 
August 4, 1980 and continued for 
every four hours for the first 
eight days, and then twice daily at 
4:00 a.m. and 4:00 p.m. until Sep
tember 15, 1980. For Drywell 2, 
data logger printouts started on 
August 7, 1980 at 2:00 p.m. and 
continued for every four hours for 
the next seven days, and then twice 
daily at 4:00 a.m. and 4:00 p.m. 
until September 15. On September 
15, 1980, following Drywel1 1 can
ister emplacement marking the 
official Adjacent Drywell Test 
start, data logger printouts for 
all three drywells were made at 
four hour intervals for two weeks 
and twice daily thereafter at 4: 00 
a.m. and 4:00 p.m. 

3.3.3 AMBIENT TEMPERATURE 
MEASUREMENTS 

In addition to Electrical1y Heated 
Drywell Test and Drywell Test near
field soil temperature measure
ments, ambient air temperatures and 
ambient soil temperatures were 
recorded. A weather station in
stalled near the Electrically 



Heated Drywell Test 
continuous record of 
conditions at E-MAD. 

provided a 
atmospheric 

Thermocouple readings from the 
Reference Well located about 60 
feet from the Electrically Heated 
Drywell Test drywell provided a 
record of the axial soil temper
ature variations from atmospheric 
temperature changes during the test 
period. 

3.4 RESULTS 

3.4.1 ELECTRICALLY HEATED DRYWELL 
TEST 

INITIAL HEATUP CHECK 

A printout of the thermocouple 
readings at the start (March 6, 
1978 at 3: 51 p.m.) and end of the 
heatup check period (March 7 at 
10:57 a.m.) are provided in Appen
dix C, Table C-2. The second set 
of readings represents the initial 
conditions for the Electrically 
Heated Drywell Tests. 

ACCELERATED HEATUP (3.0 kW POWER 
OPERATION) 

Thermocouple readings at 24 hour 
intervals for the first five days 
of 3.0 kW operation (March 8, 9, 
10, 11 and 12), on March 15, on 
April 1 and on Apri 1 15 are shown 
in Appendix C, Tables C-3 through 
C-6. Data are also shown for the 
end of 3.0 kW operation in Table 
C-7. 

Thermal data for canister, liner 
and soil at 21, 33 and 60 inch 
radii are shown in Figure 3.4-1. 
Figure H-l shows the temperature 
distribution within the soil using 
isotherms (constant temperature 
lines) interpolated from thermo
couple data at the end of 3.0 kW 
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operation. One day of 3.0 kW oper
ation resulted in the canister max
imum temperature (located about 
midway down the heated length) ris
ing from 117 to 310°F. The canis
ter maximum temperature gradually 
rose from 310 to 515°F after 55 
days of 3.0 kW operation. At this 
time, the liner maximum temperature 
had risen to 450°F (50°F above the 
predicted 1.0 kW liner thermal sta
bilization temperature), so the 
test power level was reduced to 
1.0 kW. The corresponding inground 
soil thermocouple at the 21 inch 
radial position and same depth was 
at 270°F. 

Thermal mode 1 studies indicated 
that only one month of operation at 
3.0 kW would be necessary to reach 
a liner temperature of 400°F. The 
moisture that had accumulated 
around the test area from concrete 
pad construction, grout installa
tion and rain apparently largely 
affected the test transient be
havior. Heavy ra~n fell during 
Electrically Heated Drywell Test 
liner installation. The combin
ation of rain in the hole and water 
in the grout surrounding the liner 
caused the soil to have a high 
moisture content. During the 
3.0 kW power operation phase, the 
temperatures measured by the ther
mocouples in the grout and at a 21 
inch radius ~n the soil rose to 
200°F (the approximate boiling 
point of water at E-MAD). The tem
peratures remained at this value 
for 16 days and then steadily rose. 
The constant temperature period was 
caused by water vaporization. Once 
the soil was free of excess water, 
the thermocouple readings rose 
above 200°F. 

1.0 kW POWER OPERATION 

Thermocouple readings at the start 
of 1.0 kW power operation, for the 
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first five days, after two weeks of 
1.0 kW power operation, and at one 
month intervals during 1.0 kW power 
operation are provided in Appendix 
C, Tables C-7 to C-16. 

On February 6, 1979 at 4:00 p.m., 
data channels were rearranged eli
minating the second multiplexer 
unit. Four redundant canister and 
three redundant liner thermocouples 
were disconnected and the Reference 
Well thermocouples connected to 
their channels on the remaining 
multiplexer. Figure C-2 shows the 
revised thermocouple identifica
tions. 

Thermal results for 1.0 kW 
ation are shown ~n Figures 
3.4-2 and 3.4-3. Figure 

oper-
3.4-1, 
3.4-1 
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presents the temperature distri
butions representing the peak 
temperatures recorded for the can
ister, liner and soil at a depth of 
about 127 inches. Included is the 
Reference Well temperature plot for 
comparison with seasonal tempera
ture variations at the same depth. 
Figure 3.4-2 shows the canister and 
liner axial temperature profiles on 
April 1, 1979 after 8045 hours of 
1.0 kW power operation. Figure 
3.4-3 shows the temperature dis
tribution within the soil using 
isotherms (constant temperature 
lines) interpolated from the ther
mocouple data on April 1, 1979. 
The data shown in Figures 3.4-2 and 
3,4-3 are representative of thermal 
stabilization conditions. 

When 
3.0 
liner 

test power was reduced from 
to 1.0 kW, the canister and 

temperatures rapidly dropped 
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as shown in Figure 3.4-1. This 
indicated that for a 1.0 kW heat 
source, the test had been heated to 
above the thermal stabilization 
temperature. About 25 days after 
the power was reduced to 1.0 kW, a 
steady-state canister peak temper
ature of 276°F and a liner peak 
temperature of 232°F were achieved. 
These peak temperatures were mea
sured halfway down the canister 
heated length (about 127 inches 
below ground level) and represent 
the thermal stabilization tem
peratures. Throughout the 1.0 kW 
operational period, peak measured 
canister temperatures varied from 
276 to 261°F and peak liner tem
peratures varied from 232 to 214°F 
due to seasonal temperature effects. 

When the test power level was 
reduced from 3.0 to 1.0 kW on May 
1, 1978, shrinkage cracks between 
the drywell grout and the concrete 
pad appeared. These cracks are 
shown in Figure 3.2-7. These 
cracks are assumed to have occurred 
due to the rapid decrease in liner 
temperature. 

2.0 kW POWER OPERATION 

Thermocouple readings at the start 
of 2.0 kW power operation and for 
the first five days are provided in 
Appendix C, Tables C-16 to C-IB, 
respectively. In addition, ther
mocouple readings on May 15, 1979, 
at one month intervals, and on 
March 15, 1980 are included 1n 
Tables C-19 to C-2S. The data on 
March 15, 1980 presents the peak 
temperatures recorded during 2.0 kW 
power operation. The data on April 
1, 1980 were taken just prior to 
raising the test power level to 3.0 
kW. 

The 2.0 
thermal 

kW power 
results 

operation 
are shown 

test 
1n 



Figures 3.4-4, 3.4-5 and 3.4-6. 
Figure 3.4-4 shows the peak tem
perature distribution (at about 127 
inches deep) for the canister, 
liner and soil for the entire test 
period. Also shown are the Refer
ence Well temperatures recorded for 
the same depth. Figure 3.4-5 shows 
the canister and liner axial tem
perature profiles on March 15, 1980 
after 7780 hours of 2.0 kW opera
tion. Figure 3.4-6 presents the 
soil temperature distribution on 
April 1, 1980 using isotherms in
terpolated from the thermocouple 
data. 

canister and liner temperatures 
rapidly rose in the first two days 
followed by a steady increase to 
thermal stabilization. The peak 
canister temperature rose from 271 
to 365°F after 48 hours and reached 
a max~mum of 506°F in December, 
1979. The peak liner temperature 
rose from 227 to 294°F after 48 
hours and reached its maximum of 
458°F in December, 1979. These 
peak readings were measured about 
127 inches below ground level. The 
canister and liner temperatures 
reached thermal stabilization 
(neglecting variations due to 
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seasonal temperature effects) in 
six months. Peak temperatures at 
thermal stabilization were 500°F 
for the canister and 450°F for the 
liner. The soil temperatures below 
the level of peak readings (unaf
fected by seasonal variations) 
continued to slowly n.se until 
reaching stabilization in March of 
1980 (approximately 11 months into 
the test period). 

Figures H-2 and H-3 show canister 
and liner axial temperature profile 
changes during 2.0 kW operation. 
The profiles shown are for July 1, 
1979, September 1, 1979 and March 
15, 1980; the March 15, 1980 pro
files represent the peak tempera
ture profiles during 2.0 kW oper
ation. Each set of profiles shows 
drywe11 temperature progression 
with time and the shape change in 
the axial profile. The canister 
and liner lower end temperatures 
increased at a faster rate than the 
canister midplane until the entire 
drywe11 reached thermal stabili
zation. 

3.0 kW POWER OPERATION 

Thermocouple readings at the start 
of 3.0 kW power operation and for 
the first five days are provided in 
Appendix C, Tables C-2S to C-27. 
In addition, thermocouple readings 
on April 15, 1980, at about one 
month intervals through December 
30, 1980, and on October 8, 1980 
are provided in Tables C-28 and 
C-33, respectively. The readings 
on December 30, 1980, were taken 
the day before the 3.0 kW power 
operation was terminated. 

The 3.0 kW test thermal results are 
shown in Figures 3.4-7, 3.4-8 and 
3.4-9. Figure 3.4-7 shows the peak 
temperature distributions for the 
canister, liner and soi lover the 
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entire test period. The soil 
temperatures were measured at a 
depth of about 127 inches and the 
canister and liner temperatures 
were measured about 30 inches 
lower. Also shown are the Refer
ence Well temperatures recorded for 
the 127 inch depth. Figure 3.4-8 
shows the canister and liner axial 
temperature profiles on October 8, 
1980 after 4564 hours of 3.0 kW 
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operation when peak canister and 
liner temperatures occurred. Fig
ure 3.4-9 shows the soil temper
ature distribution on October 8, 
1980, using isotherms interpolated 
from the thermocouple data. 

canister and liner temperatures 
rapidly rose in the first two days 
followed by a fairly steady in
crease to thermal stabilization. 
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The peak canister temperature rose 
from 490 to 579°F after 48 hours 
and reached a max~mum of 785°F ~n 

October, 1980. The peak liner tem-
perature rose from 447 to 522°F 
after 48 hours and reached a max-
imum of 747°F in October, 1980. 

The canister and liner temperatures 
reached thermal stabilization ~n 

about six months. However, the 
effect of seasonal temperature 
variations (specially those exper
ienced during October, 1980) on 
canister and liner temperatures 
could not be fully examined due to 
the n~ne month test time period. 
The soil temperatures below the 
level of peak readings continued to 
s lowly rise until reaching stabli
zation in late December, 1980. 

The drywe 11 transient response in 
Figure 3.4-7 was as expected except 
during October, 1980. The temper
atures steadily increased to a peak 
value during the first five months 
of 3.0 kW operation in response to 
the highe r powe r leve 1. They 
slight ly decreased during the las t 
two months in response to the sea
sonal decrease in atmospheric tem
peratures. The unexpected can
ister, liner and nearby soil tem
perature increase and decrease 
during October resulted from an 
increased power level to the heater 
and the response to unusual atmos
pheric temperatures. The air tem
peratures at E-MAD were higher than 
normal during the last half of 
September and the first ten days of 
October (see Table 3.4-1). Average 
air temperatures were above 80°F 
(normal averages are 70°F) with 
daily highs in the 90's and in some 
cases above 100°F. From October 13 
to 16, the average air temperatures 
dropped to near 50°F and then re
turned to normal. In addition, it 



was noted that a heater power mea
surement of 3242 watts was recorded 
at 8:30 a.m. on October 14 follow
ing a three day weekend. The heat
er power output was subsequently 
adjusted back to 3000 watts. 

These canister, liner and nearby 
soil temperature changes in October 
can be explained by heat transfer 
mechanisms. The slow rise in can
ister and liner temperatures during 
the second half of September and 
the fairly uniform decrease during 
the second half of October indicate 
a slightly delayed response to the 
average atmospheric temperature. 
Along the entire length of the 
canister and liner, temperatures 
changed due to axial heat transfer 
by conduction in the canister and 
liner walls . and by air convection 
within the canister and between the 
canister and liner. The peak can
ister, liner and soil temperature 
increase at the 21 and 33 inch 
radii can be attributed to the 
higher heater output. This heat, 
transferred to the canister and 
liner, was then transmitted rad
ially by conduction into the soil. 
This resulted in higher canister, 
liner and near-drywell soil tem
peratures. The soil temperatures 
began to decrease after the heater 
power level was reset at 3000 
watts. The peak recorded temper
atures (78SoF for the canister and 
747°F for the liner) occurring on 
October 12 were also affected by 
the higher heater output. Values 
for peak canister and liner tem
peratures were 778 and 742°F, 
respectively prior to October 12 
and 777 and 741°F, respectively on 
October 14. 

Figures H-4 and H-S show canister 
and liner axial temperature profile 
changes during 3.0 kW operation for 
April 1, April lS, August 1 and 
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October 8, 1980. The profiles for 
April 1 represent the canister and 
liner temperatures just prior to 
3.0 kW operation startup. The pro
files for October 8 represent the 
peak temperature profiles through
out the 3.0 kW operation period 
(except for those on October 12 
which were affected by higher 
heater output as noted). Each set 
of profiles shows the drywell tem
perature progression with time and 
the shape change in the axial 
profile. Both figures show after 
two weeks of 3.0 kW operation, the 
temperature profiles progressed 
about half-way to their final 
values. After four months of 3.0 
kW operation, each profile was 
9S percent of the peak profile 
reached two months later. In addi
tion, as the operating period con
tinued, the temperature increase 
for the canister and liner lower 
half became larger than the 1n
crease for the top half. The 
canister temperature increase from 
April 1 to October 8 at the heater 
top was 240°F compared to 280°F at 
the heater axial midplane and 290°F 
40 inches lower. For the liner, 
the comparable temperature in
creases were 2S0, 294 and 303°F for 
the heater top, heater axial mid
plane and 40 inches below the mid
plane, respectively. 

HEATER POWER VARIATIONS 

The heater power adjustments main
tained the nominal power level var
iations to within two percent dur
ing normal working hours. However, 
during non~orking hours, input 
voltage variations caused heater 
power levels to exceed two percent 
from April through September. The 
air conditioning systems shutdown 
throughout the Nevada Test Site 
after the final daily heater power 
check was suspected to have 



increased the line voltage. This 
1ncrease raised the heater power 
level to five percent above the 
recorded power levels and the 
average power leve 1 by three per
cent over the five summer months. 

COMPARISON OF ELECTRICALLY HEATED 
DRYWELL TEST PHASES 

A comparison of the results from 
the Electrically Heated Drywell 
Test 1.0, 2.0 and 3.0 kW operation 
phases are presented in Figures 
3.4-10 through 3.4-13 at comparable 
periods. Figure 3.4-10 compares 
canister axial temperatures for 
approximately 4565 hours of oper
ation at each power level. Figure 
3.4-11 compares these test data 
normalized to heater axial midplane 
temperature. Figures 3.4-12 and 
3.4-13 compare the 100 and 200°F 
isotherms, respectively for all 
three power levels. 
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The canister axial temperature 
profiles show a different shape for 
all three power levels. The loca
t ions of peak and minimum canister 
temperatures were reversed for the 
3.0 kW power level as compared to 
the 1.0 kW power level. The axial 
profile for the 2.0 kW power level 
is much flatter over the canister's 
heated length. The differences in 
axial profiles can be explained by 
the heat transfer mechanisms ~n

volved inside the canister and 
soil. These heat transfer mech
anisms (convection, conduction and 
radiation) can also be related to 
the temperatures of the canister 
and soil surrounding the drywell. 

As previously noted, the 1.0 kW 
power level axial profile shows the 
effect of free convection in the 
air inside the canister (skewed 
canister temperature profile to
wards the top). The 2.0 kW power 
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level axial profile increases from 
radiation heat transfer to the 
liner at higher canister temper
atures (flatter temperature pro
file). For the 2.0 kW power level, 
the soil heating may have caused a 
greater canister temperature rise 
below the canister midplane eleva
tion than above (due to soil ther
mal conductivity decrease). Com
paring the 3.0 kW power level can
ister axial profile with the 2.0 kW 
profile shows a continuation of the 
canister profile change noted from 
1.0 to 2.0 kW. For the higher can
ister temperatures (over 700°F), it 
is expected that radiation heat 
transfer from heater to canister 
and canister to liner would domin
ate the free air convection ef
fects. This effect might be ex
pected to flatten the profile even 
further than that for the 2.0 kW 
power leve 1; however, as noted in 
Figures 3.4-10 and 3.4-11, the 3.0 
kW power level canister axial pro
file is skewed toward the canister 
bottom end. This skewed shape is 
more directly related to the de
creasing soil thermal conductivity 
caused by heating of the soil. 

As shown ~n Figures 3.4-12 and 
3.4-13, more soil ~s heated above 
100°F for the 3.0 kW power level 
than for the 2.0 kW power level. 
In addition, a larger soil volume 
is heated above 200°F for the 3.0 
kW power level. The soil thermal 
conductivity versus temperature 
relationship, shown in Figure 3.5-8 
from laboratory measurements at 
four separate soil depth ranges, 
shows a large change at 200°F (the 
approximate boiling point of water 
at E-MAD). As discussed previous
ly, some decrease in soil moisture 
content and resulting decrease in 
soil thermal conductivity does 
occur as the soi 1 ~s heated. The 
increased volume of heated soil 



around the drywell lower portion 
results in a higher resistance to 
heat flow from the canister lower 
half. This causes canister lower 
end temperatures to rise as shown 
in Figures 3.4-10 and 3.4-11. In 
addition, the increased thermal 
resistance to radial heat flow also 
causes a higher canister heat flux 
on the top end due to heat flow to 
the ambient air. The Electrically 
Heated Drywell Test recorded data 
may have been influenced by two 
events occurring during construc
tion and hardware setup. Due to an 
operations delay, the liner e~ 

placement hole remained open for 
several days before liner instal
lation, and some portions collapsed 
which resulted ~n redrilling the 
hole. As a result, the amount of 
grout needed was roughly double the 
original estimate. The collapsing 
occurred on the north side of the 
hole. The grout and soil tem
perature measurements were taken on 
the south side where the final con
figuration fairly accurately 
matches that described. In addi
t ion, most of the excess grout is 
located near the bottom of the 
hole. Since it is estimated that 
over 90 percent of the heat is 
dissipated at the ground surface, 
the extra grout should have had 
only a small effect on the test 
thermal response. 

The second event was water in the 
liner. During canister assembly 
installation, approximately two 
inches of water was inadvertently 
left ~n the liner bottom. Test 
assembly operations were nearly 
complete when this was discovered, 
so after an engineering evaluation 
it was decided to let the water 
rema~n and evaporate during the 
test. Considering the canister 
temperature levels, the length of 
the test, and the low desert a~r 
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humidity, it is assumed that prior 
to thermal stabilization no water 
remained. It was judged that the 
water in the liner has had little 
or no effect on the steady-state 
temperatures s~nce the model 
predictions correlated with the 
test results. 

3.4.2 FUELED DRYWELLS 

ISOLATED DRYWELL TEST - PHASE I 

This section presents the Phase I 
test results for the isolated dry
wells (Drywel1 5 with fuel assembly 
B03 and Drywe11 3 with fuel assem
bly B4l) from drywell and soil 
thermocouples. Thermocouple read
ings for each drywell are provided 
for the start of testing, for the 
first five days, and at two week 
intervals throughout Phase I 
(January 12, 1979 through August 4, 
1980). Drywell 5 thermocouple 
readings are provided in Tables 
D5-2 through D5-7 and Drywell 3 
thermocouple readings are provided 
in Tables D3-2 through D3-7. 

The peak measured temperatures for 
Drywell 5 are presented as can
ister, liner, and soil temperature 
distributions throughout the test 
period in Figure 3.4-14 and as 
canister and liner axial temper
ature profiles in Figure 3.4-15. 
Figures 3.4-16 and 3.4-17 present 
the peak measured temperatures for 
Drywell 3. The peak temperatures 
occurred several inches below the 
canister midplane during August, 
1979. For Drywe1l 5, the peak can
ister temperature was 253°F, and 
the peak liner temperature 203°F. 
For Drywe11 3, the peak canister 
temperature was 254°F, and the peak 
liner temperature 198°F. After the 
peak temperatures occurred, all 
temperatures decreased and began a 
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cycling 
seasonal 
changes. 

pattern in 
atmospheric 

response to 
temperature 

Figures I-I to 1-6 show additional 
plots of temperature data measured 
for both drywells during the dry
well testing. Figures I-I, 1-2, 
and 1-3 show sets of canister, 
liner, and soil temperature data 
for the top, middle, and bottom 
thermocouple levels, respectively 
for Drywell 5. Figures 1-4, 1-5, 
and 1-6 show the same data for Dry
well 3. These data plots were 
generated by a computer code pro
viding straight lines between data 
points at two week intervals. 

Axial heat convection effects 
inside the canister were evident in 
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Figure 3.4-15. Drywell 5 (FIA B03) Peak 
Canister and Liner Axial 
Temperature Profiles, August 
15, 1979 

urywells 5 and 3. Convection ef
fects within an air filled canister 
were evident in the Electrically 
Heated Drywell Test data as dis
cussed in Section 3.4.1. Convec
tion currents cause canister tem
perature variations at one eleva
tion to occur more rapidly due to 
temperature changes at other ele
vations than would be possible by 
conduction heat transfer alone. 
Thus, canister temperatures at two 
different elevations are more 
closely in phase than soil tem
peratures at the same elevations. 
The same phenomenon is apparent in 
data from Drywells 5 and 3. Can
ister temperature data from three 
elevations on Drywell 5 in Figure 
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Figure 3.4-16. Drywell 3 (FIA B41) Peak 
Canister, Liner, and Soil 
Temperature Distributions at 
About 145 Inches Below 
Ground Level, January 24, 
1979 to August 4, 1980 

3.4-18 were compared with soil tem
perature data at a 10 foot radius 
in Figure 3.4-19 for the same ele
vations. The canister temperatures 
all peak within a period of approx
imately 30 days, while the soil 
temperature peaks are distributed 
over a period of 60 to 70 days. 

The thermal data from Drywells 5 
and 3 showed that the day/night 
atmospheric temperature changes had 
little or no effect on the drywell 
temperatures. Comparing the can
ister, liner, and soil temperatures 
at the 5 foot and 10 foot radius of 
the uppermost thermocouple eleva
tion showed a maximum 0.5°F dif
ference between early morning and 
mid-afternoon data recordings. 

For the test period after April, 
1979, the temperature versus time 
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Temperature Profiles, August 
15, 1979 

curves show small (10°F or less) 
circumferential temperature var
iations at all instrument eleva
tions. In addition, comparing four 
Drywe1l 5 liner thermocouples at an 
elevation 205 inches below ground 
level shows a variation of less 
than 2°F until March 1, 1980 when a 
thermocouple (867) varied between 3 
and 6°F. This indicates that uni
form soil properties exist circum
ferentia1ly; and there are no ther
mal effects of one drywell on an
other. 

The following operations and acti
vities pertinent to the Phase I 
Isolated Drywell Test and the 
recorded data should be noted. 
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Figure 3.4-18. Drywell 5 (FIA 803) Canister 
Temperature Distributions, 
January 12, 1979 to August 4, 
1980 

During thermocouple routing from 
the electrical enclosure to Drywe11 
5, liner thermocouple 877 broke. A 
replacement was installed, a Type K 
thermocouple connector joining it 
to the existing wire leading to the 
instrumentation shed. This con
nection was made in the electrical 
enclosure. Later evaluations 
determined this replacement thermo
couple was 60 inches longer than 
the original thermocouple. 

Two liner thermocouples failed 
during the Phase I Isolated Drywe11 
Test. Data readings from Drywe11 3 
liner thermocouple 829 greatly dif
fered from the similar position 
thermocouples (876 and 878, see 
Figure 1-6) soon after thermocouple 

69 

100 ,..---,---,---.----.----.----, 

,- JANUARY 12, 1919 
j EMPlACEMENT 

HEVATION 84" BELOW 
GROUND LEVEl (lIC 8861 

TIME AfHR EMPLACEMENT !DAVSI 

2/1 311 4" 1 , 71 
,.19 

1 9/1 1011 111 12 1 

DATE '98. 
Jor;S.U.lIA 

Figure 3.4-19. Drywell 5 (FIA 803) Soil 
Temperature Distributions, 
January 12, 1979 to August 4, 
1980 

installation (no irregularity in 
reading had been noted during ini
tial temperature readouts). Fol
lowing an integrity check, this 
thermocouple was removed and re
placed on March 16, 1979. A Type K 
thermocouple connector joined the 
replacement thermocouple with the 
extension wire connected to the 
data logger system multiplexer. On 
February 15, 1980, Drywell 3 liner 
thermocouple 828 stopped providing 
data. After an integrity check, 
this thermocouple was disconnect
ed. Since no replacement thermo
couple was available, no further 
data readings were taken. 

Initially, Drywell 5 canister 
thermocouples were installed with 
the transition boots about 6 inches 
above the shield plug. Later on 



January 19, 1979, these thermo
couples were inserted further so 
the transition boots contacted the 
shield plug. The results of this 
readjustment can be seen as abrupt 
temperature changes on Figures 
3.4-14, 1-1, 1-2, and 1-3. Later, 
an engineering evaluation of the 
canister thermocouple tube/thermo
couple interface was conducted 
since the transition boots should 

J have been about 6 inches above the 
shield plug top. The evaluation 
showed that the ten canister ther
mocouples could pass between the 
canister and thermocouple tube 
angle and plate, and may be mea
suring air temperatures between the 
canister and liner. It was deter
mined that the thermocouples be 
raised with the transition boots 
5.5 inches above the shield plug 
top. This was accomplished on 
April 30, 1979. The test data 
results shown in the Drywell 5 and 
Drywell 3 temperature distribution 
figures indicate that all 20 canis
ter thermocouple temperatures were 
affected by this action. This 
indicates the thermocouples were 
originally outside the canister 
tubes. 

Inadvertant1y the nine liner 
thermocouples for each drywe11 were 
also raised by 5.5 inches on April 
30. Evaluating the liner temper
ature versus time curves shortly 
thereafter revealed the change in 
thermocouple position. The liner 
thermocouples were properly rein
serted on May 22, 1979. The change 
in temperature readings on these 
two dates is evident for all liner 
thermocouples on Figure 3.4-14, 
3.4-16 and 1-1 through 1-6. 

It should also be noted that tem
perature readings for ten Drywe11 5 
thermocouples varied widely between 
January 19 and February 1, 1979 as 
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shown on Figures 3.4-14, 1-1, 1-2, 
and 1-3. An adjustment made to the 
thermocouple reference board on 
January 27, 1979 corrected the var
iations. 

The overall effects of the water 
discovered in Drywe11s 5 and 3 
during canister rearrangement oper
ations have not been completely 
evaluated. However, based on ther
mal data results from the two iso
lated drywe11s and the amount of 
water present, water should have 
had litt 1e effect on drywe 11 tem
peratures. Water vapor ~n the 
annulus would increase the heat 
transfer between canister and liner 
causing the canister temperatures 
to be slightly lower than if the 
drywells were dry. Since the ma
jority of heat flow resistance from 
the fuel assembly to the surround
ing atmosphere is due to the low 
soil thermal conductivity, the 
effect of water vapor inside the 
drywell should be minor. Water in 
the liner thermocouple tubes could 
have affected the temperature read
ings and caused thermocouple 828 to 
fail. Examining the overall tem
perature versus time curves for 
both sets of drywell liner thermo
couples shows that no liner temper
ature reading exceeded 200°F, which 
is the approximate boiling point of 
water at E-MAD. In addition, the 
liner temperature transient curves 
do not show any unexpected changes 
caused by water in the tubes. 
Therefore, the water was not ex
pected to have influenced the tem
perature data presented in this 
report. 

ISOLATED DRYWELL TEST - PHASE II 

This section presents the thermal 
test results for the Phase II 
Isolated Drywe1l Test (Drywel1 5 
with fuel assembly D22). Thermo
couple readings from Drywell 5 are 



provided in Appendix D for one hour 
after emplacement, for the first 
five days, and at two week inter
vals throughout the Phase II test 
(September 4, 1980 through March 
31, 1982) in Tables DS-9 through 
DS-14. 

The peak measured temperatures for 
Drywe 11 5 are presented as canis
ter, liner, and soil temperature 
distributions throughout the Phase 
II test period in Figure 3.4-20 and 
as canister and liner axial tem
perature profiles in Figure 3.4-21. 
Following canister emplacement, 
canister and liner temperatures 
rose rapidly. The peak tempera
tures occurred during October, 1980 
(about six weeks after canister 
emplacement). The peak canister 
temperature was 323°F, and the peak 
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liner temperature was 262°F. After 
the peak temperatures occurred, all 
temperatures decreased in response 
to seasonal atmospheric temperature 
and decay heat changes. There
after, the temperatures show sea
sonal cycles superimposed on de
creas ing mean temperatures resul t
ing from the decreasing decay heat 
level. 

Figures I-I, 1-2 and 1-3 show sets 
of canister, liner, and soil tem
perature data for the top, middle, 
and lower thermocouple levels, 
respectively for Phase I and II. 
These data plots were generated by 
a computer code providing straight 
lines between data points for data 
at two week intervals. 

Some of the Drywell S test thermo
couples could not be used for Phase 



II. Four canister thermocouples 
could not be installed (Tic's 870, 
871, 881 and 882) since there were 
no Phase II canister instrumenta
tion tubes and were coiled in the 
annulus around the drywell liner 
top. Four liner thermocouples 
(Tic's 866, 867, 877 and 888) were 
broken during removal for canister 
rearrangement. For three, the 
thermocouple broke near the liner 
tube top; therefore, no replacement 
could be made. The fourth liner 
thermocouple (Tic 866) broke about 
78 inches below ground level. A 
replacement provided an additional 
data point. The thermocouple 
sheath degradation and the liner 
instrumentation tube corrosion 
caused by water in the drywell 
annulus was the hypothesized reason 
for thermocouple breakage. 

The Phase II Isolated Drywell Test 
data exhibit the same basic thermal 
response characteristics as the 
Phase I test data. Figures 3.4-22, 
3.4-23 and 3.4-24 compare Drywell 5 
thermal response in both test 
phases. Figure 3.4-22 shows the 
peak canister, liner and soil tem
peratures, the ambient soil tem
peratures at the elevation of peak 
drywell temperatures, and the pre
dicted spent fuel assembly decay 
heat curves over the 39 months of 
Isolated Drywell Testing (Phases I 
and II). Figure 3.4-23 compares 
the peak canister and liner axial 
temperature profiles for Phase I 
and Phase II. Figure 3.4-24 shows 
the canister axial temperature 
profiles for both test phases with 
similar fuel assembly decay heat 
levels. 

The major difference between the 
Phase I and Phase II thermal re
sponse is the rapid temperature 
rise of the canister, liner and 
soi 1 for the Phase II test. This 
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is because the soil and grout sur
rounding Drywell 5 had been heated 
and dried out. Although the dry
well had been empty for 31 days, 
the soil at the 5 foot radius was 
still above 80°F when testing be
gan. This initial heat would be 
expected to shorten the soil heatup 
period. The soi 1 dryness resulted 
in a decrease ~n thermal conduc
tivity and an increase in soil 
thermal resistance causing the 
canister and liner temperatures to 
rise much faster than in Phase I. 

The change in soil thermal conduc
tivity from Phase I to Phase II is 
also evident in comparing the axial 
temperature profiles of Figures 
3.4-23 and 3.4-24. The canister 
temperature difference at the ac
tive fuel midplane level from the 
peak temperature profiles in Figure 
3.4-23 ~s 69°F for a predicted 
decay heat level difference of 0.47 
kW. In Figure 3.4-24, for a pre
dicted decay heat level difference 
of only 0.06 kW, the same canister 
temperature difference is 33°F. A 
much smaller canister temperature 
difference would be expected for 
the 0.06 kW decay heat difference; 
however, the in soil thermal con
ductivity decrease resulted in a 
higher Phase II canister temper
ature. 

Another difference ~n the drywell 
thermal response was the higher 
peak temperatures reached. For the 
Phase II test, peak canister and 
liner temperatures reached 323 and 
262°F, respectively. For the Phase 
I test, the peak canister and liner 
temperatures were 254 and 203°F, 
respectively. The higher temper
atures can be related to the higher 
decay heat level of the Phase II 
fuel assembly. Figure 3.4-22 
includes a decay heat curve for 
both fuel assemblies. The above 
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Figure 3.4-22, Isolated Drywell Test Phases I and II Temperature and Decay Heat 
Distributions 

peak temperatures correspond ap
proximate decay heat levels of 1.2 
and 0.83 kW for the fuel assem
blies at the time peak temperatures 
occurred. 

The Phase II test data again showed 
that the day/night atmospheric tem
perature changes had little or no 
effect on drywell temperatures. 
Comparing the temperatures of the 
canister, liner, and soil at the 5 
foot and 10 foot radius at the 
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uppermost thermocouple elevation 
showed less than 0.5°F difference 
between early morning and mid
afternoon data recordings. Ambient 
air temperatures varied by as much 
as 30°F at these two times. 

The Phase II canister and drywell 
response to seasonal ambient tem
perature changes can be seen in 
Figure 3.4-22. The peak temper
atures were reached in mid-to-late 
October for the canister, liner and 
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soil. The temperatures then de
creased cyclicly as did the ambient 
soil temperatures. The same re
sponse was experienced during the 
Phase I test. 

The 19 month duration of the Phase 
II test shows only three peaks and 
three valleys in the seasonal tem
perature response. These peaks and 
valleys tend to occur in a yearly 
cycle with each showing a temper
ature decrease corresponding to the 
decay heat decrease. In Figure 
3.4-22, the Phase I test data have 
been supplemented with data from 
Drywell 3 to give more than three 
years of isolated drywell thermal 
response for fuel assembly B03. 
The canister, liner and soil peak 
temperatures during Phase II 
occurred after the peak ambient 
soil temperatures. This was caused 
by the heatup transient starting on 
September 4. If canister emplace
ment had occurred earlier, the peak 
temperatures may have occurred 
sooner and been slightly higher. 

The Drywell 5 response to seasonal 
ambient air temperature variations 
showed the axial heat transfer 
effects within the canister, liner 
and soil. The conduction path 
through the steel canister and 
liner and the convection paths 
within the canister and between the 
canister and liner, allow for more 
rapid axial heat transfer than 
through the soil. This was again 
demonstrated by the Phase II data 
showing a slightly faster axial 
temperature response 1n the can
ister and liner than in the soil. 
Peak temperatures at the lowest 
elevation thermocouples on the 
canister and liner occurred about 
30 days after those at the top 
elevation. Soil peak temperatures 
at the same approximate elevations 
occurred about 45 days apart. 



The Phase II test data showed small 
circumferential temperature var
iations at all three instrumenta
tion elevations indicating fairly 
uniform soil properties. However, 
due to the breaking of four ther
mocouples, circumferential temper
ature comparisons were not as con
clusive as for Phase I. Liner 
temperatures at two elevations were 
compared for thermocouples located 
90 and 120° apart. These showed 
variations between 1.7 and 7.3°F. 
canister temperatures at all three 
instrumentation elevations were 
compared for thermocouples located 
180° apart. These showed varia
tions between 3.3 and 4.8°F at the 
top, 9.4°F at the middle and -0.4 
to +0.4°F at the bottom. Soil 
temperature variations measured in 
the same region as the liner tem
peratures showed differences of 
less than 1.4°F at all elevations. 
Based on the thermocouple accuracy 
and positional accuracy, these 
differences were negligible. 

ADJACENT DRYWELL TEST - PHASE III 

This section presents the test 
results for the three adjacent dry
wells (Drywell 3 with fuel assembly 
B03, Drywell 2 with fuel assembly 
B4l, and Drywell 1 with fuel assem
bly B43) during the Phase III test 
(August 4, 1980 to March 31, 1982). 
Thermocouple readings for each 
drywell are provided at (or near) 
canister emplacement, for the first 
five days, and at two week inter
vals in Tables D3-8 through D3-13 
for Drywell 3, Tables D2-2 through 
D2-7 for Drywell 2 and Tables Dl-2 
through Dl-7 for Drywell 1. 

Thermal test results are shown in 
Figures 3.4-25 through 3.4-30. The 
measured temperatures for Drywel1s 
3, 2 and 1 at the 145 inch depth 
below ground level are presented as 
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Figure 3.4-25. Drywell 3 (FIA B03) Peak 
Canister, Liner and Soil 
Temperature Distributions at 
About 145 Inches Below 
Ground Level, August 4, 1980 
to March 31, 1982 

canister, liner and soil tempera
ture distributions in Figures 
3.4-25, 3.4-27 and 3.4-29, respec
tively. Peak canister and liner 
axial temperature profiles on 
September 1, 1981 are presented in 
Figures 3.4-26, 3.4-28 and 3.4-30 
for Drywells 3, 2 and 1, respec
tively. 

The temperature distributions are 
shown from canister emplacement 
until March 31, 1982. For Drywells 
1 and 2, the temperatures presented 
at the 145 inch depth represent the 
peak values recorded. For Drywe 11 
3, peak canister temperatures were 
recorded 30 inches below those 
shown on Figure 3.4-25 and were be
tween 6 and 10°F higher. Additional 
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canister, liner and soil temper-
ature distribution figures are 
provided 1n Appendix I. Figures 
1-4 and 1-5 present Drywe11 3 
temperatures at 85 and 205 inches 
deep, respectively. Figures 1-7, 
1-8, 1-9 and 1-10 present Drywell 2 
and Drywe 11 1 temperatures at the 
same depths. It should be noted 
that all temperature distribution 
plots were generated by a computer 
code providing straight lines 
between data points. 

Drywells 1 and 2 had a similar 
thermal response. For each dry
well, the temperatures rose to an 
initial peak value and then de
creased in response to the decreas
ing decay heat level and the sea
sonal change in ambient atmospheric 
and soi 1 temperatures. Peak tem
peratures for Drywell 1 (l88°F for 
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Figure 3.4-27. DryweJl 2 (PIA B41) Peak 
Canister, Liner and Soil 
Temperature Distributions at 
About 145 Inches Below 
Ground Level, August 4, 1980 
to March 31, 1982 

the canister and 141°F for the 
liner) occurred about 30 days after 
canister emplacement, around Nov
ember 15, 1980. Peak temperatures 
for Drywe11 2 (193°F for the can
ister and 146°F for the liner) oc
curred about 70 days after canister 
emplacement, around October 15, 
1980. The temperatures for both 
drywells converged during December, 
1980 and remained within 2 to 5°F 
throughout the test. 

For Drywells 1 and 2, the late 
summer canister emplacement caused 
the peak temperatures to be less 
than expected. Canister temper
atures (197°F for Drywell 1 and 
199°F for Drywell 2) and liner tem
peratures (lSrF for Drywe11 1 and 
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Figure 3.4-28. Drywell 2 (FIA B41) Peak 
Canister and Liner Axial 
Temperature Profiles, 
September 1, 1981 

158°F for Drywell 2) recorded in 
September, 1981 were higher than 
the peaks reached in 1980. The 
decay heat level is estimated to 
have decreased from 0.63 kW in 
August, 1980 to 0.54 kW in Septem
ber, 1981 for the fuel assemblies. 
Peak 1980 temperatures should have 
been 20°F higher than those in 1981 
as evidenced by the data from Dry
well 3. Therefore, the initial 
peaks reached in 1980 were less 
than those which would have oc
curred if the canisters had been 
installed earlier in the year. 

The thermal response of Drywell 3 
continued to follow the seasonal 
cycles superimposed on a decreasing 
mean temperature as during Phase 
I. Following canister rearrange
ment, Drywell 3 canister and liner 
temperature readings showed a small 
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change. This could be attributed 
to slight differences in thermo
couple position in the canister 
instrumentation tubes and canister 
position in the drywel1. The peak 
temperatures for the Drywel1 3 can
ister and liner during the Adjacent 
Drywell Test were 229 and 183°F, 
respectively, which occurred on 
August 22, 1980. The peak readings 
on September 1, 1981 were 211°F for 
the canister and 170°F for the 
liner. 

Some comments concerning Phase III 
thermocouples and data readings 
should be made. Shortly after can
ister thermocouple installation in 
Drywell 3, thermocouple 843 failed. 
On August 6, 1980, a replacement 
thermocouple was installed in the 
same manner as the replacement for 
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Figure 3.4-30. Drywell 1 (FIA 843) Peak 
Canister and Liner Axial 
Temperature Profiles, 
September 1, 1981 

thermocouple 879. Later it was 
found that liner thermocouples 839 
and 850 had failed (on August 14, 
1980 and January 23, 1981, respec
tively, see Figures 1-4 and 1-5). 
Since no replacements were avail
able, these thermocouples were dis
connected and no further readings 
taken. Data for soi 1 thermocouple 
824 was inadvertently lost during 
October, November, and December of 
1980 (as shown in Figure 1-6). 

For Drywell 2, four liner thermo
couples failed during Phase III. 
Thermocouples 804 and 803 failed on 
January 4, 1982 and March 20, 1982 
as shown in Figure 3.4-27. Thermo
couples 792 and 791 failed on De
cember 3, 1981 and February 24, 
1982 as shown in Figure 1-8. Data 
for thermocouples 792 and 791 show 
a marked divergence for some time 
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before failure (between September 4 
and December 3, 1981 for TiC 792 
and between January 1 and February 
24, 1982 for TIC 791). Some data 
for Tic 803 also showed a marked 
divergence between January 8 and 
March 30, 1982; however, the di
verging data occurred intermittent
ly. Two other items relative to 
Drywell 2 data should be noted. 
First, soil thermocouples 798 to 
801 and 809 to 812 were not hooked 
up until September 18, 1980 which 
accounts for no data shown on Fig
ures 3.4-27 and 1-7. Also, the 
recorded data from thermocouples 
800 to 809 from August 7, 1980 to 
May 19, 1981, was determined to be 
l2.4°F too high when the scanner 
was calibrated on May 19, 1981 • 
The data shown in Drywell 2 figures 
and in Appendix D has been adjusted 
by the l2.4°F error in data record
ing to present accurate tempera
tures. 

For Drywell 1, two liner thermo
couples failed during Phase III. 
Thermocouple 765 failed on February 
26, 1982 (see Figure 3.4-29). 
Thermocouple 755 failed on November 
28, 1981; however, the data for 
this thermocouple shows a diver
gence from the other two liner 
thermocouples after October 15, 
1981 (see Figure 1-10). 

Thermocouple failure was attributed 
to sheath degradation caused by 
water entering the liner and shield 
plug thermocouple tubes during 
Phase 1. 

A comparison of test data from Dry
wells 3, 2 and 1 was made to eval
uate the drywell thermal response 
and to determine the extent of 
thermal interactions between adja
cent drywells. The difference 1n 
thermal response is illustrated in 
canister test data comparisons. 



The extent of thermal interaction 
between drywe 11s is shown in soil 
test data comparisons. 

Figure 3.4-31 compares all three 
drywell axial temperature profiles 
for the canisters and liners on 
September 1, 1981. Data from Dry
wells 1 and 2 showed little temper
ature difference at the three liner 
and five canister thermocouple 
elevations. Data from Drywell 3 
showed the same shape profiles as 
those for Drywells 1 and 2 but with 
temperature readings uniformly 
about 10°F higher. This difference 
is attributed to the soil dryout 
experienced by Drywell 3. 

Figure 3.4-32 compares canister 
temperatures at the spent fuel 
midplane elevation throughout the 
test period. As previously noted, 
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Drywe 11s 1 and 2 responded in the 
same manner as had isolated Dry
wells 5 and 3 where an initial 
heatup transient was followed by a 
cycling trend caused by seasonal 
ambient air temperature changes. 
Drywell 3 continued the cyclic 
transient. During the test period, 
two peaks and two valleys occurred 
for Drywell 3 in response to sea
sonal ambient air temperature 
changes superimposed on the de
creasing mean temperature. 

Figure 3.4-32 also shows the 
effects of soil thermal conduc
tivity change on Drywe11s 1 and 2. 
Following the initial heatup trans
ient for Drywells 1 and 2, the dif
ference between canister tempera
tures (Drywell 3 versus Drywells 1 
and 2) decreased fairly steadily to 
a minimum of 10°F in March, 1982. 
This ~s attributable to the de
creasing thermal conductivity for 
the soil around Drywells 1 and 2. 
The thermal conductivity decrease 
has been explained as the effect of 
soil moisture content change due to 
the drywell heat source. 

Figures 3.4-33 to 3.4-36 show the 
soil temperature distribution com
parison for all three drywells at a 
10 and 5 foot radius. These curves 
show a very limited extent of ther
mal interaction between drywells. 
An initial comparison of thermo
couple readings on opposite sides 
of all three drywell canisters and 
liners (all thermocouples running 
along the rail spur centerline) 
showed no evidence of thermal 
interaction. For many of the 
comparisons, larger temperature 
readings occurred on either side of 
the canister or liner for differing 
thermocouple elevations. A compar
ison of soil temperature readings 
was therefore used to investigate 
thermal interaction between dry
wells. 
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The temperature data distributions 
at the 143.5 inch depth for all 
three thermowells at a 10 foot 
radius are shown in Figures 3.4-33, 
3.4-34 and 3.4-35, respectively. 
Each data set varies s lightly from 
the adjacent drywell. For each 
drywell, the nearest adjacent dry
well thermowell is 17.6 feet away. 
In Figure 3.4-35, the Drywell 1 
soil temperatures show the influ
ence of the Drywell 2 heat source. 
Following Drywell 1 canister as
sembly emplacement, the difference 
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between the southern thermowell 
(closest to Drywell 2) and the 
other two increased until the dif
ference was 3°F. The other two 
thermowells (east and north side of 
Drywell 1) showed nearly similar 
readings with the eastern thermo
well slightly higher. 

In Figure 3.4-34, the Drywell 2 
soil temperatures showed the in
fluence of both the Drywell 1 and 
Drywell 3 heat sources. During the 
,early test period, the southern 
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Figure 3.4-33. DryweJ1 3 (FIA 803) Soil 
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Comparison at a 10 Foot 
Radius, August 4, 1980 to 
March 31, 1982 

thermowell (closest to Drywell 3) 
showed the highest temperature with 
the eastern slightly higher than 
the northern. This is due to the 
soil nearest to Drywell 3 being 
heated prior to the test. As the 
tes t cont inued, the northern ther
mowell (closest to Drywell 1) tem
perature readings became the high
est with the eastern the lowest. 
The Drywell 1 heat source and a 
slight difference in thermal 
conductivity for soil on either 
side of Drywell 2 caused this 
effect. The prolonged Drywell 3 
heat source caused the overall soil 
thermal conductivity between Dry
well 3 and Drywe11 2 to be lower 
than that between Drywell 1 and 
Drywell 2. With comparable heat 
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Figure 3.4-34. Drywell 2 (FIA 841) Soil 
Temperature Distribution 
Comparison at a 10 Foot 
Radius, October 1, 1980 to 
March 31, 1982 

sources on both sides of Drywell 2, 
the northern side soil (with 
slightly higher thermal conduc
tivity) conducted more heat from 
the adjacent northern drywel1. 

In Figure 3.4-33, the Drywe11 3 
soil temperature distributions at 
the 143.5 inch depth are shown for 
all three thermowe11s at a 10 foot 
radius. This figure, like Figure 
3.4-35, shows the effect of the 
heat source from Drywe1l 2. For 
the period prior to about October 
15, 1981, all three thermowel1s had 
similar temperature readings. Fol
lowing October 15, the northern 
thermowe11 (closest to Drywe11 2) 
showed an increasingly higher tem
perature than the other two. The 
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difference in temperature reached a 
maximum of 3°F. 

Figure 3.4-36 shows the soil tem
perature distributions for the 5 
foot radius thermowell for all 
three drywells. The temperatures 
shown are the peak values recorded 
at the 143.5 inch depth. Comparing 
the thermal response of these three 
thermowells shows the effects of 
the canister emplacement time and 
the relative soil thermal conduc
tivity. During the early test 
period, the Drywell 3 thermowell 
showed the highest and Drywell 1 
thermowell the lowest tempera
tures. The peak temperatures 
reached by the three thermowells 
during 1980 occurred at different 
times reflecting the different 
canister emplacement dates (Drywe 11 
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3 peak occurred earlier than 
Drywe11 2 with the Drywell 1 peak 
occurring last). As the test per
iod progressed, the temperatures of 
the thermowe11s for Drywe11s 1 and 
2 converged and for most of the 
1981 test period all three ther
mowells were within 2 DF. After 
April 1, 1981, Drywell 3 thermowell 
temperatures became the lowes t. 
The lowest Drywell 3 temperature 
occurred after those for Drywells 1 
and 2. This slight difference is 
attributable to the difference ~n 
soil thermal conductivity. 

The conclusions reached by com
paring the thermal response of the 
three adjacent drywells are: 1) 
virtually no thermal interaction 
between adjacent drywe11 canisters 
occurred, and 2) the small dif
ferences noted for the thermal 



response of the soil surrounding 
the three drywells were due to soil 
moisture level changes and the ad
jacent drywell heat source. The 
soil temperature differences are 
relatively small (a maximum of 3°F) 
compared to the temperature mea
surements accuracy (+2 OF). How
ever, it is expected! that these 
trends are fairly accurate (temper
ature readings relative to one an
other) even if the absolute temper
ature values recorded are slight ly 
inaccurate. 

3.4.3 AMBIENT TEMPERATURE 
MEASUREMENTS 

Ambient temperature data were 
recorded by the E-MAD weather 
station (atmospheric temperatures) 
and the Reference Well (soil tem
peratures) during the E-MAD drywell 
testing period. Table 3.4-1 pre
sents the ambient air temperatures 
during 1978 to 1982. Reference 
Well temperature readings are 
included with the Electrically 
Heated Drywell Test data in Appen
dix c. 

Figures 3.4-37 and 3.4-38 illu
strate Reference Well recorded soil 
temperature variations. Figure 
3.4-37 shows soil axial temperature 
profiles at two month intervals 
during 1980. Figure 3.4-38 shows 
soi 1 temperature distributions for 
depths of 6 inches (thermocouple 
101), 18 inches (thermcoup1e 102) 
and 192 inches (thermocouple 107) 
for slightly more than one year. 
The 6 inch deep soil thermocouple 
readings reflect insolation and 
higher daytime air temperatures in 
Figure 3.4-37 (readings taken at 
4:00 p.m.) and in Figure 3.4-38 
(both day and night temperatures). 
The 18 inch depth soil thermocouple 
readings show little effect from 
solar insolation and day/night air 
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temperature variations. The deeper 
thermocouple readings show small 
soil temperature variations at the 
depths of peak temperature levels 
(12°F at 127 inches deep and 7°F at 
192 inches deep). 

3.5 DRYWELL THERMAL ANALYSIS 

ANALYSIS PURPOSE AND METHOD 

The purpose of the drywell thermal 
analysis is to develop thermal 
models for the electrically heated 
and fueled drywell configurations 
and to demonstrate the models sat
isfactorily predict soil and dry
well temperatures. After comparing 
model predictions with test data, 
the passive heat dissipation pro
cess, soil properties, and the ef
fects of power level and seasonal 
ambient variations should be suf
ficiently understood that the model 
can be applied with confidence. 

Drywell test predictions and data 
analyses were performed using the 
TAP-A digital computer program, 
Reference 13. TAP-A was developed 
at AESD and has been used exten
sively there and at the Westing
house Advanced Reactors Division 
during the past ten years. It is a 
finite difference program calcula
ting steady-state and transient 
temperature distributions in a 
configuration of solid materials 
using the radiation, convection~ 

and conduction heat transfer modes. 
To apply the program, a two or 
three-dimensional configuration is 
divided into elements called nodes. 
The nodes, connected to each other 
by heat transfer links having 
lengths and cross-sectional areas, 
can have time and temperature de
pendent thermal properties (den
sity, heat capacity, and conduc
tivity) as well as time dependent 
heat generation rates. Outer sur
faces are assigned time dependent 



TABLE 3.4-1 
E-MAD AMBIENT AIR TEMPERATURES DURING TEST PERIOD 

Period Average* Period AVerage* Period Average* Period Average* Period Average* 
Ending Tern!! (OF) Ending Tern!! (OF) Ending Tern!! (OF) Ending Tern!! (OF) Ending Tern!! (OF) 

1/15/78 1/15/79 36.9 1/15/80 41.7 1/15/81 50.3 1/15/82 40.2 
1/31 43** 1/31 37.3 1/31 37.0 1/31 44.2 1/31 45.2 
2/15 2/15 45.4 2/15 41.1 2/15 46.1 2/15 41.8 
2/28 46** 2/28 47.9 2/29 54.0 2/28 49.5 2/28 58.0 
3/15 3/15 56.1 3/15 51.9 3/15 45.7 3/15 52.0 
3/31 50** 3/31 48.1 3/31 52.3 3/31 50.1 3/31 46.7 
4/15 4/15 59.2 4/15 61.0 4/15 60.8 
4/30 59** 4/30 64.2 4/30 66.5 4/30 71.2 
5/15 5/15 65.6 5/15 65.6 5/15 68.9 
5/31 66** 5/31 77 .1 5/31 68.1 5/31 68.5 
6/15 6/15 78.6 6/15 74.5 6/15 82.0 
6/30 78.2 6/30 79.0 6/30 86.0 6/30 89.1 
7/15 83.3. 7/15 82.5 7/15 86.1 7/15 87.5 
7/31 90.6 7/31 83.5 7/31 94.8 7/31 85.8 
8/15 90.1 8/15 78.1 8/15 92.7 8/15 87.3 
8/31 78.8 8/31 74.9 8/31 81.5 8/31 87.2 
9/15 75.0 9/15 82.5 9/15 79.7 9/15 80.5 
9/30 77.9 9/30 76.3 9/30 81.5 9/30 77 .2 
10/15 76.9 10/15 71.9 10/15 80.5 10/15 60.4 
10/31 64.5 10/31 57.4 10/31 62.1 10/31 61.9 
11/15 55.1 11/15 50.5 11/15 63.3 11/15 62.6 
11/30 48.6 11/30 43.6 11/30 52.4 11/30 49.7 
12/15 36.9 12/15 47.7 12/15 52.8 12/15 51.6 
12/31 38.6 12/31 42.3 12/31 57.8 12/31 46.1 

*Determined by averaging daily temperature extremes over two week periods 
(Data from E-MAD weather station) 

**Extreme temperaturea averaged for each month over period 1956 to 1966 (Data 
collected by Air Resources Laboratory at weather station near E-MAD) 

temperatures or convective heat 
transfer coefficients that vary 
with time or with a surface-to
ambient temperature differential. 

3.5.1 THERMAL MODEL DESCRIPTIONS 

3.5.1.1 ELECTRICALLY HEATED 
DRYWELL TEST 

MODEL SIZE AND BOUNDARY CONDITIONS 

The TAP-A nodal model of the Elec
trically Heated Drywell Test is de
picted in Figures 3.5-1 and 3.5-2 
and the nodes representing each 
test component are identified 1n 
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Table 3.5-1. The model 1S two 
dimensional in the rand z direc
tions (radius and depth, respec
tively) with no variations circum
ferentially. The outer radius 
extends to 60 feet (corresponding 
to the Reference Well location) and 
has an adiabatic boundary condi
tion. The model radius is arbi
trary and it could be given any 
value greater than the radius at 
which the radial temperature grad
ients are expected to be zero (20 
feet based on Electrically Heated 
Drywell Test results). The model 
lower boundary is set at a depth of 
1000 feet approximately corres-
ponding to the E-MAD water table 
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This discrepancy could be caused by 
insufficient heat flow from the 
upper end of the canister model. 
To evaluate canister heat flow, the 
actual canister heat flux distri
bution was calculated using tem
perature data from the pairs of 
adjacent canister and liner ther
mocouples identified in Table 3.5-2. 
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Figure 3.4-38. Reference Well Temperature Distributions as a Function of Time 
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Figure 3.5-2. Far-Field Electrically Heated Drywell Test Thermal Model Node Locations 
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TABLE 3.5·1 
TAP.A ELECTRICALLY HEATED DRYWELL TEST MODEL NODE DESCRIPTION 

Nodes 

1-30 

31-50 

51-52 

53-57 

58-72 

73-77 

78-92 

93-97 

98-101 

102-110 

111-117 

118-121 

122-139 

140 

141-162 

163 

164-181 

182 

183-242 

243-244 

245-289 

Assuming the canister and liner are 
positioned concentrically and that 
temperatures and heat flow do not 
vary circumferentially, the local 
canister heat flux at a particular 
elevation can be expressed in terms 
of the canister and liner tempera
tures at that location as follows: 

~ = Ke(l + rL){T 
2b c 

T ) + FO(T 4_ T 4) 
L c L 

r 
c 

where 
~ - heat flux, Btu/hr-ft 2 
b - radial clearance between 

liner and canister, ft 

Test Components 

Heater Assembly 

Canister 

Shield Plug Skirt 

Shield Plug Bottom Plate 

Liner Lower Section 

Grout at Bottom of Liner 

Concrete in Shield Plug 

Shield Plug Top Plate 

Shield Plug Body Pipe 

Air Gap Around Shield Plug 

Drywe 11 Cove r 

Liner Upper Section 

Grout Between Liner and Soil 

Concrete Pad 

Soil 

Concrete Pad 

Soil 

Concrete Pad 

Soil 

Concrete Pad 

Soil 

Ke 
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effective thermal con
ductivity of the gas in 
the clearance region 
(considering both con
duction and free convec
tion), Btu/hr-ft-OF 

- canister outer radius, 
ft 

- liner inner radius, ft 
- shape factor 
- Stefan-Boltzman con-

stant, 0.1714 x 10-8 
Btu/hr- ft2_0R4 

- canister temperature, oR 
- liner temperature, oR 



TABLE 3.5-2 
CANISTER AND LINER THERMOCOUPLES USED IN CANISTER HEAT FLUX CALCULATIONS 

Thermocouple Elevation* Canister 
Pair (in. ) TIc No. 

1 29.5 14 

2 29.5 15 

3 60.0 16 

4 60.0 17 

5 60.0 18 

6 60.0 19 

7 90.4 20 

8 120.8 21 

9 151.2 22 

10 151.2 23 

*Measured from top of canister 

**See Figure 3.2-1 for 00 position 

The first term on the right hand 
side of this equation describes 
heat transfer between the canister 
and liner by the combined effects· 
of conduction and free convection. 
The effective thermal conductivity, 
Ke, calculated using the method 
discussed in Reference 14 (p. 331, 
332), is typically greater than the 
thermal conductivity of air (eval
uated at 1/2 (Tc + TL» by a 
factor of 2 to 3. Radiation, the 
dominant heat transfer mode between 
the canister and liner, is account
ed for by the second term. 

The analysis procedure consisted of 
first determining local heat flux 
values at the five thermocouple 
elevations. The resulting heat 
flux profile was integrated over 
the canister length and the esti
mated drywell power level was com
pared with the known actual power 
level. Their ratio (actual/esti
mate) was always less than 1.0 
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Angle** Liner Angle** 
(Des·) TIC No. (Des·) 

0 030 0 

135 030 0 

0 031 0 

90 032 90 

180 033 180 

270 034 270 

0 035 0 

180 036 0 

180 037 0 

315 037 0 

(typically 0.55 to 0.65), attri
buted primarily to the shape factor 
value of 1.0 used in the radiation 
calculations. This ratio was then 
applied as a mUltiplier on the heat 
flux estimates at the five thermo
couple elevations. While the need 
for the mUltiplier stems primarily 
from the radiation calculational 
method, it was applied to both the 
radiation and the convection/con
duction term to simplify the calcu
lations. This approach resulted in 
variations between test data and 
predicted local heat fluxes of less 
than 8 percent at 1.0 kW and less 
than: 4 percent at the 2.0 and 3.0 
kW power levels. The heat flux 
profiles derived in this manner are 
shown in Figure 3.5-3. 

The main difference between these 
profiles and the uniform flux dis
tribution is that a peak heat flux 
peak now occurs at the canister 
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upper end. A flux peak there could 
be due to natural circulation ef
fects within the canister. The 
canister heat flux distributions of 
Figure 3.5-3 improve canister and 
soil temperature predictions as 
shown in Figures 3.5-4 and 3.5-5. 
It is therefore apparent that the 
canister heat flux distribution has 
an appreciable influence on drywell 
and soil temperature predictions 
and that the canister model should 
include the appropriate heat flux 
distribution. 

ELECTRICALLY HEATED DRYWELL TEST 
ELECTRIC HEATER POWER VARIATIONS 

As previously noted, voltage var
iations at the electric heater 
terminals occurred during the warm 
months of the year apparently in 
response to the cycling air condi
tioning load. The heater control
ler setting was checked and ad
justed (if necessary) during the 
warm daytime hours but not after 
working hours and resulted in a 
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higher voltage across the terminals 
at night. Heater controller input 
voltage data records were analyzed 
to determine the overall effect on 
heater power level. The analysis 
for the 1.0 and 2.0 kW periods in
dicated that the integrated power 
output by the heater was about 3 
percent higher during the April to 
September period but virtually 
equal during the remaining months 
of the year. This variable power 
effect was included in the thermal 
model accurately represent actual 
test conditions. 

HEAT TRANSFER MECHANISMS 

Heat transfer between the electric 
heater assembly (nodes 1 to 30) and 
the canister is modeled by conduc
tion. Heat transfer from the heater 
to canister actually occurs by con
vection and radiation (primarily by 
radiation at high temperatures). 
Since TAP-A has no mass flow cap
ability and therefore cannot model 
convection effects, a simplifying 
assumption was made to calculate 
canister temperatures. An arbi
trary conductivity value was chosen 
to represent the radiation, con
vection, and conduction heat trans
fer. A temperature dependent con
ductivity, calculated over the an
ticipated range of canister tem
peratures using a 1000°F peak 
heater temperature, is used in the 
model. To compensate for convec
tion effects inside the canister, 
the present model includes a non
uniform axial heat generation rate 
for the heater assembly as pre
viously described. The heater 
assembly heat capacity which is 
small compared to that for other 
system components (canister, liner, 
grout, etc.), is modeled accurately 
to produce fairly accurate trans
ient predictions for the entire 
drywell system. 
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Heat transfer from the canister to 
the liner and shield plug occurs by 
radiation, conduction and free 
convection and the thermal model 
includes all three modes. Con
vection and conduction were treated 
using the effective thermal con
ductivity approach with appropriate 
conductivity values in the rand z 
directions. The radiation calcula
tion for canister to liner heat 
transfer uses the shape factor ex
pression for concentric gray cylin
ders as follows: 

1 
F 12 = -l----A-l-----

+ (_1 -1) 
El A2 €2 

where 
E = emissivity 
A = surface area 
1 = canister outer surface 
2 = liner ~nner surface 

Emissivity values for the canister 
(0.45) and liner (0.60) were ob
tained from References 15 (p. 475) 
and 16 (p. 15 - 21), respectively, 
for Type 304 stainless steel (can
ister) and hot-rolled iron (liner). 

Heat transfer from the shield plug 
sides to the upper liner occurs 
primarily by radiation and free 
convection. Heat transfer from the 
shield plug upper surface to the 
drywell cover plate occurs by con
vection. For modeling purposes, 
conduction through an air-filled 
space is assumed in each direc
tion. This approach is used since 
TAP-A has no mass flow capabili
ties. This simplifying assumption 
is judged to be acceptable since, 
due to the relatively small shield 
plug heat transfer rates, even 
large modeling inaccuracies in 
these regions would have little 
effect on canister temperature 
predictions. 



Heat transfer through the steel, 
concrete, grout and soil is modeled 
by conduction. Heat transfer 
through porous materials such as 
concrete, grout and soil can occur 
by a combination of conduction, 
radiation and convection. Conduc
tion occurs at points of granular 
contact, radiation occurs across 
the voids between grains and 
convection occurs throughout the 
medium on both the microscopic and 
macroscopic scales. However, in 
compacted sandy soils with fines, 
conduction is the dominant mech
anism and in this analysis, heat 
transfer ~n all solid materials, 
including soil, is based upon that 
mode. 

The interface between two solid 
materials in contact produces a 
heat flow resistance across that 
boundary. Since the extent of 
actual contact is not known, inti
mate contact is assumed between the 
various material pairs (liner and 
grout, grout and soil, concrete and 
soil) and all contact resistances 
are assigned zero values. 

GROUND-TO-AMBIENT HEAT TRANSFER 

The previous Electrically Heated 
Drywe 11 Tes t analyses, reported in 
References 2 and 6, considered 
solar effects at ground level as 
well as convection to and from the 
ambient air. Further work has con
firmed, however, that the ground 
level model can be simplified, with 
satisfactory results, by equating 
air and surface temperatures and 
ignoring the solar effects. This 
approach has been applied through
out the drywell analyses presented 
in this report. The air tempera
tures used are the monthly temper
ature averages taken from E-MAD 
site weather data provided in Table 
3.4-1. The model predicts seasonal 
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soil temperature 
good accuracy 
approach. 

variations 
confirming 

MATERIAL PROPERTIES 

with 
this 

The various materials used in the 
Electrically Heated Drywell Test 
and the thermal properties input to 
the thermal model are identified in 
Table 3.5-3. Thermal conductivi
ties of the grout and soil were de
termined experimentally since they 
are specific to the E-MAD area. 
The thermal conductivity of grout 
(a two-to-one mixture by weight of 
soil and cement) was measured as a 
function of temperature in labora
tory tests performed by Holmes and 
Narver, Inc. Grout samples were 
poured during drywell installation 
for use in the laboratory tests. 
The results are shown in Figure 
3.5-6. 
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Figure 3.5-6. Laboratory Measured Grout 
Thermal Conductivity 



TABLE 3.5-3 
MATERIAL THERMAL PROPERTIES USED IN DRYWELL ANALYSIS 

Thermal 
Densi§y Heat Capacity Conductivity 

Material Ub/ft ) (Btu/lb-OF) (Btu/hr-ft-OF) Source 

Concrete 142.0 0.2 1.05 Ref. 17, pp. 4-9, 4-97 

Stainless Steel 490.0 0.11 10.0 Ref. 18, p. 533 

Carbon Steel 490.0 0.11 23.0 Ref. 18, p. 533 

Grout 117.0 0.2* See Fig. 3.5-6 

Soil 105.0 0.25** See Fig. 3.5-9 

*Value based on dry soil, dry concrete heat capacity values 

**Dry soil plus 5 percent moisture assumed 

Since soil thermal conductivity is 
an important parameter in the ana
lysis of drywell thermal perfor
mance, the conductivity value or 
relationship used must be selected 
carefully. To illustrate its in
fluence, steady-state predictions 
of temperature versus radius at 
canister mid-plane are plotted in 
Figure 3.5-7 for three typical 
values of soil conductivity with 
all other parameters held con
stant. These conductivity values 
obtained from Reference 19 apply to 
a variety of soils with a range of 
moisture contents and densities. 
Generally, low conductivities are 
associated with dry, lightweight 
soils while moist, high density 
soils exhibit higher conductivi
ties. It is apparent from Figure 
3.5-7 that the drywell temperature 
field in general and the canister 
temperature 1n particular are 
sensitive to soil conductivity 
variations. 
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For the Electrically Heated Drywell 
Test, E-MAD soil density and ther
mal conductivity were measured by 
Holmes and Narver, Inc. in labora
tory tests using borehole samples. 
The samples were taken at four 
depths (5, 10, 15 and 20 feet) and 
their moisture contents, densities 
and compositions determined. At a 
later date, the dried samples were 
recombined with the correct mois
ture (typically 5.0 to 5.2 percent 
by weight at each level) and com
pacted to the correct density to 
form cylinders (2.8 inch diameter 
by 5.6 inch length) on which con
ductivity tests were performed. 
The tests employed the transient 
line source method described in 
References 20 and 21. By placing 
the samples in an electrically 
heated furnace, the thermal con
ductivity versus temperature mea
surements were obtained (tabulated 
in Table 3.5-4 and graphed 1n 
Figure 3.5-8). 
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As noted above, the soil samples 
contained 5 percent moisture at the 
test start. However, nearly 20 
hours elapsed between tests at each 
temperature and since the furnace 
was not air-tight, it is virtually 
certain the samples quickly lost 
their initial moisture. Above 
200°F, all moisture would have va
porized and the data obtained apply 
to dry soil conditions. However, 
during the tests below 200°F, the 
samples could have contained some 
moisture but at levels less than 
the original moisture content due 
to evaporation during the stabili
zation period. Therefore, the 
measured thermal conductivities at 
70 and 100°F are expected to be 
lower than conductivities at the 
same temperature with 5 percent 
moisture. 

predicted drywell temperatures were 
significantly higher than the test 
data when the E-MAD soil sample 
thermal conductivity data were used 
as input to the model. An assess
ment of the potential thermal con
ductivity discrepancy in the tem
perature range of 70 to 200°F was 
done by comparing the E-MAD soil 
data with published soil data and 
conductivity correlations. A cor
relation described in Reference 22 
developed for sandy soils compar
able to that at E-MAD was used. 
The E-MAD samples contained approx
imately 70 percent sand (Si02). 
Although the correlation assumed 
the other main soil component ~s 

clay (E-MAD samples showed no 
clay), the correlation has been 
used in this study primarily to 
illustrate the influence of mo~s

ture on soil thermal conductivity. 
Figure 3.5-9 compares the corre
lation conductivity predictions 
with E-MAD soil test data. The 
correlation as published in Ref
erence 22 only covers a temperature 



TABLE 3.5-4 
MEASURED THERMAL CONDUCTIVITY OF SOIL INSIDE E-MAD FACILITY COMPOUND 

Temperature Depth (Feet) 

(OF) 5 10 15 20 

70 0.466* 0.520 0.513 0.479 

100 0.374 0.350 0.525 0.517 

200 0.248 0.246 0.349 0.321 

300 0.253 0.257 0.269 0.295 

400 0.243 0.255 0.265 0.298 

500 0.247 0.258 0.266 0.287 

600 0.250 0.244 0.274 0.261 

700 0.231 0.231 0.262 0.343** 

*Thermal conductivity measured in Btu/hr-ft-OF 

**Reading was judged erroneous due to problem with potentiometer 

range of 40 to 100°F. For a fixed 
moisture content, the correlation 
shows a weak dependency on temper
ature; and therefore, the correla
tion can probably be safely extra
polated between 100 and 200°F, as 
done in Figure 3.5-9. 

Several observations can be made 
concerning Figure 3.5-9. First, 
the low moisture predictions are 
similar to the high temperature 
(above 200°F) conductivities mea
sured for the E-MAD soil samples. 
Since the samples tested were dry 
above 200°F, the reasonable agree
ment at high temperatures supports 
the use of this correlation for the 
high sand content soil at E-MAD. 
Second, the correlation predicts 
low temperature conductivities of 
about 0.85 Btu/hr-ft-OF for mois
ture levels of 5 percent as 
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compared with 0.5 Btu/hr-ft-OF mea
surements from the E-MAD soil sam
ples. Third, the measured E-MAD 
soil conductivity continued to fall 
between 70 and 200°F instead of 
following the slight rising trend 
predicted by the correlation. 
These three observations support 
the contention that the E-MAD test 
samples, after being mixed and 
molded with the correct moisture 
content, lost moisture by evapora
tion even before the room tempera
ture tests were performed. 

A time and temperature dependent 
soil thermal conductivity was deve
loped which conservatively repre
sents the soil drying out near the 
drywell. All soil nodes in the 
model are assigned unique thermal 
conductivities dependent on their 
temperature history. The soil in 
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Figure 3.5-9. E-MAD Soil Thermal 
Conductivity Test Data and 
Predictions 

the model is assumed to begin at 5 
percent moisture level with a 
corresponding thermal conductivity 
of 0.85 Btu/hr-ft-oF. When the 
soil reaches 100°F, drying out 
begins, and the thermal conduc
tivity decreases with time, fol
lowing the normalized curve shown 
in Figure 3.5-10. This relation
ship was developed from Phase I 
Isolated Drywel1 Test results. 
During most of the Phase I test, 
the temperature difference between 
the liner and soil at a 5 foot 
radius remained constant whereas 
the fuel assembly decay heat de
creased nearly 40 percent. Assum
ing the rate of soil thermal con
ductivity decrease with time match
ed that of the decay heat (result-
1ng 1n no change in the noted 
temperature difference), the nor
malized curve in Figure 3.5-10 was 
developed from the decay heat curve 
for fuel assembly B03 (see Figure 
2.3-3). If the soil reaches 200°F, 
the soil is assumed to be totally 
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Drywell Da ta 

dry and is given a thermal conduc
tivity of 0.25 Btu/hr-ft-oF. A 
drywe1l soil thermal conductivity 
parameter study was done and is 
described in Section 3.5.3. 

3.5.1.2 FUELED DRYWELLS 

MODEL SIZE AND BOUNDARY CONDITIONS 

The TAP-A nodal model applied to 
the Fueled Drywel1 Test is depicted 
in Figures 3.5-11 and 3.5-12, and 
the nodes representing each test 
component are identified 1n Table 
3.5-5. The model is two-dimen
s ional in the rand z directions 
(radius and depth, respectively) 
with no variations circumferen
tially. With several minor excep
tions, it is identical to the Elec
trically Heated Drywell Test ther
mal model described in Section 
3.5.1.1. The exceptions pertain to 
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Figure 3.5-12. Far-Field Isolated Drywell Thermal Model 

the depth of t he s h i eld p l ug t op 
plate r elat i ve to the ground l eve l 
(18.5 inches below gr ound l evel in 
the fueled drywell s ve r s u s at 
gr ound level in t he El ec t r i cal l y 
Heate d Dr ywe l l Te s t ) and t o the 
s ligh t rear r angement of nodes to 
ca lculate t emper ature s at drywel l 
the rmocouple l ocat ions . The r ear
rangement re s u l ted in seve r al nodes 
being elimina t e d e xplaining t he 
reduction in node number f r om 289 
for t he Electr i cally He a ted Dr ywe l l 
Test to 272 . 
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The f ue led drywel l s we r e treated as 
thermal l y i s olated . This as s ump
t i on i s based upon Elec tr i cally 
Heat e d Drywe ll Test r e sult s whe re 
ambien t soi l t empe rature s existed 
at a ll radii beyond 20 fee t , even 
while o perat ing at 2 kW . Th i s 
assumpt ion is furthe r ve rif i ed by 
the s i mi l ari t y in soi l tempe ratu r e 
data from inst r ument a tion well s E 
and H f or Dr ywe ll 3 and from 1n
strumentation wells A and D f or 
Dr ywe l l 5 ( s e e Figur e D-l ). The 
drywel l thermal mode 1 extends t o a 



TABLE 3.5-5 
TAP-A DRYWELL MODEL NODE DESCRIPTION 

Nodes 

1-30 

31-50 

51-52 

53-57 

58-72 

73-77 

78-92 

93-97 

98-106 

107-110 

111-112 

113 

114-115 

116-118 

122-139 

140-242 

243-246 

247-250 

251-272 

radius of 60 feet, which is given 
an adiabatic boundary condition. 
The model lower boundary is located 
at a depth of 1000 feet where a 
constant 65°F boundary condition is 
applied. 

FUEL ASSEMBLY HEAT GENERATION RATE 

The fueled drywell analysis applies 
the transient spent fuel decay heat 
curves shown in Figure 2.3-3 for 
fuel assemblies B03, B4l and B43 
and Figure 2.3-6 for fuel assembly 
D22. All heat is assumed to be 
produced in the fuel zone (lbdes 1 
to 30). The volumetric heat gener
ation rate is distributed uniformly 
over the entire fuel zone creating 

Test Components 

Fuel Assembly 

Canister 

Shield Plug Skirt 

Shield Plug Bottom Plate 

Liner Lower Section 

Grout at Bottom of Liner 

Concrete in Shield Plug 

Shield Plug Top Plate 

Drywell Cover Plate 

Liner Upper Section 

Concrete Pad 

Grout 

Concrete Pad 

Soil 

Grout Between Liner and Soil 

Soil 

Canister 

Liner Lower Section 

Soil 

99 

a cosine shaped heat flux distri
bution at the canister wall similar 
to that deduced from canister and 
liner temperature data. 

HEAT TRANSFER MECHANISMS 

The Fueled Drywell heat transfer is 
modeled in the same way as in the 
Electrically Heated Drywell Test 
(see Section 3.5.1.1). However, 
the effective heat transfer proper
ties of the fuel zone are differ
ent. This effective conductivity 
versus temperature was calculated 
to produce reasonable fuel assembly 
temperatures in the 300 to 800°F 
range (see Figure 4.5-2). This was 



necessary for proper drywell trans
ient response. The fue 1 assembly 
heat capacity is modeled accurately 
to produce a proper transient re
sponse. The model was supplied 
with an accurate estimate of the 
fuel assembly mass of 1450 pounds 
and a specific heat capacity of 
0.066 Btu/lb-oF representing, in 
proper proportions, the heat cap
acities of the Zircaloy clad, the 
U02 fuel and the stainless steel 
nozzle plates. 

MATERIAL PROPERTIES 

Thermal properties used in the 
analysis of the fueled drywells are 
identical to those applied in the 
Electrically Heated Drywell Test 
identified in Table 3.5-3. 

For the fueled drywells, soil 
temperatures were never greater 
than about 160°F. Therefore, the 
soil was considered to never 
totally dry out and the dry soil 
thermal conductivity of 0.25 
Btu/hr-ft-OF had little or no 
effect. The normalized soil ther
mal conductivity versus time rela
tionship in Figure 3.5-10 represen
ted the dryout of any soil exceed
ing 100°F. A soil conductivity 
parameter study discussed in Sec
t ion 3.5.3 shows that the percen
tage of moisture initially in the 
soil was between 2 and 5 percent 
(soil thermal conductivities of 
0.60 and 0.85 Btu/hr-ft-OF, res
pectively) • 

3.5.2 COMPARISON OF MODEL PREDIC
TIONS WITH TEST DATA 

With proper input, the 
thermal models should 

drywell 
produce 
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accurate temperature predictions 
for the canister, liner, and near
field soil zone. Accurate canister 
temperatures are important as input 
to independent fuel assembly stud
ies while accurate soil tempera
tures are important for drywell ar
ray and thermal interaction analy
ses. The most important model 
evaluation criteria is that it must 
correctly predict temperature 
trends and relationships over a 
range of power levels and as the 
seasons vary. Satisfying this 
third criteria will demonstrate 
that the thermal model correctly 
simulates the appropriate heat 
transfer mechanisms and maintains 
the proper relationships as system 
forcing functions and boundary con
ditions change. When this criteria 
is satisfied, small differences be
tween predicted and measured tem
peratures should not be of con
cern. In most cases, the differ
ences can be recognized and ex
plained based upon inaccuracies in 
model input, actual test configur
ation uncertainties and/or heat 
transfer mechanism uncertainties. 

ELECTRICALLY HEATED DRYWELL TEST 
MODEL/DATA COMPARISONS 

Predicted axial temperature pro
files for the Electrically Heated 
Drywell Test canister and liner are 
compared with test data in Figures 
3.5-13 to 3.5-16. These figures 
show the comparison at the end of 
the 3 kW accelerated heatup period 
on May 1, 1978, during 1 kW oper
ation on September 1, 1978, during 
2 kW operation on September 1, 
1979, and during 3 kW operation on 
October 1, 1980. In each figure, 
the peak predicted canister temper-
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ature is conservative when compared 
to the test data. 

Generally, the predicted relation
ship between canister and liner 
temperatures agree well with the 
data. However, the predicted axial 
profiles themselves vary in shape 
from those of the data in every 
case. For the two comparisons at a 
3 kW power level, the model signi
ficantly overpredicts the canister 
and liner temperatures. These dis
crepancies are attributed to the 
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Figure 3.5-15. Electrically Heated Drywell 
Test Data and Predictions 
Comparison of Canister and 
Liner Axial Temperature 
Profiles for 2 kW Operation, 
September 1, 1979 



differences in axial heat transfer 
within the canister and in soil 
thermal conductivity differences 
between the drywell and model. The 
differences and their effects on 
all predictions are discussed later 
in this section. 

Canister and soil temperature data 
at about 11 feet deep are compared 
with predictions in Figures 3.5-17 
to 3.5-19. Figure 3.5-17 compares 
canister and soil at a 3 foot rad
ius for the accelerated heatup and 
1 kW power operation phases. For 
most of these periods, the pre
dicted canister temperatures are 
conservative. The model prediction 
for the initial drywell heatup 
exceeds the recorded temperatures 
by about BO°F. Following the rapid 
cooldown from a 3 to 1 kW power 
level, the predicted relationships 
between canister and soil at a 3 
foot radius is similar to that of 
the data. Figures 3.5-lB and 
3.5-19 compare canister and 3 foot 
radius soil for power operation at 
2 and 3 kW, respectively. For both 
of these test phases, the canister 
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predictions were conservative (by 
as much as 60°F at 3 kW); however, 
the soil predictions were noncon
servative. The difference between 
the predicted canister and soil 
temperatures was greater than that 
for the actual drywell. The dis
crepancies between the predictions 
and data at the 11 foot depth can 
again be attributed to differences 
between modeled and actual soil 
thermal conductivities. 
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Figure 3,5-19. Electrically Heated Drywell 
Test Data and Predictions 
Comparison for the 11 Foot 
Depth During 3 kW Operation 
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Axial temperature profile compar
isons for the grout and for soil at 
21 and 60 inch radii are shown in 
Figures 3.5-20 to 3.5-23. These 
comparisons are for the same times 
as those for the canister and liner 
axial profile comparisons (Figures 
3.5-13 to 3.5-16). These four fig
ures show a similar overprediction 
of peak temperatures close to the 
drywell. For several comparisons, 
the soil temperatures were under
predicted in the region of drywell 
heated length and overpredicted in 
the region beneath the drywell. 

CONCLUSIONS FROM ELECTRICALLY 
HEATED DRYWELL TEST MODEL/DATA 
COMPARISON 

The Electrically Heated Drywell 
Test thermal model described ~n 

.. 100 110 200 _ JOG ... ... 

TOIPIRATURE jllFI 

Figure 3.5-20. Electrically Heated Drywell 
Test Data and Predictions 
Comparison of Grout and Soil 
Axial Temperature Profiles at 
End of 3 kW (Accelerated 
Heatup) Operation, May 1, 
1978 
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this report does a fairly good job 
of predicting conservative peak 
canister temperatures for the air 
filled canister. The relationship 
predicted between canister and 
liner temperatures shows reasonable 
agreement with the test data show
ing satisfactory simultation. 

However, the accuracy of canister 
and liner temperature predictions 
was found to be influenced by the 
modeling of heat transfer mechan
isms inside the drywell and out in 
the soil. The two areas where 
model refinement is needed are the 
free convection and radiation ef
fects inside the canister and be
tween canister and liner, and the 
effects of in-situ soil thermal 
conductivity changes with tem
perature. Test data and prediction 
evaluations show canister and liner 
temperature predictions both above 
and below the midplane level are 
sensitive to these effects and the 
skewed canister heat flux and the 
soil thermal conductivity change 
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with time included in the model do 
not provide accurate representa
tions of these effects • 

Free convection effects of air in
side the test canister were assumed 
to have caused a nonuniform axial 
heat flux profile peaking near the 
canister upper end. Due to com
puter code limitations, free con
vection effects were modeled by 
imposing a skewed axial heat gen
eration rate rather than using mass 
flow dependent temperature calcu
lations between heater and canis
ter. In addition, the tendency of 
radiation to be the dominant heat 
transfer mechanism at higher tem
peratures was not included in the 
model. A more accurate modeling 
method should be developed to 
include both free convection and 
radiation effects over the entire 
range of heater power output and 
canister temperatures. In this 
way, model prediction agreement 
with test data for the entire 
drywell could be improved. 

The relationship of soil conduc
tivity to temperature and time in 
the thermal model had a significant 
effect on drywell and soil temper
ature prediction agreement with 
test data. The soil conductivity 
values in the model were based on 
correlations from literature for 
comparable soils and from an analy
tical evaluation of soil tempera
ture data rather than the soil 
properties test data conducted at 
E-MAD. Model analyses using the 
measured thermal conductivity data 
grossly overpredict test canister 
temperatures (see Section 3.5.3). 
Moisture variations in the soil 
samples tested and in the soil it
self are judged to cause the dif
ferences 1n soil thermal conduc
tivity. 



The relationship between soil ther
mal conductivity, temperature, and 
time appears to be a function of 
the instantaneous moisture content 
of the soil. An adequate model 
should incorporate experimental and 
theoretical relationships for soil 
thermal conductivity as a function 
of temperature and moisture con
tent. Additional investigations 
are needed to properly evaluate the 
transport mechanisms involved in 
drying the soil at various depths. 
These mechanisms would include the 
flow and possible recondensation of 
vapor in the soil and the flow of 
liquid toward a heated zone. 

FUELED DRYWELL MODEL/DATA 
COMPARISONS 

Predicted canister and liner axial 
temperature profiles for Drywells 5 
and 3 at various times during test
ing are compared with test data in 
Figures 3.5-24 to 3.5-28. For Dry
wellS, the comparisons are made on 
August 15, 1979, October 15, 1980 
and September 1, 1981 (Figures 
3.5-24 to 3.5-26). For Drywell 3, 
the comparisons are made on 
September 2, 1980 and September 1, 
1981 (Figures 3.5-27 and 3.5-28). 
These dates correspond to the times 
when peak canister temperatures 
occurred during each year. For 
both drywells, the predicted axial 
temperature profiles were lower 
than those from the test data. The 
predicted profiles also diverged 
from the data at lower depths. The 
divergence can be attributed to the 
choice of the initial soil thermal 
conductivity. The soil tempera
tures did not exceed 200°F in the 
analysis and very little soil ex
ceeded 100°F. Therefore, the tem
perature and time dependent soil 
conductivity model did not affect 
the predicted temperatures while 
the initial soil thermal conduc
tivity (based on an assumed 5 
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Figure 3.5-22. Electrically Heated Drywell 
Test Data and Predictions 
Comparison of Grout and Soil 
Axial Temperature Profiles for 
2 kW Operation, September 1, 
1979 

percent moisture level) greatly 
influenced the predictions. The 
effect of different soil thermal 
conductivities on model predictions 
is further discussed in Section 
3.5.3. 

Canister, liner and soil temper
ature data at a depth of about 145 
inches are compared with prediction 
in Figures 3.5-29 and 3.5-30 for 
Drywells 5 and 3 over the entire 
test period. The initial soil 
moisture level is assumed to be 5 
percent for both drywells. The 
thermal model underpredicts the 
canister and liner temperatures 
except during periods of rapidly 
using temperatures when the pre
dicted temperatures rise more 
rapidly and tend to overshoot the 
measured values. This discrepancy 
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Figure 3.5-23. Electrically Heated Drywell 
Test Data and Predictions 
Comparison of Grout and Soil 
Axial Temperature Profiles for 
3 kW Operation, October 1, 
1980 

may be due to heat capacity pre
diction innaccuracy (most likely 
caused by soil and grout moisture 
levels) and the inability of the 
thermal model to accurately treat 
moisture evaporation. For both 
drywells, the predicted response to 
seasonal temperature changes tends 
to lag that shown by the data for 
canister, liner and soil at a 5 
foot radius. This may be due to 
use of average monthly temperatures 
for ambient air in the model. 

CONCLUSIONS FROM FUELED DRYWELL 
MODEL/DATA COMPARISON 

In general, the predicted tempera
tures for Drywells 5 and 3 are 
fairly good except that they are 
nonconservative (except for the 
peak temperature for fue 1 assembly 
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Figure 3.5-24. Drywell 5 (FIA B03) Test Data 
and Predictions Comparison of 
Canister and Liner Axial 
Temperature Profiles, August 
15, 1979 

D22 in Drywell 5). The prediction 
accuracy for the fueled drywell 
model described in this report was 
also influenced by the mode ling of 
the heat transfer mechanisms inside 
the drywell and the soil thermal 
conductivity changes with temper
ature. 

The model tends to overpredict the 
temperature differental between 
canister and liner. This is attri
buted to inaccuracies input to the 
radiation and conduction/convection 
models. The accuracy of the "ef
fective conductivity" type of cor-
relation is typically no better 
than about + 20 percent while emis
sivities and reflectivities of sur
faces are known with less accu
racy. With relatively thin can
ister walls providing a poor path 
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for axial heat conduction and with 
a uniform heat generation rate, the 
canister temperature is constrained 
to follow the liner temperature 
profile. This is, in turn, deter
mined by the response of the grout 
and surrounding soil to the imposed 
heat flux. The discrepancy 1.n 
shape and absolute value of the 
liner temperature distribution is 
due to an incomplete understanding 
of the soil response to applied 
heat, in particular, the effect on 
moisture content on thermal con
ductivity. 

The discrepancies in the axial tem
perature profiles indicate that 
further refinement in the soil 
thermal conductivity model is 
required. Because of the reason
ably good agreement near the 
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September t 1981 

canister top and underprediction 
near the canister bottom, it 
appears that the thermal con
ductivity model does not accurately 
reflect the soil thermal conduc
tivity. 

It can be concluded from these 
results that the E-MAD soil thermal 
conductivity has not been accurate
ly modeled by a simple function of 
temperature and time. In order to 
model soil properties accurately, a 
knowledge of soil properties as a 
function of moisture content is 
necessary. An understanding of the 
transport mechanisms involved for 
water vapor released and liquid 
water in the soil is needed. It is 
expected that the actual equili
brium moisture content reached at 
any temperature represents a 
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Figure 3.5-27. Drywell 3 (FIA B03) Test Data 
and Predictions Comparison of 
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September 2, 1980 

balance between vapor transport to 
the surface and replenishment by 
liquid water from the surrounding 
soil. Once the moisture transport 
mechanisms are investigated, it may 
be possible to accurately represent 
the soil thermal conductivity as a 
function of temperature and soil 
type, introducing a first order lag 
representing the transport mechan
ism. The time constant for the lag 
is expected to be a function of 
temperature level and depth below 
the ground surface, as well as the 
soil type. 

3.5.3 EFFECT OF VARIABLES ON 
DRYWELL TEMPERATURES 

Parameter studies were conducted 
uSlng both drywell models to 1n
vestigate the effects of variables 
on predicted drywell temperatures. 
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Figure 3.5-28. Drywell 3 (FIA B03) Test Data 
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Canister and Liner Axial 
Temperature Profiles, 
September 1, 1981 

Specific parameters investigated 
include soil thermal conductivity, 
power levels for the heat source 
and the seasonal ambient air tem
perature changes. Each parameter 
was varied or maintained constant 
while other parameters were varied 
to determine overall impact each 
had on drywell temperatures. 

SOIL THERMAL CONDUCTIVITY 

Early in drywell analysis, it was 
recognized that soil conductivity 
had a large effect on temperature 
predictions. The soil thermal con
ductivity data generated from soil 
sample testing (shown in Table 
3.4-4) indicated a significant dif
ference between dry soil (above 
200°F) and soil with moisture. 
Figures 3.5-31 and 3.5-32 show 
canister temperature predictions 
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Figure 3.5-29. Drywell 5 (FIA B03 and D22) Test Data and Predictions Comparison at 
About 145 Inches Below Ground Level, January 12, 1979 to March 31, 1982 

for wet and dry soil thermal con
ductivities using the Electrically 
Heated Drywell Test model. The two 
figures compare predictions for 
both conductivities with test data 
at about 11 feet deep for the acce
lerated heatup and 1 kW operation 
phase, and the 3 kW operation 
phase. The dry soil is assumed to 
have a constant thermal conduc
tivity of 0.25 Btu/hr-ft-OF and wet 
soil is assumed to have a 5 percent 
moisture level with a thermal con
ductivity of 0.85 Btu/hr-ft-oF. 
Throughout each transient period, 
the dry soil predictions are ex
cessively conservative. The wet 
soil predictions are slightly non
conservative during 1 kW operation 
and very nonconservative during 3 
kW operation. 
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To further refine thermal model 
predictions, a parameter study 
using various combinations of wet 
and dry soil thermal conductivities 
was conducted. Two thermal conduc
tivities were chosen for each soil 
type. For the wet soil, thermal 
conductivities of 1.1 and and 0.85 
Btu/hr-ft-OF were chosen, which 
represent 10 and 5 percent moisture 
in the soil, respectively (see 
Figure 3.5-9). For the dry soil, 
thermal conductivities of 0.4 and 
0.25 Btu/hr-ft-OF were chosen based 
on results of the E-MAD soil pro
perties tests at different soil 
depths (see Figure 3.5-8). Figure 
3.5-33 compares predictions for the 
four combinations of wet and dry 
soil thermal conductivities with 
test data using the Electrically 
Heated Drywell Test model. The 
comparisons are shown during the 
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period June through December for 1 
kW operation (lower curves) and for 
3 kW operation (upper curves). 
From these results, Case C with 
conductivities of 0.25 and 0.85 
Btu/hr-ft-oF for dry and wet soil 
provided more conservative pre
dictions than the other cases and 
these values were therefore used in 
both models. 

Figure 3.5-31. Electrically Heated Drywell 
Test Comparison of Canister 
Temperature Predictions for 
Constant Wet and Dry Soil 
During 1 k W Opera tion 

As a result of previous model/test 
data comparisons, the effect of 
soil dryout due to the drywell heat 
source was included in the two mo
dels. Because TAP-A has no mass 
flow capability, the effect of 
moisture evaporation on soil ther
mal conductivity is represented by 
a time and temperature dependent 
thermal conductivity model. Each 
TAP-A soil node 1n the thermal 
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model is given a unique thermal 
conductivity dependent on its 
temperature history. The soil 
nodes begin with a given moisture 
level and are assigned a corres
ponding wet soil thermal conduc
tivity (Kwet). If a soil node 
reaches 100°F, the soil starts 
drying out and the soil thermal 
conductivity decreases with time 
from Kwet following the normalized 
curve in Figure 3.5-10. If a soil 
node exceeds 200°F, the soil be
comes totally dry and is assigned a 
corresponding dry soil conductivity 
(Kdry). The effect of this model 
~s shown ~n Figure 3.5-34 which 
compares canister and liner tem
perature predictions from the 
fueled drywell model for constant 
and time dependent soil thermal 
conductivities with Drywell 3 test 
data. The divergence between the 
constant and time dependent con
ductivities is evident from the 
figure. The time dependent con
ductivity model tends to predict 
temperatures closer to the data. 
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Figure 3.5-32. Electrically Heated Drywell 
Test Comparison of Canister 
Temperature Predictions for 
Constant Wet and Dry Soil 
During 3 kW Operation 
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The predictions using a constant 
soil thermal conductivity are shown 
in Figure 3.5-35. This figure com
pares canister temperature predic
tions for dry soil and for soils 
with 2 and 5 percent moisture with 
Drywell 3 test data. As with the 
Electrically Heated Drywell Test 
model predictions, the use of to
tally dry soil results ~n temper
atures with excessive conserva
tism. For Drywell 3, the test data 
is bounded by the predictions using 
constant 2 and 5 percent moisture 
levels for the soil. Further com
parison of canister and liner tem
perature predictions using thermal 
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Figure 3.5-33. Electrically Heated Drywell 
Test Comparison of Canister 
Temperature Predictions for 
Varied Soil Thermal 
Conductivity During 3 kW 
Operation (Top Curve) and 1 
kW Operation (Bottom Curve) 
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Figure 3.5-34. Drywell 3 (FIA 841 and 803) Comparison of Canister and Liner 
Temperature Predictions for Constant Soil Thermal Conductivity and Time 
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conductivities for 2 and 5 percent 
soil moisture content with time and 
temperature dependent soi 1 thermal 
conductivity model are shown 1n 
Figures 3.5-36 and 3.5-37 for 
Drywells 5 and 3, respectively. 

POWER LEVEL VARIATIONS 

The effect of power leve 1 varia
tions on canister temperature 
predictions can be seen in Figure 
3.5-38. Canister temperature pre
dictions for power levels of land 
2 kW are compared using the fueled 
drywell thermal model for constant 
power and the decay heat curve for 
spent fuel assemblies (see Section 
2.3). The decay heat curve predic
tions show temperatures peak very 
early in the transient, whereas the 
constant power level cases do not 
reach a peak over the duration of 
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the transient. All curves exhibit 
seasonal temperature variations. 
The 2 and 1 kW decay heat curve 
predictions converge towards the 
end of the transient as do the 
decay heat levels. All the pre
dictions use an initial 2 percent 
soil moisture level thermal con
ductivity of 0.6 Btu/hr-ft-OF and a 
dry soil thermal conductivity of 
0.25 Btu/hr-ft-OF with time and 
temperature dependence. 

AMBIENT AIR TEMPERATURE CHANGES 

Variation 1n seasonal ambient a1r 
temperatures affects drywell can
ister and liner temperature re
sponse. This effect is shown 1n 
Figure 3.5-39 which compares 
canister and liner temperature 
predictions for a constant ambient 
air temperature of 68°F to test 
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Figure 3.5-37. Drywell 3 (FIA B41 and B03) Comparison of Canister and Liner 
Temperature Predictions for 2 and 5 Percent Soil Moisture Content 

data from Drywell 3. The te~ 

perature predictions follow a 
sloping path which is dependent 
only on the decay heat curve. 

3.6 DRYWELL TEMPERATURE 
EXTRAPOLATIONS 

The peak fuel clad temperatures 
have been predicted from the test 
data for all four fueled drywells 
using the relationships developed 
from Fuel Assembly Internal Temper
ature Measurement Test data. Fig
ures 3.6-1,3.6-2,3.6-3, and 3.6-4 
show the peak measured canister 
temperatures and the estimated peak 
fuel clad temperatures for Drywells 
5, 3, 2, and 1, respectively. 

The peak fuel clad temperature 
estimates were calculated using the 
method described in Section 5.6.1. 

114 

The peak measured canister temper
atures and the predicted fuel as
sembly decay heat leve Is (from 
Figures 2.3-3 and 2.3-6) were used 
to calculate the peak fuel clad to 
canister temperature difference 
from the relationship developed 
from the helium backfill Fuel As
sembly Internal Temperature Mea
surement Test data (see Section 
5.6.1). This difference was then 
added to the peak measured canister 
temperature to develop the peak 
fuel clad temperatures. 

Figure 3.6-1 shows the estimated 
peak fuel clad temperatures for 
Drywell 5 from January 12, 1979, to 
March 31, 1982. The estimated peak 
fuel clad temperatures for fuel as
sembly B03 range from 321°F at em
placement, to a 352°F maximum and 
down to 309°F prior to assembly 
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Figure 3.5-38. Comparison of Drywell Canister Temperature Predictions for Various Power 
Level Conditions at About 145 Inches Below Ground Level 

movement to Drywell 3. The esti
mated peak fuel clad temperatures 
for fuel assembly D22 range from 
392°F at emplacement, to a 437°F 
maximum and then decrease to 336°F 
on March 31, 1982. Figure 3.6-2 
shows the estimated peak fuel clad 
temperatures for Drywell 3 from 
January 24, 1979 to March 31, 1982. 
The estimated peak fue 1 clad tem
peratures for fuel assembly B4l 
range from 319°F at emplacement, to 
a maximum of 353°F and down to 
309°F prior to assembly movement to 
Drywell 2. Fuel assembly B03 tem
peratures continued to show the 
cycling response to seasonal am
bient air temperature variations 
ranging from 307°F at emplacement 
in Drywell 3 to 258°F on March 31, 
1982. 

llS 

Figures 3.6-3 and 3.6-4 show the 
estimated peak fuel clad temper
atures for Drywells 2 and 1. These 
two figures show similar tempera
ture response with little differ
ences. For fuel assembly B41 in 
Drywell 2, the temperatures ranged 
from 262°F at emplacement to a max
imum of 278°F, to 254°F on March 
31, 1982. For fuel assembly B43 in 
Drywell 1, the temperatures ranged 
from 250°F at emplacement (about 38 
days later than Drywell 2), to a 
maximum of 274°F, to 253°F on March 
31, '1982. 

The errors in these peak fuel clad 
temperature predictions was deter
mined from the temperature measure
ment uncertainties and calculation
al method inaccuracies (see Appen
dix M, Section M.3). The following 
are the estimated maximum errors in 
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the peak fuel clad temperatures 
noted above: 

Fuel Maximum 
Drywell Assembly Errors (OF) 

5 B03 -5.7 to +9.3 
5 D22 -5.7 to +14.0 
3 B4l -5.7 to +11.3 
3 B03 -5.7 to +10.0 
2 B41 -5.7 to +12.4 
1 B43 -5.7 to +13.6 

3.7 APPLICABILITY OF TEST RESULTS 

APPLICATION 

the Electrically 
Tests and Fueled 

conducted at E-MAD 

The results from 
Heated Drywell 
Drywe11 Tests 
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can be applied to drywell storage 
cells of similar configuration and 
soil thermal properties. The 
thermal response of the air filled 
electrically heated canister to the 
various constant power levels test
ed can be considered indicative of 
air filled canisters in comparable 
drywells. The thermal response of 
the helium filled spent fuel canis
ters to various decay heat leve 1s 
can be considered indicative of 
helium filled canisters in compar
able drywe11s. The overall drywel1 
response to the various heat 
sources is specifically configur
ation and soil material property 
related. Drywel1 liner and soil 
temperatures reported herein have 
been influenced by the configura
tion of the drywell (concrete pad 
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Figure 3.6-1. Drywell 5 (FIA B03 and D22) Estimated Peak Fuel Clad Temperature Distribution, 
January 12, 1979 to March 31, 1982 

at top, depth and size of liner, 
depth of heat source, etc) and by 
the effect of soil moisture level 
changes on soil thermal properties. 

The results of the computer thermal 
model evaluations are considered to 
be generally applicable to compar
able drywell configurations. The 
variables having the most impact on 
drywell temperature predictions 
(axial heat flow and temperature 
dependent soil thermal properties) 
would be expected to influence any 
drywell configuration model predic
tions. 

TEST DATA ACCURACY 

Inaccuracies in the 
test data could be a 

recorded 
result of 
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thermocouple measurement inaccuracy 
and thermocouple position uncer
tainty. The accuracy of the un
grounded Type K thermocouples used 
is typically +2°F based on cali
bration data. 

Since thermocouples are attached 
directly to test components, the 
Electrically Heated Drywell Test 
data recorded are judged to be 
within +2°F of the actual temper
atures. 

For the fueled drywells, an examin
ation of the Fuel Assembly Internal 
Temperature Measurement Test data 
was made to evaluate the effect of 
having canister thermocouples 1n
side the 0.75 inch by 0.75 inch 
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January 24, 1979 to March 31, 1982 

450 

400 

3IiO 

ii: 
o 300 

100 

Figure 3.6-3. 

ESTIMATED PEAK fUEL 
CLAD TEMPERATURE 

MEASURED PEAK 
CANISTER TEMPERATURE 

DATE 

106534·101AA 

DrywelJ 2 (FIA 841) Estimated 
Peak Fuel Clad Temperature 
Distribution, August 4, 1980 to 
March 31, 1982 

118 

angle instrumentation tubes. Ther
mocouple data showed temperatures 
inside the tubes were lower than 
those on the canister surface by a 
maximum of 8.5°F for fuel assembly 
B43 and 14.2°F for fuel assembly 
D15. These are expected to be the 
maximum inaccuracies 1.n canis te r 
temperature measurements due to the 
instrumentation tubes. By using 
the peak measured canister tempera
tures for each drywell, the maximum 
inaccuracy due to the instrumenta
tion tubes can be reduced. Details 
of the uncertainty evaluations are 
contained in Section M.l. For the 
liner thermocouples, the close 
proximity of the thermocouple tube 
to the liner wall and the geometry 
of a 0.062 inch thermocouple dia
meter inside a 0.083 inch inside 
diameter tube is expected to yield 
a smaller inaccuracy than for the 
canister thermocouples. 



The Fueled Drywell Test data re
corded are judged to be between -2 
and +10.5 of of the actual canister 
temperatures for the B series fue 1 
assemblies (between -2 and +16.2 of 
for fuel assembly D22), and between 
-2 and +4°F of the actual liner and 
soil temperatures. 
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Figure 3.6-4. Drywe111 (FIA 843) Estimated 
Peak Fuel Clad Temperature 
Distribution, September 15, 
1980 to March 31, 1982 

In addition to measurement uncer
tainty, drywell test data were 
examined to determine daily tem
perature variations relative to 
test data presented, differences 
between opposite side canister and 
liner thermocouple readings, and 
the thermocouple axial position 
tolerance effect on measured tem
perature. 

Electrically Heated Drywell Test 
data taken at one hour intervals 
for two different periods were 
examined for variations in daily 
temperatures and for differences in 
these temperatures from the dif
ferent times of test data readings 
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in Appendix C. The results are 
presented in Table M-6 and show 
variations of up to 5°F for the 
canister, up to 2.7°F for the liner 
and as high as 28°F for soil near 
the ground surface. These varia
tions were recorded during 2 kW 
power operation and are considered 
as maximum values applicable to the 
Fueled Drywell Test data. 

Data from the Fueled Drywell Tests 
were examined to determine the 
differences in temperatures mea
sured on both sides of the canis
ters and liners. Table M-4 pre
sents the results for all drywell 
and fuel assembly combinations 
tested. The differences ranged 
from 0 to l2.9°F for the canister 
thermocouples and from 0 to 8.7°F 
for the liner thermocouples. 

Thermocouples and heat source 
(either electric heater or active 
fuel) axial position tolerances 
from both drywell tests are pro
vided in Tables M-l and M-3, res
pectively. The differences between 
the thermocouple-measured temper
ature and that at the axial eleva
tion noted for thermocouple tips 
for each drywell were calculated 
using the slope of the axial tem
perature profiles and the axial 
position tolerances. For the 
Electrically Heated Drywell Test, 
the canister, liner, grout, and 
soil thermocouple readings are 
within +O.3°F at elevations near 
the canister center and +2°F at 
elevations near the canister ends. 
For the Fueled Drywell Tests with 
the B series fuel assemblies, the 
canister thermocouple readings are 
within +0.2°F for all elevations 
except the bottom (+1.2 OF) and the 
liner thermocouple readings are all 
within +0.4 of. For Drywell 5 with 
fuel assembly D22, the canister 
thermocouple readings are within 



+0.3°F near the center (as high as 
+1.9°F at the bottom) and the liner 
thermocouple readings are within 
+0.5°F. 

Other things also influenced the 
test data presented. Heater power 
variations for the Electrically 
Heated Drywell Test (previously 
discussed) are expected to have 
affected the temperatures relative 
to the power level of operation 
(i.e., some test data may not be 
representative of the indicated 
power level). The accuracy of the 
Fueled Drywell Test data presented 
in Appendix D has also been affec
ted by such anomolies as thermo
couple position rearrangement, 
thermocouple sheath cracking and 
subsequent failure, and improper 
positioning. The thermocouples 
affected have been previously 
noted. Use of the noted data 
should consider the period affected 
by these anomolies. 
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4.0 CONCRETE SILO TESTING 

This section describes the concrete 
silo testing performed at E-MAD 
during the period December, 1978 
through March, 1982. Included are 
the test objective s, hardware de
scription , test operations, test 
results and thermal analyses for 
the fueled concrete silo. 

4.1 TEST OBJECTIVES 

The objectives of the spent fuel 
Concrete Silo Test (as defined for 
the SFHPP 1978 Demonstration) were: 

• Objective 1 - To ver i fy that 
spent fuel assemblies can be 
safely stored with pass~ve 
cooling 

• Objective 2 To determine 
storage cell thermal proper
ties and interface and boun
dary conditions to calibrate 
and verify thermal mode ls 

The test objectives would be met by 
a combination of actual test re
sults and calibrated computer model 
predictions. An encapsulated spent 
fuel assembly was installed into a 
concrete silo and the thermal re
sponse of the canister, liner and 
surrounding concrete recorded. In 
addition, a computer model of the 
concrete silo would be prepared and 
predictions compared with the test 
resul t s and would be used to eval
uate concrete silo performance 
beyond the test limits. 

Transient test results would be 
compared to computer code pre
dictions using the thermal power 
versus time predicted for the 
actual spent ruel assembly as 
input. Computer model thermal 
property and heat transfer correla
tion rev~s~ons would be made as 
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necessary to update the model for 
good model/test agr eement. Thi s 
agreement would qualify t he c om
pu t er model for use in evaluatin g 
the storage of various powe r decay 
heat l evel fuel assemb l ies . 

4.2 HARDWARE DESCRIPTION 

4.2 . 1 TEST ARRANGEMENT 

The Concrete Silo Test hardwa r e 
arrangement is shown in Fi gure 
4.2-1 . The test hardware con s i s t s 
of: 1) a carbon steel liner enca sed 
~n a loca l l y transportable re i n
forced concrete si l o, 8 feet 8 
inches in diameter by 21 feet h i gh, 
2) a 1 6 foo t by 16 foo t by 9 fo o t 
deep reinforced concrete foundat i on 
pad, 3) a can ister assembly c onsi s 
ting of a canister body, closure 
lid and a concrete-filled s hie ld 
plug to support the canister f rom 
the liner , 4 ) a pressurized wa t er 
reactor spent fuel assembly, 
5) t hermocoup l es to measure 

BWR CANISTER 
BODY 

GASKET COVER 

CONCRETE SHIELD PLUG 

614927-1FC 

Figure 4.2-1 . SFHPP Concrete Silo 
Configura tion 



temperature response, and 6) a data 
acquisition system to record the 
thermocouple data. Figure 4.2-2 
shows the relative dimensions and 
elevations of the installed hard
ware. Figure 4.2-3 shows a cross 
section view of the silo canister 
and liner . A description of Con
crete Silo construction and hard
ware instal l ation has been provided 
in Appendix B. 

4.2.2 CONCRETE SILO LINER 

The liner is illustrated in Figures 
4.2-2 and 4.2-3. The liner con
sists of three sections. The 
center portion consists of a 17 
foot long section of 18 inch dia
meter by 0.375 inch thick pipe. 
The upper section is a 34 inch long 
by 22 inch diameter by 0.75 inch 
thick pipe. The upper and center 
sections are positioned concen
trically to one another and welded 
to opposite sides of a 22 inch 
outside diameter, 17.25 inch inside 
diameter, 0.50 inch thick ring. 
This ring forms the ledge on which 
the 20 inch diameter shield plug 
(connected to the canister assem
bly) is supported. The lower 
section is 44 inches in diameter 
and 14 inches long. This section 
contains 7.5 inches of steel plate 
and 6 inches of concrete and 
provides additional shielding as 
the silo is transported. Welded to 
the upper section is a tapered 
cani ster entry flange which has a 6 
inch wide by 2 inch deep notch on 
two opposite sides for canister 
instrumentation routing. The liner 
material is carbon steel. The 
liner is an integral part of the 
silo concrete shield. Thirty-two 
peripheral Nelson studs equally 
spaced in groups of four at eight 
elevations ensure interface inte
grity with the concrete. A photo
graph of the silo liners for both 
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concrete silos constructed for the 
SFHPP 1978 Demonstration is shown 
in Figure 4.2-4. 

LINER INSTRUMENTATION 

There are 18 thermocouples for the 
silo liner. Six are installed in 
thermocouple wells and 12 are 
secured to the liner. Six tubes , 
0.156 inch outside diameter and 
0.086 inch inside diameter attached 
to the outside of the liner, serve 
as thermocouple wells. These 
extend from the liner top to 2 
inches from the liner lower 
section. The tubes are clamped 
onto the liner by 11 large adjus
table band clamps. The thermo
couple tubes are oriented around 
the liner in two groups as shown in 
Figure 4.2-3. The two groups each 
contain three tubes spaced 180 0 

apart. The tubes allow thermo
couple installation at any ele
vation . The tube ends are swaged 
and tackwelded to prevent concrete 
from filling the tubes during 
construction. 

The elevation of the thermocouples 
in the tubes is controlled by the 
thermocouple length . The thermo
couples are inserted until the 
transition boot between thermo
couple and extension lead (see 
Section 4.2.6) contacts the top of 
the tube thus controlling the 
thermocouple tip position. The 
thermocouples are installed in each 
group so one is positioned a t t he 
middle of the PWR fuel assembly 
active fuel length, another one 
foot above the bottom and the third 
one foot below the top. These 
thermocouple positions line up wi t h 
thermocouple positions on the 
canister (see Figure 4.2-5). 

During concrete 
12 additional 

silo construction, 
thermocouples were 
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Figure 4.2-2. Concrete Silo Schematic 

attached to the outside of the 
liner with epoxy cement and banding 
straps . The thermocouples are 
oriented around the liner in four 
equally spaced groups as shown in 
Figure 4.2-3. The elevations of 
the thermocouples are the same as 
described above. Table E-l 
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provides depth and pos i t ion data 
for the liner thermocouples . 

4.2.3 CANISTER ASSEMBLY 

The canister 
Concrete Silo 
for fueled 

assembly f or the 
Tes t is the s ame a s 

drywell tests. It 
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Figure 4.2-3. Concrete Silo Section View 

consists of a cani~ter body, 
clos ure lid and a s h ield plug and 
was designed t o a ccommodate one PWR 
s pent fuel as s emb ly . Details of 
the canis ter configuration are 
pr ovided i n Sec tion 3.2.2 . 3. 

CANISTE R INSTRUMENTATION 

The cani ster conta ins t en thermo
coup l e t ube s for thermocouple 
inser tion afte r emplacement. Five 
thermocoup l e tubes (described in 
Sec tion 3.2 . 2 . 3 ) are located on 
o ppos ite canister sides with the 
cente r tubes of each group 180 0 

apart . The f i ve t ubes are spaced 
15 0 apa r t and extend down the 
cani ste r to l engths approximately 
matchi ng the PWR fuel assembly 
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active fuel middle, 2.5 feet above 
and below the middle and 1 foo t 
from each end . The the rmocoup l es 
are instal l ed through tubes in the 
shield plug unt il the trans i t ion 
boot ~s 6 inches above the shield 
plug top. 

The thermocouples me asure t emper
atures at five differ ent e l eva t ion s 
on both canister sides to determine 
the axial canister temperature 
profile. The uppermo s t , mi dd le and 
lowermost t hermocoup l es are l ocated 
at the same elevations as those of 
the liner (see Figure 4 . 2-5). 

4.2.4 CONCRETE SILO 

The concrete silo is a reinforced 
concrete shielded con t ainer 



Figure 4.2-4. Concrete Silo Liners Prior to Shipping 

constructed on a foundation pad. 
The finished size is 252 inches 
high by 104 inches in diameter. 
Three rings of reinforcing bar 
surround the l iner. The outer r1ng 
at a 50 inch radius has 0.75 inch 
diameter bars placed vertically and 
circumferentia1ly on 6 inch cen
ters. At the silo top and bot tom 
there are formed radial extensions 
between the liner and outer ring. 
The two inner rings at radii 23 and 
37 inches have 12 symmetrically 
placed vertical bars 0.625 inch in 
diameter, and 3 hoops 0.5 inch in 
diameter. These rings position and 
support the thermocouples extending 
down from the silo top. A photo
graph of the silo reinforcing bar 
during silo construction is shown 
in Figure 4.2-6 . 

Embedded within the periphery of 
the outer reinforcing ring are four 
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handling trunnions. Only two are 
required to handle the assembled 
silo weight of approximately 95 
tons. The trunnions are fabricated 
from 10 inch diameter by 1 inch 
thick pipe, capped at the outer end 
and filled with grout. The pipe is 
30 inches long and extends 6 inches 
past the silo surface. Welded to 
the pipe at this interface is a 24 
inch square by 0.75 inch thick 
plate rolled to a 52 inch outside 
radius. Also welded to the pipe's 
embedded portion are three 15 inch 
diameter rings on 4 inch centers. 
Twenty Ne lson studs we lded to the 
plate and pipe periphery ensure 
concrete interface integrity. 

At the concrete silo base are eight 
welded brackets embedded in the 
concrete by 8 Nelson studs. These 
brackets are bolted to embedments 
1n the foundation pad to prevent 
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the silo from tipping in respons e 
to seismic accelerations. The 
bracket vertical plate is 12 inches 
by 20 inches long by 0.75 inch 
thick rolled to a 52 i nch outside 
radius. A horizontal plate (12.5 
inches wide by 18 inches long by 
0.75 inch thick) and three 0.75 
thick gusset plates are welded to 
the vertical plate. This att ach
ment prevents the silo from over
turning due to a horizontal se1s m1 C 
loading of 0.25 g. 

Following assembly of the re1n
forcing bar, thermocouples, trunn
ions and brackets, a circular con
crete form 1S placed around the 
structure. The concrete placement 
is then completed in a single con
tinuous pour. One hundred and 
fifty pound per cubic foot densit y 
concrete with an aggregate size of 
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I 
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Figure 4.2-6. Concrete Silo Reinforcing Bar 
Assembly Completed 

1.5 inches was used for Conc r ete 
Silo No. 2 (Concrete Silo No. 1 had 
a 0 . 75 inch size aggregate). The 
completed concrete silo is shown in 
Fi gure 4.2-7 . 

Ot he r c omponents are a silo c ove r 
and special handling sling. Th e 
cove r plate has a 3 inch wide by 
0 .25 i nch thick neoprene gaske t 
b o l ted t o the silo top is o l a ting 
t he i n terio r from the environme n t . 
The cover is 38 inches in d i ame t er 
a nd i s shown in Figure 4.2-8 . The 
s ilo c ove r has a 0.5 inch th i ck 
stee 1 t op plate and a 38 inch d ia
me te r by 2 inch high by 0 . 5 inch 
t h ick r i ng welded to the out s ide. 
Six rad ial ribs, 2 inches h i gh, 
streng then the plate. The plate i s 



Figure 4.2-7. Completed Concrete Silo 

Figure 4.2-8. Concrete Silo Cover Pla te 
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attached by six 0.5 inch d iamete r 
ancho r studs embedded in the con
crete. The handling s ling f or the 
concrete silo has a rated capacity 
of 110 tons . The sling ha s t wo 
legs approximately 23 feet l ong . 
Each s ling leg i s a two par t 2 .2 5 
inch diamete r wire r ope o f equal
i zing strand- laid grommet c onstruc
tion made of impr oved p low s t ee l. 
The e ndless s trand has equaliz ing 
thimbles a t both ends . The two 
legs are att ached t o a pear ring 
with a 137 . 5 t on minimum r at ing. A 
10 i nch d iame te r by 0 . 5 i nch t hick 
pipe s preads the two le gs 9 fee t 
apart 8 feet above the bottom of 
the legs . The s l ing ~s shown i n 
Figure B-23 during conc rete silo 
handling operations . 

CONCRETE INSTRUMENTATION 

The temperature response of the 
concrete silo is measured us i ng 
thirty-six thermocoup les throughou t 
the si l o con c r ete . This instrumen
tation has azimuthal orient ations 
of 45 , 135 , 225, and 315 0 and ~s 
located 68. 5 , 128.5 and 188.5 
inche s below the silo t op . Inst r u
mentat i on i s embedded in the con
crete at rad ii of 23, 37 and 50 
inches. These locat ions are s h own 
in Figure 4.2-5. The the rmocoup le 
extens i on wi re s are attache d to the 
reinfor cing bar hoops at the s e 
radi i using s oft wire and the tips 
extend 8 . 5 inches below the hoops. 
Four e qual l y spaced pull boxes a re 
locat ed near the silo top periphery 
to collect the the rmocouple lead 
wire s from each silo quadrant . The 
thermo couple l ead wi res are the n 
routed through r i gid conduit to a 
second set o f terminal boxes lo
cated on the silo outer surface 
below the pull boxes. Each thermo
couple terminal box contains a 
special chrome l and alumel termina l 
connector for thermocouple termina
tion . 



4.2.5 STORAGE AREA 

The concrete silo storage area is 
located on the west side of the 
E-MAD building within the security 
fenced area. This area was chosen 
since it is fairly level and would 
require a minimum of site 
modifications. 

The two concrete silos are placed 
on two 16 foot by 16 foot by 3 foot 
deep reinforced concrete foundation 
pads. A 20 foot by 46 foot by 6 
foot deep concrete sub foundation 
supports the pads. The concrete 
support pad centers are 26 feet 
apart. The first concrete silo is 
27 feet south and 22 feet east of 
the E-MAD northeast corner per
mitting transporter and mobile 
crane access. Eight embedment 
plates in the pad are used to bolt 
the silo to the pad. 

Underground conduit 
mentation from an 
between the two 
instrumentation shed. 

routes instru
enclosure in 

silos to the 

4.2.6 DATA ACQUISITION SYSTEM 

The data acquisition system for the 
Concrete Silo Test consists of the 
thermocouple array, remote signal 
conditioning/multiplexing units, 
and the E-MAD data logger . The 
thermocouples are attached to the 
test hardware and the lead wires 
terminated at the storage site 
junction box as described earlier. 
From the storage site junction box 
the thermocouple leads pass through 
rigid underground conduit to the 
multiplexer unit in the instrumen
tation shed. MUltiplexer signal 
cables are routed through under
ground conduit to the data logger 
(see Section A.5.5). 
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THERMOCOUPLES 

All thermocouples used ~n the 
Concrete Silo Test consist of a 
Type K, chromel-alumel thermocouple 
with ungrounded junction enclosed 
in a 304 stainless steel sheath 
with magnesium oxide insulation. 
The 36 thermocouples embedded in 
the concrete and 12 liner thermo
couples have a 0.187 inch diameter 
sheath with two 22 gauge Type K 
extension wires brazed to the 
thermocouple wires . The wires are 
enclosed in a 0.250 inch diameter 
by 0.028 inch thick by 2.75 inch 
long stainless steel transition 
boot crimped onto the thermocouple 
sheath end and filled with epoxy. 
The 16 thermocouples installed in 
the canister and liner thermocouple 
tubes are of similar · construction 
and have 0.062 inch diameter 
sheaths and 24 gauge extension 
wires. The transition boot ~s 
0.187 inch diameter by 0.010 inch 
thick by 2.75 inches long. 

4.3 OPERATIONS 

CONSTRUCTION 

Concrete silo construction (shown 
in Figures B-18 through B-23) was 
completed in September, 1978. Two 
concrete silos were built in-place 
on the concrete support pads. 

ENCAPSULATION 

Spent fuel assembly B02 was encap
sulated for concrete silo installa
t~n during the first week in Dec
ember, 1978. Appendix B, Section 
B.2.l describes the typical encap
sulation operations. Following 
receipt of the shipping cask 
containing fuel assembly B02, the 
fuel assembly was removed and 
installed in the canister body . 
The closure lid was then installed 



and seal welded. Following the 
helium backfill and leak check 
operations, the shield plug was 
installed and the canister assembly 
placed 1n the transfer pit. To 
make room in the Hot Bay for the 
concrete silo and its transporter, 
the f uel shipping cask was returned 
to its trailer and released from 
the facility. 

CANISTER AND SILO EMPLACEMENT 

Concrete Silo No. 2 was moved into 
the Ho t Bay and the main shield 
door closed. The silo was trans
ported on a low-bed trailer. The 
canister was lifted from the trans
fer pit and lowered into the silo 
(see Figure B-60). The canister 
was installed with the fuel assem
bly s e rial number side toward silo 
orienta tion 45° (see Figure 4.2-3). 
The concrete silo was then returned 
to the storage area (see Figure 
B-61). At the storage area, the 
handling sling was attached to two 
hand ling trunnions and the silo 
lifted by a 135 ton capacity mobile 
crane from the trailer and placed 
on the storage pad. Two installa
t ion guide pins threaded into the 
pad bracket embedments guided the 
silo during the final 16 inches 
onto t he pad. Preparing the silo 
for testing includes: removing the 
guide pins and slings, bolting the 
silo to the foundation pad embed
ments, connecting the lightning 
arrestor to the E-MAD grounding 
grid, i nstalling the ten canister 
and six liner thermocouples, 
filling the two slots at the silo 
liner top with RTV silicon rubber, 
and securing the silo cover. 

After the concrete silo was 
emp l aced and sealed, the lead wires 
from t he 36 concrete thermocouples 
and the 12 liner thermocouples were 
routed through flexible conduit 
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from the terminal boxes t o the 
storage site junction box . The 
lead wires from t he ten caniste r 
thermocouples and six liner t he rmo
couples, routed through anothe r 
flexible conduit, were als o r out ed 
to the storage site junction box. 
All thermocoup le leads were r outed 
to the instrumentation s he d . The 
conduit and junction box f i tt ings 
were then seale d for wa ter t i ght
ness. Concrete Si l o Test can i ster 
emplacement was completed December 
7, 1978. 

TEMPERATURE MONITORING 

Temperature data monitoring f or 
Concrete Silo N:>. 2 began f r om t he 
date of silo emplacement. Da t a 
logger printouts were made at 15 
minute intervals for t he firs t 
hour, at one hour intervals for the 
next four days, at two hour i nter
vals for the fifth day, at four 
hour intervals for the next three 
days, and then at six hour i n t er
vals until December 19, 1978. 
Printouts were made once e a ch da y 
thereafter throughout the test 
period at 4: 00 p.m. Fo r t wo 
periods dur i ng the Concrete Silo 
Test, printouts were made at one 
hour intervals . Thes e occurred 
from March 25 to March 27, 1980 and 
from June 23 to J une 25 , 1980 . In 
addition, prin t outs at f ou r hour 
intervals were made from Ju l y 23 to 
July 27, 1979 and from January 28 
to February 4 , 1980. 

4.4 RESULTS 

This section presents the t es t 
results for Concrete Silo No. 2 
conta1n1ng f uel assembly B02 . 
Temperature readings f or t he can
ister, liner , and concrete t he rmo
couples are provided at t he start 
of testing, for t he f irs t five 
days, and at two week interval s on 



the first and fifteenth of each 
month from December, 1978 through 
March, 1982, in Tables E-2 through 
E-23. Test results are also pre-
sented as illustrations 1n this 
section . 

The peak measured temperatures for 
Concrete Silo No. 2 are presented 
in Figure 4.4-1 as canister, liner, 
and concrete temperature distribu
tions throughout the test period. 
Also shown are the ambient air 
temperatures averaged over two week 
intervals (see Table 3.4-1). Peak 
recorded canister and liner temper
atures occurred during July, 1979, 
at about 30 inches below the active 
fuel midplane . The peak canister 
temperature was 202°F and the peak 
liner temperature was 141°F. The 
canister and liner axial tempera
ture profiles for the recorded peak 
temperatures are shown in Figure 
4.4-2. The canister, liner, and 
concrete temperatures followed the 

cycling average ambient air temper
atures in response to the seasonal 
changes. Peak temperatures record
ed each year decreased with the 
decay heat level of fuel assembly 
B02. 

Figures 4.4-3 and 4.4-4 show addi
tional data during the period of 
peak temperature readings. Figure 
4.4-3 illustrates the temperature 
variations recorded at four hour 
intervals from July 24 to 27, 
1979. Shown are the peak canister 
and liner temperatures, the peak 
concrete temperatures at 23, 37, 
and 50 inch radii and the ambient 
air temperatures recorded by the 
E-MAD weather station. The thermal 
response of the concrete silo 
components to day/night temperature 
variations indicates that these 
variations affect the outer 15 
inches of the silo concrete. 
Figure 4.4-4 presents concrete 
isotherms interpolated from 
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Figure 4.4-1 . Concrete Silo (FIA 802) Peak Canister, Liner and Concrete at 23 Inch Radius 
Temperature Distributions at 128 Inches Below the Silo Top, December 7, 
1978 to March 31, 1982 
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thermocouple readings on July 
ambient 

24 , 
1979. The average 
temperature for the 
before July 24 was 86°F. 

two 
al.r 

weeks 

Figures 4.4-5, 4.4-6, and 4.4-7 
show temperature data during the 
period of the minimum temperatures 
during 1980 comparable to those in 
Figures 4.4-2, 4.4-3, and 4.4-4 . 
The canister and liner axial 
temperature profiles on February 1, 
1980, are shown in Figure 4.4-5 
where the average ambient tempera
ture over the previous two weeks 
was 37°F. The peak canister and 
liner temperatures (144 and 85°F 
respectively) are about 57°F lower 
than those on July 20, 1979, and 
again occurred at 30 inches below 
the active fuel midplane. The 
basic shape of the canister and 
liner profiles were similar to 
those on July 20, 1979. Figure 
4.4-6 presents temperature 
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Figure 4.4-3. Concrete Silo (FIA B02) 
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Temperature Distributions at 
128 Inches Below the Silo Top 
at 4 Hour Intervals, July 23, 
1979 to July 27, 1979 

distributions at four hour inte r
vals during the period January 29, 
1980, through Feburary 3, 1980 . 
This figure shows the canis ter , 
liner , and concrete thermal 
response to day/night temperature 
changes during the winter months . 
The ambient air temperature changes 
again only affected the con crete 
temperature readings at the 50 and 
37 inch radii. Figure 4.4- 7 s hows 
the concrete isotherms inte r pola ted 
from data on February 1, 1980, f or 
an average two week ambient 
temperature of 37°F. 

Figures 4.4-1 through 4.4-7 indi
cate that concrete silo thermal 
response is affected by ambient air 



Figure 4.4-4. Concrete Silo (FIA B02) 
Concrete Isotherms on July 24, 
1979 
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temperature changes as expected. 
The data shown on these seven 
figures includes the concrete 
thermocouple data at the 45 0 



location so the only influence is 
ambient a1r (discussion of silo 
response to solar insolation is 
presented later) • The canister , 
liner, and concrete at a 23 inch 
radius follow the average ambient 
air temperature changes (Figure 
4.4-1) throughout the three year 
test period. The concrete near the 
silo surface is affected by day/ 
night variations as illustrated in 
Figures 4.4-3 and 4.4-6. The 50 
inch radius data shows a four hour 
lag time for ambient temperature 
changes and the 37 inch radius data 
shows an eight hour lag time. 

The silo temperatures were also 
influenced by the decay heat level 
changes in the enclosed spent fuel 
assembly. The canister and liner 
temperatures show a slight decrease 
for each of the successive yearly 
peaks and valleys in Figure 4.4-l. 
In addition, the decreasing decay 
heat 1S responsible for the de
creas1ng difference between the 
canister and liner temperature. 
Figure 4.4-8 shows a comparison of 
peak canister axial temperature 
profiles on August 1 of 1979, 1980, 
and 1981. The decrease 1n tempera
tures follows the decrease in decay 
heat level; on August 1, 1979 the 
predicted decay heat level was 0.85 
kW. As the decay heat levels drop
ped to 0.65 and 0.55 kW in succeed
ing years, the peak canister tem
peratures dropped by 16 and 14°F, 
respectively. 

Based on the silo response to am
bient temperatures and decay heat 
level, the peak canister tempera
tures recorded for the concrete 
silo at E-MAD were affected by the 
date of emplacement. The peak 
recorded temperatures occurred 
eight months after emplacement 
(July 20 , 1979) when the fuel 
assembly decay heat level was about 
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0.85 kW. If the canister emplace
ment had occurred in late spring or 
early summer , higher temperatures 
would have been reached based on 
the initial decay heat level of 
about 1.0 kW. The winter month air 
temperatures (averaging about 25°F 
below those for the summer months) 
are estimated to have suppressed 
the peak canister temperatures by 
20 to 35°F, based on the predic
tions for silo temperatures with a 
constant ambient (see Figure 
4.5-10). 

The concrete silo thermal response 
at different axial elevations was 
also evaluated. Figure 4.4-9 shows 
radial temperature profiles at the 
three elevations of concrete ther
mocouples on August 1, 1979. Fig
ure 4.4-10 shows the variation in 
concrete temperatures at the 37 
inch radius at all three elevations 
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Figure 4.4-9. Concrete Silo (FIA B02) Radial 
Temperature Profiles, August 1, 
1979 

during the period July 23 to July 
27, 1979. These two figures show 
that peak recorded temperatures 
occur about 128 inches below the 
silo top and that the temperatures 
near the silo top are slightly 
higher than those near the bottom . 
The thermal end effects of silo and 
canister configurations and the 
axial heat transfer from the fuel 
to the air at the silo top are 
responsible for the axial tempera
ture differences. Comparing canis
ter axial temperature profiles for 
the concrete silo and an isolated 
fueled drywell (Figures 4.4-2 and 
3.4-15) shows they are similar in 
shape with lower temperatures at 
the lower canister end. The radial 
profiles 1n Figure 4.4-9 show 
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Figure 4.4-10. Concrete Silo (FIA B02) 
Concrete Temperature 
Distributions at 37 Inch Radius 
at Elevations 68.5, 128.5 and 
188.5 Inches Below the Silo 
Top, July 23, 1979 to July 27, 
1979 

similar shapes at all three eleva
tions indicating little difference 
1n silo material properties. The 
response of the 37 inch radius 
thermocouples to ambient air tem
perature changes from July 23 to 
July 27, 1979, shows the transient 
response at all three elevations is 
nearly similar . The data shown is 
again at the 45° orientation to 
eliminate the effect of insola
tion. The temperature response 
near the silo top during the day
time hours differs slightly from 
that of the other two. This is as 
might be expected since heat trans
fer from the silo top could be 
affected by insolation . 



Azimuthal concrete silo temperature 
variations at the 50 inch radius 
near the fuel midplane are shown in 
Figure 4.4-11 for the four day 
period July 23 to July 27, 1979. 
This figure illustrates the influ
ence of insolation on temperatures 
near the silo surface. Included on 
the figure are the orientations of 
the thermocouples and the ambient 
air temperatures. During this 
period, skies were clear the entire 
day. 

SilO 
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Figure 4.4-11. 
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Concrete Silo (FI A B02) 
Azimuthal Concrete 
Temperature Distributions at 
50 Inch Radius 128 Inches 
Below the Silo Top, July 23, 
1979 to July 27, 1979 
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The response of each thermocouple 
can be explained by its position 
and the effect of ambient air 
temperature and insolation. The 
thermocouple at 45 0 (TIC 627) 
responded only to the ambient air 
temperatures with the previously 
noted four hour lag time. Since 
the concrete silo is adjacent to 
the E-MAD west wall, the 0 to 90 0 

silo quadrant was never in direct 
sunlight. The other three thermo
couples responded to the combina
tion of ambient air temperature and 
insolation. The 135 0 thermocouple 
(TIC 639) responded to insolation 
during the late morning and early 
afternoon hours as noted by its 
increase from about noon to 4:00 
p.m. and then its s light decrease 
until 8:00 p.m. The 225 0 thermo
couple (TIC 651) responded similar
ly, however, its peak temperature 
was much higher since more silo 
surface was in direct sunlight. 
The thermocouple at 315 0 (Tic 663) 
responded to insolation during the 
afternoon and evening hours as 
noted by its reaching a peak at 
8:00 p.m. For all three of these 
thermocouples, the temperatures 
recorded responded to the insola
tion with a four hour lag time. 

4.5 CONCRETE SILO THERMAL ANALYSIS 

The purpose of the Concrete Silo 
Test thermal analysis is to estab
lish a thermal model for the silo 
configuration and to demonstrate 
that the model can produce satis
factory predictions of silo and 
canister temperatures. Once that 
goal is achieved, the model can be 
used with increased confidence in 
silo analyses involving higher 
decay heat levels and silo design 
alterations. 

Concrete Silo Test predictions and 
data analyses have been performed 



using the TAP-A digital computer 
program, Reference 13, which calcu
lates steady-state and transient 
temperature distributions in a 
configuration of solid materials 
utilizing the radiation, convection 
and conduction modes of heat 
transfer. 

4.5.1 THERMAL MODEL DESCRIPTION 

MODEL SIZE AND BOUNDARY CONDITIONS 

The TAP-A nodal model of the con
crete silo is depicted in Figure 
4.5-1 and the 204 nodes represen
ting each component are identified 
in Table 4.5-1. The model is two 
dimensional in the rand z direc
tions (radius and depth respec
tively) with no variations circum
ferentially. 

HEAT TRANSFER MECHANISMS 

Heat transfer between the fuel 
assembly (nodes 1 to 30) and the 
canister is modeled by conduction. 
Heat transfer from the fuel to can
ister occurs by convection and 
radiation (primarily by radiation 
at high temperatures). Since TAP-A 
has no mass flow capability and 
therefore cannot model convection 
effects, a simplifying assumption 
was made to calculate canister 
temperatures. An arbitrari ly 
chosen conductivity value repre
sents the combination of radia
tion, convection, and conduction 
heat transfer. A temperature de
pendent conductivity (Figure 
4.5-2), calculated over the antici
pated range of canister tempera
tures is used 1.n the model. The 
fue 1 assembly heat capacity 1.S 
modeled accurately to produce fair
ly precise transient predictions. 

Heat transfer from the canister to 
the liner and shield plug occurs by 
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radiation, conduction and free con
vection with the thermal mode 1 
considering all three modes. Con
vection and conduction calculations 
use the "effective thermal conduc
tivity" approach while the radia
tion calculation for canister to 
liner heat transfer uses the same 
shape factor expression for con
centric cylinders and emissivity 
values as the drywell model (see 
Section 3.5.1.1). 

The free convection heat transfer 
between the canister and liner is 
modeled per Reference 23 by heat 
transfer in enclosed spaces. The 
function: 

Nu = hb = 0.065 Gr l / 3 
k 

where: 

Nu = Average Nusselt number 

h = Average heat transfer 
coefficient 

k = Thermal conductivity 
b = Width of enclosed space 
Gr = Grashof number 
L = Heated length 

is used to determine the heat 
transfer coefficient due to natural 
convection between the canister and 
liner. From the silo parameters, 
the heat transfer coefficient 1.S 

0.35 Btu/hr-ft 2-oF. 

Heat transfer from the shield plug 
sides to the upper liner occurs 
primarily by radiation and free 
convection and by convection from 
the upper surface of the shield 
plug to the silo cover plate. For 
modeling purposes, conduction 
through an air-filled space 1.S 

assumed in each direction since 
TAP-A has no mass flow capabili
ties. This simplifying assumption 
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Figure 4,5-1. Concrete Silo Thermal Model 
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TABLE 4.5-1 
TAP-A CONCRETE SILO MODEL NODE DESCRIPTION 

1-30 

31-50 

51-52 

53-57 

58 

59-72 

73-77 

7S-92 

93-97 

9S-104 

105-10S 

109-125 

126 

127-129 

130-165 

166 

167-202 

203-204 

is acceptable since, due to the 
re lative ly small shie ld plug heat 
transfer rates, even large modeling 
inaccuracies in these regions would 
have little effect on canister 
temperature predictions. 

The interface between two solid 
materials in contact will produce a 
certain resistance to the heat flow 
across the boundary. In this 
analysis, however, intimate contact 
is assumed between the liner and 
concrete and the contact resistance 
was assigned a zero value. 

FUEL ASSEMBLY 

The fuel assembly is modeled as a 
uniform axial and radial heat gen
erating medium with a power decay 

Test Components 

Fuel Assembly 

Canister 

Shield Plug Extension 

Shield Plug Bottom Plate 

Liner Transition Ring 

Liner Center Section 

Liner Lower Section 

Shield Plug Concrete 

Shield Plug Top Plate 

Silo Cover 

Liner Upper Section 

Concrete 

Liner Lower Section 

Concrete Pad 

Concrete 

Concrete Pad 

Concrete 

Concrete Pad 
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shown ~n Figure 2.3-3. The heat 
source is modeled as a right cir
cular cylinder 144 inch long and 12 
inch diameter with a thermal con
ductivity as shown in Figure 4.5-2. 
No modeling of the individual fue 1 
pins was done. An attempt was made 
to maintain the fuel region heat 
capacity to more closely predict 
the canister and fuel temperature 
during transient heatup and for 
ambient temperature changes. 

SILO OUTSIDE SURFACE 

On the outside silo surface, sev
eral heat transfer processes occur: 
solar insolation, solar reflection, 
radiation back to the sky and con
vection to and from the ambient 
a~r. Of these processes, solar 
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Figure 4.5-2. Thermal Conductivity Within 
Modeled Fuel Assembly 

effects are not considered. Test 
data has shown that the daytime 
solar effects (on the south side of 
the silo) are damped out in the 
first 15 inches of concrete. Heat 
trans fer by convection at the con
crete/air interface is modeled by 
applying a convective heat transfer 
coefficient at the interface and 
monthly air temperature averages at 
E-MAD (see Table 3.4-1). The heat 
transfer coefficient 1S assigned 
a constant value of 2.0 Btu/hr
ftZ_OF (obtained from Reference 
23) and applies to a wind speed of 
5 to 10 miles/hour for a direction 
perpendicular to the silo surface. 

Radiative heat transfer to the sky 
from the concrete silo and the silo 
cover plate is calculated using 
emissivity values from Reference 24 
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(p. 699) of 0.95 for the coverplate 
and 0.9 for the concrete. 

MATERIAL PROPERTIES 

The various materials and their 
thermal properties input to the 
thermal model are identified 1n 
Table 4.5-2. The physical and 
thermal properties of concrete were 
measured as a function of temper
ature in laboratory tests performed 
by Holmes and Narver, Inc. These 
results are shown in Table 4.5-3 • 
An effective thermal conductivity 
of the concrete must take into 
account the reinforcing bar. A 
thermal conductivity value of 1.6 
Btu/hr-ft-OF was determined by the 
calculational methods described 1n 
Reference 4. 

4.5.2 COMPARISON OF MODEL 
PREDICTIONS WITH TEST DATA 

The concrete silo model predicted 
temperatures over the three year 
period of the Concrete Silo Test. 
Figure 4.5-3 compares test data and 
predictions of monthly canister and 
liner maximum temperatures at the 
128 inch elevation. From Figure 
4.5-3, it can be concluded that the 
mode 1 predicts canister and liner 
temperatures conservatively over 
the complete life of the test. 
Therefore, using the monthly aver
aged air temperature approach for 
boundary condition is reasonable 
when analyzing a silo. The data 
shows that the solar heating effect 
on the south side of the silo does 
not greatly influence the liner 
temperature. Hence, solar effects 
can be ignored when determining 
liner and canister temperatures. 

Figures 4.5-4 and 4.5-5 compare 
predicted canister and liner axial 
temperature profiles and test data 
on August 1, 1979 and August 1, 



TABLE 4.5-2 
MATERIAL THERMAL PROPERTIES USED IN CONCRETE SILO ANALYSIS 

Thermal 
DensijY Heat Capacity Conductivity 

Material (lb/in ) (Btu/lb-OF) 

Fuel Assembly 0.170 

Stainless Steel 0.289 

Carbon Stee 1 0.283 

Concrete 0.083 

1981. These dates represent peak 
temperature times. The earlier 
predicted profile is s lightly more 
conservative than the later pro
file, but both profiles show excel
lent agreement. 

A comparison of predicted radial 
temperature profiles with test data 
are shown in Figures 4.5-6 and 
4.5-7 for August 1, 1979 and August 
1, 1981. Both profiles show the 
daily variation in ambient temper
ature is damped out quickly since 
the predicted canister and liner 
temperatures and the test data are 
in fairly good agreement. 

4.5.3 EFFECT OF VARIABLES ON SILO 
TEMPERATURES 

CONCRETE THERMAL CONDUCTIVITY 

Figure 4.5-8 shows a comparison of 
canister temperature predictions 
and test data using a measured 
concrete thermal conductivity and a 
derived concrete thermal conduc
tivity. The measured concrete 
thermal conductivity (as a function 
of temperature) was experimentally 
determined from samples taken dur
ing concrete pouring. The measured 
properties, listed in Table 4.5-3, 
were averaged at different silo 

0.10 

0.12 

0.12 

0.21 
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(Btu/hr-ft-OF) Emissivit! 

See Fig. 4.5-2 

9.9 .45 

23.0 .60 

1.6 .90 

levels and used as input to the 
TAP-A model. The derived concrete 
thermal conductivity is based on an 
evaluation of test data and the 
decay heat curve as explained in 
Reference 4. 

Use of the derived thermal con
ductivity results in closer pre
dictions to the test data. Since 
the derived conductivity takes into 
account the reinforcing bar in
stalled 1n the silo concrete, 
better agreement using the derived 
thermal conductivity predictions 
would be expected. 

POWER LEVEL VARIATIONS 

The effect of increasing the ini
tial decay heat level from 1 kW to 
2 kW is shown in Figure 4.5-9. 
Shown in this figure are predicted 
canister temperatures using the 
decay heat curve from Figure 2.3-3 
and test data from fuel assembly 
B02. Both predictions assume the 
concrete has derived thermal con
ductivities. The canister temper
ature of the 2 kW case converges 
towards the canister temperature of 
the 1 kW case as do the decay heat 
curves. Seasonal ambient tempera
ture variations are seen 1n both 
cases, but the effect of ambient 



TABLE 4.5-3 
CONCRETE SILO NO.2 MEASURED CONCRETE PROPERTIES 

Thermal Conductivity Temp. (OF) Bottom Middle Top* 
(Btu/hr-ft-OF) 

Room 1.29 1.23 1.37 

lOt> ** 1.02 1.04 

200 0.95 0.92 0.97 

300 0.90 0.90 0.91 

400 0.80 0.78 0.80 

500 0.70 0.74 0.72 

600 0.65 0.66 0.69 

700 0.54 0.51 0.62 

Specific Heat 
(Btu/l b-OF) 

100 0.213 0.215 0.213 

200 0.222 0.224 0.222 

300 0.232 0.234 0.232 

400 0.241 0.244 0.241 

500 0.251 0.253 0.251 

600 0.260 0.263 0.260 

700 0.270 0.272 0.270 

Density (lb/ft3) 142 145 144 

Coe fficient of 6.0 6.0 6.2 
Thermal Expansion 
(l0-6/"F) 

* Measurements taken from three batches of concrete used 

** No data 
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Figure 4.5-3. Concrete Silo (FIA 802) Test Data and Predictions Comparison at 128 Inches 
Below the Silo Top, January, 1979 to December, 1981 

variation at the higher power level 
is not as great. 

AMBIENT AIR TEMPERATURE VARIATIONS 

Variation in the seasonal ambient 
air temperatures affects silo can
ister and liner temperature re
sponse. The effect of seasonal air 
temperature variations on tem
peratures at the 128 inch elevation 
is shown in Figure 4.5-10. Where 
the thermal model ambient tem
perature is held constant at 70°F 
and the temperature predictions are 
plotted with test data. The tem
perature predictions follow a slop
ing path dependent only on the de
cay heat curve. The predicted peak 
canister temperature of 220°F for a 
constant air temperature shows the 
effect canister emplacement during 
December, 1979 had on suppressing 
the peak canister temperature. 
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4.6 SILO TEMPERATURE EXTRAPOLATIONS 

The peak fuel clad temperatures 
have been predicted for fuel assem
bly B02 in the E-MAD concrete silo. 
Figure 4.6-1 shows the peak mea
sured canister temperatures and the 
estimated peak fuel clad tempera
tures from December 7, 1978 to 
March 31, 1982. The peak fuel clad 
temperature estimates were calcu
lated using the method described in 
Section 5.6.1. The peak measured 
canister temperatures and the 
predicted fuel assembly decay heat 
levels (from Figure 2.3-3) were 
used to calculate the peak fuel 
clad to canister temperature dif
ference from the relationship 
developed from the helium backfill 
Fuel Assembly Internal Temperature 
Measurement Tests data (see Section 
5.6.1). This difference was then 
added to the peak measured canister 
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Figure 4.5-6. Concrete Silo (FIA B02) Test 
Data and Predictions 
Comparison of Radial 
Temperature Profiles, August 1, 
1979 

temperatures. The estimated peak 
fuel clad temperatures ranged from 
315°F at emplacement, to a maximum 
of 322°F, to a low of 20BoF in 
February, 1982. The peak fuel clad 
temperatures follow the seasonal 
ambient air temperature variations 
showing yearly maximum values of 
316, 274, and 251°F for the sunnner 
months of 1"979, 1980, and 1981, 
respectively. 
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Figure 4.5-7. Concrete Silo (FIA B02) Test 
Data and Predictions 
Comparison of Radial 
Temperature Profiles, August 1, 
1981 

The error in these peak fuel clad 
temperature predictions was deter
mined from measurement uncertain
ties and calculational method 
inaccuracies (see Appendix M, 
Section M.3). The estimated maxi
mum errors in the peak fuel clad 
temperatures noted above are -5.7 
to +11.9°F. 

4.7 APPLICABILITY OF TEST RESULTS 

APPLICATION 

The results from the Concrete Silo 
Test conducted at E-MAD can be 
applied to silos of comparable con
figuration. The test canister tem
perature data is specific for the 
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helium atmosphere encapsulation of 
a single PWR spent fuel assembly 
and the canister's enclosure in a 
liner surrounded by 52 inches of 
reinforced concrete. The location 
of the concrete silo adjacent to 
the E-MAD building west wall caused 
a nontypical silo response to the 
effects of day time insolation and 
night time radiation cooling. The 
results of the concrete silo ther
mal mode 1 evaluations are consid
ered to be generally applicable to 
comparable silo configurations. 

TEST DATA ACCURACY 

Inaccuracies in the recorded test 
data could be a result of thermo
couple measurement inaccuracy and 
thermocouple position uncertainty. 
The accuracy of the ungrounded Type 
K thermocouples used is typically 
+2°F based on calibration data. 

An examination of the Fuel Assembly 
Internal Temperature Measurement 
Test data was made to evaluate the 
effect of having canister thermo
couples inside the 0.75 inch by 
0.75 inch angle instrumentation 
tubes. Thermocoup le data for fue 1 
assembly B43 showed temperatures 
inside the tubes were lower than 
those on the canister surface by a 
maximum of 8.5°F. This is expected 
to be the maXLmum inaccuracy in 
canister temperature measurements 
due to the instrumentation tubes. 
Details of the position uncertainty 
evaluation are contained in Section 
M.l. For the liner thermocouples, 
the close proximity of the thermo
couple tube to the liner wall and 
the geometry of a 0.062 inch ther
mocouple diameter inside a 0.083 
inch inside diameter tube is ex
pected to yield a smaller inaccur
acy than for the canister thermo
couples. 
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The Concrete Silo Test data record
ed are judged to be between -2 and 
+10.5°F of the actual canister tem
peratures, and -2 and +4 of 0 f the 
actual liner and concrete temper
atures. 

In addition to measurement uncer
tainty, Concrete Silo Test data 
were examined to determine daily 
temperature variations relative to 
test data presented, differences 
between opposite side canister and 
liner thermocouple readings, and 
the thermocouple axial position 
tolerance effect on measured tem
peratures. Table M-7 provides the 
range of daily temperatures and the 
variation in temperatures from the 
4:00 p.m. readings (same time as 
readings provided in Appendix E). 
canister and liner temperatures 
varied by less than 1.5°F during 
the four periods when hourly tem
peratures were recorded and by less 
than 1.0°F from the 4:00 p.m. read
ings. Concrete temperatures varied 
by up to 4.3°F except at the 50 
inch radius where up to 18°F var
iations were noted. Table M-5 
provides temperature differences 
between the canister and liner 
opposite side thermocouples at 
three thermocouple levels. These 
differences varied from 0 to 5.8°F. 
Thermocouple and heat source (ac
tive fuel) axial pos1t10n toler
ances are provided in Tables M-l 
and M-3, respectively. The dif
ference between the thermocouple
measured temperature and that at 
the elevation noted for the ther
mocouple tip in Table E-l was 
evaluated using the slope of the 
axial temperature profile on Ju ly 
20, 1979 and the axial pos1t10n 
tolerances. The differences ranged 
from +0.1 to +0.9°F for both 
canister and liner-thermocouples. 
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5.0 FUEL ASSEMBLY INTERNAL 
TEMPERATURE MEASUREMENT TESTING 

The following section describes the 
Fuel Assembly Internal Temperature 
Measurement Test performed at E-MAD 
for two PWR fuel assemblies. In
cluded are the test objectives, 
hardware descriptions, tes t opera
tions, test results and thermal 
analyses for both fuel assemblies 
tested. 

5.1 TEST OBJECTIVES 

A primary objective of the Fuel 
Assembly Internal Temperature 
Measurement Test (as defined for 
the SFHPP 1978 Demonstration) was: 

• Objective 1 To provide 
spent fuel assembly internal 
temperature data under simu
lated dry storage cell con
ditions to verify that spent 
fuel assemblies with a decay 
heat Level of about 1.0 kW 
could be stored in drywe11s 
and concrete silos at the 
Nevada Test Site without 
exceeding design temperature 
limits 

It had been determined early in the 
1978 Demonstration planning that a 
test to obtain fuel assembly tem
perature data should be conducted 
inside an E-MAD facility hot cell 
rather than to provide internal 
canister instrumentation in the 
actual storage canisters. 

Other objectives were identified 
for the Fuel Assembly Internal 
Temperature Measurement Test test 
assembly. These objectives were: 

• Objective 2 - To use the test 
assembly as a calorimeter to 
determine spent fuel assembly 
decay heat level by comparing 
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canister 
electric 

temperatures with 
heater induced 

canister temperatures 

• Objective 3 To provide 
spent fuel assembly internal 
temperature data allowing 
determination of axial and 
radial temperature distri
bution correlations between 
canister and fuel cladding 
and aiding in computer mode 1 
verification 

• Objective 4 - To examine the 
thermal effects of various 
gaseous stabilizing media on 
canister and spent fuel 
assembly temperatures 

• Objective 5 To provide 
spent fuel assembly internal 
temperature data for differ
ent temperature levels exper
ienced in similar exper1-
mental storage cells 

As part of the CWSFP Program, 
another objective was identified. 
Since the results of the Phase II 
Test for fuel assembly B43 (approx
imately 1.0 kW) showed that peak 
fuel cladding temperatures measured 
for simulated storage cell condi
tions were well below the design 
limit, it was decided to evaluate 
fuel assembly internal temperatures 
for higher decay heat levels. The 
objective was to provide temper
ature data which could be used in 
conjunction with Electrically 
Heated Drywell Test and fueled 
Drywell Test data to determine the 
maximum decay heat level which 
drywe11 storage cells at the Nevada 
Test Site could accomodate. 

5.2 HARDWARE DESCRIPTIONS 

5.2.1 TEST ARRANGEMENT 

The Fuel Assembly Internal Temper
ature Measurement Test hardware 



consists of a main test assembly 
with a number of auxiliary systems 
and components. The main test as
sembly is illustrated in Figure 
5.2-1. The test assembly consists 
of: 1) a test stand which supports 
a representative storage cell 
liner, 2) a seismic restraint fix
ture providing test stand lateral 
support, 3) a test canister (repre
sentative of a storage canister), 
4) a canister lid assembly con
taining instrumented tubes which 
are inserted into the spent fuel 
assembly, and 5) a PWR spent fuel 
assembly. Figures 5.2-2 and 5.2-3 
show the relative dimensions, ele
vations, and configuration of the 
test assembly. The auxiliary 
equipment includes: 1) an eva
cuation and backfill system, 2) an 
electric heater assembly for test 
stand calibration, 3) a temporary 
canister lid to interface with the 
electric heater, 4) a test stand 
electric heater control panel,S) 
two thermocouple and heater lead 
connector panels for remote con
nection, and 6) a data acquisition 
system to record thermocouple data. 
The test equipment arrangement in 
the E-MAD facility West Process 
Cell area is shown in Figure 5.2-4. 
Additional photographs of the Fuel 
As sembly In ternal Temperature 
Measurement Test equipment are 
shown in Appendix B. 

5.2.2 TEST STAND 

The test stand for the Fuel 
As sembly Internal Temperature 
Measurement Test consists of a 
large tubular steel frame, a test 
stand lifting fixture, a storage 
cell liner, a series of band 
heaters, an insulation sheath along 
the length of the liner, an insu
lation plug at the bottom of the 
liner, thermal insulation, and a 
set of thermocouples. Each of 
these components is described below. 
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The test stand frame is 48 inches 
wide by 96 inches long by 204 
inches high and is made of struc
tural carbon steel tubing, I-beams, 
and angles. The outer frame mem
bers are 3 inch square by 0.25 inch 
thick square tubing. Each side of 
the stand has two sets of diagonal 
cross members welded between adj a
cent vertical tubing sections. The 
cross members are 3 inch by 3 inch 
by 0.188 inch thick angles. At the 
bottom of the frame, a series of 
four 4 inch high I-beams, two in 
each direction, are welded to the 
top of the tubing to support the 
liner. 

A connector platform provides an 
area where thermocouple and heater 
leads and connectors are placed for 
remote access in the West Process 
Cell. The platform ~s located 3 
feet above the test stand bottom 
and consists of two carbon steel 
angles and a plate. Two 1 inch by 
1 inch angles are welded to the 
frame tubing and diagonal cross 
angles in the front and back of the 
stand. A 0.25 inch thick plate, 48 
inches wide by 28 inches long is 
bolted to the two angles at four 
locations on each side. The test 
stand connector platform is visible 
in photographs of the completed 
test assembly, Figures B-67 and 
B-68. 

Attached to the top of the test 
stand is the test stand lifting 
fixture (not shown in Figure 
5.2-1). The fixture consists of 
two lifting arms bolted to the test 
stand frame and a movable cross bar 
assembly which interfaces with the 
remote overhead cranes. The two 
lifting arms are made of three 
pieces of 5 inch square by 0.5 inch 
thick structural carbon stee 1 tub
ing we lded to form an inverted "V" 
with a 5 inch wide flat section at 
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Temperature Measurement Test 
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the top. Both ends of lift i ng a rms 
are machined to fit over t he te s t 
stand frame tubing. One inch dia
meter bolts fit through t wo hole s 
to attach the arms and tes t s tand 
frame. 

The test stand lifting f i x tur e 
cross bar assembly is a 52.5 i nch 
long section of 5 inch s qua re by 
0.5 inch thick structura l carbon 
steel tubing. Two 5 inch wide by 
15.75 inch high by 0.5 inch thic k 
plates are welded to the tub ing 
ends. After pos1t1oning betwee n 
the two lifting arms, a 5 i nch wide 
section of 3 inch by 3 inch by 0.18 



i nch thick carbon stee l a ng l e ~s 

bo lted t o the t op o f e a ch plat e at 
the end of the cros s bar. A 4 . 5 
i nch l ong sect ion of 0 .5 inch dia
meter thre aded b ar welded to a 2 
i nch by 5 i nch by 0 .5 i n ch t h i ck 
p late handle serve s as a locking 
screw. Thi s is thre aded thr ough a 
nut welded to each angle to ho ld 
the c r oss bar assembly i n p lace . 
Two handle s a re we lded to the 
c en te r o f cross bar ass embly. Th e 
ma~n h andle is ma de of two 1 7.5 
i nch high by 6 inch wide by 0. 6 2 
inc h t hick plates we l ded t o e ithe r 
side of t he cross bar t ube with a 
2 .5 inch di ameter by 6 . 88 inch l ong 
rod welded in between. Th i s handle 
i s use d for lif t ing the en t i re tes t 
s t a nd. A second hand le is welded 
to the side and aids remote move
ment of t he cros s bar ass emb l y . 
The cro s s ba r assemb l y i s posi
t ione d at t he top of the liftin g 
a rms f or test stand movemen t and a t 
one e nd of the lif t i ng arms f or 
f uel as sembly and closure lid 
a ss emb l y inst a ll a tion . Photographs 
of t h e tes t s tand liftin g fix ture 
are s hown dur i n g t es t o pera ti ons in 
Figure s B-6 3 t o B-6 8 . 

The line r ~ s a 200 inch long 
sec t ion of 18 i nch diamete r by 0 .2 5 
inch thick c a rbon s teel pipe we l ded 
t o the test stand I-beams . The 
liner is s uppor ted by f our c h anne ls 
wi t h pinne d conne c tions at both 
end s a ccommodatin g liner t hermal 
e xpan s ion. The channe Is a r e 3 
inc he s wide by 1 .5 i nche s dee p by 
0 . 2 5 inches thick . Each cont ains 
0 . 25 inch thick s pacer p l a tes a t 
the ends to inter f a ce with b racke ts 
on t he liner and s tand . Fou r 
b r a ckets consisting of t hre e 
s ec t ions each of 0.5 i n ch t h ick 
pla t e are welded t o the l i ne r . 
Each two vertical sec t ions have 
holes to connect to the channel 
supports and e ach ho r izont a l 
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section has a thr eaded hole to bo lt 
the canister t o t he liner . The 
test stand f rame has four s e ts of 
two 2 . 25 inch by 1.25 inch by 0.5 
inch thi c k b r a ckets welded to the 
st ruc tura l tubing . Holes drilled 
i n the channel s an d l iner and f rame 
b rackets allow 0 .5 inch bolts to 
ho ld the line r top i n pos ition . 
Detai l s of t he l ine r top attachment 
are shown ~ n Figures 5 . 2-1 and 
5. 2-5. 

Figure 5.2-5. Test Stand Liner Showing 
Hea ters and Thermocouples 

The line r has several nonpro t o
typica l f e a tures (when c ompared t o 
a storage cell liner) which inter
face wi t h the tes t caniste r . At 
the top of t he l i ner, a 0 . 25 i n ch 
deep by 2 i n c h wide slot al l ows fo r 
canister thermocouple l ead rou t 
ing . On t h e line r inside, eigh t 
0 . 375 inch thi ck by 4 . 25 inch long 
r ibs center t h e canister . Two 0.38 
i nch thick by 1 .7 5 i nch h i gh r ings 
are welded to t he outs ide of t h e 
line r. Ra d ial holes i n t he liner 
and r ~ngs a l lows bo lt s t o center 



the lower end of the test canister 
and provide motion restraint under 
se~sm~c loads . Two sets of s~x 

thr e a ded holes accommodate a test 
cani s te r for pressurized 
reacto r spent fuel and a 
test canister for boiling 
reac t or spent fuel . 

water 
longe r 
wate r 

Electric band heaters are provided 
on the liner outside to ~mpose 

axia l t empe r ature distributions on 
the l iner and canister. A total of 
34 band heaters, located along the 
liner ' s total length, are spaced 6 
inches apart with the top band 
heater 2 inches below the liner 
top . The band heaters are 2 inches 
wide , h ave an 18 inch inside dia
meter, and are made in two pieces 
for ease of installation . A band 
heate r s trap secures the two heater 
ha l ves to the liner. The band 
heaters are held in position 
ax i a l ly by four 0.01 inch thick 
s t ain less steel straps spot welded 
around the liner. The positions of 
the band heaters are illustrated in 
Figur e 5.2-2. Installation pho to
graph s are shown in Figures 5.2-5 
and 5 . 2-6 . 

Figure 5.2-6. Liner Heater and Thermocouple 
Attachment 
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The liner and b an d heaters are 
s urrounde d by a 0 . 025 i nch thick 
304 s tainles s steel insulation 
sheath. The sheat h consi s t s of 11 
axial sect ions. The bottom ten 
sections are bent t o fo rm an over
l app ing cy lin de r . Ea ch s ection has 
e i ght s upport brackets welded on 
the i n s ide sur f ace (four equally 
s paced at t wo elevat i ons ) providing 
axial support from two band heaters 
and a rad i al s pace o f 1 inch from 
the line r. The top sheath section 
i s made o f two s emicirc u l ar bands 
with cutou t s fo r l iner exte r nal 
suppo r t bracke ts and f or routing 
t he rmocou ple and heate r leads. The 
sec t i ons a re he l d t o gether by sel f 
tapping screws t hreaded t h rough the 
sec t i on overlaps . Durin g assembly, 
six sma ll tri angu lar sec tions (0.25 
i nches wide by 0. 62 i nches high ) 
a re cut a nd ben t ou t wa rd on t he t op 
or bottom edge o f the sheat h se c
t ion t o provide axial support for a 
blanke t of 0. 5 inch t h ick fiber
glas s ins u l ation a round t he line r. 
Holes are a l so provi ded ~n th e 
sheath for the c anist e r rest raint 
bol ts. Afte r i nst a llat ion, t h e 
i ns u l ation blanke t i s wrappe d 
around t he sheath wi th a l ayer of 
a l uminized cloth a nd s ecur ed by 
0. 03 2 inch diame ter wi re. 

An ins ula tion p lug wi t h an ele ctric 
heat er i n the liner bottom imposes 
the a pp r opriate t emperatur e con d i 
t ions . The i nsu lat ion p l ug con 
s i st s of a 17 i nch diameter by 3.38 
i nch h i gh cylinde r o f 0 . 0 25 inch 
t h ick 304 stain l e s s steel to which 
i s bol ted a 2 i nch high insulation 
a ssembly. The i n sula t ion assembly 
has a 1 7 i nch d iame t er top and 
bo t tom plate, an 11.5 inch diameter 
i n te rmed iate p late (a l l three are 
0.025 inch t h ick 304 stainless 
stee l), a 0 .31 5 inch di amete r tubu
l ar heate r ben t into a 9 i nch dia
me te r , a 2 inch thi ckne s s of cera-



blanket insulation , and eight nuts 
and bolts. The tubular heater is 
located under the top plate and 
above the intermediate plate and 
insulation . Details of the in
sulation plug are provided in 
Figure 5.2-1. 

A total of 71 thermocouples are 
secured to the test stand . Figur e 
5.2-7 shows the locations of these 
thermocouples. Fifty-five thermo
couples are attached to the liner, 
six are attached to the insulation 
shea th, five are attached to the 
test stand frame, three are 
attached to the outside of the 
insulation blanket, and two are 
attached to the top plate of the 
insulation plug . Of the 71 thermo
couples, 53 provide test tempera
ture data (see Section 5 . 2.11) and 
18 provide temperature feedback to 
the heater control lers (see Sect ion 
5.2.9). Liner data thermocouples 
are located between each pair of 
band heaters. In addition, one 
thermocoup l e is placed above and 
two below the top band heater. 
Four thermocouples are equally 
spaced around the liner circum
ference 8 feet below the liner 
top. The positions of all test 
stand data thermocouples are tabu
lated in Table F-l. Liner band 
he a ter control thermocouples are 
positioned between every othe r pair 
of band heaters . The positions of 
the cont r o l thermocouples are illu
s t rated in Figure 5. 2-7, and are 
tabulated in Table F- l. One of the 
two thermocouples placed on t he 
insulation plug top plate provides 
data and the other provides feed
back for the plug heater con
troller. Thermocouples along the 
length of the insulation sheath and 
on the insulation blanket provide 
dat a for evaluat ing test s tand 
performance. The five thermo
couples mounted on the test stand 
provide ambient temperature data. 

156 

Thermocouples on the liner are 
placed in a 0.08 inch wide by 60 0 V 
groove cut into the liner wall and 
are he l d in position by 0.01 inch 
thick by 0.25 inch wide stainless 
steel straps spot welded to the 
liner . The steel straps force the 
thermocouple tip to touch the 
groove . The liner thermocouple 
attachment method is shown in 
Figure 5.2-6. Thermocouples on the 
insulation sheath, insulation p lug 
and test stand are held in place by 
similar spot welded straps posi
tioned about 0.5 inches from the 
thermocouple tip to ensure good 
contact . 

5.2.3 SEISMIC RESTRAINT FIXTURE 

A test stand seismic restraint 
fixture in the West Process Cell 
provides lateral seismic suppor t . 
The seismic restraint fixture is 
secured to the West Process Cel l 
floor by 1 inch diameter bolts a t 
four points . The seismic restraint 
fixture is illustrated in Fi gure 
5. 2-1 and shown in actual operation 
in Figure B-68. 

The seismic restraint fixture 1.S a 
welded structure of carbon steel 
tubing, angle , and strip . The 
restraint fixture 1.S 120 inches 
high and 72 inches wide and 
consists of a rectangular frame to 
i nterface with the test stand and a 
support leg structure. The top and 
sides of the rectangul ar frame are 
4 i nc h square by 0 . 38 inch thick 
structural tubing. The bottom is a 
3 i nch high by 4 inch wide by 0.38 
inch thick angle . Two 2 inch by 2 
inch by 0.25 inch thick ang l e s form 
an X-shaped support between cor
ners . The support leg structure 
consists of two 4 inch square by 
0 . 38 i nch thick structural tubes 
welded to the frame top extending 
down to the floor at a 35 0 angle. 
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A 5 inch wide by 0.38 inch thick 
strip is welded between the bottom 
of both legs. A 2 inch by 2 inch 
by 0.25 inch thick angle is 
attached from each leg to t he frame 
about 6 inches above the flo or. 

On the top of the restraint fixture 
frame are two 1 inch thick carbon 
steel latch plates which secure the 
test stand to the seismic restraint 
fixture. Each plate is attached to 
the top frame tube by a 2 inch dia
meter bolt allowing the plate to 
rotate. Once the te s t stand has 
been properly positioned 1n the 
West Process Cell, the t wo plates 
are remotely rotated and locked 
into p lace by 1 inch diameter 304 
stain less steel pins. The latch 
plates are shaped to interface with 
the test stand vertica l structural 
tubing, the pivot bolt, and the 
l ocking pin. 

5.2.4 TEST CANISTER 

The test canister consists of a 304 
stainless steel canister body and a 
carbon s tee 1 upper suppor t are 
nearly identical to the drywell and 
concrete silo canisters. The tes t 
canister can accommodate one PWR 
spent fuel assembly. Photographs 
of the tes t canister are shown in 
Figures 5.2-8, 5.2-9, 5.2-10 and 
5 .2-11. 

The canister body consists of a 
standard 14 inch outside diameter 
by 0.375 inch thick by 155.1 inch 
long pipe to which 1S we l ded a 
standard 14 inch diameter by 6.5 
inch high ellipsoidal end cap. The 
end cap has welded into it a cru
ciform formed of a 0.75 inch thick 
horizontal plate with four 0.25 
inch thick vertical gussets welded 
to the underside. The cruciform 
supports the bottom of the PWR fuel 
assembly. Welded to the c r uciform 
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Figure 5.2-8. Test Canister and Canister Lid 

plat e is a fuel assembly ve rtical 
s uppor t cage f ormed of f ou r 2 inch 
by 2 inch by 0.18 i nch t hi ck 
an g le s . Th i s cage i s t ied togethe r 
on four sides at six e l evation s by 
7.12 inch long by 2 inch high by 
0 . 18 i n ch thick s t raps . At t he 
c age t op , eight addi t ional st raps 
are we lded be tween the canis te r 
p1pe and t he straps t o provide cage 
cente r i ng. Thi s cage provides 
late ra l s u ppor t for the entire 
l engt h o f the PWR fuel assembl y . 
Excep t fo r t he t op 9 inches, the 
test canis te r bod y is identica l to 
t hat o f t he E- MAD spent fuel s t or
a ge canisters. The storage c anis
ters have a 0.9 37 i nch t hick upper 
s ec t i on on t h e canister body to 
inter f a ce wi th the threaded closure 
l i d a n d fo u r support pins attach 



Figure 5.2-9. Test Canister, Dummy FueJ and Canister Lid TriaJ Fit Using Alignment 
Combs 

canister and shield 
Section 3.2.2). 

plug (see 

The test canister upper support 
structure consists of a 6 inch long 
section of 16 inch outside diameter 
by 1 inch thick pipe welded to a 1 
inch thick by 18.25 inch outside 
diameter by 14.06 inch inside dia
meter ring. The 16 inch diameter 
pipe is welded to the canister body 
about 2.25 inches below the top of 
the body pipe . The 1 inch thick 
ring supports the entire tes t can
ister on top of the 18 inch liner 
pipe. Welded to the outside of 
this ring are four 3 inch square by 
0 . 75 inch thick brackets with 
clearance holes for the bolts to 
hold the test canister in the 
liner. The ring has four 0.75 inch 
diameter threaded holes on the top 
surface for the closure lid hold
down studs. The upper support pipe 
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is representative of the shield 
plug support skirt on the storage 
canisters. 

After the canister body is welded 
to the upper support, the top of 
the body is machined to have a 0~02 
inch high, "knife-edge" at a 13.65 
inch diameter. A 0.06 inch thick 
copper gasket ~s seated on the 
canister body top. When clamped 
against the canister body "knife
edge" by the closure lid (which has 
a matching "knife-edge"), the 
gasket provides a seal. 

A tubular heater is attached to the 
top of the canister support ring to 
impose the desired temperatures. 
The heater is a 0.315 inch diameter 
incoloy sheath heater bent into a 
17 inch diameter. The heater is 
clamped against the canister by 
five heater clips screwed into the 



Figure 5.2-10. Tes t Canister and Closure Lid 
Assembled for Hydrotest 

canis ter support r i n g top sur face . 
Al s o a ttached to t he to p of t he 
support r ing a re f ou r closure lid 
ho lddown s tuds. The studs are 0 .7 5 
inch d i ameter , are threaded along 
their enti r e leng th and have a 
0.131 inch wide s lot at t he t op for 
tighteni n g into t h e s uppor t r~ng . 
Oppos ite s tuds a r e 7 inches l ong 
and 9.2 5 inches l ong, respec t ive
ly. Th e studs are mad e of hi gh 
strengt h bolting ma t erial. 

Twen t y- f ou r thermocouple s on t he 
test canister provide dat a and 
heater c ontro l. One t h e rmoc ouple , 
located on t h e top sur f ace of the 
cani s t e r 
feedback 

support 
t o the 

r i ng, p r ov i de s 
t ubular heater 

contro ller. Another i s l oc a ted on 
the outside di ame t er o f t h e s upport 
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Figure 5.2-11 . Completed Test Stand and 
Canister During Fitup Check 

r ing and a th ird on the outside of 
the s uppo r t p i pe . Twenty thermo
coup l es are located at f ive di f
feren t elevations on the ou t s ide of 
t he c anister pipe . Eight t hermo
coup l e s are e qu a lly spaced a r ound 
t he c an is ter c i rcumfe rence a t the 
fue l midp l ane e levation . Fou r 
thermocoup l es are equa lly spaced 
around the canister at elevations 
about 35 i nches above and below the 
midp l ane. One t hermocou p l e ~ s 

located a t the cente r of the 
ell ipsoidal end cap . Table F-l 
provide s a tabulation o f c anister 
thermocoup l e locations . 

Al l but four of the canister t her-
mocouple s are 
the canister 
inch thi ck by 

attached d irectly to 
component s by 0 .01 

0.25 inch wide straps 



spot welded approximately 0.5 
inches above the thermocoup le tip . 
The remaining four thermocouples 
are inserted into instrumentation 
tubes s imi l ar to those on the 
storage caniste r s to determine the 
effec ts the instrumentation tubes 
have on cani s t er t emperatur e mea
surement. These t hermocouples are 
two of the f our located about 
35 inches above and 35 inches below 
the fuel midplane elevation . The 
ins trumentation tubes consis t of 
0. 75 inch by 0. 75 inch by 0. 12 inch 
thick ~04 stainless s t eel angle 
intermit t ently welded t o the canis 
ter . Each o f the se f our tubes i s 
15 i nches long and has a 30° angle 
with a 0. 09 inch thick tr i angular 
plate welded a t t he bottom . In 
addit i on t o these four instrumen
tation tubes , 16 angles each 30 
inches long were welded to the 
cani s ter body to approximate the 
storage canister array of instru
mentation tubes. The arrays o f 
tubes are spaced 15° apart with two 
plain tubes l ocated on eithe r s i de 
of the closed t ube conta ining the 
t hermocoupl e. The t ops of t he fou r 
arrays of five tubes were located 
as follows: two a r r ays at 36 
inches below t he top o f the canis
ter wi th the center tubes spaced 
90° apart and two arrays at 105 
inches below t he t op of the canis
te r wi t h t he cent er t ubes s paced 
180 0 f rom the center of the other 
t wo a r rays . 

5.2.5 CANISTER CLOSURE LID 

The t est caniste r closure lid 
assembly consis ts of a 304 stain
les s stee l canister lid plate, a 
carbon steel cover plate, fifteen 
304 s t ainless steel thermowell 
tubes , an evacuat i on and backfi ll 
pipe , an insulat ion cover, insu
lat ion , two holddown bars , a t ub
ular heater, two al i gnment combs 
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for ins ta l lat i on , and a ne t work of 
thermocoup les . The canister l i d 
plate s imulates t he storage can
iste r l id and provide s a sealing 
surface to sea l the test canister . 
The thermowe1 l s ar e provided fo r 
the rmocoup l es to be placed in close 
proximi ty t o the fue l cladding for 
fue l assemb l y temperature measure
ment and still maintain a cani ster 
pressure boundary . De t ails of the 
closure lid assembly are i llus
t rated in Figure 5.2- 1. Pho t os of 
closure lid as semb ly during fabri
ca tion are s hown in Figures 5.2-8 
to 5. 2-10 and during i nsta l l at ion 
in Fi gure s B- 64 t o B-66 . 

The canis te r lid i s made of a 2.5 
inch thi ck by 14 inch diamete r 
plate. A 0.5 i nch thick flange 1 S 

formed by machini ng t he lower 2 
i nches to a 13. 34 inch d i ameter to 
interface with t he i nside of the 
canis ter body pi pe . A "knife
edge " i s machined into the lower 
side of the flange a t a 13. 65 i nch 
di amete r to provide a seal s imilar 
to that of t he canister with the 
copper gasket placed be tween the 
canister and lid. The canister lid 
has fi f t een 0.39 i nch di amete r 
penetrations i nt o which a r e s eal 
welded 0.375 i nch di amete r by 0.032 
i nch thick thermowell tubes. The 
tubes are positioned so as to be 
inserted into t he PWR fuel assembly 
cont r ol rod guide thimble tubes and 
center ins t rumentat ion tube ( see 
Figure F- l) . The tubes have five 
different l engths r anging from 
132.5 to 136.5 inches with a set of 
thr ee tube~ having the same l ength 
to simplify remo t e insertion i n t o 
the fuel assembly. At the end of 
each tube i s we lded a 0.75 inch 
long pl ug with a spher i cal end . In 
addition to the thermowells, the 
lid has a 0.64 inch diamete r hole 
into which is we l ded a 0.625 i nch 
outside diame t er by 0. 065 i nch 



thick 304 stainless steel evacua
tion and backfill pipe . The pipe 
is 16 i nches long and ext ends above 
the closure lid cover plate. 

The closure lid cover p l ate simu
l ates the bottom of the s t orage 
ce ll s h ield plug and consists of a 
0.5 inch thick by 13 . 88 i nch dia
meter plate which is supported 
above the canister lid by four 1.25 
inch by 0.5 inch by 4.0 inch long 
bars . These bars are welded to 
both the lid and cover plate. The 
cover plate has clearance holes 
provided above each thermowe 11 to 
allow thermocouple routing and a 
clearance hole for the evacuation 
and backfill p ipe. A thermocouple 
support bracket is welded to t he 
top of the cover p l ate . A 0.315 
inch d i ameter inco loy sheathed 
t ubular heater is attached to the 
top of the cover plate by four 
c lips screwed into the plate. The 
heat er is bent t o form a 7 inch 
square and provides heat to the 
cover plat e to i mpos e the desired 
temperat ures on the canister lid. 
Four c losure lid assembly lifting 
bai l studs are attached to the 
cover plate. The lifting bail 
studs are 0.5 inch diameter thread
ed studs 3.5 inches long with two 
nuts we l ded to each stud. One nut 
is welded 1.25 inches from t he end 
which is screwed into threaded 
holes 1n the c over plate. The 
o ther nut i s welded 0.5 i nches from 
the oppos ite end to inter face wit h 
the i ns ulat i on shea t h and lifting 
bail . 

Above t he cover p l ate , an insula
t ion cove r i s provided which sup
port s a 0.5 inch t hick layer of 
fiberglass insulat ion. The 1nsu
l ation cover is 20 . 25 inches in 
d iameter and 1S made o f a 0 . 02 5 
inch thick 304 s t ain l ess s t e e 1 
sheet. The insulation cover is 
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supported above the cover plate by 
three spot welded 1 inch wide by 
1.5 inch high by 0.025 i nch thick 
brackets. The 1.5 inch space 
created by these brackets a llows 
thermocouple routing to the bracke t 
on the cove r plate . The i nsulat ion 
cover and insulation blanke t have 
holes which allow the backfill 
tube, ho l ddown studs, holddown 
bars , closure lid lifting bail 
studs, and lid tubular heater to 
pass through them. An aluminized 
c l oth cover is placed over the 
insulation. The insulation cover 
is held 1n place by the four 
li fting bail studs. A jam nut on 
each stud holds the i nsu lation 
cover , insulation and 
cloth agains t the nuts 
the studs. 

aluminized 
on top of 

TWo holddown bars and four nuts are 
provided with the closure lid as 
sembly to hold the canister and lid 
togethe r . The holddown bars con
sist of a 17.75 inch l ong by 2 inch 
square bar to which are welded two 
0.75 inch diameter rods. One bar 
has 2.25 inch long rods while the 
other has 4.5 inch l ong rods . Each 
bar a l so has two clearance holes 
for t he canister holddown studs. 
When assembled over the holddown 
studs, the two holddown bars 
criss-cross and the rods on each 
bar contact the closure lid cove r 
p l ate . The fou r holddown nuts are 
remotely tightened to force t he 
"knife edges" machined in t he 
canister body top surface and 
closure lid flange bottom surface 
into the copper gasket , thus 
sealing the canister. 

TWo stainless steel alignment c ombs 
are also provided with the closure 
lid to assure proper spac i ng of the 
thermowells during remote ins ta l la
tion of the lid. Each alignment 
comb consists of a 3 inch high by 



0.25 inch thick plate to which are 
welded a series of twelve '0.156 
diameter r ods each bent to form a 9 
inch l ong "U". The rods are bent 
so that one "u" is 2.15 inches wide 
and t he other is 2.25 inches wide. 
The U- shaped rods are spaced to fit 
between adjacent thermowells and 
are parallel to one another. The 
alignment comb plates are 9.25 
inches long and 7.69 inches long 
with a 1.5 inch long plate welded 
perpendicular to the shorter plate. 
The two combs are installed into 
the thermowell bundle perpendicular 
to one another, and the two plates 
are c l amped together to hold both 
combs in place. Each alignment 
comb has a handle to allow remote 
removal from the closure lid. The 
two alignment combs are visible in 
photographs taken during closure 
lid f i tup activities in Figures 
5.2-8 and 5.2-9 and during lid 
remote installation in Figure B-64 . 

A total of 110 thermocouples are 
provided on the closure lid as
sembly. Of these, seven are placed 
in each of the 15 thermowells, two 
are a t tached t o the closure lid, 
and three are attached to the cover 
plate . One of the three thermo
couples on the cover plate provides 
feedback for the tubular heater 
controller; the other 109 thermo
couples provide temperature data. 
The thermocouples on the closure 
lid and cover plates are secured by 
0.01 inch thick by 0.25 inch wide 
spot welded straps located about 
0.5 inches from the thermocouple 
tip . The thermocouples for each 
thermowell are assembled into a 
bundle and wire tied together to 
maintain tip position. The bundles 
are inserted into the thermowell 
tubes so the tips hang within the 
tube at the proper elevation. 
These t hermocouples are secured to 
the cover plate at the thermocouple 
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bracket by a thin plate screwed 
onto the bracket . The specific 
locations for each thermocoup l e on 
the closure lid assemb l y are 
tabulated in Table F-l. 

5.2.6 EVACUATION AND BACKF ILL 
SYSTEM 

An evacuation and backfill sys tem 
is provided for the Fuel As sembly 
Internal Temperature Meas urement 
Test to allow the test canis t er t o 
be filled with various gas eous 
media for fuel temperature r es pons e 
testing. The evacuation and back
fill system is shown schemat i cally 
in Figure 5.2-12. System compon
ents are located 1n the We s t 
Process Cell, 1n the oper ator 
gallery and in the adjacent hot 
cell (see Figure 5.2-4) . The 
system is attached to a fl ex i ble 
hose on the closure lid assembly 
pipe after the entire test stand is 
positioned in the West Process Cell. 

The evacuation and backfill sys t em 
consists of stainless stee l tubi ng, 
six valves, three pressure gages , a 
vacuum pump, a helium supp l y bott l e 
with pressure regulator, and va r 
ious fittings. A 45 foot long s ec
tion of 0.5 inch diameter flex i ble 
stainless steel hose is attached t o 
an elbow on the closure lid p i pe . 
A quick disconnect fitting on t he 
other end of the flexib l e hose 
remotely attaches to the mating 
connector fitting which is mounted 
to the connector panel table. From 
this connector, a 0.5 inch d i amet er 
rigid tube is routed around the 
West Process Cell wall to the vac
uum system table . A 4.5 inch dia
meter pressure gage is provided i n 
this line to allow system pressure 
reading from the operat or ga llery. 
From the pressure gage, fou r shut
off valves are interconnected with 
the vacuum pump line, the line to 
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Figure 5.2-12. Evacuation and Backfill System Schematic 
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the helium bottle, and a vent to 
atmosphere to allow remote evacua
t ion, backfill, and venting of the 
system. An additional line 1S 

routed to the adjacent Hot Cell No. 
1 to allow for gas sampling of the 
test canister. The four shutoff 
valves on the vacuum system table 
were fitted with new handles to 
allow remote valve operation . 

The vacuum pump is mounted to the 
vacuum system table and 1S con
nected to the valving arrangement 
by a flexible high pressure hose . 
The exhaust side of the vacuum pump 
is attached to a flexible hose 
which directs exhaust to the bank 
of filters in the West Process 
Cell. A shield consisting of a 
stack of 4 inch thick lead bricks 
is provided between the test stand 
and vacuum pump to limit the radia
tion exposure of pump components. 

Solid steel tubing and compression 
fittings interconnect the valves 
with each other and with the helium 
bottle and gas sample port. The 
tubing for the helium bottle is 
routed through the shield wall to a 
shutoff valve, pressure gage, and 
pressure regulator attached to a 
standard he lium bottle. The pres
sure gage and regulator allow for 
helium supply pressure control. A 
pressure gage , shutoff valve, and 
quick disconnect fitting are 
provided on the tubing routed to 
Hot Cell No. 1 for remote gas 
sampling capability . 

5.2.7 CALIBRATION HEATER ASSEMBLY 

The calibration heater assembly 
consists of four tubular heater 
elements mounted in an 8.3 inch 
square steel frame. Details of the 
heater assembly are shown in Figure 
5.2-13. 
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Figure 5.2-13. Calibration Heater Assem bly 
Schematic 

The e l ec t ric heater assemb l y frame 
consists of four 1. 5 inch by 1.5 
inch by 159 inches long by 0. 12 
inches thi ck carbon steel angles 
tied together by a series o f seven 
carbon s tee l plates we lded to the 
ang l es. Fi ve baffle plates (8.05 
inch square by 0.06 inch thick) and 
a top and bottom plate (8 .05 inch 



square by 0.75 inch and 0.5 inch 
thick , respectively) are welded at 
various e l evations. Each p l ate 
contains nine 0.5 inch diameter 
holes; five a llow flow through the 
plate and four provide clearance 
hole s for the t ubular heaters . 
Outs ide t he angles, c over plates of 
0.048 inch thick carbon steel 
enclose a ll but the t op 2.25 inches 
and bottom 2 inches of the frame. 
At the frame bottom, four 1.5 inch 
high by 7.6 inch long by 0.12 inch 
thi ck support plates are welded to 
t he ins i de of t he angles. These 
p l ates interface wi th the canister 
cruciform plate and provide heater 
assembly support and vertical 
positioning. 

One 
the 

tubular 
inside 

heater is s ecured to 
of each heater frame 

corne r by screw mounted brackets on 
the t op plat e . The t ubular heaters 
are 0.43 inches in diamete r by 156 
inches l ong wi th a 0.049 inch thick 
inco1oy s heath . The heaters have a 
precl.sl.on wound nickel chromium 
wire heating element rated at 4 kW 
heat output at 240 volts. They 
have 2 inches of unheated section 
a t e ach end and have threaded stud 
termi nals for electrical connec
tions. A locator r ing is welded to 
the heater sheath about 0.5 inches 
from one end . The heaters can 
operate at l600°F at rated power. 

The tubular heaters are int ercon
nec t ed a t the top and bottom by a 
seri es o f four 0. 15 6 i nch diameter 
304 sta inless stee l wi re assem
blies. Each a ssemb ly has a 0.06 
inch t h i ck steel washer we l ded to 
both e nds fitting over the heater 
stud terminal. Two wire assemblies 
connect adjacent heaters at the 
l ower heater end and t wo wir e as
semblies connect adjacent heaters 
at the heater upper end keep i ng the 
heaters in series. All the wire 
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assemb l ies a re secured to t he 
heater stud terminals between two 
hex nuts and then brazed to the 
nuts. 

5 . 2.8 CANISTER TEMPORARY LID 

A temporary lid for the test can
ister interfaces with the calibra-
tion heater assembly during tes t 
stand calibration. The temporary 
lid consists of a lid plate and a 
cover plate interconnected by fou r 
bars in a configuration similar to 
the closure lid assembly, an insu
lation cover , an insulation and 
cover cloth simi lar to the closure 
lid assemb ly, a holddown bar and 
lifting assembly, and a set of 
thermocouples . The temporary lid 
is he l d aga ins t the canister copper 
gasket by the holddown bars in t he 
same manner a s t he canis t er c losure 
lid. The temporary lid impedes air 
f l ow from t he canister but does not 
act as a pressure boundary seal. 
The temporary lid is made of carbon 
steel and has no instrument ation 
thermowell t ubes . 

The temporary lid has a lid plate 
14 .04 i nches i n diameter and 1 inch 
thick. The lid plate is machined 
to f orm a 0.5 inch thick by 13.25 
inch diameter flange at the top 
which interfaces with the tes t 
canister body. The cover plate is 
0.5 inche s th i ck and 13. 88 i nche s 
in diameter. The two plates are 
attached by four 4 i nch l ong by 1. 5 
inch wide by 0.25 inch thick bars. 
Both plates have ho l es for routing 
calibration heater electric leads . 

A holddown bar assembly is welded 
to the top of the temporary lid 
cover plate. The holddown bar is 
the same as that used f or t he 
closure lid assembly and has t wo 
4.5 inch long by 0.75 inch diamete r 
rods. The holddown bar assembly 



positions and secures an insulation 
assembly (insulation cover, 0.5 
inch thick insulation blanket, and 
aluminized cloth cover). A lifting 
bail, welded to the top of the 
holddown bar assembly, allows 
handling of the temporary lid 1n 
the Hot Bay. 

The temporary lid has four thermo
couples. Two are attached to the 
lid plate and two are attached to 
the cover plate. The locations and 
method of attachment are identical 
to those on the closure lid assem
bly. These thermocouples provide 
temperature data during test stand 
checkout and calibration for com
parison with closure lid tempera
ture data. 

5.2.9 HEATERS AND HEATER CONTROL 
PANEL 

A total of 37 heaters are attached 
to the test hardware. Thirty-four 
band heaters are strapped to the 
length of the liner and one tubular 
heater each is attached to the top 
of the liner lower insulation plug, 
the canister support ring, and the 
closure lid cover plate. High tem
perature radiation resistant wire 
connects these heaters to a set of 
temperature controllers mounted on 
the heater control panel in the 
operator gallery (see Figure 
5.2-4). Terminal strips attached 
to the wires from the heaters and 
to the heater connector panel 
(described in Section 5.2.10) allow 
for remote completion of the heater 
power circuit. A grounding strap 
on the test stand frame is con
nected before any testing is done. 

The liner band heaters each have a 
500 watt capacity at 120 volts AC. 
Adjacent pairs of band heaters are 
wired together to an individual 
controller so that a different 

167 

temperature can be imposed on the 
liner every 12 inches. This allows 
input of any desired axial temper
ature profile on the liner. The 
band heaters maximum power output 
is 17 kW. The canister lid tubular 
heater and the insulation plug 
tubular heater each have a 225 watt 
capacity at 120 volts AC; the can
ister support ring tubular heater 
has a capacity of 450 watts at 120 
volts AC. The total heater capa
city for the tubular heaters is 0.9 
kW. Each of these heaters is wired 
separately to individual control
lers. 

The heaters are wired using 4J: 12 
AWG copper wire with a 600 volt, 
1000°F and high radiation resis
tance rating. Wire terminals are 
crimped and brazed onto each end of 
the wire, and these terminals are 
brazed to the terminal stud nuts 
installed on each heater. The 
other wire end is attached to 
standard terminal strips which 
interface with strips on the heater 
connector panel. All of the wire 
from heaters installed on the liner· 
and canister are routed and wire 
tied along the test stand tubular 
frame to the test stand connector 
platform where the wire is coiled 
for remote handling and connec
tion. The closure lid heater wire 
hangs from the closure lid assem
bly, and during lid installation 
the wire is placed on the test 
stand connector platform for remote 
connection in the West Process Cell. 

The heater control panel is a 72 
inch high by 23 inch deep by 24 
inch wide electrical cabinet on 
which are mounted 24 heater tem
perature controllers. Its position 
is shown in Figure 5.2-4. Twenty
one of the 24 controllers operate 
during testing. Table F-l provides 
a listing of specific controllers 



attached to heaters and control 
thermocouples. 

The heater temperature controllers 
have a 200 to 600°F variable tem
perature control setting, a 10 amp 
contact rating at 120 volts AC, a 
control accuracy of +0.9°F, and are 
designed for use with thermocouple 
sensors. The ambient operating 
temperature range for the con
trollers is 30 to 130°F. A sensor 
protector de-energizes the load 
power if a control thermocouple 
fails. 

Power leads are routed from the 
heater connector panel in the West 
Process Cell through the shield 
wall at window W-9 (see Figure 
5.2-4). These wires are routed 
into the rear of the heater control 
cabinet and attached to terminal 
strips on the inside. The heater 
temperature controllers are con
nected to the terminal strips, to 
the input line voltage through a 10 
amp fuse, and to the control (feed
back) thermocouples. The control 
thermocouples are routed from the 
thermocouple connector panel in the 
West Process Cell through the 
shield wall at window W-S. These 
wires are taken into the cabinet 
top on the side opposite the heater 
terminal strips, and to the heater 
temperature controllers. Power 
input to the cabinet is 3 phase 120 
volt, 60 hertz. 

Several modifications to the heater 
controller circuit were made. A 
redundant set of 22 solid state 
temperature limiters was installed 
in the heater control cabinet and 
wired in parallel with the heater 
temperature controllers. Each is 
connected to the appropriate con
trol thermocouple and is set at a 
temperature slightly above the 
heater temperature controller. An 
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additional heater temperature con
troller and solid state temperature 
limiter were connected into the 
controller power input line and use 
a closure lid thermocouple (located 
near the fuel assembly midplane) to 
limit the fuel clad peak tempera
ture. This controller and limiter 
are set at 650°F, and an alarm 
sounds if feedback exceeds that 
limit and all three phases of power 
into the cabinet are disconnected. 
These extra control features met 
test site personnel safety require
mentsand limited fuel clad temper
atures to less than 700°F during 
testing. 

5.2.10 CONNECTOR PANELS 

Two separate connector panels, one 
for thermocouple extension leads 
and one for heater power leads, are 
mounted on the connector panel 
table for remote attachment of 
leads from the test stand. The 
connector panel table, in the West 
Proces s Cell, is located in front 
of viE!wing window W-S (see Figure 
5.2-4) which is adjacent to the 
test stand connector platform after 
the test stand is positioned in the 
cell. The connector panels are 
mounted at an angle to simplify 
remote attachment operations. The 
two connector panels are shown in 
Figures B-6S and B-69. 

The thermocouple connector panel is 
14 inehes high by 26 inches wide 
and is made of 0.12 inch thick 304 
stainless steel. Mounted to this 
connector panel are eighteen 24 pin 
quick disconnect connectors. Each 
connector has twelve 2 lead thermo
couple extension wires soldered to 
it. lhe extension wires are routed 
through an existing West Process 
Cell shield wall penetration at 
window W-S to the two mUltiplexer 
units located in the operator 
gallery (see Figure 5.2-4). 



Matching quick disconnect connec
tors are attached to the thermo
couple leads on the test stand, 
canister, and closure lid. After 
the completed test stand is posi
tioned ~n the West Process Cell, 
all connectors from the stand are 
remotely attached to the designated 
panel connectors. 

The heater connector panel is 18 
inches high by 23.5 inches long and 
~s made of 0.12 inch thick 304 
stainless steel. Six terminal 
strips are attached to the panel; 
one strip has two terminals, two 
strips have eight terminals, and 
three strips have ten terminals. 
Heater power w~res (identical to 
those used on the test stand, 
Section 5.2.9) are attached to the 
heater connector panel terminals 
via crimped-on wire terminals. 
These w~res are routed to the 
heater control panel. Each heater 
connector panel terminal has a 
brass jumper strip to remotely 
attach matching terminal strips 
mounted on the test stand, can
ister, and closure lid heater 
leads. The jumper strips are 2 
inches long with a hole in one end 
and a s lot ~n the other end. The 
slot allows the test stand heater 
lead terminal strips to be placed 
against the panel mounted strips 
and the terminal screws tightened 
to complete the installation. 

After all the test stand terminal 
strips are connected, a sheet of 
p1exiglass placed over the heater 
connector panel prevents inadver
tant contact with the jumper strips. 

5.2.11 DATA ACQUISITION SYSTEM 

The data acquisition system for the 
Fuel Assembly Internal Temperature 
Measurement Test consists of the 
array of thermocouples, the E-MAD 
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data logger, and two remote signal 
conditioning/multiplexing units. 
The thermocouples are attached to 
the test components as described 
earlier. Remote attachment of 
thermocouples and extension wire is 
made in the West Process Cell to 
route the thermocouples through the 
shield wall to the mUltiplexer 
units located in the operator 
gallery. Multiplexer signal cables 
are routed through overhead cable 
trays to the data logger. 

THERMOCOUPLES 

All thermocouples consist of a Type 
K, chromel-a1ume1 thermocouple with 
ungrounded junction enclosed in a 
0.062 inch diameter 304 stainless 
steel sheath. Two 24 gage Type K 
extension wires are brazed to the 
thermocouple wires and are enclosed 
in a 0.187 inch diameter by 0.028 
inch thick by 2.75 inch long stain
less steel transition boot. The 
transition boot is crimped onto the 
end of the thermocouple cable 
sheath and filled with epoxy. The 
sheathed thermocouple wire is used 
in areas where high temperatures 
could exist during testing. 

The thermocouple extension wires 
are bundled together on the test 
stand and on the closure lid 
assembly and are soldered into 24 
pin quick disconnect connectors 
which match those on the thermo
couple connector panel. Test stand 
(and canister) thermocouple bundles 
are routed and wire tied along the 
test stand frame and are coiled on 
the test stand connector platform. 
The thermocouple bundles on the 
closure lid assembly hang from the 
lid cover plate during installation 
and the connectors are positioned 
on the test stand connector plat
form as the lid is lowered into the 
test stand. 



5.3 OPERATIONS 

5.3.1 TEST SEQUENCE 

The Fuel Assembly 
ature Measurement 
were divided into 
test phases. The 
consisted of test 
trical checkout 

Internal Temper
Test operations 
three separate 
Phase I test 

assembly elec
and calibration 

using the calibration heater assem
bly. The Phase II testing consis
ted of imposing various canister 
temperature profiles and canister 
internal atmospheres on the test 
assembly containing a PWR fuel 
assembly B43. Phase II test 
planning included test runs with no 
band heater power, imposing the 
Electrically Heated Drywell Test 
canister profile, imposing the 
Concrete Silo No. 2 canister pro
file, imposing the Drywell S can
ister profile and imposing various 
uniform canister temperature pro
files ranging from 2S0 to SOO°F. 
The Phase III test consisted of 
imposing various canister temper
ature profiles and canister inter
nal atmospheres on the test assem
bly conta1n1ng PWR fuel assembly 
DIS. Phase III test planning in
cluded test runs with no band 
heater power, imposing the Elec
trically Heated Drywell Test can
ister profile, imposing the Drywell 
5 canister profile, imposing the 
Spent Fuel Test at Climax (SFT-C) 
canister profile and imposing var
ious uniform canister temperature 
profiles ranging from 3S0 to 600°F. 

S.3.2 PHASE I TESTING (ELECTRICAL) 

Phase I Fuel Assembly Internal Tem
perature Measurement Test opera
tions consisted of the checkout and 
calibration of the test assembly 
using the calibration heater assem
bly and temporary canister lid. 
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The electrical testing was per
formed in the West Process Ce 11 in 
the same configuration to be used 
for SpEnt fuel testing. 

Phase I operations began in June, 
1979. The assembled test stand and 
test canister were placed in the 
E-MAD Hot Bay following thermo
couple and heater continuity 
checks. The calibration heater 
assembly was installed into the 
test canister and two electrical 
leads attached to the heater 
assembly tubular heater intercon
nection wires. These leads were 
routed through holes in the tem
porary canister lid as the lid was 
being installed. Installing the 
holddmm bar and nuts completed the 
test assembly. The test assembly 
was then lifted and transported to 
the West Process Cell and lowered 
through the cell ceiling plug hole. 
It was moved into position for 
testing, the seismic restraint 
fixturE~ latches rotated and pinned, 
and the thermocouple and heater 
connectors attached to the mating 
connectors in the cell. The two 
calibration heater assembly leads 
were Elttached to two unused ter
minals on the heater connector 
panel; and in the operator gallery, 
a variable voltage transformer was 
connected to wires leading to these 
two terminals. A voltmeter and 
annneteJ~ connected to the trans
former allowed accurate measurement 
of calibration heater power levels. 

A data logger printout of all test 
thermoeouples was obtained as an 
ambient reference temperature read
ing. The Phase I checkout was then 
performed with a O. S kW calibration 
heater power level. Prior to this 
however, the test assembly heater 
controllers were set at their mini
mum setting and a thermocouple data 



printout was compared to the refer
ence data printout to verify heater 
operation. After this thermocouple 
and heater functional check, the 
calibration heater assembly power 
level was raised to 1.0 kW to 
evaluate test assembly capabi1-
1t1es. The test assembly heater 
controllers were set to predeter
mined values to impose the drywell 
canister profile on the test canis
ter and the tes t assembly tempera
tures were allowed to stabilize. 
The resulting test canister temper
atures were higher than those de
sired. Subsequently, the insu1a
t ion blanket and c 10th cover were 
removed from the top half of the 
test stand liner. With the insu
lation removed and no band heater 
power, another set of test canister 
profile data was compared to the 
desired drywe11 canister profile. 
In this case the temperatures were 
found to be lower along the entire 
canister length. This minimum test 
assembly canister profile capabil
ity for a 1.0 kW heat source meant 
that the Concrete Silo No. 2 tem
perature profile could not be im
posed without major modification to 
the test stand. Therefore, the 
Concrete Silo Canister Profile 
Tests were eliminated. 

Test assembly calibration opera
tions followed the checkout proce
dures. With no band heater power, 
calibration heater power levels 
were set at 0.5, 1.0, 1.5, 2.0, 2.5 
and 3.0 kW. The tes t as semb 1y was 
allowed to reach thermal stabiliza
tion between each power level. 
Stabilization criteria for cali
bration operations required that 90 
percent of the test thermocouple 
data readings fall within +l°F in a 
30 minute period. Data logger 
printouts were made every 30 min
utes during test assembly calibra
tion. Once the test assembly 
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temperatures had stabilized, the 
thermocouple readings were recorded 
and the calibration heater power 
level was changed. Test assembly 
calibration activities started on 
June 4, 1979 and ended on June 29, 
1979. 

Upon completion of Phase I, the 
thermocouple and heater connectors 
in the West Process Cell were dis
connected and the test assembly 
returned to the Hot Bay. The hold
down nuts and bar, the temporary 
canister lid, and the calibration 
heater assembly were removed from 
the test stand. An electrical 
check of the thermocouples was 
performed which revealed that seven 
data thermocouples and two heater 
control thermocouples had low 
internal resistance readings. 
Since improper data feedback could 
result, the two heater control 
thermocouples (TC-9 and TC-1l) were 
disconnected and two data 
thermocouples located at approxi
mately the same position (Tic's 452 
and 460) attached to the heater 
controllers in their places. The 
low internal resistance readings 
for the seven data thermocouples 
(Tic's 328, 357, 383, 387, 389, 428 
and 454) have been noted. The 
temperatures recorded by these 
thermocouples (provided in Appendix 
F) may be in error and therefore 
were not used in evaluating the 
test results. 

5.3.3 PHASE II TESTING (FUEL 
ASSEMBLY B43) 

Phase II Fuel Assembly Internal 
Temperature Measurement Tes t opera
tions consisted of installing the 
spent fuel assembly into the test 
stand canister, placing the test 
assembly in the West Process Cell, 
conducting a fuel assembly calori
metry test, and conducting a series 



of simulated storage cell thermal 
tests and uniform canister temper
ature tests with either air, helium 
or a vacuum inside the test canis
ter. Fuel assembly installation 
and test assembly completion were 
performed remotely in the Hot Bay. 
All testing was performed in the 
West Process Cell. 

Following the Phase I testing, the 
test stand was placed in the Hot 
Bay calorimeter pit (shielded 
storage pit). The installation and 
assembly procedures are described 
in greater detail in Section 
B.2.4. On July 18, 1979, remote 
handling operations commenced. PWR 
spent fuel assembly B43 was taken 
from its storage canister assem
b ly. The fue 1 assembly was slowly 
lowered into place and installed 
with the serial number side of the 
top nozzle facing test stand 6=0°. 

The completed test assembly was 
moved to the West Process Cell and 
installed as described in Appendix 
B. Finally, an operational check 
of the heaters and thermocouples 
ensured proper operation. 

Phase II tests were begun in late 
July, 1979. The planned testing 
sequence was: 1) perform the fuel 
calorimetry check with the band 
heaters off, 2) impose the drywell 
canister profile, 3) impose the 
Electrically Heated Drywell Test 
canister profile, and 4) impose 
uniform canister temperatures of 
250, 300, 400 and 500°F, respec
tively. Each storage cell canister 
profile was based on a decay heat 
level comparable to yet slightly 
different from that of the fuel 
assembly being tested. For the 
Electrically Heated Drywell Test, 
the axial canister and liner 
profiles shown in Figure 5.3-1 for 
a 1.0 kW heater power level were 
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Figure 5.3-1. Electrically Heated Drywell Test 
Canister and Liner Temperature 
Profiles for the Fuel Assembly 
Internal Temperature 
Measurement Test (1.0 kW 
Operation, November 29, 1979) 

originally planned to be used. 
However, the actual set point 
temperatures used are given in 
Table 5.3-1. The Concrete Silo NJ. 
2 canister and liner profiles shown 
in Figure 5.3-2 were taken from 
test data on March 4, 1979 for a 
fuel assembly decay heat leve 1 
estim~Lted to be about 0.97 kW. The 
axial canister profile shown in 
FigurE: 5.3-3 was obtained from Dry
well 5 on July 1, 1979 when the 
fuel .:lssemb1y decay heat level was 
estimated to be about 0.87 kW. For 
each test profile, three tests 
would be run with an air, vacuum 
and helium backfill. The actual 
order in which all the tests were 
run is identified in Table 5.4-1. 
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Figure 5.3-2. Concrete Silo (FIA 802) Canister 
and Liner Temperature Profiles 
for the Fuel Assembly Internal 
Temperature Measurement Test 
(March 4, 1979) 

For each backfill media, the heater 
controllers were set to provide a 
predetermined liner temperature 
profile (except for the no band 
heater tests). Once the test 
assembly temperatures stabilized, 
the heater controllers were 
adjusted to impose the desired 
canister temperature profile. The 
test assembly was allowed to reach 
thermal stabilization, and a final 
printout recorded. Thermal stabil
ization was determined by examining 
the center thermowell midplane 
thermocouple temperature (TIc 304) 
and six canister thermocouple 
temperature (TIc's 417, 421, 425, 
431, 435 and 437) readings versus 
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time. The stabilization criteria 
was that these seven temperatures 
not vary by more than +loF in a 30 
minute period. Data logger print
outs during the tests were made 
every four hours. 

The evacuation and backfill system 
affected the canister backfill 
media changes. For the air back
fill tests, the vent valve was left 
open to the West Process Cell 
atmosphere. The helium backfill 
was maintained at 1.0 + 0.5 psig 
during each of the helium tests by 
the preset helium bottle supply 
pressure and relieved overpressure 
by opening the vent valve. For 
either of these two backfills, the 
test canister was evacuated prior 
to filling. The vacuum tests were 
conducted with the vacuum pump 
running constantly. The system 
pressure was maintained at about 
-24 inches of mercury for all 
vacuum testing. 

The testing order varied from the 
original plan so that different 
profiles could be run with the same 
backfill media, shortening the 
overall testing time. In addition, 
several problems experienced in the 
performance of the tests resulted 
in rerunning several tests. After 
the first three No Band Heater 
Tests had been completed in early 
August, procedural problems pre
vented continuation with the im
posed canister profile tests. 
Testing resumed in early September 
with the rerunning of the helium 
filled No Band Heater Test. The 
drywell canister profile test fol
lowed; however, on September 14 
during the vacuum backfill test, a 
heater controller contact failed in 
the closed position prior to test 
stabilization. Further canister 
profile tests were subsequently 
halted until new solid state 



TABLE 5.3-1 
SET POINT TEMPERATURES FOR ELECTRICALLY HEATED DRYWELL 

TEST CANISTER PROFILES 
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Figure 5.3-3. Drywell 5 (FIA 803) Canister 
and Liner Temperature Profiles 
for the Fuel Assembly Internal 
Temperature Measurement Test 
ljuly 1, 1979) 

controller contacts, a new set of 
redundant temperature limiters and 
a safety alarm and heater control
ler shutdown circuit could be 
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Rerun Tests 
Tic No. Temp. (OF) 

417 244 

421 276 

425 270 

431 250 

435 195 

437 157 

installed. The two additional No 
Band Heater Tests were then rerun. 

Testing began again in mid-November 
with the rerunning of the one com
pleted Drywell Canister Profile 
Test. For each canister imposed 
temperature test, the heater con
troller safety shutdown circuit 
limiter was set at 650°F to prevent 
fuel assembly clad temperatures 
from exceeding the design limit. 
All of the 18 planned canister 
profile tests were run ~n suc
cessicln between November 14, 1979 
and February 8, 1980. The test 
data for the Phase II fuel assembly 
tests are provided in Appendix F. 

Follo~ling an evaluation of the 
results from the vacuum and helium 
backfill Electrically Heated Dry
well Test Canister Profile Tests, 
it was determined that the canister 
profile had been inadvertantly 
transposed. The decision to rerun 
all three backfill tests with the 
Electrically Heated Drywell Test 
Canister profile was made. Testing 
resumed in June, 1980; however, 
prior to completing the third tes t 
(helium backfill), a leak ~n the 
evacuation and backfill system 
prevented stabilization. Since 
system examination and repair acti
vities in the West Process Cell 



were limited to remote operations, 
this final test rerun was discon
tinued. 

A set of gas samples was taken from 
the test canister before the rerun 
tests were performed. '!1le opera
t ions for the gas sampling and the 
results are described in Appendix 
1. Prior to taking the gas sam
pIes, the test stand band heaters 
were turned on and adjusted to 
maintain a uniform canister temper
ature profile of about 500°F. '!1le 
heatup began on May 30, 1980, and 
continued through June 4, 1980, 
when the samples were taken. 
Following gas sampling, the band 
heaters were turned off. Appendix 
L provides temperature data for the 
canister and thermowells during the 
gas sampling heated period. 

5.3.4 PHASE III TESTING (FUEL 
ASSEMBLY DIS) 

Phase III test operations consisted 
of installing the spent fuel assem
bly into the test stand canister, 
placing the test assembly in the 
West Process Cell for testing, 
conducting a fuel assembly calori
metry test, and conducting a series 
of simulated storage cell thermal 
tests and uniform canister temper
ature tests with either air, helium 
or a vacuum inside the test canis
ter. Fuel assembly installation 
and test assembly completion were 
performed remotely in the Hot Bay. 
All testing was performed in the 
West Process Cell. In addition to 
the Fuel Assembly Internal Temper
ature Measurement Test operations, 
calorimetry of the spent fuel as
sembly was performed prior to and 
after test operations using the 
Boiler Water Calorimeter located in 
the Hot Bay (see Appendix K). 

Phase III 
September, 

operations began in 
1980. Prior to the 
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start of testing, a printout of all 
test assembly thermocouples was 
made with the test assembly 1n
stalled in the West Process Cell. 
Data thermocouple 452 was found to 
be defective and disconnected. '!1le 
test stand was then moved to the 
Hot Bay. On September 22, 1980, 
remote handling operations com
menced. PWR fuel assembly DIS was 
taken from its storage canister as
sembly in which it had been tempor
arily stored in the Lag Storage 
pit. '!1le fuel assembly was in
stalled with the serial number side 
of the top nozzle facing test stand 
6=0°. '!1le installation procedure 
1S described in detail in Appendix 
B. 

'!1le completed test assembly was 
moved to and installed in the West 
Process Cell using the same pro
cedures as those followed in Phase 
II. 

Phase III tests began in late 
September, 1980. '!1le planned test
ing sequence was: 1) perform the 
fuel calorimetry check with the 
band heaters off, 2) impose an 
Electrically Heated Drywell Test 
canister profile, 3) impose the 
Drywell 5 canister profile, 4) im
pose the SFT-C canister profile, 
5) impose uniform canister temper
atures of 350, 400, 450, 500, 550 
and 600°F, respectively, and 
6) repeat the fuel calorimetry 
check with band heaters off. As in 
Phase II, for each test profile, a 
test would be run with an a1r, 
vacuum or helium backfill. Each 
storage cell canister profile was 
based on a decay heat level com
parable to, yet slightly different 
from, that of the fuel assembly 
being tested. For the Electrically 
Heated Drywell Test, the axial 
canister and liner profiles shown 
in Figure 5.3-4 were developed by a 
linear interpolation for a power 
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Interpolated From Electrically 
Heated Drywell Test Canister 
and Liner Temperature Profiles 
at 1.0 kW and 2.0 kW 
Operation (April 1, 1979 and 
April 1, 1980 respectively) 

level of 1.4 kW using the test data 
from 1.0 kW and 2.0 kW power level 
tests on April 1, 1979 and April 1, 
1980, respectively. The Drywell 5 
axial canister and liner profiles 
shown in Figure 5.3-5 were taken 
from test data for fuel assembly 
D22 on October 15, 1980 when the 
fuel assembly decay heat leve 1 was 
estimated at about 1.22 kW. The 
Spent Fuel Test at Climax axial 
canister profile shown 1n Figure 
5.3-6 was provided by Lawrence 
Li vermore National Laboratory based 
on a best-fit evaluation of canis
ter temperatures from data about 90 
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days after canister emplacement for 
fuel assemblies identical in decay 
heat to fuel assembly DIS. It was 
also planned that the 550 and 600°F 
uniform canister temperature tests 
would be conducted only if the peak 
fuel clad temperature remained 
below 715°F. 

Twenty-five of the 31 planned 
canister profile tests were run 
between September 26, 1980 and 
JanuaJ:y 5, 1981. Several problems 
experienced in the performance of 
the tests and the desired shipment 
date for fuel assembly DIS from 
E-MAD to the Climax test site re
sulted in eliminating six of the 
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Figure 5.3-6. Set Point Temperatures Derived 
From Spent Fuel Test at Climax 
Canister Temperature Profile 

test runs. In addition, the avail
ability of the three storage cell 
canister axial profiles was delayed 
until near the end of October which 
altered the order in which the 
tests were run. Table 5.4-2 sum
marizes, in chronological order, 
the tests which were run and the 
appropriate data table for data 
from each test. 

After the first three No Band 
Heater Tests had been completed, 
the 350°F Uniform Canister Temper
ature Profile Test with air back
fill was run. During the test, it 
was found that a uniform 350°F 
profile could not be achieved. 
Temperatures in the canister center 
portion were about l5°F higher than 
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the desired value. Temperatures on 
the lower end were 5 to 10°F lower 
than the desired value. This dif
ference was caused by the convec
tion-induced axial transfer of the 
heat applied to the canister lower 
portion by the liner band heaters 
needed to raise the canister lower 
end temperatures to 350°F. Because 
the exact 350°F uniform canister 
temperature profile could not be 
achieved for air, the helium and 
vacuum backfill tests at 350°F were 
deleted. Later (following the 
550°F Uniform Canister Temperature 
Profile Tests), an evaluation of 
the canister to center thermowell 
temperature difference indicated 
that for the 600°F Uniform Canister 
Temperature Profile Test the fuel 
clad temperature limit of 715°F 
would be exceeded for the air and 
vacuum backfills. For this reason, 
these two tests were also deleted. 

Two problems were experienced 
during the storage cell profile 
tests. The SFT-C canister axial 
profile was found to be slightly 
lower than the canister profiles 
for the No Band Heater Tests. 
Since the exact canister profile 
could not be achieved, it was 
determined that imposing canister 
temperatures 100°F above the noted 
profile would meet Lawrence Liver
more National Laboratory needs. 
This higher temperature profile was 
used for the SFT-C Canister Profile 
Tests. To allow for the encapsula
tion and shipment of fuel assembly 
D15 to the Climax test site 1n 
early January, 1981, the last two 
planned air backfill tests for the 
Electrically Heated Drywell Test 
and the SFT-C canister profiles 
could not be run. However, prior 
to test assembly disassembly and 
transfer to the Hot Bay, a second 
calibration test (with band heaters 
off and an au backfill) was 



performed. Following test stand 
return to the Hot Bay and lid 
removal, the fuel assembly was 
removed and placed in the Boiling 
Water Calorimeter on January 6, 
1981 for a second calorimeter 
reading. A previous calorimetry 
had been performed on fuel assembly 
D15 on July 8, 1980 using the 
Boiling Water Calorimeter. 

For each backfill media, the heater 
controllers were set to provide a 
predetermined liner temperature 
profile (except for the No Band 
Heater Tests). Once the test 
assembly temperatures stabilized, 
the heater controllers were ad
justed to impose the desired can
ister temperature profile within 
+5°F for the canister profile tests 
and within +lO°F for the uniform 
canister tests. The test assembly 
was allowed to reach thermal stabi
lization, and a final printout re
corded. Thermal stabilization was 
determined by examining the center 
thermowell fuel midplane thermo
couple (Tic 304) temperature read
ings versus time. The stabiliza
tion criterion was that tempera
tures not vary by more than +loF in 
a 24 hour period. Data logger 
printouts during the tests were 
made every four hours. 

The evacuation and backfill system 
affected the canister backfill 
media changes in the same manner as 
it was used in the Phase II tests. 
The system maintained pressure be
tween -22 and -24 inches of mercury 
for all vacuum tests. 

5.4 TEST RESULTS 

This section 
results from 

presents 
the Fuel 

the test 
Assembly 

Internal Temperature Measurement 
Tests. The results are presented 
as figures and tables ~n this 
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section, in Appendix F (thermo
couple data tables) and in Appendix 
J (additional data curves). A re
sults discussion of each set of 
tests (same canister profile con
dition with three backfill media) 
is pr,asented. The temperatures 
measured in the center thermowell 
are considered representative of 
the peak fuel clad temperatures. 
This is based on an estimated 5 to 
7°F maJtimum difference between fuel 
c lad and measured temperature (see 
Appendix M). The results of spent 
fuel assembly calorimetry and the 
applic~ltion of the test results to 
storagE~ cell tests are also 
includE:d. 

5.4.1 PHASE I TEST RESULTS 

The results of the Phase I elec
trical calibration heater tests 
performed with a~r ~n the test 
canistE~r at power levels of 0.5, 
1.0, 1.5, 2.0, 2.5, and 3.0 kW are 
presented in Figure 5.4-1. The 
axial canister profiles provided 
data points used in evaluating 
spent fuel assembly decay heat 
levels" Complete data from the six 
test runs are provided in Appendix 
F, Tables F-2 to F-4. For each 
test run, the test stand was in the 
same ,:onfiguration used for the 
spent fuel assembly tests except 
for the temporary lid which approx
imated the actual closure lid's 
thermal resistance. 

5.4.2 PHASE II TEST RESULTS (FUEL 
ASSEMBLY B43) 

the actual 
II tests and 

table ~n 

Table 5.4-1 presents 
test c>rder for Phase 
identifies the data 
Appendix F for each test. 
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Figure 5.4-1. Canister Temperature Profiles From the Calibration Heater Phase I Tests 
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TABLE 5.4-1 
FUEL ASSEMBLY B43 TEMPERATURE TEST SUMMARY 

Test Condition Backfill 

Band Heaters Off Air 

Band Heaters Off Vacuuu: 

Band Heaters Off He liUDl 

Band Heaters Off (Rerun) Heliuu: 

Drywell Canister Profile Helium 

Band Heaters Off (Rerun) Vacuuu: 

Band Heaters Off (Rerun) Air 

Drywell canister Profile Air 

Drywell canister Profile (Rerun) Heliuul 

Drywell canister Profile VaCUUUl 

Electrically Heated Drywell canister Profile VaCUUDl 

Electrically Heated Drywell canister Profile He 1 iuul 

250°F Uniform canister Profile HeliUlll 

300°F Uniform canister Profile Helium 

400°F Uniform canister Profile HeliUUl 

500°F Uniform canister Profile HeliUUl 

500°F Uniform canister Profile VaCUUUl 

250°F Uniform canister Profile Air 

Electrically Heated Drywell canister Profile Air 

300°F Uniform canister Profile Air 

400°F Uniform canister Profile Air 

500°F Uniform canister Profile Air 

400°F Uniform Canister Profile VaCUUlIl 

250°F Uniform Canister Profile Vacuum 

300°F Uniform Canister Profile Vacuum 

Electrically Heated Drywell canister Profile Air 
(Rerun) 

Electrically Heated Drywell canister Profile Vacuuul 
(Rerun) 

Date 
Completed 

7/23/79 

7/25/79 

8/5/79 

9/11/79 

9/13/79 

9/18/79 

9/20/79 

11/14/79 

11/27/79 

11/28/79 

11/29/79 

11/30/79 

12/6/79 

12/7/79 

12/11/79 

12/17/79 

12/20/79 

1/4/80 

1/10/80 

1/14/80 

1/17/80 

1/24/80 

1/30/80 

2/8/80 

2/11/80 

6/17/80 

6/25/80 

Data 
Table 

F-7 

F-5 

F-6 

F-11 

F-17 

F-8 

F-10 

F-19 

F-18 

F-16 

F-ll 

F-12 

F-21 

F-24 

F-27 

F-30 

F-29 

F-22 

F-13 

F-25 

F-28 

F-31 

F-26 

F-20 

F-23 

F-15 

F-14 

5.4.2.1 SPENT FUEL ASSEMBLY 
CALIBRATION RESULTS 

1979 provided a set of data at the 
beginning of the Phase II testing. 
Data acquisition continued during 
the de lay from September to Novem
ber and the data available just 
prior to testing resumption on 
November 11 provided a second set 
of no band heater power temper
atures. After the scheduled 

Data gathered during testing with 
al.r l.n the canister and no band 
heater power were used l.n deter-
ml.nl.ng spent fuel assembly decay 
heat levels. The No Band Heater 
Test run completed on September 20, 
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testing was completed and prior to 
rerunning the Electrically Heated 
Drywell Test Canister Profile 
Tests, a third data set was gather
ed in April, 1980. These three 
canister axial temperature profiles 
are shown in Figure 5.4-2 along 
with the Phase I 0.5 and 1.0 kW 
canister axial temperature pro
files. The profiles shown are 
normalized so all five data sets 
have a common West Process Cell 
ambient temperature of 80°F (am
bient temperatures ranged from 71 
to 82°F). 

~ 
~0 

~i~-------,---------r--------, 
~~ 

CALIBRATION HEATER 
AT 0.5 kW 

fUEL ASSfMBl Y EMl 
ON APRIL !S.1980 

FUel ASSEMBLY 843-..... 
ON NOVEMBER 11,1171 

FUEL ASSEMBLY 843 
ON SEPTEMBER 20.1919 

200 

T£MPERATURE IUFI 

-zo 

.. 

Figure 5.4-2. Fuel Assembly B43 Calibration: 
Canister Temperature Profiles 

To determine the relative spent 
fuel assembly decay heat levels, 
the calibration heater and spent 
fuel assembly canister temperatures 
at the three elevations nearest the 
fuel assembly midplane (51, 86, and 
120 inches below top of canister) 
were compared. These three data 
sets were judged to be least 
affected by canister thermal end 
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effects. A set of canister 
temperature versus power level 
curves was established for the 
average thermocouple readings for 
each elevation using the 0.5 and 
1.0 kW calibration heater test 
results. A straight line approx
imation between data points at each 
power level was assumed. The aver
aged canister temperatures for the 
three data sets were plotted on the 
curves to establish the relative 
power levels. Table 5.4-2 summar
izes the fuel assembly decay heat 
levels determined by this method. 

The above method of spent fuel 
assembly decay heat determination 
does not account for the differ
ences in assembly heated lengths 
(152 inches for the calibration 
heater and 144 inches for the fuel 
assembly) and the nonuniform decay 
heat distribution in the fue 1 
assembly. A second method of decay 
heat determination compares the 
heat fluxes to the canister (mea
sured as the difference between the 
canister and ambient temperature) 
to account for these differences. 
The heated length differences 
effect was considered by ratioing 
the two lengths. The nonuniform 
heat distribution effect was exa
mined using the gamma activity 
measurement profile obtained during 
the spent fuel assembly nonde
structive examination. The gamma 
activity measured along the fuel 
assembly center 6 feet was 17.4 
percent higher than the gamma 
activity for the entire fuel as
sembly. The combined effect of 
heated length difference and non
uniformity caused the canister 
spent fuel assembly heat flux to be 
25 percent higher than the cali
bration heater flux. This factor 
applied to the canister temperature 
data from the 0.5 and 1.0 kW 
calibration heater tests resulted 



TABLE 5.4-2 
FUEL ASSEMBLY B43 DECAY HEAT LEVEL DETERMINED 

FROM TEST DATA VERSUS CALIBRATION DATA 

I. canister Temperature Comparison Method 

Date 
T/C Elevation (Inches 
Below Top of Canister) 9/20/79 .! 1/11/79 4/15/80 

51 0.912 kW 0.870 kW 0.790 kW 

86 0.920 kW 0.870 kW 0.780 kW 

120 0.915 kW ('.850 kW 0.768 kW 

Average 0.916 kW C.863 kW 0.779 kW 

II. Canister/Ambient Temperature Difference Method 

T/C Elevation (Inches 
Below Top of canister) 

51 

86 

120 

Average 

III. Predicted Decay Heat 

in an adjusted set of canister/ 
ambient temperature difference 
versus powe r leve 1 curves. Again, 
a straight line approximation 
between data points was assumed. 
Table 5.4-2 summarizes the fuel 
assembly decay heat levels deter
mined by this method. 

The decay 
from Fuel 

heat levels predicted 
Assembly Internal TeGr 

perature Measurement Test calor
imetry data by the previous two 
methods were compared to the decay 
heat curve predicted using the 

Date 

9/20/79 1·1/11/79 4/15/80 

0.682 kW 0.640 kW 0.581 kW 

0.691 kW 0.651 kW 0.585 kW 

0.685 kW 0.642 kW 0.575 kW 

0.686 kW 0.644 kW 0.580 kW 

Date 

9/20/79 }1/11/79 4/15/80 

0.807 kW 0.778 kW 0.698 kW 
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ORIGEN 2 code. Figure 5.4-3 shows 
the predicted nominal decay heat 
and the data points from the two 
previous methods. The three calor
imetry data points determined by 
the canister temperature comparison 
are 12 percent higher than the 
nominl:ll predicted decay heat 
level. The three calorimetry data 
pointE, determined by the adjusted 
canister/ambient temperature com
pariscm are 16 percent lower than 
the nominal predicted decay heat 
level. The differences in the 
decay heat levels may be attributed 
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Figure 5.4-3. Comparison of Calorimetry Data With Predicted Decay Heat Curve for Fuel 
Assembly 843 

to heat transfer inside an air 
filled canister and the two decay 
heat determination methods handling 
of these heat transfer effects. 

If all the heat from the fuel 
assembly or calibration heater is 
transferred to the canister by 
convection, the canister tempera
ture comparison method would yield 
fairly accurate results. In this 
case the heated length differences 
and nonuniformity would not Ln
fluence canister temperatures. If, 
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on the other hand, all the heat 
from the fuel assembly or cali
bration heater is transferred 
radially to the canister by con
duction and radiation, the adjusted 
canister /ambient temperature dif
ference comparison method would 
yield fairly accurate results. 
However, heat transfer occurs by a 
combination of convection, con
duction, and radiation. The Phase 
II test results show that convec
tion dominates the transfer modes 
for air in the canister, but the 



exact proportion could not be 
determined. Since some heat is 
transferred radially by conduction 
and radiation, an exact decay heat 
determination method has not been 
developed. The proportions of heat 
transferred axially and radially 
mus t be known to properly account 
for the heated length and nonuni
form heat distribution differences 
between the two assemblies. How
ever, the two methods used can be 
assumed to have provided a range 
encompassing the actual decay heat 
levels. 

It can then be concluded that spent 
fuel assembly calibration using the 
Fuel Assembly Internal Temperature 
Measurement Test provides only a 
rough estimate of the spent fuel 
decay heat level. For this reason, 
the nominal predicted decay heat 
levels determined from Figure 5.4-3 
provide a measure of relative decay 
heat levels for the various fuel 
assembly tests performed over a six 
month period. 

5.4.2.2 NO BAND HEATER TESTS 
RESULTS 

Two sets of tests were run without 
band heater power, each set with an 
air, vacuum and helium backfill. 
The first set of No Band Heater 
Tests was run in late July and 
early August, 1979. The second set 
of No Band Heater Tests was perfor
med in September, 1979. Test data 
for the first set of vacuum, helium 
and air test runs are provided in 
Tables F-5, F-6 and F-7, respec
tively and the data for the second 
set are provided in Tables F-8, F-9 
and F-10, respectively. The second 
set of test runs provided a better 
reference point for the imposed 
canister profile tests. 
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The results from the first set of 
No Band Heater Tests are shown in 
Figure 5.4-4. The figure shows the 
center thermowe1l axial temperature 
and canister axial temperature pro
files for air, helium and vacuum 
backfill conditions. The tests 
were performed in succession with 
the only test condition change 
being the gas medium. The test 
results provide significant infor
mation relative to heat transfer 
mechanisms present. In addition, 
since there is no imposed liner 
temperature with these test re
sults, the effects of canister, 
liner and closure lid thermowell 
configurations on fuel assembly 
temperatures can be evaluated. 

A cc·mparison of the canister 
temperature profiles in the can
ister middle and bottom sections 
shows the vacuum backfill canister 
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Temperature Profiles (FIA B43) 



produced the highest canister 
temperatures, the helium backfill 
produced the next highest, and the 
air backfill produced the lowest. 
Near the canis ter top however, the 
order of temperatures was reversed, 
Le., air, helium and vacuum back
fills produced the highest to low
est temperatures. The maximum 
variation between the highest and 
lowest temperatures was only 20°F. 

Comparing the center thermowell 
temperature profiles shows the 
helium backfill produced the lowest 
temperatures (except at the lowest 
thermocouple). In the lower and 
middle sections, the a~r backfill 
produced the next higher temper
ature and the vacuum backfill 
produced the highest. The a~r 

backfill temperatures ~n the top 
section were again the highest. 
The variation between highest and 
lowest temperatures ranged between 
70 and 80°F. 

These results can be explained by 
evaluating the heat trans fer 
occurring in each backfill medium. 
With a vacuum, radiation should be 
the only means of transferring heat 
to the test canister. At the low 
temperatures (less than 400°F), the 
amount of heat transferred radially 
by radiation to the canister ~s 

less than that for either air or 
helium. Heat transfer at the can
ister top end was significantly 
different from the bottom end. 
This was due to test canister 
configuration (a long vertical 
cylindrical tube with a flat upper 
lid and an ellipsoidal bottom end) 
and 15 long thermowells inserted 
into the fuel assembly top. 

If both canister ends were the same 
configuration, if the canister was 
horizontal rather than vertical, 
and assuming uniform fuel assembly 
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decay heat distribution, both can
ister and center thermowell pro
files should be symmetrical about 
the fuel assembly midplane. The 
two different canister end config
urations and the a~r convection 
effects between the canister and 
liner cause the canister temper
ature profile for the vacuum 
backfill to be skewed towards the 
canister top. 

The fuel rod temperatures should 
follow the canister temperatures 
for a vacuum except near the ends. 
However, the temperatures recorded 
near the fuel assembly top decrease 
below the temperatures at the fuel 
assembly bottom. This indicates a 
greater amount of heat is conducted 
into the canister lid. Since only 
radiation heat transfer is 
available, axial heat conduction 
along the 15 thermowell tubes is a 
plausible explanation. 

A comparison of the relative radial 
heat flow to the canister with the 
relative gamma activity measured 
during the nondestructive testing 
was made. This investigated 
whether the drop-off in center 
thermowell temperature was due to a 
nonuniform fuel assembly decay heat 
profile. The gamma activity mea
surements made in the center in
strumentation tube at 13 elevations 
along the fuel assembly length were 
averaged and normalized to the 
average. The normalized gamma 
activity data were plotted and 
showed a decrease in gamma activity 
at both fuel assembly ends. The 
plot is shown in Figure 5.4-5. 
Temperature data at five axial 
locations generated during the vac
uum backfill No Band Heater Test 
(as well as the vacuum backfill 
Uniform Canister Temperature Pro
file Tests) were used to calculate 
relative heat flows along the 



canister. The absolute center 
thermowell and canister temper
atures were raised to the fourth 
power and the differences averaged 
and normalized to the average. 
This provided relative heat flow 
values comparable to the normalized 
gamma activity data. These data 
points are included in Figure 5.4-5. 
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Figure 5.4-5. Comparison of Normalized Fuel 
Assembly Center Instrument 
Tube Gamma Activity 
Measurements with Normalized 
Vacuum Backfill Test Results 
(PIA 843) 

The normalized gamma activity and 
heat flow comparisons at elevations 
30, 52, 79, and 112 inches above 
the bottom of the active fuel 
agreed within five percent. At the 
top fuel assembly thermocouple (140 
inches above the bottom of the 
active fuel), the normalized heat 
flow value was 51 percent of the 
normalized gamma value. This indi
cates that the spent fue 1 assembly 
temperature decrease at the fuel 
top is due to canister thermal end 
effects rather than to the non
uniform decay heat profile. 

With helium and air 
canister, radial heat 

inside the 
transfer by 
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conduction and axial heat trans fer 
by convection are available. For 
heliurr. backfill, the amount of 
radial heat conduction is higher 
than that for air. This is evi
denced by the lowest temperature 
gradient between the center ther
mowell and canister for helium. 
For the air backfill case, the 
amount: of axial heat convection is 
greate:r than that for helium. This 
is evidenced by the divergence of 
the two center thermowell temper
ature profiles. A comparison of 
the relative amount of convection 
within the canister was made using 
the difference between canister and 
ambient temperature as a measure of 
heat flux at the canister bottom 
and top. At the canister' bottom, 
the canister/ambient temperature 
difference is lower by eight per
cent and 17 percent for helium and 
air backfills respectively when 
compared to the vacuum backfill. 
At the canister top, the canis
ter /ambient temperature differences 
for helium and a1r backfills are 
seven percent and 21 percent higher 
than the vacuum backfill, respec
tively. It can be concluded that 
the air backfill is twice as effec
tive as an axial heat convector 
than the helium backfill. 

As with the vacuum backfill, both 
the helium and air backfill center 
thermowell temperature profiles 
decre8sed at the fuel assembly 
top. This indicates axial heat 
transfer through the 15 thermowells 
to the canister lid. This effect 
is greater for the helium backfill 
than for the air backfill as shown 
by the larger helium backfill 
temperature decrease. Since a 
greater amount of axial heat 
transfers to the upper end of the 
canister with the air backfill, 
additional heat transfer by 
thermowell conduction has only a 



s light effect on the air backfill 
thermowell temperatures. 

5.4.3.3 ELECTRICALLY HEATED 
DRYWELL TEST CANISTER 
PROFILE TESTS RESULTS 

Two sets of tests were run using 
the Electrically Heated Drywell 
Test canister profile, each set 
with an air, vacuum and helium 
backfill. The first set of tests 
was run in November, 1979 with 
vacuum and helium backfills and in 
January, 1980 with air backfill. 
An evaluation of the imposed canis
ter profiles revealed that the 
vacuum and helium backfill tests 
had been run using an inverted 
canister temperature profile. All 
three tests were then rerun in 
June, 1980. A leak 1n the test 
backfill system prevented the 
second helium backfill test from 
being completed. Test data for the 
first set of vacuum, helium and air 
test runs are provided in Tables 
F-ll, F-12 and F-13, respectively. 
Test data for the rerun vacuum and 
air test runs are provided in 
Tables F-14 and F-15, respectively. 

Figures 5.4-6 and 5.4-7 show the 
axial temperature profiles imposed 
on the tes t canister, the actual 
canister temperature data points 
from the Electrically Heated Dry
well Test, and the center thermo
well temperatures for the initial 
tests and the rerun of two tests. 
Although the three canister pro
files are slightly different, the 
center thermowell axial temperature 
profiles for each exhibit the same 
relationships described previously 
for the No Band Heater Tests. For 
example, the helium backfill pro
duced the lowest center thermowell 
temperatures, the a1r backfill 
produced the next higher (except in 
the top region) and the vacuum 
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Temperature Profiles (FIA B43) 

backfill produced the highest 
(except in the top region). 

Since the five test runs were per
formed during three time periods, 
the relative fuel assembly decay 
heat level is important for any 
comparison. The relative decay 
heat levels can be determined from 
the decay heat curve in Figure 
5.4-3. For the initial vacuum and 
helium tests, the decay heat level 
was 0.77 kW; for the initial air 
test, the decay heat level was 0.75 
kW; and for the air and vacuum test 
reruns, the decay heat leve 1 was 
0.67 kW. The center thermowell and 
canister temperature differences 
for the two air backfill tests can 
be compared to the decay heat 
leve ls change. The temperature 
differences along the entire axial 
profile were nine percent lower for 
the rerun test. This compares to 
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Figure 5.4-7. Rerun Electrically Heated 
Drywell Test Canister Profile 
Test Temperature Profiles (FIA 
843) 

an estimated 12 percent decrease in 
decay heat level based on the nom
inal predicted decay heat curve. 

The initial set of canister pro
files for helium and vacuum back
fill differed slightly from the air 
backfill test and the desired 
profile. However, the canister 
temperatures at the elevation of 
the peak center thermowe11 tempera
ture were about the same for all 
three backfills. Table 5.4-3 sum
marizes the peak center thermowe11 
temperatures for the Electrically 
Heated Drywe11 Test Canister Pro
file Tests. In addition, a com
plete cross sectional map of can
ister and thermowe11 temperature 
readings for the three backfill 
media tests (at an elevation near 
the active fue 1 midplane) are pro
vided in Figure J-1 in Appendix J. 
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5.4. 2.~. DRYWELL 5 CANISTER PROFILE 
TESTS RESULTS 

Four tests were run using the 
canistE:r profile from Drywell 5. A 
complete set of air, helium and 
vacuum backfill tests was run in 
succesE:ion in November, 1979 fol
lowing an early helium backfill 
test run in September, 1979. Test 
data from these tests are provided 
in Tables F-16 through F-19. The 
relative spent fuel assembly decay 
heat levels are estimated to be 
0.81 k'N for the early helium back
fill test, 0.78 kW for the air 
backfil.1 test, and 0.77 kW for the 
helium and vacuum backfill tests • 

The rei~u1ts of the three sequential 
Drywell Canister Profile Tests are 
shown in Figures 5.4-8 and 5.4-9. 
Figure 5.4-8 presents the axial 
temperclture profiles imposed on the 
canistl~r, the actual Drywell 5 
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Temperature Profiles (FIA 843) 
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canister temperature data points, 
and the center thermowell axial 
temperatures for all three backfill 
media. Figure 5.4-9 presents three 
sets of radial and diagonal thermo
well temperature curves for the 
top, middle and bottom elevation 
thermocouples. Table 5.4-3 sum
marizes the maximum temperatures 
recorded for each test. A complete 
cross sectional map of canister and 
thermowell temperature readings for 
the three backfill media (at an 
elevation near the active fuel 
midplane) are provided in Figure 
J-2 and in Appendix J. 

The axial temperature profiles in 
Figure 5.4-8 are similar to those 
in Figure 5.4-5 for the No Band 
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Heater Tests. The helium backfill 
test center thermowell temperatures 
are the lowest, showing a higher 
helium thermal conductivity. The 
air backfill test center thermowell 
temperatures are skewed toward the 
fuel assembly top, showing air to 
be a better convector than helium. 
The vacuum backfill test center 
thermowell temperatures are the 
highest, (except near the top) 
showing that radiation alone is the 
least effective heat transfer 
method. The maximum thermowell 
temperatures occurred at the ele
vation slightly above the active 
fuel midplane for the helium and 
air backfill tests. They occurred 
at a slightly lower elevation for 
the vacuum backfill test (due most 
likely to the higher than desired 
temperature profile). 

Comparing the three sets of curves 
shown in Figure 5.4-9 confirms the 
heat transfer mechanisms present 
for each backfill. The three sets 
of curves show thermowell data for 
the center position, for two rad
ially opposite positions, and for a 
pair of diagonally opposite posi
tions at elevations 30, 79 (near 
midplane) and 140 inches above the 
bottom of the active fuel. For the 
vacuum backfill, where radiation 
alone transfers heat from the fuel 
rods to the canister, the radial 
and diagonal profiles are expected 
to be the s teepes t (from center to 
outer row). In addition, the pro
files would not be expected to vary 
along the fuel assembly length 
(neglecting end effects). The 
bottom and midplane elevation pro
files in Figure 5.4-9 show the 
vacuum backfill to be the steepest 
and nearly constant. However, the 
top elevation profiles show a very 
flat vacuum backfill profile with a 
shape similar to the helium back
fill profile. This indicates that 



TABLE 5.4-3 
SUMMARY OF STORAGE CELL CANISTER PROFILE TI:STS FOR FUEL ASSEMBLY B43 

Predicted 
Profile and Decay Heat Level 

Canister Backfill (kW) 

Electrically Heated 
DrX!ell Test 

Helium 0.766 

Vacuum 0.767 

Air 0.745 

Vacuum 0.667 

Air 0.670 

Drywell 5 

Helium 0.812 

Helium 0.768 

Vacuum 0.767 

Air 0.775 

heat transfer occurs by more than 
just radiation in the radial direc
tion (probably by axial conduction 
along the 15 thermowell tubes). 

For the helium backfill, the radial 
and diagonal profiles are expected 
to be the flattest since the pri
mary heat trans fer mode is by con
duction in the radial direction. 
At all three elevations, the helium 
backfill profile is indeed the 
flattest. '!he profiles at the 
bottom and midplane elevations are 
nearly identical whereas the top 
elevation profile is much flatter. 
The top elevation profile shows a 
more uniform heat transfer across 
the fuel assembly width due to 
axial conduction to the flat can
ister closure lid. Axial conduc
tion would be by the helium itself 
and by the 15 thermowell tubes; 
however, the exact effect of the 
tubes has not been evaluated. 
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Canister Center Thermowell 
Temperat.ure Temperature 

(OF) (OF) 

276 363 

276 412 

279 393 

271 402 

274 378 

248 345 

247 341 

247 399 

244 377 

With air as the canister backfill, 
the primary heat transfer modes are 
convection in the axial direction 
and conduction and radiation in the 
radial direction. The radial and 
diagonal profiles are expected to 
be somewhat flatter than those for 
the vacuum and yet steeper than 
those for the helium S1nce the 
thermal conductivity of air is less 
than helium. The lower and mid
plane elevation profiles in Figure 
5.4-9 show this to be the case. 
The to:? elevation air backfill pro
files are very similar to helium's 
at the midplane elevation. 

They differ from the vacuum and 
helium backfill profiles at higher 
temperatures. This 1S due to the 
dominance of convection. The air 
backfill convects heat from the 
lower end of the fuel assembly to 
the top raising the top fuel rod 
temperatures (as measured by the 



thermowell thermocouples). Being 
such a good convector, air trans
fers the majority of fuel rod heat 
upward as it rises through the fuel 
assembly. There it is lost to the 
canister body as it falls 1.n the 
annulus between the fuel assembly 
and canister. The top elevation 
a1.r backfill profiles are nearly 
identical to the vacuum backfill 
profiles at the lower two eleva
tions. This indicates there 1.S 
some radial heat transfer (assumed 
to be radiation) across the fuel 
rod bundle. 

5.4.2.5 UNIFORM CANISTER TEMPER
ATURE PROFILE TESTS RESULTS 

Uniform Canister Temperature Pro
file Tests were run using imposed 
canister temperatures of 250, 300, 
400 and 500°F for the vacuum, hel
ium and air backfills. These tests 
were performed from December, 1979 
through February, 1980. Test data 
from these 12 tests are provided in 
Appendix F, Tables F-20 through 
F-3l with the three backfill tests 
for each canister temperature pro
file grouped together. The fuel 
assembly decay heat level decreased 
from an estimated 0.76 kW for the 
first test to 0.73 kW for the last 
test. 

The Uniform Canister Temperature 
Profile Test results are presented 
in Figures 5.4-10 to 5.4-l3 which 
show the axial canister and center 
thermowell temperature profiles for 
all three backfills for the 250, 
300, 400 and 500°F tests, respec
tively. Table 5.4-4 summarizes the 
peak temperatures recorded for each 
test. Cross sectional maps of can
ister and thermowell temperature 
readings for the 500°F Uniform 
Canister Temperature Profile Tests 
at an elevation near the active 
fuel midplane are provided 1.n 
Figure J-3 in Appendix J. 
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The axial center thermowell te~ 
perature profiles of Figures 5.4-10 
to 5.4-13 show the same basic rela
tionships between the effects of 
backfill media as do the No Band 
Heater Tests and storage cell 
canis ter profi Ie tes ts. From each 
figure, it is seen that air is a 
better axial heat convector but a 
poorer radial heat conductor than 
helium. At the fuel assembly top, 
the center thermowell temperatures 
are higher for the air backfill 
than for helium and vacuum back
fills. This indicates that con
vection transported heat from the 
fuel assembly lower section to the 
top section. As the canister tem
perature increased, the difference 
between the three backfill media 
center thermowell temperatures de
creased. The ai r backfi 11 and 
vacuum backfill profiles are nearly 
identical at the 500°F uniform 
canister temperature (the variation 
being less than 5°F). For an air 
filled canister, as the canister 
and fuel rod temperatures increase, 
radiation transfers more heat from 
the fuel rods radially to the can
ister with less convection occur
rl.ng. The helium backfill shows a 
lower center thermowell temperature 
profile than the air and vacuum 
backfills indicating heat transfer 
by radiation and conduction. 

Figure 5.4-14 presents the rela
tionship of center thermowell/can
ister temperature difference versus 
canister temperature near the ac
tive fuel midplane for all three 
backfills. This relationship was 
used to determine the applicability 
of the Uniform Canister Temperature 
Profile Test data. Data from the 
canister and center the rmowe 1 1 
thermocouples located 7 and 40 
inches above the active fue 1 mid
plane (where thermocouple eleva
tions corresponded) were used. 
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These data were normalized to 
represent a fuel assembly decay 
heat level of 0.85 kW by multi
plying the measured temperature 
difference by the ratio of this 
decay heat level and that for each 
test (see Tables 5.4-3 and 5.4-4). 
The curves shown were either drawn 
through the uniform canister tem
perature profile data (solid line) 
or were developed from a curve fit 
of the nonuniform canister temper
ature profile and data (dashed 
line). The nonuniform profi Ie data 
for air and vacuum show a smaller 
center thermowell/canister temper
ature difference than the uniform 
data whereas those for helium show 
very little difference. The axial 
convection and/or conduction of 
heat being applied to the canister 
lower end to make the profile 
uniform can explain this pheno
menon. In air, some of the extra 
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heat convected upward is transfer
red to the fuel rods. For the 
vacuum, some of the extra heat is 
conducted axially up the fuel rods. 

The relationship of center thermo
well/canister temperature differ
ence versus canister temperature 
for each of the three backfills at 
five different elevations is pro
vided in Figure J-4. These illu
strations also show the difference 
between uniform profile data (solid 
lines) and nonuniform profile data 
(dashed lines). Also included are 
centerline curves which show the 
recorded data range. Since the 
measured data (not normalized) is 
presented, the relationships shown 
are slightly different from those 
on Figure 5.4-14. This is a result 
of the range of test decay heat 
levels (0.85 to 0.67 kW). Because 
of this, the relationships pre
sented in Figure 5.4-14 are consid
ered to be more representative than 
those in Figure J-4. 

5.4.3 PHASE III TEST RESULTS (FUEL 
ASSEMBLY DIS) 

Table 5.4-5 presents the actual 
test order for Phase III tests and 
identifies the data table ~n 
Appendix F for each test. 

5.4.3.1 SPENT FUEL ASSEMBLY 
CALIBRATION RESULTS 

Data gathered during Phase III 
testing for the conditions of a~r 
in the canister and no band heater 
power were used to determine fue 1 
assembly DIS decay heat levels. 
The No Band Heater Test run, 
completed on September 26, 1980, 
provided the first data set. After 
the scheduled testing was completed 
another set of No Band Heater Test 
data was gathered on January 5, 
1981. Canister axial temperature 



TABLE 5.4-4 
SUMMARY OF UNIFORM CANISTER TEMPERATURE PROFILE TESTS FOR FUEL ASSEMBLY B43 

Predicted 
Profile snd 

Canister Backfill 
Decay Heat Level 

250°F Canister Temp 

Vacuum 

Helium 

Air 

300°F Canister Temp 

Vacuum 

Helium 

Air 

400°F canister Temp 

Vacuum 

Helium 

Air 

500°F Canister Temp 

Vacuum 

Helium 

Air 

(kW,) 

0.730 

0.762 

0.748 

0.728 

0.762 

0.743 

0.734 

0.761 

0.741 

0.756 

0.757 

0.738 

profiles derived from these data 
are shown in Figure 5.4-15 with the 
Phase I 1.0 and 1.5 kW canister 
axial temperature profiles. The 
profiles have been normalized so 
that all five data sets have a 
common West Process eell ambient 
temperature of 80°F (ambient 
temperatures ranged from 76 to 
85°F). 

To determine the relative spent 
fuel assembly decay heat levels, 
the calibration heater and spent 
fuel assembly canister temperatures 
were compared. These two compar
~sons were made at the three 
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CanistE,r 
Temperature 

(OF) 

254 

259 

256 

305 

298 

299 

398 

410 

396 

491 

489 

493 

Center Thermowell 
Temperature 

(OF) 

402 

343 

388 

432 

378 

419 

502 

476 

495 

570 

551 

575 

elevations nearest the fuel 
assembly midplane (51, 86, and 120 
inches below canister top). The 
data sets were judged to be least 
affectl~d by canister thermal end 
effect:;. The two Fuel Assembly 
Internal Temperature Measurement 
Test methods of determining spent 
fuel assembly decay heat were dis
cussed in Section 5.4.2. Table 
5.4-6 summarizes the fuel assembly 
decay heat levels determined by 
both ml~thods. 

The decay heat levels predicted 
from these methods were compared to 



TABLE 5.4-5 
FUEL ASSEMBLY 015 TEMPERATURE TEST SUMMARY 

Test Condition Backfill 

Band Heaters Off Air 

Band Heaters Off Vacuum 

Band Heaters Off Helium 

350°F Uniform Canister Profile Air 

400°F Uniform Canister Profile Air 

500°F Uniform Canister Profile Air 

500°F Uniform Canister Profile Vacuum 

500°F Uniform Canister Profile Helium 

400°F Uniform Canister Profile Helium 

400°F Uniform Canister Profile Vacuum* 

450°F Uniform Canister Profile Vacuum* 

450°F Uniform Canister Profile Helium 

450°F Uniform Canister Profile Air 

550"F Uniform Canister Profile Air 

550°F Uniform Canister Profile Vacuum 

550°F Uniform Canister Profile Helium 

600°F Uniform Canister Profile Helium 

Drywe1l Canister Profile Air 

Drywell Canister Profile Vacuum 

Drywe11 Canister Profile Helium 

Electrically Heated Drywell Canister Profile Helium 

SFT-C Canister Profile Helium 

SFT-C Canister Profile Vacuum 

Electrically Heated Drywell Canister Profile Vacuum 

Band Heaters Off Air 

*Test backfill was not vacuum; data therefore not included 

Date 
Completed 

9/26/80 

9/30/80 

10/3/80 

10/8/80 

10/10/80 

10/17/80 

10/20/80 

10/22/80 

10/27/80 

10/31/80 

11/3/80 

11/5/80 

11/7 /80 

11/12/80 

11/14/80 

11/17/80 

11/20/80 

12/8/80 

12/10/80 

12/14/80 

12/19/80 

12/22/80 

12/27/80 

12/31/80 

1/5/81 

Data 
Table 

F-34 

F-32 

F-33 

F-43 

F-45 

F-50 

F-48 

F-49 

F-44 

* 
* 

F-46 

F-47 

F-53 

F-5l 

F-52 

F-54 

F-40 

F-38 

F-39 

F-37 

F-42 

F-41 

F-36 

F-35 

the predicted decay heat curve and 
to the Boiling Water Calorimeter 
data. Figure 5.4-16 shows the 
predicted nominal decay heat, the 
data points from the two methods of 
Fuel Assembly Internal Temperature 
Measurement Test decay heat 

,deteJ:lDination~ and the data points 
from the two Boiling Water Calor
imeter tests. The two calorimetry 
data points determined by the can
ister temperature comparison are 
six percent higher than the nominal 
predicted decay heat level. The 
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two calorimetry data points deter
mined by the adjusted canister/ 
ambient temperature comparison are 
17 percent lower than the nominal 
predicted decay heat level. The 
differences in the decay heat 
levels may be attributed to heat 
transfer actually inside an air 
filled canister and the two decay 
heat determination methods handling 
of these heat transfer effects. 

As in the Phase II results, Phase 
III tests show that convection 
dominates the other two heat trans
fer modes for air in the canister. 
A comparison of the Fue 1 Assembly 
Internal Temperature Measurement 
Test calorimetry data can be made 
with the data from the Boiling 
Water Calorimeter. Results from 
the Boiling Water Calorimeter tests 
are a decay heat value of 1.423 kW 
on Ju 1y 8, 1980 and a decay heat 

196 

value of 1.125 kW on January 6, 
1981 with a measurement uncertainty 
of +5 percent. Both Calorimeter 
data- points are six percent lower 
than the nominal predicted decay 
heat <!urve. The January 6, 1981 
Calorimeter data points fall hal f
way between the predicted data 
points from the two Phase III Fue 1 
Assembly Internal Temperature Mea
surement Tests done on January 5. 
By using a curve between the two 
Calorimeter data points parallel to 
the predicted nominal decay heat 
curve, comparing data for September 
26, 1980 shows the Calorimeter data 
curve falls half-way between the 
Fuel Assembly Internal Temperature 
Mea8urf~ment Test data. It can then 
be assumed that an average value of 
decay heat determined by above two 
methods closely approximates the 
actual fuel assembly decay heat 
level. 

An exact decay heat curve for fuel 
assembly D15 cannot be established 
from the six calorimeter data 
points. The predicted decay heat 
levels determined from Figure 
5.4-16 have been used to provide a 
measurl~ of relative decay heat 
levels for the Phase III fuel 
assembly tests. 

5.4.3.2 NO BAND HEATER TESTS 
RESULTS 

Four tests were run without band 
heater power, two with an air back
fill a.nd one each with vacuum and 
helium backfill. The first set of 
three No Band Heater Tests was run 
in late September, 1980 immediately 
following spent fuel assembly 1n
stalladon. The second air 
backfill No Band Heater Test was 
performed in January, 1981. Test 
data Eor the first set of air, 
vacuum, and helium test runs are 
providl~d in Tables F-32, F-33 and 



TABLE 5.4-6 
FUEL ASSEMBLY D15 DECAY HEAT LEVEL DETERMINED 

FROM TEST DATA VERSUS CALIBRATION DATA 

I. Canister Temperature Comparison Method 

Date 
T/C Elevation (Inches 
Below Top of Canister) 9/26/80· 1/5/81 

51 1.40 kW 1.29 kW 

86 1.42 kW 1.31 kW 

120 1.41 kW 1.29 kW 

Average 1.41 kW 1.30 kW 

II. Canister/Ambient Temperature Difference Method 

T/C Elevation (Inches 
Below Top of Canister) 

51 

86 

120 

Average 

III. Nominal Predicted Decay Heat 

F-34, respectively and the data for 
the second air test run is provided 
in Table F-35. 

The results from the first three No 
Band Heater Tests are shown in 
Figure 5.4-17. The figure shows 
the center thermowell axial te~ 

perature and canister axial tem
perature profiles for air, helium 
and vacuum backfill conditions. As 
in Phase II, the tests were per
formed in succession with the only 
test condition change being the gas 
medium. 
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Date 

9/26/80 1/5/81 

1.095 kW 1.010 kW 

1.125 kW 1.040 kW 

1.135 kW 1.035 kW 

1.118 kW 1.028 kW 

Date 

9/26[80 1/5/81 

1.358 kW 1.221 kW 

A comparison of the canister 
temperature profiles and the center 
thermowell temperature profiles 
yield the same results as Phase 
II. These results are explained in 
Section 5.4.2 for the Phase II No 
Band Heater Tests. 

5.4.3.3 ELECTRICALLY HEATED DRY
WELL TEST CANISTER PROFILE 
TESTS RESULTS 

Two tests were run using the 
Electrically Heated Drywell Test 
canister profile, one with a vacuum 



1980 
DATE 

1981 

706735-5AA 

Figure 5.4-16. Comparison of Calorimetry Data With Predicted Decay Heat Curve for Fuel 
Assembly D15 

and one with a helium backfill. 
These tests were run in December, 
1980. The air backfill test was 
not conducted due to schedular 
requirements for shipment of fuel 
assembly DIS to the SFT-C test 
site. Test data for the vacuum and 
helium test runs are provided ~n 

Tables F-36 and F-3 7, respec
tively. The relative spent fuel 
assembly decay heat levels are 
estimated to be 1.24 kW for the 
helium backfill test and 1.23 kW 
for the vacuum backfill test. 

198 

Figure 5.4-18 shows the axial 
profiles of the temperatures 
imposed on the test canister and 
the center thermowell tempera
tures. The two canister profiles 
are nearly identical. The center 
thermmlell axial temperature pro
files for the helium and vacuum 
backfi~l conditions exhibit the 
same relationships described 
previously for the No Band Heater 
Tests, ~.e., the helium backfill 
produced the lowest center ther
mowel1 temperatures and the vacuum 
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backfill produced the highest 
temperatures. A summary of the 
peak center thermowell temperatures 
for the Electrically Heated Drywell 
Test Canister Profile Tests is 
provided in Table 5.4-7. In addi
tion, a complete cross sectional 
map of canister and thermowell 
temperature readings for the two 
backfill media tests (at an eleva
tion near the active fuel midplane) 
are provided in Figure J-5 in Ap
pendix J. 

5.4.3.4 DRYWELL 5 CANISTER PROFILE 
TESTS RESULTS 

Three tests were run using the can
ister profile from Drywell 5. A 
complete set of air, helium and 
vacuum backfill tests was run in 
succession in early December, 
1980. Test data are provided in 
Tables F-38, F-39 and F-40. The 
relative spent fuel assembly decay 
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heat levels are estimated to be 
between 1.25 kW and 1.26 kW for all 
three tests. 

The results of the Drywell 5 Can
ister Profile Tests are shown in 
Figures 5.4-19 and 5.4-20. Figure 
5.4-19 presents the axial temper
ature profiles imposed on the 
canister and the center thermowell 
axial temperatures for all three 
backfill media. Figure 5.4-20 
presents three sets of radial and 
diagonal thermowell temperature 
curves for the top, middle and 
bottom elevation thermocouples. 
Table 5.4-7 summarizes the maximum 
temperatures recorded for each 
test. A complete cross sectional 
map of canister and thermowell 
temperature readings for the three 
backfill media (at an elevation 
near the active fuel midplane) are 
provided in Figure J-7 in Appendix 
J. 
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The axial temperature profiles in 
Figure 5.4-19 are similar to those 
in Figure 5.4-17 for the No Band 
Heater Tests and those in Figure 
5.4-8 for the Drywell 5 Canister 
Profile Tests for fuel assembly 
B43. The helium backfill test 
center thermowe11 temperatures are 
the lowest, showing the higher 
helium thermal conductivity. The 
air backfill test center thermowel1 
temperatures are skewed toward the 
fuel assembly top, showing air to 
be a better convector than helium. 
The vacuum backfill test center 
thermowe11 temperatures are the 
highest, showing that radiation 
alone is the least effective heat 
transfer method. The maximum 
thermowe11 temperatures occurred at 
the elevation slightly above the 
active fuel midplane for all three 
backfill tests. The air backfill 
test canister temperatures near the 
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top of the canister are higher than 
the Drywe11 5 canister temperatures 
due to the axial heat convection 
within the canister. 

Comparing the three sets of curves 
shown in Figure 5.4-20 confirms the 
heat transfer mechanisms present 
for each backfill as previously 
discussed for Phase II. The bottom 
and nidplane elevation profiles 
show the vacuum backfill to be the 
steepest and nearly constant. With 
al.r au the canister backfill, the 
primary transfer heat modes are 
convection in the axial direction 
and conduction and radiation in the 
radial direction. The radial and 
diagonal profiles are expected to 
be somewhat flatter than those for 
the vacuum and yet steeper than 
those for the helium since air 
thermal conductivity is less than 
helium. The lower and midplane 
elevation profiles in Figure 5.4-20 
show this to be the case. 

5.4.3.5 SPENT FUEL TEST AT CLIMAX 
(SFT-C) CANISTER PROFILE 
TEST RESULTS 

Two tests were run using the SFT-C 
canister profile, one with vacuum 
and one with he lium backfill. 
These two tests were run l.n late 
December, 1980. As previously 
noted, the air backfill test was 
not (:onducted due to schedular 
requirements for shipment of fuel 
assembly Dl5 to the SFT-C test 
site. Test data for the vacuum and 
helium test runs are provided l.n 
Tables F-4l and F-42, respec
tive1y. 

5.4-21 shows the axial 
of the temperatures 

Figure 
profiles 
imposed 
actual 
points 

on the test canister, the 
canister temperature data 

from the SFT-C canister, and 



TABLE 5.4-7 
SUMMARY OF STORAGE CELL CANISTER PROFILE TESTS FOR FUEL ASSEMBLY 015 

Predicted Canister Center Thermowell 
Temperature Profile and 

Canister Backfill 
Decay Heat Level Temperature 

(kW) (OF) (OF) 

Electrically Heated 
Drywell Test 

Helium 

Vacuum 

Drywell 5 

Helium 

Vacuum 

Air 

SFT-C Canister 

Helium 

Vacuum 

1.242 

1.228 

1.250 

1.254 

1.262 

1.239 

1.232 

* 100°F above SFT-C canister temperatures 

the center 
tures. The 
profile used 
lOO°F higher 

thermowell tempera
canister temperature 

for the two tests was 
than the SFT-C canis-

ter temperatures. The center ther
mowell axial temperature profiles 
for the helium and vacuum backfill 
conditions exhibit the same rela
tionships noted previously for the 
No Band Heater Tests and the other 
two storage cell profile tests. 
The SFT-C Canister Profile Tests 
thermowell temperatures are nearly 
100°F higher than those experienced 
by the Climax test fuel assemblies. 

A summary of the peak center ther
mowe 11 temperatures for the SFT-C 
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353 

348 

319 

318 

321 

390* 

392* 

464 

527 

439 

511 

491 

494 

553 

Canister Profile Tests is included 
in Table 5.4-7. Cross sectional 
maps of canister and thermowell 
temperature readings for the helium 
and vacuum backfill tests (at an 
elevation near the active fuel 
midplane) are provided in Figure 
J-6 in Appendix J. 

5.4.3.6 UNIFORM CANISTER TEMPER
ATURE PROFILE TESTS RESULTS 

Fourteen Uniform Canister Tempera
ture Profile Tests were run using 
imposed canister temperatures of 
350, 400, 450, 500, 550 and 600°F 
for vacuum, helium and/or air in 
the canister. The vacuum and 
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Figure 5.4-19. Drywel15 Canister Profile Test 
Temperature Profiles (FIA D15) 

helium backfill tests for the 350°F 
canister temperature and the vacuum 
and air backfill tests for the 
600°F canister temperature were not 
run because of the inability to 
achieve a uniform profile at 350°F 
and the potential for violating the 
fuel clad temperature limit of 
650°F. The 14 tests were performed 
from October through November, 
1980. The specific test order is 
shown in Table 5.4-5. The fuel 
assembly decay heat level decreased 
from an estimated 1.34 kW for the 
first test to 1.28 kW for the last 
test. 

Test data for 12 of the 14 tests 
are provided in Tables F-43 through 
F-54 with the backfill tests for 
each canister profile grouped 
together. A comparison of the 
center thermowell temperatures for 
the vacuum backfill tests with the 
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Figure 5.4-20. Drywell 5 Canister Profile Test 
Radial and Diagonal 
Temperature Profiles (FIA D15) 

helium and air backfill test 
temperatures at 400 and 450°F was 
made. This compar1son indicated 
that the actual canister backfill 
was nc,t a vacuum. For both tests, 
the data were nearly identical to 
that of the helium backfill (within 
5°F) which was not the case for any 
of the other profile or uniform 
canister temperature tests. Since 
the test results were not valid for 
a vacuum in the canister, these 
data were not included. 

The Uniform Canister Temperature 
Profile Test results are presented 
in Figures 5.4-22 to 5.4-27 which 
show the axial canister and center 
thermo'io1ell temperature profiles for 
the 350, 400, 450, 500, 550 and 
600°F tests, respectively. Table 
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Profile Test Temperature Profiles (FIA 
015) 

5.4-8 summar~zes the peak temper
atures recorded for each test. A 
cross sectional map of canister and 
thermowe 11 temperature readings for 
the three 550°F backfill tests, the 
350°F air backfill test and, the 
600°F helium backfill test at an 
elevation near the active fuel 
midplane are provided in Figures 
J-8, J-9 and J-lO, respectively. 

The axial center thermowell 
temperature profiles of Figures 
5.4-22 to 5.4-27 show the same 
basic relationships between the 
effects of backfill media as do the 
No Band Heater Tests and storage 
cell canister profile tests. It is 
seen that air is better axial heat 
convector but a poorer radial heat 
conductor than helium. At the fuel 
assembly top, the center thermowell 
temperatures are higher for the air 
backfill than for helium and vacuum 
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Figure 5.4-22. 350°F Uniform Canister 
Temperature Profile Test 
Temperature Profiles (FIA 015) 

backfills. This indicates that 
convection transported heat from 
the fuel assembly lower section to 
the top section. As the canister 
temperature increased, the dif
ference between the three backfill 
media center thermowell tempera
tures decreased. The air backfill 
and vacuum backfill profiles are 
nearly identical for the 500 and 
550°F uniform canister temperatures 
(the variation being less than 
lOaF). For an a~r filled canister, 
as the canister and fuel rod tem
peratures increase, radiation 
transfers more heat from the fuel 
rods radially to the canister with 
less convection occurring. The 
helium backfill shows a lower 
center thermowell temperature 
profile than the a~r and vacuum 
backfills indicating radial heat 
transfer is by radiation and 
conduction. 
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Temperature Profile Test 
Temperature Profiles (FIA D15) 

The relationship between canister 
temperature and the difference 
between canister and center thermo
well temperatures shown in Figure 
5.4-28 illustrates the difference 
between results from the uniform 
canister profile tests and the 
nonuniform canister profile tests. 
Data from canister and center 
thermowell thermocouples located 7 
and 40 inches above the active fuel 
midplane were used. These data 
were normalized to represent a fuel 
assembly decay heat level of 1.4 kW 
by multiplying the measured temper
ature difference by the ratio of 
this decay heat level and that for 
each test (see Tables 5.4-7 and 
5.4-8). The curves shown were 
either drawn through the uniform 
canister temperature profile data 
(solid line) or were developed from 
a curve fit of the nonuniform 
canister temperature profile data 
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Figure 5.4-24. 450°F Uniform Canister 
Temperature Profile Test 
Temperature Profiles (FIA D15) 

(dashed line). The nonuniform 
profile data for helium and air 
show a smaller center thermowell/ 
canister temperature difference 
than the uniform profile data. 
Although only two vacuum backfill 
tests were run for fuel assembly 
D15 (insufficient to base any 
conclusion), it is expected that 
this :relationship would hold true 
based on the results from fuel 
assembly B43 (see Section 
5.4.2.5). As previously noted for 
fuel assembly B43, the axial 
convection and/or conduction of 
heat being applied to the canister 
lower end to make the profile 
uniform can explain this phenomenon. 

Figure J-ll provides the re 1ation
ship of center thermowell/canister 
temperature difference versus 
canister temperature for each of 
the three backfills at five 
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Figure 5.4-25. 500°F Uniform Canister 
Temperature Profile Test 
Temperature Profiles (FIA D15) 

elevations. These illustrations 
also show the difference between 
uniform profile data and nonuniform 
profile data. Also included are 
centerline curves which show the 
recorded data range. 

5.5 COMPARISON OF TEST RESULTS 
WITH ANALYTICAL PREDICTIONS 

Computer analyses performed by 
Westinghouse AESD and by the 
Pacific Northwest Laboratory (PNL) 
can be compared to the results of 
the Fuel Assembly Internal Temper
ature Measurement Tests. In each 
analysis, the model calculated fuel 
rod temperatures for a typical PWR 
fue 1 assembly using variable can
ister temperatures and fuel assem
bly decay heat levels. The two 
models are briefly described, and 
the results from analyses using 
each model are presented in the 
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following 
with Fuel 

sections. 
Assembly 

Comparisons 
Internal Tem-

perature Measurement Tes t data are 
also presented. 

5.5.1 CANISTER/FUEL ROD TWO-DIMEN
SIONAL ANALYSIS 

A radiation heat transfer code 
developed by Oak Ridge National 
Laboratory (ORNL) (Reference 25) to 
evaluate fuel rod temperatures 
inside shipping casks was used by 
AESD to evaluate fuel clad tem
peratures inside a storage cell 
canister. These analyses provided 
a conservative estimate of the fuel 
clad temperatures for preliminary 
evaluation of drywe11 and concrete 
silo spent fuel storage perfor
mance. The fuel rod bundle model 
used is two-dimensional and is 
shown in Figure 5.5-1. The ORNL 
code considers heat transfer by 
radiation only at one elevation. 
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The model consisted of a 45° sym
metric cross-sectional represen
tation of fuel rods and canister. 
Eight rows of 0.422 inch diameter 
fuel rods spaced 0.563 inches apart 
1n a square pattern representing 
the 15 by 15 rod array PWR fuel 
assembly were included. Six 
control rod guide thimble tubes 
were included to accurately 
represent the spent fuel assembly. 
The canister was modeled by two 
rows of stainless steel rods at the 
outside of the fuel rods. The 
support cage was not modeled in 
this analysis. 

view 
were 

square 
factors 

The radiation heat transfer 
factors for the rod bundle 
calculated based on the 
pitch geometry. The view 
are 0.1197 for adjacent 
0.0835 for diagonal rods, 
0.0234 for secondary rods. 

rods, 
and 
The 
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Temperature Difference Versus 
Canister Temperature Profiles 
Near the Active Fuel Midplane 
(F/A DIS) 

emissivity factor for fuel rods, 
control rods, and canister rods was 
assumed to be 0.40. The rod tem
peratures are also assumed to be 
uniform around their circumference. 

The predicted peak fuel clad/canis
ter temperature relationships for 
1.0 and 2.0 kW decay heat levels 
are shown in Figure 5.5-2. Data 
points established by the center 
thermowell and average canister 
temperature readings at the fuel 
midplane elevation are included for 
the Phase II and Phase III tests. 
The delta points for the Phase III 
tests (fuel assembly DIS) are from 
the vacuum runs of the Drywell 
Canister Profile Test, the SFT-C 
Canister Profile Test and the 500 
and 550°F Uniform Canister Tem
perature Profile Tests. For these 
four tests, the average spent fuel 



assembly decay heat level is 1.27 
kW. The data points for the Phase 
II tests (fuel assembly B43) are 
from the 250, 300, 400 and 500°F 
Uniform Canister Temperature Pro
file Test runs with a vacuum in the 
canister. The estimated average 
spent fuel assembly decay heat 
level for these four tests is 0.74 
kW. The position and shape of the 
curve drawn through the four test 
data points shows good agreement 
with the predicted peak fuel clad/ 
canister temperature relationship. 

5.5.2 CANISTER/FUEL ASSEMBLY 
THREE-DIMENSIONAL ANALYSIS 

A finite difference computer code, 
HYDRA-I (Reference 26), was deve
loped by PNL to simulate the three
dimensional performance of a spent 
fuel assembly contained within a 
canister. The code accounts for 
the coupled heat transfer modes of 
conduction, convection, and radia
tion. The contribution of convec
tion is determined by calculating 
the velocity and pressure fields 
consistent with the laws of con
servation of mass and momentum. 
Radiation exchange within the fuel 
assembly is between nearest and 
next-nearest neighbor rods. Radia
t ion exchange between the fuel 
assembly and support structure and 
canister are also included. The 
code permits spatially varying 
boundary conditions, thermo
physical properties, and power 
generation rates. Analyses were 
performed by PNL in support of the 
Fuel Assembly Internal Temperature 
Measurement Test. 

A single PWR fuel assembly enclosed 
in a storage canister was used as 
the model for simulation. A 
cross-sectional view of the model 
~s shown in Figure 5.5-3, which 
shows the fuel assembly, internal 
support cage, and canister. 
Thermowe11 locations ~n the Fuel 
Assembly Internal Temperature 
Measurement Test are indicated by 

207 

tI"l'lA CONTROL ROD GUIDE f.(@ THIMBLE TUBES o FUELRODS 

@ CANISTER 

Figure 5.5-1. Two-Dimensional Canister/Fuel 
Rod Model 

the solid circles. These locations 
correspond to most of the control 
rod guide thimbles. Computational 
cells in the model were distributed 
vertically as well as horizontally 
to model the essential features of 
the support cage, fuel assembly top 
and bottom nozzles, and fuel rods. 
A separate computational cell was 
allocated to each fuel rod and 
guide thimble in the horizontal 
plane. Power generation rate per 
unit length was assumed to be a 
constant over the active fuel 
length with no power generation in 
the guide thimbles. A constant 
power generation rate throughout 
the entire active region was used 
to conservatively approximate a 
real spent fuel assembly. 

Table 5.5-1 defines the relevant 
physical parameters of the system. 

All thermophysical properties used 
are based on the recommended values 
found in Re ference 27. The e ffec
tive conductivity of composite 
materials (i.e., fuel rods, noz
zles, etc.) were calculated 
according to the approach outlined 
in Reference 28. The largest 
uncertainties ~n thermophysica1 



TABLE 5.4-8 
SUMMARY OF UNIFORM CANISTER TEMPERATURE PROFILE TESTS FOR FUEL ASSEMBLY 015 

Predicted Canister Center Thermowell 
Profile and Decay Heat Level Temperature Temperature 

Canister Backfill (kW) ~-)- (OF) 

350°F Canister TemE 

Air 1.340 3~2 530 

400°F Canister Tern!; 

He lium 1.313 395 514 

Air 1.337 394 557 

450°F Canister TemE 

Helium 1.300 41fl 546 

Air 1.298 4:19 586 

500°F Canister TemE 

Vacuum 1.323 497 633 

Helium 1.320 4B7 587 

Air 1.327 493 629 

550°F Canister TemE 

Vacuum 1.288 5·+0 664 

Helium 1.285 5·:'6 637 

Air 1.293 5·+2 661 

600°F Canister Tern!; 

He lium 1.281 595 680 

TABLE 5.5-1 
FUEL ASSEMBLY/CANISTER MODEL PARAMETERS 

Number of Rods (including fuel rods and control rod 
guide thimbles) 

Rod Diameter 

Cladding Thickness 

Pitch to Diameter Ratio 

Active Length (includes swelling) 

Overall Length (including nozzles) 

Emissivity of Rods 

Canister Inside Diameter 

Canister Inside Length 

Emissivity of Canister and Support Cage 
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225 (15 x 15 array) 

0.422 in. 

0.0243 in. 

1.334 

145.5 in. 

159.7 in. 

0.4 

13.25 in. 

161.5 in. 

0.45 
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properties are believed to be 
associated with the emissivities 
and the effective conductivity 0 f 
composites as calculated by analy
tical methods . 

Three analyses were performed using 
test data from the E-MAD Fueled 
Drywell and Electrically Heated 
Drywell Tests. These analyses were 
performed without prior knowledge 
or use of Fuel Assembly Internal 
Temperature Measurement Test data 
to improve agreement . The canister 
temperature profiles from Drywell 5 
(see Figure 5.3-3) and the 1.0 and 
2.0 kW Elect·rically Heated Drywell 
Test (see Figures 5.3-1 and 3.4-5) 
were used with the appropriate gas 
backfill for each. The initial 
conditions of average temperature 
and pressure were estimated at 
l22°F and one atmosphere to estab
lish the total mass of gas pre
sent . The fuel assembly decay heat 
level was set at 0.85 kW in the 
first two analyses (Drywell 5 and 
Electrically Heated Drywell Test 
1.0 kW canister profiles). In the 
third analysis, the fuel assembly 
decay heat level was set at 2.0 
kW. 

Figures 5.5-4 and 5.5-5 show the 
comparison of HYDRA-I predictions 
with the results from the helium 
filled canister Phase II Drywell 5 
Canister Temperature Profile Test. 
In Figure 5.5-4, the predicted 
temperatures at the center thermo
well closely match the measured 
temperatures. The measured center
line temperatures are a few degrees 
above the predicted temperatures in 
the central region of the active 
fuel length, but near the top, the 
measured temperature is signifi
cantly lower. This comparison of 
temperatures at the top shows the 
nonuniform heat generation rate 
effects in the spent fuel assembly 
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a nd the canister lid heat transfer 
end effects. Figure 5.5-5 shows 
the temperatures at the control rod 
guide thimble locations where the 
predicted temperature s are about 
four degrees lower than the test 
data. One quadrant is shown since 
the code used quarter-symmetry. 
The test data shown is base d on an 
average 
location 
section. 
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Figure 5.5-4. Comparison of Test Data With 
Predicted Canister and Center 
Thermowell Temperatures for 
the Helium Filled DrywelJ 
Canister (FIA B43) 

Figure 5.5-6 shows the comparison 
of the HYDRA-I predictions for the 
two air fil l ed canister calcula
tions with the results from t he air 
filled canister Phase II and Phase 
III Electrically Heated Drywell 
Test Canister Profile Tests. The 
HYDRA-I predictions for the center 
thermowell temperatures are shown 
as s o l i d lines. The first test 
data curve i s from the center 
t hermowe l l t empera ture readings for 
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Figure 5. 5-5. Comparison of Test Data With 
Predicted Thermowell 
Temperatures at the Elevation 
of Peak Thermowell 
Temperature for the Helium 
Filled Drywell Canister (FI A 
B43) 

the Ph ase II test i ng . The s econd 
t es t d a t a curve i s an interpo l at ion 
of cent e r thermowell t es t d ata f rom 
the Phas e III Drywe l l and 350 ° F 
Uniform Canister Te mpe r a ture Pro
file Te sts run with an a 1 r back
f i ll. This curve approximates 
cente r t hermowe ll temperatures fo r 
the ~; lec tri cally Hea ted Drywe 11 
Tes t Profile fo r a n approximate 
1.24 kW decay heat level f uel 
as s embly. The third test dat a 
curve shows a n approximation of 
cente r thermowell temperatures for 
the 2.0 kW Electrically Heated 
Drywe ll Te st profile and a 2.0 kW 
decay heat leve l fuel assemb l y. 
These data points were taken fr om 
the 2. 0 kW curve on Figure 5.5-2 
f rom the r adiat ion-onl y compute r 
code pre d ic tions . Th e r esu lts from 
the Uni f or m Can iste r Temperature 
Profile Tests f or both Fue l Assem
bly Interna l Temperatu r e Measure
ment Test phase s showed small 
diffe rences i n center the rmowe l l 
tempera t ure s for the a ir and v acuum 
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Figure 5.5-6. Comparison of Test Data With 
Predicted Center Thermowell 
Temperatures for the Air Filled 
Drywell Canister 

atmospheres for canister tempera
tures above 450°F. Since the 2.0 
kW Electrically Heated Drywell Test 
canister profile is above 450°F for 
the upper 70 percent of the canis
ter, the approximation of center 
thermowell temperatures shown ~s 

expected to be fairly accurate. 

Comparing the two air filled 
drywell canister prediction curves 
with the test data curves shows 
that the code conservatively over
predicts the center thermowell 
temperatures by as much as 50°F for 
the 0.85 kW case and by as much as 
lOO°F for the 2.0 kW case. Several 
explanations are possible for these 
discrepancies. Comparison of test 
data temperatures at the canister 
top end (for the first two curves) 
shows the effects of the nonuniform 
heat generation rate in the spent 
fuel assembly and the heat transfer 
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end effects of the test canister 
lid and thermowells. Additionally, 
the decay heat level difference for 
the first two curves (0.67 kW for 
the tes t data run and 0.85 kW for 
the computer calculation) may ex
plain the overprediction. The 
discrepancy at the higher power 
levels cannot be explained at this 
time • 

The two analyses provided addi
tional information on flow rates 
inside the fuel assembly and on the 
temperature differences between the 
fuel rods and thermowells. For the 
helium backfill analyses, the max
imum calculated vertical flow velo
cities were less than 0.5 inches / 
second. For the air backfill 
analysis, the max~mum calculated 
vertical flow velocities were 7 
inches/second illustrating the 
greater amount of convection pre
sent in the a~r backfill. The 
calculated fuel rod temperatures 
differed from those calculated for 
the thermowells by less than 5 and 
2°F for the air and helium back
fills, respectively. This sub
stantiates the conservative analy
sis of fuel rod clad versus mea
sured temperature difference 
provided in Appendix M. 

For the air backfill computer code 
predictions, the code experienced 
temperature convergence calculation 
problems in the region at the can
ister upper end. Also, fluctua
tions ~n air flow direction near 
the canister top were predicted. 
These computer code instabilities 
indicate that the convection heat 
transfer model or the thermal pro
perties for the air backfill may be 
in error. 

5.6 APPLICABILITY OF TEST RESULTS 

The fuel assembly temperature data 
gathered during the Fuel Assembly 



Internal Temperature Measurement 
Tests can be applied to the spent 
fuel storage cell tests at E-MAD 
(drywells, concrete silo and air
cooled vault), deep geologic dry
wells in SFT-C granite, and to 
storage cells of similar configur
ations at different temperature 
levels. Data gathered from all the 
tests have been used to develop 
peak fuel clad temperature versus 
canister temperature relationships 
from both test phases which can be 
used to estimate spent fuel temper
atures in dry storage. Based on 
the results of the analysis pre
sented in Appendix M, the temper
ature data measured in the center 
thermowell is considered represen
tative of the peak fuel clad tem
perature. 

5.6. 1 PEAK FUEL CLAD TO MEASURED 
CANISTER TEMPERATURE RELA
TIONSHIPS 

Figure 5.6-1 presents the peak fuel 
clad versus canister temperature 
relationships from the Phase II 
test data. The temperature data 
shown was measured at 7 inches 
above the active fuel midplane 
elevation. The three curves drawn 
through the air, helium, and vacuum 
backfill data represent the inter
polated peak fuel clad versus 
canister temperature relationship 
profiles for each backfill media 
for an approximate 0.74 kW spent 
fuel assembly decay heat level. 
Extrapolations below the 250°F 
temperature were determined from 
center thermowell/canister tem
perature difference versus canister 
temperature curves in Figure J-4. 
The spread in data points in the 
temperature range from 230 to 300°F 
is due to the differences in spent 
fuel assembly decay heat level for 
each test run. 
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Figure 5:.6-1. Peak Fuel Clad Versus Canister 
Temperature Relationships 
Developed From Phase 11 Test 
Data (FIA B43) 

Figure 5.6-2 presents the peak fuel 
clad versus canister temperature 
relatie·nships from the Phase III 
test data. The temperature data 
shown were measured at 7 inches 
above the active fuel midplane 
elevation. The three curves drawn 
through the air, helium, and vacuum 
backfill data represent the peak 
fue 1 clad versus canister temper
ature relationship profiles for 
each backfill media for an approx
imate 1.27 kW spent fuel assembly 
decay heat level. 

To accurately predict peak fue 1 
clad temperatures for spent fuel 
storage in canisters, both the 
canister temperature and spent fuel 
decay heat level must be considered 
s~nce ,:!ach has an effect on fuel 
c lad temperature. The re lat ion
ships shown ~n Figures 5.6-1 and 
5.6-2 represent data from various 
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Temperature Relationships 
Developed From Phase III Test 
Data (FIA D15) 

decay heat levels for each fuel 
assembly. In addition, the test 
data recorded does not provide 
sufficient information for the 
range of measured canister temper
atures (100 to 325°F) and fuel 
assembly decay heat levels (1.25 to 
0.5 kW) for the E-MAD spent fuel 
dry storage testing to make accu
rate predictions. For these rea
sons, an evaluation of the test 
data was made to determine the 
relationships of decay heat leve 1 
and canister temperature to peak 
fuel clad temperature. 

The evaluation of the center ther
mowell/canister temperature differ
ence using data from the nonuniform 
canister temperature profile tests 
and the 400 and 500°F uniform can
ister temperature profile tests for 
both fuel assemblies yielded mean
ingful relationships for both decay 
heat levels and canister tempera
ture. The center thermowell/can-

213 

ister temperature difference was 
found to be linearly proportional 
to the decay heat level for the 
helium and air backfills over the 
entire range of canister tempera
tures. When the measured temper
ature difference from each fuel 
assembly was adjusted by the ratio 
of the two fuel assembly decay heat 
levels to predict the temperature 
difference for the other fuel as
sembly, the difference between pre
dicted and measured center thermo
well/canister temperature differ
ence was less than 5 percent for a 
helium backfill and less than 10 
percent for an air backfill. Since 
the relationship of center thermo
well/canister temperature differ
ence to decay heat level was lin
ear, the measured temperature di f
ferences for the tests were normal
ized to either a 0.85 kW decay heat 
level (fuel assembly B43 tests) or 
to a 1.4 kW decay heat level (fuel 
assembly Dl5 tests) so that the 
relationship to canister tempera
ture could be assessed. The nor
malized temperature differences and 
the canister temperatures from the 
nonuniform canister profile tests 
data and the 500°F uniform profile 
tests at elevations 7 and 40 inches 
above the active fuel midplane were 
examined using the least squares 
criterion to determine the rela
tionship of center thermowell/ 
canister temperature difference to 
canister temperature. The rela
tionships for the helium and air 
backfills were found to fit a Tay
lor series expansion and that for a 
vacuum was found to fit an exponen
tial function. Each of the rela
tionships is defined below: 

HELIUM BACKFILL 

The relationship determined from a 
curve fit of the normalized fue 1 



assembly DIS data was as follows: 

~T = 340.56 - 0.9453 Tcan + 

0.0009348 Tcan 2 

where ~T = center thermowe1l/ 
canister temperature 
difference, of 

Tcan = canister tempera
ture, of 

This relationship was adjusted to a 
0.85 kW decay heat level and was 
found to also fit the fuel assembly 
B43 test data. On this basis, the 
relationship of peak fuel clad tem
perature (as determined from center 
thermowell measured temperature) to 
canister temperature and fuel as
sembly decay heat level is as 
follows: 

Tfuel = Tcan + Q (243.26 - 0.6752 x 

Tcan + 0.0006677 Tcan 2) 

where: Tfuel = peak fuel clad 
temperature, of 

Tcan = canister temper
ature, of 

Q = fuel assembly decay heat 
level, kW 

This relationship is considered to 
be valid for a canister temperature 
range of 100 to 600°F and fuel as
sembly decay heat level range of 
0.1 to 2.0 kW for fuel stored in 14 
inch diameter stainless steel can
isters. 

AIR BACKFILL 

The relationship of center thermo
well/canister temperature differ
ence to canister temperature was 
determined (from a curve fit to 
each set of normalized data) to be 
slightly different as noted below: 
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For fuel assembly B43 (0.85 kW): 

~T = 264.62 - 0.6551 Tcan + 

0.000601 Tcan 2 

For fuel assembly DIS (1.4 kW): 

~T = 412.81 - 1.0220 Tcan + 

0.0009376 Tcan 2 

These two relationships were found 
to be fairly accurate for decay 
heat levels close to the test data 
range yet were beyond the 10 per
cent difference previously noted 
when each expression was adjusted 
for the other fuel assembly decay 
heat level and the predictions 
comparE~d to the normalized data. 
For this reason, two different 
relationships of peak fuel clad 
temperature versus canister tem
perature and fuel assembly decay 
heat level were developed as 
follows: 

For fUE~l assembly B43: 

Tfuel = Tcan + Q (311.32 - 0.7707 x 

Tcan + 0.0007071 Tcan 2) 

For fuel assembly 015: 

Tfuel = Tcan + Q (294.86 - 0.7157 x 

Tcan + 0.0006697 Tcan 2) 

These two relationships are con
sidered to be valid for a canister 
temper.ature range of 100 to 600°F 
for fuel assembly decay heat levels 
within about 30 percent of the nor
malized decay heat for each expres
sion (0.5 to 1.0 kW for the first 
and 1.0 kW to 1.8 kW for the sec
ond) • 



VACUUM BACKFILL 

As for the air backfill, two 
relationships of center thermowell/ 
canister temperature difference to 
canister temperature were developed 
from a curve fit to each set of 
normalized data. These two rela
tionships were found to only apply 
to decay heat levels close to those 
of the normalized test data. The 
resulting relationships of peak 
fue 1 clad temperature versus can
ister temperature and fuel assembly 
decay heat level are as follows: 

For fuel assembly B43: 

Tfuel = Tcan + Q (334.l9 x 

10-0.0009947Tcan ) 

For fuel assembly D1S: 

Tfuel = Tcan + Q (3l0.72 x 

10-0.0009947Tcan ) 

where: Tfuel = peak fuel clad 
temperature, of 

Tcan = canister tempera
ture, of 

Q = fuel assembly decay heat 
level 

These two relationships are consid
ered to be valid for the same can
ister temperature and decay heat 
level ranges as the a~r backfill 
relationships. 

Curves for vacuum, helium, and air 
backfills in Figure J-4 show the 
relationships of center thermo
well/canister temperature dif
ference versus canister temperature 
developed from fuel assembly B43 
test data at five elevations along 
the fuel assembly length. For each 
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backfill, a single curve drawn 
through data from the middle sec
tion of the spent fuel assembly 
(shown as the solid line with dash
ed line encompassing the spread of 
all data points) indicates that the 
relationship of fuel clad tempera
ture to canister temperature is 
fairly constant ~n that region. 
For all three backfills, a dif
ferent temperature relationship 
exists at the top of the active 
fuel, and for the air backfill, a 
separate relationship exists near 
the bottom of the active fuel. 
This indicates that test canister 
thermal end effects have a s~gn~

ficant effect on the fuel clad/can
ister temperature relationship at 
the top of the fuel assembly and 
that convection heat transfer with
in the air filled canister affects 
the fuel clad/canister temperature 
relationship at the bottom of the 
fuel assembly. 

Center thermowell/canister tem
perature difference versus canister 
temperature relationships were also 
evaluated for fuel assembly D1S at 
elevations above and below the ele
vation of peak thermowell tempera
tures. Curves for vacuum, helium, 
and air backfills are provided in 
Figure J-ll for test data at five 
elevations along the fuel assembly 
length. For each backfill, a sin
gle curve drawn through data from 
the middle section of the spent 
fuel assembly indicates that the 
relationship of fuel clad tempera
ture to canister temperature is 
fairly constant in that region. 
For all three backfills, a dif
ferent temperature relationship 
exists at the top of the active 
fuel. This again indicates that 
test canister thermal end effects 
have a significant effect on the 



fuel clad/canister 
lationship at the 
assembly. 

temperature re
top of the fuel 

5.6.2 FUEL CLAD TEMPERATURE 
ESTIMATES 

The fuel clad temperatures in the 
SFT-C spent fuel assemblies have 
been estimated using the relation
ship described in Section 5.6.1. 
Since the SFT-C canister tempera
ture profile was below the minimum 
achievable using the existing test 
stand, the results from the helium 
filled test (run with a profile 
100°F above actual temperatures) 
were not applicable. The peak mea
sured canister temperatures for 
SFT-C storage of fuel assembly D40 
(Reference 29) and the estimated 
peak fuel clad temperature are 
shown in Figure 5.6-3 for the per
iod of April 18, 1980 through Octo
ber 19, 1980. The peak measured 
canister temperatures and the pre
dicted fuel assembly decay heat 
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levels (from Figure 2.3-4) were 
used to calculate the peak fuel 
clad to canister temperature dif
ference from the relationship deve
loped from the helium backfill 
tests. This difference was then 
added to the peak measured canister 
temperatures. The maximum peak 
fuel c:lad temperature is estimated 
to have been about 451°F which oc
curred about one month after em
placement. 

The maximum errors in the peak fuel 
clad temperatures noted above are 
-5 to +12°F determined from mea
surement uncertainies and calcu
lational method inaccuracies (see 
Appendix M, Section M.3). 

5.6.3 TEST DATA ACCURACY 

The accuracy of the ungrounded Type 
K thelC1nocouples used is typically 
+2°F based on calibration data. 

Differences between the actual tem
perature of the fuel cladding and 
the t.emperatures measured during 
the Fuel Assembly Internal Temper
ature Measurements Tests are due to 
three factors: 1) the positional 
and measurement accuracy of the 
test thermocouples, 2) the effect 
of test temperature measurement 
configuration, and 3) the effects 
of heat transfer mechanisms pre
sent. Due to the tes t measurement 
configuration, the temperature 
measured by any thermowell ther
mocouple is representative of an 
average temperature of the eight 
surrounding fuel rods and not of 
any particular fuel rod. For the 
center thermowell, all eight sur
rounding fuel rods are expected to 
be at about the same temperature. 
For the other fourteen thermowells, 
the fue 1 rod temperatures are ex
pected to vary due to their dis
tance from the centerline of the 



fuel assembly. This is evidenced 
by the test data as shown in the 
radial and diagonal temperature 
profiles in Figures 5.4-9 and 
5.4-20. The extent of the dif
ference between surrounding fuel 
rod temperatures could not be eva
luated using the Fuel Assembly 
Internal Temperature Measurement 
Test. The effects of heat transfer 
mechanisms present for each back
fill media have been evaluated 
analytically. The details of the 
analysis are provided in Appendix 
M. The following paragraph sum
marizes the results of the analysis. 

The effect of convection in helium 
and air backfills was evaluated to 
determine the difference between 
fuel cladding temperature and that 
measured in the thermowell. The 
axial convection of heat by air and 
helium was found to produce a small 
temperature difference since these 
backfill gases can effectively heat 
or cool the thermowell and instru
ment or guide tube relative to the 
fuel rod. The effect of the vacuum 
backfill was not analyzed since 
there is no axial convection pre
sent. The results of the analysis 
show that for the a1r backfill 
tests, the measured temperatures 
differ from the average surrounding 
fue 1 rod temperatures by a maximum 
of 6.5°F at the lowest thermocou
ple. For the helium backfill 
tests, the calculated temperature 
differences were between 1.0 and 
2.0°F. 

The Fuel Assembly Internal Temper
ature Measurement Test recorded 
thermowell data are judged to be 
between -1.0 and +4.0°F of the 
actual fuel clad temperatures for a 
helium backfill and a vacuum and 
between 3.0 and 8.5°F above the 
actual fuel clad temperatures for 
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an air backfill. The other record
ed data from thermocouples attached 
to test components are judged to be 
within +2.0°F of the actual temper
atures. 

In addition to measurement uncer
tainties, tes t hardware configura
tions and test data were examined 
for positional tolerance and other 
effects on temperature measure
ments. The test thermocouple and 
fuel assembly active fuel position 
tolerances are provided in Appendix 
M, Tables M-l and M-3, respective
ly. An evaluation of the temper
ature measurement variation due to 
thermocouple position tolerance was 
made using the axial temperature 
profiles for both sets of imposed 
drywell canister profile tests. 
The differences in thermocouple
measured temperature and that at 
the elevation noted for the ther
mocouple tip ranged from less than 
+0.01 to +l.loF with most of the 
differences being less than .:!:.O. 5 of. 
An examination of temperature data 
for the eight thermocouples spaced 
45° apart around the canister cir
cumference showed a consistent var
iation from side to side (see tem
perature maps in Appendix J). This 
canister circumferential tempera
ture variation, the positioning of 
four canister thermocouples in in
strumentation tubes, and the low 
internal resistances determined by 
thermocouple electrical checks 
(last two noted on Table F-1) 
should also be taken into account 
when using the test data presented 
herein. 
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6.0 AIR-COOLED VAULT TESTS 

The following section describes the 
Air-Cooled Vault Tests performed 
during the period October, 1979 
through June, 1980 in the E-MAD Lag 
Storage pit. Included are the test 
objectives, hardware description , 
test operations and test results. 

6.1 TEST OBJECTIVES 

The Lag Storage pit was constructed 
beneath the E-MAD Hot Bay floor for 
the temporary storage of spent fuel 
assemblies before final storage em
placement. The pit has a storage 
capac i ty of 24 canisters with each 
holding one PWR spent fuel assem
bly. As part of the SFT-C Program, 
13 PWR spent fuel assemblies were 
shipped to E-MAD for encapsulation 
and temporary storage prior to 
shipment to the SFT-C test site . 
Tests were defined to evaluate the 
Lag Storage pit while these assem
blies were at E-MAD. 

The goal of these Air-Cooled Vault 
Tests was to provide temperature 
and flow data under normal opera
ting and simulated accident con
ditions to verify that spent fuel 
assemblies with decay heat levels 
of about 2.0 kW could be stored in 
the Lag Storage pit without viola
ting the fue 1 cladding temperature 
limit . Lag Storage pit ventilation 
tests were defined to determine the 
effectiveness of the cooling system 
design under forced air circulation 
(both fans on), natural convection 
cooling, and partial ventilation 
(one fan on, the other blocked). 
Flow velocity and temperature data 
from the vault outlet pipes and 
temperature data from at least one 
stored canister would be used to 
evaluate Lag Storage pit perfor
mance. Testing for different spent 
fuel canister configurations were 
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identified to 
data over a 
conditions. 

provide performance 
range of storage 

6.2 HARDWARE DESCRIPTION 

6. 2. 1 GENERAL ARRANGEMENT 

The Air-Cooled Vault Test hardware 
consists of : 1) the three indivi
dual vault , air-cooled, Lag Storage 
Pit, 2) canister assemblies, each 
consisting of a canister body, a 
closure lid and a concrete-filled 
shield plug to support the canister 
from a liner in the Lag Storage pit 
vault cover plug, 3) pressurized 
water reactor spent fuel assem
blies, 4) outlet p1.pe and canister 
thermocouples to measure thermal 
response, 5) a data acquisition 
system to record thermocouple data , 
and 6) a flow velocity meter to 
measure Lag Storage pit air flows. 

The Lag Storage pit consists of 
three individual, concrete lined 
vaults, each capable of holding 
eight individual canisters. Decay 
heat 1.S dissipated through an air 
duct array connected to the pit . 
Each vault also contains a seismic 
grid assembly for canister stabili
zation. Figure 6.2-1 provides a 
cutaway illustration of the Lag 
Storage pit. Figures 6 . 2-2 through 
6.2-4 provide different views and 
section illustrations of the Lag 
Storage pit configuration. 

The Lag Storage pit 1.S l ocated 
inside the E-MAD Hot Bay, adjacent 
to the west wall under the Hot Bay 
floor . The overall pit area is 
approximately 30 feet by 60 fe e t in 
the shape shown in Figure 6.2-2. 
Three pit sides have a 8 inch wide 
trough varying in depth from 1 . 63 
inches to 3 inches . This trough , 
covered by standard open grating , 
is designed as a drain to prevent 
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Figure 6. 2-1. E-MAD Lag Storage Pit Con figura tion 

fluid leakage into the pit. There 
is a n existing trough on t he Ho t 
Bay west wall, one foot wi d e wit h a 
vary ing depth of 0.63 inches to 3 
inches. Two 6 inch diamet e r steel 
pipes run through the pit t o serve 
as future service conduits. 

6.2.2 PIT VAULTS 

There are three individual vaults 
located ~n the Lag Storage pit. 
Each vault ~s 11 feet 8 inche s long 
by 5 feet 8 inches wide and 22 feet 
6 inches deep. Each vault has a 
concrete cover plug. The cover 
plug sides and mating top of each 
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vau l t have t h r e e s t eps t o p r even t 
r adiat ion streaming through the 
inte r f ace. The v ault measures 13 
f eet y 7 fee t a t the vau l t t op. 
The t o p step edge i s prote c t ed by 3 
inch by 3 inch by 10.25 inch angle 
to pr e vent the conc r ete f r om c r umb
ling and breaki n g . The corners o f 
t he s e cond and t h e third s t e p s are 
also protected by 0.25 inch thick 
ben t p late. The second ste p has a 
"z" shape whi l e the thi rd has a 
s ma l l trough add i ng an e x tra pre
c a u t i on against f luid lea k a ge; the 
0. 25 inch thick p late f ollows t he 
trough a nd s tep shape . 
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Figure 6.2-2. Lag Storage Pit Plan View at 
Floor Level 

~ue walls and floor of the Lag 
Storage Pit vaults were constructed 
of reinforced concrete with a 150 
pound per cubic foot density. The 
east and west pit walls are 20 and 
36 inches thick, respectively, and 
the floor is 16 inches thick. The 
pit north and south ends have a 
concrete thickness varying from 
20. 5 to 95.5 inches t hick to 
enclos e the two 36 inch diameter 
inlet pipes (see Fi gure 6.2-2). 
The vaults are separated by 29 
inches of concrete. This concrete 
neutronically decouples the fuel 
assemb lies from those in the adja
cent vault. The interior surface 
of each vault is painted to enhance 
decontamination of the porous con
crete surface. 
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Each vault has six 18 inch diameter 
pipes; three outlet near the top 
and three inlet near the bottom. 
The cooling air flows in and out of 
these pipes through the vault area. 
These are described 1.n Section 
6.2.4. 

6.2.3 VAULT COVER PLUGS 

Each individual vault has a vault 
cover plug. This cover is made o f 
reinforced concrete with a density 
of 150 pounds per cubic foot and 
has the dimensions 13 feet by 7 
feet at the top . The cover plug 
has three steps to match the vault 
steps. The cover plug edges are 
protected against crumbling and 
breaking by 0.25 inch thick bent 
plate at the edges . The plates are 
mitred at the corners. The cover 
plug is 46 inches thick and 1.S 
painted to enhance decontamination 
of the concrete surface. The three 
vault cover plugs are shown during 
construction in Figure 6.2-5. 

The vault cover plug has eight 
identical single-stepped , carbon 
steel pipe lined holes which accep t 
the canister shield plugs. These 
"liners" are similar to the drywel l 
liner upper section. The liners 
are 46 inches long and cons is t of 
an upper section (22 inch diameter 
by 0.75 inch thick by 34 inches 
long) and a lower section (18 inch 
diameter by 0.38 i nch thick by 11.5 
inches long) positioned concentric
a lly and we lded to oppos i t e sides 
of a 22 inch outside diameter, 
17.25 inch inside diameter , 0.5 
inch thick ring. The liners are 
symmetrically placed in the cove r 
plug to provide 36 inch spacing 
between the individual canister 
centers. This configuration 
precludes spent fuel criticality 
under any flooding condition. 
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Cover p lug lifting and movement is 
accompl ished by attaching lifting 
eyebolts in the four lifting lugs 
symme t r i c a lly placed in the cover 
p l ug. These lifting lug assemblies 
are cast into the concrete and 
consis t of a rod attached to a 
sleeve a t the top and a plate-type 
was her and nut at the rod bottom, 
two-t h irds of the way down the plug. 

6.2.4 LAG STORAGE PIT COOLING PIPE 
ARRANGEMENT 

The Lag Storage pit uses an array 
of in l et and outlet air pipes to 
dis s i pate heat from spent fuel 
assemb lies. This system operates 
on nat ural convection or forced air 
circu l at ion. Figure 6.2-4 gives a 
simpl if ied view of the air cooling 
pipe a rrangement. Figure 6.2-6 
shows the outlet piping during 
construction . 

Air enters t he inlet duct f r om Hot 
Bay and flows through a 4 9 inch 
square pa ssagewa y . I t is t he n fun
neled into a 36 i n ch diame t er by 
0.38 inch thick pip e t ha t be g i ns 4 2 
inches be low fl oor leve 1. Th is 
pipe ex t e nds 19 feet vertically 
downward . Th e in l e t p i pe extend s 
horizon ta lly a t t hi s e l eva t i on t h e 
entire pi t len gth un t i l i t j oin s 
the second vert ica l 36 i nch i nle t 
pipe. Air e n t ers the thr ee ind i vi
dual vaults through three par alle l 
18 inch diameter by 0.25 i n ch t hick 
inlet pipes pe r pend icu l ar to the 36 
inch i nlet pipe . The vau l t inle t 
pipes ente r e a ch vault 21 f ee t 
below ground l eve l and are spa ced 
36 inches apar t . 

The a Lr hea ted by t he c an i s te r s 
rises in the vau lt. The a ir exi t s 
through three 18 inch d i ame te r by 
0.25 inch t h ick out le t pipes, a ll 

Figure 6.2-6. Lag Storage Pit Outlet Piping 
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parallel and equally spaced 54 
inches apart, 5 feet below E-MAD 
fl oor leve l. The out let pipes 
t ravel 1 1 feet 6 i nches on a 3.5 0 

s lope before being stepped 27 
inches u p and 22.8 inches to the 
left or right. Two pipes a re 
s tepped different lengths (39.6 and 
34.8 inches) t o prevent i nte rfer
enc e with t he shielded window on 
t he west wa ll of the Ho t Bay (see 
Figur e 6.2 - 1 ). The outlet pipes 
travel 51.6 i nches on a 3 .5 0 slope 
to jo i n a vert i ca l pipe discharging 
i n t o the Hot Bay 10 feet above 
floo r l eve 1. 

Two fans at t he entr ance of the 36 
inch vertica l inlet pipes provide 
vau l t ai r c i rculation. The fans 
a r e 42 i nch standard, one hors e
powe r , 240/460 volt AC e xhaus t fans 
e ach capab l e of a 1 7, 720 cubic feet 
per minute flow . The t wo f ans are 
locat e d 3 feet below t he Hot Bay 
floor . Two 49 inch square i nlet 
ducts connec t t he fan s to the Hot 
Bay . Each fan is bo l ted t o a 
2 inch by 1.5 inch by 0.25 inch 
t hick angle attache d to a support 
integrated in the concrete at a 45 0 

a ng l e . Powe r is supplied to t he 
fan through 2 inch e lectrical con
duits located in the pit area. 
Thi s duc t is c overed b y a 52 i nc h 
r emovable square gra t i ng for per
sonne l pro tection . The gra ting is 
se t into the floo r on a concrete 
edge protected by 3.5 inch by 1. 5 
i nch by 0 .2 5 inch thick angle . 

OUTLET PIPE INSTRUMENTATION 

The nine the r mocouples a re l ocated 
5 f eet above the Hot Bay floor 
inside the 18 inch outle t pipes . 
Each t hermocouple is installed 
through a hole i n t he pipe back and 
faste ned wi th clamps . The the rmo
couple ti p i s locate d in the pipe 
cen te r. Th e the r mocouples are f ed 
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into a 3 inch wide aluminum c able 
tray (made of two 21 feet long 
pieces ) attached to the back of the 
ou t let pipes at the top. The ther 
mocouple extension WLre LS routed 
through the c ab l e tray to a jack 
panel by galle ry window W-3 . A 
composi.te wi re of a l l nine thermo
couple wires i s fed from this pane l 
through a wes t wall pass-t hrough to 
the data logger . The cable t ray 
and j a ck panel can be seen Ln 
Fi gure 6 . 3-1. 

6.2.5 SEISMIC GRIDS 

Each v ault i n the Lag Storage pi t 
has a seis mic grid assembly to 
mainta i n c anister c on f igurat ion in 
the even t of seismi c disturbances . 
The grids also hold the canisters 
in place should the canister ass em
bly accident l y drop into the vault . 
Two vaul ts (ce nter and s outh vau lt) 
have the Type I c onfiguration and 
the t h i rd , Type II. 

The Type I seismic grid consists of 
a box-type frame structure sitting 
on two 3 inch by 3 inch by 0 .25 
inch t hick angles , bolted to oppo
site v ault walls . The f rame is 11 
fee t 6 inches long by 5 feet 6 
inches wide by 6 fee t high and i s 
cons tructed of structural carbo n 
stee l t ubing, angles , I-beams , and 
flat bars. The fr ame has two 
l eve l s: the top, wh ich late r ally 
cons t r a i n s the c aniste r by the grid 
work itse lf and , the bottom , with 
individual sections of pipe pr o
vid i ng cons tra i n t. The u pper-leve l 
ou te r - fr ame members a re 2.5 inch b y 
2.5 inch by 0. 25 i nch t hick ang l e s 
we l ded t o eight cross membe r s o f 1 
i n ch by 3 inch f l at bar. There are 
t wo 1 i nch by 3 inch bars we lded 
lengthlvi se to the 1 i nch by 3 inch 
crossmembers . This grid work forms 
eight 24 i nch by 24.5 inch "cell" 
openings for the canisters . Two 



I-beams, welded to the outer member 
angles 33 inches from each end , 
serve as the supports for lifting 
the entire grid assembly. 

The grid upper and lower levels are 
connected by six vertical and six 
diagonal supports, all made of 1.25 
inch diameter by 0.25 inch thick 
steel tubing. The vertical sup
ports are welded to 1 inch by 3 
inch cross bars at the ends and to 
the horizontal 2.5 inch by 2.5 inch 
by 0.25 inch thick angles at the 
assembly lower level. The bottom 
is the same as the top grid frame 
except for no I-beam crossmembers 
and the eight individual cells have 
a pipe assembly to restrain canis
ter movement. This pipe assembly 
consists of a section of 18 inch 
diameter by 0.38 inch thick pipe, 
2.5 inches high with four sections 
of 2 inch outside diameter by 0.25 
inch thick tubing welded to it. 
The four tube sections are spaced 
90° apart, are centered on the pipe 
section and are approximately 4.5 
inches long. Each assembly is 
welded to the grid frame cross 
member at the four tube sections. 
All eight pipe assemblies mount to 
the frame . Some are attached to a 
2.5 inch by 2.5 inch by 0.25 inch 
thick angle which is then welded to 
a flat. Others are we lded to a 1 
inch by 3 inch bar with the tubing 
cut to accomodate the bar height . 
The configuration of the lower grid 
level is similar to that of the 
Type II upper grid shown in Figure 
6.2-7 . 

The Type I I seismic grid 1S 
installed in the north vault. This 
grid can accommodate two types of 
canisters. The two canister and 
seismic grid arrangements are shown 
in Figure 6.2-1. This seismic grid 
consists of an upper and lower 
grid. Both are shimmed against the 
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wall to prevent movement during a 
seismic event. The upper and lower 
grids are shown in Figures 6.2-7 
and 6.2-8. 

The upper grid is a rectangular 
frame assembly made of 4 inch by 
1.72 inch by 0.32 inch thick struc
tural support channels. The frame 
is 11 feet 5.5 inches by 5 feet 5.5 
inches wide by 12 inches high. 
There are four lengthwise channels 
and eight crossmember channels, 
spaced to provide the same eight 
"cell" configuration as the Type I 
grid. The channel crossmembers are 
welded to 7. 5 inch by 4 inch by 0.5 
inch thick s tee I plates which are 
shimmed against the wall at instal
lation to hold the frame in place. 
Shimming uses adjustable bolts to 
locate t .he frame, with grout in
stalled to ho l d the frame in place 
(shimming done to plates on east 
and west wall of vaul t ). The 
lengthwise channels are welded to 
2.5 inch by 2.5 inch by 0.25 inch 
thick angles bolted to the vault I s 
north and south walls . These 
angles support and locate the upper 
grid. 

Each upper grid section has an 18 
inch diameter by 12 inch l ong by 
0.75 inch thick pipe section simi
lar to the bottom level of Type r. 
Four 4 inch channel sections (same 
as 1n frame structure) are welded 
90° apart on the pipe. These 
sections are welded t o t he frame 
structure for seven of the eight 
sections. For the las t section, a 
removable pipe assembly allows 
access to the lower grid. This 
assembly consists of the same type 
of pipe section used for the othe r 
seven. The only difference is t ha t 
four 8.25 inch by 4.25 i nch by 
0.5 inch thick steel pl a tes are 
we l ded to the pipe section. These 
plates, placed 90° apart, have 



Figure 6.2-7. Lag Storage Pit Type II Upper 
Seismic Grid 

Figure 6.2-8. Lag Storage Pit Type II Lower 
Seismic Grid 
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holes f o r bolts to secure the p ipe 
assemb l y t o the frame . Th e upper 
grid p ipe cen ter l i nes corre sponded 
to the a s-built centers of vaul t 
cover p lug liners . 

The lowe r seismi c gr i d a ss embl y 
cons i s ts of eight s ec tions of 4 
foot long 18 inch di ame t er by 0. 38 
inch t h i c k pi pe s upported a t the 
bottom by structura l s t ee l I-beams 
(4.16 i nch by 4 . 06 i nch by 0 . 35 
inch t h ick ). Two I-be ams , 11 f ee t 
5 inc he s long, are we lde d to f our 
32 inc h long sec t ion s of cross 
member I-beams. Eigh t 12.25 i nch 
long I-beam sec t ions a r e welded to 
the t wo lengthwi s e beams ln the 
same line as the four cros s mem
bers . Th is configura t i on yields 
eight cros s a r eas to wh ich t he p i pe 
sections a re welded . Th i s fr ame i s 
supporte d by six 24 . 5 i n c h h i gh 
vertical beams we l ded at t he fou r 
corner c r osses a nd t wo in the 
center of the two l engthwi s e beam 
suppor t s . All t he ve rt i c a l sup
ports h ave 8 inch s quare by 0 .5 
inch t h ick steel p lates we l ded to 
the ends f or shimmi ng t he f r ame i n 
place . The r e are twelve 6 i nc h 
s qua r e by 0.5 inch thi ck steel 
pla t es welded to the eigh t s ho r t 
outer cros smembers and at bo t h e nds 
of the long support beams . Thes e 
are a l so shimmed at grid ins talla
tion usin g adjus table bolt s and 
grout. 

A 3 i nch wide by 0. 5 inc h t hick 
steel r i ng is welded to each p ipe 
sec t ion 9 inches f rom the top . Te n 
lengths of 4 i n ch by 1 . 72 i nch by 
0.32 inche s thick stee l channe l , 
each 16 inche s l ong, are welded 
betwe en the r i n gs . Twe l ve 4 .2 5 
inch l ong channe l s ec t i ons are 
we l ded t o t he r i ngs fac i ng t he 
vau lt wall s and 7.5 inch by 4 inch 
by 0.5 inch th i ck s t ee l p lates are 
welded t o the channe l e nds fo r 
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s upport . The s e p l a te s a r e sh i mmed 
against t he wa ll using t he adjust
a b l e bolt a n d grou t e d du r ing grid 
installa t ion. 

6.2 . 6 LAG STORAGE PIT SHIELD PLUGS 

The shie ld p lugs us ed l n the La g 
Storage pi t vau lt covers a r e a dup
licate o f t hose u s ed in t he dry
well s (se e Fi gure 3 .2-20) wi t h t he 
exception o f no instrumentat ion 
t ubes . The s hie ld plug i s a stan
d a rd 20 i nch d iame t e r b y 0 . 2 5 inch 
t h ick carbon steel pipe, 34 inches 
l ong , wi t h a 1 i nch thi ck s t ee l 
pl a te we lde d to t h e t op a n d bottom. 
The volume be tween the two p l ates 
i s fi lle d wit h 150 pound pe r cub ic 
f oo t dens i ty c onc r ete f o r s h i eld
i ng . Ex t end i ng fr om the bo ttom 
p l a t e i s a 16 i nch diame t e r by 1. 03 
i n ch t hick b y 12 inch l on g pipe . 
Support p i n s a r e ins t alle d in four 
t appe d hole s 90 0 apa rt e nablin g t h e 
s h i eld p l ug to at tach t o t he c a n i s 
te r assembly . Prov is ion fo r l i f t
l ng the s h ield p lug i s made by 
hole s i n t he top cover p l a te to 
which a li fting ba il 1 S bolted . 
Whe n i ns t a lle d i n the p it, t he 
s hield plug t op i s a t f loor l evel. 

6. 2 . 7 CANISTER ASSEMBLY 

The can is t er assemb lie s ins t a lled 
i n the La g St orage pi t durin g t he 
period September, 1980 to March, 
1982 we re t hos e cons truc t ed f o r the 
SFT-C Progr am des cribed in Se c tion 
3. 2 . 2. Of the 13 c anis t er a ssem
b lies ins t a lle d dur ing this time , 
f our were n o t we l de d a nd h a d a n a lr 
inte r nal atmosphe r e . 

CANISTER INSTRUMENTATION 

Two t he rmocoup l es we r e installed i n 
an unwe l de d ( a ir fi l l e d ) can i s t er 
a ssemb ly i n s t a l led in t he Lag 
St ora ge pi t. These t he r moc ouples 



we re inserted through a shield plug 
wi th instrumentation tubes into the 
t ubes on the canister outside . 
Thermocouples we r e place d in the 
center tube of the three on each 
caniste r s ide. Table G-l defines 
the locat ion o f t hese two thermo
couples . 

6.2.8 DATA ACQUIS ITI ON SYSTEM 

The data acquis it i on system for the 
Ai r-Co oled Vau l t Test temperature 
measur emen t consists of t he thermo
couple array and the E-MAD data 
logger. El even t hermocouples are 
located in t he Lag Storage pit 
ha r dwar e (previous l y de s cr i bed) and 
t heir pos it ions a r e i llustrated in 
Figure 6 .2- 9. An addi t ional ther
mocoup le, located at the weld pit 
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table in f r ont of Hot Bay window 
E-s , provides da ta for ambient Ho t 
Bay air temperatures . The thermo
couple leads are routed to t he dat a 
logger (see Sect i on A.s . s ) . 

A hand-held velometer (flow me ter) 
measured t he a i r f l ow rates fr om 
the outlet pi pes for t he Air-Coole d 
Vault Vent ilat ion Tests . The ve l o
meter, an Alnor Instruments , Inc. 
Mode l 3002 , is a portable , non
electrical swinging-vane type 
anemome ter wi th a r ange of 0 to 
1000 feet pe r minute . The me te r i s 
analog and has t he accuracy o f plus 
or m1nus two percent of full scale 
reading . 

HOl BAY 
WEST SHIELD WAL L 

---.. SEISMIC ORIO 

INLET PIPE 

• THERMOCOuttLE 
TIP LOCATIONS 

Figure 6.2-9. Lag Storage Pit Thermocouple Locations 
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THERMOCOUPLES 

All t he Air-Cooled Vault Test 
thermocoup les are Type K, chrome l
alumel thermocouples with an un
grounded junction enc losed in a 304 
stainless steel s heath . Ea c h ther 
mocouple is brazed to an ex t ension 
wire inside a 0.187 inch diameter 
by 0.025 inch thick by 2:75 inch 
long stainless steel tranSl.tl.on 
boot c r imped onto the thermocouple 
cab le sheath and fil led with epoxy . 
The thermocouples installed in the 
Lag Stor age pit outlet pipes are 
0.12 5 i n ches l.n diameter and are 
connec ted to 20 gage ext ens ion 
wire. The thermocouples insta l led 
in t he canister i nstrumentation 
tubes and at the weld pit are 0.06 2 
inches in diameter and are attache d 
to 24 gage extension wire . 

6.3 OPERATIONS AND PROCEDURES 

CONSTRUCTION 

The Lag Storage pit cons t ruction 
was completed in October , 1978 
prior to the SFHPP 1978 Demon
strat i on operations. 

FUEL ASSEMBLY ENCAPSULATION , 
INSTALLATION AND REMOVAL 

The 13 SFT-C Pr ogram PWR s pent fuel 
assemblies were encapsulated prior 
to emplacement the Lag Storage Pi t . 
The fo l lowing present s a brief 
sunnnary of the typical ac tivities . 
Further details are found in Appen
dix B. The operations began with 
preparing the spent fuel s h i pping 
cask for fuel assemb ly un l oad ing . 
Next, by remote operat ion s, a fue l 
handling t oo l was inserted i n the 
cask and the hand l ing tool and fue l 
were lifted out. Each fuel ass em
bly was visually examined by a 
remo t e ly held TV camera and then 
placed in a canister l ocated in the 
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Hot Bay weld p i t . The cani s t er 
closure lid wa s installed a nd s ea l 
welded t o t he canister . The weld 
was made remote ly and the completed 
weld v isually inspected using a 
wal l-mounted pe ris cope. The c anis 
t e r was t hen evacuate d and ba ck
fi lled with hel ium . A s ample was 
drawn fr om the vacuum chamber into 
a he l ium l e ak de t ec to r l.n the 
ga llery and examined for he lium. 
The shi eld plug was i nstalled and 
the canister and shi eld plug were 
then removed to the surve y pit 
whe r e swi pe s are made of the canis
ter s u rface us ing the master-s lave 
manipu l ators . The cani s ter was 
t hen inst a lled in the La g St o rage 
pit as s hown l.n Figure 6 . 3-1 . 

Four o f t he fuel assemblie s (D34 , 
D22 , D15 and D04) were placed l.n 
canisters and t he closure lid 
installed without welding or 
backfil ling with hel ium . 

Tab l e 6 . 3-1 pr ovides i nformation on 
t he loc ation o f e ach of the 13 fue l 
assemb lies i n the Lag Storage pi t 

" 

Figure 6.3-1. Canister Installation in to Lag 
Storage Pit 



TABLE 6.3-1 
AIR-COOLED VAULT TEST FUEL ASSEMBLY OPERATIONS SUMMARY 

Fuel Date Date 
Lag Storage Assembly Received Installed 

pit Location* Serial No. at E- MAD i n LSP 

9 D40 9/ 21(79 9/21/79 

10 046 9/ 24/79 9/25 /79 

11 D47 10/1/79 10/1/79 

12 D09 10/9/79 10/ 10/79 

13 D18 10/ 20/79 10/20/79 

14 D1 6 10/22/79 10 /22/79 

15 D34 11 / 1/ 79 11 /1/79 

16 D22 11/12 /79 11 / 12 / 79 

17 D35 11/15/7 9 11/15 / 79 

18 D15 11/25/79 11/ 27 /79 

19 D06 11/30/79 11/30/79 

20 004 12/11/79 12/11 /79 

21 DOl 12/12 /79 12/12 /79 

*See Figure 6. 2-2 for l ocation identification 

and then da tes of i ns talla tion and 
remova l . Al so included are t he 
dates for boiling water calorime t r y 
and gas sampling performed on t he 
four assemblies placed in unwelded 
canisters. Details of the calori
metry and gas sampling operat ions 
and results are found in Appendix K 
and L, respectively. 

TEST PROCEDURES 

Two sets of ventilation tests were 
performed on the Lag Storage pit 
for two different conditions. The 
first test occurred on October 10, 
1979. There were four PHR fuel 
assemblies pr e sent ~n the center 
vault for t h is test. Four dif-
ferent configurations of the cool-
ing system were tested: first, 
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Date Date Date 
Removed Ca10rimetered Gas Sampled ----
4/14/80 

4/28/ 80 

5/7/80 

4/30/80 

4/21/80 

5/19 / 80 

4/ 24/80 4/1/80 4/1/80 

9/4/80 7/9/80 6/25/80 

5/5/8 

9/22/ 80 7/8/80 4/1 0/80 

5/12/80 

5/20/ 80 5/20/80 4/9 / 80 

5/14/ 80 

both fans on , neither i nle t block
ed; s econd , north f an on , neithe r 
in le t blocked; third, north fan on, 
s outh inlet blocked; and forth, 
natura l convection, neither f an on 
and ne ither inlet blocked. Flow 
b l ockage was ach i eved by p lac i ng a 
shee t o f plastic unde r the sout h 
in le t grate. The average flow 
veloc i tie s were measure d using the 
ve lome ter and the outlet pi pe temp
era t ures were measured using the 
t hermocouples installe d ~n the 
pipes . 

The s e cond se t o f ven til a t i on tests 
occurred on Decembe r 4 t hrough 7, 
1979. There we re 11 PHR fuel 
a ssemb lies ~n the Lag Storage pit 
for t hi s set of test s . For t hese 
test s , the cani ster located ~n 



position 16 was instrumented with 
two t hermocouples to provide canis 
ter temperature data . There were 
four configurations for this test: 
firs t, both fans on, neither in l et 
blocked; second, south fan r unning, 
neithe r in l et blocked ; thi rd , south 
ran runni ng , north in l et blocked; 
fourth, natural convec tion, neither 
fan blocked and neither i nlet 
blocked. For these tests, the out
let pi pe flow velocities we r e mea
sured at five different locations 
in the c ross section of t he pipe, 
in the center and half way be tween 
center and pipe wall at 90 0 inte r 
vals . For the second test , the air 
flow velocity out of the north 
inlet (with fan off) was measured. 
In a ddit i on, the no r th and south 
inlet fan temperatures were also 
recorded. 

Fuel assemblies D04 and DOl were 
installed in the Lag Storage pit on 
December 13 and 15, 1979 , respec
tively to comple t e the array o f 
fuel a ssemblies in the pit. Temp
erature data monito r ing fo r t he 
instrumented can ister and pit 
outlet pipes began on December 11 , 
1979 at 4: 00 p.m. j ust prior com
pletion of fue l installation. Data 
logger printouts were made every 
eight hours at midnight , 8: 00 a .m. 
and 4 : 00 p.m . t hereafter unt il 
April 29 , 1980. From April 29 
through June 4, 1980, printouts 
were made at four hour intervals , 
start ing at midnight. After June 
4, when only fuel assemblies D15 
and D22 r emained in t he pit , print
outs were made every 24 hours a t 
4: 00 p.m. cani ster temperature 
data recording was terminated on 
June 22 , 1980 when the t hermo
couple s were remove d (prior to fue l 
a ssembly r emoval for calorimetr y ). 
These thermocouples were not 
reinstalled. 
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Addi t ional data logge r printou ts 
were made during fuel assembly gas 
sampling and calorimeter ope r a
tions . Printouts we re made a t 15 
minute intervals whi l e fuel assem
b ly D34 was out of t he pit from 
8: 45 a.m. to 6:30 p.m. on Apr il 1 , 
1980 and at 30 minu te intervals 
thereafter un t il 12: 30 p.m. on 
April 2, 1980. 

Addit i onal Lag Storage pit perfor- · 
mance testing temperature da ta \~as 

gathered during the removal of fuel 
assemblies from the pit . The fans 
were turned o f f from noon on April 
29 to noon on May 2 , from 4 :00 p.m. 
on May 4 to 4:00 p.m. on May 9, 
from noon on May 19 t o noon on May 
22 , and again from noon on J une 4 
t o noon on June 11. The fans were 
turned off on June 18, 1980 when 
the for ced cooling was c onsidered 
to be unnecess ary. 

6.4 TEST RESULTS 

Th is section pres ents t he results 
f rom the Air-Cooled Vault Tests . 
The r ecorded flow velocities and 
temperatures fo r the two sets o f 
vent ilat ion tests are presented in 
Table 6 . 4-1 and 6.4-2 . Thermo
couple readings of canister , vau l t 
outlet pipes and ambient Hot Bay 
temperatures are provided in Appen
dix G. The readings include t hose 
from the s econd se t of ventilation 
t e s t s; at abou t one week interval s 
during the months of December , 1979 
through May, 1980 on the firs t, 
eighth, fi ft eenth and twenty
second ; and for different tes t 
conditions. These condit ions 
include readings before and afte r 
removal of seven o f the s pent fuel 
assemblies i n the cente r vault and 
f or the addi tiona l natura l c~r
culat i on tes t s r un in April , May 
and J une . 



TABLE 6.4-1 
AIR-COOLED VAULT VENTILATION TEST 1 RESULTS 

Date: 10/11/79 
Condition: Four PWR fuel assemblies in center vault. 
Ambient Hot Bay temperature: 8l.7°r (Tests A & B) , 79.4°F (Tests C & D) 

Test A: Both fans operating, neither inle t blocked. 
Test B: North fan operating, neither inlet blocked. 
Test c: North fan operating. south inlet blocked. 
Test D: Natural convection - neither fan operating, neither inlet blocked . 

Outlet Pipe 
Number 

Test 
A 

Te s t 
B 

Air Flow 
Velocity 

(FPM) 
Temp 
(OF) 

Air Flow 
Veloci ty 

(FPM ) 

South 1 

2 

3 

4 

5 

6 

7 

8 

North 9 

750 

700 

750 

850 

850 

825 

800 

750 

750 

6.4.1 VENTILATION TESTS 

78.1 

78.3 

78.7 

80.6 

84 .3 

87.3 

78.5 

78.3 

17.8 

180 

200 

200 

160 

170 

170 

140 

130 

140 

Two separate sets of ventilation 
tests were performed on the Lag 
Storage pit, the first on October 
11, 1979 and the second on December 
4 through 7, 1979. There was a 
different configuration for each 
set of tests which are shown i n 
Figure 6.4-1. The results of these 
tests, presented in Tables 6.4-1 
and 6.4-2, include outlet pipe a ir 
flow velocity and temperature for 
the four flow conditions. The data 
in Table 6.4-2 also include steady 
state canister temperatures for t he 
four opera t ing conditions. 

Comparing the data from both serie s 
of tests, it appears t hat the 
number and position o f t h e 

Temp 
(OF) 

79. 1 

79.3 

79. 4 

91.8 

92.1 

93.3 

79.1 

79.0 

78. 6 
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Tes t 
C 

Air Flow 
Ve l ocity 

( FPM ) 

750 

700 

700 

650 

625 

65 

550 

550 

550 

Temp 
(OF) 

78.4 

78.5 

78.7 

82.8 

86.9 

88.3 

78.5 

78.2 

17.9 

Tes t 
D 

Air Fl ow 
Velocity 

(FPM) 

50 

SO 

75 

100 

100 

100 

50 

SO 

50 

Temp 
i:I) 

79.6 

79. 7 

80. 1 

93.5 

94.1 

96. 0 

79. 6 

79.6 

79.3 

cani s t ers has l ittle af fect on 
out l e t pipe flow veloc ity. For 
both fans running, out l et velo
c i t ies are all in the 700 to 850 
FPM range, with the cente r vault 
having t he highest readings. For 
one fan off and neither inlet 
blocked, values are much lowe r, in 
the 14 0 to 200 FPM range. The out
let pipe velocities a t the vault 
end opposite the operatin g fan are 
higher because the a~r flows 
through the inlet bottom pipe and 
out the other inle t, the path of 
least resistan ce. As mu c h as 40 
percent of the inlet flow air was 
measured flowin g out t he other 
unblocked inlet. The blockage of 
t h e off fan inlet produ ces higher 
outlet p~pe velocities (650 FPM 
range) wit h the v au l t closest to 



the blocked inlet receiving the 
most air. The three outlet pipes 
in each pit have about the same air 
velocity, although values for out
lets for each vault vary slightly . 
The results from the two natural 
convec tion tests provided compar
able r esults. The test with eight 
canisters ~n the center vault 
recorded higher flow velocities. 

This was a result of the i ncreas ed 
convection for more canisters and a 
greater thermal pressure he ad 
(caused by decay heat) • I n the 
vault with no canisters, the f l ow 
was very low or not meas urab le. 
The flow in the s outh vau l t for t he 
second tes t was meas urab l e du e to 
the three installed c aniste rs but 
was lower than the values recorded 

TABLE 6.4-2 
AIR-COOLED VAULT VENTILATION TEST 2 RESULTS 

Condition: Eight PWR fuel assemblies in center vault, three PWR fuel 
assemblies in south vault. 

Test A: Both fans operating, neither inlet blocked. 
Date: 12/4/79 
Canister T/C 908 temperature: 141.3°F 
Canister TIc 909 temperature: l15.5°F 
Ambient Hot Bay temperature: 67.2°F 

Air Flow Velocity 
Outlet Temp (FPM) Average Air 
PiEe No. (OF) 1 2 3 4 5 Flow Ve1ocit~ (FPM) 

1 69.1 825 850 825 825 800 825 
2 72.4 750 750 850 800 750 780 
3 75.1 725 725 750 750 700 730 
4 76.6 900 925 950 900 850 905 
5 77.8 850 800 950 925 800 865 
6 76.5 800 775 975 875 800 845 
7 67.4 800 900 950 875 800 865 
8 67.2 825 850 875 850 800 840 
9 67.1 800 850 925 850 750 835 

Test B: South fan operating , neither inlet blocked. 
Date: 12/5179 
Canister TIc 908 temperature: l75.3°F 
Canister TIc 909 temperature: 172.3°F 
Ambient Hot Bay temperature: 67.8°F 

Air Flow Velocity 
Outlet Temp (FPM) Average Air 
PiEe No. (OF) 1 2 3 4 5 Flow Velocit~ (FPM) 

1 81.1 150 150 150 150 125 145 
2 84.0 150 125 160 150 100 137 
3 83.8 150 150 175 150 100 145 
4 100.3 200 150 220 200 150 184 
5 99.2 200 150 200 175 150 175 
6 97.9 200 175 220 220 150 193 
7 68.1 175 200 210 175 150 182 
8 67.7 150 160 200 160 150 164 
9 67.7 175 190 200 175 150 178 
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TABLE 6.4-2 (Continued) 

Test C: South fan operating, north inle t blocked . 
Date: 12/7/79 
Canister TIc 908 temperature: l43.7°F 
Canister TIC 909 temperature: l50.l o F 
Ambient Hot Bay temperature: 68 .4 °F 

Ai r Fl ow Ve l ocit y 
Outlet Temp (FPM) Average Air 
Pil!e No. (OF) 1 _2_ 3 4 _5_ Flow Velocitx (FPM) 

1 70.3 600 650 62 5 625 575 610 
2 70.6 575 625 650 575 500 585 
3 77.4 600 600 625 600 550 595 
4 79.3 650 650 675 600 600 635 
5 83.6 625 675 700 625 600 645 
6 83.6 650 600 650 650 575 625 
7 68.6 750 825 800 725 675 75 5 
8 68.4 700 725 850 725 600 720 
9 68.2 750 775 850 725 700 760 

Test D: Natural convection - nei ther fan operating , neithe r inlet b locked. 
Date: 12/6/79 
Canister TIC 908 temperature: 
Canister TIc 909 temperature: 
Ambient Hot Bay temperature: 

l8l.0°F 
l7 6. 8°F 

66. 8° F 

Air Flow Veloc ity 
Outlet Temp 
Pil!e No. (oF) 1 2 

1 83.3 50 100 
2 86. 2 50 100 
3 86.2 75 50 
4 103.4 150 175 
5 103.0 140 150 
6 101.3 150 140 
7 68.9 
8 65. 8 
9 65.9 

for the four canisters in the 
center vault for the first test 
with natural convection. 

Outlet p~pe temperatures were 
affected by the number of canisters 
in the vault, their location, and 
by the ventilation condition. Fi g
ure 6.4-1 shows which outlet pipes 
were affected for each of the ven-

(FPM ) 
3 

100 
100 

50 
175 
160 
175 
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Av erage Ai r 
-fL 5 Flow Ve10citx (FPM) 

50 25 65 
50 50 70 
75 50 60 

150 125 155 
140 100 138 
120 70 131 

Flow Not Me asurable 
Flow Not Measurable 
Flow Not Me asurable 

t i l ation t ests. In the first set 
of ve ntilation tests, only outlet 
p ipes 4, 5 and 6 were af fe cted. 
Outlet pipe 6 temperatures were the 
highe s t for all o f the te s t config
ura t i ons because it was located 
nearest the fou r canisters i n the 
center vault. Temperature s for 
out le t pipes 4 and 5 were lower 
tha n outlet pipe 6 but stil l were 



SOUTH INLET OUTLET PIPE NUMBERS 

• 5 6 I 

PIT CONFIGURATION, 
VENTILATION TEST NO. I. OCTOBER II . 1919 

UTH INLET OUTLET PIPE NUMBERS 

1234561 

PIT CONFIGURATION, 
VENTILATION TEST NO. 2, DECEMBER 4 TO 7, 1979 

NORTH INLET 

NORTH INLET 

LEGENO: 

• CANISTER LOCATIONS 

o EMPTY 

Figure 6.4-1 . Lag Storage Pit Configuration 
for Air-Cooled Vault Ventilation 
Tests 

influenced by the decay heat of the 
spent fuel in the center vault as 
noted when compared to outlet temp
eratures for the other two vaults. 
The outlet pipe temperatures were 
lowest for full ventilation (about 
85°F) but became higher as one fan 
was shut off and then the inlet 
blocked. Temperatures were the 
highest (about 95°F) for natural 
convection. Temperatures for 
outlet pipes 1, 2, 3, 7, 8 and 9 
were the same as Hot Bay ambient 
because no spent fuel was stored 1n 
either the north or south vaults . 

For the second set of ventilation 
tests , the results are very similar 
to those for the first set relative 
to vault configuration and f l ow 
conditions. Some of the recorded 
values are higher due to the 1n
creased decay heat 1n the center 
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and south vaults. Outlet pipes 1 
through 6 were affected by the de
cay heat while outlet pipes 7 , 8 
and 9 were close to ambient Hot Bay 
temperature because no spent fuel 
was in the north vault . As expec 
ted, outlet pipes 4, 5, and 6 h ad 
the highest temperatures for full 
ventilation. Outlet pipe 3, 
closest to the three canisters in 
the south vault, has the highes t 
temperature while outlet pipes 2 
and 1 temperatures decrease as they 
get farther from the fuel canis
ters. For natural convection , the 
outlet pipe temperatures for the 
center vault are approximately 
equal while the south vault outlet 
pipe temperatures increase as the 
pipes get closer to the three can
isters. All these results were 
expected based on the first set of 
ventilation test results. 

Partial ventilation 
with neither inlet 

from one fan 
blocked yields 

results similar to natural convec
tion with outlet pipe temperatures 
differing by only 2°F. Outlet pipe 
temperatures for the center vault 
differ by 3°F which may be explain
ed by added heat from the concrete 
wall between the center and s outh 
vaults being picked up by the flow
ing air. The partial vent i lation 
condition with the inopera t ive fan 
inlet blocked yields results s imi
lar to the full ventilation condi
tion. Outlet pipe temperatures for 
the center vault show a slight dif
ference (4°F) towards the north end 
which may be explained by the de cay 
heat level being greater at that 
end of the vault . 

The accuracy of ve10meter a i r flow 
readings presented 1n Table 6. 4-1 
and 6.4-2 must consider the range 
scale and meter graduations for the 
range of flow velocities measured . 
For flow velocities between 500 and 



1000 f eet pe r minute, meter gradua
t ion s a llowed r eadings to the near
est 2 5 f eet pe r minute ~ For flow 
veloci t ies i n the r ange 0 to 250 
f eet pe r minute, meter graduations 
al lowe d readin gs to the neares t 10 
fee t per minu te. The readings f o r 
the first set of flow tes ts we re 
less a ccurate than those for the 
s econd since only one r eading was 
taken. The average values from 
five read i ngs 1 S c ons idered to be 
more repre senta tive of t he actual 
flow ve loc ities for t he four test 
cond i tions evalua ted . 

6.4.2 LAG STORAGE PIT THERMAL 
RESPONSE 

The effects of decrea sing decay 
h e at a nd c aniste r removal f r om the 
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Lag Storage pi t were e va l uated 
using t he full flow cooling data 
recorded between January and June 
of 1980. Figures 6.4-2 t o 6.4-5 
show the r esponse o f t he outlet 
pipe t emperatures and Figure s 6 .4-6 
and 6.4-7 show the r es ponse of the 
canister temperatures to these 
ef fec ts. 

Figure 6.4-2 i llustrates the effe ct 
of decay heat l evel on cente r vaul t 
outle t pipe t emperatu re . Since Ho t 
Bay ambie nt tempe r atur es v ar ied 
thr oughout t he period o f Lag Sto r 
age pit t empe r atur e dat a r ecor ding , 
the out l e t p i pe temperatures a re 
s hown as the t emperature above 
ambient. The decay heat leve ls i n 
the c ente r v aul t were dete r mined by 
s umming the pr edi c ted dec ay heat 

1-o1._----...... CANISTER REMOVAL FROM CENTER VAUL T·-------I~ 

CENTER VAULT DECAY HEAT (kW) 706534-86A 

Figure 6.4-2. Center Vault Outlet Pipe Temperature Above Ambient 
Response to Decay Heat Level Changes in Lag Storage Pit, 
January 1980 to June 1980 
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for each of the fuel assemblies in 
the cen t er vault using the decay 
heat curves shown in Figures 2.3-4, 
2.3-5 and 2.3-6 . For the thermal 
response evaluation, the average of 
outlet temperatures from the north 
vault we r e used as t he ambient Hot 
Bay temperatures . The temperatures 
recorded at the weld pi t t able by 
thermocouple 901 we r e intended to 
be representative of ambient , how
ever the recorded temperatures from 
this thermocouple were gene r al l y 
highe r than thos e for the north 
vault (without any fuel) outlet 
pipes . The Hot Bay air condition
er, run inter mittently, is expected 
to have affected the inlet tempera
tures for the Lag Storage pit which 

we r e not re f lected in the tempe r a
ture measurements at the we ld pi t . 

Figure 6.4-2 shows a near l y linear 
relationship between t he cente r 
vau l t outle t p i pe tempe r a t ures 
above amb i e nt and the decay he a t 
l evel 1n the vau lt. Th e larges t 
cha n ges i n the decay heat l evel 
occurre d when the seven c an iste r s 
we r e removed, yet the rela t i on s hip 
remained l inear. 

The relat ionsh i ps between t he t h r ee 
cen ter vau l t outlet p 1pe t empe r a
t ures for t h r e e di fferent c a n i s t er 
remova l s a re shown 1n Fi gu r e s 
6.4-3, 6.4-4 and 6 . 4-5 . These 
three figures show t he c hange s 1n 
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F/A 040 REMOVED 
r------I 

OUTLET PIPE 

NO.5 \ .. 
,T/C 915} 1) 

~.1 / 
__ - I 

- I ------
/' 

OUTLET PIPE 
NO.4 (Ti C 914) 

LAG STORAGE PIT CONFIGURATION 

OUTLET PIPE 7 
4 5 6 

• •••• 
A SSEMBL Y REMOVED 

LEGEND 

• FILLED 

DATE 106534-95A 
Figure 6.4-3. Lag Storage Pit Center Va ult Outlet Pipe Temperature Response to Fuel 

Assembly D40 Removal 
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OUTLET PIPE 
NO. 6 (T IC 916) 

4/20/80 4/21/80 
DATE 

4/22/80 

LEGEND 

• FILLED 

o EMPTY 

106534- 96A 

Figure 6.4-4. Lag Storage Pit Center Vault Outlet Pipe Temperature Response to FueJ 
Assembly 018 Removal 

ou t l e t tempe r atur e f or eight hour 
dat a r ecordin gs over t hree day 
periods f or t he r emova l of c anis
t e rs cont a~n ~ng fuel assemb l ies 
D4 0, Dl 8 and D34, r e spec t i ve l y . The 
removal of a caniste r ( pe r i od dur
ing which r emoval occurre d is no
ted) at the end of the vault caus e s 
the immed iately a d jacent out l et 
pipe temper ature t o dr op in rela
tion t o the o ther t wo ( fo r D4 0 and 
D34) . I n add i t i on , for can is t ers 
removed f r om t he cente r of each 
vau l t, both o f t he adjacent out let 
p i pe t emperatur e s a re a f fected; 
i. e. both ad j a cent outle t p ipe tem
pera t ures become lowe r a nd t he d i f 
fe r e nce betwee n t hem changes . 
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The curves s hown in Fi gures 6.4-3 
to 6 . 4-5 als o show t he out l e t pipe 
temperat ure changes caused by Ho t 
Bay amb i ent tempe r a t u re change s . 
The 1 t o 2°F c hanges i n ou t le t p ipe 
t empe ratur e s s hown during the da y 
on Apr il 1 6, 22 a nd 23 may be a 
r e s u lt of t he Ho t Bay a ir cond i 
tioning s ys t em or t he o pening o f 
t he ma1n s h i e ld door f o r t r ans 
porter removal f rom the Ho t Bay . 
The nearly identica l t empe r a t u re s 
for all t hree ou tle t p i pe s a t 4 : 00 
p . m. on Apr il 14 , 1980 were affec
ted by t he a bsence of t he s hie 1d 
p lug i n the vault cove r plug du r 
i ng fuel assembly D40 remov a l . 
The miss ing p l ug ( rep l aced a ft e r 
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Figure 6.4-5. Lag Storage Pit Center Vault Outlet Pipe Temperature Response to Fuel 
Assembly D34 Removal 

4: 00 p.m. reading) resulted in 
cooling air exiting the vault 
through this hole in the cover plug 
and not through the outlet pipes. 

The thermal response of the instru
mented canister to changes in Lag 
Storage pit flow conditions were 
recorded for different pit config
urations . From the second set of 
ventilation tes t results, with 
eight canisters 1n the center 
vau l t, the peak canister tempera
tures were 141°F for full flow, 
150°F for one fan operating and the 
other inlet blocked, 175°F for one 
fan operating and the other inlet 
open, and 181°F for natural circu
lation. At the end of April , 1980, 
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ful l flow and natura l circulation 
data for only four cani s ters in t he 
center vault showed peak canis t er 
temperatures of 170° F for natura l 
circulation and 147°F for full 
flow. Again in May , 1980 dat a f or 
these two flow conditions with on l y 
fuel as sembly D22 in t he center 
vaul t showed peak canister t empera
tures were 166°F for natur al c ircu
lation and 142°F fo r full flow. 
Comparing these three sets of re la
tionships, the removal of canis t e rs 
(and decay heat) from the cente r 
vaul t causes the canister tempera
ture difference be tween ful l f low 
and natural circulation to decrease . 



The the rmal response of the canis 
ter to changes in decay heat levels 
and the removal of canisters was 
further evaluated using data 
recorded for full flow conditions . 
Figur e s 6 . 4-6 and 6 . 4 - 7 show the 
r elationships determined from the 
da ta. Figure 6 . 4-6 shows the mea
sured canis ter temperature, the 
canis ter temperature above ambient 
and the pr e dicted deca y heat levels 
i n the center vaul t from January to 
June, 1980. The canis t er tempera
tures are affected by changes in 
Hot Bay ambient. The variations in 
c anister temperature in the top 
curve on Figure 6.4-6 s hows some of 
th i s variat ion. To better judge 
can i ster t emperature response to 
deca y heat l eve l changes , the 
canister temperature above ambient 
was plotted versus time (center 
curve on Figure 6.4-6). Compar
ing this cur ve with the one for 
cente r vault de cay hea t versus time 
shows tha t the change in decay heat 
is r e fle cted in the canister temp
erat ure above amb ient. Due to the 
eigh t hour data reading frequency 
during t he removal of canisters , 
s ome of the changes in the canister 
temperature above ambient curve do 
not represent the exact canister 
response to other canister remov
a ls . However, the data shown pro
vide s a reasonable indication of 
overall cani ster respons e. 

Figur e 6 . 4-7 shows the can is ter 
temperatur e r e spons e t o the r emoval 
o f f uel ass emb ly D34 from da t a at 
15 minute intervals on April 1 , 
1980. This assembly, located next 
to t he inst r umented c aniste r, was 
remove d f or gas s ampling and ca lor
imetry on April 1. Both canister 
a ss embly thermocouple s show a 
l3.5° F dec rease during t his period . 
Fol lowing fuel a s semb ly return to 
the vaul t, canis t er temperatures 
steadily rose. Two th i ngs should 
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be noted. First, the shield p lug 
for the D34 canis te r was not r e
placed ~n the vault cover plug. 
Since the open ing would "shor t 
circuit " the air flow path through 
t he vaul t causing t he air to e x i t 
through the hole and not t he out l et 
pipes, some o f t he 13. 5 °F tempera
ture drop may be attributab l e to 
the aLr flow pattern d ifference. 
Also , the time for canister temper
atur e to return to its normal 
stor a ge temperature is about n ine 
hours. Fo r the data taken on days 
when cani s ters were removed and 
reinserted into the vaul t, the 4:00 
p.m . and midnight readings may not 
be representative of no rmal s tor
age , but may be reflecting a po i nt 
on t he transient curve. 

The results of t he ventila t ion 
tests a nd the tempera t ure da ta 
recordings show tha t interim 
stor age of spent fuel Ln the Lag 
Storage pit maintains canis t e r 
temperatures below thos e in drywe l l 
and concrete si lo storage. The 
maxi mum recorded canister tempera
ture of 181°F for a full cente r 
vau lt with only n a tural convect i on 
cooling is signi fican t ly lower than 
the maximum t empera t ures recorded 
in Drywell 5 fo r the s ame fue l as
sembly (323°F, see Sec t ion 3.4. 2) . 
The overall Lag Storage pit re
sponse t o 13 s pent fuel assemblies 
with an average deca y heat of 
nearly 2 kW at emplacement wa s 
better than had been initially pre
dicted based on center vault ther
mal results . Base d on data from 
the flow ventilation tes t and the 
temperature data from thermocouple s 
in t he Lag St orage pi t, li ttle or 
no in t eraction between the three 
separate vau l ts was e v ident . 
Therefore the performance resul ts 
for the filled c enter vaul t should 
be a pp l icable to the entire vaul t . 
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6 . 5 AIR-COOLED VAULT TEMPERATURE 
EXTRAPOLATI ONS 

Th e peak fuel clad t empe r atures 
ha ve been predic t ed for fue l assem
b l y D2 2 i n the E- MAD Lag Storage 
p i t. ]empe ratur e pred iction s we r e 
bas ed o n t he peak meas ured canister 
temperatures, the pred ic ted decay 
heat l evels (from Fi gure 2 .3-6), 
and t he peak fuel c lad t o c an is te r 
t empe r atu re di ffe rence relat i ons hip 
deve loped f rom t h e air fi lle d Fuel 
As s embly Inte rnal Temper a ture Mea
surement ]ests (see Sec tion 5 . 6 . 1 ). 
Fi gure 6 .5-1 shows the peak mea
sured canister temperatures and t h e 
estimated peak f uel clad t empera
t u res from December 4 , 1979 to 
June 22, 1980. 

The peak measur ed c aniste r temper
atures and the pr e dic ted de cay heat 
leve ls throughout t he Air-Coo l e d 
Vault Tes t were used to ca l culate 
the peak fuel clad to c ani ste r 
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temperature difference from the 
re l ationshi p developed f rom the air 
backfi ll t est data f or f uel assem
bly Dl5. This difference was added 
t o t he peak me asur e d c anister temp
e r atures. The max imum estimated 
peak fue l clad temperature of 5l4°F 
occur red duri ng t he second set o f 
venti lat i on t ests during natural 
convection cooling . The maximum 
estimated temperatures r anged from 
498 to 455°F during the period 
December 7, 1979 to Apr il l , 1980 
when the center vault was fil led 
wi th eight canister s and the vault 
wa s f orc e coo led. Note d on Figure 
6.5-1 is the period of seven f uel 
assembly removals from the center 
vau l t when t emperature readings may 
have been influe nc e d by the removal 
o f shield plugs (see Section 6. 4). 

The maximum error in these peak 
f uel clad temperature predictions 
was es timated at -3.4 t o +1 8 .3°F 
based on the t emperature measure
ment uncertai n t i e s and calcula
t i onal method inacc uracies (see 
Appendix M, Section M. 3.) . 

6.6 APPLI CABILITY OF TEST RESULTS 

APPLICATI ON 

The thermal test results from the 
Air-Cooled Vaul t Test c onduc ted at 
E-MAD can be app lie d to ai r -coo led 
vau l ts of c omparab le configura
tion. The a ir flow a nd outle t tem
pera ture data are app licable to 
vault s with simila r heat l oads and 
comparable i nlet and outlet ai r 
flow impedanc e s . The canister 
temperature data is very specific 
to the configurat i on o f the can
i s te r and vault and to t he atmos
phere i nside the canis t er . 

TE ST DATA ACCURACY 

Inaccuracies in the recorded test 
data could be a result of thermo-

242 

couple measurement inaccuracy and 
t hermocouple position uncertainty . 
The accuracy o f the ungrounded Type 
K t hermocoup l es used is typically + 
2°F based on c a l ibration data. 

An examination of the Fuel As s embly 
Internal Tempe r atur e Measurement 
Test d a t a was made t o eva l uate the 
e ffec t o f having canister thermo
couple s hanging ins i de the 0 . 75 
inch by 0.7 5 inch ang le instrumen
tation tubes . Thermocouple da ta 
for fuel assembly D15 showed t em
peratures inside the t ubes were 
lower than thos e on the canister 
surface by a maximum of l 4. 2°F . 
This i s expected to be t he maximum 
inaccuracy i n can i ster temperat ure 
measurements due to t he ins trume n 
tation t ubes . By using the peak 
measur ed cani ster temperature 
(which was highest by a minimum of 
7°F), the max i mum i naccuracy 1n 
cani ster t empe r ature measurement is 
reduced to abou t 7°F. Det a i I s of 
t hese evaluations a r e contained in 
Section M. l. 

The Ai r-Coo l ed Vault Test recorded 
data are judged to be be t ween - 2 
and +9°F of the actua l canis t er 
tempe r a t ures (using peak reco r ded 
temperatures) and within +2 °F of 
the actua l air t emperatures. 

As previously noted , the c aniste r 
tempera tures r ecorded may have been 
a ffec t ed by removal of other c anis
te r s from t he La g Storage pi t and 
may not repr e sent steady-state 
temperature s . Canis te r r emovals 
( other than thos e noted on Table 
6.3-1) during canister temperatur e 
recording in 1980 occured on Jan
uary 21 , 2 2 and 23 ; on February 11 , 
12, 13, 14 and 15; on April 8 a nd 
23 ; an d on June 4 . These may have 
a f f ected the r ecorded data pre
sented i n Appendix G. 
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APPENDIX A 

E-MAD FACILITY AND EQUIPMENT DESCRIPTIONS 

This appendix describes the facili
ties , buildings, installed fea
tures, and equipment at the Engine 
Maintenance, Assembly and Disassem
bly (E-MAD) facility used in sup
port of the Spent Fuel Handling and 
Packaging Program (SFHPP) 1978 
Demonstration Program and the 
Commercial Waste and Spent Fuel 
Packaging (CWSFP) Program. The 
equipment includes that from pre
vious programs and those additions 
or modifications made for the spent 
fuel dry storage testing act1v1-
ties. Further details relative to 
safety features and assessments can 
be found in Reference 1. 

A.l LOCATION 

The E-MAD facility is located on 
the Nevada Test Site in the area 
designated as Area 25. This 
location is shown on the Nevada 
Test Site layout in Figure A-I. 

Figure A-l. E-MAD Facility Location on 
Nevada Test Site 

A-I 

A.2 E-MAD FACILITY DESCRIPTION 

The Engi ne Maintenance , Assemb l y 
and Di sassembly f acil i ty wa s 
designed to provide for assembly , 
dis ass embl y and pos t - oper at i ve 
examinat i on of highl y radioact i ve 
nuclear reactors following tes t 
operat i ons for the Rove r /Nuclear 
Engine Rocket Vehic l e Appl icat i on 
(NERVA) Programs. The E-MAD 
faci li ty plo t pl an is il lust rated 
in Fi gure A-2 while Figure A-3 
shows an aerial V1ew pr10r to 
modifications. 
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Figure A-2. E-MAD Plot Plan Prior to 
Demonstration Program 
Modifications 
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Figure A-3. Aerial Photograph of E-MAD Facility 
Prior to Demonstration Program (Photo 
Looking Sou thY 

E-MAD is a n 80 foot high (ground to 
highest roof point) stee l and 
reinforced concrete structur e, ~s 
enclosed ~n a fenced area of 25 
acres, and contains about two acres 
of f l oor space. E-MAD is situated 
about 3,520 feet above mean sea 
level. 

The follow i ng sections describe 
some of the different areas of 
E-MAD and the equipment located in 
each. Figure A-4 provides a layout 
of the f i rs t floor of E-MAD. 
De t ailed section and plan views of 
E-MAD are included in Reference 1. 

A.2.l COLD BAY 

The Cold Bay is equipped t o handle 
large, heavy items arr~v~ng or 
departing by either truck or the 
site Rail Tr ansport System. The 
Cold Bay i s used for receiving, 
receipt inspection and assembly of 
materials and equipment. The Cold 

A-2 

Bay i s also used for equipment de
bugg i n g and procedure verification 
t r aining pr i or to that done in the 
Hot Bay for remote hand ling prac
t ice . 

The Co ld Bay, 140 feet l ong by 72 
feet wide by 60 feet high, ~s 

serv i ce d by a 40-ton bridge crane 
with a 10-ton auxiliary hook. Both 
hooks h ave a clear lift of 45 feet. 
The s i te r ailroad track extends 
onto a turntable, permitt i ng rota
tion f or movement onto auxiliary 
rails in the central bay area. The 
turn t a b le ~s 34 feet in diameter 
with a rated load of 80 tons. The 
turntable can h andle a 100-ton 
stat i c load. 

A.2 • 2 HOT BAY 

The Ho t Bay ~s surrounded by 
rein f o r ced concrete sh i eld walls 
with l e ad g l ass viewing windows for 
pers onnel protection durin g opera
tions involv ing highly radioactive 
materials. The Hot Bay ~s shown in 
Figur e A-5. The bay ~s 140 feet 
long by 66 feet wi de b y 74 feet 
high . 

The Ho t Bay walls were des i gned to 
provide shie lding for a radia t ion 
sourc e of 1 x 106 R/h r with a 
design dose rate of 2.5 mrem/hr for 
all personne l access are as . In the 
Hot Bay , the east and nor th wa l ls, 
and nor th h a lf of the west wall are 
5 fe e t thick , while the south wall 
and south half of the west wa ll 
are 6 feet thick. The roof is 
nominally 32 inches thick . Normal 
density (150 pounds per cubic foot) 
reinforced concrete was used in t he 
Hot Bay walls and roof. 

A He a t ing, Ventilating and Air 
Conditioning (HVAC) system provides 
filtered air exchange within the 
Hot Ba y which is exhausted through 
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Figure A-4. First Floor Layout of E-MAD 

High Efficiency Particulate Air 
(HEPA) filters and then to a 114 
foot high exhaust stack. The ven
tilation exhaust stack is continu
ously monitored by scintillation 
detectors for gaseous radioactivity 
and by a fixed filter air sampling 
system to monitor integrated parti
culate activity to ensure radio
active discharges are maintained as 
low as practicable. 

Two large shield doors exist in the 
Hot Bay for the movement of 
equipment. The main door to the 
Hot Bay is located at the north end 
allowing truck or railroad car 

A-3 

access. The main door opening is 
37 feet high and 22 feet wide. The 
door 1S 39 feet high by 26 feet 
wide by 5 feet thick and made of 
ordinary concrete. A second shield 
door exists at the south end of t he 
Hot Bay for access into the Hot 
Hold and Transfer Tunnel. This 
door opening is 29 feet high and 18 
feet wide. The door is 30 feet 9 
inches high by 26 feet wide by 3 
feet 7 inches thick and is made of 
magnetite concrete. Both doors are 
remotely controlled from the Master 
Control Room, but can be operated 
at local control stations when a 
permissive switch 1S operated 1n 



Figure A-5. Hot Bay Showing Available 
Remote Equipment 

the Master Control Room . The l ocal 
control station for the ma1n Hot 
Bay shield door is located in the 
machinery room which the door opens 
into. Local contro l stations fo r 
the shield door at the s outh e nd of 
the Hot Bay are located 1n t he 
Crane Maintenance Balcony and at 
window E-S (window closes t to thi s 
shield door from the eas t operatin g 
gallery) . 

A personnel entrance is provided i n 
the northeast corne r of the Ho t 
Bay. The entrance has t wo shield 
doors, 7 feet 10 i nches h igh b y 5 
feet 6 inches wide by 8 inche s 
thick and made of l e ad. Between 
these doors is a 7 foot high, 4 
foot wide airlock. The doo rs a re 
interlocked to prevent s imultaneou s 
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opening . Pe rsonne l ent ry i n to the 
Hot Ba y is through t he north change 
r oom locate d imme diately ou tside. 
The pe rsonn e l e ntrance doors are 
r emo t e l y contro l led f rom t he Master 
Contro 1 Room, bu t they c an als o b e 
o perated at a local push button 
s tation from outs ide t he Ho t Bay 
when a permis sive switch 1S 
operate d in the Maste r Control 
Room. Operat i on of t he pers onnel 
e ntrance doors from inside the Hot 
Bay permits emergency egre ss o f 
pe r s onnel. 

A s h i e lded storage pi t i s located 
be l ow the Hot Bay floo r . The pit 
is p rovided with a 60 inch thi ck 
concret e cover which, when 1n
stalle d, 1S flush with the Ho t Bay 
floor. The pit is 9 feet 10 inches 
deep b y 26 feet 4 inche s long by 
4 f e et 6 inches wi de . A fa n 
loc a ted ou t side the Hot Bay pro
vide s coo l ing a1r t o the p i t 
through pipes bur ied i n the Ho t Ba y 
flo o r. 

Th e Ho t Bay contains a s tandard
gauge rail r oad tra ck on which the 
Rai lroad Transport Sys tem v e hic le s 
ente r and e xit the bay through the 
nor t h entrance. The turntable , of 
identic al capability as t he Cold 
Bay t urnt able, al lows a 36 0 0 

ro ta t i on o f r ai l vehicles . 

Th e Ho t Bay is provide d wi t h an 
overhe a d bridge crane , a main hook 
and a n auxiliary hook. The rated 
capac i t ies of the ma1n and aUX1-
l iary h ooks a r e 4 0 and 10 tons, 
re s pe c t i vely . The c r ane is 
r e mo t e l y operabl e f rom portable 
con t ro l lers locate d in the 
gal ler i es near s hielded viewing 
windows . The clea r lift he igh t of 
both hooks 1S 62 fe e t. Crane 
de s ign features inc l ude hook 
r o t a tion, fail-safe mechan i sms t o 
ho ld the lo a d 1n a fixe d posi t ion 



in c ase o f a power loss or mechan
ica l dr i ve failure, and limi t 
swit ches t o p r even t overt ravel i n 
cas e o f operator error or mechan 
ica l fa ilure i n the drive sys tems . 

The Ho t Bay has 17 s hie lde d windows 
us ed f o r viewing Ho t Ba y act ivi
ties . Work s tat ions at viewing 
windows where floor-leve l activi
ties are conduc t ed are e quipped 
with maste r-s lave manipulators for 
hand l ing sma l l items . Pe riscopes 
are located at v a rious windows t o 
prov ide i nspection and photo gr aph i c 
capabilitie s . A · pass- through 
drawe r exists in the s ou t hwes t 
corner o f the Ho t Bay . This allows 
con taminat ion s wipes to pass 
thr ough the shie ld wall fo r 
checking the cont amina t ion on 
equipment sur f aces . The drawe r has 
lead s hie l d door s at e ach end which 
are i n terlocked to prevent s imul
taneous opening . 

In addition , the bay is equ ipped 
with a Wall-Mounted Hand ling Sys
tem , a n Overhead Pos it ionin g Syste m 
(not pre s ent l y in service ) , a nd a 
Floor-Mount e d Handling System . 
These h and ling systems are equipped 
with spec i a l t oo l s and f ixtures t o 
faci litate remote oper a t ions and 
are described 1n the next 
subsec t ions. 

WALL-MOUNTED HANDLING SYSTEM 

The Wall - Mounte d Hand ling System 
(WMHS) cons i s ts o f t wo i dent i ca l 
arti c u l ated traveling boom assem
blies instal led on the eas t wall of 
the Ho t Bay . The two WMHS uni t s 
are shown 1n Figur e A-S. Th is 
system services t he eas t hal f of 
the Hot Bay. Ea ch WMHS assemb ly 
can r emotely inte r change manipu
lator heads f rom among two Cl ass A 
(heavy duty), one Cl as s B (in ter
mediate duty) , and one Cl ass C 
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( ligh t duty) types . The maX1mum 
load carrying c apabi li t y with a 
Class A head i n a ny posi t ion is 600 
pounds , and the wri s t ro tat i onal 
torque capab ility i s 4 00 foo t 
pounds. Operating controlle rs are 
a plug-in type, and stat ions are 
avail ab l e at e ach viewing wi ndow. 
A pe r mi ss ive switch in the Maste r 
Control Room a llows WMHS operat ion 
from any viewing window i n t he Ho t 
Bay . 

FLOOR-MOUNTED HANDLING SYSTEM 

The Floor-Mounted Handl ing System 
(FMHS) cons i sts of t h ree 15 foo t 
a nd two 9.5 f oo t diame te r port able 
turnt ab l es , a n d a mobile c a rriage 
and dolly which t ravel on facility 
r a il r oad t racks . Two turntables 
and the dolly are s hown i n Figure 
A- 5. 

Each portable t urntable I s capacity 
i s 15 t ons loaded concent r ical ly. 
The turntables a r e remotely oper
ab l e for portable con t r ol l e rs a nd 
are provided with remote ly opera 
ting leveling j acks . The height of 
the por tab l e t urntab l e s 1S 20.2 
inches . 

The mob i le c a rr iage is 17 feet long 
and 9 feet wide. Its l oading deck 
i s 17 inches above f loor leve l and 
has an area o f 16 feet 6 inches b y 
7 feet 4 i nches. Load c apacity is 
30 t ons . The r emote handling dol ly 
1 S 10 feet long and 9 feet wide. 
Load capa ci t y i s 25 t ons . The 
carriage and dol ly have s tandard
gauge rai lroad whee ls . Two elec
trical bus - bars mounte d between t he 
railr oad t r a cks s upply electr i c a l 
powe r to drive t he mot ors . The 
e lectrified trackage is provided 
t hrough the e n tire length of t h e 
E- MAD bui ld ing , howeve r , following 
modi fi cat ions t o the Hot Bay, 
ele ctrical power 1S no t ava i l able 



north of the Transfer Pit, on the 
turntables, in the East and West 
Process Cells, and, on the South 
Dock. The mobile carriage or dolly 
can be used to move items out of 
the Hot Bay into the Hot Hold and 
Transfer Tunnel , into the process 
cells or the hot ce l ls. 

Using portable controllers, the 
FMHS equipment can be operated from 
the viewing window stations of the 
Hot Bay, East and West Process 
Cells, and Cell Service Area; from 
within the Hot Hold and Transfer 
Tunnel; or from the South Dock. 
Controller power is provided to 
l ocal stations by a permissive 
switch in the Master Control Room. 

A.2.3 CRANE MAINTENANCE BALCONY 

The Crane Maintenance Balcony (CMB) 
is a concrete shie l ded area adja
cent to the Hot Bay and above the 
East and West Process Ce lIs, used 
for maintenancing the crane, 
manipulators, and other portable 
support equipment serving the Hot 
Bay . Shielding between the Crane 
Maintenance Balcony and the Hot Bay 
is provided by two concrete rolling 
doors . Swingout rails for the 
crane and OPS are provided to allow 
shield door operation. Shield door 
operation is controlled from the 
Master Control Room or from control 
stations located 1n each of the 
machi nery rooms into which the 
s hie ld doors open. Local contro l 
st a tion operation is available when 
a permissive switch is operated in 
the Master Control Room . There is 
als o access, via stepped con crete 
floor plugs, from the CMB into the 
East and West Process Ce l ls and the 
Hot Hold and Transfer Tunnel. The 
floo r of the CMB , which separates 
the CMB from the Wes t Process Cell , 
1S constructed of 6 feet of con
crete. One v1ew1ng window 1S 
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provided for visual observation and 
a personnel entrance from the third 
floor change room allows hands-on 
maintenance activities. The shield 
wall at the third floor level 1S 
also 6 feet of concrete . The 
personne l entrance doors associated 
with the airlock operate and are 
controlled 1n the same manner as 
the Hot Bay personnel entrance 
doors described in Section A.2.2 . 

A.2.4 WEST AND EAST PROCESS CELLS 

The We st Process Ce 11 (WPC) is a 
shielded area 46 feet by 28 feet by 
29 feet high with 6 foot thick 
reinforced concrete walls . Cell 
ope rat ions are viewed through four 
shielded windows. A PaR Model 3000 
bridge-mounted recti l inear manipu
lator, a IS-ton overhead bridge 
crane , and master-slave manipula
tors are used for operations . The 
FMHS mobile carriage and dolly can 
transfer material between the Hot 
Hold and Transfer Tunnel and WPC. 
The door opening to the WPC 1S 17 
feet 6 inches high by 11 feet 
wide. A remotely operated stee l 
shield door, 18 feet high by 14 
feet wide by 20 inches thick, 
isolates the WPC from the Tunnel. 
Removable p l ugs in the ceiling 
provide a 10 foot by 10 foot 
opening for access from the Crane 
Maintenance Balcony above. The 
shield door is remotely cont r olled 
from one of three local ope rating 
stations located in the WPC, i n t he 
gallery at one of the WPC shield 
window stat ions, and at a second 
floor window station (not currently 
in use). A switch 1n the Master 
Control Room selects the thr ee 
operating stations. 

The Ea st Process Ce l l 
same dimensions as the 
by 28 feet by 29 feet 
cell has no windows 

(EPC) has the 
WPC (46 feet 
high) . This 
or handling 



equipment , although there ~s 
provision for installing them. The 
EPC basic facility c apabil ity i s 
the same as the WPC including 
shielding, although the acce s s 
opening from the Crane Ma intenance 
Balcony into the EPC is onl y 5 feet 
by 10 feet . 

A.2.5 HOT HOLD AND TRANSFER TUNNEL 

The Hot Hold and Transfer Tunnel 
(HHTT), illustrated in Figure A-6, 
is a concrete shielded are a con
nectin g the Hot Bay to the Cell 
Service Area and the Eas t and Wes t 
Process Cells. The tunne l can be 
isolated from each area by s hield 
doors. The steel shield door to 
the Ce 11 Service Area i s 14 feet 
high by 12 feet 8 inches wide by 20 
inches thick. The opening is 12 
fee t high and 11 fee t wide. The 
shield door between the HHTT and 
Cell Service Area ~s remote l y 

I IJ , 
/ ,. 

Figure A-6. Hot Hold and Transfer Tunnel 
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controlled from the Master Control 
Room . A permissive switch, oper
ated 1n the Master Cont r ol Room , 
allows loca l control stat ion 
operation within the HHTT. The 
area ~ s served by standard-gauge 
rail r oad t rack and is e quipped with 
a turntable into the Wes t Proces s 
Cell , the Eas t Pr ocess Ce ll , and 
the Cell Service Area. The turn
t able is 15 feet in diameter and 
has a 37 . 5 t on static and dynamic 
load capaci t y. Visual observation 
~n this area is provided by the 
fac ili ty c losed-circuit te l evision 
system. 

A.2.6 CELL SERVICE AREA 

The Cell Service Area (CSA) 
inte r connects the Hot Hold and 
Transfer Tunnel and the 12 ho t 
cells . The CSA ~s illustrated ~ n 

Figure A-7. The CSA 1S 84 feet by 
27 feet by 15 feet high and is 

Figure A-7. Cell Service Area 



served by t he FMHS mobi l e carriage 
and dol ly. A recti linear manipu
l ato r and a n overhead c r ane p rovide 
remote handling . The CSA recti
linear manipu l ato r has a traveling 
bridge , carriage , and a teles coping 
mast. The te l escoping mast has a 
1000 poun d capac i t y and 12 foot 6 
i nch e xtens ion t ravel. The mani pu
lato r has a 750 pound shoulder hook 
capac ity and an a r m capacity of 150 
pounds . Wris t torque i s 420 inch
pounds . This s ystem 1S remotely 
cont r olled from por t able control 
stations 1n the eas t and wes t 
galle r i es and the s outh v iewing 
windows of the CSA. The CSA 
ove r head crane is mounted on the 
same support rail as the recti
linear manipulato r . The hoist is 
r ated at 7. 5 tons and the span i s 
21 f ee t 6 i nches. Contro l is from 
remot e pushbutton stations i n the 
eas t , wes t and south galleries . 

The r emotely con trol led, steel 
shield door at the s outh end of the 
CSA connects the CSA to an airlock 
which exits to the south dock a t 
the r ea r o f E-MAD. The door is 12 
f eet 5 inches high by 12 f eet 8 
inches wide by 21 i nches thi ck . 
The opening i s 9 fee t 5 inches high 
and 11 fe e t wide . This shie ld door 
i s operated from a loca l shield 
window stat i on . A se l ec t or switch 
i n t he Maste r Control Room provide s 
power t o the local operating 
station. Equipment is brought i nto 
the CSA from t he outside t hrough a 
ro l lup door i n the airlock . 
Ope ration of t hi s door is possible 
either from the a irlock side or the 
ou t side. Pe rs onnel may e nte r the 
CSA and the hot cells through a 
sou th change room a djacent to the 
airlock . 

A.2. 7 HOT CELLS 

The 12 
either 

hot 
side 

cells are 
of the 

l ocated on 
Ce 11 Service 
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Area . Four cells are each 16 feet 
by 9 feet 7 inches by 15 feet high 
and the remaini ng eight ce ll s a r e 
each 8 feet by 9 feet 7 inches by 
15 feet high. Each hot cel l has a 
remote l y controlled shield door 
which can i solate the ce l l from t he 
CSA . The shield wa ll s are 3 feet 9 
inches thick of high density ( 212 
pounds per cubic foot) conc rete . 
The f our larger cells e ach have t wo 
work stat ion s with a shielded 
v1ew1ng window and penetrat ions 
through the wal l for master-s l ave 
manipulators at each station. The 
smal l e r ce l l s have one work s tat i on 
each . Maste r -slave manipulators 
are installe d at some of these 
stat i ons. 

The Ho t Cell Mobile Tab l e Subsystem 
(HCMTS ) forms part of t he r emot e 
hand l i ng system used in the hot 
cel l s . A cont r ol system 1S pro
vided for remote control of all 
HCMTS operations . The HCMTS 
includes a powe r ed table 1n e a ch 
hot ce l l, capable of limited travel 
between the cell and the adjacent 
Cel l Se r vice Area , and e lect r ica l 
controls at each cel l ope rat ing 
pos1t1on. Each table i s 72 inche s 
long b y 70 inches wide by 16 i nches 
high wi th a 5 ton capacity. 

A.2 . 8 MASTER CONTROL ROOM 

The Master Cont ro l Room (MCR ) 1S 
located outs ide t he s ou t hwe s t 
corner o f the Ho t Bay on the second 
floor . Access t o the MeR is f r om 
the opera ting gallery. The MCR is 
u sed as the managemen t contro l 
cente r f or the Hot Bay, Crane 
Maintenance Ba lcony, Hot Hold and 
Tr ansfe r Tunnel, some r emote 
hand l i n g func t ions , and al l a c cess 
doors to the s hie l ded a reas . I t 
con tains permi s s ive contro l s for 
major operating e qu ipment i n the 
Hot Bay and Process Cell areas and 
1S the coordination cente r for 



railroad movements ~n the E-MAD 
area. The MCR ~s il lustrated ~n 

Figure A-8. The concrete wa lls 
between the MCR and the Hot Bay, 
the Hot Hold and Transfe r Tunnel, 
and the West Process Cell are all 6 
fee t thick . 

Figure A -B. Master Control Room 

Equipment and systems fo r which 
permissive power is controlled 
include the Hot Bay overhead crane , 
WMHS, FMHS, shielding doors , swing
out rails , and turntables. In a d
dition, the remote rai l road switch
es are cont rolled from the MCR. 
Communication and visua l s ystems 
controlled include the headset 
intercom network and the radio 
networks interconnecting the MCR 
with other on- s ite faci lities 
including mobile support vehicle s 
and the Railroad Tr ansport System. 

Numerous intercommunications 
stations with channel se lectors are 
located throughout the E- MAD faci 
lity. Two radio networks are 
provided. The E-MAD operational 
network is controlled from the 
Master Contro l Room with mobile 
units in each of the t hree loco
motives and in the E-MAD office . 
This network h a s e l even walkie
talkie units for us e by groups in 
the field or for system checkout 
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commun ications within the f aci lity. 
The communica tion sys tem is used 
extens ively in coordina tio n o f all 
remote operat ions. Operators at 
local work s tat ions are able to 
c ommunicat e wi th each other and 
wi th t he Maste r Contro l Room and 
Television Cont r o l Ce n ter us ing the 
int ercom networks. 

A.2.9 TELEV I SION CONTROL CENTER 

Closed-ci r cu i t t elevision is p r o
vided as an a ux i li a ry system fo r 
the viewing of remote activities . 
All c amera s can be remo t ely con
trol led f r om t he Te l ev i sion Contr o l 
Center (TVCC ). The TVCC is l ocated 
on the first floo r d irect l y be low 
the Maste r Cont ro l Room and ~s 

illustrat ed in Fi gure A- 9. The 
TVCC i s s h ie l ded on three sides by 
6 foot thi ck rein force d concrete 
wa lls. Mon i tors are prov i ded i n 
the MCR and Television Contro l 

Figure A-9. Television Control Center 



Center and in the operating galler
ies for the Hot Bay and hot cell 
areas. 

A.2.l0 RADIATION SAFETY AREAS 

The E-MAD Radiation Monitoring 
System readouts and alarms are 
located in an office on the first 
floor in the east gallery (see 
Figure A-4) • Change rooms are 
located adjacent to the Hot Bay, 
Cell Service Area and Crane Main
tenance Balcony. Rad Safe per
sonnel monitoring stations are 
located at each hot change room to 
provide entry and exit a s sistance 
from "hot" areas. 

A Counting Room (see Figure A-4) is 
provided for radiation counting 
instruments for evaluation of 
swipes, air sampling filters and 
other samples. Information regard
ing radiological conditions and 
entry requirements for all radia
tion areas are maintained here. 
The Rad Safe monitoring staff's 
office is a trailer located exter
nal to the E-MAD building, but 
within the perimeter fence. 

A.3 RAILROAD TRANSPORT SYSTEM 

The Railroad Transport System (RTS) 
consists of standard-gauge trackage 
connecting E-MAD to test areas ~n 
Area 25 and specially designed 
rolling stock and car couplers to 
support operations involving highly 
radioactive materials. The Rail 
road Transport System was used to 
support the NERVA Rocket Engine 
Program and consists of the Manned 
Control Car, Engine Installation 
Vehicle, L-3 Prime Mover and other 
miscellaneous vehicles. The three 
major system components are de
scribed in this section. All three 
are illustrated in Figure A-10. 
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Figure A -lO. Engine Installation Vehicle, 
Manned Control Car, and L-3 
Locomotive as Used During the 
Nuclear Rocket Program 

A.3 . l MANNED CONTROL CAR 

The Ma nned Contro l Ca r (MCC) is a 
spec ia lly designed, l07-ton, 
s h ie l de d , two- man con t rol cab 
locomotive e quippe d with con t rols 
for operation of t he Rai l road 
Tr ans por t System. The MCC cont ro l 
s ys tem controls t he MCC , Engine 
Ins t al lat ion Ve h i c Ie and L-3 . 
Usin g a r emo t e hookup t o the L-3 
con t r o ls, the MC C ~s capable of 
star ting , accelerat i ng , stopping, 
and s huttin g down t he L- 3. In 
add i t i on, the MCC contro l system 
contro ls a ll the Engine Installa
tion Vehicl e functions . The MCC 
h a s d iesel engines f or t ractive 
power and primary electrical power 
gene r ators and cons i sts of an 
und e r carria ge, an engine compart
ment, and shie lded control cab. 
The shielded control cab assembly 
is moun t ed on the e ng i ne compart
men t s tructure. Gamma and neutron 



shie ld ing is provided 1n t he cab 
walls , roof, and floor. Operation
al visibility in the front of t he 
cab is provided by window assem
bl i es of high-density glass and 
mineral oil and by high-density 
glass in the cab door . The cab 
shie l ding was designed t o at tenuate 
rad iation levels on the or der of 
1 x 106 R/hr at a distance of 
approx i mately 100 feet to l ess than 
25 mrem/hr in the cab . Other 
feat ur es o f the MCC inc l ude a cab 
air conditioning sys t em wi th HEPA 
fi l te rs , an emergency breathing 
appar atus for the c rew, a radiat ion 
monitoring system to measure gamma 
radiation levels i nside and outside 
the cab , and a f ire cont ro l sys t em 
for the engine compartments . 

A.3.2 L-3 PRIME MOVER 

The L-3 Prime Mover i s a 500-hp , 
80- ton , diesel-electric locomotive 
modi fi ed for use in the nuclear 
rocke t program. The L-3 pr ovides 
the trac t ive f orce to move the MCC 
and Engine Ins tallation Vehic l e . 
The Prime Mover has a separate 
motor generator which s tarts auto
matica lly and provides a backup 
source o f e l ec trical power if the 
MCC mo to r generator fails . The MCC 
no rmal ly controls the L-3 , however , 
independent L-3 operat ion i s poss i 
ble. The L-3 also pr ovides com
pressed air f or braking and aux i
liar y compressed a ir and has a fire 
contro l s ystem (similar to tha t in 
the MCC) for the engine compart
ments. 

A. 3.3 ENGINE INSTALLATION VEHICLE 

The Engine Ins tallation Vehic l e 
(EIV) 1.S a specially designed , 
60-foot l ong , welded s teel fla t car 
mount ed on standard freigh t car 
trucks. The ca r is equipped wi t h 
special bols ters , l eveling j acks 
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and an inching drive sys t em. The 
equipment at t ached to the f ron t 
carr i age ass embly was originally 
des i gned t o transport and remotely 
handl e a nuclear r ocke t engine 
assembly (see Fi gur e A- l O). The 
carriage and supe rs tructur e were 
des i gned f or a max i mum load of 
appr oximately 27. 5 tons. 

A. 3.4 ENGINE TRANSPORT SYSTEM 
MAINTENANCE BUILD ING 

The Engine Tr ansport Sys tem 
Maintenance Bui l di ng (ETSMB ) i s 
located ou t s i de E- MAD (see Figure 
A- 2). The bu i l ding i s equipped 
with a 10-ton overhead c rane , floor 
pits , and parts and too l storage; 
and contains r elated maintenance 
equi pmen t such as ba t t ery chargers, 
welders , drill press, work benches, 
l ub r icant s t orage building (sepa
r ate ), compres sed air , and s pec i a l 
maintenance tool s . Bot h engine 
mai nt enance and car rework can be 
a ccomplished he r e . These fac i li
tie s are also used for RTS mainten
ance . 

A.4 E- MAD MODIFICATIONS FOR SPENT 
FUEL HANDLING AND PACKAGING 
PROGRAM (SFHPP) DEMONSTRATION 

A number of modifications were made 
t o t he E-MAD f ac i li ty t o accommo
date the SFHPP Demonstrat ion. The 
ma j or modificat i ons i n the Hot Bay 
i nvolved the construction o f a l ag 
stor age pit, a weld pit , a t rans fe r 
pi t, and a s ur vey pit. The l oca
t ions o f thes e featur e s are shown 
in Figure A-I I. 

A.4 . l LAG STORAGE PIT 

The most s i gnificant modi fic at i on 
1. S t he l ag s t orage pi t which 1. S 

des cribed i n de t ai l in Section 
6.2. The l a g storage pit 1.S used 
fo r the inter im s torage of canis 
terized spent fuel as s emblies 
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Figure A-H. First Floor Plan Showing Location of SFHPP Demonstration Program 
Modifications 

during the interv a l be fore storage 
emplacement . The pit is below the 
Ho t Bay floor adj a cent to the wes t 
wal l and has a s t orage capac i ty of 
24 caniste rs , arr a nge d ~n t h ree 
separate 2 by 4 ar rays . The three 
i nd ividua l con c rete lined v au l ts 
are 22 fe e t 6 i nche s deep by 11 
f eet 8 inches l ong by 5 feet 8 
inches wide , are s eparated by 29 
i nch th ick conc r e t e walls , and are 
c a pped by 46 inch t h ick concrete 
v ault cover plugs . Each vault 
cover plug contains eight stepped, 
s t eel-lined holes fo r shield plugs 
which suppor t t he can i s te r s con
t ain ing fue l. A ste e l se ismi c grid 
structure in e ach vault gives 
lateral support to t he canisters 
under seismic events . 

A-l2 

A.4.2 WELD PIT 

The weld p i t, illustrated in Figure 
A-12 , i s the central work s tation 
in the Hot Bay. The weld p i t is 
used t o accomplish closure l id 
ins t a l la t ion , sea l weld ing , weld 
i nspec t ion , leak che ck ing , a nd 
shie l d p lug at tachment. The weld 
pit i s loc ated in the southeas t 
corner of the Hot Bay, six feet in 
fron t of s hielded viewing window 
E-5 (see Figure A-11). The 19 6 
inch long pi t liner ~s a 24 inch 
diamete r , 0.375 inch thick, carbon 
stee l pipe with a 25 inch diameter, 
0.5 inch thick flat steel p late 
we 1ded to the bot tom 0 f the pipe . 
The liner was grouted into a 36 
inch diameter, 20 foot deep ho l e . 



VACVUM CHAMBER 
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LEAK STA NDARD ASSEMBLY 

Figure A-12. Weld Pit Configura tion 

A 3 2. 5 i n ch di ameter f l a nge ~ s 

welded to t he up per l i n e r end t o 
s upport t he line r a n d v acuum cha m
ber. Th e top o f t he line r flange 
is r eces s ed 2 i nches be l ow t h e Ho t 
Bay fl oor leve l. A 3 3 i nc h i n side 
di amete r we lded carbon s t e el r ~ng 

a nd pl a t e fo rm a 2 . 25 i nch h i gh , 2 
inch wi de, 0.25 inch thick ang l e 
around t he c orne r o f th is r e cess. 
A 3 inc h d i ameter p ipe , we l ded t o 
the b ottom p l ate o f the line r a nd 
runn ~ng para lle l wi th t he line r 
ve r t i c al axis , prov ides a for ce d
ai r c ooling p ath. When t h e vacuum 
chamber is r e moved f r om the pi t, a 
32. 5 i n ch d iame t er , 2 .0 inch th i ck 
car bon cover p l at e wi th an e l as
tome r se a l is p laced over t he weld 
pit. 

The 
the 

v a c uum 
we l d 

c h amber s i tt i ng i n s ide 
pi t p rov ides canis t er 
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support a nd forms a s e a l e d c hambe r 
(when t he separate hood ~s ~n

s talled ) fo r canis te r helium leak 
che cking . The vacuum chambe r 
(des cr i bed as part of the l eak 
detection system in Section A.5.3) 
is bolt e d to the p it liner thr ough 
a flange c onnect i on. The can i st e r 
i s s uppor t ed by t wo lugs welded t o 
t he canister b ody, which fi t ~ n 

s lots ~n the canister support 
fixtur e of the vacuum chamber . 
This fi x t u r e is mounted on a bear
ing whi ch permit s cani s t e r rotatio n 
during c an ister assembly o pera 
t ions. With this suppor t c onfi g 
urat i on , the can i ster top is 3 f ee t 
a bove the Hot Bay fl oor and c an~ s 

t e rs of d if fe rent l e n g t hs ( u p to 
19.5 f ee t) c an b e a ccommodated 
whi I e maintaining the canis t e r top 
a t the same e leva tion. 

Th e we ld pit has a f orced-a ir 
coolin g system to limit can i s t e r 
tempe ra ture s for fuel assemb ly 
dec ay h e at levels up to 3 kW. The 
c ool ing system consists of a vent i
la t i ng f an (200 c ub ic f oot pe r 
minute capacity) a nd a p ipe with 
t he a ppropriate f i ttings a tt a che d 
t o the cool ing pipe on t h e we ld pit 
line r . Air pumped into the bo ttom 
of the we l d pit l iner fl ows u p th e 
annulus, between the we l d pi t l ine r 
and v acuum chambe r , and ex i t s t h e 
annulus through a series of ho l e s 
in the vacuum chamber f l ange . Th e 
cooling system is des i gned to limi t 
canister temperature to 300°F. 

A.4. 3 TRAN SFER PIT 

The t rans fe r p i t allows a combine d 
canister /s hie ld plug assembly t o b e 
ra i sed i nto the EIV transfer shield 
(de scribe d ~ n Se ct ion A.5 . 4 ) f o r 
transport to a storage a r ea d ry
well. Th e trans f er pit is located 
~n the Hot Bay fl oo r between the 
ra i l s an d a point which a llows the 
E IV and MCC to be wi th i n t he Ho t 



Bay wi th the ma in (north ) shield 
door c l osed (see Figure A-11). 

The t r ansfer pi t configuration 
(illust r ated in Figur e A-13) is 
simi l ar to t hat of t he drywe11. 
The s tepped t r ansfe r pit design 
cons i s ts o f a steel liner grouted 
into a 30 inch d i ameter hole 
approximately 27 fee t deep . The 
l ower liner section is fabricated 
from 18 i nch diameter, 0 .375 i nch 
thick , carbon s t ee l pipe. TIle 
upper sec t ion , 37. 5 i nche s l ong , is 
a 22 inch diameter , 0. 75 inch thick 
carbon s teel pipe. A 19 inch dia
meter , 0 .5 i nch thick car bon s teel 
plate is welded to the bottom of 
t he trans fe r pit liner. A 17.25 
i nch i nside diame ter , 23 inch 

H--........ x ... iM&.l "" 
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Figure A -13. Transfer Pit Schematic 
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outside diameter, 0.5 inch thick 
carbon stee l ring connects the 
upper and lower liner sections . 
TIle canister is suspended from a 
shield p l ug which rests on this 
ring. An annular section at the 
t op o f the line r is f ormed by a 38 
inch diamete r , 0.25 inch thick , 
18. 5 inch long ro lled p l ate welded 
to a 38.5 i nch diameter , 0.5 inch 
thick plate . TIl is annulus is 
fi l led with lead shot to provide 
additional radiation shielding when 
the canister i s lifted into t he 
t r ansfe r shie l d . A 0.5 inch thick 
ring is bolted over the annulus 
after the lead shot is instal led . 

The , transfer pit liner is instal led 
so tha t the l i ner top surface i s 1 
inch be l ow t he E-MAD floor leve l. 
Thi s recess provide s room for the 
transfer pit cover plate and for 
the EIV t rans f e r shield to pi lo t 
into the E- MAD floor for r adiation 
stre aming attentuat i on . A carbon 
stee l r ing and plate are welded 
togethe r , formi ng a 2 inch wide, 2 
inch deep, 0 .25 inch t hick angle 
around this recess. A 36 i nch 
t hi ck concre te shield pad s urrounds 
the transfer pit top section. This 
shield pad is 7 feet wide by 10 
feet long. A 0.5 inch thick expan
sion Jo~nt between the shield pad 
and trans fer pi t liner allows for 
dif fe r entia l thermal expansion. 
The t op 6 inches of t h i s ] omt is 
0.5 i nch t hi ck l ead pla tes for 
added r ad iat i on sh i elding . 

The t r ansfer pit cover plate i s 38 
inche s i n di ameter, 1 inch th i ck 
and i s carbon steel . The cover 
plate has an e l as t ome r O-r i ng t o 
form a seal when the cove r pla t e is 
bo l ted to t he transfer pit . The 
pi t cover p l a t e has a fit t ing from 
which gas samp les can be taken . 

The transfe r pit also provides 
access for temperature meas urements 



on the outside of the liner. A 
0.25 inch diameter, 0.035 inch 
thick stainless steel tube was 
attached to the outside of the 
transfer pit liner prior to its 
installation. This tube, extending 
down the liner to below the canis
ter, is clamped to the liner in the 
same manner as the tubes on the 
outside of the drywell liners (see 
Section 3.2.2.2). A thermocouple 
can be inserted to any depth to 
measure transfer pit liner temper
atures. 

A.4.4 SURVEY PIT 

The survey pit is a remote work 
station providing accessibility to 
a sealed fuel canister when sus
pended from the Hot Bay overhead 
crane. Survey swipes are obtained 
and evaluated for surface contamin- , 
ation. The pit is located in the 
southwest corner of E-MAD directly 
in front of the pass-through drawer 
and manipulator stations at windows 
W-6 and S-l (see Figure A-ll). A 
pit permits the canister to be 
lowered so its top can be reached 
by a manipulator . 

The survey pit has a 24 inch 
diameter, 0.375 inch thick carbon 
steel pipe liner which is 130 
inches long and is capped at the 
bottom by a 25 inch diameter, 
0.5 inch thick plate. The liner 
has a 32.5 inch diameter, 0.5 inch 
thick flange at the top for sup
port. The liner is grouted into a 
30 inch diameter, 14 foot deep 
hole. The liner top is recessed 2 
inches below the Hot Bay floor 
level. A 33 inch inside diameter 
welded ring and plate form an angle 
around the recess (same as the weld 
pit) and a 32.5 inch diameter, 2 
inch thick carbon steel cover plate 
with an elastomer seal r1ng 1S 
provided. When the survey pi t is 
not in use, this cover plate 1S 
placed over the opening. 

A-IS 

A removable liner installed 1.n the 
survey pit prevents contamination 
of the pit liner . This liner is 
stainless steel, 21 inches in 
diameter, 129.5 inches long, and 
0.074 inches thick. A 21.5 inch 
diameter, 0.062 inch thick bottom 
plate is welded to the bottom, and 
a 28 inch diameter, 0.125 inch 
thick support flange is welded to 
the top. 

A.s E-MAD EQUIPMENT FOR SFHPP 
DEMONSTRATION 

Equipment provided for the SFHPP 
Demonstration activities at E-MAD 
included: remote handling tools 
for fue 1 assemblies and canisters; 
remote welding equipment; remote 
canister evacuation, backfill, and 
leak detection equipment ; canister 
transfer and drywell emplacement 
equipment; data acquisition equip
ment; additional television 
monitoring equipment ; and a weather 
station. The equipment designs are 
described in this section. The 
locations of the major Hot Bay 
equipment are shown in Figure A-14. 

A.s.l REMOTE HANDLING TOOLS 

PRESSURIZED WATER REACTOR (PWR) 
FUEL ASSEMBLY HANDLING TOOL 

The PWR fuel assembly handling tool 
is used to remotely remove a fuel 
assembly from the shipping cask and 
place it in an adjacent canister. 
The tool (shown in Figure A-IS) 
consists of the gripper head 
attached to the tool extension. 
The gripper head 1S a standard 
Westinghouse design and used for 
handling fuel assemblies in West
inghouse designed reactor plants . 
The tool extension is based on a 
standard Westinghouse design that 
has been modified to permit auto
matic operation by incorporating -a 
pneumatic actuator . The tool has a 
2000 pound load rating . . The tool 
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weighs approx imate l y 16 5 pounds and 
h as an externa l s pace enve lope o f 
8.7 inches s quare by 8 feet long . 
The t oo l lift ing bail interfaces 
with either the ma~n c rane hook 
a dapter o r t he Wall-Mounted Hand-
lin g System. 

The square gr~pper he a d has four 
cam-actuated finge rs which e n gage 
the i nne r l e dge of the fue 1 a ssem
bl y top nozz le . The fi nge r s are 
supported by and rotate on pins 
attached t o the grippe r head body • 
Th e fi n ge rs are ac tuated by a 
cente r cam cylinder. When the c am 
cyl i nde r i s moved d own , the finge r s 
are forced out\l1ard. Conversely , 
raising the cam cylinde r f orce s t he 
f i ngers inward. The c am cy l inde r 
ex t ends i nto the tool extens ion and 
~ s c onnected to a pneumat ic a c t u a
tor . The cam c yl inder is sp r ing 
loaded downward to preclude un
latching i f the air s upply to t he 
act uator is lost . The g rippe r he ad 
has one orientat ion p i n and two 
a l i gnment pins. Thes e must be 
properly e ng a ged with t he nozzle 
befo r e t he gripper ~s inserted to 



the depth required for latching. 
At E-MAD, the two alignment pins 
were lengthened to enhance the 
remote insertion into the fuel 
assembly top nozzle when the 
assembly is in the shipping cask. 

A solenoid operated valve controls 
the air pressure to the pneumatic 
actuator. Energizing the solenoid 
valve forces air into the lower air 
cylinder port of the actuator and 
simultaneously vents the top port. 
This action moves the actuator 
piston upward thereby ra1s1ng the 
cam cylinder against the fail safe 
spring. When the control valve 
solenoid is deenergized, the top 
actuator port is pressurized, while 
the bottom port is vented, thus 
forcing the cam cylinder downward. 
If air pressure is lost, the spring 
forces the cam cylinder downward. 
If electrical power to the solenoid 
valve is lost, the air pressure 
automatically forces the actuator 
downward. If air pressure is lost, 
the tool can be released from a 
fuel assembly manually with the 
WMHS manipulator. 

Up and down limit switches mounted 
on the tool extension activate 
indicator lights mounted on the 
valve control panel (in the opera
ting gallery). These lights 
indicate whether the cam cylinder 
is in the full up or full down 
pos1t10n . If the gripper head is 
not inserted sufficiently far into 
the fuel assembly nozzle to allow 
the fingers to engage the inner 
ledge, the nozzle mechanically 
prevents the fingers from fully 
extending. The inability to fully 
extend the fingers mechanically 
prevents the cam cylinder from 
reaching its full down position. 
This, in turn, prevents the down 
limit indicator light from being 
energized. When the down limit 
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light is energized the operator 1S 
ensured that the tool is properly 
engaged. The down limit light is 
energized when the gripper head is 
not inserted into the fuel assembly 
nozzle, but this condition is 
easily noticable by visual obser
vation. 

When not in use , the tool is stored 
in a stand in the Hot Bay as shown 
in Figure A-15. In this position, 
the tool lifting bail can be 
engaged by the crane or the WMHS. 
Similarly, when the too 1 is placed 
in the stand, the bail can be 
disengaged from the crane or WMHS. 

CANISTER HANDLING TOOL 

The canister handling tool allows 
canisters containing spent fuel to 
be handled when the canister is not 
attached to a shield plug . The 
tool, illustrated 1n Figure A-16, 
mates with a canister in the same 
way as the shield plug (see Figure 
B-SI). 

The tool consists of a 12 inch 
length of 16 inch diameter, linch 
thick, carbon steel pipe. Near the 
bottom of the pipe are four tapped 
holes, 90° apart, into which canis
ter support pins are threaded. 
When installed, the support p1ns 
extend beyond the inside of the 
pipe and enter flat-bottomed, blind 
holes in the canister. An align
ment keyway and two tabs on the 
pipe top ensure rotational and 
vertical alignment respectively of 
the support pins with the blind 
holes in the canister. This 
alignment aids remote installation. 

The tool lifting bail consists of 
two 4 inch wide, 1 inch thick, 
vertical steel plates welded to 
either end of a horizontal leng t h 
of 4 inch square, 0.5 inch thick 
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Figure A -16. Canister A ssembly Handling 
Tools 

s teel t ubing . The open end o f the 
li ft i ng bail ~ s attached t o the 
cy l ind r ica l pipe by mean s of t wo 
pins, 180 0 apar t, allowing the 
l if t ing ba il t o rot a te abou t t h e 
pins. The vert i c a l plate s are long 
e nough s o that , whe n t he t oo l ~ s 

a ttached t o a c ani s te r , t he bai l 
can be rotated t o one s ide to clear 
the c aniste r top permit t i n g t he 
fue 1 assemb ly t o b e i nse rte d i n t o 
the canis ter. Welded to the top of 
the bai 1 square tubing is a hand le 
which mates with the crane hook . 
This handle has t wo ve rt i c a l 
p l a t e s, eac h 3 i nches wide an d 0.75 
i n ches thick , and two ve rti ca l 
support gusset p lates, each 3 .7 5 
i n ches wide and 0.75 i nches thi ck . 
A 1.5 inch di~meter rod be tween t he 
ve rtical plates interfaces with t he 
c r ane hook. The load rating of the 
tool and lift i ng ba il ~ s 3000 
pounds. 
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CLOSURE LID HANDLING TOOL 

The c l osure l id handling too l 
performs two h and ling operat ion s . 
It lif t s and threads the closure 
lid into the canister . The tool is 
i llustrate d ~n Figure A-16. The 
tool con s i sts o f an 11 i nch d ia
me te r , 0 .5 inch thick , hor izonta l 
s t ee l p l at e wi th a liftin g bai l to 
i n ter fa c e with t he WMHS hand . The 
lifting bail ha s two ve rtic a l s tee l 
p l ates 6 . 8 8 i nche s h igh , 4 i nches 
wide, and 0 .5 inche s t h i ck . A 1. 5 
i nch diame t er rod be tween the s e two 
p lates prov i des a bar for li f t ing . 
The horizontal plate has a 2 i nch 
diameter hole in it s cent er to 
prov ide c learan ce wi th the clos u r e 
lid e vacuat ion fi tt ing and three 
0 .312 i n ch diamete r clearance holes 
to bo lt the tool to the closure 
l id . Exte ndin g from the bottom and 
welded to the horizontal p l ate are 
t wo 0.75 i n ch diameter pin s wh ich 
mate with b l i nd holes i n the clos
u re lid t o trans fer t o rque. Bol ted 
to the p lat e t o p i s a nomi nal 14 
inch d iameter sheet metal cover. 
When the plat e i s attached t o t h e 
c los ure l id by t hree 0 .25 i nch d i a
me t er bo lt s , the s hee t me tal cove r 
p ro tects t he closur e lid sea l l i p 
and t hreads. The too l rated 
l ifting c apac ity ~s 1 75 pounds . 
The des ign t or qu e rating ~s 400 
foot pounds . 

SHIELD PLUG/ CAN I STER ASSEMBLY 
LIFT ING BAIL 

The s hield plug/canister assemb ly 
l if t i n g b a il a l l ows handling of t h e 
s h ie l d p l ug and a t tached canis te r 
i n t he Ho t Bay and during trans fer 
t o t he d r ywel l s . This t oo l is 
illus tra ted i n Figure A-1 6 . 

The t oo l c onsi s ts of a 12 i n ch 
di ameter, 0.7 5 i nch thick p l a te 
a t t ached to a li f t i ng hand l e . Th e 



handle has two vertical steel 
plates , e a ch 27.l3 inches h igh, 3 
inches wide , and 0 . 75 inches thick, 
with attached vertical support 
gusse t p l ates, each 23.88 inches 
high, 3 inches wide , and 0.75 
inches thick . A 1 . 75 i nch diameter 
rod through the two ve r t ica l s t ee l 
plates mates with the var ious crane 
hooks . Four 0.75 i nch diame t e r 
bolts fit into four 0.812 inch 
diameter clearance holes in the 
lifting bail horizonta l plate fo r 
attaching the lif t ing bail to a 
shield p l ug. The rated lifting 
capacity of the lifting bail is 
4800 pounds. 

A.5.2 REMOTE WELDING EQUIPMENT 

The cani s ter is sealed by fusion 
welding of a sea l l ip, machined as 
part of the closure lid, to the top 
surface of the can ister body. A 
welding machine des i gne d specific
ally f or r emote o peration on this 
canister is used. 

The welding machine, shown ~n 
Figure A-17, cons ists of a tungsten 
inert gas-cooled (TIG ) t orch at
tached t o a s uppor t frame . The 
frame ~s motor driven about t he 
cent er of the c losur e lid v~a a 
planetary gear arrangement. The 
torch position (axia l and radia l) 
is controlled and adjusted r emotely 
from the power supp l y outside the 
Hot Bay. Specia l quick-disconnec t 
fitt ings are use d for gas and 
extern a l powe r and a spe cial 
cartr idge a ssembly holds a weld 
fi l ler wire s poo l (not used for the 
fus i on weld) . The we lder power , 
con t ro l , and gas supply l i nes a re 
suppor t ed from a boom assemb ly 
located on t he Ho t Bay wall adja
cent t o the weld pit . These line s 
are connected to the o perating 
gallery power supply unit through 
pass-throughs ~n the shie l d wall 
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Figure A-17. Canister Closure Lid Welding 
Machine 

and electrical connectors ~n t he 
gallery wall. 

The welding machine interfaces with 
the closure lid seal lip by mean s 
of an "L" shaped groove machined 
i nto the top surface of the lid, 
concentric with the seal lip (see 
Figure 3.2-19). The groove depth 
contro ls the elevation of the 
welding machine above the closure 
lid lip by three flat-bottom pins 
attached to the welding machine , 
which sit inside the groove. Th r ee 
cam type locks are rotated into the 
outside edge of the groove and 
under the smal l groove flange t o 
secure the we l ding mach ine to the 
clos ure. The machining tolerances 
for concentricity between the 
groove and the seal lip pos~t~on 

and lock the machine i n the groove , 



holding the torch in the prope r 
radial position. The welding 
machine is located on a table in 
front of the shield window next to 
the weld pit. The welding machine 
is kept far enough away from spent 
fuel so that there is a minimum of 
radiation induced damage. For 
welding activities, the welding 
machine is placed on the canister 
in the weld pit uSing the Wall
Mounted Handling System. Some 
spare parts for remote repair or 
replacement activities are avail
able on the weld pit table. 

A.s.3 CANISTER EVACUATION/BACKFILL 
AND LEAK DETECTION SYSTEM 

The canister evacuation/backfill 
and leak detection system consists 
of two subsystems. The canister 
evacuation/backfill subsystem in
cludes a roughing pump and helium 
gas bottle attached to the fitting 
on the top of the canister closure 
lid. It evacuates the canister 
interior and fills it with helium. 
The canister leak detection sub
system consists o f a roughing pump, 
a helium leak detector to check for 
helium leakage from the canister, 
and a helium leak standard. The 
pump is attached to the weld pit 
vacuum chamber to draw a vacuum 
around the canister. The two 
subsystems are described in the 
following section. 

EVACUATION/BACKFILL SYSTEM 

The canister evacuation/backf il l 
system is shown schematically in 
Figure A-18. The system components 
are mounted on a mobile cart 
located in the Hot Bay near the 
weld pit. Figure A-l9 shows the 
system components during checkout 
prior to shipment to E-MAD. The 
helium supply and canister vacuum 
pump are connected by aluminum and 
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sta inless stee l tubing a n d fi ttings 
to a fle x ib l e s t ainless steel hose 
th r ough a s er i es o f e l ec t rica l ly 
ope r ated so l e no id va lves and a 
pressure s ensor. This hose ~s 

attached to the f itting o n the 
canister c l osu r e l id us~n g mas t e r
slave man ipu l a tors ( see Figure 
B- 44 ). Th e p ump a nd v a l ve s are 
remotel y o perated f rom a conso l e 
loca ted in th e opera tin g galle r y . 
Any r adioactive par ti culate s or oil 
from the pump i n l e t a nd exhaust a r e 
fi ltered ou t. Afte r evac uation, 
the valv e t o t h e pump i s c l o s ed and 
the hel i um s upp ly va l ve i s o pened. 
The helium bottle s uppl i es he lium 
at s l igh tly more than on e atmos
phe re pre ssure t o th e can is t er . 
Afte r h e l ium fil ling i s c omplete , 
the fle x ib le stee l hose ~ s r emov e d 
fr om the c lo sure lid a nd the l id 
sea l fi t t ing r eplaced . 

LE AK DE TECTIO N SYSTEM 

The ma jor compone n ts of the leak 
dete ction system are s hown sche
matically i n Figu re A- 2 0 an d ar e 
shown dur i n g c hec ko u t p r ior t o 
sh ipmen t t o E-MAD ~ n Figure A-2 1. 

LE A K 
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VACUUM 
SYSTEM 

POWER/SIGNAL 
CABLES 

VACUUM SYSTEM 
CONTROL CONSOLE 
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Fig ure A -20. Canister Leak Detection System 
Schematic 

The leak de tect i on system uses a 
s ta inle ss steel vacuum chamber 
located i n the weld pit. With its 
hood ~ n place, the vacuum chamber 
provides a sealed container which 
c a n be e vacuated remotel y t o draw 
any helium leaking from a sealed 
c anister into the leak detector. 

Figure A-21 . Canister Leak Detection System Components During Checkout (From 
Left: Cart Mounted Components, Control Console, Vacuum Chamber, and 
Helium Leak Detector) 
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The vacuum chamber lower section is 
illustrated in Figure A-12 and the 
vacuum chamber hood is illustrated 
in Figure B-46. The vacuum chamber 
lower section consists of an 18 
inch diameter , 0.375 inch thick 
pipe to which is welded a 1 inch 
thick bottom plate and a 32 inch 
diameter , 2 inch thick upper end 
flange. A 32 inch diameter, 1 inch 
thick flange is welded to the cham
ber pipe about 24 inches from the 
top flange. This second flange 
supports the vacuum chamber in the 
weld pit. The vacuum chamber lower 
sect i on is 176 inches long. The 
upper flange is machined to provide 
a bo lting surface for the vacuum 
chamber bearing (which supports the 
can ister fixture) and a groove for 
the elastomer ring. To accommodate 
the bearing (approximately 2 inches 
high), a 2.38 inch thick, 32 inch 
diameter adapter plate with an 
additional elastomer seal ring was 
installed on the vacuum chamber 
upper flange. 

The upper portion of the vacuum 
chamber lower section also contains 
two flanged tubes to connect the 
section to the other system parts . 
A 4 inch diameter, 0.083 inch thick 
tube with an appropriate flange 
fitting is welded to one side of 
the vacuum chamber . This flange 
a ttaches to the 4 inch diameter 
f l exible stainless steel hose from 
the leak detection system pumps, 
etc. A 0.75 inch diameter, 0.035 
inch thick tube with appropriate 
f l ange f i tting is welded to the 
opposite side of the vacuum cham
be r . This flange is attached to a 
stainless steel tube from the 
helium leak standard. 

The vacuum chamber hood 1S stain-
less steel and consists of an 18 
inch diameter, 0.375 inch thick 
pipe with a 1 inch thick top plate 
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and a 32 inch diameter, 1. 5 inch 
thick flange on the bottom. The 
hood is 32.25 inches high with an 
8 inch high lifting handle on the 
top. The lifting handle has two 
vertical steel plates (each 8 
inches high, 4 inches wide, and 1 
inch thick) with a 1.5 inch 
diameter rod welded between the 
plates to interface with the Hot 
Bay crane hooks and the WMHS. 

The leak detection system compon
ents also include the roughing pump 
attached to the vacuum chamber by a 
flexible stainless steel tube (to 
draw the initial vacuum around the 
canister); a mass spectrometer type 
helium leak detector (to check for 
canister leakage of helium); and a 
he lium leak standard (to check the 
system calibration). The roughing 
pump, vacuum blower, and associated 
valves, pressure gauges, and piping 
are mounted on a mobile cart loca
ted near the weld pit. The helium 
mass spectrometer leak detector 
located in the operating gallery is 
connected ahead of the roughing 
pump by a flexible stainless steel 
tube passing through the shield 
wall. The roughing pump and leak 
detector both exhaus t into the Hot 
Bay. A helium leak standard 1S 

mounted near the weld pit and con
nected to the opposite side of the 
vacuum chamber from the roughing 
pump by a stainless steel tube. 
The standard leak is valved so that 
helium can be remotely supplied 
when needed. Lead shielding is 
provided between the equipment cart 
and the vacuum chamber and around 
the helium leak standard to protect 
system components from the deleter
ious effects of radiation from the 
fuel assembly in the weld pit . 

The evacuation/backfill and leak 
detection system was designed for 
maintenance and replacement during 



hand s -on ope r a t ions i n t he Hot 
Bay . Th e lar ge components , mounted 
on mob i l e carts , fa ci l itat e r emova l 
to repa ir areas . I f a pump or 
valve shou ld fail while spent fuel 
is i n the we l d p it or another un
s hielde d posi t ion e lsewhe r e i n th e 
Ho t Bay, t he fue l mus t be moved to 
t h e l a g s t o rage pi t or t ransfe r pit 
before han ds-on re pa1rs are made . 

A.S.4 CAN ISTER TRANSFER AND 
DRYWELL EMPLACEMENT EQUI PMENT 

TRANSFE R SHIELD 

The transfer s hi e ld s hown i n Figure 
A-22 t rans f er s the can i s te r /shi e ld 
plug a ss emblies fr om t he transfe r 
pi t in the Hot Bay to the d rywells 
in the sto rage are a. The trans f er 
shie ld is moun ted on t he En g i ne In 
s tallation Vehi c l e ( EIV) and pro
vide s pers onnel r ad iat i o n sh i e l d ing 
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Figure A-22. ElV Trans fer Shield 
Configura tion 
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during transfer operations. Move
ment of the transfer shield and EIV 
1S provided by the Manned Contro 1 
Car and the L-3 locomotive. These 
vehicles are described in Section 
A.3. The transfer shield is shown 
mounted on the EIV in Figure A-23 . 

Figure A-23. Engine Installation Vehicle After 
Addition of the Transfer Shield 

The transfer shield/EIV assembly 
has the following features : 

• A drive system on the EIV 
moves the shield ver t ically, 
longitudinally, and laterally 
with respect to the ElV. 

• A winch to raise 
the canister/shield 
sembly. 

and lower 
plu g as-

• A foot valve to open and 
close the bottom of the 
s hie ld to permit pickup and 
discharge of a canister as
sembly while providin g shiel
ding during transport. 



• An electrical control system 
to prevent operator error and 
damage to equipment or expos
ure of personnel to excessive 
radiation levels. 

The transfer shield assembly con
sists of two concentric carbon 
steel cylinders with the 6.5 inch 
annular space between the cylinders 
fil l ed with 0.030 inch to 0.045 
inch diameter lead shot . The lead 
shot is poured into the top of the 
shield annulus and is then vibrated 
and tamped into place. The void 
space in the lead shot is filled 
with neutron absorbing shielding 
oil. The total shield assembly is 
approximately 25 feet high by 3 
feet in diameter. A rectangular 
foot valve assembly extends 3 feet 
on either side of the vertical 
centerline. The transfer shield 
weighs approximately 25 tons. 

The shield support truss is 
attached to existing mounting holes 
on the EIV carriage. The EIV has 
vertical, longitudinal, and lateral 
carriage drives which are used to 
position the shield with respect to 
the transfer pit and drywell. 

The transfer shield winch and cable 
assembly are designed to raise and 
lower a canister and shield plug 
having a combined weight of approx
imately 4000 pounds . The winch , 
with a rated capacity of 2.5 tons, 
is an electric motor driven hoist 
attached to the side of the shield 
assembly . The cable is a 6 x 37 
class, steel core, high strength, 
steel cable which has a breaking 
strength greater than 12 tons. The 
cable is routed from the hoist drum 
to the top of the shield assembly, 
around a 11.75 inch diameter 
sheave, and then into the transfer 
shield interior t o the hook assem
bly. The hoist has the capability 

A-24 

for hand cranking to raise or lower 
a canister assembly in the event of 
power failure. 

The foot valve assembly consists of 
two gates filled with 8.3 inches of 
lead shot. A "V" shaped interface 
between the gates limits radiation 
streaming during canister assembly 
transport. Each gate in the foot 
valve, supported by cam rollers, is 
individually driven by a 0.25 
horsepower electric motor (with 
gear reducer) connected by a chain 
drive to a ballscrew. Limit 
switches control the travel of the 
two gates and a slip clutch is 
provided to protect the mechanism 
1n the event of a limit switch 
malfunction. The foot va l ve gates 
also have the capability for hand 
cranking in the event of power 
failure . 

An electrical control system 
permits remote operation of the EIV 
and transfer shield components. 
Control panels are provided in the 
Manned Control Car cab and at the 
back end of the EIV (opposite end 
of the EIV from the shield). A 
third portable control panel can 
operate the system from the E-MAD 
gallery when the EIV is located in 
the Hot Bay. Operation is normally 
controlled by the MCC panel. The 
electrical control system has pro
visions to limit winch and foot 
valve travel, to limit shield 
travel via the EIV carriage motion 
mechanisms, and to interlock opera
ting modes to prevent inadvertent 
winch, foot valve, or shield mo
tions from causing exposure of per
sonnel to a bare (unshielded) can
ister assembly. Sensing switches 
are provided on the transfer shield 
and EIV to indicate load on the 
cable, winch hook full up and down 
position, shield full up and down 
position, foot valve open and 



closed position, and EIV lateral 
and longitudinal travel limit 
posit i ons. 

The details of transfer shield/EIV 
transfer operations are provided in 
Section B.2.2. 

DRYWELL SHIELD ADAPTER 

A shield adapter is installed in 
the annular region around the upper 
drywell liner during canister 
assembly emplacement and removal 
operations. This drywe 11 shie ld 
adapter limits radiation levels in 
the area immediately surrounding 
the drywell while the canister is 
raised or lowered . The drywe 11 
shield adapter as installed in the 
drywell is illustrated in Figure 
A-24. 

The drywell shield adapter is made 
of carbon steel and consists of two 
17.5 inch long concentric pipes 
having a 22.5 inch inside diameter 
and a 36 inch outside diameter. 

Figure A-24. 

GROUT 

DrvweJ/ Shield Adapter 
G;nfiguration (Shown Installed 
in Drywell) 
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The 5.75 inch wide annulus between 
the pipes is filled with lead shot 
which was vibrated and tamped in 
place . A 0.5 inch thick bottom 
plate and a 2 inch thick top plate 
are welded to the two pipes . The 
top plate is 49 inches s quare and 
has a I inch deep by 39 i nch d i a
meter recess machined in the top to 
inter face with the bot t om of the 
trans fer shie ld. Four 1. 5 inc h 
diameter rods were welded t o the 
top and bottom plates to provide 
additional support, each h av i ng 0.5 
inch diameter threaded holes fi t ted 
with lifting rings for hand l ing the 
shield adapt e r . The adapte r weighs 
approximately 4000 pounds. 

A.5.5 DATA ACQUISITION SYSTEM 

The data acquisition system f or the 
E-MAD testing consists of a r rays of 
thermocouples, a data logger , and 
remote signal conditioning/mu l ti
plexing units. The thermo couple 
leads are routed to mult iplexer 
units located in the instrumen ta
tion sheds outside E-MAD. Multi
plexer signal cables are routed 
through underground conduit to the 
data logger which is located inside 
the E-MAD building in the wes t 
operator gallery adjacent to the 
Television Control Center. 

An Acurex Autodata IX da t a logger 
records thermocouple da ta . The 
data logge r is shown i n Figure A-2 5 
in its i ns t alled conf i gurat ion. 
The da ta logge r is us e d f o r expe r i 
ments at E-MAD (E l ectrica lly He ated 
Drywell Test, Drywells and Concre t e 
Silo Tests , and Fuel Assembl y 
I n ternal Temperature Meas ur ement 
Test) and for monitor i ng s pent f uel 
temperatures within the E-MAD hot 
cells . The data logger ope ra tes on 
120 volt , 60 Hz AC electrica l power 
and is rated for ope ra tion in t he 
range of 32 to 110°F and 0 to 90 



Figure A-25. Da ta Logger In stallation in Wes t 
Gallen' 

pe rcent re l ative humidit y . This 
d ata logge r s yst em was sele ct e d 
with capabilities to mee t the 
prese n t te st needs of the SFHPP 
1978 Demon st r ation as well as any 
future expansion needs. Some of 
the capabilities are as fo l l ows: 

• Measurement of Type K ther
mocouple temperatures from up 
to 1000 thermoc ouples. 

• Thermocou p le 
circui t (to 
ures) • 

open de tection 
d e termine fail-
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• Remote signal c ond i tioning 
and multiplexing fo r r emote 
instrumentation u p t o 5000 
feet from data l o gge r ma1.n-
frame. 

• Conso le digital re a dout 1.n 
i dentified enginee r i n g units 
( selectable on the f r ont 
pane 1). 

• Printer for o u tput dat a with 
header and e n gineering unit 
identification. 

• Variable scan mod e s (single, 
continuous, and intervals) 
with adjustab le scan inter
vals. 

• Hi gh pe rfo rmance analog to 
d i gital conversion. 

A. 5 . 6 TELEVISION MONITORING SYSTEM 

The E-MAD facility closed circuit 
TV monitoring syst em was up graded 
f or the SFHPP Demonstrat ion Pr o 
gram. Four cameras are fixed in 
the E-HAD Hot Bay; one each on the 
north and west walls, two o n the 
south wall. Four c ameras on por t 
able stands (including one which is 
capabl e of being handled by the 
Wall-Mounted Handl in g Syst em ) com
plement the fixed posit i ons in th e 
Hot Bay. Cameras in the Hot Bay 
are used to coordinate handling 
operations. Two cameras are u s ed 
in t h e West Process Cell to closely 
observe the Fuel Assembly Internal 
Temperature Measu rement Test. One 
camera 1.S fixed and one 1.S port
ab le. There are four c ameras ou t
s ide the E-MAD Ho t Ba y. Tw o are 
l oca t ed outside t he nort h shie ld 
door and are used for site security 
purposes. Two cameras on the wes t 



side of E-MAD p r ovide the capa
b ili t y t o monitor storage s ite 
ac t~v~t ies. Two camer a s mounted to 
the EIV side arms provide v iewin g 
of canis t er emplacement a ctivities . 

The cameras i n and a r ound the E-MAD 
building are h a rd wired t o the 
Te l ev i sion Con t rol Ce n te r. Remote 
opera t ion 0 f the z oom l e ns a nd p an 
and ti lt units ~ s c on trolled from 
the TVCC . Al l the cameras have a 
350 0 min imum rot at i on and 160 0 

inclinat ion c a pabi l ity . Six of the 
eigh t cameras i n t he Ho t Ba y have 
10 : 1 zoom capab i li t y. All t he 
other c ameras have a 5 :1 zoom cap a 
b ility. Al l came ras have a min imum 
60 0 line hori zonta l r esolution a nd 
ten sha de s of g rade s cale rend i 
tion . Cameras a nd l enses in the 
Ho t Bay are radia tion h arde ne d to 
preven t l ens brown i ng. All outside 
cameras , lenses , and pan and t il t 
units a re weather r es istant . 

Two cameras 
provide v ideo 
oft he Manned 

mounted on the E IV 
di sp l ay s ~n t he cab 
Control Ca r. These 

came ras a re wea t her r e sistant and 
have r emo tely ope ra t ed pan, tilt, 
and zoom capab il it ies contro l led 
f rom t h e MCC. These cameras and 
monitors provide v i sual con tac t 
during transfer shield al i gnmen t 
with the drywell o r t r ans f e r p it 
u s ~ng the EIV remote pos itioning 
c ont ro l s . 

Vi deo moni t ors are l ocat e d in t he 
Maste r Control Room and the TVCC . 
Other monitors are prov i ded at 
loc a l work sta t ions whe r e the re
mo te hand ling and welding opera
tions a re control led. Vi de o tape 
reco r ds of f uel r eceipt i n spection 
and operat i on s are made i n t he TVCC 
us ing exi s ting v ideo tape equ ipment. 
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A.5 .7 WEATHER STATION 

A remote weather station was ~n

stalled by t he Nat ional We athe r 
Serv i ce in the northeas t c o rne r of 
t he Ele c trically Heated Drywel l 
Tes t fe n ced are a (see Figure B-l) 
dur ing the week of June 1 2, 19 78. 
This weathe r s ta t ion , s hown ~n 

Figur e A-26 , prov ide s con t inuous 
s tr i p chart records of tempe r ature , 
atmospheric pressure , h umid i ty, 
wind speed and dire c t i on , and 
r ainfall i n t he E-MAD storage area. 

Figure A-26. E-MAD Weather Station 

A.5.8 OTHER EQUIPMENT 

Othe r 
SFHPP 

equipmen t provided for 
Demonst rat ion and t h e 

Program ac tivitie s at 
included: 

the 
CWSF P 
E-MAD 

• 



• Canister Cutting Tool 

Installed in the Hot Bay 
shie l ded storage pit, the 
canister cutting tool pro
vides capability for r e
mote cutting of a sealed 
spent fuel canister for 
fuel assembly removal . 

• BWR Fue l Assemb l y Handling 
Tool 

This tool provides hand
ling capability for boil
ing water reactor ( BWR) 
spent fuel assemblies. 

• BWR Canister Body 

This canister body was 
designed to encapsul ate 
t wo BWR fuel assemblies in 
a 14 i nch d i ame t er by 187 
inch long envelope compat
i ble wi t h the E-MAD spent 
fuel canister test ce lls, 
handling e qu i pment, and 
Hot Bay pits. 

• Gas Sampling Equ i pment 

This equipment inc l udes 
t he hardware to clean and 
evacuate gas sample bot
tles , to r emotely attach 
them t o storage canis ters, 
and to take s amples of 
canis t e r i nte r na l at mos 
pheres ( fur ther descri bed 
i n Append i x L) . 

• Boiling Water Ca l orimeter 

Installed in the Ho t Bay 
shielded storage pit , the 
ca l orimeter provides the 
capability of measuring 
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t he decay heat level o f 
i ndi vidua l spent fue l as
semb l i es ( furthe r d i scus
sed i n Appendix K). 



APPENDIX B 

DETAILS OF STORAGE SITE CONSTRUCTION AND INSTALLATION 
AND SPENT FUEL HANDLING OPERATIONS 

This appendix documents the opera
t ions performed to prepare the 
storage sites for the drywells 
(both fueled and electrically 
heated ) and concrete silos. It 
also details the procedure s used to 
install the test hardware and the 
spent fuel handling and empla cemen t 
ope rations performed to initiate 
the Drywell, Concrete Silo, and 
FUel Assembly Internal Temperature 
Measurement Tests. In addi t ion , 
the configuration of the specific 
storage sites are described to 
iden t ify specific component loca
tions, methods of instrumenta t ion, 
etc. 

B.l STORAGE SITE CONSTRUCTION AND 
INSTALLATION OPERATIONS 

B.l.l ELECTRICALLY HEATED DRYWELL 

The location of the elec t rically 
heated drywell relative to the 
E-MAD building and the other tes t 
articles is il lustrated in Figure 
2.2-2. Figures B-1 and B- 2 show 
the arrangement of the e lectrica l ly 
heated drywell and related hard
ware and instrumentation. The 
following section des cr i be s the 
cons t r uction operat ions, instal 
lation operations, and det a ils of 
some auxiliary equipmen t for the 
electrically heated drywel l not 
described in Section 3.2.1. 

Electrically heated drywell storage 
site construction starte d in ear ly 
1978 wit h the grading of the area 
(Figure B-3). Next, the concrete 
pad for the top of the d rywell was 
construc t ed . Following excavation 
for t he 15 inch deep pad, it wa s 
formed and the rebar and other com
ponents were installed as shown 
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Figure 8-1. Electrically Heated DrywelJ Area 

Arrangement 

in Figur e B-4. These i t ems in
cluded a 28 inch di amete r cardbo a r d 
form for the d r ywell liner ho le , 
two 6 inch diamete r PVC pipes fo r 
i nstrumenta t ion we ll ins t allat io n 
afte r pad pouring , two standp i pes 
wi th attached e le c tr ical boxe s f or 
rout ing liner and grou t t he rmo
coup l e s and ancho r s for securing 
the drywell cove r . Three the rmo
couples were inst a lled prio r to pad 
pour ing . Two we r e i nstalled i n a 
0. 5 inch d iameter hole i n the s o il 
bene ath the pad ( thermo couples were 
installed and the soil tamped into 
pl ace to fill t he hol e ) and one was 
attache d to the reba r in the pad. 
In c l uded in the p ad forms were two 
2 by 4' s to c r e at e dep r essions in 
the pad to p f or r outin g I iner and 
g rout the r mo coup les to the s tand
pipes. 
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Figure 8-2. Electrically Heated Drywell Instru
mentation and Power Cable Routing 
Arrangement 

The 84 inch square concrete pad was 
then poured and finish e d wi th a 0.5 
inch s l ope from the 28 inch dia
meter cardboar d form to the edges . 
Afte r the pad cu r ed a nd t he wood 

Figure 8-3. Grading Completed for 
Electrically Heated Drywell 

Figure 8-4. Electrically Heated Drywell Pad Forming, Concrete Pouring Half Complete 
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and c ardboard forms were removed, a 
26 inch diameter ho le was dri lled 
l.n t h e soi 1 through the pad open
ing. The hole was drilled to 
approximately 19 feet deep. Before 
installing the drywell liner, t h e 
thermocouples were attached to it 
(see Figure 3.2-5) inside the E-MAD 
building. The 26 inch diameter 
hole had to be redrilled prior to 
line r installation Sl.nce part had 
collapsed. 

The liner was installed (see Figure 
B-5) l.n the hole, positioned and 
leve l ed using the four pad anchors 
and a special fixture. The liner 
and grout thermocouple extension 
wires were laid in the pad cutouts 

/ iil.R\ ' 

\'-.J 

Figure 8-5. Electrically Heated Drywell Liner :.; ' 
Three-Quarters Installed ....... 
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a nd ins e rt e d through openings in 
t he st and pipe electrical boxe s. 
The lin e r was then grouted in place 
u sing a grout mix of two parts soil 
f r om the h ole and one part Luminite 
c emen t ( pa r ts measured by wei ght). 
Th e g r out was inst a lle d l.n t he 
bottom t o a level o f a bout 2 f ee t 
a nd a llowed to set before the res t 
of the gr ou t was poure d. It shoul d 
be n oted t hat twi c e t he expected 
amount o f gr ou t was us e d to fill 
the ho le . Finally, the grout at 
t h e pa d t op wa s finished to have a 
0.3 8 t o 0.5 inch slope from the 
line r t o the top 0 f th e concret e 
pad. 

Fol lowing l i ne r i nsta l lation, the 
f ive s oil inst r umentation wells 
we r e i nstalled. Fo r e ach well, a 3 
i nch diame t er hole was drilled 
a bou t 4 fe e t de e pe r t han t he length 
o f the we ll (see t a ble o n Figure 
3 . 2 -1). The ins t rume ntatio n we ll 
wa s ins t alled (as shown in F i gure 
B- 6 ) , t he elec t r i c a l box a t th e to p 
of each w~ ll s uppo r ted a n d posi
t i oned, and the hole f i ll e d wi t h 
grout. Each well was si t uated so 
tha t t he electri c a l bo x f a ced awa y 
from the drywell directing the 
attached thermocouples toward the 
drywell center. Figure B-7 shows 
an installed instrumentation well. 

I n a d d it ion to the ins trumentation 
we lls, a so i l Re f e r e n ce We l l was 
i n s t alled. The position of t h is 
Re fer enc e Well is shown in Figure 
B-1 . The Re fe r e nce Well was 
i ns ta lle d b y exc a v a ting a 2 foot 
d e ep hole prior t o d ri ll ing the 3 
inch diamet e r hole f or the we ll . 
The Re f e r enc e Wel l wa s inst alled in 
t he hole and gr outed in p l ace. 
Sinc e it h a d no electrical box, the 
t he r mocouples we re routed to the 
i nst r umenta t ion s h e d in a 1.5 inch 
d iamete r PVC pipe burie d about 1 2 
inche s d e e p . Prior t o fill i ng l.n 



Figure 8-6. Instrumentation WeJJ Suspended 
Over Hole 

Figure 8-7. Instrumentation WeJJ Grouted in 
Hole 
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the 2 foot deep h ole, the t op of 
the Reference Well pipe was cut off 
abou t 12 inches below g r ound level. 
The hole was then backfi lled with 
the top thermocouple being located 
about 6 inches below ground level 
as the ho l e was filled. 

A 96 i n c h by 100 i n ch i nstrumenta
t i on s hed was placed 18 f ee t from 
the electri cally heated drywell 
providing an environmentally con
trolled area for the power con
troller and the thermocouple signal 
cond i tioning/multiplexing uni t s. As 
shown ~n Figure B-1, t wo 2 inch 
diameter PVC p~pes, buried about 
2 feet deep, routed cable from the 
instrumentation s he d to the E-MAD 
building. One pipe carried four #2 
AWG wires which were c onnected to 
the Substation C Di s tribut i on Panel 
to supply electric power. The 
other p~pe a l lowed cable routing 
between the multiplexer units and 
the data logger inside E-MAD. 

Power and instrument leads from the 
drywell and instrument a tion wells 
were routed to the instrumentation 
shed through buried waterproof 
flexible condu i t. Figure B-2 shows 
the routing of these conduit. One 
0.5 inch diameter flexible conduit 
routed thermocouple extension wires 
from each instrumentation well, 
from each pad standpipe, and from 
the canister and shield plug ther
mocouples. A 1 inch diameter flex
ible c onduit routed two #6 AWG wire 
powe r cables and one #10 AWG ground 
wire to the electric heater connec
tions at the drywell. In addition, 
a 0.5 inch diameter flexible con
duit routed t wo #20 AWG wires to 
the electric heater top which al
lowed accurate power measurements. 
These wires were brazed to fittings 
at the top of the heater conducters 
and attached to a digital voltmeter 
in the instrumentation shed. Fig-



Figure 8-8. Top of Electrically Heated DryweJJ 

ure B-3 shows the top of the elec
trically heated drywell with t he r
mocouple leads , power cables, and 
flexible conduit. 

Following hookup of the instrumen
tation and power cab l es, the flex
ible conduit was buried a n d the to p 
surface of the e n tire a r ea graded 
for a one pe r cent s lope away from 
the drywell pad . Fi gure B- 9 shows 
this comple t ed a r ea. I n addi t ion , 
a 33 inch high fence enclosed the 
60 foot square area around the 
ele ctrically heated drywell . 

B.l.2 FUELED DRYWELLS 

The four drywe lls are locat ed west 
of the E- MAD building a s shown ~n 

Figure 2.2-2. Figur e B-10 shows 
the arrangement of t he drywe ll 
storage area and the related hard 
ware and instrumentat ion. The 
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Figure 8-9. View of Completed Electrically 
Heated Dry well 
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following s e ction descr ibe s t h e 
construction operations , the 
installation operations, and de
tails of the auxiliary equi pme n t 
for the drywells not des cr ibed i n 
Section 3.2.2. 

Drywell storage area cons truc tion 
began with excavating the new dry
well rail spur and storage p ad . 
The main E-MAD railroad t rac k 
extend s directly north from the Ho t 
Bay to the complex security f e n ce 
and beyond as shown in Figure A- 2. 
A switch located 100 f e e t south o f 
the north fence was used to start a 
new drywell rail spur. The · spu r 
consists of one track pa r alle ling 
the main track and descending down 
a 2.5 percent grade to the st o rage 
area. An additional swit ch was 
installed to allow later c onstruc
tion of two additional drywell 
storage spurs. 

Excavat ion i nclude d r emov i ng soil 
to fo r m the b ase f or two new 
drywell s t orage pads . Thre e 
shal l ow tren ches on e ithe r side and 
between these pads we r e also excav
ated to fo r m a drainage system. 
Thi s dra i nage s yst em consisted of 
12 inc h d iame t e r per fo rated cor
rugated meta l p i pe buried about 3 
feet deep. A l a yer of 0.75 inch 
Size s t on e a ggragate wa s placed on 
ei t her sid e a nd above the pipe. 
Th e three d rai nage ditches (two are 
i l l ustrated in Figure B-10) start 
no rt h of the drywell pad a n d extend 
about 15 f e et beyo nd the pad end. 
Sol id c o r r ugat ed me t al pipes con
n ec t t he t h r ee drainage pipes and 
di r e c t wa t e r t o t h e security fence 
on the wes t si de of the E-MAD 
facility. The s t one aggre g rate 
covering t h e drainag e pipe can be 
seen in Figure s B-l l through B-13. 

Figure 8-1 1. Drywell Storage Area Construction 
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Figure 8-12. Drywell Storage Area Construction 

Figure 8-13. DryweJ/ Concrete Pad Construction Completed 
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Prior to drywell concre t e pad 
construct i on, underground pipe a n d 
conduit was laid for i n s t rumenta
tion r outing for three drywe ll 
spurs. Fifteen lines of 2 i nch 
diameter PVC pipe were installed 2 
feet below ground level. The lines 
ran from the instrumentat ion s he d 
to each of 15 drywell locations 
including ten future drywell loca
tions on proposed second and third 
rail spurs as shown ~n Figure 
B-10. Vertical sections of meta l 
conduit were installed at the end 
of each pipe for attachment to a 
large waterproof, dustproof elec 
trical enclosure near each drywell s . 

The drywell pad is 84 inches wide 
by 28 inches deep by 235 feet lon g 
and was constructed i n stages . 
First, the periphery forms, the 
reinforcing rod, and five 37.25 
inch outside diameter drywe l l forms 
space d a t 25 foot intervals along 
the pad length were ins talled as 
shown in Fi gure B-l 1. The n orth
ernmos t drywell f orm was p laced 120 
feet from the north e nd o f the 
pad. A 2 inch diameter steel 
conduit wa s installed between the 
d r ywell form and the pad form to 
allow thermocouple routing to t he 
elect rical enc losure boxe s . 
Second , 20 inches of concrete we re 
poure d and 1 inch diame te r studs 
set every 6 feet t o suppor t the t wo 
rail tracks. Next, the two tracks 
were installed on 6 inch wide by 12 
inch long by 0.5 inch thick plates 
p laced over adjacent s tuds and 
s upported by hex nuts threaded on 
the studs. The tracks were cen
tered and leveled on the plates and 
secured us ing two rai 1 c lamps and 
hex nuts at each plate. The top 8 
inches of concrete was pou red level 
,.,ith t he two rail top with 2 inch 
wide by 2.5 i nch deep recesses on 
t he i n s ide o f both rails t o allow 
f or ra il car whee ls. Si xteen 
a ncho r s for the drywell cover p l at e 

B-8 

bolts were i nstalle d around each of 
the drywell f orm . Co ncrete pad 
construction is shown ~n Figures 
B-12 and B-13. 

Four drywell liner s were installe d 
for the Spent Fuel Hand lin g and 
Packaging Program (SFHPP) 197 8 
Demonstration. Twenty-s ix inch 
diameter by 23 foot deep ho le s were 
drilled in the so i l f or drywe ll 
liners using the t hree northernmost 
and the southernmost conc rete pad 
holes for alignment an d spacing. 
After each drywell hole was 
drilled, a 37.25 inch diame ter by 
9.25 inch high by 0.062 inch thick 
galvanized steel s leeve was in
stalled in the con crete pad's lower 
portion. This provided a slip 
plane for the grou t installed 
around the liner a nd conc r ete pad. 
The drywell liner wa s then ~n

stalled (see Figur e B-14 ) and 
leveled at the t op to with i n +0.03 
inches. Grout was poured in t o t h e 
ho Ie unt il it reached a leve 1 0 f 
one to two feet above the liner 
bottom. After the grou t set, t he 
entire annulus be t ween the line r 
and hole was filled to the top o f 
the galvanized steel sleev e. This 
provided an 18.75 inch deep reces s 
at the liner top allowing for dry
well shield adapter inst a lla tion. 

Fo llowin g cons truc t ion, the soil 
wa s replaced to within 1 inch of 
the pad top. A one percent slope 
away from the pad was maintained. 
Four s oi l instrumentation wel ls a nd 
four elect rical enclos ures we r e 
then installed near each drywells. 
Figure B-lO shows the location and 
orientation of the instrumentation 
wells for all four drywells. Each 
instrumentation well was inserted 
into a 3.5 inch hole (see Figure 
B-15) drilled several feet deeper 
than the well and grouted in place. 
The ele ctrical box of the well top 



Figure 8-14. Drywell Liner Installation Into 
Storage Area 

/ 

Figure 8-15. Drywell Instrumentation Well 
Installation 

Figure 8-16. Instrumentation Wells Installed in Drywell Storage Area 
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was used to position and support 
the well for grouting. Flexible 
condu it from the instrumentation 
wells was attached to the nea rby 
e l ec trica l enclosure and the ther
mocouple leads coi l ed inside. 
Figure B-16 shows the s i xteen 
ins t rumentation well s installed in 
the drywell storage area . 

B.I.3 CONCRETE SILOS 

The concrete s i lo storage area ~s 

located adj a cent to the Engine 
Main tenance Assembly and Disassem
bly (E-MAD ) building as s hown in 
Figure 2.2-2. Figure B-17 i llu
strates the concrete silo area 
a rrangement and all related hard
war e and instrument ation. The 
f o l lowing s ection describes t he 
s t orage a rea construct ion opera
t i ons , de tails of some auxiliary 
e qu ipment , and cons t ruction and 
assembly operations for the con
crete silos not des cribed ~n 
Section 4.2. 

-\'-------'-1 -f~:,< 
FLEXIBLE 0.&" CONDUIT 
IFOR CANISTER AND lINER 
THERMOCOUPLES) 53' 

ELECTRICAL 
ENCLOSURE 

SILO NO. 2 

CONCRETE PAD 
(to" OU P) 

E· IIIAD MST WAll 

FUXIIIU 1.15" CONDUIT 
tFOfII tMBEDOEO STRAIN 
GAGES AND 
TlIERMOCOIIPlESI 

Figure B"17. Concrete Silo Storage Area 
Arrangement 

Concrete silo storage area con
struction started in conjunction 
with drywell storage area construc
tion. Site preparation commen ced 
with excavating a 20 foot wide by 
46 foot long by 9 foot deep hole . 
Th is hole wa s f il led to a dep th of 
6 feet wi th a lean concrete mix t o 
act as a foundation for the con
crete silo support pads. Two 
individua l concrete pads, each 16 
feet square by 46 inches deep, were 
formed on the foundation. Figure 
B-18 shows the forming and con
struc t ion operations. Reba r wa s 
instal l ed in the form and eigh t 
silo ho l ddown p lates located so as 
to be embedded in the concrete pad . 
These ho l ddown plates consist of a 
14 inch by 18 inch by 0.75 inch 
thick p l ates to which are we l ded 
six 0.75 inch diameter by 8 i n ch 
long Nelson studs. Four 2 . 5 inch 
square by 3 inch long bars are 
welded to the holddown plate bottom 
and have threaded holes for ho l d
down bolts. Following concrete 
support pad curing, the forms were 
removed and the soil backfilled 
against the support pads. Figure 
B-19 shows the finished pads. The 
rebar in the two support pads and 
two copper wires for each silo were 
connected to the E-MAD electrical 
ground grid system. The two loose 
wires attached to each silo ground 
the entire unit. 
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Next , four 2 inch diameter PVC 
pipes were i ns t alled 2 feet under
ground f or r outing ins t rumentat i on 
leads from the two silos to the 
instrume nta t ion shed . Vertica l 
se c t ions of steel p~pe were in
stalled at the end of each pipe . 
Two pipes each were attached to the 
two large waterproof, dustproo f 
elec tr i c a l enc losures located 
between the s i lo support pads (se e 
Figure B-l 7) to allow separate 
routing of thermocouples and strain 
gages for each silo. Flexible 1 .5 
inch diameter waterproof conduits 
attached to the electrical enclos-



Figure 8-18. Concrete Silo Support Pad Forming 

Figure 8-19. Concrete Silo Support Pads-Construction Completed 
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ures routed thermocoupl e and str a in 
gage \vlreS fr om the te rmi nal boxes 
on the silo t o the e lectri ca l 
enclosure and instrumentat io n shed . 

Concrete silo a s s embly began inside 
E-t-lAD by ins tal ling 12 t hermoc ou
ples on the liner. The line r was 
then moved to the suppo r t pad a nd 
rebar construction and c onc re t e 
thermocouple and strain gage I n
stallation were performed . Figur e 
B-20 shows the partially ass e mbl e d 
reb a r " c age s " for bot h s i los • Th e 
liner and rebar was connec ted to a 
itljO 24 strand copper wire at the 
silo top and bottom. Attachme nt 
connectors were installed so as to 
be on the silo exterior a fter the 
concrete was poured. Th e r moc oupl e 
and strain gage extens ion Wlre s 
were routed inside the si lo t o f o u r 
12 inch by 8 inch by 8 i n ch p u ll 
boxes located in fo u r qu a d ran t s at 

Figure B-20. Concrete Silo Liners on Pads 
During Rebar Ins talla tion 
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the silo top . These boxes were 
also installed on the silo exter ior. 

In add it ion to the four pull boxes 
and four ground wire connec tor s, 
other items \.ere ins t alled on the 
s il o r ebar cage or were attache d to 
t h e conc rete form (shown in Figu r e 
B-2l) p r lOr to pourlng . The f our 
lifting trunnions and eight ho ld
down pl ates were positioned i n the 
f o r m. Si x holddown studs and two 6 
i nch wide by 2 inch deep t r o ughs 
(u s e d to r out e liner and c an ister 
t hermocouples) were positione d at 
the silo t op. Concrete was poured 
for one si l o at a time wit h both 
using t he same f orm (shown In 
Figure B-22 ) . Both si l os use d con
c ret e wi th a density of 150 pounds 
per cubi c foot. Silo No . 1 was 
poured firs t and had a 0.75 inch 
aggregrate; silo No. 2 had a 1. 5 
i nch aggregrate. 

Figure B-21 . Form for Concrete Silo Being 
Prepared for Concrete Pouring 



Figure 8-22. Pouring of Concrete Into Form 
(Silo No.2) 

After the silo concrete cured, t he 
forms we r e removed and ad d itiona l 
hardware added. Some 0 f this hard
ware IS visible in Figure B-23. 
One and a half inch diame t er steel 
conduit connected the pull boxes at 

· the silo top wi t h termina l boxes 
attached 5 feet from the si l o 
bottom . Fittings pr ovided in t he 
steel conduit and below t he te r-
mina l 
afte r 

boxes sealed 
installation . 

the 
The 

condu i t 
embedded 

thermocouple and strain gage ex
tension wires were routed through 
the conduit to the t e rminal boxe s 
and attached to terminal stri ps. 
~vo 24 strand copper WI r es were 
installed betwee n t he ground wire 
conne c tors . A f itting at the to p 
of each silo side was attache d t o 
0.6 i nch diame t er by 18 inch long 
solid copper lightning rods . 
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Fig ure 8-23. Completed Concrete Silo 
(Shown During Dry Run of 
Handling and Operations) 

To complete silo construct i on 
operations , cover plates were 
ins t a l led to keep water ou t of the 
1 ine r s . A grid pattern of l etters 
and numbe r s added to the silo 
ex t er i or i den ti fied e leva t ion and 
az i mutha l pos i tion for radiation 
a nd the rma l meas ureme nts . 

B. 2 SPENT FUEL HANDLING OPERATIONS 

Th i s sec t ion describe s t he maJo r 
process steps involved In spent 
f uel hand ling operat ions. The 
ope r ations include the r eceip t, 
ins pec t ion , a nd enc aps u la ti on of 
the s pent fu e l assemblies ; the 
empl acemen t of t he comp l eted can
is t er assemblies into interim 
storage in the E-MAD facili t y ; the 
trans fe r of e ncapsula t e d fuel as
semblies i nto the drywe ll s and the 



concrete silo; and t h e t r ans fer o f 
spent fuel as s emblie s i n to the t est 
stand for sub s equen t fuel a s sembly 
internal temperature meas u rement 
testing. This d e s c ri p t ion is ex
tensively suppl ement ed b y sketch es 
and photographs to illustra t e the 
process steps, t h e e qui pment, and 
system components. Th e ir designs 
were strongl y influenced by the 
need for compatibil i t y wi th the 
E-MAD facility, t h e des i re t o u se 
existing E-MAD featu r e s and e qu ip
ment, and the de si r e t o prov ide a 
high degree of safe t y a nd a hi gh 
success probabili ty without c os t ly 
and time-consuming in t e rim mod i f i 
cations. Desi gn c ons i de r a tion s 
related to high v olume p r oduct ion 
had low priorit y . Equ ipme nt used 
for the spent fuel o pe r ati ons l S 
further described in Ap pe ndix A. 

B.2.l FUEL ASSEMBLY ENCAPSULATION 
AND TRANSFER TO INTERIM 
STORAGE 

PREPARATION FOR FUEL ASSEMBLY 
UNLOADING FROM THE SH I PPING CASK 

The spent 
transporter 

fu e 1 shi pp ing 
tra i ler, and 

cask , 
truck 

tractor are washed down at another 
Nevada Test Sit e lo c a t i on to remove 
road dirt p r i or to arrival at 
E-MAD . The s hi ppin g c as k lS V1S

ually inspected fo r d amage, and 
then t h e vehic l e bac ke d into the 
Ho t Bay. Shi pping cask vendor In
structions are followe d to prepare 
the transporte r a n d cas k for cask 
off-loadin g. Us ing t h e c ask lift
lng yoke and t he E- MAD overhead 
c rane, the cask i s u pended, lifted 
o f f th e t r ansporte r, a nd placed in 
the cask wo rk p l a t f orm. These 
s t eps are i l lus trate d in Figures 
B-24 thr ough B-26 . Hands-on cask 
operations includ e i nstalling of 
the cask vent line , venting the 
cask interna l p ress ur e t h rough the 
Hot Bay vent i lat i on s yste m stack, 
removing of the cask closure lid 
holddown bol t s (F i gure B-27), and 
attaching of the l i d li ft ing fix
ture . During the ve n t i n g opera
tion , a sample of t h e c ask internal 
atmosphere is drawn wi th a vacuum 
bott l e and ana l yzed fo r the pre
sence of 85Kr • Th i s analysis 
as certains any f ue l cl ad ding damage 
~hat might h a v e oc cu r r e d during 
shipping. 

Figure B-24. Spent Fuel Shipping Cask Being Upended in Hot Bay 
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Figure B-25. Shipping Cask Being Moved 
From the Transporter to the Hot 
Bay Cask Work Platform 

Figure B-26. Shipping Cask Positioned in 
Cask Work Platform 
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Figure B-27. Shipping Cask Closure Lid 
Holddown Bolts Being Removed 

Wh i le the s h ipping cask i s being 
prepared for fue l un l oad ing , an 
empty canister is placed in the 
weld pit and the necessary equip
men t prepared . Figures B-28 and 
B-29 show the empty canist e r ready 
fo r fuel installation. Figure B-30 
shows some canister encapsu l a t ion 
equ i pment during dry r un opera t ions . 

UNLOADING OF FUEL ASSEMBLY FROM 
SHIPPING CASK AND PLACEMENT INTO 
CANI STER IN WELD PIT 

Afte r the cask unloading prepara
t ions are comple t ed , subsequent 
ope ration s are performed remote ly. 
Nex t the overhead c rane remove s the 
sh i pping cas k closure lid and 
place s i t on its s tand t o allow 
acces s to t he fue l assemb ly (see 
Figure B- 3l ). The overhead crane 
picks up t he PWR f uel as s embly 
handling tool fr om it s stand and 
inserts the t oo l i n to the sh ipping 
cask engaging the fue l assembly top 
nozzle. The overhead crane then 
lifts the fue l assembly ou t of the 
shi pping cask , and holds it while 



each assembly is visually examined 
along the full length of each s i de 
by a TV camera. This came ra is 
held by one of the Wall-Mounted 
Handling System manipulators 
(Figure B-32). Video tape records 
are made for future reference. 
After this examination, the fu e l 
assembly is moved to the weld pit 
and placed into an empty canister 
(Figures B-33 and B-34). 

CANISTER SUPPORT 
PIN HOLE 

CANISTER 
INSTRUMENTATION 

615048-1DC 

CHAMBER 
PROT ECTOR 

CHAMB ER 
COOLING SYSTEM 
INLE T PIPING 

Figure B-28. Weld Pit With Empty Canister 
Arrangement 

Figure B-29. Empty Canister in Weld Pit 
Ready to Receive Fuel Assembly 
(Note Heat Tape Near Top of 
Canister Body) 
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Figure B-30. Canister Encapsulation 
Equipment (Shown During Dry 
Run Op erations) 

Figure B-31. Shipping Cask Closure Lid 
Being Rem otely Removed 

INSTALLATION AND WE LDING OF 
CANISTER CLOSURE LI D 

Aft e r 
into 
thread 
B-35). 

installing t he f ue l assembly 
the canis t er , t he canister 
protecto r is r emove d (Figure 

Th e closure l i d ~ s picked 
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Figure B-32. PWR Fuel Assembly Suspended 
From the Overhead Crane 
While Being Examined by a TV 
Camera 

PWR FUEL ASSEMBLY 
HANDLING TOOL 

PWR FUEL ASSEMBLY 
THREAD 

PROTECTOR 

CANISTER BODY 
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Figure B-33. PWR Fuel Assembly Installa tion 
Arrangement 
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Figure B-34. PWR Fuel Assembly Suspended 
From Overhead Crane Being 
Lowered Into Canister in Weld 
Pit 

~ -THREAD PROTECTOR 
_ LIFTING TOOL 

MASTER SLAVE __ --CANiSTER THREAD 
MANIPULATOR PROTECTOR 

6'5lJ48..4DC 

Figure B-35. Canister Thread Protector 
Removal Arrangement 



up, aligned over the can i ster, and 
lowered into the canister top (Fig
ures B-36 and B-3]). The closure 
lid seal lip and thread protector 
(illustrated in Figure B-36) is 
removed, and the closure lid torque 
tool threads the closure lid into 
the canister upper body as shown in 
Figures B-38 and B-39. With the 
closure lid fully threaded ~n, a 
Wall-Mounted Handling System mani
pulator installs the seal welding 
machine on the closure lid. 

WALL MOUNTED 
HANDLING SYSTEM 

CLOSURE LID 
LIFTING TOOL 

SEAL LIP AND THR EAD 
PROTECTOR 

CLOSURE LID 

615048·5DC 

Figure B-36. Canister Closure Lid Alignment 
Arrangement 

The canister ~s sealed by fusion 
welding a small lip, machined as 
part of the closure lid, to the top 
surface of the canister body. This 
fusion weld ~s accomplished by a 
welding machine, Figures B-40 and 
B-41, designed specifically for 
remote operation on a canister. 
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Figure B-37. Canister Closure Lid Being 
Installed in Canister 

WALL MOUNTED 
HANDLING SYSTEM 

CLOSURE LID TORQUE TOOL 

RE LID 
(INSTALLED BUT UNSEATED) 

615048-liOC 

Figure B-38. Canister Closure Lid Threading 
Arrangement 



Figure B-39. Canister Closure Lid Being 
Threaded Into Canister 

The welding machine sits in an "L" 
shaped groove in the top surface of 
the closure lid. Three flat-bottom 
pins attached to the welding 
machine align the welding machine 
with the closure lid. Three cam
type locks fit into the lid groove, 
and are rotated by master-slave 
manipulators to secure the welding 
machine to the closure lid . During 
canister body and closure lid weld
~ng, a grounding wire ~s attached 
to the canister side support key 
(shown Ln Figure B-40). Figure 
B-4l shmvs the we l ding machine 
during remote welding of a closure 
lid. Figure B-42 shows a photo
graph, taken through a E-MAD peri
scope, of the completed seal weld. 

B-19 

ELECTRIC POWER, GAS 
SUPPLY AND CONTROL LINES 

WELDING MACHINE 
ECCENTR IC CAMLOCK 
HANDLE 

I MACHINE 
HANDLING FIXTURE 

WE LDING MAC HINE 
LOCKING CAM LOCK 
HANDLE 

___ ". LL>1 Nu ELECTRODE 

~_C:AN "STER BODY 

615048-1DC 

Figure B-40. Canister Closure Lid Seal 
Welding Arrangement 

Figure B-41. Canister Closure Lid Being Seai 
Welded 



Figure B-42. Periscope View of Completed 
SeaJ Weld 

CANISTER EVACUATION AND HELIUM 
BACKFILL 

Fo llowing seal we lding , t he can i s
ter is e vacuated a n d b ackf i lled 
with he l i um t o a pressure of ap
proximate l y one a tmo s phere . Fi r s t , 
the Ev a cuation/Ba ckfill Sys t e m is 
moved n e ar the we ld p i t. The fl ex
ible stainless stee l ho s e lS 
attached to the fi t ting on t h e 
canis t e r closure lid u s ing two 
master-slave manipulators (s e e 
Figures B- 4 3 a nd B-44). On c e the 
canis ter is e vacuated, the pump 
valve is closed and t he h e l i um 
supply valve o pe ned. Af t e r h e l ium 
filling is comp l e t e , t h e fl exib l e 
steel hose is r emoved and t h e fit 
ting on the c lo s ure lid c a ppe d , 
uSlng the ma ster-sl a ve mani pul a 
tors, (see Figu re B-45 ), a nd 
torque d. 
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LEAK TEST OF COMPLETED CANISTER 

After helium backfill is complete, 
the overhead crane places the 
vacuum chamber hood over the weld 
pit (see Figures B-46 and B-47) for 
the helium leak check. Leak Detec
tion System helium leak check 
operations are performed from a 
specially designed console In the 
east operating gallery shown In 
Figure B-48. 

The Leak Detect ion Sys tern roughing 
pump draws a vacuum to seal the 
vacuum chamber and evacuates the 
chamber to a pressure of less than 
0.5 millimeters of mercury. At the 
same time, the e lectrically-opera
ted valve is activated to open the 
vacuum chamber to the mass spec
trometer. The helium leak standard 
valve is opened and the combined 
standard leak and can i ster leak 
rates measured. The helium leak 
standard lS then isolated and the 
canister leak rate alone measured. 
When the leak check lS completed 
and the canister helium leakage lS 

MAST ER SLAVE 
MANIPULATOR 
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Figure B-43. Evacuation/Backfill System to 
Canister Attachment 
Arrangement 



Figure B-44. In stalla tion of Evacua tion/Backfill System Hose 

Fig ure B-45. Installing Closure Lid Seal 
Fitting After Evacuation an d 
Backfjll 
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Figure B-46. Canister Leak Check 
Arrangement 
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Figure B-47. Vacuum Chamber Hood Being 
Installed in Preparation for 
Canis ter Leak Check 

Figure B-48. Leak Detection System Console 
During Canister Leak Check 
Operations 
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found to be less than 10- 5 atm
cc/sec, the vacuum c hamber 1.S 
r e turned to atmospheric pressure 
an d the chamber hood r emoved. 

INSTALLATION OF CANISTER ASSEMBLY 
SHIELD FtUG 

After the vacuum chamber hood IS 
removed, the overhead crane picks 
up a shield plug and places it on 
the canister (see Figures B-49 and 
8-50). As shown in Figure 8-51, 
the keyway in the shield plug ex
tension mates with the support key 
on the canister body. The shield 
plug vertical alignment p1.pe rest-
1.n g on the canister closure lid 
automatically aligns t he canister 
support pins with the flat-bottomed 
holes in the canister body. To 
complete the shield plug attachment 
operation a support pin torque tool 
held by the Hall-Mounted Handling 
System threads the support pins in 
to mate with the canister body 
holes. 

CONCRETE FILLED 
SHIELD 

CANISTER SUPPORT 

"N 

ASSEMBLY 
I BAil 

"" TOOL 

Figure B-49. Shield Plug to Canister 
Attachment Arrangement 
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Figure B-50. Shield Plug Being Lowered 

SHIELD PLUG 
VERTICAL ALIGNME NT 
PIPE 

:iHIELD PLUG 

Over Canister in Preparation for 
A ttachment to Canister 

SHIELD PLUG 
EXTENSION 

THER M OCOUPLE TUBe --.-_-u ... 

CA.NISTER 
CLOSU RE UD 

THE RMOCOUPLE 
TUBe FUNNEL 

CANISTER BODY EXTERI OR 
THERMOCOUPLe TU BE 

CANISTER 
SUPPORT piN 

CANISTER SUPPORT 
PIN LOCKING 
SET SCR EW 

SHIELO PLUG 
EXTE NSIO N ANG ULAR 
ALIGN M ENT k EYWAY 

-- CA N"ST" BOOY 

Figure B-51. Canister and Shield Plug Ma ting 
Arrangemen t 
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SURFACE CONTAMINATION CHECK OF 
COMPLETED CANISTE R AS SEMBLY 

Afte r t he s hi e ld p l ug is connected 
t o the cani s ter, the ov e r head crane 
move s the c an i s t er assemb ly t o the 
sur vey p it lo ca t ed i n t h e southwes t 
c o rner o f t he Hot Bay . Th is p i t is 
l oca te d l. n front of the pass 
through drawe r a nd the mas t er-s l ave 
manipul a t ors at v i ewin g windows W-6 
and S- l ( see Figure B-52). The 
s urve y pi t permits the can ister 
a s sembly to b e l owere d s uf fi ciently 
so tha t the c an is t e r top can b e 
r e a c hed b y the manipulat or. The 
canister is moved vert ic a ll y "hi l e 
the manipu l a t or operat or takes 
s wi pe s of t h e c ani s t e r ( see Figure 
B-53). Th e s wi pes a r e t h en place d 
l.n the pa ss-throu gh d r awe r for 
t ransfer t o t he ope rati n g ga lle r y 
f o r surface contaminat ion coun t i ng. 

Figure B-52. Canister Assembly Suspended 
Above Survey Pit 
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Figure B-53. Canister and Shield Plug Being 
Remotely Swiped at Survey Fit 
for Contamination Check 

TRANSFER OF CANISTER ASSEHBLY TO 
INTERIM STORAGE 

At this point, the canister 
assembly can be insert ed into th e 
lag storage pit for temporary stor
age or ins e rted into the transfe r 
pit for transfer to a drywell or 
concrete silo. The transfe r pit 
location permits the canister as
sembly to be picked up by a vehicle 
for movement to an outside dry
well. Figure B-S4 shows the canis
ter assembly being lowered into the 
transfer pit. 

B.2.2 CANISTER ASSEMBLY TRANSFER 
TO THE DRYWELL 

Prior to transferring the canister 
assembly to the drywell, a lifting 
bail is installed on the shield 
plug while in the transfer pit. 
The Engine Installation Vehicle and 
transfer shield are moved into the 
Hot Bay by the Manned Contro 1 Car 
and L-3 locomotive and centered 
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Figure B-54. Placing Completed Canister 
Assembly in Hot Bay Transfer 
Fit 

over the transfer pit a s shmvn ~n 

Fi gure B-SS. Transfer shield posi
tioning and shield equipmen t opera
tion is performed from inside the 
l-'lanned Control Car. The shield 
foot valve o pe ns and the transfer 
shie ld hook assembly lowered. The 
hook is manually engaged on the 
lifting bail and the shield lowered 
until it rests on the transfer pit 
top. Th e can i s t era n d s hie 1 d P 1 u g 
are then raised into the transfer 
shield and the foot valve closed. 
The transfe r shield is raised prior 
to removing the rai 1 vehic les, 
shie l d and canister from the Hot 
Bay. 

The rail vehicles move the transfer 
shield and canister assembly out to 

the storage site and position the 
transfer shield directly above a 
drywell. The drywell sh i eld adap
ter ~s installed ~n the drywell 



prior to canister movement to the 
storage a r ea. The transfer shield 
alignment is accomplished by a 
pointer on the shie ld and a target 
on t h e dr ywell concrete pad (see 
Figure B-57). Television cameras 
at the drywell allow Manned Contro l 
Car operators to view the pointer 
and target and position the shield 
cente r line to within 0.25 inches of 
the drywell centerline. The trans
fer shield is lowered until it 
rests on top of the drywell shield 
adapter as shown in Figure B-56. 
The foot valve 1S opened and the 
canister lowered into position . 
Figure B-57 illustrates the a rran
gemen t of the transfer shield , 
drywe l l, canister, and adapter 
during canister emplacement opera
tions . After the transfer shield 
is raised , the hook is removed and 
raised into the shield, the foot 

Figure 8-55. Positioning Transfer Shield Over 
Hot 8ay Trans fer Pit 
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Figure 8-56. Transfer Shield Positioned Over 
Drywell Emplacing Canister 
Assembly in Drywell 

SHI ELD ALIGNMENT 
POLNTER 

CANISTER 

EIV TRANSFER SH IEL D 

SHIELO PLUG SEATING LEDGE 

ORYWElL LINER 

Figure 8-57. Transfer Shield, Drywell 
Adapter and Drywell 
Arrangement During Canister 
Emplacement 



valve closed, and the rail vehicle s 
moved to a parking location. 
Figure B-58 shows the trans fer 
completed in Drywell 5. 

Figure 8-58. Transfer of Canister to DrywelJ 
Completed 

To complet e the drywell ope rations, 
the drywell shie ld adapter is moved 
us~ng a mobile crane, the lifting 
bail r emoved, the thermocouple s 
inserted through the shi e ld plug 
and liner as shmvn in Figure B-59, 
the instrume ntation connections 
made at the multiplexer unit, and 
the cover s e cured over the drywell. 

B.2.3 CANISTER ASSEMBLY TRANSFER 
TO THE CONCRETE SILO 

If, a canister assembly ~ s to be 
transferred to a concrete silo 
rather than to a drywell , a dif
ferent trans fer mode is used. The 
concrete silo is locally transport
able by truck to permit remote 
loading of a canister into the silo 
in the E-MAD Hot Bay. To move the 
concrete silo into the Hot Bay, a 
low-bed trailer and a large mobile 
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crane , bo th with a 135-ton capa
cit y , are used. The c r a ne and 
low-bed trailer with tractor are 
positioned ne x t to the silo storage 
pad, the s ilo handling sling 
attache d to t wo o f the silo lifting 
trunnions, an d the silo lift e d and 
placed o n the trailer. Th e silo 
moves into t he Hot Ba y fo r remote 
canister a ssembly install a tion. 

Figure 8-59. Insertion of Therm ocouples Into 
DrywelJ and Into Canister 
Through Shield Plug 

With the Hot Bay shield doo, 
closed, the Hot Bay overhead crane 
lifts the canister ass embly from 
t he transfer pit (or lag storage 
pit) and places it in t h e concrete 
silo. Figure B-60 shmvs a canister 
assembly being lowered into a 
silo. This figure shows closed 
circuit TV cameras held b y the two 
Wall-Mounted Handling System units. 
Following 
emplacement, 
removed and 
stalled as a 
The concrete 
assembly are 
storage pad. 

canister assembly 
the lif t ing bail ~s 

the silo cover ~n-

han ds-on operation. 
silo and canister 
the n move d to the 



~ 

III 

Figure B-60. Completed Canister Assembly 
Being Remotely Lowered Into 
Concrete Silo in Hot Bay 

At the storage pad , the silo 
handling s ling is attached to two 
l i ft ing trunnions and the silo is 
off loaded onto the storage pad 
(see Figures B-61 and B-62). Four 
installation guide pins , threaded 
into the pad holddown plate embed
ments, guide the silo as it is 
lowered the final 16 inches. Once 
the silo 1S 1n place, the guide 
pins and handl i ng sl ing are re
moved, and it 1S bo l ted to the 
pad . To comp lete operations, the 
lightning arres t ors are connected 
to t he E-MAD electrical grounding 
sys tem , the cover is removed and 
the canister and line r thermo
coup l es are ins ta lled . These 
thermocouples are routed through 
two flexible conduits and the two 
passa ges for these conduit at t he 
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Figure B-61. Concrete Silo Transfer From 
Trailer to Storage Pad 

Figure B-62. Concrete Silo With Canister 
Assembly Being Lowered Onto 
Storage Pad 



silo top filled with RTV silicon 
sealant. In addition, the rema~n

ing silo thermocouples and strain 
gages are connected to extension 
w~res at the silo-mounted junction 
boxes, the instrumentation exten
sion wires routed and connected to 
the multiplexer unit, the silo
mounted conduit and junction box 
fittings sealed for water tight
ness, and the silo cover replaced 
and secured. 

B.2.4 FUEL ASSEMBLY INSTALLATION 
AND TRANSFER FOR INTERNAL 
TEMPERATURE MEASUREMENT 
TESTING 

The remote operations conducted 
prior to the performance of Fuel 
Assembly Internal Temperature 
Measurement Tests consist of fuel 
assembly installation into the test 
stand, test stand closure lid 
installation and securing (all in 
the Hot Bay), transfer of the test 
stand to the West Process Cell and 
test stand instrumenta t ion and 
power lead hookup. Prior to Hot 
Bay remote operations, the tes t 
stand is placed in the calorimeter 
pit (shielded storage pit) and the 
canister closure copper gasket 
replaced. The canister closure lid 
assembly is placed near the test 
stand on a specially constructed 
support stand. These operations 
are performed hands-on. 

The pressurized water reactor (PWR) 
spent fuel assembly is first moved 
to the weld pit in its canister 
assembly which has been temporarily 
stored in the E-MAD transfer pit or 
lag storage pit. The canister 
assembly shield plug and closure 
1 id are removed to allow fue 1 
handling tool access to the top of 
the fuel assembly. The fuel hand
ling tool a engaged ~n the fuel 
assembly using the Wall-Mounted 
Handling System. The fuel assembly 
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is removed from the canister, is 
moved to above the test stand 
canister, and slowly lowered into 
place (see Figure B-63). The 
canister closure l id assembly ~s 
lifted by the Wal l -Mounted Handling 

:: ,-to:: 1 I 

• 

Figure B-63. Installation of PWR Spent Fuel 
Assembly Into Test Stand 
Canister in Hot Bay 

System, positioned above t he fuel 
assembly, (see Figure B-64) and 
s lowly inserted (see Figure B-65). 
The alignment combs used to keep 
the closure lid thermowells ~n 

p lace are removed as the lid assem
bly is lowered and the lower end of 
the thermocouple leads, the heater 
leads, and the flexible hose for 
evacuation and backfill are placed 
on the test stand connector plat
form. The lid lifting fixture is 
then removed and the two holddown 
bars and four holddown nuts ~n-



Figure 8-64. Installation of Canister Lid Into 
Fuel Assembly in Test Canister 

stalled and t ightened 
spec ial ly designe d t or que 
Figure B-66). Th i s seal s 

us~ng a 
too l ( se e 

t he l id 
and caniste r on the copper gas ke t. 
The test s tan d l i f t i ng f i x t ure 
crossbar i s move d t o its 
pos i t ion and s ecur ed fo r 
assembly transport t o t he 
Pr oce ss Ce 11 . 

cente r 
test 
We s t 

The completed t est a s semb 1y - ~s 

lifte d from the calor ime te r pi t by 
the Ho t Bay ove r head crane ( see 
Figure B- 67), t r ansported abov e the 
Wes t Proce ss Ce 11, and l owe red 
through t h e ceilin g shie ld p l ug 
ho l e . Once i n the cell, t he Wes t 
Proces s Ce ll overhead crane moves 
the tes t a ssembly i n to tes t i ng 
position (s e e Fi gure B-68 ). The 
over head manipula tor r otates t he 
se~sm~ c restra i n t f i xture l atch 
p l ates and p i ns them ~n place 
ho l d ing t h e te s t stand . The 
the rmoc ouple l e ad a nd c anister lid 
f l exible hos e qui ck d is connect s are 
joined to mat ing connectors on the 
thermocouple c onne c t or panel and on 
the t able i ns i de the cel l us i ng 

Figure 8-65. Canister Lid Nearly Fully Installed 
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Figure B-66. Installation of Holddown Bars and N uts 

, 1f· t 1 

Figure B-67. Completed Test A ssem bly Being 
Lifted Prior to Transport to 
West Process Cell 
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Figure B-68. Completed Test Assembly in 
Place in West Process Cell 



master-s l ave mani pulators. The 
heater l ead te rmi nal st r ips a r e 
connec ted to the hea te r connector 
panel terminal st r i ps by slid ing 
t he heate r st r i p un de r the jumpe r 
bars on the panel s tr ip and t ight
eni ng the heate r str i p sc r ews (se e 
Figure B- 69). A plexiglass sheet 

1 S then ins ta l l ed on the heater 
connector pane l to pr event inadver
tan t con t ac t wi th the exposed 
hea te r t ermina l jumper bars. 
Fi n a lly, an opera tional check of 
the h eaters and thermocouples 
ens ures pr oper ope r a t ion. 

Figure B-69. Connection of Thermocouple Connectors and Heater Terminal Strip 
Connectors 
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APPENDIX C 

ELECTRI CALLY HEATED DRYWELL TEST DATA 

Te st data are provided i n this 
Appendix for t he Electr ically 
He ated Drywe11 Tests . Table C-1 
provides t he de tailed i denti fi ca
tion and t he locat ion o f the test 
thermocoup l es . Figures C-1 and C- 2 
show these locat ions (Fi gur e C-2 

provide s a r evised thermocouple 
l ocat ion ident ification for read
i ngs after February 6, 1979). 
Tabl es C-1 t hrough C-33 provide 
thermocoup l e readings at the times 
and for t he t est operating condi
tions shown below: 

To tal 
Table Operat i ng 

No . Da t e Ho urs Opera t ing Condition 

C-2 3/6/78 Star t of Test - 0.5 kW Power Heatup Check 
C-2 3/7 /78 0 Start of 3 kW Power Operation 

C-3 3/8/78 24 24 Hours a t 3 kW 
C-3 3/9/78 48 48 Hours at 3 kW 

C-4 3/1 0/78 72 72 Hours a t 3 kW 
C-4 3/11/78 96 96 Hours a t 3 kW 

C-5 3/12/78 120 120 Hours at 3 kW 
C-5 3/15/78 192 192 Hours a t 3 kW 

C-6 4 /1/78 599 599 Hours at 3 kW 
C-6 4/15/78 935 935 Hours at 3 kW 

C-7 5/1 /78 1320 1320 Hours at 3. kW, Start of 1 kW Power Operation 
C-7 5/2/78 1344 24 Hours at 1 kW 

C-8 5/3/78 1368 48 Hours at 1kW 
c-8 5/4/78 1392 72 Hours at lkW 

C-9 5/5/78 1416 96 Hours at 1 kW 
C-9 5/6/78 1440 120 Hours at 1 kW 

C-1 0 5/1 5/78 165 6 336 Hours at 1 kW 
C-10 6/ 1/78 2064 744 Hour s a t 1 kW 

C-ll 7/1/78 2784 1464 Hours a t 1 kW 
C-ll 8/ 1/78 3528 2208 Hours at 1 kW 

C-1 2 9/1/78 42 72 2952 Hours at 1 kW 
C-12 10/1/78 4997 3677 Hours at 1 kW 
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Total 
Table Operating 

No. Date Hours Operating Condition 

C-13 11/1/78 5741 4421 Hours at 1 kW 
C-13 12/1/78 6461 5141 Hours at 1 kW 

C-14 1/1/79 7205 5885 Hours at 1 kW 
C-14 2/1/79 7949 6629 Hours at 1 kW 

C-15 3/1/79 8621 7301 Hours at 1 kW 
C-15 4/1/79 ' 9365 8045 Hours at 1 kW 

C-16 4/26/79 9961 8641 Hours at 1 kW, Start of 2 kW Power Operat ion 
C-16 4/27/79 9985 24 Hours at 2 kW 

C-17 4/28/79 10,009 48 Hours at 2 kW 
C-17 4/29/79 10,033 72 Hours at 2 kW 

C-18 4/30/79 10,057 96 Hours at 2 kW 
C-18 5/1/79 10,081 120 Hours at 2 kW 

C-19 5/15/79 10,417 456 Hours at 2 kW 
C-19 6/1/79 10,829 868 Hours at 2 kW 

C-20 7/1/79 11,549 1588 Hours at 2 kW 
C-20 8/1/79 12,293 2332 Hours at 2 kW 

C-21 9/1/79 13,037 3076 Hours at 2 kW 
C-21 10/1/79 '13,757 3796 Hours at 2 kW 

C-22 11/1/79 14,501 4540 Hours at 2 kW 
C-22 12/1/79 15,221 5260 Hours at 2 kW 

C-23 1/1/80 15,965 6004 Hours at 2 kW 
C-23 2/1/80 16,709 6748 Hours at 2 kW 

C-24 3/1/80 17,405 7444 Hours at 2 kW 
C-24 3/15 /80 17,741 7780 Hours at 2 kW 

C-25 4/1/80 18 ,145 8184 Hours at 2 kW, Start of 3 kW Power Opera tion 
C-25 4/2/80 18,169 24 Hours at 3 kW 

C-26 4/3/80 18,193 48 Hours at 3 kW 
C-26 4/4/80 18,217 72 Hours at 3 kW 

C-27 4/5/80 18,241 96 Hours at 3 kW 
C-27 4/6/80 18,265 120 Hours at 3 kW 

C-28 4/15/80 18,485 340 Hours at 3 kW 
C-28 5/1/80 18,869 724 Hours at 3 kW 
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Tab l e 
No . 

C-29 
C-29 

C-30 
C-30 

C-3 1 
C-31 

C-32 
C- 32 

C-33 

Da te 

6/1/80 
7/1 / 80 

8/1/80 
9/2/80 

10/ 1/80 
10/8/80 

11 / 1/80 
12/1/80 

12/ 30 /80 

.. 

Total 
Operating 

Hours 

19,613 
20,333 

21 , 077 
21 , 845 

22,541 
22,7 09 

23, 28 5 
24,0 05 

24 , 701 

I I 
2 1 33 

~:-? !: 55 ~' 

16.11, :::: 
18. 19 .. 

-

31,32. 
33," 

~, so; ~. 

- .. , 
-

-
- I 

I 

1. 

.. 
11 

,. 

.. 
11 

82 

.. , 

, .. 
-

Operating Co ndi tion 

1468 Hours a t 3 kW 
2188 Hours at 3 kW 

29 32 Hours at 3 kW 
3700 Hour s at 3 kW 

4396 Hours at 3 kW 
4564 Hours a t 3 kW 

5140 Hours at 3 kW 
5860 Hours a t 3 kW 

6556 Hours at 3 kW 
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.. 
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Q 
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/ 
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- 18 
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... - 21 
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REF. WELL - 23 

----- - 24 
- 25 ~ f."\ 

\.2/ \V '08 
~--~~----~----------------------------~~~ ~ 

ALL WELLS ROTATED INTO VIEW 

67526 7,9A C 

Figure C-l . Identification and Location of Thermocouples 
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Figure C-2. Iden tification and Location of Thermocouples After February 6, 1979 
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Data 
Channel 

(T/C) 
No. 

001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
Oll 

012 
013 
014 
015 
016 
017** 
018** 
019** 
020 
021 
022 
023*;!: 
024 

025 
026 
027 
028 
029 
030 
031 
032** 
033** 
034** 
035 

TABLE C-l 

ELECTRICALLY HEATED DRYWELL THERMOCOUPLE LOCATIONS 

Distance 
Below 
Ground 
Level 
( In. ) 

-2.4* 
0.0 
7.9 

20.0 
28.2 

0.0 
7.9 

20.0 
28.2 
34.3 
39.7 

36.6 
36.6 
66.1 
66.1 
96.6 
96.6 
96.6 
96.6 

127.0 
157.4 
187.8 
187.8 
203.1 

-1.2* 
6.4 

19.8 
28.2 
39.7 
65.8 
96.3 
96.3 
96.3 
96.3 

126.7 

Radius Orientation 
(In.) (Degrees) 

o 
0.7 
0.7 
0.7 
0.7 
9.7 
9.7 
9.7 
9.7 
8.0 
8.0 

o 
6.8 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
o 

10.4 
10.4 
10.4 
10.4 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

180 
180 
180 
180 
135 
135 
135 
135 
135 
135 

135 
o 

135 
o 

90 
180 
270 

o 
180 
180 
315 

30 
o 
o 
o 
o 
o 
o 

90 
180 
270 

o 

Location 

On Bottom of Drywell Cover Plate 
On Top Plate of Plug 
7.6" Below Top of Concrete, Inside Plug 
19.7 11 Below Top of Concrete, Inside Plug 
27.9" Below Top of Concrete, Inside Plug 
On Plug Liner, At Top Plate 
On Plug Liner, 7.6" Below Top of Concrete 
On Plug Liner, 19.7" Below Top of Concrete 
On Plug Liner, 27.9 11 Below Top of Concrete 
On Outside of Plug, 36.4 11 Below Top of Plug 
On Outside of Plug, 41.8" Below Top of Plug 

Center of Canister Lid 
Top Rim of Canister 
Side of Canister, 29.5 11 Below Top of Canister 
Side of Canister, 29.5 11 Below Top of Canister 
Side of Canister, 60.0 11 Below Top of Canister 
Side of Canister, 60.0" Below Top of Canister 
Side of Canister, 60.0 11 Below Top of Canister 
Side of Canister, 60.0 11 Below Top of Canister 
Side of Canister, 90.4 11 Below Top of Canister 
Side of Canister, 120.8 11 Below Top of Canister 
Side of Canister, 151.2" Below Top of Canister 
Side of Canister, 151.2" Below Top of Canister 
Center of Canister Bottom Cap 

On Liner, 1.211 Below Top of Liner 
On Liner, 8.8 11 Below Top of Liner 
On Liner, 22.2" Below Top of Liner 
On Liner, 30.6 11 Below Top of Liner 
On Liner, 42.111 Below Top of Liner 
On Liner, 68.2 11 Below Top of Liner 
On Liner, 98.7 11 Below Top of Liner 
On Liner, 98.7 11 Below Top of Liner 
On Liner, 98.7 11 Below Top of Liner 
On Liner, 98.7" Below Top of Liner 
On Liner, 129.1" Below Top of Liner 

* Reference ground level is 2.411 below top r~m of liner 

** Thermocouples at these locations disconnected from data logger on 2/6/79, 
data channels were reconnected to Reference Well thermocouples 
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TABLE C-l (Cont'd) 

Distance 
Data Below 

Channel Ground 
(Tic) Level Radius Orientation 

No. (In. ) (In. ) (Degrees) Location 

036 157.1 9.0 0 On Liner, 159.5" Below Top of Liner 
037 187.5 9.0 0 On Liner, 189.9" Below Top of Liner 
038 207.2 9.0 0 On Liner, 209.6" Below Top of Liner 
039 212.3 8.0 0 On Liner Bottom plate 
040 212.3 0 Center of Liner Bottom plate 

041 6.4 15.5 315 In Concrete Pad 
042 19.8 15.5 315 Below Pad 
043 30.2 15.5 315 Below Pad 
044 39.7 10.8 315 Supported Off Liner, 42.1" Below Top of Liner 
045 65.8 10.8 315 Supported Off Liner, 68.2" Below Top of Liner 
046 96.3 10.8 315 Supported Off Liner, 98.7" Below Top of Liner 
047 126.7 10.8 315 Supported Off Liner, 129.1" Below Top of Liner 
048 157.1 10.8 315 Supported Off Liner, 159.5" Below Top of Liner 
049 187.5 10.8 315 Supported Off Liner, 189.9" Below Top of Liner 
050 207.2 10.8 315 Supported Off Liner, 209.6" Below Top of Liner 

051 1.0 21 240 Instrumentation Well 2 
052 7.6 21 240 Instrumentation Well 2 
053 19.8 21 240 Instrumentation Well 2 
054 40.9 21 240 Instrumentation Well 2 
055 68.2 21 240 Instrumentation Well 2 
056 98.6 21 240 Instrumentation Well 2 
057 129.0 21 240 Instrumentation Well 2 
058 159.4 21 240 Instrumentation Well 2 
059 189.8 21 240 Instrumentation Well 2 
060 213.2 21 240 Instrumentation Well 2 
061 229.7 21 240 Instrumentation Well 2 
062 253.7 21 240 Instrumentation Well 2 
063 301. 7 21 240 Instrumentation Well 2 

064 1.0 33 210 Instrumentation Well 3 
065 7.6 33 210 Instrumentation Well 3 
066 30.2 33 210 Instrumentation Well 3 
067 40.9 33 210 Instrumentation Well 3 
068 68.2 33 210 Instrumentation Well 3 
069 98.6 33 210 Instrumentation Well 3 
070 129.0 33 210 Instrumentation Well 3 
071 159.4 33 210 Instrumentation Well 3 
072 189.8 33 210 Ins trumentat ion Well 3 
073 219.2 33 210 Instrumentation Well 3 

074 1.5 60 180 Instrumentation Well 4 
075 12.1 60 180 Instrumentation Well 4 
076 34.9 60 180 Instrumentation Well 4 
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TABLE C-1 (Cont'd) 

Distance 
Data Below 

Channel Ground 
(T/C) Level Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

077 60.7 60 180 Instrumentation Well 4 
078 91.1 60 180 Instrumentation Well 4 
079 121.5 60 180 Instrumentation Well 4 
080 151.9 60 180 Instrumentation Well 4 
081 182.3 60 180 Instrumentation Well 4 
082 219.2 60 180 Instrumentation Well 4 
083 253.7 60 180 Instrumentation Well 4 
084 301. 7 60 180 Instrumentation Well 4 

085 1.5 108 155 Instrumentation Well 5 
086 12.1 108 155 Instrumentation Well 5 
087 34.9 108 155 Instrumentation Well 5 
088 60.7 108 155 Instrumentation Well 5 
089 91.1 108 155 Instrumentation Well 5 
090 121.5 108 155 Instrumentation Well 5 
091 151.9 108 155 Instrumentation Well 5 
092 200.1 108 155 Instrumentation Well 5 

093 1.5 189 130 Instrumentation Well 6 
094 12.1 189 130 Instrumentation Well 6 
095 34.9 189 130 Instrumentation Well 6 
096 60.7 189 130 Instrumentation Well 6 
097 91.1 189 130 Instrumentation Well 6 
098 121.5 189 130 Instrumentation Well 6 
099 151.9 189 130 Instrumentation Well 6 

101/000** 6.0 720 30 Reference Well 
102/017** 18.0 720 30 Reference Well 
103/018** 36.0 720 30 Reference Well 
104/019** 60.0 720 30 Reference Well 
105/023** 96.0 720 30 Reference Well 
106/032>'<1( 132.0 720 30 Reference Well 
107/033** 192.0 720 30 Reference Well 
108* 252.0 720 30 Reference Well 
109/034** 312.0 720 30 Reference Well 

*Thermocoup1e disconnected from data logger on 3/6/78 following failure of 
thermocouple 

**Thermocoup1es reconnected to these data channels on 2/6/79 
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TABLE C-2 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 3/6/78 TIME: 3:51 p.m. 
OPERATING HOURS: 0 POWER LEVEL: 1/2 kW (Heatup Check) 
TOTAL OPERATING HOURS: NIA 

TIC No. Tem~(OF l TIC No. Tem~(OFl TIC No. Tem~(OFl TIC No. Tem~(OFl 
027 53.0 054 57.9 081 68.5 109 69.8 
026 55.0 053 52.4 080 66.8 108 
025 59.5 052 53.7 079 62.5 107 66.7 
024· 68.2 051 62.6 078 59.3 106 61.8 
023 72.1 050 70.3 077 55.5 105 57.8 
022 72.3 049 68.4 076 52.0 104 54.2 
021 78.1 048 67.0 075 46.8 103 52.1 
020 75.4 047 65.3 074 54.9 102 48.9 
019 74.0 046 63.3 073 69.0 101 64.5 
018 74.5 045 61.1 072 67.9 100 
017 ' 74.0 044 57.4 071 66.3 099 63.3 
016 73.6 043 54.2 070 64.4 098 60.6 
015 73.2 042 52.7 069 63.5 097 57.1 
014 71. 7 041 52.9 068 60.0 096 54.0 
013 59.4 040 69.3 067 56.5 095 51.4 
012 51. 7 039 68.8 066 54.2 094 48.0 
011 59.4 038 68.9 065 55.3 093 58.1 
010 57.7 037 68.5 064 69.8 092 67.1 
009 55.8 036 67.1 063 70.9 091 64.0 
008 54.7 035 65.6 062 72.0 090 61.2 
007 56.8 034 64.0 061 71.5 089 58.3 
006 61.3 033 64.3 060 70.9 088 55.1 
005 55.2 032 64.3 059 70.3 087 52.3 
004 54.2 031 63.9 058 69.3 086 48.4 
003 58.6 030 61. 9 057 66.9 085 54.8 
002 62.5 029 57.1 056 64.4 084 70.3 
001 83.5 028 54.4 055 61. 5 083 70.8 
000 082 70.1 

DATE: 3/7/78 TIME: 10:57 a.m. 
OPERATING HOURS: 0 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 0 

TIC No. Tem~(OFl TIC No. Tem~(OFl TIC No. Tem~(OF) TIC No. Tem~(OF) 
027 58.8 054 59.7 081 68.6 109 69.8 026 55.9 053 55.0 080 68.7 108 
025 61. 3 052 51.6 079 62.5 107 66.6 024 85.3 051 56.4 078 59.1 106 61.6 023 93.9 050 71.8 077 55.5 105 57.8 022 94.3 049 74.1 076 51.8 104 54.1 021 109.2 048 77.2 075 47.6 103 51. 9 020 114,.0 047 77.4 074 46.0 102 49.4 019 115.2 046 76.3 073 69.1 101 57.7 018 116.4 045 75.0 072 67.9 100 
017 116.4 044 68.7 071 66,2 099 63.3 016 116.3 043 57.8 070 64.3 098 60.6 015 117.7 042 55.4 069 63.4 097 57.2 
014 - ,-,-y:-6 041 51. 6 068 59.9 096 53.9 
013 101. 6 040 71. 5 067 56.3 095 51. 3 
012 114.3 039 71. 3 066 54.5 094 48.4 
011 91. 9 038 71. 9 065 50.5 093 48.3 
010 85.1 037 76.4 064 58.6 092 67.1 
009 73.5 036 80.4 063 70.8 091 64.2 
008 63.5 035 81. 3 062 71.6 090 61.4 
007 59.4 034 80.7 061 71. 3 089 58.5 
006 64.0 033 81. 7 060 70.5 088 55.0 
005 67.0 032 81. 4 059 70.7 087 52.2 
004 60.5 031 80.7 058 70.2 086 48.9 
003 60.0 030 79.2 057 68.5 085 47.5 
002 67.2 029 71. 5 056 66.1 084 70.3 
001 97.8 028 64.1 055 63.5 083 70.8 
000 082 70.1 

(-8 



TABLE C-3 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 3/8/78 TIME: 11 :07 a.m. 
OPERATING HOURS: 24 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 24 

T /e No. Tem~{OF l TIC No. Tem~{OF 1 TIC No. Tem~{OFl T /C No, Tem~{OFl 

027 82.5 054 75.1 081 68.4 109 69.6 
026 67.5 053 61.7 080 68.6 108 
025 68.5 052 55.8 079 62.5 107 66.4 
024 157.8 051 61.8 078 59.2 106 61.4 
023 216.3 050 83.5 077 55.3 105 57.8 
022 216.0 049 109.3 076 51.9 104 54.1 
021 285.3 048 133.2 075 48.5 103 52.2 
020 301. 3 047 144.0 074 49.3 102 51.0 
019 299.2 046 143.6 073 68.9 101 60.3 
018 306.6 045 142.1 072 68.4 100 
017 306.6 044 116.7 071 67.3 099 63.3 
016 304.6 043 75.0 070 65.7 098 60.8 
015 310.5 042 66.5 069 64.8 097 57.4 
014 305.9 041 57.6 068 61.6 096 54.2 
013 218.5 040 83.6 067 57.9 095 51. 5 
012 262.9 039 83.6 066 58.3 094 49.3 
011 198.7 038 89.4 065 52.1 093 51. 1 
010 173.3 037 122.7 064 60.8 092 67.1 
009 132.1 036 151.2 063 70.7 091 64.2 
008 98.8 035 164.7 062 71.5 090 61.4 
007 n.7 034 165.5 061 71.0 089 58.5 
006 75.7 033 168.4 060 71.5 088 55.2 
005 119.0 032 167.7 059 n .3 087 52.2 
004 94.5 031 165.5 058 83.8 086 49.3 
003 80.3 030 160.8 057 85.5 085 49.9 
002 80.1 029 130.0 056 84.0 084 70.3 
001 102.1 028 102.0 055 81. 5 083 70.6 
000 082 70.0 

DATE: 3/9/78 TIME: 11:07 a.m. 
OPERATING HOURS: 48 POWER LEVEL: 3 kW 

TOTAL OPERATING HOURS: 48 

TIC No. Tem~{OF 1 TIC No. Tem~{OFl TIC No. Tem~(OFl TIC No. Tem~(OFl 
027 96.3 054 92.0 081 68.1 109 69.5 
026 77.5 053 70.8 080 66.3 108 
025 72.7 052 60.8 079 62.2 107 66.3 
024 174.3 051 58.3 078 59.0 106 61. 3 
023 235.0 050 92.8 on 55.1 105 57.7 
022 234.3 049 127.5 076 52.0 104 54.0 
021 308.4 048 161.8 075 49.0 103 52.6 
020 325.0 047 175.5 074 48.5 102 51. 9 
019 321. 5 046 174.1 073 88.8 101 53.7 
018 328.9 045 169.7 072 70.7 100 
017 328.9 044 138.8 071 72.4 099 63.1 
016 326.4 043 89.9 070 72.6 098 60.4 
015 331.3 042 77.9 069 71. 7 097 57.0 
014 326.1 041 64.5 068 68.2 096 53.8 
013 238.9 040 92.8 067 83.2 095 51. 5 
012 281.7 039 92.9 066 60.3 094 50.2 
011 220.8 038 100.4 065 54.2 093 50.4 
010 194.5 037 141.8 064 57.0 092 66.9 
009 153.1 036 179.7 063 70.4 091 63.9 
008 118.2 035 194.6 062 71.0 090 61.2 
007 92.1 034 194.8 061 71.1 089 58.4 
006 84.8 033 198.1 060 74.1 088 55.0 
005 143.2 032 197.5 059 87.6 087 52.1 
004 115.5 031 194.8 058 102.2 086 49.8 
003 94.6 030 187.1 057 109.3 085 49.7 
002 87.7 029 151. 1 056 107.7 084 70.1 
001 76.0 028 120.7 055 104.2 083 70.2 
000 082 69.6 

C-9 



TABLE C-4 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 3/10/78 TIME: 11:10 a.m. 
OPERATING HOURS: 72 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 72 

T /C No. Tem~{OFl TIC No. Tem~{OFl T /C No. Teme{OF 1 T/C No. Tem~{OFl 
027 107.2 054 105.4 081 68.4 109 69.3 
026 83.7 053 77.8 080 67.0 108 
025 82.8 052 63.4 079 62.9 107 66.8 
024 184.9 051 65.7 078 59.8 106 6l.2 
023 240.3 050 100.7 077 55.8 105 57.5 
022 245.5 049 140.8 076 52.8 104 54.0 
021 319.6 048 179.3 075 48.9 103 52.8 
020 334.3 047 198.5 074 53.6 102 5l.8 
019 331.6 046 200.0 073 69.9 101 62.6 
018 338.9 045 187.9 072 74.9 100 
017 338.9 044 152.3 071 80.2 099 63.2 
016 338.4 043 100.1 070 82.8 098 60.6 
015 340.2 042 86.3 069 91.8 097 57.2 
014 336.1 041 67.8 068 77 .5 096 54.1 
013 248.7 040 100.2 067 69.9 095 5l. 9 
012 290.5 039 100.1 066 65.6 094 50.4 
011 231. 3 038 109.1 065 55.1 093 52.6 
010 205.4 037 155.3 064 60.0 092 67.1 
009 164.1 036 190.3 063 70.4 091 64.1 
008 128.5 035 207.6 062 71. 1 090 6l.3 
007 101.0 034 208.7 061 72.0 089 58.5 
006 96.0 033 213.1 060 77 .6 088 55.1 
005 154.9 032 209.9 059 97.1 087 52.3 
004 128.1 031 207.5 058 118.2 086 50.2 
003 103.2 030 204.0 057 127.9 085 5l.8 
002 100.6 029 163.8 056 126.5 084 70.1 
001 120.9 028 131.5 055 121.8 083 70.3 
000 082 69.7 

DATE: 3/11/78 TIME: 11:10 a.m. 
OPERATING HOURS: 96 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 96 

TIC No. Teme{OFl TIC No. Teme{OFl TIC No. Tem~(OFl TIC No. Tem~(OFl 
027 115.4 054 114.9 081 68.7 109 69.2 026 88.3 053 83.2 080 67.8 108 
025 79.5 052 67.5 079 64.2 107 65.8 024 192.3 051 57.0 078 6l.0 106 6l. 1 
023 255.0 050 108.3 077 56.8 105 57.4 022 253.9 049 150.4 076 53.6 104 54.1 
021 328.3 048 195.2 075 49.8 103 53.1 020 343.8 047 205.7 074 47.4 102 52.4 
019 338.9 046 205.1 073 70.6 101 49.9 
018 348.0 045 198.2 072 79.0 100 
017 346.7 044 165.1 071 87.3 099 62.8 016 343.7 043 107.8 070 92.2 098 60.3 
015 346.0 042 92.5 069 91. 6 097 56.9 
014 343.5 041 72.8 068 85.9 096 53.8 
013 255.8 040 105.8 067 75.9 095 5l.8 
012 297.2 039 105.9 066 70.2 094 5l.0 
011 237.6 038 115.4 065 57.0 093 49.1 
010 212.6 037 164.3 064 52.8 092 66.7 
009 171 .6 036 205.7 063 70.0 091 63.7 
008 130.0 035 216.4 062 70.7 090 61.0 
007 105.2 034 214.9 061 72.7 089 58.2 
006 93.2 033 223.9 060 80.5 088 54.9 
005 163.0 032 218.6 059 104.9 087 52.3 
004 133.8 031 214.9 058 129.1 086 51. 1 
003 107.0 030 206.7 057 139.1 085 49.2 
002 93.5 029 188.8 056 139.6 084 70.0 
001 64.9 028 143.4 055 132.8 083 69.8 
000 082 69.4 

C-10 



TABLE C-5 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 3/12/78 TIME: 11: 10 a.m. 

OPERATING HOURS: 120 POWER LEVEL: 3 kW 

TOTAL OPERATING HOURS: 120 

TIC No. Tem~\OF) TIC No. Tem~\OF) TIC No. Teml!(OF) TIC No. Teml!(OF) 
027 118.6 054 122.2 081 69.6 109 69.2 
026 85.0 053 83.6 080 69.5 108 
025 75.2 052 62.0 079 66.4 107 65.9 
024 197.1 051 50.1 078 63.2 106 61.2 
023 261.0 050 111.8 077 58.7 105 57.4 
022 259.7 049 160.0 076 54.8 104 54.2 
021 331.2 048 204.4 075 46.6 103 52.4 
020 350.4 047 205.5 074 44.5 102 44.3 
019 344.2 046 205.2 073 72.1 101 45.2 
018 354.4 045 202.5 072 83.4 100 
017 351.4 044 171.1 071 94.3 099 62.8 
016 348.1 043 113.5 070 100.4 098 60.3 
015 348.4 042 95.7 069 101.4 097 56.9 
014 345.6 041 68.5 068 94.3 096 53.8 
013 256.7 040 111.0 067 81.6 095 51. 9 
012 294.1 039 111.0 066 73.6 094 47.6 
011 240.3 038 121.0 065 52.3 093 45.8 
010 213.3 037 172.8 064 47.3 092 66.6 
009 176.0 036 206.4 063 70.0 091 63.6 
008 139.5 035 227.1 062 70.7 090 60.9 
007 104.8 034 225.4 061 73.8 089 58.2 
006 91. 1 033 234.1 060 83.6 088 54.9 
005 170.7 032 227.7 059 111.9 087 52.3 
004 136.8 031 225.0 058 137.7 086 47.8 
003 105.0 030 207.5 057 147.6 085 44.9 
002 93.5 029 193.2 056 150.1 084 69.9 
001 63.9 028 149.7 055 141.2 083 69.6 
000 082 69.5 

DATE: 3/15/78 TIME: 11 :10 a.m. 
OPERATING HOURS: 192 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 192 

TIC No. Tem~(OF) TIC No. Teml!(OF) TIC No. Teml!(OF) TIC No. Teml!(°F) 
027 131. 5 054 135.5 081 74.3 109 69.0 
026 100.0 053 95.3 080 76.6 108 
025 92.5 052 73.8 079 75.8 107 65.5 
024 205.4 051 71.0 078 72.5 106 60.7 
023 268.2 050 124.3 077 66.0 105 57.1 
022 266.7 049 177 .8 076 58.7 104 53.6 
021 336.2 048 208.4 075 49.7 103 51.3 
020 363.4 047 218.0 074 52.9 102 50.1 
019 357.2 046 218.5 073 77.6 101 64.9 
018 365.0 045 206.1 072 97.2 100 
017 360.9 044 185.2 071 110.8 099 62.9 
016 358.9 043 125.0 070 118.8 098 60.4 
015 358.4 042 106.7 069 122.4 097 57.2 
014 352.1 041 79.9 068 113.8 096 54.2 
013 256.2 040 122.7 067 94.2 095 51.3 
012 289.2 039 123.2 066 83.5 094 48.8 
011 245.2 038 133.6 065 61.0 093 51.6 
010 220.8 037 186.6 064 61.2 092 56.8 
009 185.1 036 212.6 063 70.0 091 64.1 
008 153.8 035 252.1 062 71.6 090 61.5 
007 122.1 034 249.3 061 78.1 089 58.7 
006 113.2 033 254.8 060 93.2 088 55.3 
005 185.5 032 248.1 059 135.2 087 52.1 
004 157.5 031 246.3 058 153.3 086 48.9 
003 122.5 030 221.4 057 163.3 085 51.2 
002 117.1 029 200.8 056 168.1 084 69.7 
001 125.2 028 160.9 055 158.4 083 69.9 
000 082 71.0 

C-ll 



TABLE C-6 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/1/78 TIME: 10:00 a.m. 
OPERATING HOURS: 599 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 599 

T Ie No. TemE!toF) TIC No. TernE!toF) TIC No. TemE!toF) T Ie No. TemE!t°F) 
027 150.6 054 166.6 081 97.7 109 68.1 
026 113.7 053 118.1 080 105.1 108 
025 104.1 052 86.3 079 106.7 107 64.2 
024 232.9 051 68.9 078 104.5 106 60.1 
023 296.0 050 151. 1 077 96.2 105 58.2 
022 295.5 049 204.1 076 83.9 104 58.7 
021 401.1 048 258.1 075 63.3 103 59.0 
020 440.0 047 316.0 074 53.5 102 53.7 
019 424.5 046 304.7 073 99.1 101 54.6 
018 435.3 045 274.0 072 128.9 100 
017 433.9 044 204.9 071 145.2 099 62.2 
016 427.3 043 150.1 070 149.7 098 60.2 
015 422.6 042 130.2 069 153.5 097 58.1 
014 409.0 041 93.6 068 147.6 096 58.2 
013 285.7 040 149.2 067 126.5 095 59.5 
012 322.8 039 149.0 066 111. 7 094 56.3 
011 280.9 038 160.3 065 70.1 093 51.6 
010 249.5 037 206.3 064 60.6 092 70.6 
009 204.2 036 294.4 063 70.5 091 71. 7 
008 179.0 035 351. 3 062 80.5 090 70.8 
007 140.1 034 339.1 061 97.2 089 68.7 
006 122.0 033 345.8 060 119.2 088 66.4 
005 204.0 032 346.0 059 163.5 087 65.0 
004 180.9 031 338.0 058 184.9 086 58.5 
003 136.5 030 305.9 057 186.9 085 52.2 
002 123.8 029 220.2 056 189.4 084 69.6 
001 96.6 028 180.0 055 187.3 083 73.9 
000 082 83.6 

DATE: 4/15/78 TIME: 10:00 a.m. 
OPERATING HOURS: 935 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 935 

T Ie No. TemE!{OF) TIC No. TemE!{°F) TIC No. TemE!{OF) T Ie No. TemE!{OFl 
027 164.8 054 173.7 081 108.4 109 67.8 
026 128.9 053 130.5 080 116.0 108 
025 115.7 052 99.2 079 117.2 107 63.7 
024 250.0 051 78.9 078 114.3 106 60.6 
023 316.2 050 166.2 077 103.8 105 59.1 
022 315.6 049 207.4 076 90.5 104 58.7 
021 444.5 048 325.7 075 74.0 103 61.2 020 481.7 047 372.2 074 63.9 102 62.5 
019 464.2 046 358.9 073 110.6 101 67.3 
018 475.3 045 323.4 072 141.8 100 
017 473.1 044 223.5 071 155.4 099 63.3 
016 466.B 043 161.B 070 15B.3 098 62.0 
015 460.7 042 142.8 069 160.8 097 50.2 
014 443.5 041 107.9 068 153.6 096 59.3 
013 309.6 040 163.6 067 133.5 095 60.9 
012 349.7 039 163.6 066 120.5 094 62.7 
011 306.9 038 175.0 065 BO.B 093 59.7 
010 270.7 037 220.3 064 68.2 092 76.3 
009 216.3 036 359.0 063 72.7 091 79.3 
008 192.2 035 406.2 062 87.6 090 78.2 
007 160.5 034 391. 7 061 107.9 089 76.7 
006 137.8 033 397.5 060 133.2 088 72.1 
005 206.8 032 397.2 059 178.6 087 69.2 
004 19B.8 031 389.9 058 191.9 086 66.3 
003 155.3 030 353.8 057 222.8 085 6l.6 
002 135.9 029 247.5 056 215.2 084 7l. 1 
001 100.7 028 193.8 055 190.2 083 79.0 
000 082 92.3 

(-12 



TABLE C-7 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 5/1/78 TIME: 11 :00 a.m. 
OPERATING HOURS: 1320 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 1320 

TIC No. Tem~(OF) T /C No. Tem~(OF ) TIC No. Teml:!(OF) T/C No. Teme(OF) 
027 171 .6 054 175.7 081 115.8 109 66.8 
026 130.1 053 133.2 080 123.0 108 
025 113.4 052 98.9 079 123.7 107 63.1 
024 266.6 051 69.7 078 121 .2 106 60.8 
023 340.7 050 180.9 077 lll.0 105 60.5 
022 339.4 049 220.8 076 96.0 104 61.6 
021 481.5 048 374.6 075 74.1 103 63.4 
020 515.8 047 415.8 074 56.4 102 61.2 
019 496.3 046 402.8 073 120.2 101 55.2 
018 508.0 045 365.3 072 149.7 100 
017 506.7 044 256.5 071 161.4 099 65.0 
016 499.8 043 166.5 070 162.6 098 64.2 
015 494.2 042 146.5 069 165.0 097 63.2 
014 473.5 041 108.0 068 158.9 096 63.4 
013 334.6 040 176.0 067 138.1 095 64.3 
012 372.7 039 176.3 066 124.0 094 61.3 
011 335.7 038 187.6 065 79.4 093 54.4 
010 298.7 037 243.9 064 61.0 092 81.5 
009 231.5 036 407.5 063 75.5 091 85.4 
OOS 197.7 035 450.5 062 94.2 090 85.5 
007 166.4 034 433.5 061 117.9 089 83.4 
006 140.4 033 439.5 060 146.0 088 79.0 
005 216.6 032 440.5 059 186.5 087 74.3 
004 204.0 031 433.1 058 204.2 086 66.0 
003 160.2 030 395.0 057 267.3 085 55.9 
002 140.8 029 280.9 056 259.5 084 73.2 
001 88.0 028 208.3 055 204.0 OS3 84.1 
000 082 99.5 

DATE: 5/2/78 TIME: 11:00 a.m. 
OPERATING HOURS: 24 POWER LEVEL: 1 kW 

TOTAL OPERATING HOURS: 1344 

TIC No. Teme(OF) TIC No. Teme(OF) TIC No. Teml:!(OFl TIC No. Teml:!(DF) 
027 159.0 054 169.4 081 116.5 109 67.0 
026 124.0 053 129.6 080 123.6 108 
025 116.8 052 98.8 079 124.3 107 63.3 
024 215.1 051 88.0 078 121. 7 106 61.1 
023 259.8 050 170.3 077 111.7 105 60.7 
022 259.1 049 207.8 076 95.8 104 61.8 
021 355.4 048 310.5 075 73.5 103 62.9 
020 387.4 047 352.2 074 70.2 102 60.1 
019 375.5 046 341.6 073 120.9 101 75.2 
018 379.7 045 306.0 072 149.2 100 
017 379.0 044 223.5 071 161.4 099 65.4 
016 377 .1 043 157.8 070 162.7 098 64.6 
015 364.6 042 140.7 069 165.0 097 63.7 
014 354.9 041 106.5 068 158.6 096 63.9 
013 262.3 040 166.8 067 137.3 095 64.1 
012 284.6 039 166.9 066 122.9 094 60.6 
011 261.5 038 174.6 065 80.7 093 61.5 
010 240.0 037 217.4 064 77.2 092 82.1 
009 205.1 036 . 322.7 063 75.9 091 86.1 
008 182.2 035 362.1 062 94.8 090 86.2 
007 149.5 034 350.3 061 118.4 089 84.1 
006 136.6 033 351.4 060 143.9 088 79.6 
005 199.7 032 352.2 059 178.7 087 74.1 
004 178.9 031 350.7 058 200.2 086 65.2 
003 144.2 030 317.4 057 262.7 085 64.4 
002 136.3 029 235.4 056 254.6 084 73.4 
001 135.8 028 187.0 055 200.4 083 84.7 
000 082 100.1 

C-l3 



TABLE C-8 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE. DATA 

DATE: 5/3/78 TIME: 11:00 a.m. 
OPERATING HOURS: 48 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 1368 

TIC No. Teml!{OF 1 TIC No. Teml!{°F) TIC No. Teml!!°F) TIC No. Teml!!OFl 
027 149.3 054 161.6 081 117.0 109 67.1 
026 117.0 053 126.3 080 124.1 108 
025 108.8 052 99.2 079 124.9 107 63.4 
024 205.0 .051 91. 1 078 122.2 106 61.2 
023 245.6 050 163.3 077 112.2 105 60.9 
022 245.2 049 199.1 076 95.9 104 61.9 
021 326.8 048 280.0 075 78. 1 103 62.9 
020 356.4 047 320.0 074 76.7 102 64.6 
019 344.9 046 309.8 073 120.2 101 80.1 
018 349.4 045 276.7 072 146.2 100 
017 349.4 044 207.5 071 158.9 099 65.8 
016 346.8 043 150.6 070 160.9 098 65.0 
015 337.0 042 135.3 069 163.0 097 64.2 
014 327.5 041 104.4 068 155.7 096 64.2 
013 246.5 040 160.8 067 134.5 095 64.1 
012 267.5 039 160.9 066 121.0 094 64.7 
011 244.6 038 167.9 065 85.0 093 67.8 
010 225.2 037 206.8 064 82.8 092 82.6 
009 194.4 ~- 291.7 063 76.4 091 86.7 
008 167.8 035 328.4 062 95.4 090 86.8 
007 136.2 034 317.9 061 118.3 089 84.7 
006 125.9 033 318.3 060 140.1 088 80.0 
005 185.9 032 318.8 059 171.2 087 74.3 
004 160.8 031 318.0 058 192.5 086 69.5 
003 130.5 030 287.3 057 248.6 085 71. 1 
002 126.0 029 218.1 056 240.9 084 73.7 
001 133.1 028 176.4 055 191.0 083 85.4 
000 082 100.8 

DATE: 5/4/78 TIME: 11:00 a.m. 
OPERATING HOURS: 72 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 1392 

TIC No. Teml!!OF 1 TIC No. Teml!!OFl TIC No. Teml!!OFl TIC No. Teml!!OFl 
027 144.2 054 155.5 081 116.7 109 67.1 026 J 13. 6 053 123.7 080 123.7 108 025 103.0 052 99.7 079 124.5 107 63.3 024 198.5 051 88.9 078 121.9 106 61.2 023 236.7 050 158.1 077 111 .7 105 61.0 022 236.1 049 191.5 076 96.1 104 151. 9 021 311.3 048 262.1 075 80.4 103 63.6 020 338.5 047 298.6 074 76.8 102 67.1 019 328.9 046 289.3 073 118.7 101 77.6 018 332.8 045 259.2 072 142.7 100 017 332.4 044 197.6 071 155.3 099 65.8 016 329.9 043 i45.5 070 157.8 098 64.9 015 321.0 042 131 .5 069 159.7 097 64.2 014 313.2 041 103.9 068 151.8 096 64.2 013 237.6 040 156.1 067 131.3 095 64.5 012 258.2 039 156.2 066 119.2 094 67.0 011 233.6 038 162.6 065 86.8 093 68.4 010 215.8 037 198.7 064 82.2 092 82.7 009 186.8 036 273.6 063 76.4 091 86.8 008 159.8 035 307.4 062 95.4 090 86.9 007 130.5 034 298.0 061 116.9 089 84.8 006 119.1 033 298.3 060 136.5 088 80.1 005 177 .2 032 298.5 059 165.1 087 74.8 004 153.3 031 298.0 058 185.3 086 72.0 003 125.2 030 270.0 057 235.0 085 72.2 002 118.6 029 207.8 056 228.2 084 73.6 001 117.2 028 169.8 055 182.9 083 85.4 
000 082 100.7 
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TABLE C-9 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 5/5/78 TIME: 11:00 a.m. 
OPERATING HOURS: 96 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 1416 

TIC No. Tem~(OFl TIC No. Tem~(OFl TIC No. Tem~(OFl TIC No. Tem~(OFl 

027 138.5 054 151.3 081 116.2 109 67.1 
026 105.2 053 126.6 080 123.3 108 
025 88.3 052 94.8 079 124.0 107 63.4 
024 193.8 051 77.2 078 121 .4 106 61. 3 
023 230.2 050 154.6 077 111.0 105 61.2 
022 230.1 049 185.7 076 96.6 104 62.2 
021 300.9 048 250.2 075 80.6 103 64.6 
020 326.7 047 283.2 074 66.3 102 67.9 
019 317.4 046 275.2 073 117.2 101 68.9 
018 320.9 045 247.8 072 139.7 100 
017 321.0 044 191 .1 071 152.0 099 65.9 
016 318.8 043 141.5 070 154.6 098 65.2 
015 310.2 042 128.0 069 156.4 097 64.3 
014 303.7 041 97.8 068 148.3 096 64.3 
013 231.9 040 152.9 067 128.8 095 65.2 
012 252.5 039 152.6 066 117.8 094 67.7 
011 227 .1 038 158.8 065 82.4 093 61.6 
010 210.4 037 192.5 064 68.8 092 82.9 
009 180.8 036 261.3 063 78.5 091 87.0 
008 151.6 035 292.6 062 . 95.6 090 87.2 
007 120.8 034 284.1 061 115.8 089 85.2 
006 105.9 033 284.5 060 133.3 088 80.5 
005 169.2 032 285.0 059 160.5 087 75.8 
004 144.7 031 284.3 058 179.7 086 72.9 
003 114.6 030 258.7 057 224.1 085 65.1 
002 105.1 029 200.8 056 218.2 084 74.0 
001 94.8 028 165.8 055 176.7 083 85.6 
000 .Qli2 . 100.7 

DATE: 5/6/78 TIME: 11 :00 a.m. 
OPERATING HOURS: 120 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 1440 

TIC No. Tem~(°F) TIC No. Tem~(°F) TIC No. Tem~(OFl TIC No. Tem~(OFl 
027 131. 3 054 147.6 081 115.5 109 67.1 
026 97.7 053 114.5 080 122.6 108 
025 83.9 052 86.8 079 123.2 107 63.4 
024 189.9 051 74.3 078 120.6 106 61.5 
023 224.9 050 151.6 077 110.3 105 61.2 
022 224.7 049 181.3 076 96.4 104 62.4 
021 292.9 048 241. 3 075 76.0 103 65.0 
020 317.8 047 271.8 074 65.4 102 64.0 
019 308.3 046 264.6 073 115.8 101 67.2 
018 312.5 045 239.3 072 137.1 100 
017 312.2 044 185.2 071 148.9 099 66.1 
016 309.9 043 136.4 070 151.7 098 65.5 
015 302.3 042 122.0 069 153.3 097 64.5 
014 295.7 041 90.3 068 145.3 096 64.7 
013 225.2 040 150.1 067 126.3 095 65.7 
012 246.3 039 149.8 066 114.8 094 63.8 
011 220.2 038 155.7 065 76.0 093 58.9 
010 203.9 037 187.6 064 68.8 092 83.2 
009 173.7 036 252.2 063 76.7 091 87.2 
008 143.7 035 281.4 062 95.6 090 87.5 
007 113.3 034 273.8 061 114.7 089 85.5 
006 100.7 033 274.2 060 lj1.5 088 81.0 
005 160.3 032 274.6 059 156.9 087 76.4 
004 135.7 031 273.8 058 175.1 086 68.8 
003 107.2 030 250.1 057 215.5 085 62.1 
002 100.9 029 194.4 056 210.2 084 74.2 
001 99.4 028 159.6 055 171.8 083 85.7 
000 082 100.6 
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TABLE C-I0 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 5/15/78 TIME: 11:00 a.m. 
OPERATING HOURS: 336 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 1656 

TIC No. Teml!(OFl T/C No. Teml!(oq TIC No. Teml!(OFl TIC No. Tem[!(OF) 
027 127.8 054 133.7 081 109.0 109 66.9 026 106.0 053 112.2 080 114.2 108 
025 101. 1 052 94.4 079 114.0 107 63.4 
024 172.0 051 87.2 078 lll.4 106 61.9 
023 202.6 050 136.2 077 103.5 105 62.3 
022 202.5 049 161. 1 076 94.5 104 64.9 
021 263.0 048 208.3 075 84.7 103 69.7 
020 285.2 047 231.6 074 78.5 102 74.5 
019 278.4 046 227.9 073 107.4 101 81. 1 
018 281.8 045 209.9 072 123.3 100 
017 281.1 044 167.1 071 132.2 099 67.7 
016 280.4 043 128.3 070 133.8 098 67.2 
015 274.2 042 118.3 069 135.2 097 66.7 
014 270.0 041 98.9 068 126.9 096 67.6 
013 208.2 040 135.3 067 115.6 095 71. 1 
012 228.4 039 135.3 066 108.7 094 78.6 
011 201.8 038 140.2 065 86.3 093 74.6 
010 187.3 037 166.5 064 82.5 092 84.6 
009 161.5 036 218.4 063 76.1 091 88.5 
008 137.7 035 242.5 062 93.6 090 88.6 
007 115.6 034 238.1 061 107.0 089 86.8 
006 107.2 033 238.8 060 119.2 088 83.1 
005 150.9 032 238.7 059 139.7 087 81. 2 
004 132.3 031 237.7 058 153.1 086 80.2 
003 112.2 030 220.2 057 181.6 085 77.0 
002 106.6 029 175.5 056 178.1 084 75.3 
001 107.9 028 149.3 055 150.9 083 86.1 
000 082 97.7 

DATE: 6/1/78 TIME: 11 :00 a.m. 
OPERATING HOURS: 744 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 2064 

TIC No. Teml!(OF) TIC No. Teml!(OF) TIC No. Teml!(OFl TIC No. Teml!(OF 1 
027 125.9 054 129.0 081 101. 7 109 66.5 026 100.0 053 110.6 080 105.5 108 
025 103.0 052 94.4 079 105.1 107 63.6 024 161. 7 051 93.9 078 103.6 106 63.2 
023 190.8 050 126.5 077 98.8 105 65.0 
022 190.7 049 149.5 076 93.1 104 68.7 
021 249.7 048 191.8 075 85.2 103 73.7 
020 273.6 047 217.3 074 85.0 102 77.1 
019 268.7 046 215.3 073 100.1 101 86.8 
018 272.4 045 199.9 072 113.6 100 
017 272.1 044 161. 1 071 121. 5 099 70.0 
016 270.9 043 125.6 070 122.3 098 70.2 
015 266.1 042 116.0 069 124.9 097 70.9 
014 262.1 041 97.8 068 121.0 096 72.8 
013 202.7 040 125.6 067 111. 6 095 76.5 
012 222.6 039 125.9 066 106.1 094 79.3 
011 195.3 038 130.4 065 87.0 093 78.5 
010 181. 9 037 154.5 064 91. 2 092 83.7 
009 156.8 036 201.9 063 78.5 091 86.9 
008 134.3 035 228.7 062 89.9 090 87.3 
007 114.9 034 226.0 061 100.2 089 86.6 
006 110.3 033 227.1 060 110.3 088 84.5 
005 146.9 032 226.7 059 129.2 087 83.9 
004 129.3 031 225.5 058 141. 5 086 82.2 
003 112.1 030 210.3 057 168.3 085 81. 4 
002 111.3 029 169.4 056 165.6 084 76.0 
001 127.6 028 146.5 055 142.1 083 84.7 
000 082 93.1 
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TABLE C-ll ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 7 !l/78 TIME: 11 :00 a.m. 
OPERATING HOURS: 1464 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 2784 

TIC No. Teme(OF) TIC No. Teme(OF) TIC No. Teme(OFl TIC No. Jemp(OF) 
027 129.3 054 131.3 081 97.8 109 66.0 
026 109.8 053 113.5 080 101. 9 108 
025 108.6 052 098.1 079 102.4 107 64.7 
024 156.3 051 096.8 078 103.3 106 66.7 
023 185.2 050 121.6 077 101.6 105 70.9 
022 184.6 049 144.2 076 96.7 104 76.3 
021 243.6 048 182.3 075 88.9 103 80.1 
020 270.9 047 214.1 074 88.0 102 81.5 
019 268.1 046 213.8 073 95.8 101 90.1 
018 271.9 045 199.9 072 108.8 100 
017 271. 9 044 162.3 071 117.6 099 73.0 
016 270.4 043 128.3 070 118.6 098 74.7 
015 267.6 042 119.0 069 123.4 097 77 .3 
014 262.6 041 102.0 068 122.4 096 80.8 
013 204.3 040 120.5 067 114.4 095 83.7 
012 223.7 039 121.0 066 109.0 094 84.7 
011 197.6 038 125.3 065 90.6 093 82.3 
010 183.2 037 148.8 064 94.0 092 82.4 
009 159.1 036 193.3 063 77.8 091 86.0 
008 137.2 035 225.7 062 86.9 090 87.6 
007 119.1 034 224.5 061 95.9 089 89.0 
006 114.3 033 226.1 060 105.5 088 89.5 
005 149.7 032 225.6 059 124.0 087 89.2 
004 132.5 031 224.5 058 138.6 086 86.2 
003 116.7 030 210.6 057 165.5 085 84.6 
002 115.4 029 171.4 056 164.3 084 75.7 
001 132.5 028 149.0 055 143.1 083 82.7 
000 082 89.7 

DATE: 8/1/78 TIME: 11 :00 a.m. 
OPERATING HOURS: 2208 POWER LEVEL: 1 kW 

TOTAL OPERATING HOURS: 3528 

TIC No. Temp(OF) TIC No. Temp(OF) TIC No. Temp(OF) TIC No. Temp(OF) 
027 139.0 054 138.1 081 98.9 109 66.1 
026 119.9 053 122.7 080 103.7 108 
025 119.4 052 108.1 079 107.0 107 66.1 
024 158.2 051 107.6 078 109.2 106 70.5 
023 187.5 050 122.4 077 108.7 105 75.3 
022 187.0 049 144.2 076 106.3 104 82.1 
021 247.6 048 182.8 075 100.5 103 87.6 
020 278.1 047 219.7 074 99.6 102 90.9 
019 276.6 046 220.6 073 98.3 101 101.3 
018 280.7 045 206.7 072 112.3 100 
017 280.9 044 169.7 071 122.0 099 77.2 
016 279.1 043 134.7 070 123.6 098 79.7 
015 277.2 042 126.3 069 126;6 097 82.9 
014 271.1 041 109.8 068 127.2 096 87.5 
013 214.4 040 119.5 067 121.3 095 91.8 
012 233.4 039 120.7 066 117.3 094 95.0 
011 207.8 038 125.3 065 100.4 093 92.8 
010 193.8 037 149.6 064 102.4 092 84.0 
009 169.1 036 195.5 063 78.1 091 88.5 
008 147.8 035 232.2 062 87.0 090 90.9 
007 130.0 034 232.2 061 95.8 089 93.4 
006 126.6 033 234.0 060 106.1 088 95.4 
005 160.0 032 233.7 059 125.1 087 97.0 
004 143.4 031 232.2 058 141.8 086 96.5 
003 127.8 030 218.7 057 170.7 085 95.3 
002 127.8 029 180.9 056 170.7 084 76.6 
001 153.4 028 158.6 055 149.0 083 83.3 
000 082 90.4 
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TABLE C-12 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 9/1/78 TIME: 11 :00 a.m. 
OPERATING HOURS: 2952 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 4272 

TIC No. Teml!{°F) TIC No. Teml!{OF) TIC No. Teml!{OF) TIC No. Teml!(°F) 
027 13l.0 054 133.0 081 100.6 109 66.4 026 110.3 053 114.9 080 105.7 108 
025 109.5 052 98.9 079 109.0 107 69.1 024 156.2 051 98.8 078 110.2 106 73.8 023 184.4 050 122.2 077 107.8 105 78.3 022 183.8 049 142.9 076 102.3 104 82.1 021 242.3 048 179.6 075 93.6 103 84.4 020 271.8 047 215.7 074 93.8 102 84.4 019 270.6 046 216.5 073 99.2 101 95.4 018 274.3 045 202.5 072 113.1 100 
017 274.4 044 164.5 071 123.1 099 80.2 016 272.6 043 127.5 070 126.3 098 82.9 015 270.3 042 118.2 069 127.2 097 85.6 014 264.8 041 100.4 068 125.4 096 87.5 013 207.6 040 119.1 067 117.2 095 88.8 012 226.1 039 120.6 066 111. 5 094 87.8 011 200.9 038 124.6 065 9l.8 093 86.2 010 186.7 037 148.1 064 92.9 092 85.5 009 162.4 036 192.0 063 78.5 091 9l. 0 008 139.8 035 227.4 062 87.4 090 93.6 007 120.9 034 227.5 061 96.6 089 95.4 006 116.1 033 229.0 060 106.6 088 94.9 005 152.4 032 228.3 059 125.0 087 93.5 004 134.6 031 227.3 058 141.2 086 89.4 
003 117.9 030 213.5 057 170.7 085 88.6 002 116.8 029 175.3 056 170.9 084 76.9 
001 133.9 028 151.5 055 149.7 083 83.9 
000 082 91. 4 

DATE: 10/1/78 TIME: 4:00 p.m. 
OPERATING HOURS: 3677 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 4997 

TIC No. Teml!(OFl TIC No. Teml!(OF) TIC No. TemE(OFl TIC No. Teml!(OF) 
027 128.5 054 129 .1 081 101 .4 109 66.8 026 111.4 053 110.2 OBO 105.7 lOB 
025 111. 9 052 99.3 079 107.5 107 70.6 024 157.8 051 97.4 078 106.9 106 74.0 023 186.4 050 123.3 077 102.5 105 75.9 022 1B5.9 049 144.4 076 96.6 104 77 .4 
021 245.0 048 181.8 075 89.5 103 79.3 020 274.7 047 217.B 074 105.4 102 79.9 019 272.3 046 218.6 073 100.1 101 100.7 01B 276.2 045 203.7 072 114.1 100 
017 276.5 044 163.4 071 123.6 099 81. 3 016 275.0 043 123.4 070 127.5 098 82.7 
015 272.1 042 113.7 069 125.1 097 83.0 
014 266.7 041 100.4 068 120.9 096 82.7 
013 207.0 040 120.8 067 111. 9 095 83.1 
012 226.0 039 122.4 066 106.4 094 83.2 
011 200.8 038 126.1 065 95.2 093 97.5 
010 186.1 037 149.6 064 104.8 092 86.8 
009 160.8 036 194.2 063 79.1 091 91.4 
008 138.2 035 229.6 062 88.3 090 92.6 
007 12l. 5 034 229.7 061 97.5 089 92.2 
006 118.3 033 231.0 060 107.7 088 89.8 
005 150.2 032 230.7 059 126.2 087 87.6 
004 132.5 031 229.6 058 142.6 086 85.0 
003 120.7 030 215.3 057 172.6 085 100.3 
002 029 174.4 056 172.3 084 77 .6 
001 123.0 028 149.3 055 150.4 083 84.7 
000 082 92.4 
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TABLE C-13 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 11/1/78 TIME: 4:01 p.m. 
OPERATING HOURS: 4421 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 5741 

T /C No. Jem~loF 1 T /C No. Tem~(°F) TIC No. Tem~(OFl TIC No. Tem~(OFl 
027 113.3 054 121 .1 081 101.3 109 67.6 
026 89.7 053 92.8 080 105.0 108 
025 84.5 052 77 .1 079 105.8 107 71.2 
024 157.9 051 67.5 078 104.1 106 73.6 
023 186.2 050 123.8 077 97.2 105 74.4 
022 18S.7 049 144.7 076 85.5 104 72.7 
021 244.6 048 183.2 075 68.1 103 69.3 
020 273.5 047 218.6 074 65.3 102 61.S 
019 271.3 046 218.9 073 100.1 101 62.0 
018 274.S 045 202.6 072 113.9 100 
017 274.1 044 lS6.5 071 123.3 099 80.4 
016 273.0 043 110.1 070 128.8 098 81.1 
01S 268.3 042 97.5 069 125.0 097 80.6 
014 263.4 041 78.5 068 116.9 096 77.8 
013 199.5 040 121.2 067 103.0 095 73.0 
012 219.6 039 122.7 066 93.1 094 63.0 
011 193.5 038 126.3 065 71.3 093 63.9 
010 178.1 037 149.8 064 66.7 092 86.5 
009 150.2 036 195.2 063 79.3 091 90.3 
008 124.0 035 229.8 062 88.6 090 90.8 
007 101.3 034 229.4 061 98.0 089 89.7 
006 92.1 033 230.3 060 108.0 088 84.8 
005 137.8 032 229.8 059 126.6 087 77.0 
004 117 .0 031 229.1 058 142.5 086 64.6 
003 98.6 030 213.0 057 174.1 085 65.8 
002 91.5 029 166.9 056 173.7 084 78.3 
001 67.4 028 137.7 055 150.8 083 85.1 
000 082 92.7 

DATE: 12/1/78 TIME: 4:00 p.m. 
OPERATING HOURS: 5141 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 6461 

T Ie No. Tem2(OFl TIC No. Tem~(OF 1 TIC No. Tem~(OFl TIC No. Tem2(OF) 
027 102.4 054 107.7 081 100.0 109 67.9 
026 78.4 053 80.2 080 102.4 108 
025 70.6 052 65.4 079 101.1 107 70.7 
024 157.3 051 51.3 078 96.1 106 70.3 
023 185.6 050 123.1 077 84.8 105 67.4 
022 185.0 049 143.3 076 70.0 104 60.3 
021 243.4 048 181.3 075 56.2 103 54.3 
020 269.4 047 213.0 074 48.3 102 49.3 
019 265.0 046 211.5 073 99.7 101 46.1 
018 268.0 045 193.4 072 112.8 100 
017 268.0 044 145.1 071 121.0 099 78.6 
016 267.0 043 97.6 070 126.5 098 77 .1 
015 260.9 042 85.1 069 119.4 097 73.1 
014 256.5 041 67.1 068 105.5 096 65.7 
013 189.8 040 120.8 067 88.2 095 57.6 
012 210.6 039 122.1 066 78.3 094 50.6 
011 183.1 038 126.6 065 58.1 093 48.4 
010 167.7 037 148.4 064 48.2 092 86.1 
009 139.4 036 192.9 063 79.7 091 88.1 
008 113.1 035 224.2 062 88.7 090 86.4 
007 91.0 034 221.9 061 97.8 089 81.8 
006 81. 7 033 222.6 060 107.2 088 72.3 
005 126.8 032 222.5 059 125.0 087 61.2 
004 106.3 031 221.8 058 139.8 086 52.0 
003 88.3 030 204.1 057 170.1 085 48.4 
002 81.4 029 156.0 056 167.4 084 78.9 
001 50.1 028 126.8 055 142.2 083 85.4 
000 082 92.4 
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TABLE C-14 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 1/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 5885 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 7205 

TIC No. Teml!(OFl TIC No. Teml!(OF) TIC No. T~(OF) TIC No. Teml!(OF) 
027 94.8 054 102.2 081 97.6 109 68.3 
026 67.8 053 71.8 080 98.7 108 
025 60.8 052 54.3 079 95.6 107 68.8 
024 156.1 051 46.7 078 89.2 106 65.4 
023 184.5 050 122.3 on n.7 105 60.5 
022 183.9 049 142.2 076 63.3 104 52.8 
021 242.2 048 181.3 075 46.5 103 47.3 
020 266.1 047 210.2 074 43.7 102 39.8 
019 261.5 046 207.9 073 98.8 101 38.9 
018 264.4 045 189.5 072 111.0 100 
017 264.4 044 140.3 071 118.2 099 74.8 
016 263.3 043 91.1 070 123.8 098 71.4 
015 258.1 042 n .2 069 115.4 097 65.9 
014 252.6 041 56.0 068 99.2 096 58.3 
013 185.7 040 121.1 067 82.3 095 50.7 
012 206.8 039 121.5 066 71.5 094 41.0 
011 180.4 038 125.3 065 47.6 093 41.1 
010 163.6 037 147.5 064 43.6 092 84.3 
009 133.7 036 192.3 063 80.0 091 84.0 
ooa 105.8 035 221.3 062 88.4 090 80.6 
007 82.1 034 218.4 061 97.2 089 74.4 
006 72.8 033 219.2 060 106.3 088 64.7 
005 120.4 032 219.0 059 123.8 087 54.3 
004 98.2 031 218.4 058 137.5 086 42.3 
003 78.9 030 200.5 057 167.8 085 41.9 
002 72.5 029 151 .3 056 164.0 084 79.2 
001 49.2 028 121.0 055 138.3 083 85.0 
000 082 91. 3 

DATE: 2/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 6629 POWER LEVEL: 1 kW 

TOTAL OPERATING HOURS: 7949 

TIC No. Teml!(OF 1 TIC No. Teml!(OF) TIC No. Teml!(OF) TIC No. Teml!(OFl 
027 88.7 054 97.5 081 94.6 109 68.0 
026 62.9 053 65.5 080 95.3 108 
025 57.5 052 49.7 079 91. 5 107 66.1 
024 154.5 051 41.8 078 85.3 106 61.7 
023 182.7 050 120.4 on 73.4 105 56.5 
022 182.2 049 140.1 076 58.3 104 49.2 
021 240.6 048 180.1 075 41.9 103 42.7 
020 263.1 047 207.1 074 36.0 102 37.0 
019 257.8 046 204.6 073 96.7 101 32.6 
018 261.0 045 185.7 072 108.3 100 
017 260.9 044 135.3 071 114.7 099 71.0 
016 260.1 043 85.3 070 121. 3 098 67.3 
015 253.6 042 71. 3 069 113.0 097 61.6 
014 249.4 041 52.0 068 95.3 096 53.8 
013 180.3 040 118.2 067 77 .3 095 45.4 
012 201. 7 039 118.9 066 65.8 094 37.0 
011 174.0 038 122.8 065 43.5 093 33.6 
010 157.9 037 145.4 064 39.3 092 81.7 
009 127.9 036 190.9 063 79.4 091 80.4 
008 99.6 035 218.0 062 87.2 090 76.5 
007 75.9 034 214.7 061 95.3 089 70.4 
006 68.4 033 215.4 060 104.2 088 60.6 
005 113.8 032 215.4 059 121. 2 087 49.2 
004 91.6 031 214.9 058 134.5 086 38.8 
003 73.1 030 196.8 057 164.9 085 33.8 
002 68.8 029 146.2 056 161. 3 084 78.8 
001 53.2 028 115.3 055 135.1 083 83.8 
000 082 89.3 
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TABLE C-15 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 3/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 7301 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 8621 

T Ie No. Tem~(OFl T Ie No. Tem~~oF 1 T Ie No. Tem~~oF 1 TIC No. Tem~(OFl 

027 103.7 054 105.4 081 94.1 109 
026 79.2 053 81.9 080 94.4 108 
025 73.3 052 66.0 079 90.5 107 
024 156.9 051 54.9 078 85.4 106 
023 55.0 050 121.3 077 76.4 105 
022 185.7 049 142.3 076 66.9 104 
021 246.3 048 184.8 075 57.8 103 
020 269.9 047 212.7 074 51.8 102 
019 52.0 046 211.1 073 96.7 101 
018 50.7 045 192.8 072 108.3 100 
017 50.7 044 144.7 071 114.4 099 69.8 
016 267.9 043 98.1 070 122.3 098 66.0 
015 262.1 042 86.5 069 114.7 097 61. 2 
014 257.0 041 68.3 068 97.9 096 56.2 
013 191.1 040 119.1 067 85.0 095 53.2 
012 211.8 039 120.0 066 77 .8 094 51.8 
011 184.7 038 123.8 065 58.7 093 50.5 
010 169.0 037 147.9 064 52.2 092 81.1 
009 140.4 036 196.1 063 60.2 091 79.3 
008 114.0 035 224.2 062 87.4 090 75.4 
007 90.2 034 67.3 061 95.5 089 70.1 
006 80.6 033 64.0 060 104.4 088 63.0 
005 128.4 032 58.9 059 122.0 087 57.5 
004 107.3 031 221. 9 058 136.0 086 53.5 
003 86.9 030 204.0 057 167.9 085 51.4 
002 79.8 029 155.8 056 164.9 084 79.4 
001 56.2 028 127.7 055 139.6 083 83.9 
000 49.8 082 89.1 

DATE: 4/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 8045 POWER LEVEL: 1 kW 
TOTAL OPERATING HOURS: 9365 

T Ie No. Tem~(OFl TIC No. Teme~oFl TIC No. Teme(OFl TIC No. Teme(OF) 
027 106.0 054 108.3 081 93.3 109 
026 84.7 053 84.6 080 94.1 108 
025 80.1 052 74.0 079 91.4 107 
024 156.7 051 70.2 078 88.0 106 
023 57.2 050 120.9 077 105 
022 186.2 049 142.5 076 80.6 104 
021 247.5 048 186.0 075 61.0 103 
020 270.8 047 213.6 074 71.4 102 
019 56.3 046 212.3 073 96.0 101 
018 55.1 045 194.6 072 107.6 100 
017 54.7 044 146.4 071 114.0 Q99 69.1 
016 268.8 043 100.1 070 124.0 098 66.5 
015 262.8 042 88.7 069 117 .9 097 63.5 
014 258.4 041 74.8 068 101.5 096 60.3 
013 192.4 040 118.8 067 38.5 095 57.2 
012 213.1 039 119.8 066 80.8 094 54.8 
011 185.9 038 123.7 065 69.7 093 65.3 
010 170.4 037 148.4 064 73.4 092 80.0 
009 142.6 036 197.4 063 79.8 091 78.8 
008 117.0 035 225.1 062 86.9 090 76.2 
007 97.7 034 66.7 061 94.8 . 089 72.7 
006 92.6 033 62.6 060 104.0 088 67.4 
005 130.0 032 58.8 059 121. 7 087 61.5 
004 110.4 031 223.0 058 136.8 086 57.0 
003 96.3 030 205.6 057 169.5 085 68.7 
002 93.1 029 157.4 056 167.5 084 78.8 
001 90.5 028 129.2 055 1~,2.9 083 83.2 
000 70.5 082 88.2 
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TABLE C-16 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/26/79 TIME: 12:00 Noon 
OPERATING HOURS: 0 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 9961 

TIC No. Teme(OF) TIC No. Teme(°F) TIC No. Teme(°F) TIC No. Teme(OF) 
027 119.0 054 115.8 081 93.1 109 
026 101.0 053 98.3 080 94.2 108 
025 102.1 052 87.7 079 92.3 107 
024 156.9 051 89.3 078 90.3 106 
023 59.6 050 121 .0 077 86.1 105 
022 186.4 049 143.1 076 80.8 104 
021 247.9 048 187.5 075 76.3 103 
020 271.5 047 215.2 074 81.5 102 
019 62.0 046 214.9 073 95.9 101 
018 64.1 045 198.5 072 107.4 100 
017 67.5 044 153.6 071 113.9 099 69.5 016 270.3 043 111. 0 070 125.1 098 67.5 015 265.1 042 101.9 069 120.3 097 66.1 014 260.5 041 89.7 068 105.5 096 65.7 013 198.8 040 118.5 067 97.2 095 66.9 012 218.7 039 119.8 066 92.0 094 69.3 
011 192.5 038 123.8 065 82.1 093 78.0 
010 177.7 037 149.2 064 83.6 092 79.9 
009 151.8 036 198.8 063 79.5 091 79.3 
008 128.3 035 226.9 062 86.3 090 77 .4 
007 111.3 034 66.2 061 94.2 089 75.3 
006 108.8 033 62:2 060 103.5 088 72.7 
005 140.8 032 59.5 059 121. 3 087 71.4 
004 123.0 031 225.6 058 137.6 086 71.3 
003 110.3 030 309.3 057 170.5 085 79.8 
002 110.9 029 164.6 056 169.4 084 78.2 
001 137.9 028 139.1 055 146.7 083 82.8 
000 92.0 082 87.8 

DATE: 4/27/79 TIME: 12:00 Noon 
OPERATING HOURS: 24 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 9985 

TIC No. Teme(OF) TIC No. Teme(OF) TIC No. Teme(OF) TIC No. Teme{OF) 
027 129.9 054 120.1 081 93.L 109 
026 105.6 053 101 .7 080 94.3 108 
025 105.9 052 88.3 079 92 .5 107 
024 188.7 051 89.3 078 90.6 T06 
023 59.7 050 126.8 077 86.5 105 
022 236.2 049 160.3 076 81.7 104 
021 324.0 048 221.7 075 77.5 103 
020 349.4 047 251.4 074 81.4 102 
019 62.2 046 250.9 073 96.0 101 
018 64.9 045 234.4 072 107.7 100 
017 68.4 044 176.5 071 114.2 099 69.6 016 346.7 043 117.8 070 125.3 098 67.8 
015 344.6 042 107.0 069 120.6 097 66.4 
014 335.9 041 91.6 068 106.0 096 66.1 
013 248.8 040 125.5 067 98.3 095 67.8 
012 278.1 039 126.6 066 93.7 094 70.6 
011 240.7 038 132.4 065 81. 7 093 77.8 
010 217 .5 037 170.7 064 83.4 092 80.0 
009 176.8 036 243.1 063 79.6 091 79.5 
008 142.1 035 275.3 062 86.4 090 77 .6 
007 117.8 034 66.5 061 94.4 089 75.5 
006 114.4 033 62.2 060 104.1 088 73.0 
005 159.9 032 59.9 059 125.0 087 72.3 
004 135.2 031 273.0 058 14l. 7 086 72 .4 
003 117.6 030 255.3 057 175.4 085 79.5 
002 117.8 029 194.1 056 174.7 084 78.3 
001 143.3 028 158.4 055 152.0 083 82.9 
000 92.9 082 87.9 
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TABLE C-17 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/28/79 TIME: 12:00 Noon 
OPERATING HOURS: 48 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 10,009 

T Ie No. Tem~(OFl TIC No. Tem~(OF l TIC No. Tem~(OFl TIC No. Tem~(OFl 

027 137.0 054 126.3 081 93.3 109 
026 109.9 053 105.9 080 94.3 108 
025 108.6 052 91.1 079 92.7 107 
024 195.7 051 92.8 078 90.9 106 
023 59.9 050 131.3 077 87.0 105 
022 245.3 049 168.6 076 82.8 104 
021 337.8 048 236.9 075 78.3 103 
020 365.4 047 269.1 074 84.0 102 
019 62.4 046 268.9 073 96.4 101 
018 65.5 045 251.3 072 109.5 100 
017 68.9 044 188.3 071 115.8 099 69.8 
016 361.9 043 124.3 070 126.5 098 68.0 
015 360.7 042 112.3 069 122.0 097 66.7 
014 349.8 041 94.9 068 107.5 096 66.5 
013 259.5 040 129.9 067 100.7 095 68.6 
012 288.7 039 131.0 066 96.0 094 71.5 
011 252.5 038 137.1 065 83.1 093 79.1 
010 228.7 037 179.1 064 86.8 092 80.1 
009 186.8 036 258.9 063 79.6 091 79.6 
008 150.8 035 293.7 062 86.4 090 77 .8 
007 124.6 034 66.5 061 94.6 089 75.8 
006 120.7 033 62.2 060 105.7 088 73.4 
005 169.9 032 60.0 059 130.4 087 73.2 
004 143.9 031 291.3 058 148.8 086 73.3 
003 124.2 030 272.7 057 185.5 085 81.2 
002 124.0 029 206.4 056 185.1 084 78.3 
001 151.5 028 167.3 055 161.5 083 83.0 
000 94.9 082 88.0 

DATE: 4/29/79 TIME: 12:00 Noon 
OPERATING HOURS: 72 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 10,033 

TIC No. Tem2(°F) TIC No. Tem~(OFl TIC No. Tem2(OFl TIC No. Teml!(OFl 
027 141.9 054 130.8 081 93.3 109 
026 114.3 053 109.3 080 94.3 108 
025 112.2 052 94.2 079 92.6 107 
024 200.1 051 94.1 078 91.0 106 
023 60.1 050 134.4 077 87.3 105 
022 250.9 049 173.7 076 83.4 104 
021 346.0 048 246.3 075 79.4 103 
020 375.5 047 281.5 074 86.0 102 
019 62.8 046 281.1 073 96.7 101 
018 66.1 045 262.1 072 111.3 100 
017 69.9 044 195.5 071 117.9 099 69.6 
016 371.7 043 128.5 070 128.6 098 67.9 
015 369.8 042 116.1 069 124.3 097 66.7 
014 359.0 041 98.2 068 109.7 096 66.7 
013 266.4 040 133.1 067 103.2 095 69.2 
012 295.0 039 134.0 066 98.2 094 72.4 
011 260.0 038 140.4 065 85.2 093 80.8 
010 236.0 037 184.2 064 88.3 092 79.9 
009 192.8 036 268.7 063 79.4 091 79.4 
008 156.2 035 305.7 062 86.3 090 77.7 
007 129.2 034 66.5 061 95.0 089 75.7 
006 124.5 033 62.2 060 107.4 088 73.6 
005 175.7 032 60.0 059 134.3 087 73.7 
004 149.5 031 303.2 058 154.2 086 74.3 
003 128.9 030 283.6 057 194.4 085 83.5 
002 127.6 029 214.2 056 194.1 084 78.2 
001 130.8 028 173.0 055 169.0 083 82.8 
000 91. 7 082 87.8 
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TABLE C-18 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/30/79 TIME: 12:00 Noon 
OPERATING HOURS: 96 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 10,057 

TIC No. Tem~{OF l T /C No. Tem~{OFl TIC No. Tem(!(OFl TIC No. Teml!{OFl 
027 145.7 054 134.5 081 93.6 109 
026 117.0 053 112.5 080 94.7 108 
025 116.3 052 95.8 079 92.8 107 
024 201.9 051 93.4 078 91.4 106 
023 60.2 050 136.8 077 88.0 105 
022 252.8 049 177 .1 076 84.5 104 
021 349.6 048 252.6 075 80.3 103 
020 380.4 047 289.8 074 84.4 102 
019 63.3 046 289.2 073 97.6 101 
018 67.0 045 269.3 072 113.4 100 
017 70.8 044 200.5 071 120.3 099 69.6 
016 376.5 043 132.1 070 131.5 098 67.9 
015 373.8 042 119.4 069 127.2 097 66.7 
014 362.3 041 100.1 068 112.3 096 66.9 
013 269.6 040 134.9 067 105.8 095 69.8 
012 297.7 039 136.4 066 100.8 094 73.1 
011 263.7 038 142.7 065 86.0 093 80.3 
010 239.3 037 187.8 064 86.7 092 79.9 
009 196.8 036 274.6 063 79.5 09; 79.5 
008 159.8 035 313.5 062 86.5 090 77.8 
007 132.4 034 66.3 061 95.7 089 76.0 
006 126.4 033 62.3 060 109.2 088 74.1 
005 180.0 032 59.9 059 137.6 087 74.5 
004 152.9 031 310.6 058 158.7 086 75.0 
003 131.4 030 289.6 057 201.9 085 82.4 
002 129.2 029 219.1 056 201 .6 084 78.1 
001 143.7 028 177.1 055 175.1 083 82.8 
000 94.3 082 88.0 

DATE: 5/1/79 TIME: 12:00 Noon 
OPERATING HOURS: 120 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 10,081 

TIC No. Tem(!(OFl T/C No. Tem(!(OF) T /C No. Tem(!(°F) T /C No. Tem(!(°F) 
027 148.3 054 137.3 081 94.0 109 
026 117.4 053 114.7 080 95.0 108 
025 114.7 052 95.3 079 93.0 107 
024 205.4 051 89.7 078 91. 7 106 
023 60.3 050 138.9 077 88.7 105 
022 257.2 049 180.5 076 85.3 104 
021 355.9 048 259.5 075 80.5 103 
020 387.5 047 298.1 074 78.4 102 
019 63.8 046 297.4 073 98.2 101 
018 67.6 045 276.7 072 114.9 100 
017 71. 1 044 205.5 071 122.2 099 69.5 016 383.3 043 134.5 070 134.0 098 67.9 
015 380.0 042 121.6 069 129.8 097 66.7 014 369.0 041 100.2 068 114.5 096 67.1 
013 275.1 040 136.7 067 107.9 095 70.2 012 303.0 039 138.2 066 102.6 094 73.3 011 268.6 038 144.7 065 83.8 093 73.5 010 244.2 037 191.5 064 80.2 092 79.7 
009 200.8 036 282.0 063 79.3 091 79.3 
008 162.6 035 322.0 062 86.4 090 77.7 007 132.9 034 66.1 061 96.3 089 76.0 
006 124.7 033 62.1 060 11 J. 5 088 74.3 
005 183.3 032 59.8 059 140.1 087 75.0 
004 155.7 031 318.6 058 162.0 086 75.0 
003 130.9 030 296.7 057 208.0 085 75.4 
002 127.0 029 224.2 056 207.6 084 78.1 
001 135.2 028 180.6 055 179.8 083 82.6 
000 86.1 082 88.0 
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TABLE C-19 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 5/15/79 TIME: 12:00 Noon 
OPERATING HOURS: 456 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 10,417 

TIC No. Teml!{OFl TIC No. Teml!(OFl TIC No. Teml!(°F) TIC No. Teml!(OFl 
027 162.4 054 154.2 081 101. 9 109 
026 128.9 053 125.8 080 104.5 108 
025 125.7 052 104.7 079 103.3 107 
024 229.4 051 102.0 078 103.5 106 
023 62.5 050 156.1 077 99.4 105 
022 291.6 049 203.3 076 92.8 104 
021 392.0 048 303.2 075 85.9 103 
020 423.6 047 343.2 074 90.1 102 
019 65.5 046 339.8 073 108.0 101 
018 68.9 045 312.5 072 128.6 100 
017 73.1 044 230.9 071 139.1 099 70.5 
016 415.9 043 147.0 070 161.4 098 69.5 
015 410.2 042 133.5 069 155.7 097 69.4 
014 397.5 041 110.4 068 132.2 096 69.9 
013 296.3 040 153.8 067 121.3 095 72.0 
012 323.7 039 154.2 066 113.8 094 76.0 
011 292.7 038 161.9 065 92.0 093 82.1 
010 266.9 037 228.6 064 93.4 092 81. 1 
009 219.6 036 326.1 063 79.7 091 81.7 
008 177.5 035 366.3 062 90.1 090 81.0 
007 145.0 034 66.3 061 105.4 089 80.1 
006 136.8 033 62.4 060 124.8 088 78.2 
005 198.9 032 61. 5 059 156.3 087 77.6 
004 169.1 031 359.9 058 190.9 086 78.3 
003 142.9 030 332.5 057 251.1 085 85.6 
002 139.1 029 249.1 056 250.0 084 78.1 
001 144.4 028 196.7 055 214.8 083 84.3 
000 193.4 082 92.5 

DATE: 6/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 868 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 10,829 

TIC No. Teml!(OF 1 TIC No. Teml!(OFl ~ Teml!(OF) TIC No. Teml!(OFl 
027 172.8 054 168.9 081 107.8 109 
026 136.2 053 133.8 080 111.9 108 
025 130.3 052 112.9 079 111. 9 107 
024 250.6 051 104.3 078 113.5 106 
023 85.8 050 167.4 077 110.8 105 
022 317.9 049 239.7 076 104.3 104 
021 412.8 048 328.8 075 93.6 103 
020 441.3 047 365.8 074 104.4 102 
019 72.2 046 360.9 073 113.7 101 
018 76.6 045 332.3 072 133.8 100 
017 78.6 044 248.1 071 147.5 099 71.8 
016 432.6 043 155.8 070 177 .0 098 71.9 
015 428.9 042 141.6 069 171.4 097 73.0 
014 413.2 041 118.0 068 143.4 096 76.5 
013 311.7 040 166.6 067 132.8 095 80.2 
012 338.2 039 167.5 066 124.3 094 81.5 
011 309.9 038 176.1 065 101. 7 093 94.5 
010 283.2 037 261.4 064 107.8 092 83.7 
009 233.8 036 351.9 063 80.7 091 85.9 
OOS 188.3 035 388.8 062 94.1 090 86.4 
007 154.2 034 65.8 061 111. 7 089 86.9 
006 145.8 033 62.8 060 132.4 088 87.4 
005 211.1 032 62.9 059 159.4 087 87.5 
004 178.4 031 381.0 058 211.7 086 85.0 
003 151. 7 030 352.5 057 272.0 085 99.8 
002 148.0 029 266.6 056 270.7 084 78.7 
001 148.7 028 208.5 055 229.8 083 86.7 
000 103.0 082 96.8 
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TABLE C-20 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 7/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 1588 POWER LEVEL: 2 KW 
TOTAL OPERATING HOURS: 11,549 

TIC No. Tem~(OF 1 TIC No. Tem~(OFl TIC No. Tem~(OF) TIC No. Tem~(OFl 
027 186.5 054 188.8 081 . 113.9 109 
026 150.9 053 144.4 080 119.7 108 
025 145.1 052 124.0 079 120.9 107 
024 285.5 051 112.1 078 123.2 106 
023 71.2 050 172.3 077 120.2 105 
022 354.9 049 283.0 076 113.9 104 
021 442.2 048 355.7 075 103.7 103 
020 466.5 047 386.9 074 110.0 102. 
019 78.0 046 380.6 073, 118.7 101 
018 83.2 045 351.6 072 137.7 100 
017 85.8 044 266.0 071 160.7 099 76.3 016 456.1 043 165.0 070 193.9 098 78.0 
015 451.3 042 152.9 069 188.2 097 80.0 014 435.9. 041 130.8 068 154.1 096 ' 83.8 
013 329.6 040 189.8 067 141.1 095. 88.0 
012 358.0 039 ' 188.8 066 133.5 094 90.8 
011 327.4 038 204.3 065 111.9 093 102.6 010 300.8 037 301.4 064 113.5 092 88.6 
009 249.0 036 380.6 063 82.9 091 93.1 
OOS 200.8 035 411.8 062 98.8 090 95.0 
007 165.3 034 66.2 061 118.0 089 96.2 
006 153.7 033 64.7 060 137.8 088 96.4 
005 225.4 032 67.6 059 168.4 087 96.4 
004 191.9 031 402.4 058 234.5 086 94.6 
003 162.8 030 373.6 057 290.4 085 105.9 
002 154.9 029 284.0 056 288.4 084 80.5 
001 136.1 028 222.4 055 250.4 083 90.2 
000 107.9 082 101.9 

DATE: 8/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 2332 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 12,293 

TIC No. Tem~(OFl TIC No. Tem~(OF) TIC No. T!!!!E{OF) TIC No. Tem~(OFl 
027 193.2 054 201. 5 081 119.1 109 
026 157.2 053 149.0 080 125.5 108 
025 154.9 052 130.0 079 127.1 107 
024 323.8 051 122.3 078 129.6 106 
023 75.9 050 175.4 077 126.0 105 
022 379.1 049 314.4 076 118.4 104 
021 452.8 048 374.1 075 108.3 103 
020 472.2 047 400.1 074 123.3 102 
019 82.9 046 392.9 073 122.5 101 
018 87.7 045 362.8 072 142.4 100 
017 90.7 044 276.1 071 176.9 099 80.9 016 461.0 043 171. 2 070 208.1 098 83.4 
015 454.9 042 157.0 069 202.2 097 86.0 
014 439.0 041 136.1 068 167.3 096 89.5 
013 333.8 040 244.1 067 145.0 095 92.8 012 360.3 039 240.0 066 137.1 094 95.6 
011 333.8 038 260.2 065 118.2 093 112.4 
010 307.4 037 332.3 064 126.4 092 93.0 
009 256.7 036 397.7 063 85.1 091 98.9 
008 207.7 035 423.9 062 [02.0 090 101.4 
007 173.4 034 65.8 061 121.4 089 103.0 
006 165.6 033 66.7 060 140.7 088 102.7 
005 234.7 032 70.9 059 188.0 087 101.6 
004 196.9 031 413.2 058 254.5 086 99.8 
003 172.0 030 383.0 057 306.1 085 ll7.6 
002 168.4 029 293.2 056 303.1 084 82.4 
001 167.2 028 231.2 055 266.0 083 93.5 
000 121.6 082 105.9 
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TABLE C-21 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 9/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 3076 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 13,037 

TIC No. Teme(OF) TIC No. Teme(°F) TIC No. Teme(OF) TIC No. Teme(OF) 
027 189.4 054 206.8 081 122.5 109 
026 148.2 053 142.1 080 129.2 108 
025 142.7 052 120.1 079 131.2 107 
024 354.7 051 107.4 078 131.2 106 
023 77.4 050 228.4 077 125.1 105 
022 403.9 049 337.6 076 114.5 104 
021 471.1 048 390.1 075 100.1 103 
020 486.2 047 411. 7 074 107.9 102 
019 82.0 046 403.2 073 124.7 101 
018 83.8 045 371.8 072 149.1 100 
017 83.6 044 280.3 071 189.3 099 84.4 
016 473.5 043 168.9 070 218.2 098 86.5 
015 464.0 042 150.9 069 210.8 097 87.9 
014 448.8 041 126.6 068 176.3 096 89.0 
013 337.4 040 283.3 067 142.1 095 89.1 
012 363.7 039 279.9 066 131. 5 094 87.6 
011 338.0 038 297.4 065 107.1 093 99.6 
010 310.1 037 356.5 064 109.1 092 96.4 
009 257.2 036 414.8 063 86.6 091 102.7 
008 204.6 035 437.2 062 103.9 090 104.7 
007 165.5 034 66.1 061 123.2 089 104.8 
006 153.3 033 69.0 060 142.2 088 102.2 
005 234.3 032 73.5 059 204.1 087 97.8 
004 191.2 031 .424.7 058 268.8 086 91.7 
003 162.2 030 392.0 057 316.2 085 102.6 
002 154.8 029 297.2 056 312.0 084 83.9 
001 139.3 028 230.6 055 274.4 083 95.7 
000 104.5 082 108.6 

DATE: 10/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 3796 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 13,757 

TIC No. Teme(OF) TIC No. Teme(OF) TIC No. Teme(OF) TIC No. Teml!(OF) 
027 189.3 054 211.9 081 124.6 109 
026 145.7 053 139.2 080 131.5 108 
025 140.1 052 116.3 079 135.3 107 
024 375.1 051 105.4 078 132.5 106 
023 78.4 050 259.7 077 125.2 105 
022 420.2 049 356.1 076 112.7 104 
021 481.9 048 405.2 075 95.13 103 
020 494.3 047 423.7 074 101.3 102 
019 81.8 046 414.3 073 126.3 101 
018 82.0 045 382.1 072 156.7 100 
017 79.8 044 2137.3 071 198.7 099 86.4 
016 481.4 043 171.1 070 225.6 098 88.2 
015 470.9 042 148.5 069 218.8 097 89.2 
014 455.5 041 122.7 068 184.6 096 89.3 
013 342.9 040 310.5 067 143.2 095 87.4 
012 368.0 039 307.2 066 128.9 094 83.0 
011 344.1 038 323.0 065 102.6 093 95.0 
010 315.9 037 375.4 064 102.6 092 98.6 
009 261.4 036 429.4 063 88.1 091 104.8 
008 206.3 035 449.0 062 105.7 090 106.4 
007 164.5 034 66.7 061 124.9 089 108.1 
006 152.1 033 70.6 060 144.1 088 102.5 
005 237.6 032 74.9 059 216.1 087 96.1 
004 190.4 031 435.6 058 280.2 086 87.4 
003 160.6 030 401.7 057 325.3 085 98.3 
002 153.8 029 304.2 056 320.9 084 85.4 
001 128.7 028 234.4 055 283.3 083 97.6 
000 98.2 082 110.7 
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TABLE C-22 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 11 /1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 4540 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 14,501 

TIC No. Teml!(OFl TIC No. Teml!(OFl TIC No. Teml!(OFl TIC No. Teml!(OFl 
027 174.9 054 206.2 081 125.3 109 
026 128.8 053 123.7 080 132.2 108 
025 121.3 052 96:6 079 137.6 107 
024 388.3 051 79.3 078 129.4 106 
023 74.8 050 278.1 077 118.1 105 
022 430.9 049 365.2 076 100.4 104 
021 489.9 048 410.9 075 77.9 103 
020 500.0 047 427.7 074 75.7 102 
019 73.8 046 416.9 073 127.0 101 
018 69.7 045 382.6 072 163.1 100 
017 63.0 044 282.2 071 205.7 099 86.3 016 485.8 043 160.0 070 231.0 098 86.8 
015 470.9 042 133.7 069 223.0 097 85.6 
014 458.7 041 103.5 068 186.1 096 81.8 
013 337.9 040 326.5 067 136.2 095 75.2 012 365.0 039 323.7 066 115.5 094 65.4 
011 338.4 038 337.7 065 81.7 093 71.2 
010 309.7 037 385.2 064 76.9 092 99.3 
009 252.7 036 436.3 063 88.6 091 104.7 
008 194.5 035 453.7 062 106.3 090 105.0 
007 149.2 034 66.5 061 125.6 089 102.3 
006 132.8 033 70.9 060 145.2 088 94.9 
005 227.2 032 73.6 059 224.3 087 83.6 
004 177 .2 031 439.0 058 287.1 086 69.7 
003 144.4 030 402.9 057 330.1 085 72.3 
002 132.9 029 299.4 056 324.3 084 86.1 
001 88.7 028 224.8 055 284.4 083 98.3 
000 69.3 082 111.4 

DATE: 12/1/79 TIME: 4:00 p.m. 
OPERATING HOURS: 5260 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 15,221 

TIC No. Teml!(OFl TIC No. Teml!(OFl TIC No. Teml!{OFl TIC No. Teml!{OFl 
027 167.8 054 199.8 081 125.1 109 
026 122.2 053 116.1 080 131.9 108 
025 114.5 052 90.1 079 137.9 107 
024 395.7 051 76.1 078 124.4 106 
023 68.6 050 288.0 077 108.7 105 
022 436.3 049 368.7 076 89.4 104 
021 493.3 048 412.2 075 68.7 103 
020 501.1 047 427.1 074 71.4 102 
019 63.6 046 415.1 073 127.4 101 
018 58.3 045 379.5 072 167.4 100 
017 53.5 044 277.3 071 209.0 099 85.0 
016 486.4 043 154.1 070 232.1 098 83.4 
015 471.1 042 126.4 069 222.3 097 79.3 
014 458.2 041 96.7 068 182.3 096 72.0 
013 334.9 040 335.5 067 128.7 095 63.6 
012 363.2 039 332.7 066 106.3 094 56.1 
011 337.0 038 345.8 065 74.7 093 65.3 
010 307.0 037 389.5 064 72.2 092 99.6 
009 247.9 036 438.3 063 89.6 091 103.3 
008 188.9 035 453.6 062 107.1 090 101.5 
007 143.6 034 67.2 061 125.9 089 95.9 
006 128.4 033 70.5 060 146.4 088 85.1 
005 221.8 032 70.6 059 228.5 087 72.0 
004 171. 5 031 437.9 058 288.9 086 60.2 
003 139.2 030 400.7 057 329.2 085 67.8 
002 129.2 029 295.2 056 322.0 084 87.2 
001 86.9 028 219.4 055 280.1 083 99.3 
000 63.5 082 112.0 
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TABLE C-23 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 1/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 6004 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 15,965 

T /C No. Tem2(°F} T /C No. Tem2(OF) T /C No. Tem2(OFl TIC No. Tem2(OFl 
027 166.4 054 199.8 081 124.3 109 
026 119.8 053 113.0 080 131.9 108 
025 112.7 052 86.4 079 138.2 107 
024 405.3 051 74.1 078 122.2 106 
023 63.5 050 300.0 077 103.7 105 
022 444.2 049 377 .2 076 83.8 104 
021 498.5 048 419.1 075 62.8 103 
020 504.5 047 432.2 074 70.2 102 
019 57.8 046 419.5 073 127.4 101 
018 52.4 045 382.7 072 171.0 100 
017 47.8 044 278.8 071 212.4 099 82.5 
016 489.1 043 154.4 070 234.3 098 79.7 
015 472.8 042 123.5 069 223.6 097 74.5 
014 460.4 041 93.5 068 182.3 096 66.3 
013 336.0 040 347.7 067 126.3 095 57.8 
012 364.1 039 345.1 066 102.4 094 50.2 
011 337.6 038 357.0 065 70.3 093 61.5 
010 307.7 037 398.4 064 72.4 092 98.8 
009 248.2 036 445.2 063 90.3 091 100.8 
008 188.3 035 458.6 062 107.5 090 97.8 
007 142.0 034 67.5 061 126.1 089 91.2 
006 127.8 033 68.9 060 148.7 088 79.5 
005 221.8 032 66.8 059 234.1 087 65.9 
004 170.4 031 442.1 058 293.7 086 54.2 
003 137.9 030 403.8 057 332.8 085 64.2 
002 129.2 029 296.7 056 324.7 084 87.9 
001 94.9 028 219.9 055 281.9 083 99.6 
000 60.3 082 111.7 

DATE: 2/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 6,748 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 16,709 

TIC No. Tem2(OFl TIC No. Tem2(OFl TIC No. Tem2(OFl TIC No. Tem2(OFl 
027 160.5 054 196.1 081 123.1 109 
026 114.3 053 111.0 080 131.8 108 
025 107.6 052 84.5 079 137.9 107 
024 400.8 051 74.1 078 120.7 106 
023 59.6 050 299.6 077 100.2 105 
022 438.0 049 372.1 076 81. 3 104 
021 490.5 048 412.6 075 60.8 103 
020 495.6 047 424.7 074 71.8 102 
019 54.8 046 411. 7 073 126.5 101 
018 51. 3 045 375.1 072 172.2 100 
017 47.6 044 272.9 071 212.6 099 80.0 
016 480.4 043 151 .5 070 233.3 098 76.5 
015 464.1 042 120.2 069 221.8 097 70.7 
014 452.2 041 90.9 068 180.1 096 63.0 
013 329.1 040 345.7 067 124.1 095 56.0 
012 357.4 039 343.3 066 100.2 094 49.4 
all . 331.0 038 354.2 065 69.9 093 63.0 
010 301.2 037 392.9 064 74.8 092 97.5 
009 241.7 036 438.0 063 90.7 091 98.4 
008 182.6 035 450.2 062 107.2 090 94.7 
007 136.8 034 67.5 061 125.2 089 87.5 
006 124.3 033 66.8 060 149.4 088 76.1 
005 215.5 032 63.5 059 234.0 087 63.9 
004 165.1 031 433.7 058 291.3 086 52.9 
003 132.8 030 396.2 057 328.7 085 65.0 
002 126.3 029 290.5 056 320.1 084 88.3 
001 104.7 028 214.8 055 277 .2 083 99.3 
000 64.0 082 110.9 
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TABLE C-24 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 3/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 7,444 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 17,405 

TIC No. Teme(OFl TIC No. Teme(OFl TIC No. Teme(OF) TIC No. Teme(OF) 
027 166.2 054 195.3 081 122.5 109 
026 119.8 053 119.2 080 132.2 108 
025 108.9 052 91.8 079 138.4 107 
024 410.2 051 74.2 078 120.9 106 
023 58.3 050 308.4 077 99.6 105 
022 446.7 049 380.4 076 84.5 104 
021 497.9 048 420.3 075 68.6 103 
020 502.4 047 431.8 074 63.9 102 
019 55.6 046 416.3 073 125.9 101 
018 55.2 045 380.9 072 174.2 100 
017 55.2 044 277.6 071 214.9 099 77 .8 
016 486.2 043 154.6 070 235.1 098 74.1 
015 469.5 042 128.2 069 223.4 097 68.8 014 457.5 041 98.2 068 180.6 096 62.5 
013 334.8 040 356.1 067 122.5 095 58.9 
012 362.7 039 353.6 066 105.1 094 56.6 
011 336.5 038 364.0 065 75.5 093 59.8 
010 306.8 037 401.9 064 67.0 092 96.0 
009 248.4 036 446.0 063 90.4 091 96.4 
008 189.6 035 457.6 062 106.4 090 92.5 
007 142.5 034 67.2 061 124.6 089 85.6 
006 126.3 033 65.1 060 151. 3 088 75.5 
005 223.5 032 61.4 059 237.9 087 66.8 
004 173.8 031 440.5 058 295.3 086 60.1 
003 137.5 030 401.9 057 332.6 085 61. 6 
002 126.5 029 295.8 056 323.7 084 88.1 
001 84.8 028 220.0 055 279.7 083 98.6 
000 60.3 

082 109.8 

DATE: 3/15/80 TIME: 4:00 p.m. 
OPERATING HOURS: 7,780 POWER LEVEL: 2 kW 
TOTAL OPERATING HOURS: 17,741 

TIC No. Teme(OF) TIC No. Teme(OF 1 TIC No. Teme(OFl TIC No. Teme(OF) 
027 162.4 054 164.6 081 122.7 109 
026 122.3 053 119.1 080 132.7 108 
025 116.4 052 94.2 079 139.0 107 
024 413.6 051 79.8 078 121.4 106 
023 57.9 050 310.6 077 99.2 105 
022 450.1 049 382.1 076 84.5 104 
021 500.5 048 421.2 075 69.0 103 020 503.0 047 430.9 074 77.2 102 019 55.2 046 416.0 073 125.9 101 
018 54.4 045 374.0 072 175.3 100 
017 55.1 044 263.9 071 215.8 099 77 .3 016 486.3 043 145.7 070 235.7 098 73.8 015 466.7 042 127.2 069 223.2 097 68.6 014 456.2 041 100.5 068 169.0 096 62.0 013 327.7 040 359.1 067 121. 2 095 57.9 012 356.8 039 356.7 066 108.1 094 56.5 011 327.7 038 367.1 065 79.5 093 69.0 010 298.5 037 404.2 064 80.2 092 95.7 009 240.2 036 447.3 063 90.5 091 96.0 008 184.6 035 457.2 062 106.5 090 92.2 007 142.5 034 67.1 061 128.0 089 85.5 
006 128.9 033 64.4 060 152.4 088 74.8 
005 217 .8 032 60.8 059 239.1 087 65.8 
004 171. 9 031 438.7 058 296.0 086 60.2 
003 139.3 030 397.2 057 332.5 085 71. 3 002 130.7 029 286.1 056 322.5 084 88.0 001 107.1 028 212.1 055 269.9 083 98.4 
000 71. 1 082 109.6 
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TABLE C-25 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/1/80 TIME: 12:00 Noon 
OPERATING HOURS: 0 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 18.145 

TIC No. Teme(OFl TIC No. Teme(OF) T Ie No. Teme(OF) TIC No. Teme(OFl 
027 160.8 054 163.4 081 122.6 109 
026 117.6 053 119.2 080 132.9 108 
025 107.7 052 90.0 079 138.9 107 
024 406.7 051 70.1 078 121.3 106 
023 58.0 050 307.6 077 102.8 105 
022 441.7 049 376.4 076 88.7 104 
021 489.7 048 414.0 075 70.5 103 
020 490.7 047 422.3 074 61.6 102 
019 56.9 046 406.0 073 125.4 101 
018 56.5 045 362.9 072 175.0 100 
017 55.5 044 257.8 071 214.8 099 76.6 
016 473.8 043 144.9 070 233.5 098 73.2 
015 454.0 042 127.6 069 217.6 097 68.6 
014 442.5 041 96.7 068 156.9 096 63.6 
013 320.6 040 354.3 067 123.4 095 60.6 
012 349.0 039 351.9 066 110.4 094 57.1 
011 321.7 038 361.8 065 72.7 093 55.7 
010 292.4 037 397.7 064 62.5 092 95.0 
009 236.4 036 438.8 063 90.1 091 95.4 
ooa 182.3 035 446.8 062 105.8 090 91.6 
007 139.3 034 66.7 061 124.8 089 85.6 
006 125.7 033 63.7 060 152.3 088 77 .0 
005 214.9 032 60.1 059 237.6 087 69.3 
004 170.3 031 427.6 058 293.1 086 61.2 
003 134.6 030 385.3 057 327.7 085 57.5 
002 126.3 029 279.1 056 315.1 084 87.8 
001 110.6 028 208.1 055 258.5 083 98.0 
000 63.5 082 109.0 

DATE: 4/2/80 TIME: 12:00 Noon 
OPERATING HOURS: 24 POWER LEVEL: 3 kW 

TOTAL OPERATING HOURS: 18.169 

TIC No. Teme(OFl TIC No. Teme(OF) TIC No. Teme(OFl TIC No. Teme(OFl 
027 168.6 054 166.7 081 122.7 109 
026 123.0 053 119.7 080 133.1 108 
025 118.6 052 90.1 079 139.0 107 
024 465.2 051 75.5 078 121 .4 106 
023 58.1 050 334.3 077 103.1 105 
022 507.1 049 413.0 076 88.9 104 
021 562.5 048 455.6 075 69.3 103 
020 563.1 047 462.2 074 64.2 102 
019 57.0 046 444.5 073 125.6 101 
018 56.5 045 398.9 072 175.2 100 
017 54.3 044 279.6 071 215.1 099 76.7 
016 542.4 043 148.3 070 233.7 098 73.4 
015 522.2 042 129.3 069 217.6 097 68.8 
014 507.0 041 97.8 068 157.0 096 64.0 
013 361.4 040 398.9 067 123.8 095 60.8 
012 396.6 039 395.4 066 110.6 094 55.9 
011 362.9 038 407.7 065 73.1 093 59.3 
010 326.4 037 446.9 064 64.9 092 95.2 
009 257.2 036 493.6 063 90.4 091 95.5 
008 193.3 035 502.3 062 106.0 090 91.8 
007 146.4 034 66.8 061 129.5 089 85.8 
006 135.8 033 63.7 060 153.2 088 77 .4 
005 232.9 032 60.2 059 240.3 087 69.6 
004 182.0 031 479.6 058 297.1 086 60.1 
003 144.6 030 432.4 057 332.0 085 61.2 
002 139.8 029 306.7 056 319.6 084 87.9 
001 141.8 028 223.4 055 262.8 083 98.1 
000 75.4 082 109.2 
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TABLE C-26 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/3/80 TIME: 12:00 Noon 
OPERATING HOURS: 48 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 18,193 

TIC No. Teme(OF 1 TIC No. Teme(°F) TIC No. Teme(OFl TIC No. Teme(OFl 
027 176.0 054 171.9 081 122.7 109 
026 128.9 053 123.5 080 133.1 108 
025 123.7 052 93.6 079 139.0 107 
024 484.7 051 80.4 078 121 .5 106 
023 58.1 050 352.8 077 103.3 105 
022 526.1 049 434.2 076 89.0 104 
021 579.6 048 476.4 075 70.6 103 
020 579.5 047 481 .5 074 67.8 102 
019 57.1 046 463.7 073 125.8 101 
018 56.6 045 417.1 072 176.0 100 
017 55.3 044 292.8 on 216.4 099 76.7 
016 558.6 043 153.2 070 234.5 098 73.4 
015 535.9 042 133.8 069 218.3 097 68.8 
014 522.1 041 101.9 068 157.7 096 64.1 
013 373.7 040 420.4 067 125.0 095 60.8 
012 408.5 039 416.5 066 111.8 094 57.1 
011 375.3 038 428.9 065 75.8 093 62.0 
010 337.3 037 468.7 064 69.2 092 95.1 
009 268.2 036 514.6 063 90.4 091 95.5 
OOS 202.0 035 522.0 062 106.1 090 91.8 
007 153.4 034 66.7 061 131.8 089 85.9 
006 141.8 033 63.7 060 154.9 088 17 .6 
005 244.1 032 60.1 059 246.9 087 69.6 
004 190.6 031 498.5 058 306.1 086 61.3 
003 151.6 030 450.7 057 341.8 085 64.3 
002 145.8 029 320.4 056 329.3 084 87.9 
001 142.5 028 232.9 055 272 .0 OS3 98.1 
000 76.4 082 109.2 

DATE: 4/4/80 TIME: 12:00 Noon 
OPERATING HOURS: 72 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 18,217 

TIC No. TemeloF 1 TIC No. TemeloFl TIC No. Teme(OFl TIC No. Teme(OFl 
027 182.1 054 176.6 081 122.7 109 
026 133.2 053 127.8 080 133.1 108 
025 126.2 052 97.1 079 139.0 107 
024 500.2 051 83.4 078 121.4 106 
023 58.2 050 365.0 on 103.5 105 
022 542.1 049 447.5 076 89.4 104 
021 595.6 048 491.6 075 72 .3 103 
020 595.3 047 497.3 074 73.0 102 
019 57.3 046 478.5 073 126.2 101 
018 56.9 045 431.0 072 177.7 100 
017 56.6 044 302.8 071 219.1 099 76.6 
016 573.0 043 157.6 070 236.5 098 73.3 
015 550.7 042 138.3 069 220.4 097 68.8 
014 535.1 041 105.8 068 159.3 096 64.1 
013 383.8 040 435.7 067 127.0 095 61.0 
012 418.8 039 431.4 066 113.9 094 58.6 
011 386.9 038 444.2 065 78.1 093 64.3 
010 347.9 037 484.6 064 75.4 092 95.1 
009 276.3 036 531.4 063 90.4 091 95.4 
008 208.5 035 539.1 062 106.0 090 91.8 
007 158.0 034 66.7 061 132.2 089 85.9 
006 144.0 033 63.6 060 157.1 088 77.6 
005 252.1 032 60.1 059 253.5 087 69.9 
004 197.1 031 514.3 058 314.4 086 62.7 
003 156.0 030 464.8 057 351.2 085 67.9 
002 147.7 029 330.4 056 338.6 084 87.8 
001 123.8 028 240.5 055 280.4 083 98.0 
000 71.0 082 109.1 
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TABLE C-27 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/5/80 TIME: 12:00 Noon 
OPERATING HOURS: 96 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 18,241 

T/C No. Teme(°F) T /C No. Tem~(OF ) T /C No. Tem~(OF) TIC No. Tem~(OFl 

027 185.9 054 181.0 081 122.9 109 
026 136.4 053 130.4 080 133.3 108 
025 130.3 052 98.9 079. 139.1 107 
024 510.2 051 83.9 078 121.6 106 
023 58.2 050 373.8 077 104.0 105 
022 552.6 049 456.4 076 90.1 104 
021 605.6 048 501.7 075 72.3 103 
020 605.0 047 507.6 074 71.3 102 
019 57.4 046 487.9 073 126.9 101 
018 57.1 045 439.1 072 180.0 100 
017 56.2 044 308.8 071 222.4 099 76.7 
016 581.4 043 160.7 070 239.5 098 73.3 
015 560.3 042 141.2 069 223.4 097 68.8 
014 542.9 041 108.0 068 161 .3 096 64.2 
013 389.7 040 446.1 067 129.2 095 61.4 
012 424.3 039 441.7 066 116.0 094 58.3 
011 393.7 038 454.9 065 78.9 093 64.6 
010 354.0 037 495.9 064 73.1 092 95.1 
009 281.4 036 542.3 063 90.4 091 95.5 
008 212.5 035 549.9 062 106.1 090 91.8 
007 161.5 034 66.7 061 132.7 089 86.0 
006 147.9 033 63.6 060 159.2 088 77.7 
005 257.0 032 60.1 059 259.0 087 70.3 
004 200.9 031 524.0 058 321.6 086 62.5 
003 159.5 030 473.2 057 359.6 085 67.2 
002 151.5 029 336.8 056 346.8 084 87.8 
001 135.0 028 245.4 055 287.9 083 98.1 
000 76.4 082 109.2 

DATE: 4/6/80 TIME: 12:00 Noon 
OPERATING HOURS: 120 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 18.265 

TIC No. Teml!(OF) TIC No. Teme(OF) TIC No. Teml!(OFl TIC No. Teml!(OFl 
027 189.2 054 184.8 081 123.2 109 
026 139.8 053 132.9 080 133.6 108 
025 135.1 052 101.6 079 139.5 107 
024 519.3 051 86.4 078 121.8 106 
023 58.3 050 381.6 077 104.6 105 
022 562.1 049 464.9 076 90.8 104 
021 614.1 048 511.0 075 73.8 103 
020 612.5 047 516.3 074 71. 7 102 
019 57.5 046 496.0 073 127.7 101 
018 57.4 045 446.2 072 182.3 100 
017 57.3 044 314.3 071 225.7 099 76.6 
016 588.7 043 163.3 070 243.0 098 73.4 
015 568.0 042 144.0 069 226.7 097 68.9 
014 549.1 041 110.9 068 163.7 096 64.5 
013 395.0 040 455.8 067 131.2 095 61.8 
012 429.3 039 451.3 066 118.0 094 59.6 
011 400.2 038 464.8 065 81.4 093 65.7 
010 359.8 037 506.5 064 73.3 092 95.1 
009 286.0 036 552.2 063 90.4 091 95.5 
008 216.3 035 559.0 062 106.3 090 91.8 
007 165.6 034 66.7 061 133.6 089 %.1 
006 153.5 033 63.5 060 161.3 088 77 .9 
005 261.5 032 60.0 059 263.6 087 70.6 
004 204.7 031 532.2 058 327.4 086 63.8 
003 163.8 030 480.3 057 366.4 085 68.3 
002 157.4 029 342.0 056 353.5 084 87.8 
001 147.7 028 249.5 055 294.1 083 98.2 
000 81.0 082 109.3 
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TABLE C-28 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 4/15/BO TIME: 4:00 p.m. 
OPERATING HOURS: 340 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 1B.4B5 

TIC No. Tem~(OFl TIC No. Tem~(OFl TIC No. Tem~(OF) TIC No. Teme(°F) 
027 206.B 054 20B.l OBl 12B .1 109 
026 15B.l 053 147.7 OBO 140.1 108 
025 151.6 052 119.0 079 146.7 107 
024 565.5 051 104.9 07B 128.6 106 
023 59.0 050 423.1 077 113.6 105 
022 611.4 049 51B.9 076 100.4 104 
021 656.9 04B 562.4 075 B6.3 103 
020 648.4 047 560.2 074 98.2 102 
019 59.7 046 533.6 073 133.9 101 
018 61.6 045 476.5 072 197.2 100 
017 65.3 044 337.9 071 246.7 099 76.7 
016 618.6 043 176.5 070 267.1 098 73.6 
015 596.7 042 158.5 069 24B.3 097 70.0 
014 574.3 041 12B.6 06B 178.5 096 66.9 
013 416.0 040 506.8 067 144.4 095 66.5 
012 449.5 039 501.7 066 131 .1 094 68.2 
011 423.0 038 515.6 065 100.1 093 87.6 
010 381.4 037 563.3 064 102.1 092 95.3 
009 306.2 036 603.2 063 90.6 091 96.0 
008 234.3 035 602.7 062 108.8 090 92.6 
007 183.3 034 66.6 061 152.6 089 87.6 
006 169.1 033 63.4 060 173.0 088 B1.1 
005 281.4 032 60.1 059 2B8.3 087 76.1 
004 225.0 031 570.0 058 360.5 086 73.3 
003 183.1 030 512.3 057 402.8 085 91.3 
002 173.5 029 366.7 056 3B5.3 084 B7.7 
001 141 .1 028 268.8 055 320.7 OB3 98.9 
000 91.4 082 111 .5 

DATE: 5/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 724 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 18.B69 

TIC No. Teml!(°F) TIC No. Tem~(OF ) TIC No. Teml!(OF) TIC No. Teme(OF) 
027 214.1 054, 232.8 081 134.8 109 
026 153.3 053 150.1 OBO 149.6 108 
025 138.6 052 112.3 079 158.0 107 
024 609.5 051 83.9 078 137.7 106 
023 61.4 050 462.0 077 123.8 105 
022 656.2 049 566.3 076 107.8 104 
021 69B.8 04B 606.1 075 34.0 103 
020 687.4 047 602.7 074 6B.B 102 
019 64.0 046 570.7 073 139.B 101 
018 65.2 045 508.3 072 213.2 100 
017 63.8 044 359.6 071 26B.2 099 76.B 016 653.9 043 183.0 070 291.9 098 74.7 
015 625.0 042 162.6 069 268.8 097 72 .5 
014 603.6 041 122.9 068 193.9 096 71.2 
013 436.4 040 554.7 067 151 .3 095 70.0 
012 46B.9 039 548.5 066 136.8 094 66.1 
011 445.3 038 562.2 065 91.3 093 66.2 
010 401.7 037 611 .5 064 71.5 092 96.8 
009 320.8 036 648.6 063 91. 3 091 98.6 
008 242.9 035 645.5 062 112.1 090 96.4 
007 179.6 034 66.3 061 158,5 089 93.2 
006 156.8 033 63.1 060 186.2 088 88.1 
005 295.5 032 61.1 059 314.3 087 81.4 
004 237.4 031 608.6 058 392.3 086 71.5 
003 176.3 030 545.2 057 435.3 085 68.1 
002 159.6 029 388.4 056 413.7 084 88.3 
001 89.3 028 282.1 055 343.5 083 100.7 
000 65.1 082 115.4 
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TABLE C-29 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 6/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 1468 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 19.613 

TIC No. Tem~(OFl TIC No. Tem~(OF 1 TIC No. Tem~(OFl TIC No. Tem~(OFl 

027 229.4 054 258.9 081 143.7 109 
026 173.4 053 161.5 080 161.8 108 
025 165.4 052 129.9 079 171.4 107 
024 634.6 051 108.8 078 145.8 106 
023 64.7 050 487.2 077 131.3 105 
022 681.2 049 593.4 076 115.4 104 
021 721.7 048 632.3 075 96.0 103 
020 710.6 047 629.3 074 98.1 102 
019 67.7 046 593.6 073 147.1 101 
018 69.7 045 529.1 072 229.1 100 
017 71.3 044 378.2 071 289.1 099 79.3 
016 675.5 043 200.4 070 313.0 098 78.5 
015 644.8 042 173.0 069 286.7 097 77 .4 
014 622.2 041 140.5 068 213.2 096 76.6 
013 452.8 040 582.3 067 156.3 095 76.3 
012 484.6 039 575.8 066 143.1 094 76.1 
011 462.7 038 589.8 065 107.3 093 88.7 
010 418.4 037 639.3 064 101.5 092 100.8 
009 338.0 036 676.3 063 107.0 091 104.6 
008 259.7 035 673.3 062 116.3 090 103.5 
007 198.6 034 65.6 061 149.0 089 101.2 
006 182.0 033 63.2 060 201.8 088 95.7 
005 313.1 032 63.0 059 334.2 087 89.1 
004 256.6 031 633.0 058 415.4 086 82.5 
003 196.0 030 566.8 057 460.1 085 93.3 
002 185.6 029 408.1 056 434.5 084 89.3 
001 147.2 028 300.2 055 365.3 083 103.7 
000 082 120.0 

DATE: 7/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 2188 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 20,333 

T /C No. Tem~(OFl TIC No. Tem~(OFl T/C No. Tem~(OFl TIC No. Tem~(OFl 
027 246.0 054 284.1 081 152.5 109 
026 184.7 053 173.0 080 173.1 108 
025 174.6 052 136.6 079 182.7 107 
024 653.6 051 113.5 078 154.6 106 
023 69.2 050 508.0 077 140.7 105 
022 699.6 049 615.2 076 127.2 104 
021 740.0 048 654.2 075 107.0 103 
020 729.0 047 651. 7 074 101.3 102 
019 75.2 046 616.4 073 155.6 101 
018 79.9 045 552.3 072 243.9 100 
017 82.2 044 400.4 071 305.6 099 83.0 
016 694.8 043 227.7 070 330.1 098 83.1 
015 661.6 042 183.3 069 304.2 097 83.7 
014 638.5 041 148.4 068 238.7 096 85.1 
013 471.5 040 604.1 067 173.2 095 87.8 
012 501.5 039 597.6 066 153.1 094 87.2 
011 484.1 038 611. 1 065 114.4 093 96.3 
010 438.7 037 660.9 064 102.0 092 104.8 
009 357.6 036 698.4 063 97.3 091 109.9 
008 276.7 035 695.4 062 166.1 090 109.9 
007 209.6 034 65.5 061 146.5 089 108.7 
006 189.7 033 64.4 060 215.1 088 105.1 
005 333.2 032 65.6 059 351.4 087 101.1 
004 277.9 031 655.7 058 434.7 086 93.6 . 
003 202.7 030 587.0 057 479.8 085 100.0 
002 192.8 029 429.7 056 455.9 084 90.9 
001 134.9 028 322.0 055 388.8 083 106.8 
000 082 123.9 
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TABLE C-30 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 8/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 2932 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 21,077 

T /C No. TemJ;!(OF} T /C No. TemJ;!(OF) T /C No. Tem~(OF} TIC No. TemJ;!(OFl 
027 265.3 054 305.6 081 161.8 109 
026 205.8 053 185.9 080 184.7 108 
025 196.1 052 154.4 079 194.0 107 
024 672.6 051 132.7 078 164.9 106 
023 74.6 050 529.1 077 148.9 105 
022 716.3 049 636.3 076 136.3 104 
021 756.0 048 675.1 075 119.5 103 
020 745.7 047 673.6 074 124.1 102 
019 83.2 046 639.6 073 164.1 101 
018 89.0 045 575.1 072 257.3 100 
017 92.9 044 421.6 071 320.6 099 87.6 
016 711.7 043 252.1 070 346.7 098 89.1 
015 674.1 042 191.8 069 322.6 097 90.8 
014 652.9 041 166.0 068 262.9 096 93.8 
013 489.3 040 626.0 067 194.1 095 97.0 
012 517 .9 039 619.3 066 165.9 094 99.0 
011 500.0 038 632.2 065 130.6 093 115.0 
010 457.3 037 681.3 064 127.3 092 108.9 
009 377 .5 036 718.7 063 97.8 091 115.5 ooa 297.6 035 716.4 062 112.7 090 116.5 
007 231.4 034 65.7 061 164.4 089 116.7 
006 210.8 033 66.2 060 228.1 088 114.5 
005 353.8 032 69.6 059 367.8 087 111.0 
004 299.8 031 677 .6 058 453.6 086 106.2 
003 241.0 030 607.0 057 499.5 085 120.6 
002 216.7 029 451. 5 056 477 .6 084 93.1 
001 175.3 028 343.8 055 411. 7 083 109.9 
000 127.9 082 128.1 

DATE: 9/2/80 TIME: 4:00 p.m. 
OPERATING HOURS: 3700 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 21,845 

TIC No. Tem~(OFl TIC No. Tem~(OFl TIC No. Te!!!l!(OFl TIC No. TemJ;!(OF} 
027 266.6 054 311.9 081 169.7 109 
026 199.6 053 179.6 080 193.9 108 
025 187.3 052 142.8 079 202.9 107 
024 680.8 051 117.7 078 173.0 106 
023 78.2 050 539.1 077 148.5 105 
022 723.4 049 643.8 076 131. 5 104 
021 761.5 048 681.2 075 109.6 103 
020 752.7 047 680.8 074 112.1 102 
019 82.8 046 650.0 073 171.1 101 
018 84.1 045 585.1 072 265.9 100 
017 84.1 044 427.9 071 329.5 099 92.2 
016 721.4 043 258.6 070 356.4 098 94.1 
015 682.1 042 190.4 069 334.6 097 94.9 
014 665.0 041 155.8 068 275.9 096 94.6 
013 496.1 040 636.9 067 199.6 095 92.7 
012 524.1 039 630.0 066 166.1 094 89.5 
011 508.3 038 642.3 065 117.5 093 102.4 
010 464.4 037 688.8 064 113.5 092 112.4 
009 381.8 036 725.0 063 98.9 091 120.2 
008 298.6 035 723.6 062 85.3 090 121. 3 
007 227.0 034 66.0 061 184.9 089 120.6 
006 202.9 033 68.7 060 237.1 088 116.1 
005 356.8 032 73.5 059 375.8 087 106.4 
004 300.2 031 687.9 058 461.9 086 96.5 
003 238.1 030 619.0 057 507.5 085 107.3 
002 208.7 029 460.1 056 487.8 084 94.8 
001 160.5 028 348.6 055 422.0 083 112.2 
000 114.3 082 131. 1 
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TABLE C-31 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 10/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 4396 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 22,541 

TIC No. Tem~(OFl TIC No. Teml!(OF 1 TIC No. Teml!(OFl TIC No. Teml!(OF 1 
027 273.3 054 316.6 081 175.4 109 
026 202.3 053 180.9 080 199.6 108 
025 191 .5 052 142.1 079 207.6 107 
024 687.9 051 120.8 078 178.4 106 
023 77 .0 050 547.1 077 145.8 105 
022 730.0 049 650.5 076 128.2 104 
021 767.9 048 687.6 075 106.7 103 
020 759.0 047 687.2 074 116.6 102 
019 79.8 046 657.6 073 176.9 101 
018 81.0 045 593.4 072 272 .4 100 
017 81.4 044 434.8 071 335.6 099 94.2 
016 727.9 043 266.4 070 362.1 098 94.9 
015 688.1 042 202.1 069 341.2 097 93.9 
014 673.3 041 154.9 068 282.2 096 91.7 
013 502.5 040 645.4 067 203.2 095 89.1 
012 530.7 039 638.5 066 168.1 094 86.7 
011 515.8 038 650.6 065 116.2 093 103.1 
010 470.8 037 696.0 064 117.4 092 114.8 
009 387.4 036 731.8 063 100.6 091 121.9 
008 303.5 035 730.5 062 090 121.8 
007 232.0 034 66.5 061 180.5 089 119.3 
006 210.6 033 70.3 060 244.4 088 112.0 
005 362.2 032 74.1 059 382.4 087 102.7 
004 305.3 031 695.7 058 468.3 086 93.6 
003 241.2 030 627.6 057 513.0 085 109.6 
002 215.8 029 468.8 056 494.3 084 96.4 
001 172.9 028 354.9 055 428.4 083 114.3 
000 112.8 082 133.5 

DATE: 10/8/80 TIME: 4:00 p.m. 
OPERATING HOURS: 4564 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 22,709 

TIC No. Tem~(OFl TIC No. Tem~(OFl TIe No. Teml!(OFl TIC No. Te!!!E(OFl 
027 276.7 054 320.1 081 176.4 109 
026 202.8 053 182.9 080 200.6 108 
025 190.2 052 141.4 079 208.6 107 
024 697.0 051 116.5 078 180.0 106 
023 76.8 050 553.9 077 146.4 105 
022 740.1 049 658.0 076 129.1 104 
021 778.4 048 695.6 075 106.7 103 
020 769.6 047 695.4 074 109.4 102 
019 80.2 046 665.6 073 178.3 101 
018 81. 9 045 600.2 072 274.2 100 
017 81.8 044 439.9 071 337.7 099 94.2 
016 739.1 043 270.3 070 364.3 098 94.7 
015 698.3 042 206.4 069 343.7 097 93.7 
014 681.8 041 154.4 068 285.0 096 91. 9 
013 508.5 040 654.2 067 205.8 095 90.0 
012 537.2 039 647.0 066 170.3 094 86.6 
011 522.2 038 659.4 065 115.0 093 99.5 
010 476.5 037 705.2 064 109.9 092 114.9 
009 391.7 036 741.6 063 100.7 091 121.9 
008 306.1 035 740.6 062 090 121.6 
007 232.0 034 66.5 061 181.4 089 119.1 
006 206.5 033 70.4 060 246.6 088 112.3 
005 366.4 032 74.0 059 385.4 087 103.5 
004 309.1 031 705.4 058 471.8 086 93.6 
003 241.3 030 635.5 057 516.7 085 104.9 
002 211.6 029 474.8 056 498.4 084 96.6 
001 152.9 028 359.4 055 432.5 083 114.5 
000 104.8 082 133.8 
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TABLE C- 32 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 11 /l/80 TIME: 4:00 p.m. 
OPERATING HOURS: 5140 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 23.285 

TIC No. Tem~{OFl TIC No. Tem~!OF 1 TIC No. Tem~!OFl TIC No. Tem~!OFl 
027 232.6 054 306.6 081 179.7 109 
026 186.6 053 167.1 080 203.6 108 
025 171.5 052 121. 1 079 211. 2 107 
024 664.0 051 95.8 078 183.2 106 
023 74.5 050 529.0 077 140.2 105 
022 703.9 049 627.1 076 116.1 104 
021 741. 1 048 663.0 075 88.7 103 
020 732.7 047 663.7 074 82.5 102 
019 73.0 046 636.0 073 180.8 101 
018 69.3 045 574.6 072 274.6 100 
017 65.0 044 421.1 071 336.4 099 94.3 016 705.1 043 256.1 070 362.8 098 93.9 015 666.5 042 195.0 069 342.7 097 91. 2 014 653.9 041 135.5 068 282.5 096 85.1 013 488.7 040 622.0 067 196.8 095 77.3 012 517.8 039 615.9 066 157.2 094 69.0 011 500.5 038 627.3 065 95.6 093 77 .4 010 457.7 037 669.9 064 83.7 092 115.8 
009 375.9 036 704.8 063 101.6 091 122.1 008 293.9 035 704.1 062 090 120.8 
007 218.5 034 67.1 061 180.5 089 116.4 
006 188.9 033 71. 2 060 246.5 088 105.4 
005 362.0 032 73.7 059 378.0 087 90.7 
004 321. 3 031 671.8 058 460.9 086 75.9 
003 222.1 030 608.3 057 504.0 085 80.7 
002 191.3 029 455.6 056 486.0 084 97.8 
001 121.4 028 348.9 055 420.4 083 115.6 
000 082 134.9 

DATE: 12/1/80 TIME: 4:00 p.m. 
OPERATING HOURS: 5860 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 24.701 

TIC No. Tem~!OF l TIC No. Tem~!OFl TIC No. Tem~!OFl TIC No. Tem~!OFl 
027 257.3 054 297.7 081 178.9 109 
026 177.5 053 160.0 080 201.2 108 
025 162.6 052 109.8 079 207.5 107 
024 653.1 051 83.6 078 180.6 106 
023 69.2 050 520.1 077 133.2 105 
022 692.0 049 616.0 076 106.3 104 
021 727.7 048 650.2 075 77.9 103 
020 719.9 047 650.2 074 69.9 102 
019 64.4 046 624.0 073 180.3 101 
018 59.9 045 564.1 072 269.2 100 
017 54.6 044 412.8 071 327.8 099 93.1 016 692.4 043 250.2 070 352.1 098 91. 1 
015 654.4 042 191. 1 069 332.5 097 86.0 014 642.5 041 125.2 068 273.2 096 77 .4 
013 479.9 040 612.0 067 188.3 095 68.3 012 509.0 039 605.8 066 149.2 094 59.0 011 491.1 038 616.8 065 83.8 093 64.6 010 448.7 037 657.8 064 71. 5 092 115.4 009 367.8 036 691.2 063 102.2 091 120.1 008 287.0 035 690.3 062 090 116.9 
007 210.6 034 67.8 061 174.6 089 110.2 
006 180.7 033 70.9 060 243.7 088 96.9 
005 355.0 032 71.1 059 369.7 087 81.0 
004 316.8 031 659.1 058 449.3 086 65.4 
003 213.7 030 597.0 057 490.9 085 68.9 
002 182.9 029 446.1 056 473.5 084 98.8 
001 110.3 028 336.8 055 409.3 083 115.5 
000 61. 2 082 134.3 
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TABLE C-33 ELECTRICALLY HEATED DRYWELL THERMOCOUPLE DATA 

DATE: 12/30/80 TIME: 4:00 p.m. 
OPERATING HOURS: 6556 POWER LEVEL: 3 kW 
TOTAL OPERATING HOURS: 24,701 

T Ie No. Tem~(·Fl TIC No. Tem~(·F 1 TIC No. Tem~(·Fl TIC No. Tem~(·Fl 

027 259.7 054 297.6 081 178.7 109 
026 179.8 053 162.9 080 199.9 108 
025 165.9 052 113.6 079 205.1 107 
024 647.2 051 88.8 078 179.0 106 
023 64.3 050 515.8 077 131 .2 105 
022 685.9 049 610.7 076 104.5 104 
021 721.8 048 644.5 075 79.6 103 
020 713.7 047 644.6 074 76.5 102 
019 60.7 046 618.8 073 181.4 101 
018 58.1 045 560.4 072 268.4 100 
017 56.1 044 411.8 071 326.0 099 90.1 
016 687.5 043 251.6 070 349.2 098 86.8 
015 649.8 042 193.5 069 329.6 097 81.1 
014 639.2 041 127.8 068 270.8 096 73.1 
013 478.0 040 606.4 067 188.1 095 66.3 
012 506.9 039 600.4 066 149.9 094 60.2 
011 487.5 038 611.0 065 87.4 093 68.4 
010 447.0 037 651.8 064 77 .9 092 113.7 
009 368.2 036 684.8 063 102.4 091 117.0 
008 288.7 035 684.2 062 090 112.4 
007 213.6 034 67.7 061 174.9 089 105.1 
006 184.2 033 69.2 060 244.3 088 92.5 
005 355.9 032 67.1 059 368.3 087 79.1 
004 321.3 031 653.5 058 446.6 086 66.8 
003 216.5 030 592.6 057 487.9 085 73.7 
002 185.6 029 445.0 056 470.5 084 98.9 
001 115.1 028 337.3 055 407.2 083 115.3 
000 65.3 082 133.9 
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APPENDIX D 

SPENT FUEL DRYWELL TEST DATA 

Test data are provided in this 
Appendix for the Spent Fuel Drywe11 
Tests. The data is divided into 
four separate series of tables for 
each of the four drywe11s (5, 3, 2, 
and 1). Each table number includes 
the drywe 11 number (i.e., D5-1 for 
Drywe11 5, etc.). Figure D-1 is 
included in this Appendix to iden
tify and locate the drywe11 soil 
instrumentation wells. The identi
fication and location of the 
thermocouples for each drywell are 
provided in Tab 1es D5-1, D5-8, 
D3-1, D2-1, and D1-1 for Drywell 5 
with Fuel Assembly B03; Drywe11 5 
with Fuel Assembly D22, Drywe11 3, 

Table Operating 
No. Date Hours 

Drywe11 5 Phase I: Fuel Assembly B03 

D5-2 1/12/79 0 
-2 1/13/79 25 
-2 1/14/79 49 
-2 1/15/79 73 
-2 1/16/79 97 
-2 1/17/79 121 
-2 2/1/79 485 
-2 2/15/79 821 

D5-3 3/1/79 1,157 
-3 3/15/79 1,493 
-3 4/1/79 1,901 
-3 4/15/79 2,237 
-3 5/1/79 2,621 
-3 5/16/79 2,985 
-3 6/1/79 3,365 
-3 6/15/79 3,701 

Drywe11 2, and Drywe11 1, respec
tively. Test data for Drywell 5 is 
provided in Tables D5-2 through 
D5-7 for Fuel Assembly B03 and in 
Tables D5-9 through D5-14 for Fuel 
Assembly D22. Test data for Drywe11 
3 is provided in Tab 1es D3-2 
through D3-7 for Fuel Assembly B41 
and in Tables D3-8 through D3-13 
for Fuel Assembly B03. Test data 
for Drywe lls 2 and 1 are provided 
in Tables D2-2 through D2-7 and 
Tables Dl-2 through Dl-7, respec
tively. The data tables provide 
thermocouple readings at the times 
and for the test operating hours as 
follows: 

Table 
No. 

D5-4 
-4 
-4 
-4 
-4 
-4 
-4 
-4 

D5-5 
-5 
-5 
-5 
-5 
-5 
-5 
-5 

D-1 

Date 

7/1/79 
7/15/79 
8/1/79 

8/15/79 
9/1/79 

9/15/79 
10/1/79 

10/15/79 

11/1/79 
11/15/79 
12/1/79 

12/15/79 
1/1/80 

1/15/80 
2/1/80 

2/15/80 

Operating 
Hours 

4,085 
4,421 
4,829 
5,165 
5,573 
5,909 
6,293 
6,629 

7,037 
7,373 
7,757 
8,093 
8,501 
8,837 
9,245 
9,581 



Table Operating Table Operating 
No. Date Hours No. Date Hours 

Drywe11 5 Phase I: Fuel Assemb1~ B03 (Cont'd) 

D5-6 3/1/80 9,941 D5-7 7/1/80 12,869 
-6 3/15/80 10,277 -7 7/15/80 13,205 
-6 4/1/80 10,685 -7 8/1/80 13,613 
-6 4/15/80 11,021 
-6 5/1/80 11 ,405 
-6 5/15/80 11,741 
-6 6/1/80 12,149 
-6 6/15/80 12,485 

Drywe11 5 Phase II: Fuel Assemb1~ D22 

D5-9 9/4/80 1 D5-12 6/15/81 6,817 
-9 9/5/80 25 -12 7/1/81 7,201 
-9 9/6/80 49 -12 7/15/81 7,537 
-9 9/7/80 73 -12 8/1/81 7,945 
-9 9/8/80 97 -12 8/15/81 8,281 
-9 9/9/80 121 -12 9/1/81 8,689 
-9 9/15/80 265 -12 9/21/81 9,169 
-9 10/1/80 649 -12 10/1/81 9,409 

D5-10 10/15/80 985 D5-13 10/15/81 9,745 
-10 11/1/80 1,393 -13 11/1/81 10,153 
-10 11/15/80 1,729 -13 11/15/81 10,489 
-10 12/1/80 2,113 -13 12/1/81 10,873 
-10 12/15/80 2,449 -13 12/15/81 11 ,209 
-10 1/1/81 2,857 -13 1/1/82 11,617 
-10 1/15/81 3,193 -13 1/15/82 11,953 
-10 2/1/81 3,601 -13 2/1/82 12,361 

D5-11 2/15/81 3,937 D5-14 2/15/82 12,697 
-11 3/1/81 4,273 -14 3/1/82 13,033 
-11 3/15/81 4,609 -14 3/15/82 13,369 
-11 4/1/81 5,017 -14 3/31/82 13,753 
-11 4/15/81 5,353 
-11 5/1/81 5,737 
-11 5/15/81 6,073 
-11 6/1/81 6,481 

Dr~we11 3 Phase I: Fuel Assemb1~ B41 

D3-2 1/25/79 16.5 D3-3 3/1/79 864 
-2 1/25/79 24 -3 3/15/79 1,200 
-2 1/26/79 48 -3 4/1/79 1,608 
-2 1/27/79 72 -3 4/15/79 1,944 
-2 1/28/79 96 -3 5/1/79 2,328 
-2 1/29/79 120 -3 5/16/79 2,692 
-2 2/1/79 192 -3 6/1/79 3,072 
-2 2/15/79 528 -3 6/15/79 3,408 
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Table Operating Table Operating 
No. Date Hours No. Date Hours 

Drxwe11 3 Phase I: Fuel Assemb1x B41 (Cont 'd) 

D3-4 7/1/79 3,792 D3-6 3/1/80 9,648 
-4 7/15/79 4,128 -6 3/15/80 9,984 
-4 8/1/79 4,536 -6 4/1/80 10,392 
-4 8/15/79 4,872 -6 4/15/80 10,728 
-4 9/1/79 5,280 -6 5/1/80 11,112 
-4 9/15/79 5,616 -6 5/15/80 11,448 
-4 10/1/79 6,000 -6 6/1/80 11 ,856 
-4 10/15/79 6,336 -6 6/15/80 12,192 

D3-5 11/1/79 6,744 D3-7 7/1/80 12,576 
-5 11/15/79 7,080 -7 7/15/80 12,912 
-5 12/1/79 7,464 -7 8/1/80 13,320 
-5 12/15/79 7,800 
-5 1/1/80 8,208 
-5 1/15/80 8,544 
-5 2/1/80 8,952 
-5 2/15/80 9,288 

Drywe11 3 Phase II: Fuel Assemb1x B03 

D3-8 8/5/80 13,416 D3-11 8/1/81 22,080 
-8 8/15/80 13,656 -11 8/15/81 22,416 
-8 9/2/80 14,088 -11 9/1/81 22,824 
-8 9/15/80 14,400 -11 9/21/81 23,304 
-8 10/1/80 14,784 -11 10/1/81 23,544 
-8 10/15/80 15,120 -11 10/15/81 23,880 
-8 11/1/80 15,528 -11 11/1/81 24,288 
-8 11/15/80 15,864 -11 11/15/81 24,624 

D3-9 12/1/80 16,248 D3-12 12/1/81 25,008 
-9 12/15/80 16,584 -12 12/15/81 25,344 
-9 1/1/81 16,992 -12 1/1/82 25,752 
-9 1/15/81 17,328 -12 1/15/82 26,088 
-9 2/1/81 17,736 -12 2/1/82 26,496 
-9 2/15/81 18,072 -12 2/15/82 26,832 
-9 3/1/81 18,408 -12 3/1/82 27,168 
-9 3/15/81 18,744 -12 3/15/82 27,504 

D3-10 4/1/81 19,152 D3-13 3/31/82 27,888 
-10 4/15/81 19,488 
-10 5/1/81 19,872 
-10 5/15/81 20,208 
-10 6/1/81 20,616 
-10 6/15/81 20,952 
-10 7/1/81 21,336 
-10 7/15/81 21,672 
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Table Operating Table Operating 
No. Date Hours No. Date Hours 

Drywe11 2 Fuel Assembly B41 

D2-2 8/7/80 66 D2-5 5/15/81 6,810 
-2 8/8/80 90 -5 6/1/81 7,218 
-2 8/9/80 114 -5 6/15/81 7,554 
-2 8/10/80 138 -5 7/1/81 7,938 
-2 8/11/80 162 -5 7/15/81 8,274 
-2 8/12/80 186 -5 8/1/81 8,682 
-2 8/15/80 258 -5 8/15/81 9,018 
-2 9/2/80 690 -5 9/1/81 9,426 

D2-3 9/15/80 1,002 D2-6 9/21/81 9,906 
-3 10/1/80 1,386 -6 10/1/81 10,146 
-3 10/15/80 1,722 -6 10/15/81 10,482 
-3 11/1/80 2,130 -6 11/1/81 10,890 
-3 11/15/80 2,466 -6 11/15/81 11,226 
-3 12/1/80 2,850 -6 12/1/81 11,610 
-3 12/15/80 3,186 -6 12/15/81 11,946 
-3 1/1/81 3,594 -6 1/1/82 12,354 

D2-4 1/15/81 3,930 D2-7 1/15/82 12,690 
-4 2/1/81 4,338 -7 2/1/82 13,098 
-4 2/15/81 4,674 -7 2/15/82 13,434 
-4 3/1/81 5,010 -7 3/1/82 13,770 
-4 3/15/81 5,346 -7 3/15/82 14,106 
-4 4/1/81 5,754 -7 3/31/82 14,490 
-4 4/15/81 6,090 
-4 5/1/81 6,474 

Drywe11 1 Fuel Assembly B43 

Dl-2 9/15/80 0 Dl-4 3/1/81 4,012 
-2 9/16/80 24 -4 3/15/81 4,348 
-2 9/17/80 48 -4 4/1/81 4,756 
-2 9/18/80 72 -4 4/15/81 5,092 
-2 9/19/80 96 -4 5/1/81 5,476 
-2 9/20/80 120 -4 5/15/81 5,812 
-2 10/1/80 388 -4 6/1/81 6,220 
-2 10/15/80 724 -4 6/15/81 6,556 

Dl-3 11/1/80 1,132 Dl-5 7/1/81 6,940 
-3 11/15/80 1,468 -5 7/15/81 7,276 
-3 12/1/80 1,852 -5 8/1/81 7,684 
-3 12/15/81 2,188 -5 8/15/81 8,020 
-3 1/1/81 2,596 -5 9/1/81 8,428 
-3 1/15/81 2,932 -5 9/21/81 8,908 
-3 2/1/81 3,340 -5 10/1/81 9,148 
-3 2/15/81 3,676 -5 10/15/81 9,484 
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Table 
No. 

Drl':we11 1 

Dl-6 
-6 
-6 
-6 
-6 
-6 
-6 
-6 

Operating 
Date Hours 

Fuel Assemb1l': B43 (Cont'd) 

11/1/81 
11/15/81 

12/1/81 
12/15/81 

1/1/82 
1/15/82 

2/1/82 
2/15/82 

\ 

9,892 
10,228 
10,612 
10,948 
11,356 
11,692 
12,100 
12,436 

DRYWELL 
NO. 1 

DRYWELL 
NO. 2 

DRYWELL 
NO.3 

DRYWELL 
NO.5 

o = C1' 

Table 
No. Date 

Dl-7 3/1/82 
-7 3/15/82 
-7 3/31/82 

&>P 

q]N c{]o 

~M 

&>L 

q]J cOK 

~I 

6:>H 

c:{!F c{]G 

~E 

c{]B q]c 

~A 
-INSTRUMENTATION 

WELL IDENTIFIER 

706534-19A 

Figure D-l. Drywell Instrumentation Well Identification 

D-5 

Operating 
Hours 

12,772 
13,108 
13,492 



TABLE D5-1 

DRYWELL 5 THERMOCOUPLE LOCATIONS 
PHASE I: FUEL ASSEMBLY B03 

Data 
Channel Distance Below 

(Tic) Ground Level Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

861 203.5 120 150 Instrumentation Well A* 
862 203.5 60 90 Instrumentation Well B 
863 203.5 120 90 Instrumentation Well C 
864 203.5 120 30 Instrumentation Well D 
865 205.75 9 30 Liner 
866 205.75 9 210 Liner 
867 205.75 9 90 Liner 
868 206.0 7 30 Canister 
869 206.0 7 210 Canister 
870 176.0 7 15 Canister 
871 176.0 7 195 Canister 
872 143.5 120 150 Instrumentation Well A 
873 143.5 60 90 Instrumentation Well B 
874 143.5 120 90 Instrumentation Well C 
875 143.5 120 30 Instrumentation Well D 
876 145.75 9 0 Liner 
877 205.75** 9 180 Liner 
878 145.75 9 90 Liner 
879 146.0 7 0 Canister 
880 146.0 7 180 Canister 
881 116.0 7 345 Canister 
882 116.0 7 165 Canister 
883 83.5 120 150 Instrumentation Well A 
884 83.5 60 90 Instrumentation Well B 
885 83.5 120 90 Instrumentation Well C 
886 83.5 120 30 Instrumentation Well D 
887 85.75 9 330 Liner 
888 85.75 9 150 Liner 
889 85.75 9 90 Liner 
890 86.0 7 330 Canister 
891 86.0 7 150 Canister 

*See Figure D-1 for Instrumentation Well identification 

**Broken thermocouple was replaced by longer length thermocouple, original 
thermocouple depth was 145.75 inches 
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TABLE D5-2 DRYWELL NO.5 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 1/12/79 DATE: 1/13/79 DATE: 1/14/79 DATE: 1/15/79 
TIME: 11 :00 a.m. TIME: 12:00 noon TIME: 12:00 noon TIME: 12:00 noon 

OPERATING HRS: 0 OPERATING HRS: 25 OPERATING HRS: 49 OPERATING HRS: 73 

T /C No. Tem~(OF 1 T/C No. Tem~(OFl T/C No. Tem~(OFl T/C No. Tem~(OFl 

891 53.4 891 137.8 891 147.1 891 152.0 
890 57.1 890 147.0 890 155.9 890 161. 7 
889 56.5 889 90.7 889 100.2 889 106.2 
888 58.0 888 88.7 888 97.9 888 103.8 
887 58.7 887 91. 5 887 100.9 887 106.8 
886 55.5 886 55.3 886 55.2 886 55.1 
885 56.1 885 55.9 885 55.9 885 55.7 
884 55.5 884 55.4 884 55.4 884 55.6 
883 55.7 883 55.6 883 55.5 883 55.4 
882 56.6 882 166.1 882 175.6 882 181.8 
881 56.7 881 163.1 881 172.6 881 178.3 
880 56.7 880 172.7 880 183.6 880 190.3 
879 56.9 879 165.9 879 176.9 879 183.4 
878 56.8 878 101.8 878 114.0 878 121 .7 
877 55.9 877 877 877 
876 55.8 876 100.4 876 112.6 876 120.3 
875 62.3 875 62.1 875 62.0 875 61. 7 
874 62.4 874 62.5 874 62.3 874 62.1 
873 62.0 873 61.8 873 61.8 873 61.9 
872 62.2 872 62.4 872 62.2 872 62.1 
871 57.1 871 172.0 871 182.8 871 189.8 
870 55.8 870 166.7 870 177 .5 870 184.3 
869 57.6 869 141.0 869 149.9 869 155.3 
868 56.8 868 139.0 868 147.6 868 152.9 
867 56.2 867 89.3 867 97.9 867 103.4 
866 55.5 866 90.5 866 99.1 866 104.7 
865 52.5 865 89.9 865 98.5 865 104.0 
864 65.3 864 65.9 864 65.9 864 65.8 
863 66.2 863 66.1 863 66.1 863 65.8 
862 65.4 862 65.6 862 65.6 862 65.7 
861 66.3 861 66.2 861 66.2 861 66.0 

DATE: 1/16/79 DATE: 1/17/79 DATE: 2/1/79 DATE: 2/15/79 
TIME: 12:00 noon TIME: 12:00 noon TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 97 OPERATING HRS: 121 OPERATING HRS: 485 OPERATING HRS: 821 

T/C No. Tem~(OF 1 T/C No. Tem~(OFl TIC No. Tem~(OFl T/C No. Te!!!(!(OFl 
891 155.9 891 l!:1tl.B 891 161.4 891 171.1 
890 166.0 890 169.2 890 188.0 890 194.6 
889 110.4 889 113.6 889 130.8 889 137.7 
888 108.3 888 111.4 888 127.7 888 134.7 
887 111.0 887 114.3 887 131.8 887 138.7 
886 55.1 886 55.0 886 54.5 886 55.5 
885 55.4 885 55.4 885 55.0 885 55.7 
884 56.1 884 56.6 884 64.6 884 69.0 
883 55.2 883 55.1 883 54.6 883 55.5 
882 186.3 882 189.5 882 183.9 882 195.7 
881 182.6 881 185.8 881 189.3 881 195.8 
880 194.5 880 199.1 880 200.5 880 208.7 
879 187.7 879 191 .2 879 208.0 879 215.7 
878 127.1 878 131.2 878 154.1 878 164.5 
877 877 877 129.9 877 137.9 
876 125.8 876 129.9 876 152.6 876 163.8 
875 61.4 875 61.2 875 60.9 875 62.6 
874 62.1 874 61. 9 874 61.4 874 63.2 
873 62.2 873 62.8 873 73.9 873 79.7 
872 62.1 872 61. 9 872 61.3 872 63.2 
871 194.4 871 197.7 871 216.5 871 224.7 
870 189.2 870 192.7 870 215.7 870 223.8 
869 158.9 869 161.8 869 162.5 869 169.4 
868 156.7 868 159.7 868 154.5 868 161 .7 
867 107.3 867 110.5 867 129.6 867 137.6 
866 108.9 866 112.0 866 131.0 866 139.1 
865 108.0 865 111.1 865 130.1 865 138.0 
864 65.7 864 65.5 864 65.0 864 66.7 
863 65.6 863 65.5 863 65.1 863 66.6 
862 65.8 862 66.2 862 73.7 862 78.9 
861 65.7 861 65.6 861 65.3 861 66.7 
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TABLE DS-3 DRYWELL NO. S THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 3/1/79 DATE: 3/15/79 DATE: 4/1 179 DATE: 4/15179 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 1157 OPERATING HRS: 1493 OPERATING HRS: 1901 OPERATING HRS: 2237 

T /C No. Teml!(oq T/C No. Teml!!OF) T /C No. Teml!!OF) T/C No. Teme!OF) 
891 169.6 891 175.8 891 179.3 891 177 .8 890 197.5 890 201.4 890 203.6 890 205.8 
889 141.7 889 146.2 889 148.4 889 150.8 888 138.7 888 142.9 888 144.7 888 147.0 
887 142.9 887 147.8 887 150.3 887 153.1 886 58.4 886 61.2 886 63.5 886 65.7 
885 58.4 885 61. 7 885 64.0 885 66.3 884 73.3 884 76.9 884 79.4 884 81.7 
883 58.3 883 fi1.8 883 64.2 883 66.5 882 192.6 882 200.8 882 202.8 882 208.7 
881 202.3 881 207.4 881 206.8 881 211.6 
880 214.4 880 217 .8 880 221 .1 880 224.1 
879 220.8 879 224.8 879 228.2 879 230.6 
878 171.2 878 177.1 878 181.3 878 184.7 
877 142.8 877 147.6 877 152.2 877 155.3 
876 170.6 876 176.4 876 180.8 876 184.1 
875 63.7 875 65.2 875 67.0 875 68.3 
874 64.2 874 65.6 874 67.2 874 68.5 
873 82.5 873 84.7 873 86.6 873 87.7 
872 64.2 872 65.6 872 67.4 872 68.6 
871 229.4 871 233.3 871 236.6 871 238.9 
870 228.3 870 232.3 870 235.5 870 237.6 
869 173.4 869 176.7 869 180.1 869 182.1 
868 165.7 868 169.1 868 172.3 868 174.6 
867 142.3 867 146.9 867 151.3 867 154.3 
866 143.8 866 148.5 866 153.0 866 155.9 
865 142.7 865 147.7 865 152.4 865 155.4 
864 67.1 864 68.4 864 69.2 864 69.9 
863 67.1 863 68.4 863 69.3 863 70.0 
862 81.0 862 83.0 862 84.4 862 85.1 
861 67.3 861 68.5 861 69.4 861 70.1 

DATE: 5/1/79 DATE: 5/16179 DATE: 6/1/79 DATE: 6/15/79 
TIME: 4:00 p.m. TIME: 8:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 2621 OPERATING HRS: 2985 OPERATING HRS: 3365 OPERATING HRS:3701 

T/C No. Teml!(°F) TIC No. Teml!!OF 1 T/C No. Teml!!OFl T/C No. Teml!(OFl 
891 195.2 891 196.1 891 200.2 891 203.1 
890 205.9 890 207.1 890 210.9 890 212.4 
889 149.4 889 151 .6 889 161.6 889 164.5 
888 146.4 888 148.4 888 157.7 888 161.0 
887 151.6 887 153.3 887 164.8 887 167.4 
886 69.1 886 72.4 886 76.8 886 80.3 
885 69.5 885 72.4 885 77 .3 885 80.8 
884 84.9 884 88.0 884 92.3 884 95.6 
883 69.9 883 72.8 883 77.9 883 81.5 
882 224.9 882 226.4 882 229.4 882 232.5 
881 226.3 881 227.6 881 231.8 881 233.8 
880 240.1 880 242.0 880 245.1 880 247.4 
879 235.4 879 236.8 879 240.6 879 242.8 
878 187.2 878 189.9 878 195.0 878 197.5 
877 166.1 877 168.1 877 163.0 877 164.8 
876 185.5 876 188.2 876 194.5 876 197.1 
875 69.5 875 70.9 875 73.2 875 75.2 
874 69.8 874 71.5 874 73.4 874 75.5 
873 88.9 873 90.0 873 92.1 873 93.9 
872 70.0 872 71. 7 872 73.6 872 75.9 
871 244.4 871 245.7 871 248.4 871 250.1 
870 242.1 870 243.6 870 246.1 870 248.0 
869 202.7 869 204.0 869 206.0 869 207.4 
868 204.9 868 206.4 868 208.1 868 209.6 
867 165.3 867 167.5 867 162.1 867 164.0 
866 167.0 866 169.2 866 163.3 866 165.2 
865 165.7 865 167.8 865 163.0 865 164.9 
864 70.5 864 71.2 864 72.0 864 73.1 
863 70.5 863 70.9 863 72.1 863 73.1 
862 85.8 862 86.3 862 87.1 862 88.2 
861 70.7 861 71.1 861 72.2 861 73.3 
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TABLE D5- 4 DRYWELL NO. 5 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 7/1/79 DATE: 7/15/79 DATE: 8/1/79 DATE: 8/15/79 
TIME:' 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 4085 OPERATING HRS: 4421 OPERATING HRS: 4829 OPERATING HRS: 5165 

TIC No. Tem~(°F) TIC No. Tem~(·F) TIC No. Teml!(°F) TIC No. Tem~(OF) 

891 203.1 891 204.3 891 204.9 891 205.9 
890 214.2 890 215.3 890 216.1 890 216.4 
889 166.1 889 167.8 889 169.1 889 170.6 
888 162.6 888 164.4 888 165.9 888 167.1 
887 169.6 887 171.4 887 173.5 887 174.5 
886 83.0 886 85.2 886 88.2 886 90.2 
885 83.3 885 85.3 885 88.3 885 90.3 
884 98.0 884 99.9 884 102.6 884 104.3 
883 84.0 883 86.1 883 89.1 883 91.0 
882 233.7 882 234.8 882 235.5 882 235.8 
881 235.1 881 235.8 881 236.8 881 237.0 
880 249.3 880 250.0 880 250.9 880 251.0 
879 244.0 879 245.1 879 245.8 879 246.3 
878 199.4 878 200.9 878 202.4 878 203.3 
877 166.5 877 168.0 877 169.8 877 170.7 
876 199.1 876 200.8 876 202.3 876 203.2 
875 77.4 875 79.3 875 81. 5 875 83.2 
874 77.8 874 79.6 874 81. 7 874 83.5 
873 95.7 873 97.2 873 99.0 873 100.5 
872 78.2 872 80.1 872 82.3 872 84.0 
871 251.3 871 252.1 871 252.8 871 253.3 
870 249.3 870 250.1 870 250.8 870 251.2 
869 208.3 869 209.1 869 210.3 869 210.9 
868 210.6 868 211 .3 868 212.5 868 213.0 
867 165.6 867 167.1 867 169.1 867 170.1 
866 166.9 866 168.3 866 170.2 866 171.2 
865 166.4 865 168.0 865 169.9 865 170.8 
864 74.3 864 75.5 864 77.1 864 78.4 
863 74.1 863 75.3 863 77 .0 863 78.2 
862 89.2 862 90.2 862 91.6 862 92.6 
861 74.4 861 75.6 861 77 .2 861 78.5 

DATE: 9/1/79 DATE: 9/15/79 DATE: 10/1/79 DATE: 10/15/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 5573 OPERATING HRS: 5909 OPERATING HRS: 6293 OPERATING HRS: 6629 

~ Tem~(·Fl TIC No. Teml!(OF) TIC No. Teml!(OFl TIC No. Teml!(OFl 
891 204.2 891 204.8 891 203.3 891 203.1 
890 215.2 890 215.5 890 214.2 890 213.6 
889 169.8 889 170.9 889 170.5 889 169.7 
888 166.1 888 166.9 888 165.9 888 164.7 
887 173.9 887 174.8 887 174.5 887 173.5 
886 89.3 886 89.8 886 90.0 886 88.7 
885 89.5 885 89.8 885 90.4 885 89.2 
884 103.0 884 103.3 884 103.3 884 101.9 
883 89.8 883 90.3 883 90.7 883 89.4 
882 234.1 882 234.3 882 233.6 882 231.2 
881 235.5 881 235.8 881 234.5 881 233.2 
880 249.7 880 249.8 880 248.7 880 246.9 
879 244.9 879 244.8 879 243.7 879 242.6 
878 202.8 878 203.0 878 202.3 878 201.6 
877 171. 4 877 172.0 877 172.0 877 172.3 
876 202.5 876 202.8 876 202.0 876 201.3 
875 84.6 875 85.0 875 85.8 875 86.2 
874 84.8 874 85.4 874 85.8 874 86.3 
873 101.3 873 101.5 873 101.9 873 102.1 
872 85.2 872 85.7 872 86.2 872 86.5 
871 252.5 871 252.3 871 251. 6 871 250.7 
870 250.6 870 250.3 870 249.4 870 248.6 
869 211 .1 869 211.2 869 210.9 869 210.8 
868 213.3 868 213.2 868 212.8 868 212.6 
867 170.9 867 171.5 867 171 .5 867 171.6 
866 172.0 866 172.5 866 172.4 866 172.7 
865 171.6 865 172 .1 865 172.2 865 172.4 
864 79.8 864 80.7 864 81. 3 864 82.1 
863 79.7 863 80.6 863 81.2 863 82.0 
862 93.6 862 94.3 862 94.5 862 95.2 
861 79.9 861 80.9 861 81. 5 861 82.3 
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TABLE DS-S 

DATE: 1111/79 

TIME: 4:00 p.m. 
OPERATING HRS: 7037 

TIC No. 

891 
890 
889 
888 
887 
886 
885 
884 
883 
882 
881 
880 
879 
878 
877 
876 
875 
874 
873 
872 
871 
870 
869 
868 
867 
866 
865 
864 
863 
862 
861 

Temp (oF) 

200.1 
210.3 
166.3 
161.2 
169.9 
84.7 
85.5 
97.7 
85.4 

227.3 
229.6 
243.6 
239.5 
199.1 
171.7 
198.8 
85.3 
85.4 

100.9 
85.7 

248.7 
246.6 
209.9 
211.6 
170.9 
171.9 
171.6 
81.9 
81.8 
94.8 
82.1 

DATE: 111/80 

TIME: 4:00 p.m. 
OPERATING HRS: 8501 

TIC No. Temp(°F) 

891 188.4 
890 197.6 
889 155.1 
888 149.8 
887 158.0 
886 71 .3 
885 72.4 
884 84.2 
883 71.8 
882 214.2 
881 216.7 
880 230.4 
879 226.9 
878 187.9 
877 166.3 
876 187.5 
875 78.6 
874 78.9 
873 93.4 
872 78.9 
871 237.8 
870 235.9 
869 203.4 
868 205.1 
867 165.6 
866 166.7 
865 166.1 
864 80.1 
863 79.9 
862 91.9 
861 80.3 

DRYWELL NO, S THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 11/15/79 

TIME: 4:00 p.m. 
OPERATING HRS: 7373 

TIC No. Temp(oF) 

891 196.4 
890 206.9 
889 163.2 
888 157.9 
887 166.8 
886 80.9 
885 81.9 
884 93.8 
883 81.5 
882 224.0 
881 225.9 
880 240.0 
879 236.4 
878 196.5 
877 170.8 
876 196.0 
875 84.2 
874 84.3 
873 99.5 
872 84.4 
871 246.0 
870 243.9 
869 208.7 
868 210.4 
867 170.1 
866 171.0 
865 170.7 
864 81.8 
863 81. 9 
862 94.3 
861 82.1 

DATE: 1/15/80 

TIME: 4:00 p.m. 
OPERATING HRS: 8837 

TIC No. Temp(OF) 

891 185.4 
890 195.6 
889 152.1 
888 147.7 
887 156.1 
886 69.2 
885 70.3 
884 82.0 
883 69.6 
882 212.4 
881 214.1 
880 228.3 
879 224.9 
878 186.0 
877 164.9 
876 185.4 
875 77.0 
874 77.3 
873 91. 7 
872 77.3 
871 235.7 
870 233.9 
869 201.7 
868 203.4 
867 164.9 
866 165.3 
865 164.7 
864 79.1 
863 79.0 
862 90.8 
861 79.3 

DATE: 12/1/79 

TIME: 4:00 p.m. 
OPERATING HRS: 7757 

TIC No. Temp(·F) 

891 193.0 
890 203.0 
889 159.9 
888 154.6 
887 163.2 
886 76.9 
885 78.0 
884 89.7 
883 77.4 
882 220.0 
881 222.2 
880 236.2 
879 232.7 
878 193.3 
877 169.3 
876 192.7 
875 82.5 
874 82.7 
873 97.5 
872 82.8 
871 243.1 
870 241.1 
869 207.1 
868 208.8 
867 168.8 
866 169.9 
865 169.3 
864 81.8 
863 81. 7 
862 94.1 
861 82.1 

DATE: 2/1/80 

TIME: 4:00 p.m. 

OPERATING HRS: 9245 

TIC No. Temp(OF) 

891 182.7 
890 193.2 
889 149.6 
888 145.3 
887 153.7 
886 67.5 
885 68.2 
884 80.3 
883 67.9 
882 209.4 
881 211.3 
880 225.3 
879 221.8 
878 183.3 
877 163.2 
876 182.9 
875 75.1 
874 75.5 
873 89.7 
872 75.5 
871 232.9 
870 231. 3 
869 199.7 
868 201.3 
867 163.0 
866 163.6 
865 162.9 
864 78.0 
863 77.9 
862 89.7 
861 78.1 

D-IO 

DATE: 12/15/79 

TIME: 4:00 p.m. 
OPERATING HRS: 8093 

TIC No. 

891 
890 
889 
888 
887 
886 
885 
884 
883 
882 
881 
880 
879 
878 
877 
876 
875 
874 
873 
872 
871 
870 
869 
868 
867 
866 
865 
864 
863 
862 
861 

Temp(OF) 

191. 1 
201.0 
158.0 
152.7 
161. 2 

74.3 
75.4 
87.3 
74.9 

217.6 
219.8 
234.0 
229.8 
190.8 
168.0 
190.2 
80.6 
80.9 
95.5 
80.9 

240.8 
238.8 
205.2 
207.0 
167.1 
168.3 
167.6 
80.9 
80.8 
92.9 
81.2 

DATE: 2/15/80 

TIME: 4:00 p.m. 
OPERATING HRS: 9581 

TIC No. Temp (OF ) 

891 182.0 
890 192.1 
889 148.2 
888 144.3 
887 152.1 
886 67.0 
885 67.5 
884 79.7 
883 67.3 
882 208.0 
881 210.2 
880 224.0 
879 220.4 
878 182.0 
877 162.0 
876 181.5 
875 73.9 
874 74.3 
873 88.5 
872 74.3 
871 231 .5 
870 229.8 
869 198.5 
868 200.1 
867 160.9 
866 162.5 
865 161.8 
864 77.2 
863 77.0 
862 88.7 
861 77.3 



TABLE D5-6 DRYWELL NO.5 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 3/1 /80 OATE: 3/15/80 DATE: 4/1 /80 DATE: 4/15/80 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 9941 OPERATING HRS: 10,277 OPERATING HRS:l 0,685 OPERATING HRS: 11,021 

T /C No. Tem~(OFl T /C No. Tem~(OFl T/C No. Tem~(OFl T/C No. Tem~(OFl 

891 180.6 891 178.5 891 178.5 891 179.5 
890 190.5 890 188.3 890 188.3 890 ·188.9 
889 146.9 889 145.0 889 145.6 889 147.5 
888 142.9 888 140.8 888 141.4 888 142.8 
887 151. 2 887 149.1 887 149.6 887 150.9 
886 66.5 886 66.4 886 66.8 886 68.0 
885 66.9 885 66.4 885 66.9 885 68.5 
884 79.1 884 78.7 884 78.9 884 80.1 
883 66.8 883 66.8 883 67.1 883 68.6 
882 206.4 882 204.3 882 204.4 882 204.6 
881 208.2 881 206.2 881 206.0 881 206.7 
880 222.1 880 219.7 880 219.7 880 219.6 
879 218.5 879 216.3 879 215.9 879 216.2 
878 179.8 878 177.7 878 177 .6 878 177.6 
877 160.8 877 159.6 877 158.5 877 158.2 
876 179.6 876 177 .2 876 177.3 876 177 .6 
875 73.1 875 72.5 875 71.8 875 71. 7 
874 73.4 874 72.8 874 72.0 874 71.6 
873 87.8 873 87.0 873 86.1 873 85.8 
872 73.5 872 72.9 872 72.2 872 71.7 
871 229.4 871 227.3 871 226.6 871 226.1 
870 227.8 870 225.8 870 225.1 870 224.3 
869 197.0 869 195.6 869 194.6 869 193.7 
868 198.5 868 197.1 868 196.2 868 195.1 
867 156.3 867 153.9 867 153.3 867 152.4 
866 161. 2 866 159.9 866 159.2 866 158.4 
865 160.7 865 159.4 865 158.6 865 158.2 
864 76.6 864 75.9 864 75.2 864 74.7 
863 76.4 863 75.8 863 75.1 863 74.6 
862 88.1 862 87.3 862 86.6 862 85.8 
861 76.6 861 75.9 861 75.3 861 74.6 

DATE: 5/1/80 DATE: 5/15/80 DATE: 6/1/80 DATE: 6/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 11,405 OPERATING HRS: 11,741 OPERATING HRS: 12,149 OPERATING HRS: 12,485 

TIC No. Tem~(OF 1 TIC No. Tem~(OF 1 Tie No. Tem~(OFl TIC No. Tem~(OFl 
891 180.2 891 178.7 891 179.4 891 180.2 
890 189.9 890 188.0 890 188.2 890 188.5 
889 149.1 889 147.2 889 148.4 889 149.7 
888 144.1 888 143.4 888 144.3 888 145.5 
887 151.6 887 151.1 887 151.6 887 152.7 
886 71.1 886 73.0 886 74.9 886 76.4 
885 71.3 885 73.4 885 75.4 885 77 .1 
884 83.1 884 84.7 884 86.5 884 88.1 
883 71.6 883 73.5 883 75.5 883 77 .4 
882 205.7 882 204.4 882 204.3 882 205.8 
881 207.3 881 205.9 881 206.1 881 206.7 
880 220.7 880 218.7 880 218.6 880 219.7 
879 216.9 879 215.0 879 214.8 879 215.3 
878 178.6 878 177 .3 878 177 .5 878 178.0 
877 157.8 877 156.4 877 156.1 877 156.1 
876 178.6 876 177.3 876 177 .4 876 178.0 
875 71.8 875 72.4 875 73.4 875 74.1 
874 72.0 874 72.4 874 73.4 874 74.2 
873 85.9 873 86.1 873 86.9 873 87.6 
872 72.2 872 72.6 872 73.6 872 74.3 
871 226.4 871 224.0 871 223.4 871 223.5 
870 224.7 870 222.1 870 221.7 870 221.8 
869 193.2 869 191.0 869 190.6 869 190.3 
868 194.8 868 192.6 868 192.2 868 191. 9 
867 152.1 867 150.6 867 151 .1 867 152.0 
866 158.2 866 156.6 866 156.5 866 156.4 
865 157.8 865 156.3 865 156.3 865 156.3 
864 74.2 864 73.7 864 74.0 864 74.1 
863 74.0 863 73.6 863 73.8 863 74.1 
862 85.4 862 84.7 862 84.9 862 85.0 
861 74.2 861 73.7 861 73.9 861 74.1 
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TABLE DS-7 DRYWELL NO. S THERMOCOUPLE DATAl FUEL ASSEMBLY: B03 

DATE: 7/1/80 DATE: 7/15/80 DATE: 8/1/80 
TIME: 4:00 p.m. TIME: 4 :00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 12,869 OPERATING HRS: 13,205 OPERATING HRS: 13,613 

T/C No. Teml!loFl TIC No. Teml!loFl TIC No. Te!!!l!loFl 
891 183.2 891 183.4 891 186.9 
890 191.9 890 192.1 890 195.9 
889 153.2 889 154.4 889 157.9 
888 149.0 888 150.1 888 153.8 
887 156.3 887 157.3 887 161.0 
886 80.3 886 82.8 886 86.8 
885 80.6 885 83.1 885 86.8 
884 91.8 884 94.1 884 98.1 
883 81.3 883 83.7 883 87.6 
882 208.9 882 209.1 882 212.8 
881 210.2 881 210.6 881 214.1 
880 222.7 880 222.9 880 226.5 
879 218.0 879 218.4 879 221.8 
878 180.7 878 181. 3 878 184.6 
877 157.3 877 157.6 877 159.2 
876 180.7 876 181. 3 876 184.7 
875 75.7 875 77.1 875 79.5 
874 75.8 874 77.1 874 79.6 
873 89.2 873 90.4 873 92.7 
872 76.1 872 77.4 872 80.0 
871 225.6 871 225.6 871 228.0 
870 223.7 870 223.8 870 226.3 
869 191.2 869 191.2 869 193.2 
868 192.9 868 192.8 868 194.8 
867 153.5 867 153.8 867 156.5 
866 157.5 866 157.6 866 159.9 
865 157.3 865 157.6 865 159.8 
864 74.7 864 75.1 864 77.2 
863 74.6 863 75.0 863 76.8 
862 85.6 862 85.8 862 88.0 
861 74.8 861 75.1 861 77 .1 

... -- "_ .... -_ .... -. ---------- "--" ~ .. " 
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TABLE D5-8 

DRYWELL 5 THERMOCOUPLE LOCATIONS 
PHASE II: FUEL ASSEMBLY D22 

Data 
Channel Distance Below 

(TIC) Ground Level Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

861 203.5 120 150 Instrumentation Well A* 
862 203.5 60 90 Instrumentation Well B 
863 203.5 120 90 Instrumentation Well C 
864 203.5 120 30 Instrumentation Well D 
865 205.75 9 30 Liner 
866 77.75 9 210 Liner 
867** None Installed 
868 206.0 7 30 Canister 
869 206.0 7 210 Canister 
870t 18.75 Coiled in Upper Annulus 
87lt 18.75 Coiled in Upper Annulus 
872 143.5 120 150 Instrumentation Well A 
873 143.5 60 90 Instrumentation Well B 
874 143.5 120 90 Instrumentation Well C 
875 143.5 120 30 Instrumentation Well D 
876 145.75 9 0 Liner 
877** None Installed 
878 145.75 9 90 Liner 
879 146.0 7 0 Canister 
880 146.0 7 180 Canister 
88lt 18.75 Coiled in Upper Annulus 
88lt 18.75 Coiled in Upper Annulus 
883 83.5 120 150 Instrumentation Well A 
884 83.5 60 90 Instrumentation Well B 
885 83.5 120 90 Instrumentation Well C 
886 83.5 120 30 Instrumentation Well D 
887 85.75 9 330 Liner 
888** None Installed 
889 85.75 9 90 Liner 
890 86.0 7 330 Canister 
891 86.0 7 150 Canister 

* See Figure D-l for Instrumentation Well identification 

**Broken thermocouples were not replaced 

t These thermocouples not installed since canister has only six 
instrumentation tubes, not ten 
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TABLE DS-9 

DATE: 9/4/80 
TIME: 4:00 p.m. 
OPERATING HRS: 1 

T/C No. Temp(OF) 

891 95.4 
890 124.7 
889 112.6 
888 
887 114.9 
886 87.9 
885 87.5 
884 90.8 
883 88.0 
882 
881 
880 100.9 
879 96.5 
878 115.1 
877 
876 116.1 
875 81. 3 
874 81. 5 
873 85.2 
872 81.8 
871 
870 
869 117.6 
868 111.1 
867 
866 103.6 
865 100.4 
864 77.9 
863 77.5 
862 81. 7 
861 77.5 

DATE: 9/8/80 
TIME: 4:00 p.m. 

OPERATING HRS: 97 

TIC No. Temp(oF) 

891 234.9 
890 239.1 
889 174.4 
888 
887 172.4 
886 87.3 
885 87.1 
884 90.8 
883 87.6 
882 
881 
880 278.3 
879 268.9 
878 206.7 
877 
876 204.8 
875 81.3 
874 81.3 
873 85.3 
872 61. 6 
871 
870 
869 224.9 
868 224.9 
867 
866 154.6 
865 172.5 
864 77.5 
863 77.2 
862 81. 2 
861 77.4 

DRYWELL NO. S THERMOCOUPLE DATA, FUEL ASSEMBLY: D22 

DATE: 9/5/80 

TIME: 4:00 p.m. 
OPERATING HRS: 25 

TIC No. Temp(oF) 

891 203.6 
890 211.6 
889 144.2 
888 
887 144.1 
886 87.7 
885 87.4 
884 90.4 
883 87.9 
882 
881 
880 239.8 
879 231.4 
878 160.2 
877 
876 159.2 
875 81. 4 
874 81.4 
873 85.1 
872 81.7 
871 
870 
869 189.8 
868 189.8 
867 
866 128.5 
865 133.7 
864 77.7 
863 77.6 
862 81. 5 
861 77.6 

DATE: 9/9/80 
TIME: 4:00 p.m. 

OPERATING HRS: 121 

T/C No. 

891 
890 
889 
888 
887 
886 
885 
884 
883 
882 
881 
880 
879 
878 
877 
876 
875 
874 
873 
872 
871 
870 
869 
868 
867 
866 
865 
864 
863 
862 
861 

Temp (OF) 

239.2 
243.7 
178.9 

177.5 
87.2 
86.9 
91. 3 
87.4 

284.1 
274.7 
214.1 

212.1 
81. 2 
81.1 
85.1'; 
81. 4 

230.8 
230.8 

158.8 
179.4 

77 .4 
77 .2 
81. 3 
77.3 

0-14 

DATE: 9/6/80 

TIME: 4:00 p.m. 
OPERATING HRS: 49 

T /e No. Temp(°F) 

891 219.7 
890 225.1 
889 158.7 
888 
887 157.6 
886 87.5 
885 87.3 
884 90.3 
883 87.7 
882 
881 
880 258.3 
879 249.4 
878 182.4 
877 
876 181.0 
875 81. 4 
874 81. 4 
873 85.0 
872 81. 7 
871 
870 
869 206.3 
868 206.4 
867 
866 141. 1 
865 151. 7 
864 77.7 
863 77.5 
862 81. 4 
861 77.7 

DATE: 9/15/80 
TIME: 4: 00 p.m. 

OPERATING HRS: 265 

T /C No. 

891 
890 
889 
888 
887 
886 
885 
884 
883 
882 
881 
880 
879 
878 
877 
876 
875 
874 
873 
872 
871 
870 
869 
868 
867 
866 
865 
864 
863 
862 
861 

Temp(OF) 

253.6 
258.1 
197.2 

194.8 
86.5 
86.4 
95.5 
86.8 

303.0 
293.6 
237.4 

235.2 
81.1 
81.1 
90.5 
81.4 

250.0 
250.0 

173.5 
201. 5 

77 .6 
77.3 
84.6 
77.5 

DATE: 9/7/80 

TIME: 4:00 p.m. 
OPERATING HRS: 73 

T/C No. 

891 
890 
889 
888 
887 
886 
885 
884 
883 
882 
881 
880 
879 
878 
877 
876 
875 
874 
873 
872 
871 
870 
869 
868 
867 
866 
865 
864 
863 
862 
861 

Temp(·F) 

228.5 
233.6 
167.8 

166.2 
87.4 
87.2 
90.4 
87.6 

270.1 
260.7 
196.6 

194.9 
81.3 
81. 3 
85.0 
81.6 

217.0 
217.0 

148.8 
163.7 

77 .6 
77 .3 
81.1 
77.5 

DATE: 10/1/80 
TIME: 4:00 p.m. 

OPERATING HRS: 649 

T/C No. 

891 
890 
889 
888 
887 
886 
885 
884 
883 
882 
881 
880 
879 
878 
877 
876 
875 
874 
873 
872 
871 
870 
869 
868 
867 
866 
865 
864 
863 
862 
861 

Temp(OF) 

267.4 
271.4 
215.6 

212.0 
86.5 
86.6 

102.2 
86.9 

318.8 
308.9 
256.2 

254.0 
82.5 
82.5 

100.1 
82.8 

265.4 
265.4 

189.4 
219.6 
79.1 
78.7 
92.4 
78.9 



TABLE D5-10 DRYWELL NO. 5 THERMOCOUPLE DATAl FUEL ASSEMBLY: D22 

DATE: 10/15/80 DATE: 1111/80 DATE: 11115/80 DATE: 12/1/80 
TIME: 4: 00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 985 OPERATING HRS: 1393 OPERATING HRS: 1729 OPERATING HRS: 2113 

T /C No. Tem~(OF 1 T/C No. Tem~(OFl T/C No. Tem~(OFl T/C No. Tem~(OFl 

891 272.3 891 2b:J.:J 891 269.4 891 266.0 
890 275.5 890 273.9 890 273.2 890 269.5 
889 221. 7 889 221.8 889 221. 3 889 218.0 
888 888 888 888 
887 214.7 887 214.5 887 213.3 887 212.9 
886 87.9 886 85.6 886 83.6 886 79.8 
885 88.3 885 86.4 885 84.5 885 81.0 
884 105.5 884 103.7 884 102.0 884 98.2 
883 88.6 883 86.2 883 84.3 883 80.5 
882 882 882 882 
881 881 881 881 
880 323.2 880 322.3 880 321.3 880 318.1 
879 313.6 879 312.4 879 311.0 879 308.2 
878 261. 7 878 261.8 878 261.6 878 258.6 
877 877 877 877 
876 259.3 876 259.5 876 259.2 876 256.3 
875 84.5 875 86.0 875 85.8 875 85.1 
874 84.5 874 85.9 874 86.0 874 85.3 
873 104.4 873 106.6 873 106.7 873 105.9 
872 84.8 872 86.2 872 86.1 872 85.4 
871 871 871 871 
870 870 870 870 
869 271.0 869 272.3 869 272.3 869 271.0 
868 270.8 868 272.2 868 272.2 868 270.8 
867 867 867 867 
866 195.8 866 194.8 866 194.8 866 191.2 
865 226.0 865 228.6 865 228.7 865 227.8 
864 81.5 864 83.2 864 84.1 864 84.5 
863 81. 3 863 83.0 863 83.8 863 84.2 
862 97.0 862 99.5 862 100.6 862 100.9 
861 31.6 861 83.4 861 84.3 861 34.7 

DATE: 12/15/80 DATE: 1/1/81 DATE: 1/15/81 DATE: 2/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 2449 OPERATING HRS: 2857 OPERATING HRS: 3193 OPERATING HRS: 3601 

TIC No. Tem~(OFl T/C No._ Tem~(OF 1 T /C No. Teml!(OFl T/C No. Teml!(OF 1 
891 262.5 891 260.2 891 258.4 891 254.5 
890 266.3 890 264.6 890 262.9 890 259.3 
889 215.7 889 214.4 889 213.2 889 210.0 
888 888 888 

209.2 
888 

887 211.2 887 210.3 887 887 206.1 
886 77 .4 886 76.8 886 75.1 886 73.7 
885 78.7 885 77 .1 885 76.3 885 75.1 
884 95.7 884 94.3 884 93.4 884 91.7 
883 78.1 883 76.5 883 75.8 883 74.5 
882 882 882 882 
881 881 881 881 
880 315.1 880 312.7 880 310.4 880 306.6 
879 305.1 879 302.9 879 300.6 879 296.8 
878 255.9 878 253.9 878 252.0 878 248.9 
877 877 877 877 
876 253.6 876 251.7 876 250.0 876 246.8 
875 84.0 875 82.5 875 81.7 875 80.7 
874 84.2 874 82.8 874 82.0 874 80.9 
873 104.7 873 103.1 873 102.2 873 101.0 
872 84.2 872 82.8 872 82.0 872 80.8 
871 871 871 871 
870 870 

267.2 
870 870 

869 71.6 869 869 265.4 869 263.1 
868 269.2 868 267.0 868 265.2 868 262.7 
867 867 867 867 
866 269.1 866 188.0 866 186.4 866 183.5 
865 188.7 865 224.8 865 223.3 865 221.5 
864 226.5 864 83.9 864 83.4 864 82.7 
863 84.4 863 83.7 863 83.2 863 82.7 
862 84.2 862 100.0 862 99.3 862 98.6 
861 100.6 861 84.0 861 83.4 861 82.9 
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TABLE DS-ll DRYWELL NO. S THERMOCOUPLE DATAJ FUEL ASSEMBLY: D22 

DATE: 2/15/81 DATE: 3/1/81 DATE: 3/15/81 DATE: 4/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 3937 OPERATING HRS: 4273 OPERATING HRS: 4609 OPERATING HRS: 5017 

TIC No. Teme(OFl TIC No. Teme(OFl TIC No. T!!!I!(OFl TIC No. Teme(OF) 
891 251.4 891 251.0 891 248.6 891 247.6 890 255.8 890 254.7 890 252.9 890 251.2 889 207.7 889 207.8 889 206.1 889 205.7 888 888 888 888 
887 203.6 887 203.6 887 204.7 887 201.6 886 72.3 886 73.0 886 72.2 886 72.8 885 73.0 885 73.9 885 73.0 885 73.5 884 90.1 884 90.7 884 89.4 884 89.9 883 72.6 883 73.7 883 72.8 883 73.4 882 882 882 882 
881 881 881 881 
880 304.2 880 302.4 880 299.8 880 297.4 879 293.3 879 291.9 879 289.0 879 287.1 878 245.8 878 244.3 878 241. 9 878 240.2 877 877 877 877 
876 244.0 876 242.1 876 239.9 876 238.2 
875 79.3 875 78.4 875 78.0 875 77.3 
874 79.9 874 78.8 874 78.2 874 77.6 
873 99.5 873 98.5 873 97.8 873 96.8 
872 80.0 872 78.7 872 78.3 872 77 .6 
871 871 871 871 
870 870 870 870 
869 259.5 869 258.6 869 256.2 869 254.2 868 259.8 868 258.8 868 256.6 868 254.4 867 867 867 867 
866 181.2 866 181. 7 866 180.0 866 179.7 
865 218.1 865 217.5 865 215.5 865 213.6 864 81.7 864 81.5 864 80.9 864 80.2 863 81.2 863 81.4 863 80.8 863 80.1 862 97.2 862 96.8 862 96.1 862 95.3 861 81.5 861 81.6 861 81.0 861 80.3 

DATE: 4/15/81 DATE: 5/1/81 DATE: 5/15/81 DATE: 6/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 5353 OPERATING HRS: 5737 OPERATING HRS: 6073 OPERATING HRS: 6481 

TIC No. Tem~ (OF I TIC No. Tem~(OF 1 TIC No. Teme(°F} TIC No. Tem~(OFl 
891 248.6 891 249.7 891 249.9 891 249.4 
890 251.9 890 253.3 890 253.6 890 251.8 889 206.5 889 207.8 889 209.3 889 209.0 
888 888 888 888 
887 202.9 887 204.3 887 205.8 887 204.7 
886 74.3 886 77 .3 886 80.6 886 82.1 
885 74.9 885 77 .6 885 80.8 885 82.4 
884 91.2 884 94.0 884 96.9 884 98.2 
883 75.0 883 77.8 883 81.1 883 82.5 
882 882 882 882 
881 881 881 881 
880 296.9 880 296.4 880 296.1 880 293.1 
879 286.6 879 286.6 879 286.5 879 283.7 
878 240.3 878 240.6 878 240.7 878 239.2 
877 877 877 877 
876 238.4 876 238.9 876 238.8 876 237.4 
875 77 .5 875 78.0 875 78.9 875 80.5 
874 77 .6 874 78.2 874 79.0 874 80.7 
873 96.9 873 97.1 873 97.9 873 99.2 
872 77 .6 872 78.4 872 79.1 872 80.9 
871 871 871 871 
870 870 870 870 
869 252.7 869 251.4 869 250.6 869 248.4 
868 252.8 868 251.5 868 250.7 868 248.6 
867 867 867 867 
866 181. 3 866 183.6 866 184.9 866 184.6 
865 212.7 865 211.7 865 211.2 865 210.2 
864 79.9 864 79.8 864 79.8 864 80.4 
863 79.7 863 79.5 863 79.5 863 80.0 
862 94.9 862 94.8 862 94.5 862 95.0 
861 79.9 861 79.6 861 79.6 861 80.2 
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TABLE D5-12 DRYWELL NO.5 THERMOCOUPLE DATA, FUEL ASSEMBLY: D22 

DATE: 6/15/81 DATE: 7/1/81 DATE: 7/15/82 DATE: 8/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 6817 OPERATING HRS: 7201 OPERATING HRS: 7537 OPERATING HRS: 7945 

T /C No. Tem~{OF 1 T /C No. Tem(!(OF} T /C No. Tem(!(OFl T/C No. Tem!!{OFl 
891 249.4 891 250.6 891 250.7 891 251 .1 
890 253.6 890 254.8 890 254.4 890 254.8 
889 211.0 889 212.6 889 212.9 889 211.6 
888 888 888 888 
887 207.5 887 209.3 887 209.7 887 208.3 
886 85.0 886 88.7 886 91.6 886 92.0 
885 85.4 885 88.9 885 91.7 885 92.2 
884 101.1 884 104.4 884 107.0 884 107.2 
883 85.9 883 89.5 883 92.4 883 92.7 
882 882 882 882 
881 881 881 881 
880 293.2 880 293.5 880 293.5 880 290.9 
879 283.9 879 284.3 879 284.2 879 285.3 
878 239.6 878 240.3 878 240.4 878 242.1 
877 877 877 877 
876 237.8 876 238.7 876 239.0 876 240.6 
875 81.4 875 83.0 875 84.7 875 88.7 
874 81. 5 874 83.1 874 84.9 874 88.7 
873 99.7 873 101.1 873 102.6 873 106.1 
872 8l. 7 872 83.5 872 85.2 872 89.0 
871 871 871 871 
870 870 870 870 
869 247.6 869 246.5 869 245.8 869 246.6 
868 247.7 868 246.8 868 246.0 868 246.6 
867 867 867 867 
866 187.0 866 189.1 866 189.8 866 191.4 
865 209.7 865 209.2 865 208.8 865 209.9 
864 80.8 864 81.2 864 8l.8 864 84.4 
863 80.5 863 80.8 863 8l. 5 863 84.1. 
862 95.3 862 95.6 862 96.1 862 98.4 
861 80.6 861 80.9 861 8l.6 861 84.3 

DATE: 8/15/81 DATE: 9/1/81 DATE: 9/21/81 DATE: 10/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 8281 OPERATING HRS: 8689 OPERATING HRS: 9169 OPERATING HRS: 9409 

T/C No. Tem~(OFl T/C No. Tern!! (OF 1 T/C No. Tem(!{OF) TIC No. Tem(!{OF) 
891 250.0 891 249.3 891 245.2 891 243.3 
890 253.6 890 252.4 890 248.1 890 245.8 
889 211.0 889 210.1 889 206.6 889 204.6 
888 888 888 888 
887 207.5 887 206.6 887 202.9 887 200.9 
886 93.0 886 93.5 886 92.6 886 91.6 
885 93.1 885 93.5 885 92.7 885 92.0 
884 107.9 884 108.0 884 106.5 884 105.4 
883 93.7 883 94.0 883 93.0 883 92.4 
882 882 882 882 
881 881 881 881 
880 289.8 880 288.3 880 285.4 880 283.6 
879 284.1 879 283.2 879 280.5 879 278.9 
878 241.4 878 240.6 878 238.6 878 236 . .? 
877 877 877 877 
876 239.9 876 239.1 876 237.0 876 235.3 
875 89.9 875 91.1 875 92.9 875 92.9 
874 90.0 874 91.1 874 92.8 874 92.8 
873 107.0 873 107.9 873 109.2 873 109.1 
872 90.4 872 91.5 872 93.1 872 93.2 
871 871 871 871 
870 870 870 870 
869 245.9 869 245.0 869 243.5 869 242.4 
868 246.0 868 245.1 868 243.6 868 242.3 
867 867 867 867 
866 191.1 866 190.5 866 186.7 866 184.5 
865 209.5 865 208.8 865 207.5 865 206.6 
864 85.5 864 86.5 864 87.6 864 87.8 
863 85.2 863 86.2 863 87.2 863 87.6 
862 99.3 862 100.0 862 100.6 862 100.8 
861 85.4 861 86.4 861 87.5 861 87.9 
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TABLE D5-13 DRYWELL NO, 5 THERMOCOUPLE DATA, FUEL ASSEMBLY: D22 

DATE: 10/15/81 DATE: 11/1/81 DATE: 11 /15/81 DATE: 12/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 9745 OPERATING HRS: 10,153 OPERATING HRS: 10,489 OPERATING HRS: 10,873 

T/C No. Teml!(OF) T/C No. Teml!(OF) T/C No. Tem!!{OF) T/C No. Tem!!(OF) 
891 238.7 891 233.5 891 231.6 891 226.3 890 241.8 890 237.5 890 234.8 890 230.1 889 200.6 889 195.9 889 193.5 889 188.6 888 888 888 888 
887 196.9 887 192.8 887 190.2 887 185.3 886 89.0 886 84.8 886 82.5 886 79.6 885 89.6 885 85.7 885 83.4 885 80.4 884 102.6 884 98.4 884 96.0 884 92.9 883 89.8 883 85.5 883 83.0 883 79.9 882 882 882 882 
881 881 881 881 
880 280.1 880 275.8 880 273.4 880 269.1 879 275.0 879 271.0 879 268.5 879 264.0 878 233.5 878 229.8 878 227.3 878 223.3 877 877 877 877 
876 231.8 876 228.2 876 225.7 876 221.8 
875 92.5 875 91.0 875 89.7 875 88.0 
874 92.4 874 91.0 874 89.8 874 88.3 
873 108.4 873 106.6 873 105.2 873 103.4 
872 92.7 872 91. 1 872 89.8 872 88.3 
871 871 871 871 
870 870 870 870 
869 240.9 869 238.5 869 236.7 869 234.3 
868 240.8 868 238.5 868 236.8 868 234.5 
867 867 867 867 
866 180.0 866 175.7 866 173.5 866 168.6 
865 205.0 865 202.9 865 201.1 865 198.9 
864 88.0 864 88.0 864 87.8 864 87.2 
863 87.8 863 87.8 863 87.5 863 86.9 
862 100.6 862 100.4 862 100.0 862 99.2 
861 88.2 861 88.1 861 87.8 861 87.2 

DATE: 12/15/81 DATE: 1/1/82 DATE: 1/15/82 DATE: 2/1 /82 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 11,209 OPERATING HRS: 11 ,617 OPERATING HRS: 11,953 OPERATING HRS: 12,361 

T/C No. Tem!! (OF 1 TIC No. Teml!(OFl T/C No. Teml!(OFl T/C No. Teml!(OFl 
891 223.6 891 219.3 891 216.3 891 212.6 890 227.1 890 223.5 890 219.2 890 216.7 889 185.5 889 181. 7 889 178.6 889 176.1 888 888 888 888 
887 182.2 887 178.6 887 175.0 887 173.1 886 75.9 886 73.0 886 70.0 886 67.9 885 76.7 885 73.9 885 70.9 885 68.9 884 89.3 884 86.2 884 83.2 884 81. 2 883 76.2 883 73.3 883 70.2 883 68.3 882 882 882 882 
881 881 881 881 
880 265.9 880 262.4 880 257.4 880 254.8 879 260.6 879 257.1 879 252.1 879 249.5 
878 220.0 878 216.5 878 212.6 878 209.4 
877 877 877 877 
876 218.5 876 214.8 876 210.9 876 207.9 
875 86.3 875 84.2 875 82.5 875 80.4 
874 86.6 874 84.5 874 82.8 874 80.6 
873 101.6 873 99.3 873 97.5 873 95.3 
872 86.5 872 84.3 872 82.7 872 80.5 
871 871 871 871 
870 870 870 870 
869 232.1 869 229.6 869 226.5 869 224.0 
868 232.2 868 229.7 868 226.6 868 224.1 
867 867 867 867 
866 165.8 866 161.8 866 158.6 866 156.5 
865 196.9 865 194.4 865 192.1 865 189.6 
864 86.6 864 85.5 864 84.6 864 83.3 
863 86.3 863 85.3 863 84.3 863 83.1 
862 98.5 862 97.3 862 96.4 862 94.9 
861 86.6 861 85.5 861 84.6 861 83.3 
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TABLE DS-14 DRYWELL NO. S THERMOCOUPLE DATA, FUEL ASSEMBLY: D22 

DATE; 2/15/82 DATE; 3/1/82 DATE: 3/15/82 DATE: 3/31/82 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIfoE: 4:00 p.m. 
OPERATING HRS: 12,697 OPERATING HRS: 13,033 OPERATING HRS: 13,369 OPERATING HRS: 13.753 

T/C No. Teml!{°F) TIC No. Teml!(OF} TIC No. Teml!(OF} TIC No. Teml!{OF} 
891 211.0 891 212.2 891 212.0 891 207.9 
890 214.7 890 215.5 890 214.7 890 211.2 
889 174.1 889 175.4 889 175.2 889 172.0 
888 888 888 888 
887 171. 1 887 172.2 887 171.8 887 168.7 
886 66.7 886 67.5 886 68.5 886 68.0 
885 67.6 885 68.3 885 69.2 885 68.4 
884 79.8 884 80.8 884 81. 7 884 80.8 
883 66.9 883 67.9 883 68.9 883 68.3 
882 882 882 882 
881 881 881 881 
880 252.0 880 251.5 880 250.2 880 246.9 
879 247.0 879 246.1 879 245.0 879 242.0 
878 207.2 878 206.6 878 205.6 878 203.3 
877 877 877 877 
876 205.7 876 204.9 876 204.0 876 201.7 
875 78.9 875 77.8 875 77.4 875 77.2 
874 79.3 874 78.1 874 77.7 874 77.4 
873 93.9 873 92.7 873 92.3 873 91. 9 
872 79.1 872 78.0 872 77 .6 872 77.3 
871 871 871 871 
870 870 870 870 
869 221.8 869 220.4 869 218.9 869 216.8 
868 221.9 868 220.4 868 218.9 868 216.8 
867 867 867 867 
866 154.5 866 156.5 866 156.3 866 152.7 
865 187.6 865 186.5 865 185.1 865 183.5 
864 82.2 864 81. 3 864 80.4 864 79.8 
863 82.0 863 81.1 863 80.1 863 79.5 
862 93.8 862 92.9 862 92.0 862 91.2 
861 82.1 861 81.2 861 80.4 861 79.7 
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TABLE D3-1 

DRYWELL 3 THERMOCOUPLE LOCATIONS 

Data 
Channel Distance Below 

(TIc) Ground Level Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

824 203.5 120 150 Instrumentation Well E* 
825 203.5 60 90 Instrumentation Well F 
826 203.5 120 90 Instrumentation Well G 
827 203.5 120 30 Instrumentation Well H 
828 205.75 9 30 Liner 
829 205.75 9 210 Liner 
830 205.75 9 90 Liner 
831 206.0 7 30 Canister 
832 206.0 7 210 Canister 
833 176.0 7 15 Canister 
834 176.0 7 195 Canister 
835 143.5 120 150 Instrumentation Well E 
836 143.5 60 90 Instrumentation Well F 
837 143.5 120 90 Instrumentation Well G 
838 143.5 120 30 Instrumentation Well H 
839 145.75 9 0 Liner 
840 145.75 9 180 Liner 
841 145.75 9 90 Liner 
842 146.0 7 0 Canister 
843 146.0 7 180 Canister 
844 116.0 7 345 Canister 
845 116.0 7 165 Canister 
846 83.5 120 150 Instrumentation Well E 
847 83.5 60 90 Instrumentation Well F 
848 83.5 120 90 Instrumentation Well G 
849 83.5 120 30 Instrumentation Well H 
850 85.75 9 330 Liner 
851 85.75 9 150 Liner 
852 85.75 9 90 Liner 
853 86.0 7 330 Canister 
854 86.0 7 150 Canister 

*See Figure D-1 for Instrumentation Well identification 
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TABLE D3-2 DRYWELL NO. 3 THERMOCOUPLE DATAl FUEL ASSEMBLY: B41 

DATE: 1/25/79 DATE: 1/25/79 DATE: 1/26/79 DATE: 1/27/79 

TIME: 8:32 a.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 16.5 OPERATING HRS: 24 OPERATING HRS: 48 OPERATING HRS: 72 

TIC No. Tem!!(On TIC No. Tem!!(OF) TIC No. Tem!!(OF) TIC No. Tem!!(OF) 
854 35.6 854 128.9 854 137.4 854 143.1 
853 35.6 853 150.6 853 159.9 853 166.3 
852 35.6 852 83.2 852 92.7 852 98.7 
851 35.3 851 81.0 851 89.7 851 95.9 
850 35.6 850 84.0 850 94.0 840 100.2 
849 52.7 849 52.6 849 52.4 849 52.4 
848 53.3 848 53.2 848 53.1 848 53.1 
847 52.9 847 52.8 847 52.8 847 53.0 
846 52.6 846 52.5 846 52.4 846 52.4 
845 35.5 845 134.9 845 145.8 845 151.4 
844 35.6 844 159.6 844 169.1 844 175.3 
843 35.4 843 170.6 843 181.1 843 187.6 
842 35.6 842 171.0 842 182.0 842 188.8 
841 35.8 841 98.5 841 m.o 841 118.8 
840 35.4 840 98.8 840 m.2 840 118.8 
839 34.8 839 98.2 839 110.6 839 118.3 
838 60.5 838 60.4 838 60.3 838 60.3 
837 60.6 837 60.5 837 60.4 837 60.4 
836 60.1 836 60.0 836 60.0 836 60.2 
835 60.4 835 60.2 835 60.1 835 60.0 
834 34.8 834 172.9 834 184.1 834 190.6 
833 34.6 833 147.1 833 160.8 833 168.1 
832 34.8 832 112.7 832 120.3 832 125.5 
831 34.8 831 129.0 831 137.1 831 142.5 
830 34.9 830 86.5 830 95.8 830 101.3 
829 35.1 829 829 829 
828 35.4 828 88.3 828 97.3 828 103.2 
827 65.6 827 65.5 827 65.4 827 65.4 
826 69.4 826 69.2 826 69.1 826 65.4 
825 65.2 825 65.0 825 65.0 825 65.2 
824 65.6 824 65.4 824 65.4 824 65.3 

DATE: 1/28/79 DATE: 1/29/79 DATE: 211/79 DATE: 2115/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 96 OPERATING HRS: 120 OPERATING HRS: 192 OPERATING HRS: 528 

TIC No. Tern!! (oF) TIC No. Tem!! (OF 1 TIC No. Tem!!(OFl TIC No. Tem!!{OF) 
854 147.7 854 151.4 854 154.9 854 169.7 
853 170.5 853 173.3 853 179.8 853 192.5 
852 103.1 852 106.6 852 113.1 852· 127.7 
851 100.1 . 851 103.4 851 109.9 851 124.3 
850 104.6 850 108.1 850 114.8 840 129.2 
849 52.3 849 52.2 849 51.7 849 51.8 
848 53.0 848 52.8 848 52.3 848 52.5 
847 53.3 847 53.7 847 55.3 847 62.8 
846 52.3 846 52.2 846 51.6 846 51.8 
845 155.4 845 157.9 845 163.4 845 177 .3 
844 179.8 844 182.8 844 189.2 844 203.2 
843 192.0 843 195.6 843 202.4 843 216.8 
842 193.7 842 196.9 842 203.6 842 218.6 
841 124.3 841 128.4 841 136.5 841 153.6 
840 124.2 840 128.3 840 136.4 840 153.6 
839 123.7 839 127.7 839 135.9 839 153.0 
838 60.2 838 60.1 838 59.7 838 60.5 
837 60.2 837 60.1 837 59.7 837 60.5 
836 60.6 836 61. 2 836 63.7 836 74.7 
835 60.0 835 59.9 835 59.5 835 60.4 
834 195.6 834 198.9 834 205.8 834 221.4 
833 173.9 833 175.8 833 184.1 833 199.5 
832 129.1 832 132.0 832 137.8 832 152.0 
831 146.1 831 148.9 831 154.6 831 168.1 
830 105.5 830 108.8 830 115.3 830 130.9 
829 829 829 829 
828 107.4 828 110.5 828 117.2 828 132.1 
827 65.3 827 65.2 827 64.8 827 65.5 
826 65.3 826 65.2 826 64.9 826 65.8 
825 65.4 825 65.9 825 67.5 825 75.6 
824 65.2 824 65.1 824 64.8 824 65.7 
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TABLE D3-3 DRYWELL NO.3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 3/1/79 DATE: 3/15/79 DATE: 4/1/79 DATE: 4/15/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 864 OPERATING HRS: 1200 OPERATING HRS: 1608 OPERATING HRS: 1944 

TIC No. Teme(OFl TIC No. Teme(OFl TIC No. Teme(°F) TIC No. Teme(OFl 
854 179.6 854 179.7 854 180.6 854 181 .7 
853 197.0 853 201.6 853 202.9 853 205.3 
852 133.5 852 138.5 852 140.7 852 142.9 
851 130.2 851 135.2 851 137.4 851 139.5 
850 134.4 850 139.5 850 141.8 840 143.8 
849 54.4 849 57.9 849 60.8 849 63.0 
848 54.6 848 58.2 848 61. 1 848 63.0 
847 68.7 847 73.4 847 77.1 847 79.4 
846 54.3 846 58.0 846 60.8 846 62.9 
845 188.0 845 192.0 845 193.1 845 196.2 
844 207.8 844 212.4 844 214.4 844 217.0 
843 221.9 843 226.5 843 229.2 843 232.0 
842 224.2 842 228.4 842 231.9 842 234.5 
841 160.7 841 166.0 841 170.3 841 173.4 
840 160.2 840 165.6 840 170.4 840 174.2 
839 160.2 839 165.5 839 169.7 839 173.7 
838 61.9 838 63.7 838 65.3 838 67.1 
837 62.3 837 63.8 837 65.7 837 67.5 
836 80.0 836 83.6 836 86.1 836 88.1 
835 62.1 835 63.5 835 65.4 835 67.3 
834 228.2 834 233.0 834 236.5 834 239.7 
833 207.6 833 213.8 833 219.2 833 221.1 
832 158.6 832 162.9 832 176.1 832 178.8 
831 174.4 831 178.3 831 181.5 831 184.2 
830 138.3 830 143.4 830 147.9 830 151.6 
829 829 829 151.5 829 154.9 
828 139.0 828 145.0 828 150.2 828 153.4 
827 66.5 827 67.7 827 68.9 827 69.8 
826 66.3 826 67.8 826 68.9 826 69.8 
825 79.9 825 82.8 825 84.9 825 86.1 
824 66.0 824 67.5 824 68.5 824 69.4 

DATE: 5/1/79 DATE: 5/16/79 DATE: 6/1/79 DATE: 6/15/79 
TIME: 4:00 p.m. TIME: 8:00 a.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 2328 OPERATING HRS: 2692 OPERATING HRS: 3072 OPERATING HRS: 3408 

TIC No. Teme(OFl TIC No. Teme(OFl TIC No. Teme!OF 1 TIC No. Teme!OFl 
854 192.7 854 194.4 854 198.6 854 200.9 
853 202.9 853 204.8 853 207.5 853 209.8 
852 143.2 852 145.4 852 153.9 852 156.4 
851 139.9 851 142.0 851 151.0 851 153.9 
850 144.5 850 146.9 850 153.9 840 156.6 
849 66.7 849 69.8 849 74.7 849 78.5 
848 66.4 848 69.6 848 74.2 848 78.0 
847 82.9 847 86.0 847 90.7 847 94.1 
846 66.3 846 69.8 846 74.6 846 78.4 
845 215.1 845 216.9 845 220.6 845 223.0 
844 221.4 844 223.7 844 226.3 844 229.0 
843 233.3 843 234.7 843 238.2 843 240.4 
842 235.0 842 237.3 842 240.2 842 242.6 
841 177 .4 841 180.9 841 186.0 841 189.2 
840 177 .9 840 181.5 840 186.6 840 189.7 
839 177.0 839 180.3 839 186.0 839 189.0 
838 68.5 838 70.6 838 72.6 838 75.0 
837 68.8 837 70.7 837 73.0 837 75.2 
836 89.5 836 91.3 836 93.0 836 95.1 
835 68.7 835 70.6 835 72.8 835 75.2 
834 244.2 834 246.2 834 248.8 834 250.6 
833 241. 3 833 243.2 833 245.9 833 247.8 
832 203.1 832 205.0 832 206.1 832 207.7 
831 203.5 831 205.2 831 206.7 831 208.2 
830 162.9 830 166.1 830 159.3 830 161.4 
829 167.1 829 169.6 829 163.0 829 165.0 
828 163.3 828 165.9 828 161.5 828 163.4 
827 70.5 827 71.0 827 72.3 827 73.3 
826 70.6 826 71.4 826 72.4 826 73.5 
825 86.9 825 87.4 825 88.6 825 89.5 
824 70.3 824 71.1 824 72 .0 824 73.2 
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TABLE D3-4 DRYWELL NO, 3 THERMOCOUPLE DATAJ FUEL ASSEMBLY: B41 

DATE: 7/1/79 DATE: 7/15/79 DATE: 8/1/79 DATE: 8/15/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 3792 OPERATING HRS: 4128 OPERATING HRS: 4536 OPERATING HRS: 4e72 

TIC No. Teme(OF) TIC No. Teme(OF) TIC No. Teme{°F) TIC No. Teme(OF) 
854 202.3 854 203.7 854 205.1 854 204.6 
853 211.1 853 212.3 853 213.4 853 213.9 
852 158.8 852 160.4 852 162.1 852 162.9 
851 155.8 851 157.6 851 159.4 851 159.9 
850 158.6 850 160.4 850 162.1 840 162.9 
849 8l. 3 849 83.8 849 86.8 849 88.7 
848 80.9 848 83.3 848 86.2 848 88.2 
847 96.6 847 96.7 847 101.3 847 103.0 
846 80.4 846 83.7 846 86.7 846 88.6 
845 224.5 845 226.0 845 226.8 845 227.5 
844 230.5 844 231.6 844 232.8 844 233.2 
843 242.0 843 243.0 843 244.2 843 244.9 
842 244.2 842 245.5 842 246.2 842 247.0 
841 191. 5 841 193.2 841 195.0 841 196.2 
840 192.5 840 194.4 840 196.3 840 197.7 
839 191.3 839 193.0 839 194.8 839 196.2 
838 77 .6 838 79.5 838 81.8 838 83.6 
837 77 .5 837 79.4 837 81. 7 837 83.4 
836 97.2 836 98.7 836 100.6 836 102.0 
835 77.7 835 79.6 835 81. 9 835 83.7 
834 252.2 834 252.8 834 253.6 834 254.2 
833 249.1 833 250.0 833 250.7 833 251.4 
832 208.8 832 209.4 832 210.2 832 210.8 
831 209.2 831 209.9 831 210.8 831 211.3 
830 163.4 830 164.8 830 166.1 830 167.1 
829 166.7 829 168.1 829 169.6 829 170.4 
828 165.2 828 166.8 828 168.3 828 170,3 
827 74.6 827 75.7 827 77.3 827 78.6 
826 74.7 826 76.0 826 77.5 826 78.7 
825 90.5 825 91.6 825 92.8 825 93.8 
824 74.6 824 75.8 824 77.3 824 78.6 

DATE: 9/1/79 DATE: 9/15/79 DATE: 10/1/79 DATE: 10/15/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 5280 OPERATING HRS: 5616 OPERATING HRS: 6000 OPERATING HRS: 6336 

TIC No. Teme{OF) TIC No. Teme (OF) TIC No. Teme{OF) TIC No. Teme{OF) 
854 203.1 854 202.9 854 201.1 854 200.3 
853 212.7 853 213.1 853 212.3 853 211.1 
852 161.6 852 162.2 852 161 .1 852 160.5 
851 158.7 851 159.2 851 158.2 851 157.6 
850 162.0 850 162.7 850 162.2 840 161.6 
849 87.6 849 87.9 849 87.7 849 86.5 
848 87.4 848 87.4 848 87.4 848 86.5 
847 101.8 847 101.6 847 101.4 847 100.2 
846 87.5 846 87.5 846 87.4 846 86.5 
845 226.0 845 225.9 845 224.8 845 223.7 
844 232.3 844 232.3 844 231.2 844 230.1 
843 243.5 843 243.3 843 242.3 843 241.0 
842 246.2 842 245.7 842 244.7 842 243.9 
841 196.1 841 196.3 841 195.9 841 195.5 
840 197.5 840 197.7 840 197.1 840 196.5 
839 196.1 839 196.3 839 196.4 839 195.7 
838 85.1 838 85.6 838 86.3. 838 86.2 
837 84.9 837 85.5 837 86.2 837 86.3 
836 103.0 836 103.2 836 103.3 836 103.1 
835 85.1 835 85.6 835 86.3 835 86.4 
834 253.4 834 252.8 834 252.2 834 251.0 . 
833 250.6 833 250.2 833 249.8 833 248.6 
832 210.8 832 210.6 832 210.4 832 209.7 
831 211.1 831 211.0 831 210.7 831 210.0 
830 167.5 830 167.8 830 167.6 830 167.2 
829 171.0 829 171.4 829 171.4 829 171. 5 
828 172.2 828 171.5 828 170.7 828 170.6 
827 80.0 827 80.9 827 81.7 827 82.5 
826 80.1 826 80.9 826 81.6 826 82.3 
825 94.8 825 95.5 825 95.9 825 96.4 
824 80.1 824 80.9 824 81.4 824 82.2 
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TABLE D3-5 DRYWELL NO. 3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 11/1/79 

TIME: 4:00 p.m. 

OPERATING HRS: 6744 

T/C No. Temp(OF) 

854 195.8 
853 208.5 
852 156.6 
851 153.7 
850 158.9 
849 82.6 
848 83.1 
847 96.3 
846 82.7 
845 220.1 
844 227.1 
843 238.1 
842 24l. 5 
841 193.2 
840 194.5 
839 193.4 
838 85.0 
837 85.1 
836 101.6 
835 85.2 
834 248.5 
833 246.4 
832 208.6 
831 208.8 
830 166.2 
829 170.7 
828 173.9 
827 82.3 
826 82.1 
825 96.0 
824 82.2 

DATE: 11/15/79 

TIME: 4:00 p.m. 

OPERATING HRS: 7080 

T/C No. Temp(OF) 

854 192.5 
853 205.8 
852 153.3 
851 150.6 
850 156.0 
849 78.9 
848 79.6 
847 92.6 
846 78.9 
845 216.9 
844 224.0 
843 234.9 
842 238.5 
841 190.9 
840 192.0 
839 191 .1 
838 83.9 
837 84.3 
836 100.3 
835 84.3 
834 245.9 
833 244.1 
832 207.5 
831 207.6 
830 165.4 
829 169.5 
828 178.6 
827 82.3 
826 82.1 
825 95.9 
824 82.3 

DATE: 1/1/80 DATE: 1/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 8208 OPERATING HRS: 8544 

T/C No. Temp(°F) 

854 184.4 
853 197.3 
852 145.0 
851 142.3 
850 147.8 
849 68.8 
848 70.1 
847 82.6. 
846 69.0 
845 207.5 
844 215.1 
843 225.6 
842 229.8 
841 182.9 
840 184.2 
839 183.4 
838 78.6 
837 78.9 
836 94.4 
835 78.7 
834 237.9 
833 236.1 
832 202.6 
831 202.2 
830 161.3 
829 164.8 
828 168.4 
827 80.3 
826 80.5 
825 93.2 
824 80.5 

TIC No. 

854 
853 
852 
851 
850 
849 
848 
847 
846 
845 
844 
843 
842 
841 
840 
839 
838 
837 
836 
835 
834 
833 
832 
831 
830 . 
829 
828 
827 
826 
825 
824 

Temp(OF) 

183.2 
195.4 
143.3 
141.0 
145.8 
66.7 
67.9 
80.5 
66.9 

205.9 
213.7 
223.7 
228.0 
181.2 
182.4 
181.8 
76.8 
77.3 
92.6 
77.1 

235.8 
234.1 
200.8 
200.8 
159.9 
163.5 
175.0 
79.5 
79.7 
92.3 
79.7 

DATE: 12/1 /79 
TIME: 4:00 p.m. 

OPERATING HRS: 7464 

TIC No. Temp(OF) 

854 189.3 
853 202.2 
852 150.0 
851 147.1 
850 152.4 
849 74.6 
848 75.7 
847 88.3 
846 74.7 
845 212.9 
844 220.4 
843 231.3 
842 234.7 
841 187.8 
840 189.0 
839 188.0 
838 82.4 
837 82.6 
836 98.5 
835 82.6 
834 242.9 
833 24l.0 
832 205.9 
831 205.8 
830 164.1 
829 168.0 
828 176.2 
827 8l. 9 
826 82.0 
825 95.2 
824 82.0 

DATE: 2/1/80 

TIME: 4:00 p.m. 

OPERATING HRS: 8952 

TIC No. 

854 
853 
852 
851 
850 
849 
848 
847 
846 
845 
844 
843 
842 
841 
840 
839 
838 
837 
836 
835 
834 
833 
832 
831 
830 
829 
828 
827 
826 
825 
824 

D-24 

Temp(OF) 

180.3 
193.0 
141 .3 
138.9 
143.7 
65.1 
66.1 
78.6 
65.2 

203.0 
210.8 
221.0 
225.1 
178.9 
180.2 
179.5 
75.1 
75.4 
90.8 
75.2 

232.9 
231.3 
198.8 
198.5 
158.0 
161. 7 
164.3 
78.1 
78.5 
91.0 
78.5 

OATE: 12/15/79 
TIME: 4:00 p.m. 

OPERATING HRS: 7800 

TIC No. 

854 
853 
852 
851 
840 
849 
848 
847 
846 
845 
844 
843 
842 
841 
840 
839 
838 
837 
836 
835 
834 
833 
832 
831 
830 
829 
828 
827 
826 
825 
824 

Temp(OF) 

186.8 
200.4 
147.6 
144.9 
150.6 
71.9 
73.0 
85.7 
72.1 

210.3 
218.3 
228.7 
232.8 
185.6 
186.9 
185.9 
80.5 
80.8 
96.5 
80.7 

240.7 
238.8 
204.4 
204.2 
162.9 
166.5 
173.7 
8l.2 
8l.4 
94.3 
81.4 

DATE: 2/15/80 

TIME: 4:00 p.m. 

OPERATING HRS: 9288 

TIC No. 

854 
853 
852 
851 
840 
849 
848 
847 
846 
845 
844 
843 
842 
841 
840 
839 
838 
837 
836 
835 
834 
833 
832 
831 
830 
829 
828 
827 
826 
825 
824 

Temp(OF) 

179.4 
192.1 
140.4 
138.0 
142.8 
64.6 
65.5 
78.0 
64.8 

201. 7 
209.5 
219.7 
223.8 
177 .8 
179.1 
178.1 
73.7 
74.0 
89.4 
73.8 

231.5 
229.8 
197.4 
197.1 
156.9 
160.5 

77.3 
77.7 
90.7 
77.7 



TABLE D3- 6 DRYWELL NO.3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 3/1/80 DATE: 3/15/80 DATE: 4/1/80 DATE: 4/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 9648 OPERATING HRS: 9984 OPERATING HRS: '10,392 OPERATING HRS: 10,728 

T /C No. Tem~(OF ) T/C No. l~ T /C No. Tem~(OF) T/C No. Tem~(OF) 

854 179.6 854 177 .6 854 176.3 854 176.0 
853 190.1 853 189.6 853 187.7 853 ' 186.6 
852 140.1 852 139.1 852 137.7 852 136.5 
851 137.7 851 136.3 851 134.8 851 133.1 
850 14l.0 850 140.2 850 138.1 840 136.8 
849 64.1 849 63.9 849 63.9 849 65.3 
848 64.8 848 64.2 848 64.3 848 65.3 
847 77 .3 847 76.9 847 76.6 847 77 .6 
846 64.2 846 64.0 846 64.1 846 65.0 
845 201.4 845 199.4 845 198.0 845 197.4 
844 207.9 844 206.7 844 205.0 844 204.3 
843 218.8 843 217.1 843 215.5 843 214.8 
842 222.5 842 221.2 842 219.1 842 218.0 
841 176.8 841 175.7 841 174.4 841 173.6 
840 178.0 840 176.8 840 175.6 840 174.6 
839 177.2 839 176.0 839 174.5 839 174.3 
838 72.8 838 72.1 838 71. 5 838 7l. 1 
837 73.2 837 72.6 837 71.6 837 7l.6 
836 88.4 836 87.6 836 86.8 836 86.4 
835 73.0 835 72.4 835 71.6 835 7l.6 
834 230.1 834 228.5 834 226.9 834 225.7 
833 228.3 833 226.9 833 225.1 833 224.2 
832 195.8 832 194.5 832 193.3 832 191.9 
831 195.7 831 194.5 831 193.1 831 192.1 
830 155.7 830 154.5 830 153.5 830 152.5 
829 159.5 829 158.4 829 157.1 829 156.6 
828 828 828 828 
827 76.6 827 75.9 827 75.1 827 74.8 
826 77 .0 826 76.3 826 75.5 826 75.0 
825 89.4 825 88.7 825 87.7 825 87.3 
824 77.0 824 76.3 824 75.5 824 74.8 

DATE: 5/1/80 DATE: 5/15/80 DATE: 6/1/80 DATE: 6/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4.00 p.m. 
OPERATING HRS: 11,112 OPERATING HRS: 11.448 OPERATING HRS: 11,856 OPERATING HRS: 12,192 

T /C No. Tem~(·F) T /C No. Tem~ (OF) T/C No. Tem~{OF) T/C No. Tem~{OF 1 
854 178.3 854 177 .2 854 177.7 854 179.2 
853 188.4 853 187.1 853 186.9 853 187.6 
852 140.0 852 139.4 852 139.9 852 141.4 
851 136.8 851 136.4 851 136.9 851 138.5 
850 139.8 850 139.4 850 139.9 840 141.1 
849 68.4 849 70.4 849 72.5 849 74.4 
848 68.4 848 70.2 848 72.3 848 74.0 
847 80.6 847 82.4 847 84.3 847 86.1 
846 68.3 846 70.2 846 72.3 846 74.2 
845 199.1 845 197.8 845 198.2 845 199.3 
844 205.6 844 204.0 844 203.7 844 203.9 
843 216.1 843 214.3 843 214.3 843 215.1 
842 219.2 842 217.1 842 217 .1 842 217.4 
841 174.7 841 173.6 841 173.9 841 174.6 
840 175.8 840 174.6 84·0 174.7 840 175.4 
839 174.9 839 173.9 839 174.4 839 175.2 
838 71.2 838 7l.8 838 73.0 838 73.9 
837 7l.4 837 72.1 837 73.3 837 74.4 
836 86.4 836 86.6 836 87.7 836 88.3 
835 71.4 835 72.1 835 73.3 835 74.3 
834 226.1 834 224.1 834 223.3 834 224.1 
833 224.0 833 222.2 833 221.8 833 222.0 
832 19l.2 832 189.2 832 188.6 832 188.3 
831 19l.4 831 189.3 831 189.0 831 188.7 
830 152.2 830 150.6 830 150.6 830 150.5 
829 155.8 829 154.4 829 154.1 829 154.2 
828 828 828 828 
827 74.0 827 73.7 827 73.8 827 74.1 
826 74.4 826 73.9 826 74.1 826 74.1 
825 86.5 825 85.9 825 86.0 825 86.1 
824 74.5 824 73.8 824 73.9 824 73,9 
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TABLE D3-7 DRYWELL NO.3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 7/1/80 DATE: 7/15/80 DATE: 8/1/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 12,576 OPERATING HRS: 12,912 OPERATING HRS: 13,320 

T /C No. Teml!{OFl T/C No. Teml!{°F) T /C No. Teml!{OF) 
854 182.9 854 183.4 854 187.6 
853 190.5 853 191. 3 853 194.1 
852 145.4 852 146.6 852 150.5 
851 142.3 851 143.4 851 147.5 
850 144.6 850 145.8 850 149.3 
849 78.3 849 80.7 849 84.7 
848 77.8 848 80.1 848 84.1 
847 89.8 847 92.2 847 96.0 
846 78.1 846 80.6 846 84.8 
845 202.5 845 203.2 845 206.6 
844 207.1 844 207.6 844 210.3 
843 217.9 843 218.6 843 221.3 
842 220.1 842 220.5 842 223.3 
841 177.1 841 177.9 841 180.7 
840 178.0 840 178.6 840 181.6 
839 177.6 839 178.6 839 180.8 
838 75.8 838 77 .4 838 79.3 
837 75.9 837 77 .6 837 79.3 
836 90.2 836 91. 7 836 93.8 
835 76.0 . 835 77.8 835 79.7 
834 226.3 834 226.6 834 228.2 
833 224.0 833 224.4 833 225.9 
832 189.4 832 189.4 832 190.2 
'831 189.9 831 189.9 831 190.9 
830 151. 7 830 152.1 830 153.8 
829 155.2 829 155.3 829 156.6 
828 828 828 
827 74.7 827 75.3 827 76.5 
826 74.9 826 75.4 826 76.8 
825 86.8 825 87.2 825 88.4 
824 74.8 824 75.3 824 76.9 
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TABLE D3-8 DRYWELL NO.3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 8/5/80 DATE: 8/15/80 DATE: 9/2/80 DATE: 9/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 13,416 OPERATING HRS: 13,656 OPERATING HRS: 14,088 OPERATING HRS: 14,400 

T /C No. Teme(oq T/C No. Teme(OF) T /C No. Teme(OF) T /C No. Teme(OF) 
854 180.0 854 184.9 854 181.9 854 177.0 
853 189.5 853 194.8 853 193.5 853 192.2 
852 145.2 852 149.0 852 146.4 852 143.7 
851 142.5 851 146.5 851 144.7 851 142.6 
850 146.2 850 150.2 850 149.1 840 147.8 
849 85.6 849 87.2 849 87.2 849 86.4 
848 85.0 848 86.6 848 86.7 848 85.8 
847 96.9 847 9A.2 847 97.9 847 96.8 
846 85.7 846 87.2 846 86.9 846 85.9 
845 201.8 845 208.0 845 205.7 845 202.9 
844 205.4 844 211 .0 844 210.2 844 209.1 
843 843 222.4 843 221. 1 843 218.6 
842 215.3 842 220.8 842 220.0 842 218.3 
841 175.4 841 181.4 841 180.7 841 179.1 
840 176.5 840 182.5 840 182.2 840 180.8 
839 175.4 839 839 839 
838 79.9 838 81.2 838 83.2 838 83.9 
837 79.8 837 81.2 837 83.1 837 83.7 
836 94.3 836 95.3 836 97.0 836 97.3 
835 80.2 835 81.5 835 83.6 835 84.0 
834 221.9 834 228.4 834 227.7 834 226.3 
833 220.4 833 226.9 833 226.3 833 225.1 
832 182.3 832 189.2 832 189.4 832 189.2 
831 172.4 831 178.0 831 178.2 831 178.1 
830 149.5 830 153.9 830 154.4 830 154.3 
829 152.0 829 156.8 829 157.4 829 157.2 
828 828 828 828 
827 76.7 827 77.4 827 78.8 827 79.7 
826 77 .0 826 77 .6 826 78.9 826 79.7 
825 88.5 825 89.0 825 90.3 825 90.9 
824 77 .1 824 77 .8 824 79.2 824 80.0 

DATE: 10/1/80 DATE: 10/15/80 DATE: 11/1/80 DATE: 11/15/80 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 14,784 OPERATING HRS:15,120 OPERATING HRS: 15,528 OPERATING HRS: 15,864 

T/C No. Teme (OF) T/C No. Teme(OF) T /C No. Tem(;!(OF) T/C No. Tem(;!(OF) 
854 177 .3 854 177 .6 854 172.9 854 171.3 
853 190.7 853 190.6 853 186.6 853 184.5 
852 141.2 852 142.1 852 137.5 852 135.5 
851 140.3 851 141.2 851 137.1 851 135.2 
850 146.2 850 146.0 850 142.1 840 140.2 
849 84.9 849 84.9 849 81.5 849 79.0 
848 84.3 848 84.3 848 81.2 848 78.8 
847 95.0 847 95. 1 847 91.5 847 89.0 
846 84.5 846 84.6 846 80.8 846 78.3 
845 201.8 845 201.9 845 197.6 845 195.5 
844 207.0 844 207.4 844 202.9 844 201.0 
843 217 .1 843 216.8 843 212.6 843 210.4 
842 216.6 842 216.8 842 213.0 842 211.1 
841 177.7 841 177.4 841 174.0 841 172.1 
840 179.4 840 179.0 840 175.7 840 173.7 
839 839 839 839 
838 84.3 838 84.3 838 84.3 838 83.2 
837 83.9 837 83.6 837 83.6 837 82.2 
836 97.2 836 96.8 836 96.4 836 94.8 
835 84.2 835 83.9 835 83.7 835 82.2 
834 224.9 834 224.2 834 221.0 834 218.9 
833 223.7 833 223.1 833 220.1 833 218.1 
832 188.5 832 188.0 832 186.8 832 185.4 
831 177.7 831 177 .2 831 176.0 831 174.9 
830 154.1 830 153.4 830 152.4 830 151 .1 
829 156.8 829 156.7 829 155.6 829 154.6 
828 828 828 828 
827 80.6 827 81.4 827 82.1 827 82.2 
826 80.4 826 80.8 826 81.1 826 81. 1 
825 91.4 825 91.6 825 9l. 9 825 91.6 
824 80.6 824 81.1 824 824 
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TABLE D3-9 DRYWELL NO. 3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 12/1/80 DATE: 12/15/80 DATE: 1/1/81 DATE: 1/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 16,248 OPERATING HRS: 16,584 OPERATING HRS: 16,992 OPERATING HRS: 17,328 

T /C No. Teme(On T/C No. Teme(OFl T/C No. Teme(OFl T /C No. Teme{°F) 
854 167.0 854 164.4 854 163.5 854 162.3 
853 180.7 853 178.1 853 176.9 853 175.7 852 130.9 852 128.4 852 127.6 852 126.3 851 131.0 851 128.4 851 127.3 851 126.3 
850 136.1 850 133.5 850 132.5 840 131 .5 849 74.8 849 72.1 849 70.1 849 69.3 
848 74.7 848 71. 8 848 69.8 848 68.9 847 84.7 847 81. 9 847 79.9 847 78.9 846 73.8 846 70.8 846 68.8 846 67.9 845 191.0 845 188.1 845 186.8 845 185.6 844 197.1 844 194.1 844 192.8 844 191. 7 843 206.3 843 203.2 843 201.7 843 200.2 
842 207.1 842 204.3 842 202.6 842 201.4 841 168.6 841 166.0 841 164.3 841 162.7 
840 170.3 840 167.4 840 165.8 840 164.3 839 839 839 839 
838 81. 9 838 80.6 838 78.8 838 77.6 837 80.9 837 79.7 837 77 .6 837 76.4 
836 93.3 836 91. 6 836 89.7 836 88.5 
835 80.8 835 79.4 835 77.2 835 76.0 
834 215.7 834 213.1 834 211.6 834 209.8 833 215.0 833 212.5 833 210.8 833 209.2 
832 183.9 832 182.5 832 181.1 832 179.9 
831 173.4 831 172.1 831 170.7 831 169.6 
830 149.7 830 148.4 830 147.1 830 145.9 
829 153.0 829 151. 6 829 150.1 829 149.0 
828 828 828 828 
827 82.1 827 81. 8 827 80.9 827 80.4 
826 80.8 826 80.3 826 79.4 826 78.8 
825 91.2 825 90.6 825 89.5 825 88.9 
824 824 824 824 

DATE: 2/1/81 DATE: 2/15/81 DATE: 3/1/81 DATE: 3/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 17,736 OPERATING HRS: 18,072 OPERATING HRS: 18,408 OPERATING HRS: 18,744 

TIC No. Teme(OFl TIC No. Teme (OF 1 T /C No. Teme(OF 1 T /C No. Teme(OF 1 
854 164.8 854 169.7 854 170.2 854 168.5 
853 178.5 853 174.7 853 173.9 853 174.1 
852 124.7 852 123.6 852 124.0 852 122.9 
851 127.9 851 127.5 851 128.2 851 126.9 
850 850 850 840 
849 68.3 849 65.7 849 66.4 849 65.7 
848 67.8 848 65.4 848 65.8 848 64.9 
847 77.8 847 75.2 847 75.9 8~7 75.0 
846 66.6 846 64.2 846 65.0 846 64.1 
845 189.3 845 188.1 845 188.3 845 186.8 
844 188.3 844 186. ;> 844 186.1 844 184.9 
843 196.9 843 195.1 843 195.2 843 193.6 
842 190.4 842 189.0 842 189.2 842 187.8 
841 155.6 841 153.6 841 153.5 841 152.3 
840 158.9 840 157.0 840 156.7 840 155.6 
839 839 839 839 
838 76.1 838 75.9 838 75.1 838 74.5 
837 74.9 837 74.4 837 73.4 837 72.8 
836 86.9 836 86.1 836 85.1 836 84.5 
835 74.4 835 74.0 835 72.9 835 72.4 
834 203.7 834 202.6 834 202.4 834 200.9 
833 201.0 833 199.7 833 199.4 833 198.0 
832 175.3 832 174.4 832 173.6 832 172 .4 
831 167.1 831 166.1 831 165.3 831 164.2 
830 142.7 830 . 141.9 83C 141. 1 830 140.1 
829 146.3 829 143.9 829 143.4 829 142.2 
828 828 82E 828 
827 79.7 827 78.6 827 78.1 827 77.4 
826 77.9 826 76.9 826 76.3 826 75.7 
825 88.1 825 86.5 825 85.8 825 85.2 
824 77.7 824 76.5 824 75.8 824 75.2 
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TABLE 03-10 DRYWELL NO, 3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 4/1 /81 DATE: 4/15/81 DATE: 5/1/81 DATE: 5/15/81 
TIME: 4:00 p.m. TIME: 4 :00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 19.152 OPERATING HRS: 19.488 OPERATING HRS: 19.872 OPERATING HRS: 20,208 

T Ie No. Tem~(·Fl T /C No. Tem~(·Fl T /C No. Tem~(OFl TIC No. Teme(OFl 
854 168.7 854 170.7 854 172.3 854 175.0 
853 173.4 853 174.1 853 175.6 853 177 .2 
852 123.1 852 125.3 852 126.8 852 130.3 
851 127.3 851 129.4 851 130.9 851 134.3 
850 850 850 840 
849 66.0 849 67.8 849 71. 1 849 74.5 
848 65.0 848 66.3 848 69.2 848 72 .1 
847 75.2 847 76.8 847 79.7 847 83.0 
846 64.5 846 65.9 846 69.0 846 72.2 
845 186.7 845 188.3 845 190.0 845 192.2 
844 184.6 844 185.6 844 187.1 844 188.8 
843 193.5 843 194.8 843 196.0 843 198.1 
842 187.6 842 189.0 842 190.3 842 192.2 
841 152.0 841 153.3 841 154.6 841 156.6 
840 155.3 840 156.5 840 157.9 840 159.6 
839 839 839 839 
838 73.7 838 73.6 838 73.8 838 74.9 
837 72.0 837 71. 9 837 72.0 837 73.0 
836 83.7 836 83.6 836 84. I 836 84.9 
835 71.6 835 71.5 835 71.6 835 72.7 
834 200.2 834 200.8 834 201.2 834 202.2 
833 197.5 833 198.5 833 199.1 833 200.6 
832 171 .6 832 171.2 832 171.0 832 171.1 
831 163.4 831 163. I 831 162.9 831 163.2 
830 139.2 830 139.0 830 139.2 830 139.4 
829 141.4 829 141.6 829 141 .7 829 142.2 
828 828 

76.8 
828 828 

827 76.8 827 827 76.4 827 76.5 
826 75.0 826 74.7 826 74.5 826 74.3 
825 84.4 825 84.6 825 84.3 825 84.4 
824 74.4 824 74.3 824 74.2 824 73.8 

DATE: 6/1 /81 DATE: 6/15/81 DATE: 7/1/81 DATE: 7/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 20,616 OPERATING HRS: 20,952 OPERATING HRS: 21,336 OPERATING HRS: 21,672 

T /C No. Tem~(OFl T /C No. Teme(OFl T /C No. Tem~(OFl T/C No. Tem~(OF 1 
854 175.0 854 176.5 854 179.3 854 180.7 
853 177.2 853 173.8 853 175.8 853 177 .4 
852 130.8 852 132.4 852 136.5 852 138.7 
851 134.8 851 137.4 851 140.5 851 142.4 
850 850 850 840 
849 76.3 849 79.5 849 83.4 849 86.4 
848 74.1 848 77 .0 848 81.0 848 84.0 
847 84.6 847 87.7 847 91.3 847 94.2 
846 74.3 846 77 .6 846 81.6 846 84.6 
845 192. I 845 193.3 845 195.9 845 197.3 
844 189.1 844 183.7 844 186.0 844 187.7 
843 198.1 843 201.5 843 204.0 843 205.0 
842 192.6 842 197.0 842 199.6 842 200.9 
841 157.2 841 161.0 841 163.5 841 165.1 
840 160.4 840 163.2 840 165.6 840 167. I 
839 839 839 839 
838 76.5 838 77.5 838 79.4 838 81.5 
837 74.4 837 75.3 837 77.0 837 79.0 
836 86.6 836 87.6 836 89.5 836 91.5 
835 74.3 835 75.3 835 76.9 835 79.0 
834 202.6 834 205.6 834 207.5 834 208.4 
833 200.7 833 204.7 833 206.6 833 207.5 
832 171.4 832 172.3 832 173.1 832 173.8 
831 163.3 831 163.9 831 164.6 831 165.1 
830 139.8 830 140.9 830 141.8 830 142.6 
829 142.2 829 143.4 829 144.3 829 145.0 
828 1798.9 828 635.1 828 828 
827 76.9 827 77.3 827 78.0 827 78.9 
826 74.9 826 75.1 826 75.8 826 76.6 
825 84.8 825 85.2 825 85.8 825 86.7 
824 74.5 824 74.9 824 75.5 824 76.3 
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TABLE D3-11 DRYWELL NO. 3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 8/1/81 DATE: 8/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 22,080 OPERATING HRS: 22,416 

T/C No. Temp(OF) 

854 182.8 
853 179.5 
852 141.3 
851 144.9 
850 
849 89.1 
848 86.7 
847 96.8 
846 87.2 
845 198.8 
844 189.0 
843 206.8 
842 202.2 
841 167.0 
840 169.1 
839 
838 85.0 
837 82.7 
836 94.9 
835 82.7 
834 210.5 
833 209.7 
832 175.7 
831 167.1 
830 144.9 
829 147.1 
828 
827 81.4 
826 79.9 . 
825 89.1 
824 78.8 

DATE: 10/1/81 

TIME: 4:00 p.m. 
OPERATING HRS: 23,544 

T /C No. Temp (OF) 

854 179.2 
853 177.7 
852 138.2 
851 142.0 
850 
849 88.0 
848 86.1 
847 95.6 
846 86.1 
845 195.6 
844 186.7 
843 203.6 
842 199.5 
841 165.5 
840 167.6 
839 
838 88.8 
837 86.6 
836 98.0 
835 86.5 
834 208.8 
833 207.8 
832 176.2 
831 167.9 
830 145.8 
829 148.1 
828 
827 85.3 
826 82.7 
825 92.4 
824 82.6 

T /C No. Temp(OF) 

854 182.9 
853 179.8 
852 141.6 
851 145.2 
850 
849 90.1 
848 87.7 
847 97.8 
846 88.2 
845 198.8 
844 189.2 
843 206.8 
842 202.3 
841 167.5 
840 169.5 
839 
838 86.5 
837 84.2 
836 96.2 
835 84.3 
834 210.6 
833 209.9 
832 176.1 
831 167.6 
830 145.4 
829 147.7 
828 
827 82.4 
826 80.1 
825 90.0 
824 79.8 

DATE: 10/15/81 

TIME: 4:00 p.III. 

OPERATING HRS: 23.880 

T/C No. Temp(OF) 

854 175.4 
853 175.5 
852 134.7 
851 138.6 
850 
849 85.4 
848 84.1 
847 93.1 
846 83.8 
845 192.1 
844 184.2 
843 200.4 
842 195.9 
841 162.5 
840 164·.8 
839 
838 88.6 
837 86.4 
836 97.5 
835 86.2 
834 206.4 
833 205.1 
832 175.4 
831 167.2 
830 14S. I 
829 147.4 
828 
827 85.7 
826 83.1 
825 92.6 
824 83.0 

DATE: 9/1/81 

TIME: 4:00 p.m. 
OPERATING HRS: 22.824 

T/C No. Temp(OF) 

854 182.8 
853 180.2 
852 141.6 
851 145.3 
850 
849 90.5 
848 88.3 
847 98.0 
846 88.4 
845 198.9 
844 189.5 
843 206.7 
842 202.2 
841 167.7 
840 169.7 
839 
838 87.8 
837 85.6 
836 97.4 
835 85.5 
834 210.8 
833 210.1 
832 176.5 
831 168.0 
830 145.9 
829 148.2 
828 
827 83.6 
826 81. 2 
825 91.1 
824 81.0 

DATE: 9/21/81 

TIME: 4:00 p.m. 

OPERATING HRS: 23,304 

TIC No. Temp(°F) 
854 180.5 
853 178.3 
852 139.4 
851 143.1 
840 
849 89.2 
848 87.1 
847 96.6 
846 86.9 
845 196.9 
844 187.9 
843 205.0 
842 200.4 
841 166.4 
840 168.4 
839 
838 88.9 
837 86.6 
836 98.0 
835 86.6 
834 209.5 
833 208.8 
832 176.3 
831 168.1 
830 145.9 
829 148.3 
828 
827 84.9 
826 82.3 
825 92.1 
824 82.1 

DATE: 11/1/81 DATE: 11/15/81 

TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 24,288 OPERATING HRS: 24.624 

T/C No. Temp(OF) T/C No. Temp(OF) 

854 172.0 854 170.7 
853 172.8 853 171.1 
852 131. 5 852 129.8 
851 135.1 851 133.5 
850 840 
849 81.4 849 79.1 
848 80.3 848 78.1 
847 89.0 847 86.8 
846 79.7 846 77.4 
845 188.6 845 187.0 
844 181.4 844 179.6 
843 196.9 843 195.3 
842 192.7 842 191.0 
841 159.4 841 157.7 
840 161.7 840 160.1 
839 839 
838 87.1 838 85.9 
837 85.2 837 84.0 
836 95.8 836 94.6 
835 85.0 835 83.6 
834 203.6 834 202.3 
833 202.1 833 200.8 
832 174.0 832 173.2 
831 166.1 831 165.3 
830 143.9 830 143.1 
829 146.2 829 145.4 
828 828 
827 85.8 827 85.4 
826 83.2 826 83.0 
825 92.5 825 92.1 
824 83.0 824 82.8 
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TABLE D3-12 DRYWELL NO.3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 12/1/81 DATE: 12/15/81 DATE: 1/1/82 DATE: 1/15/82 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4 :00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 25.008 OPERATING HRS: 25.344 OPERATING HRS: 25.752 OPERATING HRS: 26.088 

T /C No. Teme(OF) T /C No. Teme(OF) T /C No. TemE!(OF) T/C No. Teme(OF) 
854 166.8 854 165.1 854 162.5 854 159.5 
853 168.1 853 167.5 853 165.3 853 163.3 
852 126.3 852 124.2 852 121.4 852 118.6 
851 129.9 851 127.8 851 125.0 851 122.1 
850 850 850 840 
849 76.2 849 72.7 849 69.8 849 66.9 
848 75.5 848 72.0 848 69.2 848 66.5 
847 84.0 847 80.6 847 77.7 847 74.7 
846 74.5 846 70.8 846 67.9 846 65.0 
845 183.2 845 181.4 845 178.8 845 175.9 
844 176.6 844 178.3 844 176.2 844 174.0 
843 191.9 843 189.0 843 186.5 843 183.6 
842 187.6 842 184.7 842 181.8 842 178.9 
841 154.6 841 151.8 841 149.2 841 146.5 
840 157.0 840 154.5 840 151.9 840 149.3 
839 839 839 839 
838 84.5 838 82.8 838 80.9 838 79.1 
837 82.5 837 81.0 837 79.0 837 77 .3 
836 93.0 836 91.3 836 89.2 836 87.5 
835 82.1 835 80.5 835 78.4 835 76.7 
834 199.3 834 196.5 834 194.2 834 191.4 
833 197.5 833 194.3 833 191. 7 833 188.6 
832 171. 7 832 170.0 832 168.5 832 166.8 
831 164.0 831 162.5 831 161.2 831 159.6 
830 141.8 830 140.2 830 138.6 830 137.1 
829 144.0 829 142.4 829 140.9 829 139.3 
828 828 828 828 
827 84.8 827 84.3 827 83.3 827 82.5 
826 82.5 826 82.0 826 81.1 826 80.3 
825 91.4 825 90.8 825 89.7 825 88.8 
824 82.3 824 81. 7 824 80.7 824 79.9 

DATE: 2/1/82 DATE: 2/15/82 DATE: 3/1/82 DATE: 3/15/82 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 26.496 OPERATING HRS: 26.832 OPERATING HRS: 27.168 OPERATING HRS: 27.504 

~ Teme(°F) TIC No. Teme(OF) T /e No. TemE!(OF) TIC No. TemE!lOF) 
854 157.7 854 156.6 854 157.7 854 158.0 
853 161.2 853 159.6 853 158.0 853 157.9 
852 116.7 852 115.6 852 116.9 852 117.2 
851 120.3 851 119.1 851 120.2 851 120.6 
850 850 850 840 
849 64.9 849 63.7 849 64.5 849 65.5 
848 64.3 848 63.1 848 63.5 848 64.4 
847 72.7 847 71.5 847 72.4 847 73.3 
846 62.9 846 61. 7 846 62.8 846 63.7 
845 173.8 845 172.5 845 173.3 845 173.6 
844 171. 7 844 170.1 844 165.9 844 165.9 
843 181.4 843 180.3 843 181. 7 843 182.1 
842 176.7 842 175.6 842 177 .5 842 177.8 
841 144.4 841 143.0 841 144.3 841 144.7 
840 147.2 840 145.9 840 146.7 840 147.0 
839 839 839 839 
838 77 .0 838 75.6 838 74.4 838 73.9 
837 75.4 837 74.0 837 72.7 837 72.3 
836 85.4 836 84.0 836 83.0 836 82.7 
835 74.6 835 73.2 835 71.9 835 71.6 
834 189.4 834 188.2 834 189.4 834 189.5 
833 186.7 833 185.4 833 187.4 833 187.7 
832 165.1 832 164.0 832 163.9 832 163.7 
831 158.2 831 157.1 831 156.7 831 156.4 
830 135.6 830 134.4 830 134.2 830 133.8 
829 137.9 829 136.8 829 136.7 829 136.5 
828 828 828 828 
827 81.3 827 80.3 827 79.4 827 78.6 
826 79.1 826 78.2 826 77 .4 826 76.6 
825 87.7 825 86.7 825 85.9 825 85.2 
824 78.6 824 77.7 824 76.8 824 76.0 
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TABLE D3-13 DRYWELL NO.3 THERMOCOUPLE DATA, FUEL ASSEMBLY: B03 

DATE: 3/31/82 
• TIME: 4:00 p.m. 

OPERATING HRS: 27,888 

TIC No. Temp(OF) 
854 156.3 
853 156.6 
852 115.8 
851 119.2 
850 
849 64.9 
848 63.7 
847 72.6 
846 63.2 
845 172.0 
844 164.4 
843 180.5 
842 176.6 
841 143.4 
840 145.7 
839 
838 73.6 
837 72.0 
836 82.4 
835 71.4 
834 188.0 
833 186.2 
832 162.6 
831 155.5 
830 133.0 
829 135.6 
828 
827 78.0 
826 76.0 
825 84.6 
824 75.5 
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TABLE D2-1 

DRYWELL 2 THERMOCOUPLE LOCATIONS 

Data 
Channel Distance Below 

(TIc) Ground Level Radius Orientation 
No. (In. ) (In. ) (De~rees) Location 

787 203.5 120 150 Instrumentation Well I* 
788 203.5 60 90 Instrumentation Well J 
789 203.5 120 90 Instrumentation Well K 
790 203.5 120 30 Instrumentation Well L 
791 205.75 9 30 Liner 
792 205.75 9 210 Liner 
793 205.75 9 90 Liner 
794 206.0 7 30 Canister 
795 206.0 7 210 Canister 
796 176.0 7 15 Canister 
797 176.0 7 195 Canister 
798 143.5 120 150 Instrumentation Well I 
799 143.5 60 90 Instrumentation Well J 
800 143.5 120 90 Instrumentation Well K 
801 143.5 120 30 Instrumentation Well L 
802 145.75 9 0 Liner 
803 145.75 9 180 Liner 
804 145.75 9 90 Liner 
805 146.0 7 0 Canister 
806 146.0 7 180 Canister 
807 116.0 7 345 Canister 
808 116.0 7 165 Canister 
809 83.5 120 150 Instrumentation Well I 
810 83.5 60 90 Instrumentation Well J 
811 83.5 120 90 Instrumentation Well K 
812 83.5 120 30 Instrumentation Well L 
813 85.75 9 330 Liner 
814 85.75 9 150 Liner 
815 85.75 9 90 Liner 
816 86.0 7 330 Canister 
817 86.0 7 150 Canister 

*See Figure D-1 for Instrumentation Well identification 
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TABLE D2-2 DRYWELL NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 8/7/80 DATE: 8/8/80 DATE: 8/9/80 DATE: 8/10/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 66 OPERATING HRS: 90 OPERATING HRS: 114 OPERATING HRS: 138 

T /C No. Tem!!(OFl T/C No. Tem!!(OFl T/C No. T~(OFl T/C No. Tem!!(OFl 
817 144.9 817 147.9 817 149.9 817 150.5 
816 150.5 816 153.7 816 156.1 816 157.7 
815 108.2 815 111. 5 815 113.9 815 115.6 
814 106.6 814 109.8 814 112.1 814 113.7 
813 107.6 813 110.9 813 113.4 813 115.3 
812 812 812 812 
811 811 811 811 
810 810 810 810 
809 809 809 809 
808 157.5 808 160.7 808 163.2 808 166.2 
807 159.7 807 163.2 807 165.6 807 167.2 
806 163.3 806 167.1 806 170.1 806 172.8 
805 161.8 805 165.6 805 168.4 805 170.9 
804 109.9 804 114.2 804 117.5 804 120.3 
803 110.2 803 114.4 803 117.7 803 120.5 
802 110.2 802 114.3 802 117.5 802 120.3 
801 801 801 801 
800 800 800 800 
799 799 799 799 
798 798 798 798 
797 159.9 797 163.8 797 166.7 797 169.0 
796 157.6 796 161.4 796 164.3 796 166.7 
795 128.9 795 131. 9 795 134.0 795 135.8 
794 130.2 794 133.2 794 135.4 794 137.3 
793 90.5 793 93.5 793 95.8 793 97.6 
792 90.9 792 93.9 792 96.2 792 98.1 
791 90.8 791 93.8 791 96.0 791 97.9 
790 65.8 790 66.0 790 66.0 790 66.0 
789 68.5 789 68.7 789 68.7 789 68.8 
788 68.3 788 68.7 788 69.0 788 69.2 
787 71.1 787 71.3 787 71.2 787 71.3 

DATE: 8/11/80 DATE: 8/12/80 DATE: 8/15/80 DATE: 9/2/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 162 OPERATING HRS: 186 OPERATING HRS: 258 OPERATING HRS: 690 

T/C No. Tern!! (OF l TIC No. Tem!!(OFl TIC No. Tern!! (OF 1 TIC No. Tern!! (OF l 
817 151. 6 817 152.6 817 155.2 817 160.7 
816 159.0 816 160.2 816 162.9 816 168.8 
815 117.0 815 118.3 815 121.6 815 128.7 
814 115.1 814 116.5 814 119.6 814 126.6 
813 116.7 813 118.1 813 121.4 813 128.5 
812 812 812 812 
811 811 811 811 
810 810 810 810 
809 809 809 809 
808 168.2 808 169.9 808 173.1 808 181 .1 
807 168.8 807 170.2 807 173.3 807 180.6 
806 174.9 806 176.6 806 180.5 806 189.6 
80S 172.9 80S 174.6 805 178.2 805 187.0 
804 122.6 804 124.5 804 128.8 804 139.9 
803 122.9 803 124.8 803 129.2 803 140.5 
802 122.6 802 124.5 802 128.8 802 139.8 
801 801 801 801 
800 800 800 800 
799 799 799 799 
798 798 798 798 
797 171.0 797 172.7 797 176.9 797 186.6 
796 168.7 796 170.3 796 174.2 796 183.9 
795 137.5 795 138.9 795 142.9 795 152.3 
794 138.8 794 140.1 794 144.0 794 153.5 
793 99.4 793 100.9 793 104.4 793 115.1 
792 100.0 792 101.4 792 105.0 792 116.0 
791 99.6 791 101.1 791 104.6 791 115.3 
790 66.2 790 66.3 790 66.7 790 70.1 
789 68.9 789 69.2 789 69.3 789 70.4 
788 69.8 788 70.4 788 71 .5 788 78.3 
787 71.4 787 71.7 787 71.8 787 73.6 
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TABLE D2-3 DRYWELL NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE; 9/15/80 

TIME; 4;00 p.m. 

OPERATING HRS; 1,002 

T /e No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp(O F) 

162.2 
169.9 
129.9 
127 .6 
129.7 

176.3 
181.7 
189.9 
188.5 
142.6 
143.2 
142.3 

189.3 
186.3 
155.6 
156.5 
118.6 
119.6 
118.7 
72.0 
72 .4 
81. 7 
75.5 

DATE; 10/1/80 DATE; 10/15/80 
TIME: 4;00 p.m. TIME: 4;00 p.m. 
OPERATING HRS: 1,386 OPERATING HRS: 1,722 

T /C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp(OF) 

161 .6 
169.6 
130.4 
128.3 
130.0 
81.0 
81. 4 
90.7 
84.0 

183.1 
181.8 
192.3 
189.4 
144.3 
145.0 
144.0 

79.7 
80.4 
92.0 
82.5 

190.8 
188.1 
157.5 
158.7 
121.3 
122.2 
121.3 
74.3 
74.7 
84.8 
77 .8 

T/C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp(OF) 

161.8 
170.0 
130.9 
128.6 
130.5 
81.2 
81.6 
91.1 
84.4 

183.7 
182.6 
193.1 
190.4 
145.4 
146.2 
145.0 
80.7 
81.4 
93.2 
83.0 

191. 8 
188.9 
158.7 
159.8 
122.7 
123.4 
122.8 

75.6 
75.6 
85.9 
78.8 

DATE: 11/15/80 DATE: 12/1/80 DATE: 12/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 2,466 OPERATING HRS: 2,850 

TIME: 4:00 p.m. 

OPERATING HRS: 3,186 

T /C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp{OF) 

156.9 
165.3 
126.1 
123.6 
125.6 
75.9 
76.4 
85.9 
79.1 

179.2 
178.0 
189.6 
187.1 
143.7 

. 144.8 
143.2 
81.2 
81.5 
93.2 
83.0 

190.6 
187.5 
159.2 
160.2 
123.8 
124.5 
123.9 

77 .9 
77.5 
87.8 
80.5 

T/C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp{OF l 
153.4 
161. 9 
122.5 
119.9 
122.0 
72.2 
72.7 
82.0 
75.2 

175.8 
174.7 
186.8 
184.6 
141.8 
143.0 
141.2 
80.5 
80.6 
92.3 
82.1 

189.3 
186.0 
158.9 
159.8 
123.7 
124.3 
123.8 
78.6 
77 .9 
88.1 
80.8 

T/C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 
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Temp{OF) 

151 .4 
160.0 
120.6 
117.7 
120.1 
69.8 
70.4 
79.6 
72.6 

173.4 
172 .4 
184.9 
182.5 
140.4 
141.5 
139.9 
79.5 
79.4 
91.0 
80.8 

187.8 
184.5 
158.2 
159.0 
123.3 
123.8 
123.4 
78.7 
78.1 
88.2 
81.0 

DATE: 11/1/80 
TIME: 4:00 p.m. 
OPERATING HRS: 2,130 

T/C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp{OF) 

158.6 
167.0 
127.8 
125.3 
127.3 
78.2 
78.8 
88.1 
81.4 

180.4 
179.5 
190.7 
188.2 
144.5 
145.5 
144.0 
81.6 
82.0 
93.9 
83.5 

191.2 
188.0 
159.2 
160.1 
123.6 
.124.1 
123.6 
77 .1 
77 .3 
87.6 
80.4 

DATE: 1/1/81 

TIME: 4:00 p.m. 
OPERATING HRS: 3,594 

T /C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp {OF ) 

150.7 
159.2 
119.8 
117 .1 
119.2 
68.3 
68.6 
78.1 
70.8 

172.9 
171.8 
184.1 
181.6 
139.6 
140.6 
139.0 
78.1 
77 .9 
89.4 
79.2 

186.9 
183.8 
157.3 
158.4 
122.7 
123.3 
122.8 
78.5 
77.7 
87.9 
80.6 



TABLE D2-4 DRYWELL NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 1/15/81 DATE: 2/1/81 DATE: 2/15/81 DATE: 3/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 3,930 OPERATING HRS: 4,338 OPERATING HRS: 4,674- OPERATING HRS: 5,010 

~ Teml!(OF) T/C No. Teml!(oq T/C No. Teml!(OF) T /C No. Teml!(OF) 
817 149.9 817 148.3 817 147.3 817 147.7 
816 158.2 816 156.6 816 155.9 816 156.2 
815 118.9 815 117.6 815 116.4 815 117.0 
814 116.2 814 114.8 814 113.8 814 114.3 
813 118.4 813 117.1 813 115.8 813 116.4 
812 67.7 812 66.5 812 65.1 812 65.6 
811 67.8 811 66.7 811 65.1 811 65.5 
810 77 .4 810 76.0 810 74.7 810 75.2 
809 70.1 809 69.2 809 66.7 809 67.4 
808 172 .0 808 170.0 808 168.7 808 169.1 
807 170.7 807 169.3 807 167.7 807 168.2 
806 183.1 806 181.5 806 180.4 806 180.6 
805 181.0 805 179.8 805 178.5 805 178.7 
804 139.0 804 138.1 804 137.2 804 137.3 
803 140.0 803 139.3 803 137.9 803 137.9 
802 138.6 802 137.6 802 136.5 802 136.8 
801 77.4 801 76.7 801 75.6 801 75.0 
800 77 .1 800 75.9 800 75.2 800 74.5 
799 88.5 799 87.7 799 86.2 799 85.5 
798 78.2 798 77 .1 798 75.9 798 75.0 
797 186.2 797 185.3 797 183.9 797 183.8 
796 183.0 . 796 181.9 796 180.6 796 180.6 
795 . 156.8 795 156.2 795 154.9 795 154.6 
794 157.8 794 156.9 794 155.9 794 155.6 
793 122.2 793 121.8 793 120.7 793 120.4 
792 122.8 792 122.3 792 121.3 792 120.9 
791 122.3 791 121.9 791 120.9 791 120.5 
790 78.2 790 77.7 790 77 .2 790 76.7 
789 77 .1 789 76.4 789 76.7 789 76.2 
788 87.2 788 86.3 788 86.8 788 86.3 
787 79.8 787 78.9 787 79.3 787 78.7 

DATE: 3/15/81 DATE: 4/1 /81 DATE: 4/15/81 DATE: 5/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 5,346 OPERATING HRS: 5,754 OPERATING HRS: 6,090 OPERATING HR5: 6,474 

T /C No. Tern!! (OF) T/C No. Tem!!(OF) T /C No. Tern~ (OF) T /C No. Tem~(OFl 
817 146.9 817 148.0 817 150.0 817 152.3 
816 155.1 816 155.9 816 157.5 816 159.4 
815 116.4 815 117.3 815 119.5 815 121.8 
814 113.6 814 114.7 814 116.9 814 119.8 
813 115.8 813 116.6 813 119.0 813 121.3 
812 64.9 812 65.7 812 67. S 812 70.8 
811 64.8 811 6S.3 811 66.9 811 70.0 
810 74.3 810 7S.1 810 76.8 810 80.1 
809 66.6 809 67.1 809 69.0 809 73.2 
808 168.3 808 169.4 808 171 .2 808 173.7 
807 166.8 807 167.9 807 169.9 807 172.1 
806 179.9 806 180.9 806 182.S 806 184.7 
80S 178.0 805 178.6 805 180.1 805 181.8 
804 137.1 804 137.8 804 139.1 804 141. 4 
803 137.7 803 138.5 803 140.2 803 142.3 
802 137.6 802 137.2 802 138.7 802 140.8 
801 74.6 801 74.1 801 74.5 801 75.2 
800 73.9 800 73.3 800 73.4 800 74.1 
799 85.0 799 84.6 799 84.9 799 85.6 
798 74.S 798 74.1 798 74.1 798 75.0 
797 183.3 797 183.8 797 184.9 797 186.1 
796 179.5 796 180.2 796 181 .3 796 182.9 
795 154.2 795 154.1 795 154.5 795 154.9 
794 155.2 794 155.1 794 155.4 794 156.0 
793 120.3 793 120.4 793 121. 3 793 121.8 
792 120.8 792 120.8 792 121 .5 792 122.3 
791 120.4 791 120.5 791 121. 3 791 122.0 
790 76.4 790 76.1 790 76.2 790 76.1 
789 75.7 789 75.3 789 75.0 789 74.7 
788 85.8 788 85.5 788 85.1 788 85.0 
787 78.2 787 77.7 787 77 .4 787 76.8 
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TABLE D2-5 DRYWELL NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 5/15/81 DATE: 6/1/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 6,810 OPERATING HRS: 7.218 

T /C No. 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp(OF) 
155.0 
161. 7 
125.0 
122.4 
124.4 
73.9 
73.4 
83.2 
75.8 

176.4 
174.7 
187.0 
184.1 
143.3 
144.6 
142.7 
76.5 
74.9 
86.9 
75.9 

187.9 
184.6 
155.7 
156.7 
122.9 
123.1 
123.1 
76.5 
74.9 
85.1 
77.0 

DATE: 7/15/81 
TIME: 4:00 p.m. 
OPERATING HRS: 8,274 

T/C No. Temp(°F) 
817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

163.7 
170.4 
135.0 
132.9 
134.5 
86.6 
85.2 
95.2 
87.9 

185.9 
184.1 
195.9 
192.5 
152.9 
154.0 
152.5 
83.5 
82.0 
93.2 
82.8 

194.1 
191. 4 . 
159.3 
160.6 
127.6 
127.7 
128.0 
79.2 
77.4 
87.9 
79.4 

T/C No. 
817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp(°F) 
155.6 
162.7 
125.9 
123.7 
125.4 
76.3 
75.2 
85.2 
77.7 

177 .4 
176.0 
188.6 
185.4 
145.6 
146.7 
145.2 
78.3 
77 .0 
88.3 
77.8 

189.0 
185.8 
156.6 
157.6 
123.9 
124.3 
124.1 

76.9 
75.4 
85.7 
77 .4 

DATE: 8/1/81 
TIME: 4:00 p.m. 
OPERATING HRS: 8,682 

T/C No. Temp(OF) 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

165.6 
172.7 
137.4 
135.2 
137.0 
89.6 
88.3 
90.0 
90.3 

187.3 
185.9 
197.6 
194.3 
155.1 
156.2 
154.7 
86.0 
84.5 
95.3 
84.9 

195.8 
192.8 
160.8 
161. 9 
129.4 
129.5 
129.8 
80.6 
80.0 
90.2 
82.0 

DATE: 6/15/81 
TIME: 4:00 p.m. 
OPERATING HRS: 7,554 

T/C No. 
817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp(OF) 

159.0 
165.5 
129.6 
127.5 
129.0 
79.5 
78.4 
88.4 
81.0 

180.9 
179.0 
191.2 
188.1 
148.1 
149.2 
147.7 
79.5 
78.1 
89.3 
78.6 

190.5 
187.5 
157.1 
158.2 
125.0 
125.2 
125.2 
77.4 
75.7 
86.0 
77.7 

DATE: 8/15/81 
TIME: 4:00 p.m. 

OPERATING HRS: 9.018 

T/C No. Temp(OF) 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

166.1 
173.1 
138.1 
135.8 
137.6 
90.7 
89.3 
98.9 
91. 2 

188.1 
186.2 
198.2 
195.0 
156.2 
157.3 
155.9 
87.6 
85.9 
96.7 
85.4 

196.8 
192.8 
161.8 
162.2 
130.7 
130.2 
131.3 
81.4 
81. 7 
90.9 
83.8 
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DATE: 7/1/81 

TIME: 4:00 p.m. 
OPERATING HRS: 7.938 

T/C No. 
817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp(OF) 
162.1 
168.6 
132.9 
130.8 
132.3 
83.5 
82.2 
92.2 
84.9 

184.2 
182.3 
194.2 
190.9 
150.9 
152.0 
150.5 
81.4 
79.9 
91.3 
80.8 

192.6 
189.8 
158.3 
159.5 
126.3 
126.7 
126.7 
78.2 
76.6 
87.0 
78.5 

DATE: 9/1/81 
TIME: 4:00 p.m. 

OPERATING HRS: 9.426 

T/C No. Temp (OF) 

817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

166.4 
173.1 
138.5 
135.9 
137.9 
91.2 
89.8 
99.2 
91.6 

188.6 
186.7 
199.0 
195.7 
157.9 
158.4 
156.8 
89.0 
87.4 
97.7 
87.6 

197.6 
194.6 
162.8 
163.9 
131. 9 

·132.5 
132.4 
82.9 
82.3 
92.2 
84.2 



TABLE D2-6 

DATE: 9/21/S1 
TIME: 4:00 p.m. 

OPERATING HRS: 9,906 

T /C No. 
S17 
S16 
S15 
S14 
S13 
S12 
Sl1 
S10 
809 
SOS 
S07 
S06 
S05 
S04 
S03 
S02 
SOl 
SOO 
799 
79S 
797 
796 
795 
794 
793 
792 
791 
790 
7S9 
7SS 
787 

Temp(OF) 

164.9 
172.1 
137.4 
134.5 
136.S 
90.2 
S9.3 
9S.2 
90.5 

lS7.1 
lS5.4 
19S.1 
195.1 
157.2 
15S.5 
156.7 
90.1 
SS.4 
9S.4 
8S.5 

197.7 
194.6 
163.6 
164.6 
133.0 
13S.9 
133.5 
S3.9 
S3.4 
93.1 
85.4 

DATE: 11/15/S1 

TIME: 4:00 p.m. 
OPERATING HRS: 11,226 

T/C No. Temp(°F) 
S17 155.1 
S16 163.S 
815 127.9 
S14 124.6 
813 127.2 
812 79.8 
Sl1 79.1 
S10 S7.5 
809 SO.2 
SOS 177.5 
S07 176.2 
806 189.9 
805 187.9 
804 150.8 
803 152.5 
S02 150.6 
SOl S7.1 
800 85.6 
799 94.7 
798 85.4 
797 193.4 
796 189.9 
795 162.7 
794 163.8 
793 132.8 
792 139.4 
791 133.4 
779S09 84.9 

84.2 
788 93.2 
787 86.1 

DRYWELL NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B41 

DATE: 10/1/S1 DATE: 10/15/81 DATE: 11/1/S1 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 10.146 OPERATING HRS: 10 ,4S2 OPERATING HRS: 10.S90 

T/C No. 
817 
816 
815 
S14 
813 
S12 
Sl1 
S10 
S09 
SOS 
807 
S06 
805 
S04 
S03 
S02 
SOl 
SOO 
799 
79S 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
7S7 

Temp(°F) 
163.5 
171.1 
136.3 
133.3 
135.6 
S9.4 
S8.3 
97.2 
S9.2 

185.7 
lS4.2 
197.0 
194.2 
156.4 
157.9 
156.2 
90.2 
S8.6 
98.5 
88.5 

197.6 
194.2 
163.9 
164.7 
133.5 
140.2 
134.1 
S4.5 
S3.9 
93.4 
S5.S 

DATE: 12/1/81 
TIME: 4:00 p.m. 
OPERATING HRS: 11,610 

T/C No. 
817 
816 
815 
814 
813 
S12 
Sll 
810 
S09 
SOS 
807 
806 
805 
804 
803 
S02 
801 
SOO 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp (OF) 
151.6 
160.9 
124.7 
121.4 
124.1 
76.8 
76.4 
84.6 
77 .3 

173.7 
172.9 
186.6 
184.9 
148.6 
150.0 
148.2 
85.6 
84.2 
93.1 
84.2 

191. 3 
187.9 
161.S 
162.9 
132.0 
137.5 
132.6 
84.3 
83.6 
92.6 
85.4 

T/C No. 
S17 
816 
S15 
S14 
S13 
812 
Sl1 
S10 
S09 
80S 
S07 
S06 
S05 
S04 
S03 
S02 
SOl 
SOO 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
7S9 
7SS 
7S7 

Temp(OF) 
160.0 
168.4 
133.1 
129.9 
132.4 
86.8 
85.6 
94.2 
S6.4 

182.5 
181.1 
194.4 
191.9 
154.6 
156.2 
154.3 
S9.9 
88.3 
9S.0 
88.0 

196.5 
192.7 
163.8 
164.5 
133.5 
139.8 
134.1 
84.9 
84.3 
93.7 
86.3 

DATE: 12/15/81 

TIME: 4:00 p.m. 
OPERATING HRS: 11,946 

T/C No. 
817 
S16 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

D-38 

Temp(OF) 

149.4 
158.5 
122.1 
118.6 
121. 3 
73.2 
72.9 
81.2 
73.8 

170.8 
170.5 
184.2 
182.6 
146.1 
148.0 
146.0 
83.9 

91.3 
'32.5 

139.5 
185.9 
161.0 
11>1. ') 
131.2 

132.0 
83.7 
33.1 
91. 9 
8~. 9 

T/C No. 
817 
816 
S15 
S14 
S13 
812 
811 
810 
809 
808 
S07 
806 
S05 
S04 
S03 
802 
801 
800 
799 
798 
797 
796 
795 
794 
793 
792 
791 
790 
789 
7SS 
787 

Temp(OF) 
156.7 
165.2 
129.8 
126.3 
129.2 
82.4 
81.6 
89.9 
82.5 

178.9 
177.7 
191.3 
189.1 
152.0 
153.9 
151.9 
88.5 
S6.9 
96.2 
86.7 

194.6 
190.9 
163.3 
164.3 
133.3 
139.5 
133.7 
85.2 
84.5 
93.7 
86.5 

DATE: 1/1/82 

TIME: 4:00 p.m. 
OPERATING HRS: 12,354 

T /C No. 
817 
816 
815 
814 
813 
812 
811 
810 
809 
808 
807 
806 
805 
804 
803 
802 
801 
800 
799 
79S 
797 
796 
795 
794 
793 
792 
791 
790 
789 
788 
787 

Temp (OF) 

147.0 
156.2 
119.4 
115.8 
118.7 
70.4 
70.1 
78.4 
70.9 

168.6 
168.2 
181. 7 
180.6 
144.0 
145.7 
143.S 
81.8 

89.3 
80.4 

187.7 
184.1 
159.9 
160.8 
130.1 

132.1 
82.7 
82.2 
90.9 
84.0 



TABLE D2-7 DRYWELL NO.2 THERMOCOUPLE DATAl FUEL ASSEMBLY: B41 

DATE; 1/15/82 DATE; 2/1/82 DATE: 2/15/82 DATE: 3/1/82 
TIME; 4 :00 p. m. TIME; 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERA TI NG HR S: 12,690 OPERATING HRS: 13,098 OPERATING HRS: 13,434 OPERATING HRS: 13.770 

T /C No. Tem~(OF) T /C No. Tem~(OFl T /C No. Tem~(OF) T/C No. Tem~(°F) 

817 144.4 817 143.3 817 141.8 817 143.7 
816 153.9 816 152.4 816 151.1 816 152.0 
815 116.9 815 115.6 815 114.2 815 115.8 
814 113.4 814 112.1 814 110.8 814 112.7 
813 116.4 813 115.0 813 113.7 813 115.2 
812 67.5 812 65.4 812 64.0 812 64.6 
811 67.4 811 65.4 811 63.9 811 64.3 
810 75.5 810 73.5 810 72.2 810 72.9 
809 68.0 809 66.0 809 64.9 809 65.6 
808 166.1 808 164.8 808 163.4 808 165.4 
807 165.5 807 164.2 807 162.8 807 164.1 
806 179.3 806 178.0 806 176.7 806 178.1 
805 178.0 805 176.1 805 175.1 805 176.3 
804 804 804 804 
803 143.5 803 142.1 803 140.9 803 141.4 
802 141.8 802 140.0 802 138.9 802 139.6 
801 80.2 801 78.1 801 76.6 801 75.5 
800 800 800 800 
799 87.5 799 85.5 799 84.1 799 83.1 
798 78.8 798 76.8 798 75.4 798 74.2 
797 185.5 797 184.2 797 183.1 797 183.4 
796 182.0 796 180.3 796 179.3 796 179.8 
795 158.7 795 157.5 795 156.6 795 156.1 
794 159.7 794 158.5 794 157.6 794 157.2 
793 129.1 793 128.0 793 127.3 793 125.9 
792 792 792 792 
791 133.8 791 133.4 791 132.4 791 
790 82.0 790 80.7 790 79.8 790 79.1 
789 81.3 789 80.3 789 79.3 789 78.2 
788 89.9 788 88.7 788 87.7 788 86.7 
787 83.1 787 82.0 787 81.0 787 79.8 

DATE: 3/15/82 DATE: 3/31/82 
TIME: 4;00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 14,106 OPERATING HRS: 14,490 

T/C No. Tem~~oF ) T/C No. Tem~ (oF) 
817 144.0 817 142.9 
816 152.3 816 151.6 
815 116.2 815 115.4 
814 113.2 814 112.2 
813 115.6 813 114.9 
812 65.6 812 65.2 
811 65.2 811 64.7 
810 73.8 810 73.3 
809 66.6 809 66.0 
808 165.8 808 164.9 
807 164.5 807 163.4 
806 178.5 806 177 .3 
805 176.5 805 175.4 
804 804 
803 141.7 803 
802 139.8 802 139.1 
801 75.0 801 74.8 
800 74.0 800 73.7 
799 82.8 799 82.5 
798 73.8 798 73.5 
797 183.5 797 182.5 
796 179.9 796 178.9 
795 155.7 795 155.1 
794 156.8 794 156.1 
793 126.5 793 125.9 
792 792 
791 791 
790 78.1 790 77.5 
789 77 .5 789 76.8 
788 86.0 788 85.4 
787 79.0 787 78.5 
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TABLE D1-1 

DRYWELL 1 THERMOCOUPLE LOCATIONS 

Data 
Channel Distance Below 

(Tic) Ground Level Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

750 203.5 120 150 Instrumentation Well M"'( 
751 203.5 60 90 Instrumentation Well N 
752 203.5 120 90 Instrumentation Well 0 
753 203.5 120 30 Instrumentation Well P 
754 205.75 9 30 Liner 
755 205.75 9 210 Liner 
756 205.75 9 90 Liner 
757 206.0 7 30 Canister 
758 206.0 7 210 Canister 
759 176.0 7 15 Canister 
760 176.0 7 195 Canister 
761 143.5 120 150 Instrumentation Well M 
762 143.5 60 90 Instrumentation Well N 
763 143.5 120 90 Instrumentation Well 0 
764 143.5 120 30 Instrumentation Well P 
765 145.75 9 0 Liner 
766 145.75 9 180 Liner 
767 145.75 9 90 Liner 
768 146.0 7 0 Canister 
769 146.0 7 180 Canister 
770 116.0 7 345 Canister 
771 116.0 7 165 Canister 
772 83.5 120 150 Instrumentation Well M 
773 83.5 60 90 Instrumentation Well N 
774 83.5 120 90 Instrumentation Well 0 
775 83.5 120 30 Instrumentation Well P 
776 85.75 9 330 Liner 
777 85.75 9 150 Liner 
778 85.75 9 90 Liner 
779 86.0 7 330 Canister 
780 86.0 7 150 Canister 

*See Figure D-l for Instrumentation Well identification 
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TABLE Dl-2 DRYWELL NO.1 THERMOCOUPLE DATAJ FUEL ASSEMBLY: B43 

DATE: 9/15/80 DATE: 9/16/80 DATE: 9117/80 DATE: 9/18/80 
TIME: 12:00 Noon TIME: 12:00 Noon TIME: 12:00 Noon TIME: 12:00 Noon 
OPERATING HRS: 0 OPERATING HRS: 24 OPERATING HRS: 48 OPERATING HRS: 72 

T /C No. Tem~(OF I T/C No. Tem~(OF 1 T/C No. Tem~(OF ) T /C No. TelTl~(OF) 

780 98.1 780 134.0 780 139.3 780 142.2 
779 90.1 779 140.5 779 145.9 779 149.3 
778 89.6 778 97.3 778 101.7 778 106.3 
777 112.7 777 95.6 777 101.1 777 104.2 
776 99.6 776 97.4 776 101.7 776 106.3 
775 78.5 775 78.5 775 78.7 775 78.2 
774 78.5 774 78.3 774 76.7 774 77.9 
773 78.4 773 78.3 773 78.6 773 78.2 
772 79.2 772 78.9 772 77 .2 772 78.5 
771 88.9 771 144.4 771 149.9 771 152.9 
770 89.4 770 150.4 770 155.0 770 159.5 
769 114.7 769 150.6 769 156.9 769 161.0 
768 91.9 768 152.1 768 156.7 768 162.5 
767 86.6 767 98.9 767 106.4 767 110.9 
766 87.1 766 99.3 766 104.8 766 1ll.2 
765 86.3 765 98.9 765 106.3 765 110.6 
764 73.7 764 73.7 764 72.1 764 73.6 
763 73.1 763 73.3 763 73.7 763 73.1 
762 73.7 762 73.6 762 72.3 762 73.6 
761 73.8 761 73.9 761 74.6 761 73.8 
760 105.5 760 150.1 760 155.7 760 160.9 
759 97.0 759 148.3 759 155.3 759 159.4 
758 89.2 758 122.1 758 125.7 758 130.4 
757 95.5 757 122.2 757 127.7 757 130.5 
756 92.3 756 84.3 756 87.6 756 92.4 
755 95.5 755 84.3 755 89.8 755 92.5 
754 89.4 754 84.2 754 87.3 754 92.3 
753 68.8 753 68.9 753 69.7 753 68.9 
752 69.1 752 68.9 752 67.6 752 68.9 
751 68.9 751 69.0 751 69.9 751 69.1 
750 69.5 750 69.4 750 68.8 750 69.2 

DATE: 9/19/80 DATE: 9/20/80 DATE: lOll /80 DATE: 10/15/80 
TIME: 12:00 Noon TIME: 12:00 Noon TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 96 OPERATING HRS: 120 OPERATING HRS: 388 OPERATING HRS: 724 

T/C No. Tem~(OFl T/C No. Tem~ (OF I T /e No. Tem~(OFl T /C No. Tem~(OFl 

780 144.6 780 146.4 780 154.9 780 158.2 
779 152.0 779 154.2 779 163.7 779 167.8 
778 109.1 778 111. 1 778 121.4 778 125.9 
777 106.8 777 109.0 777 118.9 777 123.4 
776 109.0 776 111.2 776 121.7 776 126.1 
775 78.1 775 78.1 775 ?7 .8 775 78.9 
774 78.0 774 77.7 774 77 .7 774 78.5 
773 78.5 773 78.8 773 82.9 773 86.6 
772 78.6 772 78.5 772 78.4 772 79.4 
771 155.7 771 157.9 771 169.0 771 173.5 
770 162.5 770 164.6 770 175.0 770 179.3 
769 164.1 769 166.8 769 179.7 769 184.7 
768 165.6 768 168.1 768 180.3 768 185.0 
767 114.6 767 117.6 767 131. 7 767 137.7 
766 115.0 766 117.8 766 132.2 766 138.3 
765 114.3 765 117.3 765 131 .5 765 137.5 
764 73.7 764 73.8 764 74.6 764 75.8 
763 73.2 763 73.4 763 74.3 763 75.6 
762 74.2 762 74.7 762 81. 7 762 86.5 
761 73.9 761 74.1 761 75.1 761 76.8 
760 164.5 760 167.0 760 179.9 760 185.2 
759 162.6 759 165.2 759 177 .9 759 183.5 
758 133.0 758 135.1 758 146.0 758 151.3 
757 132.9 757 135.1 757 146.0 757 151 .4 
756 95.1 756 97.3 756 109.2 756 114.8 
755 95.2 755 97.3 755 109.2 755 115.0 
754 95.0 754 97.0 754 108.9 754 114.6 
753 69.1 753 69.2 753 70.1 753 71.8 
752 69.2 752 69.1 752 70.2 752 71.6 
751 69.6 751 69.9 751 74.7 751 79.1 
750 69.7 750 69.6 750 70.9 750 72.6 
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TABLE D1-3 DRYWELL NO.1 THERMOCOUPLE DATA, FUEL ASSEMBLY: B43 

DATE: 11/1 /80 DATE: 11/15/80 DATE: 12/1/80 DATE: 12/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 1,132 OPERATING HRS: 1,468 OPERATING HRS: 1,852 OPERATING HRS: 2,188 

T/e No. Teme(OF 1 T/e No. Teme(OFl T /e No. Teme(°F) T/e No. Teme(OFl 
780 156.0 780 154.8 780 152.0 780 150.4 
779 165.8 779 164.9 779 162.2 779 160.1 
778 124.3 778 123.5 778 120.6 778 118.6 
777 121.7 777 120.9 777 117.8 777 115.9 
776 124.4 776 123.7 776 120.8 776 118.8 
775 76.3 775 74.2 775 70.5 775 67.8 
774 76.4 774 74.6 774 71.3 774 68.8 
773 85.6 773 84.1 773 81.0 773 78.7 
772 77 .0 772 75.2 772 71.8 772 69.4 
771 173.2 771 173.0 771 170.4 771 168.7 
770 177.9 770 177 .3 770 174.8 770 172.7 
769 185.0 769 185.0 769 183.0 769 181.3 
768 185.0 768 185.1 768 183.1 768 181.4 
767 139.3 767 139.7 767 138.5 767 137.3 
766 140.1 766 140.7 766 139.6 766 138.4 
765 139.1 765 139.5 765 138.3 765 137.2 
764 77 .2 764 77.2 764 76.7 764 75.5 
763 77.2 763 77.6 763 77.0 763 76.1 
762 89.6 762 90.3 762 90.1 762 89.2 
761 78.5 761 78.9 761 78.5 761 77 .5 
760 186.7 760 187.5 760 186.6 760 185.6 
759 185.3 759 185.5 759 184.8 759 183.6 
758 154.2 758 155.2 758 155.6 758 155.3 
757 154.3 757 155.2 757 155.7 757 155.5 
756 118.3 756 119.5 756 120.3 756 120.2 
755 118.6 755 119.8 755 120.5 755 120.5 
754 118.0 754 119.2 754 119.9 754 119.9 
753 73.8 753 74.6 753 75.4 753 75.5 
752 73.5 752 74.4 752 75.2 752 75.4 
751 82.6 751 84 .1 751 85.2 751 85.4 
750 74.7 750 75.9 750 76.9 750 77.2 

DATE: 1/1/81 DATE: 1/15/81 DATE: 2/1/81 DATE: 2/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 2,596 OPERATING HRS: 2,932 OPERATING HRS: 3,340 OPERATING HRS: 3,676 

T/C No. Teme(OFl TIC No. Teme(OF) T /C No. Teme(OFl TIC No. Teme(OF) 
780 150.2 780 149.2 780 147.3 780 147.2 
779 159.6 779 158.9 779 157.8 779 155.6 
778 118.2 778 117.5 778 116.5 778 114.5 
777 115.4 777 114.7 777 113.9 777 111.7 
776 118.4 776 117.7 776 116.8 776 114.7 
775 66.2 775 65.6 775 65.0 775 61.9 
774 67.3 774 66.7 774 65.8 774 63.2 
773 77.2 773 76.7 773 76.1 773 73.2 
772 68.0 772 67.5 772 66.7 772 64.1 
771 168.3 771 167.6 771 165.9 771 164.5 
770 172.4 770 171.5 770 170.1 770 168.4 
769 180.8 769 180.0 769 178.7 769 177 .1 
768 180.8 768 180.3 768 179.1 768 177 .6 
767 136.8 767 136.3 767 135.9 767 134.2 
766 137.9 766 137.5 766 136.8 766 135.5 
765 136.5 765 136.0 765 135.7 765 133.9 
764 74.0 764 73.2 764 72.4 764 71.0 
763 74.7 763 74.0 763 73.4 763 71.9 
762 88.0 762 87.4 762 86.7 762 85.3 
761 76.4 761 75.7 761 75.2 761 73.8 
760 ·185.1 760 184.6 760 183.7 760 182.4 
759 183.2 759 182.7 759 182.1 759 180.7 
758 155.2 758 154.9 758 154.4 758 153.5 
757 155.2 757 154.9 757 154.7 757 153.5 
756 120.2 756 119.9 756 119.8 756 119.0 
755 120.3 755 120.2 755 120.1 755 119.0 
754 119.8 754 119.6 754 119.3 754 118.5 
753 75.2 753 75.0 753 74.7 753 73.7 
752 75.4 752 75.2 752 74.7 752 74.1 
751 85.4 751 85.2 751 85.0 751 84.2 
750 77.3 750 77 .2 750 76.7 750 76.3 
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TABLE Dl-4 

DATE: 3/1/81 
TIME: 4:00 p.m. 

OPERATING HRS: 4,012 

TIC No. 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

Temp(OF) 
147.6 
155.9 
115.2 
112.3 
115.3 
62.4 
63.4 
73.6 
64.4 

164.2 
168.7 
177 .1 
177 .4 
134.2 
135.4 
133.9 
70.0 
70.9 
84.3 
72 .8 

182.2 
180.4 
153.0 
152.9 
118.5 
118.5 
118.1 
73.0 
73.4 
83.6 
75.7 

DATE: 5/1/81 

TIME: 4:00 p.m. 

OPERATING HRS: 5,476 

~ 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

Temp(OF) 

152.3 
158.1 
121.3 
118.7 
121 .5 
69.1 
69.6 
79.8 
71. 1 

169.7 
173.8 
181.8 
181.7 
138.8 
140.1 
138.5 
71.3 
71.9 
85.5 
74.1 

184.0 
183.5 
153.3 
153.5 
119.8 
119.9 
119.5 
72.9 
73.5 
83.6 
76.0 

DRYWELL NO, 1 THERMOCOUPLE 9ATA. FUEL ASSEMBLY: B43 

DATE: 3115/81 
TIME: 4:00 p.m. 

OPERATING HRS: 4,348 

T/C No. 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

Temp(°F) 
146.9 
152.4 
114.7 
111. 9 
114.8 
62.1 
63.1 
73.2 
64.1 

163.8 
167.9 
176.6 
177 .1 
134.1 
135.4 
133.9 
69.8 
70.6 
84.1 
72.6 

181. 7 
180.0 
152.5 
152.5 
118.4 
118.5 
118.1 
72.7 
73.2 
83.3 
75.5 

DATE: 5/15/81 
TIME: 4:00 p.m. 

OPERATING HRS: 5,812 

T /C No. 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

Temp(OF) 

154.6 
160.5 
123.9 
121.6 
124.0 

72 .5 
72.6 
83.0 
74.3 

171. 7 
175.9 
183.8 
183.6 
141.0 
142.1 
140.5 

72.2 
73.0 
86.5 
75.3 

185.3 
185.0 
153.9 
154.0 
120.4 
120.5 
120.0 
73.0 
73.4 
83.8 
75.8 

DATE: 4/1/81 

TIME: 4: 00 p.m. 

OPERATING HRS: 4,756 

T /C No. 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

Temp(OF) 
147.7 
153.1 
115.4 
112.6 
115.6 
63.0 
63.8 
74.0 
65.1 

164.6 
168.7 
177 .3 
177 .6 
134.6 
136.0 
134.5 
69.6 
70.3 
83.8 
72.4 

182.0 
180.3 
152.4 
152.5 
118.4 
118.4 
118.0 
72.4 
73.0 
83.1 
75.4 

DATE: 6/1/81 
TIME: 4:00 p.m. 

OPERATING HRS: 6,220 

T /C No. 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

D-43 

Temp (OF ) 

155.0 
160.9 
125.0 
122.6 
125.3 
74.6 
75.0 
85.0 
76.7 

172.6 
176.7 
184.7 
184.6 
142.8 
144.2 
142.2 
74.3 
74.8 
88.4 
77 .3 

186.6 
185.9 
154.6 
154.6 
121. 7 
121. 7 
121 .3 

73.3 
74.3 
84.5 
76.9 

DATE: 4/15/81 
TIME: 4:00 p.m. 

OPERATING HRS: 5,092 

T/C No. 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

TemptoF) 

149.8 
155.3 
118.0 
115.7 
118.3 
65.6 
66.1 
76.6 
67.5 

167.1 
171.0 
179.3 
179.2 
136.5 
137.7 
136.3 
70.1 
71.0 
84.3 
73.1 

183.0 
181 .7 
152.8 
153.0 
119.1 
119.2 
118.7 
72.8 
73.2 
83.4 
75.6 

DATE: 6/15/81 
TIME: 4:00 p.m. 

OPERATING HRS: 6,556 

T/C No. 
780 
779 
778 
777 
776 
775 
774 
773 
772 
771 
770 
769 
768 
767 
766 
765 
764 
763 
762 
761 
760 
759 
758 
757 
756 
755 
754 
753 
752 
751 
750 

Temp(°F) 

158.4 
164.2 
128.7 
126.3 
128.9 
78.0 
78.1 
88.2 
80.0 

175.7 
179.8 
187.6 
187.1 
145.4 
146.7 
144.7 
75.4 
75.9 
89.4 
78.4 

188.2 
187.8 
155.3 
155.4 
122.7 
122.7 
122.2 
74.3 
74.7 
85.0 
77.4 



TABLE 01-5 DRYWELL NO.1 THERMOCOUPLE BATA, FUEL ASSEMBLY: B43 

DATE: 7/1/81 DATE: 7/15/81 DATE: 8/1/81 DATE: 8/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 6940 OPERATING HRS: 7276 OPERATING HRS: 7684 OPERATING HRS: 8020 

T /C No. Tem~(OF 1 T/C No. Tem~{OF 1 T/C No. Tem~(OFl TIC No. Tem~(OF 1 
780 161.8 780 163.9 780 166.4 780 166.6 
779 167.4 779 169.6 779 172.3 779 173.0 
778 132.2 778 134.7 778 137.7 778 137.9 
777 129.9 777 132.1 777 135.2 777 136.2 
776 132.4 776 134.8 776 137.8 776 137.9 
775 82.0 775 85.1 775 88.7 775 89.8 
774 82.1 774 85.1 774 88.5 774 08.5 
773 92.0 773 95.0 773 98.4 773 99.4 
772 84.0 772 87.1 772 90.6 772 90.4 
771 179.1 771 180.7 771 183.9 771 185.2 
770 183.1 770 185.4 770 188.2 770 188.0 
769 190.7 769 192.7 769 195.2 769 196.2 
768 190.2 768 192.3 768 194.7 768 194.6 
767 148.7 767 151.2 767 153.9 767 155.4 
766 149.8 766 152.1 766 154.9 766 155.0 
765 147.9 765 150.3 765 153.3 765 154.6 
764 77 .4 764 79.6 764 82.5 764 82.9 
763 77.9 763 79.9 763 82.9 763 84.7 
762 91.3 762 93.3 762 96.0 762 96.1 
761 80.4 761 82.5 761 85.6 761 87.6 
760 190.6 760 192.4 760 194.8 760 195.1 
759 190.1 759 191.9 759 194.9 759 196.3 
758 156.4 758 157.6 758 160.1 758 160.2 
757 156.7 757 157.8 757 160.3 757 161.6 
756 124.0 756 125.4 756 128.1 756 128.3 
755 123.9 755 125.3 755 128.1 755 129.6 
754 123.6 754 125.0 754 127.7 754 127.9 
753 75.1 753 76.0 753 78.6 753 80.3 
752 75.6 752 76.5 752 79.0 752 79.3 
751 85.8 751 86.7 751 89.2 751 91. 1 
750 78.3 750 79.3 750 81.8 750 82.6 

DATE: 9/1/81 DATE: 9/21/81 DATE: 10/1/81 DATE: 10/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 8428 OPERATING HRS: 8908 OPERATING HRS: 9148 OPERATING HRS: 9484 

T /C No. Tem~(OF 1 TIC No. Tem~(OFl T /e No. Tem~(OFl T /C No. Tem~(OFl 
780 167.4 780 165.8 780 164.8 780 161. 7 
779 173.1 779 171. 9 779 170.8 779 168.0 778 138.8 778 137.6 778 136.6 778 133.5 777 136.3 777 134.8 777 133.8 777 130.6 776 138.9 776 137.6 776 136.6 776 133.5 775 89.9 775 88.7 775 87.9 775 84.9 774 90.0 774 89.1 774 88.3 774 85.5 
773 99.6 773 98.4 773 97.6 773 94.6 772 91.9 772 90.9 772 90.1 772 87.2 771 185.3 771 183.6 771 183.2 771 179.8 
770 189.4 770 188.0 770 187.2 770 184.1 
769 196.9 769 196.1 769 195.4 769 192.8 768 196.5 768 195.8 768 195.2 768 192.7 767 156.3 767 156.2 767 155.8 767 154.1 766 157.2 766 157.2 766 156.9 766 155.2 
765 155.6 765 155.5 765 155.2 765 153.6 764 85.5 764 86.4 764 86.5 764 85.9 
763 85.9 763 86.9 763 87.0 763 86.6 
762 98.5 762 99.2 762 99.1 762 98.4 
761 88.6 761 89.4 761 89.6 761 89.0 
760 196.9 760 197.0 760 197.0 760 195.7 
759 197.0 759 197.0 759 196.9 759 195.5 
758 161.9 758 162.7 758 162.9 758 162.7 
757 162.1 757 162.8 757 163.1 757 162.8 
756 130.3 756 131.4 756 131.6 756 131.5 
755 130.3 755 131. 4 755 132.2 755 132.2 
754 129.9 754 130.9 754 131.2 754 131.0 
753 81.0 753 82.1 753 82.5 753 82.7 
752 81.3 752 82.5 752 83.0 752 83.1 
751 91.2 751 92.3 751 92.7 751 92.7 
750 84.1 750 85.2 750 85.8 750 85.8 
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TABLE Dl-6 DRY'rIELL NO, 1 THERMOCOUPLE tlATAJ FUEL ASSEMBLY: B43 

DATE: 11/1/81 DATE: 11/15/81 DATE: 12/1/81 DATE: 12/15/81 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 9892 OPERATING HRS: 10,228 OPERATING HRS: 10,612 OPERATING HRS: 10,948 

TIC No. Tem~(·F) TIC No. Tem~(·F ) T /C No. Tem~(OF) T/C No. Tem~(OF) 

780 158.5 780 156.8 780 153.3 780 151.0 
779 165.0 779 163.4 779 160.1 779 157.9 
778 130.3 778 128.5 778 125.3 778 122.9 
777 127.3 777 125.4 777 121.8 777 119.3 
776 130.3 776 128.6 776 125.3 776 122.9 
775 80.9 775 78.1 775 74.7 775 71.1 
774 81.8 774 79.3 774 76.3 774 72.7 
773 90.6 773 88.1 773 84.8 773 81.4 
772 82.9 772 80.3 772 77.3 772 73.6 
771 176.7 771 175.2 771 171.2 771 169.0 
770 181.0 770 179.5 770 175.9 770 173.6 
769 189.8 769 188.5 769 184.8 769 182.6 
768 190.4 768 189.0 768 186.1 768 184.0 
767 151.8 767 150.6 767 148.0 767 146.0 
766 152.9 766 151.7 766 149.1 766 147.1 
765 151.4 765 150.3 765 149.1 765 147.7 
764 84.6 764 83.3 764 81.5 764 79.9 
763 85.4 763 84.2 763 82.4 763 80.9 
762 97.0 762 95.6 762 93.8 762 92.1 
761 87.7 761 86.3 761 84.5 761 82.8 
760 193.9 760 193.2 760 191.0 760 189.2 
759 194.0 759 192.9 759 190.8 759 189.1 
758 162.4 758 162.0 758 161.1 758 160.2 
757 162.5 757 162.1 757 161.0 757 160.2 
756 131.4 756 131.1 756 130.2 756 129.4 
755 135.1 755 137.3 755 755 
754 131.0 754 130.6 754 129.8 754 129.0 
753 83.1 753 82.8 753 82.1 753 81.6 
752 83.5 752 83.3 752 82.8 752 82.3 
751 92.8 751 92.5 751 91.7 751 91.1 
750 86.2 750 86.1 750 85.5 750 84.8 

DATE: 1/1/82 DATE: 1/15/82 DATE: 2/1/82 DATE: 2/15/82 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 11,356 OPERATING HRS: 11 ,692 OPERATING HRS: 12,100 OPERATING HRS: 12,436 

T/C No. Tem~ (OF) T /C No. Tem~(OF) TIC No. Tem~(°F} TIC No. Tem~(·F ) 
780 148.6 780 145.9 780 144.2 780 142.7 
779 155.5 779 153.1 779 151.2 779 149.8 
778 120.1 778 117.6 778 115.7 778 11.40 
777 116.6 777 114.0 777 112.3 777 110.6 
776 120.2 776 117.7 776 115.8 776 114.2 
775 68.0 775 65.3 775 63.0 775 61.9 
774 69.8 774 67.2 774 64.8 774 63.7 
773 78.4 773 75.6 773 73.4 773 72.3 
772 70.5 772 67.9 772 65.5 772 64.5 
771 166.5 771 163.8 771 161. 7 771 160.4 
770 171.1 770 168.7 770 166.4 770 165.1 
769 180.1 769 177.6 769 175.4 769 173.9 
768 181.9 768 179.5 768 177.3 768 175.8 
767 143.7 767 141. 7 767 140.0 767 138.5 
766 144.8 766 142.8 766 140.8 766 139.4 
765 145.1 765 143.2 765 141.2 765 139.7 
764 77.5 764 76.1 764 73.9 764 72.5 
763 78.6 763 77 .2 763 75.2 763 73.7 
762 89.7 762 88.4 762 86.2 762 84.8 
761 80.6 761 79.2 761 77 .1 761 75.6 
760 187.3 760 185.5 760 183.5 760 182.2 
759 187.4 759 185.2 759 183.6 759 182.3 
758 159.2 758 158.0 758 156.8 758 155.9 
757 159.2 757 157.9 757 156.8 757 155.8 
756 128.3 756 127.5 756 126.3 756 125.5 
755 755 755 755 
754 127.8 754 127.0 754 125.8 754 125.0 
753 80.8 753 79.8 753 78.8 753 77 .9 
752 81.3 752 80.7 752 79.5 752 78.7 
751 90.1 751 89.3 751 88.1 751 87.2 
750 83.7 750 83.2 750 81.9 750 81.1 
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TABLE Dl-7 DRYWELL NO, 1 THERMOCOUPLE ~ATA, FUEL ASSEMBLY: B43 

DATE: 3/1/82 DATE: 3/15/82 DATE: 3/31/82 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 12,772 OPERATING HRS: 13,108 OPERATING HRS: 13,492 

TIC No. Teme(OFl TIC No. Teme{OF 1 TIC No. Te~{OFl 

780 144.6 780 145.3 780 143.4 
779 151.5 779 152.3 779 150.7 
778 116.1 778 117.3 778 115.3 
777 112.8 777 114.0 777 112.0 
776 116.4 776 117.5 776 115.8 
775 62.9 775 64.1 775 63.9 
774 64.3 774 65.4 774 64.9 
773 73.1 773 74.2 773 73.8 
772 65.3 772 66.4 772 66.1 
771 162.1 771 163.2 771 161.2 
770 166.9 770 167.4 770 165.9 
769 175.4 769 176.3 769 174.5 
768 176.8 768 177 .6 768 176.2 
767 139.1 767 139.5 767 138.6 
766 140.0 766 140.6 766 139.5 
765 765 765 
764 71.3 764 70.8 764 70.8 
763 72.6 763 72.0 763 71.9 
762 83.6 762 83.2 762 83.1 
761 74.4 761 73.9 761 73.8 
760 182.6 760 183.0 760 181. 7 
759 182.5 759 182.9 759 181.7 
758 155.3 758 154.9 758 154.3 
757 155.3 757 154.9 757 154.2 
756 125.0 756 124.5 756 124.0 
755 755 755 
754 124.6 754 124.1 754 123.6 
753 77.0 753 76.1 753 75.5 
752 77.9 752 77 .0 752 76.4 
751 86.4 751 85.6 751 85.0 
750 80.3 750 79.3 750 78.8 
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APPENDIX E 

CONCRETE SILO TEST DATA 

Test data are provided l.n this couples. Tables E-2 through E-23 
Appendix for the Concrete Silo provide thermocouple readings at 
Test. Table E-1 provides the the times and for the test 
detailed identification and the operating hours shown below: 
location of the test thermo-

Table Operating Table Operating 
No. Date Hours No. Date Hours 

E-2 12/7 /78 0 E-9 12/1/79 8,617 
-2 12/8/78 24 -9 12/15/79 8,953 
-2 12/9/78 44 -9 1/1/80 9,361 
-2 12/11/78 97 -9 1/15/80 9,697 

E-3 12/12/78 119 E-10 2/1/80 10,105 
-3 12/15/78 193 -10 2/15/80 10,441 
-3 1/1/79 601 -10 3/1/80 10,801 
-3 1/15/79 937 -10 3/15/80 11,137 

E-4 2/1/79 1,345 E-11 4/1/80 11,545 
-4 2/15/79 1,681 -11 4/15/80 11,881 
-4 3/1/79 2,017 -11 5/1/80 12,265 
-4 3/15/79 2,353 -11 5/15/80 12,601 

E-5 4/1/79 2,761 E-12 6/1/80 13,009 
-5 4/15/79 3,097 -12 6/15/80 13,345 
-5 5/1/79 3,481 -12 7/1/80 13,729 
-5 5/15/79 3,821 -12 7/15/80 14,065 

E-6 6/1/79 4,225 E-13 8/1/80 14,473 
-6 6/15/79 4,561 -13 8/15/80 14,809 
-6 7/1/79 4,945 -13 9/2/80 15,241 
-6 7/15/79 5,281 -13 9/15/80 15,553 

E-7 8/1/79 5,689 E-14 10/1/80 15,937 
-7 8/15/79 6,025 -14 10/15/80 16,273 
-7 9/1/79 6,433 -14 11/1/80 16,681 
-7 9/15/79 6,769 -14 11/15/80 17,017 

E-8 10/1/79 7,153 E-15 12/1/80 17 ,401 
-8 10/15/79 7,489 -15 12/15/80 17,737 
-8 11/1/79 7,897 -15 1/1/81 18,145 
-8 11/15/79 8,233 -15 1/15/81 18,481 
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Table Operating Table Operating 
lb. Date Hours No. Date Hours 

E-16 2/1/81 18,889 E-20 10/1/81 24,697 
-16 2/15/81 19,225 -20 10/15/81 25,033 
-16 3/1/81 19,561 -20 11/1/81 25,441 
-16 3/15/81 19,897 -20 11/15/81 25,777 

E-17 4/1/81 20,305 E-21 12/1/81 26,161 
-17 4/15/81 20,641 -21 12/15/81 26,497 
-17 5/1/81 21,025 -21 1/1/82 26,905 
-17 5/15/81 21,361 -21 1/15/82 27,241 

E-18 6/1/81 21,769 E-22 2/1/82 27,649 
-18 6/15/81 22,105 -22 2/15/82 27,985 
-18 7/1/81 22,489 -22 3/1/82 28,321 
-18 7/15/81 22,825 -22 3/15/82 28,657 

E-19 8/1/81 23,233 E-23 3/31/82 29,041 
-19 8/15/81 23,569 
-19 9/1/81 23,977 
-19 9/21/81 24,457 
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TABLE E-1 

CONCRETE SILO 2 THERMOCOUPLE LOCATIONS 

Data 
Channel Distance Below 

(Tic) Top of silo Radius Orientation* 
No. (In. ) (In. ) (Degrees) Location 

620 68.5 9 45 Liner 
621 68.5 23 45 silo Concrete 
622 68.5 37 45 Silo Concrete 
623 68.5 50 45 silo Concrete 
624 128.5 9 45 Liner 
625 128.5 23 45 Silo Concrete 
626 128.5 37 45 Silo Concrete 
627 128.5 50 45 Silo Concrete 
628 188.5 9 45 Liner 
629 188.5 23 45 Silo Concrete 
630 188.5 37 45 Silo Concrete 
6'31 188.5 5,0 45 Silo Concrete 
632 68.5 9 135 Liner 
633 68.5 23 135 Silo Concrete 
634 68.5 37 135 Silo Concrete 
635 68.5 50 135 silo Concrete 
636 128.5 9 135 Liner 
637 128.5 23 135 silo Concrete 
638 128.5 37 135 Silo Concrete 
639 128.5 50 135 silo Concrete 
640 188.5 9 135 Liner 
641 188.5 23 135 Silo Concrete 
642 188.5 50 135 Silo Concrete 
643 188.5 37 135 Silo Concrete 
644 68.5 9 225 Liner 
645 68.5 23 225 Silo Concrete 
646 68.5 37 225 silo Concrete 
647 68.5 50 225 Silo Concrete 
648 128.5 9 225 Liner 
649 128.5 23 225 silo Concrete 
650 128.5 37 225 Silo Concrete 
651 128.5 50 225 silo Concrete 
652 188.5 9 225 Liner 
653 188.5 23 225 silo Concrete 
654 188.5 37 225 Silo Concrete 
655 188.5 50 225 Silo Concrete 
656 68.5 9 315 Liner 
657 68.5 23 315 Silo Concrete 
658 68.5 37 315 Silo Concrete 
659 68.5 50 315 Silo Concrete 

*Azimuth orientation 18 from North = 0° clockwise 
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TABLE E-1 (Cont'd) 

Data 
Channel Distance Below 

(Tic) Top of Silo Radius Orientation* 
No. (In. ) (In. ) (Degrees) Location 

660 128.5 9 315 Liner 
661 128.5 23 315 Silo Concrete 
662 128.5 37 315 Silo Concrete 
663 128.5 50 315 Silo Concrete 
664 188.5 9 315 Liner 
665 188.5 23 315 Silo Concrete 
666 188.5 37 315 Silo Concrete 
667 188.5 50 315 Silo Concrete 
668 68.0 9 270 Liner 
669 68.0 9 90 Liner 
670 128.0 9 270 Liner 
671 128.0 9 90 Liner 
672 188.0 9 270 Liner 
673 188.0 9 90 Liner 
674 68.0 7 240 Canister 
675 68.0 7 60 Canister 
676 98.0 7 255 Canister 
677 98.0 7 75 Canister 
678 128.0 7 270 Canister 
679 128.0 7 90 Canister 
680 158.0 7 285 Canister 
681 158.0 7 105 Canister 
682 188.0 7 300 Canister 
683 188.0 7 120 Canister 

*Azimuth orientation is from North = 0° clockwise 
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TABLE E-2 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEr1BLY: B02 

DATE: 12/7/78 DATE: 12/8/78 DATE: 12/9/78 DATE: 12/11/78 
TIME: 3:00 p. m. TIME: 3:00 p.m. TIME: 11 :00 a.m. TIME: 4:00 p.m. 
OPERATING HRS: 0 OPERATING HRS: 24 OPERATING HRS: 44 OPERATING HRS: 97 

T /e No. Tem~(OF) T /C No. Tem~ (OF) T Ie No. Tem~(OF) TIC No. Tem~(OF 1 
683 38.1 683 112.4 683 113.5 683 117.6 682 37.3 682 118.5 682 119.8 682 123.9 681 40.0 681 150.2 681 152.4 681 158.1 
680 37.9 680 145.0 680 146.9 680 152.8 679 37.3 679 147.3 679 149.3 679 155.3 678 .40.9 678 149.6 678 151.9 678 157.7 677 48.4 677 143.8 677 145.4 677 151.0 676 46.6 676 142.1 676 144.1 676 149.6 675 39.5 675 131.6 675 133.2 675 138.7 
674 46.7 674 128.2 674 129.4 674 135.4 
673 34.9 673 58.5 673 59.5 673 64.2 
672 34.8 672 41. 6 672 34.1 672 50.1 671 35.8 671 69.2 671 72.1 671 79.2 
670 36.0 670 69.2 670 72.2 670 79.4 669 47.6 669 63.7 669 65.0 669 72.1 
668 44.2 668 59.4 668 61. 2 668 67.4 
667 34.3 667 30.6 667 29.8 667 44.9 
666 34.7 666 32.3 666 33.0 666 41.1 
665 40.0 665 40.2 665 40.7 665 45.6 
664 53.1 664 57.4 664 58.7 664 62.5 
663 34.5 663 31. 2 663 30.1 663 46.8 
662 34.4 662 32.6 662 34.2 662 43.9 
661 39.5 661 42.2 661 44.2 661 51. 7 
660 58.1 660 68.5 660 71.5 660 78.1 
659 34.1 659 31.3 659 30.3 659 47.4 
658 33.9 658 32.0 658 33.2 658 42.3 
657 38.5 657 40.4 657 41. 7 657 48.5 
656 52.6 656 59.8 656 61.6 656 67.5 
655 38.4 655 42.6 655 34.1 655 58.9 
654 37.4 654 35.6 654 38.2 654 46.6 
653 41. 5 653 42.4 653 43.7 653 49.6 
652 53.3 652 57.7 652 58.8 652 63.4 
651 46.3 651 54.1 651 34.5 651 72.7 
650 36.6 650 35.8 650 39.5 650 50.2 
649 40.6 649 43.8 649 47.1 649 55.6 
648 58.6 648 69.2 648 72.5 648 79.7 
647 48.5 647 55.8 647 34.1 647 73.5 
646 35.7 646 34.4 646 37.8 646 48.2 
645 39.7 645 42.7 645 45.1 645 52.6 
644 55.1 644 62.9 644 65.1 644 71.4 
643 38.1 643 36.5 643 38.3 643 46.3 
642 36.8 642 35.5 642 33.5 642 52.9 
641 42.2 641 44.1 641 45.2 641 50.9 
640 53.2 640 57.7 640 58.8 640 63.3 
639 38.9 639 40.3 639 34.4 639 57.9 
638 37.4 638 36.2 638 39.4 638 49.8 
637 41.9 637 46.8 637 49.9 637 58.2 
636 58.8 636 69.4 636 72.8 636 79.9 
635 39.2 635 40.1 635 33.9 635 57.3 
634 36.4 634 34.9 634 37.4 634 47.7 
633 40.5 633 44.8 633 46.4 633 53.9 
632 55.7 632 64.9 632 67.1 632 73.6 
631 35.3 631 32.1 631 32.0 631 47.0 
630 36.1 630 34.6 630 35.2 630 43.3 
629 41.1 629 42.7 629 43.3 629 48.0 
628 53.2 628 57.5 628 58.8 628 62.7 
627 36.5 627 . 33.3 627 32.8 627 49.3 
626 35.6 626 34.4 626 36.2 626 45.9 
625 .41.0 625 46.5 625 48.0 625 56.1 
624 58.3 624 68.8 624 71.6 624 78.4 
623 36.3 623 33.1 623 31. 7 623 48.7 
622 35.2 622 34.1 622 35.3 622 44.2 
621 39.1 621 42.9 621 44.1 621 50.6 
620 53.5 620 62.6 620 64.5 620 70.4 
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TABLE E-3 CONCRETE SILO NO. 2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

DATE: 12/12/78 DATE: 12/15/78 DATE: 1/1/78 DATE: 1/15/79 

TIME: 2:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 119 OPERATING HRS: 193 OPERATING HRS: 601 OPERATING HRS: 937 

T /e No. Tem2(OF) T /e No. Tem2 (OF) T /e No. Tem~(OF) T /e No. Tem~(OF ) 
683 120.5 683 128.6 683 129.3 683 130.9 
682 126.8 682 135.0 682 135.4 682 136.6 
681 161.2 681 169.7 681 170.1 681 171.4 
680 156.0 680 164.6 680 164.7 680 166.1 
679 158.5 679 167.1 679 167.3 679 169.0 
678 161.0 678 169.9 678 169.2 678 170.0 
677 154.0 677 162.1 677 162.2 677 163.8 
676 153.3 676 160.7 676 161.1 676 162.5 
675 141. 7 675 149.6 675 149.6 675 151.3 
674 138.8 674 146.9 674 146.2 674 148.2 
673 67.2 673 75.5 673 77 .1 673 73.9 
672 53.2 672 58.0 672 77 .0 672 78.8 
671 82.6 671 92.2 671 94.3 671 96.0 
670 83.2 670 92.6 670 94.5 670 96.3 
669 75.8 669 84.7 669 85.1 669 87.3 
668 71.3 668 80.0 668 80.0 668 82.4 
667 43.0 667 49.3 667 39.4 667 45.7 
666 42.7 666 48.4 666 43.8 666 50.3 
665 48.2 665 55.5 665 55.4 665 59.0 
664 65.7 664 73.9 664 75.5 664 77 .5 
663 46.0 663 51.5 663 41.0 663 47.0 
662 45.9 662 52.8 662 49.0 662 55.3 
661 54.9 661 63.3 661 63.7 661 67.2 
660 81. 9 660 91.4 660 93.1 660 95.2 
659 47.0 659 51.6 659 39.3 659 45.1 
658 44.6 658 51.1 658 46.6 658 53.2 
657 51. 7 657 59.8 657 59.2 657 63.3 
656 71.2 656 80.2 656 80.7 656 83.3 
655 56.1 655 64 . .8 655 50.4 655 45.5 
654 48.6 654 53.9 654 50.4 654 52.9 
653 52.6 653 59.5 653 59.7 653 61.1 
652 66.6 652 74.7 652 76.2 652 77 .6 
651 66.7 651 78.9 651 64.1 651 47.7 
650 52.3 650 58.8 650 55.5 650 57.5 
649 59.3 649 67.2 649 67.8 649 69.2 
648 83.7 648 92.9 648 94.7 648 96.1 
647 68.2 647 79.8 647 63.8 647 46.4 
646 50.1 646 56.3 646 52.1 646 54.6 
645 56.2 645 63.8 645 63.2 645 65.1 
644 75.1 644 83.9 644 84.7 644 86.6 
643 48.7 643 54.4 643 51. 3 643 54.2 
642 50.5 642 57.9 642 45.0 642 45.7 
641 54.0 641 61.3 641 61.6 641 63.3 
640 66.4 640 74.7 640 76.1 640 77.7 
639 57.4 639 63.7 639 50.1 639 47.4 
038 52.1 638 58.7 638 55.6 638 58.4 
637 61. 9 637 70.4 637 71. 3 037 72.7 
636 83.6 036 93.1 636 95.2 636 96.5 
635 57.8 635 62.8 635 48.8 635 46.2 
634 49.8 634 56.2 634 51. 7 634 54.8 
633 57.6 633 65.6 633 65.0 633 67.1 
632 77 .2 632 86.3 632 86.9 632 88.9 
631 45.8 631 51.2 631 41.1 631 46.2 
630 45.0 630 50.8 630 46.8 ii30 51.8 
629 56.9 629 58.4 629 58.7 629 61.4 
628 65.8 628 74.0 628 75.7 628 77.4 
627 43.3 627 54.6 627 43.7 627 47.7 
626 48.0 626 54.6 626 51.3 6?6 56.1 
62':J 59.5 625 68.4 625 69.4 625 72.1 
G24 82.2 624 91.6 624 93.4 624 95.2 
623 47.7 623 53.7 623 42.5 623 46.5 
622 46.6 622 53.2 622 49.2 672 54.4 
621 54.0 621 62.4 621 61.6 621 65.1 
620 74.1 620 83.2 620 83.6 620 86.0 
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TABLE E- 4 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

OATE: 2/1 /79 DATE: 2/15/79 DATE: 3/1/79 DATE: 3/15/79 

TIME: 4:00 p.m. TIME: 4:00 p.m. TI ME: 4: 00 p. m . TIME: 4:00 p.m. 

OPERATING HRS: 1345 OPERA TI NG !iRS: 1681 OPERATING HRS: 2017 OPERATING HRS: 2353 

TIC No. Teml!(OF) TIC No. Tellll!(OF) T Ie No. TemrdO F) T Ie No. Tem[!(OF) 

683 118.3 683 132.8 683 1"32.5 683 143.3 
682 124.2 682 138.5 682 138.2 682 148.7 
681 158.3 681 172.6 681 171.6 681 181.6 
680 153.3 680 167.2 680 166.6 680 177 .0 
679 155.9 679 170.9 679 169.0 679 179.5 
678 158.2 678 172.2 678 171 .3 678 181.4 
677 150.9 677 165.8 677 164.1 677 174.0 
676 149.7 676 164.8 676 162.5 676 173.3 
675 138.7 675 153.6 675 151.8 675 161.7 
674 135.0 674 150.4 674 149.5 674 158.6 
673 66.6 673 83.0 673 82.5 673 94.5 
672 66.7 672 82.8 672 82.5 672 94.5 
671 83.2 671 100.3 671 98.9 671 1ll.3 
670 83.5 670 100.5 670 99.2 670 1ll.7 
669 74.3 669 92.3 669 90.9 669 102.9 
668 69.6 668 87.6 668 86.5 668 98.3 
667 40.2 667 55.1 667 51.6 667 64.0 
666 40.5 666 55.5 666 56.1 666 66.4 
665 47.9 665 64.2 665 64.2 665 75.5 
664 65.5 664 81. 6 664 81.7 664 93.4 
663 43.7 663 57.6 663 53.2 663 66.4 
662 45.5 662 60.7 662 60.8 662 71. 7 
661 55.8 661 72.7 661 72.3 661 84.0 
660 82.8 660 99.7 660 98.6 660 110.8 
659 42.0 659 57.7 659 51.5 659 65.0 
658 42.8 658 59.0 658 58.8 658 69.5 
657 51.4 657 69.2 657 68.2 657 79.8 
656 70.6 656 88.3 656 87.2 656 99.0 
655 40.0 655 66.1 655 52.2 655 65.5 
654 42.1 654 59.9 654 60.8 654 70.7 
653 49.4 653 66.8 653 67.9 653 78.5 
652 65.5 652 82.0 652 82.2 652 93.8 
651 45.4 651 83.8 651 56.1 651 70.9 
650 47.4 650 65.5 650 65.4 650 76.1 
649 57.1 649 75.1 649 75.9 649 86.8 
648 83.3 648 100.6 648 100.0 648 111.9 
647 43.7 647 84.7 647 55.2 647 69.7 
646 44.1 646 63.0 646 62.7 646 73.2 
645 52.6 645 71.7 645 71.9 645 82.7 
644 73.6 644 91. 7 644 91.0 644 102.7 
643 42.8 643 60.2 643 61.4 643 71.1 
642 38.7 642 60.1 642 51.8 642 64.6 
641 51.3 641 68.3 641 69.5 641 80.2 
640 65.5 640 81.9 640 82.2 640 93.8 
639 42.5 639 66.0 639 53.5 639 66.8 
638 47.6 638 65.4 638 65.3 638 75.7 
637 60.3 637 78.2 637 78.7 637 89.6 
636 83.7 636 100.8 636 100.4 636 112.3 
635 41. 2 635 65.8 635 52.7 635 65.9 
634 43.8 634 62.6 634 61.9 634 72.3 
633 54.4 633 73.3 633 73.2 633 84.1 
632 75.7 632 93.8 632 93.1 632 104.7 
631 37.6 631 54.8 631 51.6 631 63.2 
630 40.9 630 57.2 630 57.3 630 67.2 
629 49.8 629 66.5 629 66.4 629 77 .5 
628 65.4 628 81. 7 628 81.6 628 93.3 
627 40.7 627 58.4 627 52.9 627 65.4 
626 45.3 626 61. 7 626 61.4 626 71.8 
625 60.0 625 77.3 625 76.6 625 88.2 
624 82.7 624 99.7 624 98.4 624 110.7 
623 39.4 623 57.9 623 51. 9 623 64.5 
622 43.1 622 60.5 622 59.9 622 70.3 
621 52.9 621 71. 1 621 69.9 621 81.4 
620 73.3 620 91. 2 620 89.8 620 101.6 
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TABLE E- 5 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

DATE: 4/1/79 DATE: 4/15/79 DATE: 5/1/79 DATE: 5/15/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 8:00 p.m. 
OPERATING HRS: 2761 OPERATING HRS: 3097 OPERATING HRS: 3481 OPERATING HRS: 3821 

TIC No. Tern!! (OF} TIC No. Tern!! (OF } TIC No. T~(OF} TIC No. Tern!! (OF } 
683 132.7 683 141.8 683 150.0 683 148.8 
682 137.8 682 146.6 682 154.9 682 153.9 
681 170.5 681 178.9 681 186.8 681 185.2 
680 165.8 680 174.5 680 182.3 680 181.0 
679 168.7 679 177 .0 679 185.0 679 183.4 
678 170.5 678 178.5 678 186.5 678 185.1 
677 163.3 677 171.7 677 179.8 677 178.2 
676 162.2 676 170.8 676 178.6 676 177.7 
675 151.5 675 159.7 675 167.5 675 166.1 
674 148.8 674 157.2 674 164.8 674 163.7 
673 84.5 673 94.2 673 103.6 673 102.7 
672 84.4 672 94.1 672 103.4 672 102.9 
671 100.5 671 110.2 671 119.6 671 118.7 
670 100.8 670 110.5 670 120.1 670 119.2 
669 92.1 669 102.5 669 111. 7 669 111.4 
668 87.6 668 98.2 668 107.5 668 107.4 
667 58.8 667 76.7 667 76.2 667 87.4 
666 58.6 666 71. 7 666 78.5 666 83.2 
665 66.5 665 77 .5 665 86.7 665 37.2 
664 83.1 664 92.8 664 102.4 664 102.1 
663 62.5 663 79.8 663 78.3 663 90.4 
662 63.4 662 76.2 662 83.5 662 87.5 
661 74.5 661 85.4 661 94.7 661 94.9 
660 99.8 660 109.5 660 119.1 660 118.5 
659 63.7 659 81.1 659 76.5 659 87.6 
658 61.2 658 74.0 658 81.1 658 85.0 
657 70.2 657 81.5 657 90.7 657 91.2 
656 88.4 656 98.5 656 108.1 656 107.7 
655 69.1 655 82.8 655 77 .2 655 87.2 
654 63.4 654 75.9 654 81. 7 654 85.6 
653 69.5 653 80.6 653 88.8 653 89.1 
652 83.6 652 93.4 652 102.7 652 102.2 
651 81. 7 651 96.7 651 83.6 651 94.4 
650 68.4 650 80.8 650 86.5 650 90.9 
649 77 .2 649 88.4 649 96.6 649 96.7 
648 100.9 648 111.0 648 120.0 648 119.2 
647 81. 3 647 97.3 647 82.7 647 93.2 
646 65.6 646 78.5 646 83.9 646 88.8 
645 72.9 645 84.6 645 93.1 645 93.4 
644 91. 7 644 102.2 644 111.5 644 lll.O 
643 62.9 643 75.6 643 81. 7 643 85.2 
642 63.3 642 79.5 642 76.7 642 86.1 
641 70.3 641 81.3 641 89.8 641 90.1 
640 83.2 640 93.2 640 102.5 640 102.1 
639 69.5 639 84.3 639 79.3 639 88.3 
638 67.4 638 80.3 638 85.8 638 89.9 
637 79.3 637 90.4 637 98.7 637 98.8 
636 100.7 636 110.9 636 120.2 636 119.5 
635 69.1 635 83.9 635 78.4 635 87.7 
634 64.4 634 77.7 634 82.9 634 87.6 
633 73.8 633 85.4 633 93.9 633 94.4 
632 93.4 632 104.0 632 113.2 632 112.8 
631 57.4 631 75.2 631 75.5 631 85.1 
630 59.3 630 71. 9 630 78.8 630 83.0 
629 68.1 629 78.8 629 87.9 629 88.2 
628 82.9 628 92.6 628 102.1 628 101.7 
627 60.9 627 80.5 627 78.5 627 88.3 
626 63.6 626 76.3 626 83.1 626 87.2 
625 78.1 625 88.6 625 97.9 625 97.8 
624 99.7 624 109.5 624 118.9 624 118.3 
623 60.0 623 80.2 623 77 .8 623 88.0 
622 61. 7 622 74.6 622 82.0 622 85.5 
621 71. 3 621 82.5 621 91. 9 621 92.3 
620 90.7 620 100.8 620 110.4 620 11 0.1 
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TABLE E-6 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEt1BLY: B02 

DATE: 6/1/79 DATE: 6/15/79 DATE: 7/1/79 DATE: 7/15/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 4225 OPERATING HRS: 4561 OPERATING HRS: 4945 OPERATING HRS: 5281 

TIC No. Tern(!(OF} TIC No. Tern(! (oF) ~ Tern(!(OF} TIC No. J~ 
683 156.8 683 161.9 683 164.0 683 164.8 
682 161.2 682 166.4 682 168.4 682 .169.1 
681 192.4 681 197.1 681 198.6 681 198.9 
680 187.6 680 193.1 680 194·.6 680 195.1 
679 190.5 679 195.3 679 197.1 679 197.5 
678 191.9 678 196.5 678 198.4 678 198.6 
677 185.0 677 189.7 677 191. 5 677 132.0 
676 183.5 676 188.6 676 190.5 676 191. 2 
675 172 .6 675 177 .3 675 179.0 675 179.8 
674 169.9 674 174.7 674 176.7 674 177.7 
673 111.7 673 117.7 673 120.3 673 121.8 
672 111. 3 672 117.4 672 120.2 672 121.7 
671 127.4 671 133.2 671 135.7 671 137.0 
670 127.5 670 133.3 670 136.0 670 137.4 
669 119.1 669 125.1 669 127.9 669 129.4 
668 114.6 668 120.6 668 123.5 668 125.3 
667 85.4 667 91.0 667 93.3 667 99.7 
666 85.1 666 91.8 666 95.4 666 98.6 
665 94.2 665 100.8 665 103.9 665 105.8 
664 110.4 664 116.5 664 119.4 664 120.7 
663 88.2 663 93.5 663 95.2 663 102.4 
662 89.8 662 96.3 662 100.0 662 103.3 
661 102.0 661 108.2 661 111.4 661 113.4 
660 126.8 660 132.7 660 135.4 660 136.6 
659 90.0 659 94.6 659 96.1 659 104.1 
658 87.8 658 94.2 658 98.0 658 101.3 
657 97.8 657 104.4 657 107.7 657 109.6 
656 115.2 656 121.5 656 124.3 656 125.7 
655 89.8 655 92.3 655 93.9 655 102.6 
654 87.3 654 93.2 654 96.6 654 100.5 
653 95.6 653 101.6 653 104.6 653 107.1 
652 110.4 652 116.4 652 119.2 652 120.8 
651 99.6 651 103.1 651 103.5 651 112.8 
650 91.9 650 97.4 650 100.9 650 105.2 
649 103.1 649 108.7 649 111.8 649 114.5 
648 127.4 648 133.0 648 135.6 648 137.1 
647 99. ti 647 103.3 647 103.5 647 113.0 
646 8~.2 646 94.9 646 98.6 646 102.8 
645 99.2 645 105.3 645 108.5 645 111.1 
644 118.1 644 124.1 644 127.1 644 128.6 
643 88.0 643 94.3 643 97.8 643 101.1 
642 87.6 642 90.9 642 93.0 642 101.3 
641 96.8 641 103.1 641 106.3 641 108.3 
640 110.1 640 116.2 640 119.3 640 120.7 
63.9 93.0 639 95.5 639 96.4 639 105.7 
638 91.9 638 97.9 638 101.4 638 105.1 
637' 105.6 637 111.6 637 114.6 637 116.7 
636 127.5 636 133.4 636 136.0 636 137.3 
635 92.6 635 94.9 635 96.0 635 105.2 
634 88.9 634 95.1 634 98.6 634 102.6 
633 100.4 633 106.8 633 110.0 633 112.1 
632 119.9 632 126.1 632 129.0 632 130.4 
631 84.7 631 89.8 631 92.7 631 98.7 
630 85.8 630 92.6 630 96.2 630 98.8 
629 95.7 629 102.2 629 105.3 629 106.9 
628 110.3 628 116.4 628 119.2 628 120.5 
627 89.8 627 94.9 627 96.7 627 103.7 
626 90.1 626 96.4 626 99.9 626 102.9 
625 105.6 625 112.0 625 115.0 625 116.4 
624 126.8 624 132.7 624 l35.4 624 136.5 
623 89.2 623 94.2 623 96.3 623 103.1 
622 88.6 622 95.4 622 99.1 622 101. 7 
621 98.9 621 105.8 621 109.0 621 110.7 
620 117.5 620 123.9 620 120.8 620 128.0 
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TABLE E-7 CONCRETE SILO NO, 2 THERMOCOUPLE DATA. FUEL ASSEMBLY: B02 

DATE: 8/1/79 DATE: 8/15/79 DATE: 911179 DATE: 9/15/79 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 5689 OPERATING HRS: 6025 OPERATING HRS: 6433 OPERATING HRS: 6769 

TIC No. Teme(OFl T /C No. Teme(OF 1 TIC No. Teme (OF 1 TIC No. Teme(OFl 
683 164.9 683 157.0 683 155.3 683 161.0 
682 169.1 682 161. 5 682 159.6 682 165.1 
681 198.6 681 190.6 681 188.5 681 193.8 
680 194.7 680 186.6 680 184.5 680 189.8 
679 196.9 679 188.8 679 186.7 679 192.3 
678 198.0 678 189.9 678 188.1 678 193.5 
677 191. 5 677 182.6 677 181.2 677 187.0 
676 190.8 676 181.8 676 180.4 676 186.2 
675 179.3 675 170.5 675 169.4 675 175.1 
674 177.3 674 168.1 674 166.9 674 173.1 
673 122.4 673 114.1 673 112.8 673 119.6 
672 122.3 672 114.0 672 112.8 672 119.5 
671 137.4 671 128.6 671 127.2 671 134.0 
670 137.7 670 128.9 670 127.5 670 134.3 
669 129.5 669 119.9 669 119.4 669 126.5 
668 125.3 668 115.4 668 115.2 668 122.3 
667 100.5 667 88.7 667 88.3 667 91. 9 
666 98.7 666 89.0 666 87.9 666 93.4 
665 106.0 665 97.4 665 96.2 665 102.6 
664 121.3 664 113.4 664 111.9 664 118.3 
663 103.1 663 91. 2 663 90.6 663 93.8 
662 103.2 662 93.4 662 92.1 662 97.6 
661 113.6 661 104.5 661 103.2 661 109.8 
660 136.8 660 128.4 660 126.7 660 133.3 
659 103.5 659 91.6 659 91.7 659 94.6 
658 101.1 658 90.5 658 90.0 658 95.9 
657 109.5 657 99.9 657 99.2 657 106.0 
656 125.7 656 116.4 656 115.8 6'56 122.6 
655 105.1 655 91.2 655 93.8 655 101.1 
654 101.1 654 90.6 654 91.5 654 97.6 
653 107.9 653 98.3 653 98.5 653 105.7 
652 121.6 652 113.1 652 112.1 652 118.9 
ti51 115.5 651 102.3 651 105.2 651 113.4 
650 106.1 650 94.8 650 95.7 650 102.1 
649 115.2 649 105.1 649 105.1 649 112.5 
648 137.5 648 128.7 648 127.5 648 134.3 
647 115.5 647 102.2 647 105.5 647 113.8 
646 103.6 646 91.8 646 93.1 646 99.6 
645 111.5 645 100.7 645 101. 5 645 109.0 
644 128.8 644 119.1 644 118.7 644 125.9 
643 101.9 643 91.1 643 91. 9 643 98.1 
642 103.1 642 89.7 642 91.6 642 97.8 
641 109.1 641 99.9 641 99.7 641 106.7 
640 121.3 640 113.1 640 111. 9 640 116.7 
639 107.8 639 93.8 639 95.9 639 103.3 
638 105.8 638 94.8 638 95.4 638 101.5 
637 117.4 637 107.8 637 107.6 637 114.8 
636 137.6 636 128.9 636 127.7 636 134.5 
635 107.4 635 93.1 635 95.4 635 102.7 
634 103.1 634 91.4 634 92.6 634 98.8 
633 112.5 633 102.1 633 102.6 633 110.0 
632 130.5 632 120.9 632 120.6 632 127.7 
631 99.2 631 87.7 631 87.9 631 91.3 
630 99.0 630 89.5 630 88.8 630 94.6 
629 107.3 629 99.0 629 97.9 G:'9 104.4 
628 121.1 628 113.2 628 111. 7 ('28 118.3 
627 104.1 627 92.2 627 92.1 67.7 95.8 
626 103.0 626 93.3 626 92.4 626 98.1 
625 116.7 625 104.2 625 106.8 625 113.4 
624 136.8 624 128.4 624 126.8 624 133.3 
623 103.4 623 91. 5 623 91. 6 623 95.2 
622 101.6 622 91. 5 622 91. 1 622 97.1 
621 110.6 621 101.1 621 100.6 621 107.4 
620 126.0 620 118.8 620 118.1 620 125.0 
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TABLE [-8 CONCRETE SILO NO.2 THERMOCOUPLE DATA. FUEL ASSEMELY: B02 

DATE: 10/1/79 DATE: 10/15/79 DATE: 11/1/79 DATE: 11/15/79 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 7153 OPERATI NG !iRS: 7489 OPERATING HRS: 7897 OPERATI NG HRS: 8233 

T /C No. Tern~ (OF) T /e No. Teme(OF) T /e No. Teme(OF) T/C No. TemJllTI 
683 150.3 683 145.3 683 130.2 683 125.4 
682 154.4 682 149.5 682 134.5 682 129.5 
681 182.8 681 177.7 681 162.6 681 157.0 
6UO 178.6 680 173.5 680 158.6 680 153.6 
679 180.9 679 176.0 679 161.0 679 156.5 
678 181. 9 678 177 .1 678 162.2 678 157.9 
677 175.6 677 170.7 677 156.0 677 151. 7 
676 174.2 676 169.6 676 154.9 676 150.7 
67'3 163.9 675 159.4 675 145.2 675 141.1 
674 161.2 674 156.9 674 142.7 674 138.5 
673 108.4 673 103.8 673 88.2 673 83.9 
672 108.1 672 103.5 672 88.2 672 83.6 
671 122.3 671 117.4 671 101.5 671 97.0 
670 122.3 670 117.5 670 101.8 670 97.1 
669 114.5 669 109.5 669 93.7 669 90.3 
668 110.2 668 105.2 668 89.6 668 86.3 
667 86.4 667 76.3 667 62.1 667 64.6 
666 84.7 666 77.4 666 61.9 666 61.3 
665 92.3 665 86.9 665 70.8 665 67.8 
664 107.4 664 102.5 664 86.5 664 82.0 
663 88.9 663 78.5 663 63.8 663 66.3 
662 88.6 662 81.5 662 65.6 662 64.9 
661 98.9 661 93.4 661 77.1 661 74.1 
660 121.8 660 116.6 660 100.0 660 95.7 
6~9 88.7 659 78.5 659 63.8 659 67.1 
658 86.4 658 79.3 658 63.5 658 63.3 
657 94.9 657 89.4 657 73.2 657 71.0 
656 110.9 656 105.8 656 89.9 656 1l6.4 
655 91.7 655 84 .. 7 655 70.2 655 78.5 
6~4 87.3 654 82.5 654 67.6 654 66.3 
b~3 94.2 653 89.9 653 74.9 653 71.5 
652 107.6 652 103.0 652 87.3 652 82.9 
651 100.2 651 99.3 651 86.7 651 92.7 
650 91.3 650 86.5 650 72.3 650 70.6 
649 100.5 649 96.2 649 81.3 649 77.6 
648 122.5 648 117.7 648 101.6 648 96.9 
647 99.7 647 99.9 647 87.0 647 93.4 
646 88.8 646 83.8 646 69.6 646 68.5 
645 96.7 645 92.3 645 77.3 645 74.7 
644 113.8 644 109.0 644 93.4 644 89.6 
643 88.0 643 83.1 643 67.3 643 66.3 
642 88.9 642 81.0 642 65.2 642 71.2 
641 95.6 641 91. 3 641 75.6 641 72.4 
640 107.4 640 102.9 640 87.0 640 82.6 
639 93.5 639 86.4 639 71.7 639 76.8 
638 91.6 638 86.3 638 71.5 638 69.5 
637 103.4 637 98.9 637 83.6 637 79.9 
636 122.9 636 118.0 636 101.8 636 97.1 
635 92.9 635 85.4 63'3 71.1 635 76.2 
634 88.7 634 83.1 634 68.7 634 67.6 
633 98.3 633 93.6 633 78.3 633 75.7 
632 115.8 632 110.8 632 95.1 632 91.3 
631 86.1 631 75.7 631 61.5 631 64.2 
630 85.7 630 78.6 630 63.2 630 62.6 
629 94.2 629 89.0 629 72 .8 629 69.6 
628 107.4 628 102.5 628 86.3 628 81.9 
627 90.0 627 80.3 627 65.7 627 68.0 
626 89.1 626 82.2 626 66.4 626 66.0 
62'3 102.7 625 97.5 625 81.1 625 77.9 
624 121.9 624 116.7 624 100.1 624 95.8 
623 89.2 623 79.5 623 164.9 623 68.2 
622 87.4 622 80.7 622 64.6 622 64.5 
621 96.4 621 91.0 621 74.5 621 72.4 
620 113.2 620 108.1 620 91.9 620 88.4 
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TABLE E-9 CONCRETE SI LO NO. 2 THERMOCOUPLE DATA, FUEL ASSEr1BLY: B02 

DATE: 12/1 /79 DATE: 12/15/79 DATE: 1/1/80 DATE: 1/15/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 8617 OPERATING HRS: 8593 OPERATING HRS: 9361 OPERATING HRS: 9697 

TIC No. Tem~(OFl TIC No. Tem~ (OF 1 TIC No. Tem~{OFl TIC No. Tem~{°F) 
683 117.2 683 117.4 683 112.4 683 115.0 
682 121.8 682 121.8 682 116.8 682 119.4 
681 149.4 681 149.4 681 144.1 681 146.8 
680 145.4 680 145.9 680 140.5 680 143.1 
679 147.9 679 147.6 679 142.7 679 145.7 
678 149.5 678 149.5 678 144.4 678 147.2 
677 143.3 677 143.0 677 138.1 677 141.1 
676 142.5 676 142.1 676 137.1 676 139.8 
675 132.9 675 132.6 675 127.9 675 130.8 
674 130.0 674 129.9 674 125.1 674 127.4 
673 75.6 673 76.1 673 71. 2 673 74.5 
672 75.8 672 76.2 672 71. 3 672 74.6 
671 88.5 671 89.0 671 83.9 671 87.5 
670 88.8 670 89.2 670 84.2 670 87.5 
669 81.9 669 82.0 669 77.2 669 81.2 
668 78.2 668 78.2 668 73.6 668 77 .4 
667 57.4 667 55.2 667 52.5 667 55.5 
666 54.7 666 53.4 666 50.5 666 55.4 
665 60.5 665 60.4 665 56.4 665 61.2 
664 74.4 664 74.8 664 70.1 664 73.6 
663 59.4 663 57.6 663 54.9 663 57.4 
662 58.2 662 57.1 662 54.1 662 58.9 
661 66.6 661 66.6 661 62.5 661 67.0 
660 87.8 660 88.3 660 83.4 660 87.1 
659 59.5 659 57.7 659 55.2 659 57.1 
658 56.2 658 55.0 658 52.1 658 57.4 
657 63.2 657 62.9 657 59.1 657 64.3 
656 78.4 656 78.3 656 74.0 656 78.1 
655 67.9 655 68.1 655 66.1 655 64.2 
654 59.6 654 58.8 654 54.8 654 56.9 
653 64.0 653 64.2 653 59.6 653 62.1 
652 75.1 652 75.6 652 70.9 652 73.7 
651 81. 9 651 83.4 651 80.5 651 79.4 
650 63.5 650 62.9 650 58.8 650 60.6 
649 70.1 649 70.2 649 65.5 649 67.7 
648 89.1 648 89.4 648 84.5 648 87.2 
647 82.4 647 83.9 647 81.0 647 80.3 
646 61. 5 646 60.4 646 56.4 646 58.5 
645 66.8 645 66.6 645 62.1 645 64.9 
644 81. 7 644 81.6 644 76.8 644 80.2 
643 59.5 643 59.0 643 55.0 643 57.6 
642 63.1 642 62.1 642 59.4 642 59.0 
641 65.1 641 65.4 641 60.7 641 63.4 
640 75.1 640 75.4 640 70.6 640 73.5 
639 67.9 639 67.8 639 65.3 639 64.2 
638 63.0 638 62.5 638 58.5 638 61.0 
637 72.2 637 72.7 637 67.8 637 70.4 
636 89.2 636 89.7 636 84.5 636 87.6 
635 67.0 635 66.7 635 64.4 635 63.4 
634 60.5 634 59.7 634 55.9 634 58.8 
633 67.8 633 67.8 633 63.3 633 66.3 
632 83.2 632 83.4 632 78.5 632 82.0 
631 57.5 631 55.9 631 53.0 631 55.6 
630 55.9 630 54.9 630 51.8 630 56.4 
629 62.4 629 62.5 629 58.3 629 62.7 
628 74.3 628 74.7 628 70.0 628 73.7 
627 61. 3 627 59.9 627 57.1 627 59.3 
626 59.1 626 58.2 626 54.9 626 59.5 
625 70.2 625 70.5 625 66.0 625 70.5 
624 87.8 624 88.2 624 83.2 624 87.2 
623 60.8 623 59.1 623 56.4 623 59.0 
622 57.5 622 56.5 622 53.2 622 58.3 
621 64.7 621 64.6 621 60.5 621 65.7 
620 80.6 620 80.7 620 76.1 620 80.3 
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TABLE [-10 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEMELY: B02 

DATE: 2/1/80 DATE: 2/15/80 DATE: 3/1/80 DATE: 3/15/80 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 10,105 OPERATING HRS: 10,441 OPERATING HRS: 10,801 OPERATING HRS: 11,137 

T /e No. Tem~(OFl T /e No. Tem~(OF 1 T /e No. Tem~(OF I T /e No. Teme(OF l 
683 112.5 683 113.0 683 120.6 683 115.9 
682 116.8 682 117.3 682 124.6 682 120.0 
681 143.7 681 144.2 681 151.0 681 146.5 
680 140.2 680 140.6 680 147.4 680 143.5 
679 142.7 679 143.4 679 150.2 679 145.7 
678 144.3 678 144.7 678 151.8 678 147.3 
677 138.1 677 138.6 677 145.9 677 141.4 
676 137.1 676 137.2 676 145.1 676 140.1 
67S 127.9 675 128.4 675 135.8 675 131. 3 
674 124.7 674 125.3 674 133.3 674 128.9 
673 72.5 673 73.1 673 81.6 673 77 .2 
672 72.6 672 73.1 672 81.6 672 77.2 
671 85.1 671 86.0 671 94.1 671 89.5 
670 85.4 670 86.1 670 94.4 670 89.9 
669 78.9 669 79.4 669 88.1 669 83.7 
668 75.1 668 75.6 668 84.7 668 80.4 
667 54.0 667 52.5 667 59.6 667 61.5 
666 51.8 666 52.8 666 60.8 666 58.7 
665 58.1 665 58.7 665 67.0 665 63.5 
664 71.4 664 72.1 664 80.3 664 75.7 
663 56.7 663 54.9 663 61.4 663 64.1 
662 55.4 662 56.3 662 64.3 662 62.3 
661 64.1 661 64.7 661 73.2 661 69.6 
660 84.7 660 85.4 660 93.1 660 88.6 
659 57.6 659 55.5 659 60.8 659 65.6 

658 53.7 658 54.6 658 62.9 658 60.8 
657 61.1 657 61. 7 657 70.4 657 66.7 
656 75.6 656 76.2 656 84.8 656 . 80.3 
655 64.8 655 54.9 655 63.6 655 68.2 
654 54.0 654 54.2 654 65.9 654 63.6 
653 59.9 653 60.0 653 70.9 653 67.2 
652 71. 7 652 72.3 652 81. 1 652 76.7 
651 79.6 651 62.6 651 66.2 651 82.8 
650 57.7 650 57.9 650 69.6 650 67.4 
649 65.5 649 65.8 649 76.8 649 73.0 
648 85.2 648 85.9 648 94.3 648 89.9 
647 81. 7 647 63.3 647 65.0 647 82.8 
646 55.8 646 55.6 646 67.5 646 65.4 
645 62.8 645 62.7 645 74.0 645 70.2 
644 78.0 644 78.6 644 87.8 644 83.4 
643 54.6 643 55.0 643 65.5 643 62.9 
64<' 58.7 642 53.2 642 62.3 642 64.1 
641 61. 2 641 61.6 641 71.7 641 67.6 
640 71.5 640 72.1 640 81.0 640 76.4 
639 64.7 639 56.2 639 64.6 639 68.5 
6313 58.0 638 58.4 638 68.5 638 66.3 
637 68.0 637 68.7 637 78.6 637 74.6 
636 85.3 636 86.2 636 94.6 636 89.9 
635 65.6 635 56.1 635 64.0 635 68.2 
634 56.1 634 55.8 634 66.4 634 64.4 
633 64.2 633 64.5 633 74.8 633 70.9 
632 79.7 632 80.4 632 89.5 632 84.9 
631 54.1 631 53.0 631 60:4 631 60.6 
630 53.0 630 53.9 630 61.8 630 59.4 
629 59.9 629 60.5 629 68.6 629 64.7 
628 71.3 628 72.0 628 80.1 628 75.6 
627 58.6 627 56.0 627 62.5 627 65.6 
626 56.1 626 57.0 626 65.0 626 62.8 
625 67.6 625 68.4 625 76.4 625 72.5 
624 84.7 624 85.5 624 93.1 624 88.6 
623 58.2 623 55.6 623 62.1 623 65.6 
622 54.8 622 55.6 622 64.1 622 61.6 
621 62.7 621 63.2 621 71.8 621 67.9 
620 77 .8 620 78.5 620 86.9 620 82.4 

E-13 



TABLE E-l1 CONCRETE SILO NO, 2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

DATE: 4/1/80 DATE: 4/15/80 DATE: 5/1/80 DATE: 5/15/80 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 11,543 OPERATI NG HRS: 11 ,881 OPERATING HRS: 12,265 OPERATING HRS: 12,601 

T/C No. Tem~(OFl lli...!i2.!. Tem~ (OF 1 T /C No. Tem~(OFl T/C No. Tem~(OF 1 
683 116.9 683 125.9 683 126.9 683 124.0 
682 120.9 682 129.5 682 130.8 682 127.7 
681 146.9 681 155.7 681 156.6 681 153.0 
680 143.3 680 152.3 680 153.2 680 149.6 
679 145.9 679 154.9 679 155.9 679 152.0 
678 147.4 678 156.1 678 157.1 678 153.1 
677 141.4 677 150.5 677 150.9 677 147.1 
676 140.8 676 149.2 676 150.0 676 146.4 
675 131.4 675 140.4 675 140.5 675 136.9 
674 128.8 674 138.0 674 137.7 674 134.1 
673 78.0 673 88.2 673 89.3 673 86.8 
672 78.3 672 88.0 672 89.4 672 86.8 
671 90.1 671 100.5 671 101. 7 671 98.7 
670 90.6 670 100.7 670 102.0 670 98.8 
669 83.8 669 94.6 669 95.0 669 91. 9 
668 80.6 668 91. 2 668 91.5 668 88.4 
667 54.8 667 75.2 667 66.5 667 69.2 
666 56.6 666 69.3 666 69.3 666 67.5 
665 63.4 665 74.5 665 75.9 665 73.8 
664 76.8 664 86.4 664 88.4 664 85.9 
663 57.8 663 78.9 663 68.6 663 72.4 
662 50.2 662 72.9 662 73.4 662 71. 1 
661 69.5 661 80.8 661 82.2 661 79.7 
660 89.3 660 99.3 660 101. I 660 98.2 
659 57.8 659 80.5 659 67.1 659 73.0 
658 58.6 658 71. 5 658 71. 5 658 69.2 
657 66.2 657 77.8 657 78.9 657 76.2 
656 80.7 656 91.0 656 92.1 656 89.0 
655 61.4 655 83.7 655 64.8 655 72.4 
654 61. 5 654 73.7 654 71.6 654 68.9 
ti53 66.9 653 77.6 653 77 .3 653 74.7 
652 77.6 652 87.2 652 88.3 652 85.8 
ti51 70.6 651 97.0 651 70.9 651 78.6 
650 65.1 650 77.7 650 75.6 650 72.4 
649 72.5 649 83.6 649 83.2 649 80.2 
648 90.5 648 100.8 648 101. 3 648 98.5 
647 69.5 647 96.5 647 69.1 647 77 .4 
646 62.6 646 75.8 646 72.8 646 69.9 
645 69.3 645 80.8 645 79.8 645 76.7 
644 83.5 644 93.9 644 94.2 644 91.0 
643 60.7 643 73.3 643 71. 7 643 69.1 
642 57.4 642 79.4 642 65.6 642 70.4 
641 67.5 641 78.0 641 78.3 641 75.6 
640 77 .2 640 86.8 640 88.3 640 85.6 
639 61.9 639 85.5 639 68.0 639 74.2 
638 63.9 638 77.0 638 75. I 638 72.3 
637 74.2 637 85.2 637 85.2 637 82.2 
636 90.4 636 100.6 636 101.8 636 98.7 
635 61.8 635 85.6 63~ 66.5 635 73.7 
634 61.6 634 75.2 634 72.5 634 69.8 
633 70.1 633 81.4 633 81.0 633 77.9 
632 85.0 632 95.4 632 95.9 632 92.6 
631 54.2 631 73.5 631 66.3 631 68.2 
630 57.2 630 69.5 630 70. I 630 67.3 
629 64.8 629 75.6 629 77 .1 629 74.7 
628 76.6 628 86.2 628 88.2 628 85.6 
627 58.0 627 79.5 627 69.4 627 72.3 
626 60.3 626 73.2 626 73.6 626 70.7 
625 72.2 625 83.3 625 85.0 625 82.1 
624 89.1 624 99.4 624 101. I 624 98.1 
623 57.9 623 79.6 623 69. I 623 72.1 
622 59.2 622 72.1 622 72.5 622 69.3 
621 67.3 621 78.7 621 80.0 621 76.9 
620 82.6 620 92.8 620 94.1 620 90.8 
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TABLE E-12 CONCRETE SILO NO.2 THERMOCOUPLE DATA. FUEL ASSEMBLY: 802 

DATE: 6/1/80 DATE: 6/15/80 DATE: 7/1/80 DATE: 7/15/80 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERAT UIG HRS: 13,009 OPERATING fiRS: 13,345 OPERATING HRS: 13,729 OPERATING HRS: 14,065 

T /C No. Tem~(OFl T/C No. Tem~(OFl T/C No. Tem~ (OF) T /C No. Tem~ (oF) 
683 127.5 683 135.9 683 144.7 683 144.9 
682 131.1 682 139.2 682 148.0 682 148.2 
681 156.1 681 164.2 681 172.7 681 172.7 
680 152.9 680 160.9 680 169.3 680 169.4 
679 155.3 679 161.4 679 172.0 679 171 .7 
678 156.2 678 164.3 678 172.9 678 172.6 
577 150.7 677 158.7 677 167.5 677 167.0 
676 150.0 676 157.9 676 166.9 676 166.4 
67') 140.5 675 148.5 675 156.9 675 156.3 
674 137.8 674 145.5 674 154.6 674 153.6 
673 90.9 673 100.0 673 109.2 673 109.5 
672 90.9 672 99.7 672 109.2 672 109.4 
671 102.7 671 11l.8 671 121.4 671 121.4 
670 102.9 670 11l.8 670 121.6 670 121 .5 
669 96.6 669 105.5 669 115.2 669 115.0 
668 93.4 668 10l. 9 668 111.7 668 111.4 
667 75.7 667 85.4 667 88.9 667 91.6 
666 73.9 666 81.4 666 89.3 666 89.7 
665 79.0 665 87.2 665 96.4 665 96.6 
664 90.0 664 98.7 66~ 108.4 664 108.4 
663 79.3 663 89.0 663 91.9 663 95.3 
662 77.4 662 84.9 662 93.3 662 93.5 
661 84.8 661 93.1 661 102.4 661 102.5 
660 102.2 660 111. 1 660 120.8 660 120.8 
6~9 80.4 659 91. 3 659 91.0 659 98.2 
6:'D 75.6 658 83.2 658 91.8 658 92.1 
657 81.6 657 89.9 657 99.5 657 99.3 
656 93.6 656 102.2 656 112.2 656 111. 7 
655 77 .6 655 90.1 655 87.9 655 95.1 
654 75.2 654 82.3 654 90.9 654 91.4 
tiS3 80.1 653 87.8 653 97.3 653 97.5 
652 89.9 652 98.5 652 108.2 652 108.5 
651 86.5 651 99.2 651 95.6 651 104.8 
650 78.7 650 85.7 650 94.5 650 94.9 
649 85.5 649 93.3 649 102.9 649 103.0 
648 102.5 648 111.4 648 120.9 648 121 .1 
647 86.1 647 98.6 647 94.4 647 104.4 
646 76.6 646 83.8 646 92.3 646 92.8 
645 82.5 645 90.3 645 100.2 645 100.0 
644 95.7 644 104.1 644 114.3 644 113.9 
643 75.1 643 82.5 643 91.2 643 91.9 
642 75.9 642 86.7 642 87.0 642 93.1 
641 80.4 641 88.4 641 98.2 641 98.2 
640 89.6 640 98.2 640 108.1 640 108.0 
639 80.3 639 92.7 639 89.8 639 98.0 
638 78.2 638 85.6 638 94.3 638 94.9 
637 87.0 637 95.2 637 105.0 637 105.0 
636 102.7 636 111.4 636 121.5 636 121.3 
635 80.1 635 92.8 635 89.1 635 97.9 
634 76.2 634 83.6 634 92.2 634 92.8 
633 83.3 633 91.4 633 101.3 633 101 .1 
632 97.2 632 105.7 632 115.9 632 115.4 
631 74.2 631 83.6 631 86.3 631 90.1 
630 73.4 630 81. 3 630 89.5 630 89.9 
629 79.5 629 88.0 629 97.4 629 97.4 
628 89.7 628 98.4 628 108.1 628 108.2 
627 79.2 627 89.1 627 89.2 627 94.2 
626 76.8 626 84.7 626 92.7 626 93.1 
625 86.9 625 95.6 625 105.0 625 104.9 
624 102.1 624 111.2 624 120.7 624 120.8 
623 79.2 623 89.0 623 89.0 623 93.8 
622 75.7 622 83.5 622 92.0 622 92.0 
621 82.2 621 90.7 621 100.3 621 99.9 
620 95.3 620 104.1 620 114.0 620 113.6 

E-15 



TABLE E-13 CONCRETE SI LO NO. 2 THERMOCOUPLE DATA, FUEL ASSEr1BLY: B02 

DATE: 8/1/80 DATE: 8/15/80 DATE: 9/2/80 DATE: 9/15/80 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 14,473 OPERATING HRS: 14,809 OPERATING HRS: 15,241 OPERATING HRS: 15,553 

~ Tem~ (OF 1 T/C No. Tem~ (OF 1 T/C No. Tem~(OFl T/C No. Tem~(OF) 

683 153.3 683 151 .7 683 139.7 683 136.5 
682 156.7 682 155.0 682 143.0 682 139.9 
681 181.0 681 179.1 681 166.8 681 163.5 
680 178.1 680 175.8 680 163.7 680 160.5 
679 180.5 679 178.5 679 166.1 679 162.7 
678 181. 3 678 179.3 678 166.9 678 163.7 
677 175.8 677 173.8 677 161 .5 677 157.9 
676 175.3 676 173.2 676 160.8 676 157.2 
675 165.1 675 163.0 675 151 .3 675 147.7 
674 163.0 674 160.7 674 149.3 674 145.6 
673 119.0 673 117.3 673 105.1 673 101 .7 
672 118.9 672 117.2 672 104.8 672 101.5 
671 131.0 671 129.0 671 116.4 671 112.8 
670 131. 5 670 129.2 670 116.5 670 113.0 
669 124.5 669 122.4 669 110.1 669 106.3 
668 121.1 668 118.8 668 106.5 668 102.9 
667 100.9 667 90.2 667 86.4 667 80.9 
666 99.4 666 93.0 666 84.8 666 80.4 
665 105.6 665 102.7 665 91. 2 665 87.9 
664 117.6 664 115.9 664 103.4 664 100.5 
663 104.7 663 93.2 663 88.7 663 83.7 
662 103.5 662 96.9 662 88.1 662 83.9 
661 111. 9 661 108.6 661 96.9 661 93.4 
660 130.3 660 128.1 660 115.2 660 112.0 
659 106.6 659 94.6 659 90.7 659 84.4 
658 102.1 658 95.8 658 87.1 658 82.4 
657 108.9 657 105.6 657 93.9 657 90.2 
656 121.3 656 119.1 656 106.6 656 103.2 
655 104.4 655 92.9 655 94.1 655 85.6 
654 101.9 654 96.3 654 89.6 654 84.2 
653 107.3 653 104.6 653 94.3 653 90.1 
652 117.9 652 116.2 652 104.2 652 100.8 
651 114.4 651 104.2 651 105.6 651 93.0 
650 105.8 650 99.5 650 93.1 650 87.5 
649 113.1 649 109.8 649 99.6 649 95.3 
648 130.8 648 128.6 648 106.2 648 112.7 
647 113.7 647 103.6 647 105.1 647 91.8 
646 103.4 646 96.9 646 90.9 646 85.1 
645 109.9 645 106.7 645 96.6 645 92.1 
644 123.6 644 121.4 644 109.2 644 105.6 
643 101.6 643 96.7 643 89.8 643 84.7 
642 102.6 642 91.5 642 91. 7 642 84.0 
641 107.7 641 105.7 641 95.2 641 91. 3 
MO 117.5 640 115.9 640 103.9 640 100.8 
639 106.6 639 95.5 639 96.1 639 87.3 
638 104.9 638 99.2 638 92.8 638 87.3 
637 114.5 637 112.1 637 101.5 637 97.3 
636 130.8 636 128.9 636 116.4 636 113.0 
635 106.2 635 95.0 635 95.6 635 86.6 
634 102.6 634 96.6 634 90.5 634 84.8 
633 110.5 633 107.9 633 97.5 633 93.1 
632 125.0 632 123.0 632 110.8 632 107.1 
631 99.3 631 89.1 631 87.1 631 81. 3 
630 99.5 630 94.2 630 86.3 630 82.0 
629 106.5 629 104.2 629 93.0 629 89.7 
628 117.6 628 115.9 628 103.5 628 100.4 
627 103.1 627 92.3 627 91. 3 627 84.5 
626 102.9 626 97.0 626 89.4 626 84.8 
625 114.1 625 111. 7 625 100.0 625 9fi.5 
624 130.2 624 128.0 624 115.4 624 112.1 
623 102.7 623 92.0 623 91.1 623 84.0 
622 101.8 622 96.3 622 88.3 622 83.6 
621 109.2 621 106.5 621 95.1 621 91. 4 
620 123.0 620 120.9 620 108.5 620 105.1 
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TABLE [-14 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASS[MBLY: B02 

DATE: 10/1/80 DATE: 10/15/80 DATE: 11/1/80 DATE: 11/15/80 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

uPERATJrIG fiRS: 15,937 OPERATING IIRS: 16,273 OPERATING HRS: 16,681 OPERATI NG fiRS: 17,017 

T/C~ TelTl~ (OF l T /C No. Teme (OF l TIC No. Tem~(·Fl TIC No. Tem~(OFl 

683 138.8 683 134.1 683 117.6 683 116.8 
682 141. 9 682 137.4 682 120.8 682 120.1 
681 165.6 681 160.7 681 144.3 681 143.4 
680 162.4 680 157.4 680 140.9 680 140.1 
679 165.1 679 159.9 679 143.8 679 142.9 
678 166.1 678 160.9 678 144.7 678 143.9 
677 160.5 677 154.8 677 139.5 677 138.1 
6i6 159.9 676 154.1 676 138.5 676 136.9 
67~ 150.7 675 144.7 675 130.0 675 128.6 
674 149.0 674 142.4 674 127.6 674 126.2 
673 104.7 673 99.3 673 83.0 673 82.1 
672 104.6 672 99.1 672 83.7 672 81. 7 
67] 115.9 671 110.0 671 93.6 671 92.5 
670 116.2 670 110.0 670 93.5 670 92.5 
tlti9 110.2 669 102.6 669 87.8 669 85.9 
668 106.6 668 98.8 668 84.3 668 82.3 
667 87.5 667 63.7 667 66.7 667 55.2 
666 84.5 666 70.9 666 63.7 666 57.2 
bbS 90.7 665 83.2 665 69.6 665 66.6 
664 102.8 664 97.8 664 81.4 664 80.4 
663 90.6 663 66.0 663 68.8 663 56.4 
662 88.0 662 74.5 662 66.8 662 60.56 
Go] 96.5 661 88.4 661 74.8 661 71.8 
660 114.7 660 108.7 660 92.2 660 91.2 
659 92.9 659 65.5 659 69.2 659 56.4 
658 87.0 658 73.0 658 65.4 658 59.3 
657 93.7 657 85.0 657 72.0 657 68.9 
656 106.3 656 99.6 656 84.5 656 82.8 
655 101.3 655 71 .. 4 655 75.5 655 65.0 
654 90.9 654 76.0 654 68.9 654 63.3 
li~3 95.0 653 86.1 653 73.3 653 70.4 
6S? 104.0 652 98.3 652 82.2 652 81.2 
oSl 114.7 651 82.5 651 86.9 651 78.9 
650 94.4 650 78.6 650 72.7 650 66.5 
649 100.4 649 90.5 649 78.5 649 75.1 
648 116.2 648 109.7 648 93. T 648 92.4 
647 114.5 647 80.9 647 86.0 647 77 .9 
646 92.6 646 75.4 646 70.9 646 64.0 
645 97.6 645 86.8 645 75.5 645 71.8 
644 109.5 644 101.9 644 87.4 644 85.4 
643 90.7 643 77 .0 643 69.0 643 63.5 
64( 96.4 642 67.1 642 71. 7 642 60.4 
641 95.6 641 87.6 641 74.1 641 71.5 
640 103.6 640 98.2 640 82.0 640 81.0 
639 102.5 639 72.4 639 77 .0 639 64.1 
638 93.7 638 78.9 638 72.7 638 75.8 
637 101.9 637 93.3 637 80.6 637 77.3 
636 116.0 636 109.9 636 94.0 636 92.6 
635 102.3 635 72.5 635 76.7 635 63.4 
634 92.0 634 75.7 634 70.9 634 63.1 
633 98.2 633 88.3 633 76.6 633 72.9 
632 110.8 632 103.4 632 88.9 632 86.8 
631 88.5 631 63.3 631 67.1 63·1 56.2 
630 86.5 630 72.7 630 75.4 630 59.7 
629 92.6 629 85.7 629 71. 5 629 69.2 
628 103.0 628 98.0 628 81.4 628 80.5 
627 92.6 627 65.6 627 70.2 627 58.7 
626 89.6 626 75.1 626 68.3 626 62.4 
625 9g.6 625 92.4 625 78.1 625 76.0 
624 114.8 624 108.9 624 92.3 624 91.3 
623 92.6 623 65.4 623 69.8 623 58.4 
622 88.5 622 74.1 622 66.7 622 61.0 
621 95.1 621 85.3 621 73.3 621 70.4 
620 108.4 620 101.4 620 86.1 620 84.4 
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TABLE E-15 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

DATE: 12/1 /80 DATE: 12/15/80 DATE: 1/1/81 DATE: 1/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATI NG HRS: 17,401 OPERATING HRS: 17,737 OPERA TI NG HRS: 18,145 OPERATING HRS: 18,481 

T /e No. Tem~ (OF 1 T Ie No. Tem~(OFl T Ie No. Teme(OFl T /e No. Teme (OF 1 
683 108.4 683 105.1 683 1i2.3 683 107.6 
682 111.7 682 108.2 682 115.5 682 110.9 
681 135.2 681 131.6 681 138.7 681 134.1 
680 132.0 680 128.3 680 135.4 680 130.7 
679 135.0 679 131.2 679 138.1 679 133.7 
678 135.9 678 132.2 678 139.1 678 134.8 
677 130.7 677 127.0 677 133.9 677 129.4 
676 129.8 676 125.9 676 133.0 676 128.3 
675 121.6 675 118.0 675 124.7 675 120.2 
674 119.0 674 115.2 674 122.3 674 117.5 
673 74.2 673 70.8 673 78.1 673 73.6 
672 73.8 672 70.4 672 77 .8 672 73.4 
671 84.7 671 81.1 671 88.7 671 84.1 
670 84.3 670 80.7 670 88.5 670 83.9 
669 79.1 669 75.8 669 83.3 669 78.5 
668 75.7 668 72.3 668 79.9 668 75.1 
667 55.8 667 58.6 667 60.4 667 56.1 
666 55.1 666 53.1 666 58.8 666 54.9 
665 61.3 665 58.0 665 64.8 665 60.9 
664 72.4 664 69.0 664 76.7 664 72.1 
663 57.4 663 60.6 663 61.8 663 58.5 
662 58.2 662 55.8 662 61. 9 662 57.9 
661 66.2 661 62.9 661 70.0 661 66.0 
660 83.1 660 79.7 660 87.4 660 82.9 
659 57.6 659 62.1 659 61.6 659 59.2 
658 57.4 658 55.1 658 61. 1 658 57.0 
657 64.1 657 60.7 657 67.8 657 63.6 
656 76.1 656 72.6 656 80.2 656 75.5 
655 65.8 655 71.9 655 71.9 655 64.7 
654 60.3 654 58.8 654 64.9 654 59.9 
653 64.6 653 61. 9 653 69.0 653 64.2 
652 73.4 652 70.1 652 77.7 652 73.0 
ti51 76.8 651 83.5 651 82.1 651 76.1 
650 63.2 650 61.9 650 68.2 650 63.0 
649 68.9 649 66.3 649 73.8 649 68.9 
648 84.3 648 81. 1 648 88.8 648 84.0 
647 75.6 647 82.8 647 80.5 647 75.9 
646 61. 2 646 60.1 646 66.3 646 61.1 
645 66.5 645 63.7 645 71.2 645 66.2 
644 78.4 644 75.0 644 82.8 644 77 .8 
643 60.8 643 58.7 643 64.9 643 59.9 
642 61.8 642 65.7 642 67.3 642 60.4 
641 65.5 641 62.5 61\1 69.8 641 64.9 
640 73.2 640 69.7 61\0 77 .4 640 72.6 
1J39 65.7 639 71.1 639 71.3 639 64.8 
638 63.4 638 61.6 638 67.8 638 62.6 
637 71.3 637 68.4 637 75.9 637 70.8 
636 83.7 636 81.4 636 89.2 636 84.1 
635 64.7 635 70.6 635 70.2 635 64.4 
634 61. 6 634 59.A 634 65.8 634 60.5 
633 67.9 633 64.9 633 72.2 633 67.1 
632 79.9 632 76.5 632 84.3 632 79.2 
631 57.1 631 59.8 631 61 .7 631 56.5 
630 57.5 630 55.4 630 61. 0 630 56.8 
629 63.3 629 60.2 629 67.1 629 62.9 
628 72.6 628 69.2 628 76.7 628 72.2 
627 59.6 627 63.3 627 64.3 627 59.5 
626 60.0 626 58.2 626 63.8 G?6 59.5 
625 69.7 625 66.5 625 73.7 6?~ 69.2 
624 83.4 624 80.1 624 87.6 6?4 83.1 
623 59.4 623 63.1 623 63.9 623 59.3 
622 59.1 622 56.6 622 62.6 fit? 58.3 
621 65.4 621 62.1 621 69.2 621 64.8 
620 77 .6 620 74.1 620 81.8 620 77 .1 
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TA8LE [-16 CONCRETE SILO NO.2 lHERMOCOUPLE DATA, FUEL ASSLMULY: 802 

DATE: 2/1/81 DATE: 2/15/81 DATE: 3/1/81 Oil TE: 3/15/81 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TI~lE: 4: 00 p.m. 

O?ERATlNG HRS: 18,889 OPERIITING IIRS: 19,225 OPERIITING HRS; 19,561 OPERATING HRS: 19,897 

T Ie No. Tem~(OF! T /e No. Tem~(OF! T /e No. Tem~(OF! TIC No. Teme (OF! 

683 98.0 683 105.3 683 106.6 683 106.2 
682 101 .3 682 108.6 682 "0. I 682 109.8 
681 124.3 681 131 .5 681 132.5 681 132. I 
6(10 121. 3 680 128.6 680 129.4 680 129.2 
679 124.0 679 131.0 679 131.4 679 131.3 
678 124.9 678 131.9 678 132.6 678 132.5 
677 "9.4 677 127.0 677 127.2 677 127.3 
676 118.0 676 126.5 676 126.5 676 126.8 
675 "0.6 675 118.0 675 117.8 675 118.2 
674 107.5 674 "5.6 674 115.5 674 "6.2 
673 64.2 673 71. 2 673 72.3 673 72.4 
67Z 63.9 672 71.3 672 72.7 672 72.8 
671 74.2 671 81. 9 671 82.5 671 82.8 
670 73.9 670 82. I 670 82.9 670 83. I 
669 68. I 669 77 .3 669 76.8 669 77.7 
668 64.6 668 74.4 668 74.0 668 75.0 
667 47.0 667 60.2 667 52. I 667 58.7 
666 44.6 666 56.2 666 55.6 666 55.5 
665 51. 3 665 60.3 665 61.1 665 60.9 
664 62.7 664 70.4 664 72. I 664 71.9 
663 48.9 663 62.9 663 52.9 663 61.6 
662 47.2 662 59.2 662 58.7 66? 58.5 
661 55.9 661 65.5 661 66.1 661 66. I 
660 72.8 660 81.7 660 82.5 660 82.7 
659 50.3 659 64.5 659 50.4 659 62.9 
658 46.2 658 58. I 658 56.9 658 57.3 
657 53.3 657 63.2 657 63.0 657 63.5 
656 65.2 656 74.4 656 74.6 656 . 75.2 
655 61.0 655 72. I 655 50.7 655 66.8 
654 48.5 654 59.'0 654 58.9 654 59.9 
653 .53.7 653 62.3 653 63.6 653 63.7 
652 63. I 652 70.9 652 72.5 652 72.5 
ti51 74.6 651 85.7 651 53.2 651 78.5 
650 51.2 650 62.7 650 61.9 650 63.1 
649 57.8 649 67.4 649 68.3 649 68.5 
648 73.8 648 82.5 648 83.2 648 83.3 
647 75.7 647 85.7 647 51.6 647 77.4 
646 49.5 646 61.2 646 59.4 646 61.3 
645 54.9 645 65.4 645 65. I 645 65.9 
644 67.1 644 76.7 644 76.9 644 77 .6 
643 48.5 643 59.2 643 59. I 643 59.4 
642 53.2 642 66.6 642 51.6 642 63.1 
641 54.4 641 63.1 641 64.4 641 64.3 
640 62.8 640 70.6 640 72.3 640 72. I 
639 59.1 639 73.6 639 53.2 639 67.7 
638 50.9 638 63.0 638 61.8 638 62.6 
637 59.9 637 69.6 637 70.2 637 70.2 
636 73.8 636 82.6 636 83.6 636 83.5 
635 60.8 635 73.7 635 51.3 635 67.5 
634 49.5 634 61.6 634 59.2 634 60.9 
633 56. I 633 66.6 633 66. I 633 66.8 
632 68.5 632 78.3 632 78.4 632 78.9 
631 47.6 631 60.1 631 51.9 631 58.3 
630 46.3 630 57.3 630 56.3 630 56.5 
629 53.2 629 61.8 629 62.5 629 62.5 
628 62.6 628 70.5 628 72. I 628 71.9 
627 51.2 627 64. I 627 52.8 627 61.6 
626 48.7 626 60.2 626 59.0 626 59.3 
625 59.4 625 68.3 625 68.8 625 68.8 
624 73.2 624 81.8 624 82.5 624 82.5 
623 51.1 623 64.3 623 51. 9 623 61.6 
622 47.2 622 59.3 622 57.6 622 58.2 
621 54.3 621 64.6 621 64.0 621 64.6 
620 66.7 620 76.5 620 76.3 620 77.0 
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TABLE E-17 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

DATE: 4/1/81 DATE: 4/15/81 DATE: 5/1/81 DATE: 5/15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 20,30S OPERATING HRS: 20,641 OPERATING HRS: 21,205 OPERATING HRS: 21,361 

T /e No. Tem~loF I ~ Tem~{OFl T /e No. Tem~loFl T /e No. Tem~ (OF I 
683 109.5 683 119.0 683 12] .1 683 128.3 
682 112.7 682 122.0 682 130.0 682 131.3 
681 134.8 681 144.4 681 lS2.1 681 153.2 
680 132.0 680 141. 3 680 149.4 680 150.0 
679 134.0 679 143.9 679 152.1 679 153.0 
678 135.4 678 144.7 678 lS3.0 678 153.9 
677 130.1 677 140.0 677 148.1 677 148.8 
676 129.3 676 139.4 676 148.0 676 148.3 
675 120.9 675 130.8 675 138.8 675 139.2 
674 118.7 674 128.8 674 137.1 674 137.4 
673 75.7 673 86.4 673 95.3 673 96.2 
672 76.0 672 86.2 672 95.3 672 96.3 
671 8S.8 671 96.7 671 105.8 671 106.3 
670 86.1 670 96.8 670 106.1 670 106.9 
669 80.8 669 92.0 669 101. 1 669 101.2 
668 78.0 668 89.1 668 98.3 668 98.2 
667 63.8 667 77 .2 667 86.1 667 7S.7 
666 60.4 666 71.7 666 81.3 666 76.9 
665 64.6 665 7S.6 665 84.8 665 84.4 664 7S.2 664 85.2 664 94.0 664 95.4 663 66.0 663 81.0 663 90.0 663 79.2 662 63.2 662 74.9 662 84.7 662 80.1 661 69.5 661 81.0 661 90.3 661 89.4 
660 85.7 660 96.1 660 105.0 660 10S.9 
659 66.4 659 84.8 659 93.6 659 80.4 
658 61.8 658 74.3 658 84.0 658 79.2 
657 66.8 657 78.9 657 88.2 657 87.1 
656 78.2 656 89.3 656 98.2 656 98.7 
655 66.4 655 83.6 655 93.0 655 77 .9 
654 63.4 654 75.7 654 85.1 654 80.0 
653 67.1 653 78.7 653 87.6 653 86.2 
652 75.7 652 86.1 652 94.9 6S2 95.7 
651 70.2 651 96.4 651 103.7 651 86.4 
650 66.3 650 79.2 650 88.6 650 82.8 
649 71.6 649 83.6 649 92.4 649 90.S 
648 86.3 648 97.2 648 105.8 648 106.3 
647 69.2 647 96.0 647 103.3 647 85.0 
646 64.3 646 77.5 646 86.8 646 80.4 
645 69.0 645 81. 2 645 90.2 645 88.0 
644 80.5 644 91.6 644 100.4 644 100.5 
643 63.4 643 75.1 643 84.6 643 80.0 
642 64.8 642 80.3 642 90.6 642 76.2 
641 67.7 641 78.6 641 87.4 641 86.9 
640 75.3 640 85.6 640 94.2 640 95.3 
639 67.1 639 84.8 639 95.2 639 80.5 
638 66.4 638 78.5 638 87.9 638 82.5 
637 73.6 637 84.8 637 93.5 637 92.4 
636 86.7 636 97.2 636 105.8 636 106.6 
635 66.8 635 84.8 635 95.2 635 80.4 
634 64.6 634 76.9 634 86.6 634 80.4 
633 70.2 633 81. 7 633 90.7 633 89.1 
632 82.0 632 92.8 632 101.8 632 101. 9 
631 63.0 631 76.0 631 85.4 631 73. 7 
630 61.0 630 72.2 630 81.7 630 77.5 
629 65.8 629 76.5 629 85.4 629 85.3 
628 75.1 628 85.1 62fl 93.8 628 95.0 
627 65.2 627 80.2 627 89.4 627 76.3 
626 63.6 626 75.3 626 84.7 626 79.9 
625 72.0 625 83.2 625 91.8 625 91. 7 
624 85.6 624 96.0 624 104.8 624 105.7 
623 65.1 623 80.5 623 89.7 623 76.7 
622 62.3 622 74.1 622 83.9 622 79.3 
621 67.9 621 79.1 621 88.4 621 87.6 
620 80.0 620 90.5 620 99.5 620 99.9 
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TABLE [-18 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

DATE: 6/1 /81 DATE: 6/15/81 DATE: 7/1/81 DATE: 7115/82 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4;00 p.m. 

OPERATING HRS: 21,769 OPERATING ItRS: 22,105 OPERATI NG HRS: 22,409 OPERATING HRS: 22,825 

T /C No. Tem!! (oF) T /C No. ~J.:U TIC No. Tem!!{OF) T/C r~ Terrie (OF 1 
683 126.9 683 134.8 683 143.5 683 141.9 
682 129.8 682 137.8 682 146.4 682 144.8 
681 151. 6 681 159.2 681 167.9 681 165.9 
680 148.9 680 156.6 680 165.3 680 162.9 
679 151.6 679 159.0 679 167.8 679 165.7 
678 152.4 678 160.0 678 168.3 678 166.5 
677 147.5 677 154.4 677 163.6 677 161.4 
676 147.3 676 153.9 676 163.4 676 161.3 
675 138.1 675 144.7 675 153.6 675 151.6 
674 136.4 674 143.2 674 152.2 674 150.0 
673 95.4 673 103.4 673 113.0 673 lll.4 
672 95.4 672 103.5 672 113.0 672 111.4 
671 105.6 671 113.S 671 123.3 671 121.3 
670 106.0 670 114.1 670 123.8 670 121.8 
669 100.8 669 107.4 669 117.6 669 115.6 
668 98.0 668 104.4 668 114.7 668 112.6 
667 86.8 667 82.9 667 96.2 667 97.0 
666 82.8 666 82.3 666 96.0 666 96.0 
665 85.8 665 90.9 665 101.9 665 100.6 
664 94.3 664 102.3 664 111.7 664 110.2 
663 90.5 663 86.4 663 99.7 663 100.8 
662 86.0 662 85.9 662 99.7 662 99.4 
661 91.0 661 96.2 661 107.4 661 105.9 
660 105.2 660 113.1 660 122.7 660 120.7 
659 93.5 659 89.6 659 102.1 659 103.1 
658 85.1 658 84.8 658 98.6 658 98.2 
657 88.9 657 93.3 657 104.8 657 103.1 
656 98.2 656 104.9 656 115.1 656 113.0 
655 89.8 655 87 .. 1 655 97.4 655 97.9 
654 84.5 654 84.3 654 97.8 654 97.8 
653 87.1 653 92.1 653 103.0 653 101.9 
652 94.8 652 102.6 652 112.1 652 110.6 
651 98.8 651 96.0 651 107.0 651 106.9 
650 87.7 650 87.4 650 101.0 650 101.1 
649 91. 7 649 96.6 649 107.8 649 106.6 
648 10S.4 648 113.4 648 123.1 648 121.2 
647 98.2 647 95.1 647 106.4 647 106.5 
646 85.9 646 84.8 646 98.9 646 99.0 
645 89.S 645 93.6 645 10S.2 645 103.8 
644 99.9 644 106.6 644 116.9 644 114.8 
643 83.9 643 84.7 • 643 98.0 643 97.6 
642 87.8 642 85.1 642 96.4 642 96.2 
641 87.0 641 92.7 641 103.5 641 102.2 
640 94.2 640 102.1 640 lll.8 640 110.3 
639 91. 6 639 89.8 639 99.6 639 99.7 
638 87.1 638 86.8 638 100.6 638 100.3 
637 92.9 637 98.1 637 109.2 637 107.7 
636 105.5 636 113.2 636 123.1 636 121.2 
635 91.6 635 89.7 635 99.2 635 99.5 
634 85.8 634 84.4 634 98.6 634 98.2 
633 90.1 633 94.2 633 105.9 633 104.2 
632 101 .2 632 107.7 632 118.0 632 116.0 
631 85.1 631 81.8 631 94.6 631 94.6 
630 82.3 630 82.8 630 96.1 630 95.6 
629 86.1 629 91. 7 629 102.S 629 101.0 
628 94.4 628 102.2 628 111.7 628 110.0 
627 88.8 627 85.4 627 97.8 627 97.9 
626 85.4 626 85.4 626 98.9 626 98.3 
625 92.4 625 98.2 625 109.1 625 107.3 
624 105.1 624 112.8 624 122.5 624 120.S 
623 89.0 623 85.1 623 97.8 623 98.1 
622 84.6 622 84.3 622 98.1 622 -97.3 
621 89.0 621 93.4 621 104.8 621 103.0 
620 99.8 620 106.3 620 116.4 620 114.3 
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TABLE E-19 CONCRETE SILO NO.2 THERMOCOUPLE DATAl FUEL ASSEr1BLY: B02 

DATE: 8/1/81 DATE: 8/15/81 DATE: 9/1 /81 DATE: 9/21/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 23,233 OPERATING HRS: 23,569 OPERATING HRS: 23,977 OPERATING HRS: 24,457 

T/C No. Tem~ (OF 1 T/C No. Tem~(OFl ~ Tem~(OFl T/C No. Tem~(OF 1 
683 144.2 683 140.8 683 143.5 683 136:4 
682 146.9 682 143.5 682 146.3 682 139.2 
681 168.0 681 164.5 681 167.1 681 159.9 
680 165.3 680 161.6 680 164.3 680 157.2 
679 166.3 679 162.8 679 165.4 679 158.2 
678 167.0 678 163.4 678 166.2 678 159.0 
677 161. 9 677 158.2 677 161.3 677 154.2 
676 161.5 676 157.6 676 161 .1 676 154.1 
675 152.2 675 148.5 675 151.6 675 144.7 
674 150.6 674 146.7 674 150.0 674 143.6 
673 112.2 673 108.8 673 111.8 673 104.7 
672 112.1 672 108.6 672 111. 7 672 104.5 
671 122.1 671 118.5 671 121.6 671 114.2 
670 122.4 670 118.8 670 121. 9 670 114.5 
669 117.6 669 113.6 669 117.2 669 110.3 
668 114.4 668 110.4 668 114.1 668 107.3 
667 94.7 667 93.0 667 93.6 667 87.4 
666 94.4 666 91.0 666 93.4 666 87.5 
665 101.5 665 97.8 665 100.8 665 94.0 
664 112.1 664 108.7 664 111. 7 664 104.4 
663 97.8 663 96.0 663 96.4 663 90.0 
662 97.8 662 94.3 662 96.7 662 90.7 
661 106.6 661 102.8 661 105.8 661 98.9 
660 122.6 660 119.0 660 121. 9 660 114.5 
659 99.1 659 98.4 659 97.1 659 90.3 
658 95.7 658 91. 9 658 94.7 658 88.6 
657 102.9 657 98.8 657 102.1 657 95.3 
656 113.6 656 109.7 656 113.2 656 106.2 
655 97.6 655 96.6 655 98.6 655 94.4 
654 96.3 654 92.7 654 96.8 654 91.4 
653 102.1 653 98.3 653 102.2 653 96.0 
652 111.5 652 107.9 652 111.2 652 104.2 
651 107.0 651 108.0 651 110.4 651 107.7 
650 99.0 650 95.7 650 99.6 650 94.3 
649 106.9 649 103.2 649 107.0 649 100.8 
648 122.2 648 118.7 648 121 .7 648 114.7 
647 106.7 647 107.7 647 110.3 647 107.8 
646 97.2 646 93.6 646 97.8 646 92.7 
645 104.1 645 100.0 645 104.3 645 98.2 
644 115.9 644 112.0 644 115.8 644 108.9 
643 97.1 643 93.1 643 97.3 643 91.8 
642 96.6 642 94.9 642 96.9 642 92.2 
641 103.2 641 99.6 641 103.3 641 97.0 
640 111.5 640 108.1 640 111.3 640 104.2 
639 99.7 639 98.9 639 100.4 639 96.3 
638 99.0 638 95.3 638 99.3 638 93.7 
637 108.2 637 104.5 637 108.3 637 101.8 
636 122.0 636 118.5 636 121. 7 636 114.4 
635 99.4 635 98.5 635 99.9 635 95.7 
634 96.9 634 92.8 634 97.3 634 91.8 
633 104.7 633 100.5 633 104.8 633 98.5 
632 116.9 632 112.9 632 116.8 632 109.7 
631 93.5 631 90.6 631 92.8 631 86.6 
630 94.3 630 90.5 630 93.8 630 88.0 
629 102.1 629 98.4 629 101.8 629 95.0 
628 111. 6 628 108.2 628 111.3 628 104.1 
627 97.2 627 94.9 627 96.4 627 90.3 
626 97.5 626 93.7 626 96.9 626 91.0 
625 108.4 625 104.8 625 107.9 625 100.9 
624 122.0 624 118.4 624 121 .3 624 113.9 
623 97.2 623 95.0 623 96.6 623 90.5 
622 96.7 622 92.5 622 96.3 622 90.2 
621 104.0 621 99.8 621 103.6 621 96.9 
620 115.8 620 111.9 620 115.4 620 108.4 

E-22 



TABLE E- 20 CONCRETE SI LO NO.2 THERMOCOUPLE DATA, FUEL ASSEI1BLY: B02 

DATE: 10/1/81 DATE: 10/15/81 DATE: 11/1/81 DATE: 11 /15/81 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

OPERATING HRS: 24,697 OPERATING HRS: 25,033 OPERATING HRS: 25,441 OPERATING HRS: 25,777 

T /C No. Tem~(OFl T /C No. Tem~(OFl T /C No. Tem~ (OF 1 TIC No. Tem~(°F) 

683 129.1 683 113.9 683 111.6 683 113.3 
682 131.9 682 117.1 682 114.4 682 116.2 
681 152.5 681 137.1 681 135.1 681 136.9 
680 149.5 680 134.6 680 132.1 680 134.1 
679 150.7 679 134.9 679 133.1 679 135.4 
678 151. 5 678 136.2 678 134.0 678 135.9 
677 146.2 677 130.6 677 128.9 677 131.2 
676 145.8 676 129.9 676 128.1 676 130.3 
675 137.0 675 121.6 675 120.2 675 122.3 
674 135.0 674 119.6 674 118.3 674 119.9 
673 96.9 673 81.0 673 79.1 673 81.1 
672 96.8 672 81. 1 672 78.8 672 80.7 
671 106.1 671 89.5 671 88.1 671 90.2 
670 106.3 670 89.9 670 88.0 670 90.0 
669 101.6 669 84.7 669 84.0 669 86.5 
668 98.3 668 81.8 668 80.9 668 83.4 
667 78.8 667 60.4 667 68.2 667 67.6 
666 79.9 666 62.9 666 63.7 666 65.8 
665 86.2 665 70.0 665 68.6 665 71.4 
664 96.8 664 81. 5 664 79.0 664 81.4 
663 80.6 663 62.0 663 69.8 663 69.3 
662 82.6 662 65.4 662 66.1 662 68.4 
661 90.6 661 74.2 661 73.0 661 75.7 
660 106.4 660 90.4 660 88.3 660 90.7 
659 79.9 659 60.2 659 70.3 659 69.2 
658 80.4 658 62.6 658 63.7 658 66.3 
657 86.8 657 70.0 657 69.2 657 72.4 
656 97.6 656 81.4 656 79.9 656 82.8 
655 84.3 655 60.6 655 78.4 655 74.5 
654 82.1 654 64.7 654 67.1 654 67.0 
653 87.2 653 70.9 653 70.6 653 71.7 
652 96.2 652 80.7 652 78.7 652 80.4 
651 96.4 651 64.3 651 93.2 651 87.2 
650 84.6 650 67..0 650 70.5 650 69.6 
649 91.5 649 74.9 649 75.2 649 75.6 
648 106.2 648 90.1 648 88.7 648 90.1 
647 96.3 647 63.3 647 93.3 647 87.2 
646 82.6 646 64.6 646 68.9 646 67.9 
645 88.6 645 71.6 645 72.3 645 73.4 
644 99.9 644 83.6 644 82.5 644 84.6 
643 83.0 643 65.5 643 66.9 643 67.9 
642 81. 2 642 60.4 642 72.6 642 70.5 
641 88.6 641 72.5 641 71.3 641 72.9 
640 96.3 640 80.8 640 78.5 640 80.4 
639 85.0 639 62.0 639 79.0 639 74.3 
638 84.7 638 67.1 638 70.1 638 70.1 
637 93.3 637 76.7 637 76.8 637 77 .9 
636 106.3 636 90.1 636 88.6 636 90.4 
635 84.6 635 61.2 635 79.5 635 73.9 
634 82.5 634 64.3 634 68.5 634 68.3 
633 89.6 633 72.4 633 73.1 633 74.7 
632 101. 1 632 84.7 632 83.8 632 85.9 
631 77 .6 631 59.0 631 67.1 631 67.1 
630 80.4 630 62.9 630 64.3 630 66.3 
629 87.6 629 71.3 629 70.0 629 72.6 
628 96.6 628 81.0 628 78.6 628 80.9 
627 81.2 627 60.9 627 71.6 627 70.6 
626 83.2 626 65.3 626 67.3 626 69.0 
625 93.2 625 76.6 625 75.7 625 78.1 
624 106.2 624 89.8 624 88.1 624 90.5 
623 81.1 623 60.3 623 71.4 623 70.7 
622 82.0 622 64.0 622 65.7 622 68.1 
621 88.6 621 71.6 621 71.0 621 74.1 
620 100.0 620 83.6 620 82.2 620 84.9 
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TABLE E-21 CONCRETE SILO NO.2 THERMOCOUPLE DATA, FUEL ASSEr1BLY: B02 

DATE: 12/1/81 DATE: 12/15/81 DATE: 1/1/82 DATE: 1/15/82 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
OPERATING HRS: 26,161 OPERATING HRS: 26,497 OPERATING HRS: 26,905 OPERATING HRS: 27,241 

T /C No. TemE(OF) T /e No. TernE (OF 1 T /e No. Tem~(OF) T/C No. Teme(OF) 
683 98.8 683 103.6 683 97.4 683 95.6 
682 101. 9 682 106.6 682 100.5 682 98.6 
681 122.2 681 126.9 681 120.9 681 118.8 
680 119.4 680 124.6 680 118.3 680 116.0 
679 120.0 679 125.1 679 119.1 679 117.2 
678 121.2 678 126.2 678 120.2 678 118.3 
677 115.7 677 121.2 677 115.1 677 113.5 
676 115.0 676 120.8 676 114.4 676 113.1 
675 107.2 675 112.6 675 106.6 675 105.2 
674 105.0 674 110.7 674 104.3 674 103.2 
673 66.0 673 71.2 673 64.9 673 63.3 
672 66.3 672 71.2 672 64.9 672 63.4 
671 74.6 671 80.2 671 73.7 671 72.2 
670 74.8 670 80.4 670 73.7 670 72.2 
669 70.2 669 76.4 669 69.9 669 68.8 
668 67.3 668 73.6 668 67.1 668 66.1 
667 50.6 667 56.1 667 53.1 667 51.5 
666 49.6 666 55.5 666 52.2 666 48.7 
665 55.8 665 61.0 665 56.0 665 53.4 
664 66.4 664 71.3 664 65.5 664 63.4 
663 52.3 663 57.8 663 53.2 663 53.6 
662 52.1 662 58.3 662 54.5 662 51.1 
661 59.9 661 65.4 661 60.1 661 57.7 
660 75.4 660 80.6 660 74.5 660 72 .5 
659 51.7 659 56.8 659 51.3 659 53.6 
658 49.5 658 56.2 658 52.0 658 49.2 
657 56.0 657 62.2 657 56.8 657 54.5 
656 66.9 656 73.0 656 66.7 656 65.1 
655 62.5 655 65.5 655 63.4 655 65.4 
654 53.2 654 60.1 654 53.4 654 52.9 
653 57.6 653 63.7 653 56.4 653 56.2 
652 66.0 652 71.2 652 64.6 652 63.5 
651 75.9 651 76.4 651 72.1 651 78.0 
650 55.6 650 62.9 650 56.1 650 55.6 
649 61.4 649 67.9 649 60.4 649 60.2 
648 75.3 648 80.9 648 74.0 648 72.9 
647 75.6 647 75.5 647 70.2 647 77.7 
646 53.5 646 61.1 646 54.5 646 54.0 
645 58.3 645 65.4 645 57.9 645 58.0 
644 69.1 644 75.5 644 68.5 644 67.7 
643 53.2 643 60.3 643 53.6 643 53.1 
642 56.2 642 62.0 642 57.8 642 59.0 
641 58.6 641 64.7 641 57.7 641 57.0 
640 65.9 640 71.2 640 64.7 640 63.3 
639 61.1 639 65.6 639 60.8 639 64.4 
638 55.1 638 62.5 638 56.0 638 55.3 
637 62.9 637 69.6 637 67..3 637 61.7 
636 75.2 636 81.0 636 74.2 636 72.8 
635 60.3 635 64.6 635 59.9 635 63.8 
634 52.8 634 60.6 634 54.2 63~ 53.7 
633 59.2 633 66.2 633 58.9 633 58.6 
632 70.2 632 76.6 632 69.7 632 68.8 
631 50.6 631 56.5 631 52.0 631 52.0 
630 50.5 630 56.5 630 51.8 630 49.6 
629 57.4 629 62.5 629 57.0 629 54.8 
628 66.0 628 70.9 628 64.9 628 63.0 
627 54.2 627 59.4 627 54.6 627 56.0 
626 53.1 626 59.3 626 54.6 626 52.4 
625 62.5 625 68.1 625 62.2 625 60.0 
624 75.0 624 80.3 624 74.0 624 72.1 
623 54.0 623 59.2 623 54.4 623 56.0 
622 51.7 622 58.3 622 53.4 622 51.4 
621 58.0 621 64.1 621 58.3 621 56.5 
620 69.2 620 75.1 620 68.8 620 67.4 
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TADLE E-22 CONCRETE SILO NO.2 THERMOCOUPLE DATA. FUEL ASSEMBLY: 802 

DATE: 2/1 /82 DATE: 2/15/82 DATE: 3/1/82 DATE: 3/15/82 

TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 

UPERATING HRS: 27.649 OPERATING ItRS: 27.985 OPERATING HRS: 28,321 OPERATING HRS: 28.657 

T Ie No. ~J.TI T Ie No. Tem~(OFl T Ie No. Tem~(OFl T Ie No. TemE.t£l 
683 96.8 683 94.2 683 108.3 683 106.7 
682 99.8 682 97.0 682 111. 1 682 109.7 
681 120.2 681 117.6 681 131.5 681 129.8 
680 117.3 680 115.0 680 128.9 680 126.8 
679 118.6 679 116.3 679 130.2 679 128.5 
678 119.8 678 117.2 678 131.2 678 129.6 
077 114.9 677 112.8 677 126.4 677 124.6 
67l> 114.3 676 112.2 676 125.6 676 124.2 
ti7:, 106.6 675 104.5 675 117.6 675 115.9 
674 104.4 674 102.5 674 115.6 674 113.8 
673 64.8 673 62.3 673 76.9 673 75.1 
672 64.9 672 62.3 672 76.8 672 75.2 
671 73.8 671 71.6 671 86.1 671 84.1 
670 73.9 670 71.6 670 86.3 670 84.4 
669 70.5 669 68.7 669 82.4 669 80.5 
668 67.9 668 66.0 668 79.7 668 77.8 
667 50.7 667 57.4 667 61.8 667 56.2 
666 50.3 666 51. 9 666 63.1 666 .59.0 
665 55.6 665 54.1 665 67.4 665 65.6 
664 65.2 664 62.4 664 77 .0 664 75.7 
663 52.3 663 60.1 663 62.5 663 57.7 
662 52.8 662 54.4 662 66.0 662 61.7 
661 59.9 661 58.7 661 72.1 661 69.8 
660 74.4 660 72.1 660 86.6 660 84.9 
659 52.0 659 60.6 659 60.4 659 56.2 
658 51.0 658 52.5 658 63.9 658 59.6 
657 56.9 657 55.7 657 68.9 657 66.8 
656 67.1 656 65.0 656 79.1 656 77.4 
655 61.4 655 67.,1 655 60.6 655 54.7 
654 54.0 654 54.6 654 65.1 654 59.4 
653 57.7 653 55.8 653 68.8 653 65.8 
652 65.0 652 62.2 652 76.7 652 74.8 
651 73.2 651 81.5 651 62.5 651 58.2 
650 56.6 650 57.9 650 67.9 650 61.9 
649 61.8 649 60.4 649 73.3 649 69.8 
648 74.4 648 72.2 648 86.4 648 84.3 
647 73.6 647 81.4 647 61.4 647 57.4 
646 55.3 646 56.8 646 66.2 646 60.0 
645 59.8 645 58.4 645 70.8 645 67.6 

644 69.5 644 67.4 644 81.3 644 79.2 
643 53.8 643 54.0 643 65.7 643 60.1 
642 55.4 642 62.0 642 61.4 642 54.1 
641 58.3 641 56.2 641 69.9 641 67.0 
640 64.6 640 62.1 640 76.7 640 74.8 
639 59.8 639 67.6 639 61.4 639 55.4 
638 56.0 638 57.4 638 67.9 638 61.9 
637 63.2 637 61.6 637 75.0 637 71.6 
636 74.4 636 72.1 636 86.6 636 84.4 
635 61.4 635 67.4 635 60.8 635 55.1 
634 55.1 634 56.4 634 66.1 634 59.9 
633 60.6 633 59.1 633 71. 7 633 68.6 
632 70.6 632 68.5 632 82.3 632 80.3 
631 50.5 631 55.5 631 61.0 631 54.2 
630 51.0 630 51.5 630 63.0 630 58.6 
629 56.8 629 54.9 629 68.3 629 66.4 
628 64.7 628 62.1 628 76.6 628 75.1 
627 53.8 627 60.2 627 62.2 627 56.1 
626 53.7 626 54.8 626 66.1 626 61.2 
625 62.2 625 60.4 625 74.2 625 72.1 
624 73.9 624 71.7 624 86.1 624 84.3 
623 53.9 623 60.6 623 61.8 623 56.0 
622 53.1 622 53.8 622 65.1 622 60.8 
621 58.7 621 57.3 621 70.5 621 68.3 
620 69.2 620 67.2 620 81.2 620 79.4 
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TABLE E-23 CONCRETE SILO NO. 2 THERMOCOUPLE DATA, FUEL ASSEMBLY: B02 

DATE: 3/31/82 

TIME: 4:00 p.m. 

OPERATING HRS: 29,041 

TIC No. 
G83 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 
654 
6~J 
652 
051 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
034 
633 
b32 
631 
\)30 
629 
623 
627 
626 
625 
624 
623 
622 
621 
620 

Temp (OF) 

100.5 
103.3 
123.5 
120.6 
122.0 
123.0 
118.1 
117.5 
109.5 
107.3 
68.9 
68.8 
77 .6 
77.7 
73.8 
71.2 
58.8 
55.3 
59.7 
69.2 
61. 2 
57.7 
64.0 
78.3 
61. 3 
55.6 
60.8 
70.7 
61.8 
57.0 
60.6 
68.5 
66.8 
59.5 
64.5 
77 .9 
65.9 
57.8 
62.1 
72.4 
56.9 
59.9 
61.4 
68.4 
61. 9 
59.0 
65.8 
77 .9 
61.7 
57.3 
62.6 
73.5 
57.4 
55.0 
60.5 
68.7 
60.2 
57.8 
65.8 
77 .9 
60.2 
56.6 
62.1 
72.6 
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APPENDIX F 

FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST DATA 

Test data are provided in this 
Appendix for the Fuel Assembly 
Internal Temperature Measurement 
Tests. Data from the test thermo
couples are provided for the 
calibration heater and the two 
spent fuel assembly tests. Table 
F-1 provides the detailed identi
fication and the location of the 
test thermocouples. Figure F-1 

Table 

shows the location of the fifteen 
thermowe11 tubes containing thermo
couples which measured fue 1 assem
b 1y internal temperatures. Tes t 
data are provided in Tables F-2 
through F-54 for thermocouple 
readings at the times and for the 
test operating conditions shown 
below: 

No. Date Test Operating Condition 

Phase I: Electrical Tests 

F-2 6/5/79 Calibration Heater at 0.5 kW, No Band Heaters 
F-2 6/4/79 Calibration Heater at 1.0 kW, No Band Heaters 

F-3 6/26/79 Calibration Heater at 1.5 kW, No Band Heaters 
F-3 6/27/79 Calibration Heater at 2.0 kW, No Band Heaters 

F-4 6/28/79 Calibration Heater at 2.5 kW, No Band Heaters 
F-4 6/29/79 Calibration Heater at 3.0 kW, No Band Heaters 

Phase I I: Fuel Assembly B43 Tests 

F-5 7/25/79 Band Heaters Off with Vacuum 

F-6 8/5/79 Band Heaters Off with Helium 

F-7 7/23/79 Band Heaters Off with Air 

F-8 9/18/79 Band Heaters Off with Vacuum (Rerun) 

F-9 9/11/79 Band Heaters Off with Helium (Rerun) 

F-10 9/20/79 Band Heaters Off with Air (Rerun) 

F-11 11/29/79 Elect. Heated Drywe11 Canister Profile with Vacuum 

F-12 11/30/79 Elect. Heated Drywe11 Canister Profile with Helium 

F-13 1/10/80 Elect. Heated Drywe11 Canister Profile with Air 

F-14 6/25/80 Elect. Heated Drywe11 Canister Profile with Vacuum (Rerun) 

F-15 6/17 /80 Elect. Heated Drywe11 Canister Profile with Air (Rerun) 
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Table 
No. Date Test Operating Condition 

F-16 11/28/79 Drywe11 Canister Profile with Vacuum 

F-17 9/13/79 Drywe11 Canister Profile with Helium 

F-18 11/14/79 Drywe11 Canister Profile with Air 

F-19 11/27/79 Drywe11 Canister Profile with Helium (Rerun) 

F-20 2/8/80 Uniform Canister Temperature at 250°F with Vacuum 

F-21 12/6/79 Uniform Canister Temperature at 250°F with He lium 

F-22 1/4/80 Uniform Canister Temperature at 250°F with Air 

F-23 2/11/80 Uniform Canister Temperature at 300°F with Vacuum 

F-24 12/7 /79 Uniform Canister Temperature at 300°F with Helium 

F-25 1/14/80 Uniform Canister Temperature at 300°F with Air 

F-26 1/30/80 Uniform Canister Temperature at 400°F with Vacuum 

F-27 12/11/79 Uniform Canister Temperature at 400°F with Helium 

F-28 1/17/80 Uniform Canister Temperature at 400°F with Air 

F-29 12/20/79 Uniform Canister Temperature at 500°F with Vacuum 

F-30 12/17/79 l.hiform Canister Temperature at 500°F with Helium 

F-31 1/24/80 Uniform Canister Temperature at 500°F with Air 

Phase III: Fuel Assembly D15 Tests 

F-32 9/30/80 Band Heaters Off with Vacuum 

F-33 10/3/80 Band Heaters Off with Helium 

F-34 9/26/80 Band Heaters Off with Air 

F-35 1/5/81 Band Heaters Off with Air ( Rerun) 

F-36 12/31/80 Elect. Heated Drywe11 Canister Profile with Vacuum 

F-37 12/19/80 Elect. Heated Drywe11 Canister Profile with Helium 

F-38 12/10/80 Drywe11 Canister Profile with Vacuum 

F-39 12/14/80 Drywe1l Canister Profile with Helium 

F-40 12/8/80 Drywe11 Canister Profile with Air 

F-41 12/27/80 SFT-C Canister Profile with Vacuum 

F-42 12/22/80 SFT-C Canister Profile with Helium 

F-43 10/8/80 Uniform Canister Temperature at 350°F with Air 

F-44 10/27/80 Uniform Canister Temperature at 400°F with Helium 

F-45 10/10/80 Uniform Canister Temperature at 400°F with Air 

F-46 11/5/80 Uniform Canister Temperature at 450°F with Helium 
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Table 
No. Date 

F-47 11/7/80 

F-48 10/20/80 

F-49 10/22/80 

F-50 10/17/80 

F-51 11/14/80 

F-52 11/17/80 

F-53 11/12/80 

F-54 11/20/80 

CANISTER 
CLOSURE LID 

FLANGE 

PWR FUEL 
ASSEMBLY 

OUTLINE 

8 

Test 0Eeratin~ Condition 

Uniform Canister Temperature at 450°F with Air 

Uniform Canister Temperature at 500°F with Vacuum 

Uniform Canister Temperature at 500°F with Helium 

Uniform Canister Temperature at 500°F with Air 

Uniform Canister Temperature at 550°F with Vacuum 

Uniform Canister Temperature at 550°F with Helium 

Uniform Canister Temperature at 550°F with Air 

Uniform Canister Temperature at 600°F with Helium 

TEST STAND 
9= 00 

6 

9 

14 12 
l05395-3A 

Figure F-I. Canister Lid Thermowell Tube Identification (Top View of Lid) 
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TABLE F-1 

FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE LOCATIONS 

Data Distance 
Channel Below Top 

(TIc) of Canister Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

Data Thermocouples 

301 135.0 0 Canister Lid 
302 113.0 0 Canister Lid 
303 86.8 0 Canister Lid 
304 73.0 0 Canister Lid 
305 53.0 0 Canister Lid 
306 37.0 0 Canister Lid 
307 25.0 0 Canister Lid 
308 135.0 3.97 315 Canister Lid 
309 113.0 3.97 315 Canister Lid 
310 86.8 3.97 315 Canister Lid 
311 73.0 3.97 315 Canister Lid 
312 53.0 3.97 315 Canister Lid 
313 37.0 3.97 315 Canister Lid 
314 25.0 3.97 315 Canister Lid 
315 135.0 3.03 22 Canister Lid 
316 113.0 3.03 22 Canister Lid 
317 86.8 3.03 22 Canister Lid 
318 73.0 3.03 22 Canister Lid 
319 53.0 3.03 22 Canister Lid 
320 37.0 3.03 22 Canister Lid 
321 25.0 3.03 22 Canister Lid 
322 135.0 3.97 45 Canister Lid 
323 113.0 3.97 45 Canister Lid 
324 86.8 3.97 45 Canister Lid 
325 73.0 3.97 45 Canister Lid 
326 53.0 3.97 45 Canister Lid 
327 37.0 3.97 45 Canister Lid 
328t 25.0 3.97 45 Canister Lid 
329 l35.0 2.38 315 Canister Lid 
330 113.0 2.38 315 Canister Lid 
331 86.8 2.38 315 Canister Lid 
332 73.0 2.38 315 Canister Lid 
333** 53.0 2.38 315 Canister Lid 
334 37.0 2.38 315 Canister Lid 
335 25.0 2.38 315 Canister Lid 

*See Figure F-l for illustration of thermowel1 locations 

**Connected to heater controller C2l 

Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowe1l 
Thermowell 
Thermowe11 
Thermowel1 
Thermowell 
Thermowell 
Thermowell 
Thermowell 
Thermowe11 
Thermowell 
Thermowell 
Thermowell 
Thermowe11 
Thermowel1 
Thermowell 
Thermowell 
Thermowe1l 
Thermowell 
Thermowel1 

No. 1* 
No. 1 
No. 1 
No. 1 
No. 1 
No. 1 
No. 1 
No. 2 
No. 2 
No. 2 
No. 2 
No. 2 
No. 2 
No. 2 
No. 3 
No. 3 
No. 3 
No. 3 
No. 3 
No. 3 
No. 3 
lli. 4 
No. 4 
No. 4 
No. 4 
No. 4 
No. 4 
No. 4 
No. 5 
No. 5 
No. 5 
No. 5 
No. 5 
No. 5 
No. 5 

TE1ectrica1 check showed low internal resistance - readings may be 1n error 
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TABLE F-l (Cont'd) 

Data Distance 
Channel Below Top 

(TIC) of Canister Radius Orientation 
!'b. (In. ) (In. ) (Degrees) Location 

336 135.0 2.25 0 Canister Lid Thermowell No. 6 
337 113.0 2.25 0 Canister Lid Thermowell No. 6 
338 86.8 2.25 0 Canister Lid Thermowell No. 6 
339 73.0 2.25 0 Canister Lid Thermowell No. 6 
340 53.0 2.25 0 Canister Lid Thermowe11 No. 6 
341 37.0 2.25 0 Canister Lid Thermowell No. 6 
342 25.0 2.25 0 Canister Lid Thermowell No. 6 
343 135.0 2.38 45 Canister Lid Thermowell No. 7 
344 113.0 2.38 45 Canister Lid Thermowell No. 7 
345 86.8 2.38 45 Canister Lid Thermowell No. 7 
346 73.0 2.38 45 Canister Lid Thermowell No. 7 
347 53.0 2.38 45 Canister Lid Thermowell No. 7 
348 37.0 2.38 45 Canister Lid Thermowell No. 7 
349 25.0 2.38 45 Canister Lid Thermowell No. 7 
350 135.0 2.25 270 Canister Lid Thermowe11 No. 8 
351 113.0 2.25 270 Canister Lid Thermowell No. 8 
352 86.8 2.25 270 Canister Lid Thermowell No. 8 
353 73.0 2.25 270 Canister Lid Thermowell No. 8 
354 53.0 2.25 270 Canister Lid Thermowe11 No. 8 
355 37.0 2.25 270 Canister Lid Thermowell No. 8 
356 25.0 2.25 270 Canister Lid Thermowe11 No. 8 
357* 135.0 2.25 90 Canister Lid Thermowell No. 9 
358 113.0 2.25 90 Canister Lid Thermowe11 No. 9 
359 86.8 2.25 90 Canister Lid Thermowe1l No. 9 
360 73.0 2.25 90 Canister Lid Thermowell No. 9 
361 53.0 2.25 90 Canister Lid Thermowe11 No. 9 
362 37.0 2.25 90 Canister Lid Thermowe11 No. 9 
363 25.0 2.25 90 Canister Lid Thermowel1 No. 9 
364 135.0 2.38 225 Canister Lid Thermowell No. 10 
365 113.0 2.38 225 Canister Lid Thermowell No. 10 
366 86.8 2.38 225 Canister Lid Thermowe11 No. 10 
367 73.0 2.38 225 Canister Lid Thermowell No. 10 
368 53.0 2.38 225 Canister Lid Thermowell No. 10 
369 37.0 2.38 225 Canister Lid Thermowell No. 10 
370 25.0 2.38 225 Canister Lid Thermowell No. 10 
371 135.0 2.38 135 Canister Lid Thermowell No. 11 
372 113.0 2.38 135 Canister Lid Thermowell No. 11 
373 86.8 2.38 135 Canister Lid Thermowe11 No. 11 
374 73.0 2.38 135 Canister Lid Thermowe11 No. 11 
375 53.0 2.38 135 Canister Lid Thermowell No. 11 
376 37.0 2.38 135 Canister Lid Thermowe11 No. 11 
377 25.0 2.38 135 Canister Lid Thermowell No. 11 

*Electrica1 check showed low internal resistance - readings may be in error 
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TABLE F-1 (Cont'd) 

Data Distance 
Channel Below Top 

(Tic) of Canister Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

378 135.0 2.25 180 Canister Lid Thermowe11 No. 12 
379 113.0 2.25 180 Canister Lid Thermowe11 No. 12 
380 86.8 2.25 180 Canister Lid Thermowe11 No. 12 
381 73.0 2.25 180 Canister Lid Thermowe11 No. 12 
382 53.0 2.25 180 Canister Lid Thermowe11 No. 12 
383* 37.0 2.25 180 Canister Lid Thermowe11 No. 12 
384 25.0 2.25 180 Canister Lid Thermowe11 No. 12 
385 135.0 3.97 225 Canister Lid Thermowe11 No. 13 
386 113.0 3.97 225 Canister Lid Thermowe11 No. 13 
387* 86.8 3.97 225 Canister Lid Thermowe11 No. 13 
388 73.0 3.97 225 Canister Lid Thermowe 11 No. 13 
389* 53.0 3.97 225 Canister Lid Thermowe11 ttl. 13 
390 37.0 3.97 225 Canister Lid Thermowe11 No. 13 
391 25.0 3.97 225 Canister Lid Thermowe11 No. 13 
392 135.0 3.03 202 Canister Lid Thermowe11 No. 14 
393 113.0 3.03 202 Canister Lid Thermowe11 No. 14 
394 86.8 3.03 202 Canister Lid Thermowe11 No. 14 
395 73.0 3.03 202 Canister Lid Thermowe11 No. 14 
396 53.0 3.03 202 Canister Lid Thermowe11 No. 14 
397 37.0 3.03 202 Canister Lid Thermowe11 No. 14 
398 25.0 3.03 202 Canister Lid Thermowe11 No. 14 
399 135.0 3.97 135 Canister Lid Thermowe11 No. 15 
400 113.0 3.97 135 Canister Lid Thermowe11 No. 15 
401 86.8 3.97 135 Canister Lid Thermowe11 No. 15 
402 73.0 3.97 135 Canister Lid Thermowe11 No. 15 
403 53.0 3.97 135 Canister Lid Thermowe11 No. 15 
404 37.0 3.97 135 Canister Lid Thermowe11 No. 15 
405 25.0 3.97 135 Canister Lid Thermowe11 No. 15 
406 0 0.8 180 Canister Lid Top Plate 
407 0 5.8 70 Canister Lid Top Plate 
408 4.5 0.8 180 Canister Lid Top 
409 4.5 5.8 70 Canister Lid Top 

415 0.5 9.0 225 Canister Support Ring 
416 2.5 8.0 135 Canister Upper Support Pipe 
417 16.5 7.0 0 Canister Outside 
418 16.5 7.0 180 Canister Outside 
419 51.0 7.0 0 Canister Outside ( Inside Tic Tube) 
420 51.0 7.0 90 Canister Outside (Inside TIC Tube) 

*E1ectrica1 check showed low internal resistance - readings may be in error 
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TABLE F-1 (Cont'd) 

Data Distance 
Channel Below Top 

(Tic) of Canister Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

421 51.0 7.0 180 Canister Outside 
422 51.0 7.0 270 Canister Outside 
423 85.5 7.0 0 Canister Outside 
424 85.5 7.0 45 Canister Outside 
425 85.5 7.0 90 Canister Outside 
426 85.5 7.0 135 Canister Outside 
427 85.5 7.0 180 Canister Outside 
428** 85.5 7.0 225 Canister Outside 
429 85.5 7.0 270 Canister Outside 
430 85.5 7.0 315 Canister Outside 
431 120.0 7.0 0 Canister Outside 
432 120.0 7.0 90 Canister Outside 
433 120.0 7.0 180 Canister Outside (Inside TIc Tube) 
434 120.0 7.0 270 Canister Outside ( Inside TIC Tube) 
435 154.5 7.0 90 Canister Outside 
436 154.5 7.0 270 Canister Outside 
437 171.6 0.0 Canister Bottom 

440 1.5 9.0 135 Outside of Liner Pipe 
441 6.0 9.0 132 Outside of Liner Pipe 
442 12.0 9.0 190 Outside of Liner Pipe 
443 18.0 9.0 67 Outside of Liner Pipe 
444 24.0 9.0 292 Outside of Liner Pipe 
445 30.0 9.0 158 Outside of Liner Pipe 
446 36.0 9.0 202 Outside of Liner Pipe 
447 42.0 9.0 65 Outside of Liner Pipe 
448 48.0 9.0 225 Outside of Liner Pipe 
449 54.0 9.0 158 Outside of Liner Pipe 
450 60.0 9.0 135 Outside of Liner Pipe 
451 66.0 9.0 22 Outside of Liner Pipe 
452;'( 72.0 9.0 245 Outside of Liner Pipe 
453 78.0 9.0 68 Outside of Liner pipe 
454** 84.0 9.0 202 Outside of Liner Pipe 
455 90.0 9.0 158 Outside of Liner Pipe 
456 96.0 9.0 22 Outside of Liner Pipe 
457 96.0 9.0 112 Outside of Liner Pipe 
458 96.0 9.0 202 Outside of Liner Pipe 
459 96.0 9.0 292 Outside of Liner Pipe 
460r 102.0 9.0 112 Outside of Liner Pipe 

* Connected to heater control C9 

** Electrical check showed low internal resistance - readings may be in error 

t Connected to heater controller Cll 
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TABLE F-l (Cont'd) 

Data Distance 
Channel Below Top 

(Tic) of Canister Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

461 108.0 9.0 135 Outside of Liner Pipe 
462 114.0 9.0 22 Outside of Liner Pipe 
463 120.0 9.0 248 Outside of Liner Pipe 
464 126.0 9.0 68 Outside of Liner Pipe 
465 132.0 9.0 202 Outside of Liner Pipe 
466 138.0 9.0 158 Outside of Liner Pipe 
467 144.0 9.0 292 Outside of Liner Pipe 
468 150.0 9.0 112 Outside of Liner Pipe 
469 156.0 9.0 135 Outside of Liner Pipe 
470 162.0 9.0 22 Outside of Liner Pipe 
471 168.0 9.0 248 Outside of Liner Pipe 
472 174.0 9.0 68 Outside of Liner Pipe 
473 180.0 9.0 202 ,Outside of Liner Pipe 
474 186.0 9.0 158 Outside of Liner Pipe 
475 192.0 9.0 292 Outside of Liner Pipe 
476 196.2 9.0 90 Outside of Liner Pipe 
477 196.2 9.0 180 Outside of Liner Pipe 
478 0 10.1 315 On Insulation Sheath 
479 65.0 10.1 315 On Insulation Sheath 
480 65.0 10.1 135 On Insulation Sheath 
481 130.0 10.1 315 On Insulation Sheath 
482 130.0 10.1 135 On Insulation Sheath 
483 195.0 10.1 315 On Insulation Sheath 
484* 0 10.6 315 Outside Flexible Insulation 
485 130.0 10.6 315 Outside Flexible Insulation 
486 130.0 10.6 135 Outside Flexible Insulation 
487 195.0 10.6 315 Outside Flexible Insulation 
488 156.0 45.0 65 Ambient Temperature 
489 52.0 45.0 65 Ambient Temperature 
490 156.0 45.0 245 Ambient Temperature 
491 52.0 45.0 245 Ambient Temperature 
492 195.5 3.5 330 Top Plate of Insulation Plug 

*This thermocouple removed from insulation when insulation was removed 
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TABLE F-l (Cont'd) 

Data Distance 
Channel Below Top 

(TIc) of Canister Radius Orientation 
No. (In. ) (In. ) (Degrees) Location 

Heater Controller Thermocouples 

TC-1 0 5.0 295 Canister Lid Cover 
TC-2 0 7.7 295 Canister Support Ring 
TC-3 6.0 9.0 312 Liner 
TC-4 18.0 9.0 247 Liner 
TC-5 30.0 9.0 338 Liner 
TC-6 42.0 9.0 245 Liner 
TC-7 54.0 9.0 338 Liner 
TC-8 66.0 9.0 202 Liner 
452 72.0 9.0 245 Liner 
TC-lO 90.0 9.0 338 Liner 
460 102.0 9.0 112 Liner 
TC-12 114.0 9.0 202 Liner 
TC-13 126.0 9.0 248 Liner 
TC-14 138.0 9.0 338 Liner 
TC-15 150.0 9.0 292 Liner 
TC-16 162.0 9.0 202 Liner 
TC-17 174.0 9.0 248 Liner 
TC-18 186.0 9.0 338 Liner 
TC-19 196.2 9.0 292 Liner 
TC-20 195.5 4.0 60 Top On Insulation Plug 
333 53.0 2.38 315 Canister Lid Thermowell No.5 
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TABLE F-2: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
CALIBRATION HEATER 

DATE: 6/5/79 TIME: 8:00 a.m. 
TEST CONDITIONS: Calibration Heater at 0.5 kW. No Band Heaters 

T /C No. Teml!(OFl TIC No. TE!lIIfl(OF) TIC No. T!!!I!(OFl 
442 136.0 472 88.3 492 83.3 
441 135.8 471 91.3 491 80.7 
440 137.8 470 96.3 490 79.9 
437 107.7 469 100.9 489 80.8 
436 127.6 468 105.5 488 80.0 
435 126.5 467 11 0.0 487 79.6 
434 158.9 466 114.1 486 86.9 
433 160.8 465 118.3 485 86.5 
432 162.1 464 121.2 484 81.1 
431 160.4 463 125.9 483 79.7 
430 172.7 462 128.7 482 94.7 
429 171.8 461 130.2 481 94.9 
428 171. 7 460 131.4 480 99.9 
427 173.0 459 133.2 479 97.9 
426 173.7 458 133.5 478 108.7 
425 173.0 457 133.5 477 80.9 
424 171.8 456 133.8 476 81.4 
423 171 .7 455 134.5 475 81. 7 
422 177.1 454 13~.3 474 83.6 
421 178.3 453 53.4 473 85.0 
420 174.6 452 133.3 
419 175.0 451 135.8 
418 174.6 450 138.7 
417 169.7 449 139.1 
416 143.<1 448 138.3 
415 139.1 447 140.9 
409 150.1 446 139.3 
408 151 .9 445 139.6 
407 133.4 444 137.1 
406 133.0 443 139.0 

DATE: 6/4/79 TIME: 8:00 a.m. 
TEST CONDITIONS: Calibration Heater at 1.0 kW, No Band Heaters 

T /C No. Teml!(OFj T/C No. Teml!(°F) TIC No. Teml!(OFj 
442 171 .9 472 93.4 492 85.3 
441 170.6 471 98.3 491 80.7 
440 173.8 470 107.1 490 79.9 
437 126.5 469 114.6 489 30.9 
436 161. 9 468 122.7 488 80.0 435 163.8 467 130.5 487 79.4 
434 213.2 466 137.5 486 91. 5 
433 215.9 465 144.3 485 91.8 
432 218.4 464 148.8 484 80.6 431 215.8 463 156.8 483 79.6 
430 233.3 462 161. 5 482 103.2 
429 231.3 461 163.9 481 103.3 
428 231.9 460 480 113.5 
427 234.0 459 168.6 ~79 109.4 
426 235.6 458 169.1 478 129.6 425 233.7 457 169.2 477 81.4 
424 231.6 456 169.3 476 82.4 
423 231.2 455 171.0 475 82.5 
422 239.1 454 168.3 474 35.6 
421 241.2 453 85.0 473 87.8 
420 235.1 452 167.3 
419 235.2 451 171.3 
418 234.3 450 176.3 
417 225.4 449 177 .6 
416 182.9 448 176.1 
415 174.9 447 180.3 
409 193.7 446 178.0 
408 196.8 445 178.3 
407 167.0 444 173.4 
406 166.6 443 176.8 
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TABLE F-3: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
CALIBRATION HEATER 

DATE: 6/26/79 TIt1E: 8:00 a.m. 
TEST CONDITIONS: Calibration Heater at 1.5 kW, r~o Band Hea te rs 

TIC No. Tem~(·Fl TIC No. Temp (oF) TIC No. Tem~(OFl 

442 212.5 472 100.7 492 86.5 
441 209.6 471 108.4 491 32.7 
440 213.4 470 122.0 490 82.4 
437 159.2 469 133.3 489 82.3 
436 207.9 468 145.7 488 81.1 
435 211.2 467 158.0 487 30.2 
434 277 .8 466 168.1 486 97.2 
433 281. 9 465 178.4 485 97.5 
432 285.7 464 184.3 484 82.5 
431 282.2 463 196.5 483 80.5 
430 300.9 462 202.8 482 114.9 
429 299.6 461 206.1 481 115.6 
428 299.8 460 480 129.6 
427 304.3 459 211.8 479 123.2 
426 305.8 458 212.3 478 151.6 
425 303.3 457 213.3 477 83.2 
424 299.2 456 212.6 476 84.2 
423 298.6 455 215.8 475 84.6 
422 307.2 454 212.1 474 89.0 
421 311.4 453 123.3 473 92.4 
420 302.0 452 209.2 
419 302.6 451 213.9 
418 298.8 450 222.1 
417 286.2 449 223.1 
416 225.8 448 220.6 
415 214.7 447 226.2 
409 240.8 446 222.7 
408 245.1 445 223.3 
407 205.0 444 215.9 
406 204.2 443 220.0 

DATE: 6/27/79 TIME: 8:00 a.m. 

TEST CONDITIONS: Calibration Heater at 2.0 kW, No Band Heaters 

TIC No. Temp{OF 1 TIC No. Temp{oF) TIC No. T!!!!!p(OF) 
442 241.9 472 106.6 492 91.3 
441 237.4 471 116.2 491 83.6 
440 241.6 470 133.3 490 83.4 
437 172.2 469 147.5 489 83.2 
436 241.0 468 163.0 488 82.0 
435 244.9 467 178.6 487 81.0 
434 321.7 466 191.1 486 101.8 
433 326.2 465 203.4 485 102.0 
432 331.0 464 210.2 484 83.4 
431 327.1 463 225.0 483 81.3 
430 340.6 462 232.8 482 124.2 
429 344.7 461 236.3 481 125.1 
428 345.6 460 480 142.4 
427 351.2 459 243.0 ~79 133.5 
426 353.2 458 244.5 478 168.6 
425 349.8 457 244.8 477 84.7 
424 344.7 456 243.7 476 85.9 
423 343.7 455 247.9 475 86.3 
422 354.0 454 243.3 474 91.9 
421 359.0 453 150.3 473 95.9 
420 347.6 452 238.9 
419 347.5 451 244.7 
418 342.2 450 254.6 
417 326.1 449 256.0 
416 256.2 448 252.5 
415 242.3 447 259.2 
409 273.4 446 254.8 
408 278.8 445 255.7 
407 231.9 444 246.9 
406 231.3 443 250.8 
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TABLE F-4: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
CALIBRATION HEATER 

DATE: 6/28/79 TIME: 8:00 a.m. 
TEST CONDITIONS: Calibration Heater at 2.5 kW, No Band Heaters 

TIC No. Temp(OF) TIC No. Ternp(OF) TIC No. Temp!OF) 
442 272.6 472 113.1 492 94.2 
441 266.3 471 125.2 491 84.5 
440 270.1 470 146.5 490 84.2 
437 194.2 469 163.9 489 84.2 
436 278.1 468 183.3 488 82.8 
435 283.2 467 202.3 487 81.7 
434 368.5 466 217.2 486 106.9 
433 373.9 465 232.2 485 107.4 
432 379.6 464 239.5 484 84.3 
431 375.1 463 256.9 483 82.1 
430 394.3 462 266.1 482 135.1 
429 392.9 461 269.9 481 136.4 
428 393.6 460 480 156.5 
427 400.8 459 277 .3 479 145.0 
426 403.2 458 279.1 478 186.1 
425 399.1 457 279.3 477 86.2 
424 392.7 456 277 .6 476 87.6 
423 391.4 455 283.2 475 88.1 
422 402.4 454 277 .4 474 94.9 
421 408.5 453 179.8 473 99.9 
420 394.8 452 271.1 
419 394.6 451 278.3 
418 387.0 450 290.0 
417 367.4 449 291.6 
416 287.1 448 286.6 
415 270.6 447 294.5 
409 306.5 446 289.1 
408 312.6 445 290.5 
407 259.4 444 279.9 
406 258.6 443 283.5 

DATE: 6/29/79 TIME: 8:00 a.m. 
TEST CONDITIONS: Calibration Heater at 3.0 kW, No Band Heaters 

TIC No. Temp(°F) TIC No. Temp!°F) TIC No. Temp!OF) 
442 295.7 472 117.8 492 95.8 
441 287.6 471 113.8 491 84.6 
440 291.5 470 156.6 490 84.0 
437 210.9 469 176.5 489 84.2 
436 305.9 468 198.8 488 82.6 
435 311.7 467 220.6 487 81.5 
434 402.5 466 237.2 486 110.2 
433 408.3 465 253.9 485 111.0 
432 414.7 464 261.6 484 84.3 
431 409.7 463 281 .1 483 81.8 
430 428.8 462 291.2 482 143.1 
429 427.5 461 295.2 481 145.0 
428 428.5 460 480 168.2 
427 436.2 459 303.2 479 153.3 
426 438.6 458 304.5 478 198.5 
425 434.5 457 305.2 477 86.5 
424 427.0 456 302.9 476 88.0 
423 425.8 455 309.4 475 88.7 
422 436.8 454 302.9 474 96.6 
421 444.1 453 202.3 473 102.2 
420 428.7 452 295.2 
419 428.9 451 303.6 
418 419.0 450 316.1 
417 397.4 449 317.9 
416 310.0 448 312.1 
415 291.7 447 320.4 
409 330.7 446 314.6 
408 337.5 445 316.2 
407 280.6 444 304.5 
406 279.5 443 307.9 
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TABLE F-5: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 7/25/79 TIME: 8:00 a.m. 
TEST CONDITIONS: Band Heaters Off With Vacuum 

T/C No. Tem~(OF) TIC No. Temp(OF ) TIC No. Tem~loFl 
362 336.0 428 239.2 492 89.7 
361 372 .9 427 242.0 491 85.8 
360 387.3 426 243.8 490 84.9 
359 388.9 425 241.5 489 85.3 
358 383.5 424 239.8 488 84.4 
357 363.6 423 239.2 487 84.2 
356 267.8 422 235.1 486 96.5 
355 335.9 421 236.4 485 97.0 
354 373.0 420 230.5 484 95.9 
353 385.0 419 229.7 483 84.4 
352 385.7 418 189.2 482 109.1 
351 379.6 417 188.3 481 109.2 
350 360.0 416 155.3 480 119.1 
349 275.1 415 152.0 479 113.6 
348 336.1 409 157.7 478 124.5 
347 374.0 408 157.8 477 85.9 
346 388.0 407 142.9 476 86.3 
345 388.8 406 142.6 475 87.1 
344 383.5 405 261.9 474 90.2 
343 365.2 404 313.0 473 92.7 
342 278.3 403 345.6 472 98.4 
341 339.6 402 356.4 471 104.1 
340 375.0 401 358.0 470 112.8 
339 387.4 400 351.0 469 121.6 
338 387.7 399 332.3 468 129.6 
337 38l.6 398 27l.6 467 137.4 
336 364.0 397 325.8 466 145.4 
335 276.3 396 358.4 465 152.8 
334 336.5 395 369.0 464 156.7 
332 386.1 394 370.5 463 165.1 
331 385.6 393 365.0 462 169.0 
330 379.0 392 342.6 461 172.6 
329 361.4 391 262.5 460 93.2 
328 261.9 390 315.2 459 175.5 
327 316.0 389 345.1 458 177 .3 
326 347.0 388 356.0 457 176.0 
325 359.8 387 357.0 456 173.8 
324 36l.3 386 350.2 455 178.8 
323 354.1 385 326.9 454 171.4 . 
322 335.2 384 275.9 453 168.3 
321 268.9 383 334.2 451 174.7 
320 327.0 382 371 .9 450 175.0 
319 361.4 381 384.9 449 178.1 
318 374.2 380 385.6 448 174.5 
317 375.4 379 379.6 447 176.7 
316 369.3 378 360.4 446 172.3 
315 351 .1 377 270.3 445 170.8 
314 261.3 376 332.0 444 166.1 
313 313.2 375 371.6 443 165.8 
312 345.1 374 384.7 442 159.4 
311 355.1 373 385.5 441 155.5 
310 356.2 372 380.6 440 153.7 
309 348.2 371 362.5 437 136.2 
308 331.9 370 276.4 436 170.2 
307 283.2 369 335.1 435 171.8 
306 347.2 368 372.4 434 225.4 
305 389.9 367 384.9 433 226.7 
304 404.7 366 384.8 432 228.9 
303 404.4 365 377 .7 431 229.1 
302 399.3 364 358.6 430 239.6 
301 382.1 363 271.5 429 238.4 
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TABLE F-6: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA. 
FUEL ASSEMBLY: B43 

DATE: 8/5/79 TIME: 4:00 p.m. 
TEST CONDITIONS: Band Heaters Off With Helium 

TIC No. Tem~(OF) TIC No. Temp(OF) TIC No. Tem2(OF) 
362 297.3 428 234.9 492 87.8 
361 318.6 427 235.9 491 84.7 
360 328.2 426 239.5 490 83.9 359 326.9 425 233.7 489 84.3 
358 320.8 424 234.3 488 83.6 
357 292.6 423 231.4 487 83.1 
356 256.8 422 232.6 486 94.5 355 305.4 421 232.1 485 94.8 
354 324.4 420 222.0 484 92.3 353 330.8 419 221.8 483 83.3 
352 329.3 418 202.4 482 105.9 351 319.9 417 192.9 481 105.9 
350 290.9 416 164.4 480 117.0 
349 254.9 415 161.1 479 112.1 
348 295.8 409 169.6 478 124.7 
347 317.7 408 174.7 477 84.4 
346 327.2 407 149.2 476 85.0 
345 326.5 406 149.7 475 85.4 
344 320.4 405 247.8 474 88.2 
343 293.2 404 281.3 473 90.2 
342 259.7 403 300.1 472 95.2 
341 300.9 402 306.1 471 99.9 
340 319.4 401 306.5 470 108.0 
339 327.8 400 299.0 469 116.1 
338 326.4 399 271.5 468 124.3 
337 319.6 398 264.8 467 131.9 
336 292.5 397 300.0 466 140.0 
335 262.1 396 315.4 465 147.2 
334 303.6 395 321 .1 464 152.1 
332 328.9 394 319.9 463 160.3 
331 326.9 393 311.0 462 164.6 
330 316.1 392 279.1 461 167.9 
329 290.5 391 257.2 460 91.4 
328 240.0 390 292.2 459 171.2 
327 276.3 389 306.2 458 172.7 
326 294.0 388 311. 9 457 171.4 
325 304.5 387 311 .1 456 189.9 
324 305.5 386 300.6 455 174.1 
323 298.8 385 268.3 454 167.4 
322 271.3 384 265.7 453 162.9 
321 250.2 383 303.7 451 170.0 
320 288.7 382 323.8 450 171.4 
319 308.3 381 330.7 449 175.3 318 317.6 380 329.1 448 172.8 
317 317 .2 379 320.1 447 172.1 
316 310.6 378 291.2 446 171.8 
315 283.8 377 256.9 445 169.2 
314 249.4 376 297.4 444 167.8 
313 283.4 375 320.4 443 163.9 
312 299.7 374 327.6 442 162.4 
311 306.1 373 326.3 441 158.4 
310 305.5 372 319.6 440 159.5 
309 296.8 371 292.3 437 125.3 
308 270.2 370 266.9 436 161.5 
307 267.3 369 305.5 435 162.4 
306 309.6 368 324.6 434 221.0 
305 334.5 367 331.2 433 221.7 
304 342.6 366 329.2 432 224.4 
303 340.4 365 318.8 431 224.9 
302 332.6 364 289.6 430 235.3 
301 306.2 363 254.7 429 232.6 
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TABLE F-7: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 7/23179 TIME: 8:00 a.m. 
TEST CONDITIONS: Band Heaters Off With Air 

TIC No. Tem~(OF 1 TIC No. Tem~(OF) TIC No. Tem~{°F) 
362 352.6 428 228.0 492 87.4 
361 346.2 427 229.8 491 85.1 
360 426 229.7 490 84.3 
359 425 228.9 489 84.5 
358 424 228.1 488 83.7 
357 423 229.5 487 83.4 
356 422 236.5 486 93.5 
355 421 231.9 485 93.8 
354 420 227 .8 484 93.2 
353 419 .232.2 483 83.5 
352 418 212.7 482 103.4 
351 417 221.3 481 103.5 
350 181 .7 416 173.0 480 115.5 
349 184.5 415 167.8 479 111.5 
348 354.9 409 324.9 478 128.2 
347 353.1 408 187.1 477 84.6 
346 356.2 407 156.9 476 85.0 
345 355.5 406 157.4 475 85.4 
344 336.7 405 295.4 474 87.8 
343 289.2 404 320.5 473 89.5 
342 328.7 403 317 .0 472 93.8 
341 359.3 402 321.1 471 98.0 
340 359.4 401 321.1 470 104.9 
339 360.3 400 307.1 469 112.3 
338 359.1 399 266.7 468 119.3 
337 337.6 398 312.5 467 126.1 
336 288.5 397 339.7 466 133.2 
335 326.6 396 328.3 465 140.4 
334 358.7 395 333.2 464 144.7 
332 357.7 394 335.6 463 152.9 
331 356.3 393 320.3 462 157.4 
330 334.3 392 272.7 461 161.3 
329 286.8 391 300.7 460 
328 303.3 390 328.4 459 166.1 
327 330.6 389 320.3 458 167.3 
326 324.6 388 323.3 457 167.2 
325 329.0 387 325.2 456 166.4 
324 327.9 386 308.8 455 169.2 
323 311.7 385 263.6 454 167.8 
322 268.9 384 322.6 453 87.6 
321 316.4 383 350.4 451 169.5 
320 346.1 382 343.5 450 174.8 
319 345.2 381 348.7 449 174.9 
318 380 349.0 448 174.1 
317 379 331.9 447 176.8 
316 326.3 378 285.3 446 174.5 
315 279.3 377 319.5 445 172.6 
314 303.1 376 347.6 444 173.6 
313 331.4 375 344.9 443 172.1 
312 330.7 374 348.6 442 166.4 
311 328.4 373 347.5 441 164.3 
310 327.7 372 332.2 440 166.4 
309 309.0 371 287.2 437 119.0 
308 267.0 370 323.8 436 152.0 
307 339.7 369 352.5 435 152.3 
306 368.6 368 349.3 434 208.5 
305 371.7 367 351.5 433 209.9 
304 372.7 366 351.5 432 211.7 
303 371.2 365 331.3 431 211.8 
302 350.1 364 284.6 430 226.2 
301 302.3 363 322.5 429 227.7 

F-15 



TABLE F-8: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 9/18/79 TIME: 12:00 noon 
TEST CONDITIONS: Band Heaters Off With Vacuum (Rerun) 

T /C No. Teml,!lOF) TIC No. Teml,!(°F) TIC No. Te!!!l!lOF) 
362 328.6 428 231.3 492 84.2 
361 364.4 427 233.9 491 81.6 
360 378.4 426 236.1 490 78.8 359 379.5 425 233.5 489 81.1 
358 374.0 424 231.9 488 79.5 357 354.3 423 231.3 487 76.8 
356 254.6 422 228.0 486 85.8 
355 328.5 421 229.9 485 83.3 
354 364.6 420 223.9 484 85.5 353 376.0 419 222.6 483 77 .2 
352 376.5 418 186.0 482 99.8 351 370.2 417 183.0 481 99.1 
350 351.9 416 152.2 480 109.0 
349 269.4 415 148.3 479 106.7 
348 328.6 409 155.3 478 120.8 
347 365.5 408 155.5 477 80.2 
346 378.9 407 139.6 476 80.8 
345 379.4 406 139.5 475 81.2 
344 374.0 405 256.8 474 84.6 
343 356.0 404 306.3 473 86.8 
342 272.7 403 337.7 472 93.0 
341 332.0 402 348.1 471 98.2 
340 366.6 401 349.4 470 107.1 
339 378.4 400 342.3 469 115.5 
338 378.3 399 324.1 468 123.3 
337 371.9 398 266.6 467 130.9 
336 354.8 397 318.7 466 138.5 
335 270.7 396 350.6 465 145.5 
334 331.1 395 360.6 464 149.2 
332 377.2 394 362.0 463 157.3 
331 376.5 393 356.0 462 160.6 
330 369.7 392 334.5 461 164.3 
329 352.4 391 257.3 460 86.0 
328 256.6 390 308.4 459 166.8 327 308.9 389 337.5 458 168.7 326 339.1 388 348.1 457 167.4 
325 351.3 387 348.5 456 165.6 324 352.5 386 341.7 455 170.1 
323 344.9 385 319.1 454 163.5 
322 326.6 384 270.6 453 159.2 
321 263.4 383 326.9 451 165.9 
320 319.7 382 363.8 450 166.8 
319 353.1 381 376.0 449 170.4 318 365.4 380 376.6 448 166.8 
317 366.2 379 370.3 447 169.5 
316 360.0 378 351.6 446 165.4 
315 342.0 377 265.0 445 164.5 
314 255.9 376 324.9 444 159.1 
313 306.1 375 363.2 443 160.0 312 337.1 374 375.9 442 154.0 
311 346.7 373 376.4 441 151 . 1 
310 347.4 372 371.2 440 150.0 
309 339.4 371 353.5 437 131. 9 
308 323.6 370 271.1 436 164.8 
307 277.5 369 327.7 435 166.5 
306 339.6 368 364.1 434 217.6 
305 381.1 367 376.0 433 218.6 
304 395.5 366 375.6 432 221.1 
303 394.8 365 368.3 431 221.2 
302 389.6 364 349.8 430 231.8 
301 372.6 363 266.2 429 230.6 
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TABLE F- 9: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 9/11 /79 TIME: 11 :50 a.m. 
TEST CONDITIONS: Band Heaters Off With Helium (Rerun) 

TIC No. Teml!loF 1 TIC No. Teml!l°F) TIC No. Teml!(°F) 
362 285.7 428 225.9 492 79.4 
361 304.4 427 226.6 491 78.0 
360 313.5 426 230.4 490 75.6 
359 311 .7 425 224.2 489 77.2 
358 305.8 424 224.8 488 76.0 
357 277.7 423 221.8 487 74.2 
356 246.4 422 223.8 486 82.0 
355 294.1 421 223.1 485 79.9 
354 310.6 420 213.2 484 83.0 
353 316.2 419 213.1 483 74.4 
352 314.8 418 196.4 482 94.6 
351 305.0 417 186.1 481 94.2 
350 276.4 416 158.9 480 104.9 
349 246.2 415 155.2 479 103.1 
348 284.0 409 165.0 478 118.3 
347 303.4 408 170.6 477 76.4 
346 312.3 407 143.1 476 78.8 
345 311.4 406 143.7 475 77 .3 
344 305.1 405 239.9 474 79.8 
343 278.2 404 270.6 473 81.8 
342 251.1 403 286.6 472 87.1 
341 289.3 402 292.2 471 91.8 
340 305.5 401 292.6 470 99.8 
339 313.0 400 285.1 469 107.9 
338 311.4 399 258.2 468 115.8 
337 304.4 398 256.5 467 123.6 
336 277.5 397 288.8 466 131.2 
335 253.2 396 302.2 465 138.5 
334 292.2 395 307.0 464 142.7 
332 314.3 394 305.9 463 151.0 
331 312.1 393 296.8 462 154.6 
330 303.3 392 265.6 461 158.0 
329 275.7 391 248.6 460 80.9 
328 231.8 390 281.6 459 160.8 
327 265.2 389 293.3 458 162.5 
326 280.9 388 296.3 457 161.2 
325 290.4 387 297.4 456 159.5 
324 291.4 386 287.0 455 164.0 
323 284.4 385 255.2 454 157.2 
322 257.8 384 257.3 453 152.9 
321 241.6 383 292.2 451 159.4 
320 277.5 382 309.9 450 160.8 
319 294.3 381 315.9 449 165.0 
318 303.4 380 314.4 448 163.0 
317 302.2 379 305.3 447 162.8 
316 295.9 378 276.6 446 162.2 
315 269.1 377 248.8 445 160.1 
314 240.6 376 286.2 444 158.6 
313 273.1 375 306.4 443 155.6 
312 286.6 374 313.0 442 154.1 
311 292.4 373 311.2 441 151.3 
310 291.6 372 304.7 440 153.0 
309 282.7 371 277.5 437 118.5 
308 256.8 370 258.2 436 154.8 
307 258.0 369 294.0 435 155.6 
306 297.9 368 310.6 434 212.3 
305 319.4 367 316.3 433 212.8 
304 327.3 366 314.5 432 215.7 
303 324.5 365 303.9 431 216.1 
302 317.1 364 275.0 430 226.2 
301 290.3 363 246.4 429 223.5 
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TABLE F-IO: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA. 
FUEL ASSEMBLY: B43 

DATE: 9/20/79 TIME: 4:00 p.m. 
TEST CONDITIONS: Band Heaters Off With Air (Rerun) 

TIC No. Tem~{DFl TIC No. Tem~{DF ) TIC No. Te!!!l!{DFl 
362 347.5 428 217.7 492 78.3 
361 347.5 427 220.0 491 77 .8 
360 350.1 426 221 .1 490 76.2 
359 348.0 425 220.7 489 77 .2 
358 325.2 424 217.9 488 75.7 
357 276.2 423 217 .7 487 73.4 
356 307.5 422 222.2 486 81.6 
355 341. 7 421 227.1 485 79.8 
354 335.4 420 222.1 484 83.6 
353 339.8 419 218.3 483 73.7 
352 341.2 418 210.9 482 92.2 
351 322.6 417 206.3 481 91.6 
350 275.3 416 166.6 480 104.3 
349 316.4 415 159.4 479 101.3 
348 345.1 409 177 .3 478 120.0 
347 343.4 408 179.1 477 76.2 
346 347.0 407 148.7 476 76.4 
345 345.7 406 149.1 475 78.6 
344 324.9 405 293.3 474 78.9 
343 278.4 404 320.7 473 80.4 
342 316.8 403 321.0 472 84.9 
341 345.3 402 318.8 471 89.0 
340 337.7 401 317.1 470 95.8 
339 343.1 400 298.4 469 103.0 
338 342.1 399 256.8 468 109.8 
337 322.8 398 304.5 467 116.7 
336 276.7 397 332.6 466 123.6 
335 314.1 396 329.8 465 130.6 
334 343.2 395 329.0 464 134.5 
332 340.8 394 329.0 463 142.7 
331 340.9 393 311.2 462 146.5 
330 321.8 392 262.9 461 150.5 
329 276.4 391 291.8 460 72.5 328 294.1 390 318.2 459 154.7 
327 320.8 389 311.3 458 156.2 
326 314.2 388 314.8 457 155.0 
325 319.7 387 316.1 456 153.8 
324 318.1 386 299.2 455 158.2 
323 300.0 385 254.1 454 153.6 
322 258.6 384 315.2 453 149.6 
321 304.9 383 344.2 451 157.3 
320 332.2 382 345.2 450 160.4 
319 324.3 381 344.5 449 164.8 
318 330.7 380 342.6 448 162.8 
317 328.8 379 322.6 447 166.8 
316 310.4 378 275.2 446 164.5 
315 267.5 377 314.0 445 165.0 
314 287.4 376 344.0 444 160.2 
313 311.9 375 347.6 443 163.4 
312 306.7 374 346.2 442 158.6 
311 311.8 373 343.6 441 157.8 
310 312.3 372 323.4 440 159.9 
309 296.9 371 277 .0 437 111.4 
308 257.1 370 314.8 436 143.8 
307 331.0 369 342.4 435 144.3 
306 358.7 368 339.9 434 199.0 
305 362.2 367 342.1 433 200.0 
304 363.0 366 341.6 432 201.6 
303 360.9 365 321.5 431 201.9 
302 339.0 364 274.6 430 216.7 
301 291.7 363 316.3 429 217 .6 
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TABLE F-ll: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 11/29/79 TIME: 2:33 p.m. 
TEST CONDITONS: Electrically Heated Drywell Test Canister Profile With Vacuum 

TIC No. Teml!(OFl TIC No. Teml!(OF) TIC No. Teml!{OFl 
362 336.3 428 274.3 492 100.1 
361 378.1 427 278.2 491 78.5 
360 392.1 426 280.6 490 77 .6 
359 398.9 425 278.5 489 79.2 
358 396.7 424 276.8 488 78.9 
357 381. 7 423 275.3 487 77.5 
356 262.2 422 251.8 486 103.3 
355 336.7 421 253.4 485 101 .2 
354 373.7 420 248.1 484 92.6 
353 390.8 419 246.5 483 78.4 
352 396.1 418 203.5 482 138.9 
351 393.5 417 203.0 481 137.3 
350 379.8 416 168.5 480 133.4 
349 279.8 415 164.3 479 116.8 
348 336.5 409 109.8 478 136.4 
347 374.3 408 170.9 477 87.3 
346 393.2 407 155.1 476 88.9 
345 398.8 406 154.6 475 92.5 
344 383.3 405 268.3 474 106.2 
343 363.3 404 316.0 473 114.4 
342 282.7 403 349.0 472 135.3 
341 339.8 402 365.7 471 169.4 
340 375.2 401 372.3 470 206.9 
339 392.9 400 368.3 469 208.7 
338 397.5 399 355.4 468 193.8 
337 395.2 398 277 .4 467 191.4 
336 382.0 397 327.8 466 197.5 
335 281.3 396 360.9 465 208.3 
334 339.0 395 376.9 464 214.8 
332 391.5 394 343.1 463 216.5 
331 396.0 393 381.0 462 214.5 
330 392.8 392 364.1 461 216.0 
329 380.1 391 289.5 460 103.4 
328 263.0 390 318.4 459 233.9 
327 318.6 389 349.0 458 236.2 
326 349.8 388 365.3 457 237.6 
325 368.4 387 371.6 456 232.2 
324 374.7 386 368.1 455 253.2 
323 371.4 385 350.9 454 232.3· 
322 357.5 384 280.9 453 202.0 
321 274.4 383 335.1 451 203.2 
320 328.2 382 372.8 450 203.9 
319 363.0 381 390.9 449 202.3 
318 380.4 380 396.0 448 192.4 
317 387.0 379 393.5 447 196.7 
316 383.9 378 379.2 446 188.8 
315 371.1 377 275.7 445 188.2 
314 267.6 376 332.7 444 180.6 
313 316.1 375 372.3 443 181.8 
312 342.1 374 390.4 442 173.9 
311 363.9 373 395.9 441 170.0 
310 370.0 372 394.2 440 167 -"-~ 
309 366.5 371 381.1 437 184.5 
308 354.9 370 281.4 436 231.1 
307 287.6 369 335.8 435 233.6 
306 346.4 368 373.1 434 265.3 
305 389.2 367 390.6 433 266.9 
304 407.9 366 395.0 432 269.4 
303 412.4 365 391.7 431 269.4 
302 410.2 364 377 .6 430 274.1 
301 398.0 363 276.5 429 272.7 
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TABLE F-12: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 11/30/79 TIME: 1 :37 p.m. 
TEST CONDITIONS: Electrically Heated Drywe11 Test Canister Profile with Helium 

TIC No. Teml!,oF~ TIC No. Teml!(OF) TIC No. T!!!I!,oF~ 
362 308.0 428 274.1 492 99.7 
361 332.5 427 276.2 491 80.6 
360 349.2 426 281.3 490 79.2 
359 353.7 425 277 .9 489 81.4 
358 349.9 424 278.5 488 80.0 
357 331.1 423 275.0 487 79.2 
356 248.9 422 252.0 486 107.4 
355 308.9 421 254.1 485 107.9 
354 333.5 420 249.9 484 91.3 
353 348.9 419 247.9 483 79.8 
352 352.4 418 208.4 482 140.8 
351 348.1 417 207.3 481 139.9 
350 330.0 416 174.3 480 135.3 
349 262.8 415 170.4 479 122.7 
348 307.8 409 118.3 478 134.5 
347 332.9 408 179.2 477 87.3 
346 349.3 407 159.7 476 88.8 
345 353.3 406 159.4 475 92.1 
344 349.4 405 253.1 474 104.4 
343 331.9 404 292.7 473 112.9 
342 265.9 403 315.0 472 134.5 
341 311.0 402 329.2 471 168.1 
340 333.7 401 335.0 470 206.1 
339 349.4 400 330.1 469 205.9 
338 352.5 399 313.7 468 193.1 
337 348.9 398 262.6 467 190.8 
336 331.1 397 303.9 466 196.7 
335 264.7 396 325.2 465 206.8 
334 310.2 395 340.2 464 213.2 
332 348.5 394 344.0 463 215.7 
331 351. 4 393 340.7 462 214.4 
330 346.9 392 320.0 461 216.2 
329 329.5 391 254.9 460 109.4 
328 253.4 390 296.2 459 234.3 
327 294.5 389 316.3 458 236.1 
326 314.1 388 331.4 457 237.1 
325 330.8 387 336.0 456 230.8 
324 336.0 386 331.6 455 252.2 
323 331.1 385 310.6 454 232.8 
322 313.6 384 264.4 453 203.4 
321 259.6 383 307.9 451 202.6 
320 302.8 382 333.3 450 204.3 
319 325.2 381 349.0 449 203.8 
318 341. 2 380 352.2 448 195.5 
317 345.3 379 348.3 447 198.6 
316 341.1 378 329.9 446 192.2 
315 324.1 377 259.1 445 190.6 
314 254.2 376 305.2 444 184.3 
313 292.6 375 332.2 443 184.1 
312 313.7 374 347.6 442 177 .6 
311 328.3 373 351.6 441 173.3 
310 332.9 372 348.1 440 171. 7 
309 328.7 371 331.0 437 180.8 
308 312.4 370 264.4 436 227.8 
307 268.1 369 308.3 435 230.3 
306 314.8 368 332.9 434 265.6 
305 344.2 367 34·8.5 433 266.7 
304 360.4 366 351.7 432 270.0 
303 363.0 365 346.8 431 270.3 
302 359.2 364 328.3 430 275.5 
301 342.4 363 260.2 429 271.4 
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TABLE F-13: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 1/10/80 TIME: 9:00 a.m. 
TEST COND IT IONS: E1 ectri ca 11y Heated Drywe 11 Tes t Cani s ter Profil e With Ai r 

T /C No. Tem~(OF) TIC No. Tem~(OF ) TIC No. Tem~(OF) 

362 368.9 428 280.0 492 109.4 
361 370.6 427 282.8 491 73.8 
360 373.0 426 281.4 490 72.2 
359 366.2 425 278.4 489 74.6 
358 355.7 424 276.8 488 72.9 
357 328.1 423 276.4 487 73.0 
356 317 .4 422 273.7 486 99;9 
355 370.5 421 276.2 485 / 
354 378.3 420 264.3 484 /,88.3 
353 382.0 419 262.5 483 ./" 75.4 
352 381.5 418 247.5 ~,---.,./ 133.8 
351 366.8 417 238.8 "'481 131.3 
350 329.8 416 195.9 480 137.1 
349 334.6 415 190.6 479 125.3 
348 367.7 409 206.0 478 140.4 
347 368.8 408 211.0 477 93.0 
346 371.4 407 176.0 476 95.8 
345 367.3 406 176.6 475 104.4 
344 357.2 405 318.5 474 129.9 
343 329.5 404 344.6 473 131.6 
342 338.5 403 350.4 472 143.7 
341 371.8 402 351.4 471 164.2 
340 369.1 401 347.3 470 195.8 
339 371.6 400 334.9 469 195.2 
338 367.3 399 310.1 468 183.4 
337 357.1 398 329.8 467 180.0 
336 327.8 397 359.9 466 186.1 
335 338.4 396 366.8 465 195.7 
334 372.3 395 371.8 464 202.0 
332 376.0 394 371.4 463 203.4 
331 373.2 393 357.0 462 202.3 
330 359.9 392 317.2 461 204~_8 
329 328.4 391 320.4 460 97.1 
328 311.9 390 350.9 459 219.7 
327 342.0 389 356.8 458 222.3 
326 342.2 388 362.1 457 223.0 
325 347.8 387 361.8 456 219.2 
324 343.6 386 345.7 455 240.9 
323 334.6 385 307.5 454 250.4 
322 310.7 384 336.4 453 245.0 
321 325.6 383 368.4 451 225.7 
320 356.9 382 377 .0 450 228.1 
319 354.9 381 381,6 449 227.7 
318 359.4 380 380.2 448 217.6 
317 354.0 379 365.9 447 213.4 
316 344.8 378 329.0 446 209.5 
315 318.5 377 333.3 445 206.0 
314, 320.6 376 366.3 444 200.5 
313 346.2 375 374.1 443 198.5 
312 347.8 374 375.4 442 193.8 
311 350.6 373 370.6 441 189.2 
310 346.9 372 359.6 440 189.9 
309 335.2 371 329.7 437 177.7 
308 309.1 370 337.3 436 213.8 
307 348.7 369 369.3 435 215.5 
306 382.3 368 378.8 434 251.0 
305 391.4 367 383.4 433 252.4 
304 393.0 366 382.1 432 254.9 
303 389.1 365 366.1 431 253.8 
302 375.8 364 328.4 430 276.5 
301 343.9 363 334.2 429 278.8 
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TABLE F-14: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA. 
FUEL ASSEMBLY: B43 

DATE: 6/25/80 TTMF~ 8:00 a.m. 
TEST CONDITIONS: Electrically Heated Drywe11 Test Canister With Vacuum (Rerun) 
TIC No. Tem~~oFl TIC No. Tem~(On TIC No. Tem~,oFl 

362 350.2 428 270.5 492 95.6 361 377 .8 427 272.4 491 83.1 360 387.7 426 274.2 490 82.1 359 384.9 425 272.3 489 83.4 358 372.3 424 271.8 488 82.3 357 351. 5 423 270.6 487 81. 7 356 288.3 422 275.6 486 103.1 355 350.1 421 276.6 485 103.2 354 378.0 420 271. 7 484 95.7 353 385.3 419 270.0 483 82.5 352 382.4 418 244.6 482 127.1 351 369.4 417 240.5 481 126.1 350 349.9 416 222.8 480 137.7 349 303.7 415 220.8 479 128.6 348 350.0 409 224.7 478 162.5 347 378.3 408 225.9 477 87.6 
346 387.9 407 230.7 476 88.7 345 384.5 406 237.1 475 90.7 
344 372.4 405 294.3 474 99.1 343 352.9 404 332.3 473 103.8 
342 306.2 403 356.4 472 116.6 341 352.9 402 363.8 471 134.1 
340 379.0 401 360.2 470 155.6 
339 387.4 400 345.6 469 160.3 
338 385.6 399 326.8 468 159.6 
337 371.0 398 302.7 467 164.1 
336 352.7 397 342.6 466 174.9 
335 305.4 396 367.0 465 191.3 
334 352.6 395 373.5 464 202.9 
332 386.3 394 370.1 463 204.2 
331 382.2 393 357.7 462 199.2 
330 368.8 392 336.2 461 198.4 
329 350.4 391 296.0 460 89.0 
328 293.5 390 335.2 459 201.8 
327 334.3 389 356.7 458 204.3 
326 356.8 388 363.3 457 203.7 
325 365.9 387 359.8 456 202.3 324 362.7 386 345.8 455 214.3 
323 347.8 385 323.6 454 223.8 
322 328.9 384 305.6 453 227.2 
321 298.8 383 349.0 451 219.3 320 342.7 382 377 .3 450 222.4 319 368.0 381 385.7 449 228.4 318 376.8 380 382.3 448 232.1 
317 373.8 379 369.4 447 240.0 
316 360.4 378 349.4 446 235.5 315 341.9 377 300.7 445 228.4 314 29~·.0 376 346.8 444 223.8 313 332.3 375 377 .1 443 224.8 
312 355.6 374 385.8 442 221.3 
311 362.0 373 382.4 441 218.5 
310 358.6 372 370.0 440 220.9 
309 344.3 371 351.1 437 157.5 
308 326.7 370 306.0 436 194.2 
307 311.0 369 349.5 435 195.7 
306 358.8 368 377 .8 434 246.7 
305 392.3 367 385.7 433 247.6 
304 402.1 366 381.5 432 250.2 
303 397.8 365 367.8 431 250.1 
302 385.6 364 348.6 430 270.3 
301 367.5 363 301.2 429 269.1 
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TABLE F-15: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 6/17/80 TIME: 8:00 p.m. 
TEST CONDITIONS: Electrically Heated Drywe11 Test Canister Profile With Air (Rerun) 

T /C No. Tem~(OF 1 T/C No. Tem~(oF) TIC No. Tem~{OFl 

362 358.0 428 274.3 492 94.9 
361 358.6 427 276.7 491 81.1 
360 359.1 426 275.8 490 79.9 
359 351.4 425 273.6 489 81.4 
358 339.5 424 272.3 488 80.1 
357 307.0 423 271. 9 487 30.2 
356 314.9 422 272.8 486 102.5 
355 359.9 421 274.2 485 102.7 
354 366.4 420 264.4 484 94.4 
353 368.3 419 263.2 483 81.0 
352 365.7 418 248.2 482 128.2 
351 347.1 417 240.9 481 127.4 
350 306.6 416 199.5 480 141.5 
349 326.7 415 194.7 479 136.3 
348 356.8 409 209.4 478 146.0 
347 356.8 408 213.9 477 86.5 
346 357.6 407 180.8 476 87.5 
345 352.7 406 181.1 475 89.6 
344 341.2 405 312.6 474 98.5 
343 308.5 404 330.4 473 104.4 
342 330.6 403 340.9 472 119.4 
341 360.6 402 340.2 471 141.2 
340 356.9 401 335.1 470 167.2 
339 357.7 400 321.1 469 169.9 
338 352.9 399 290.6 468 164.7 
337 341.0 398 322.9 467 166.7 
336 307.1 397 350.4 466 176.0 
335 330.9 396 356.5 465 191.5 
334 361.7 395 359.6 464 202.6 
332 362.2 394 356.8 463 203.5 
331 358.1 393 338.0 462 198.9 
330 342.5 392 296.2 461 199.3 
329 306.7 391 314.4 460 87.7 
328 305.8 390 342.4 459 207.1 
327 333.1 389 347.6 458 209.9 
326 332.7 388 351 .1 457 209.4 
325 336.9 387 348.3 456 207.5 
324 332.3 386 327.9 455 225.4 
323 321.1 385 287.9 454 246.2 . 
322 292.2 384 329.1 453 259.3 
321 318.5 383 358.3 451 239.8 
320 346.8 382 365.6 450 233.8 
319 344.0 381 368.1 449 228.6 
318 346.8 380 364.8 448 222.5 
317 341.4 379 346.7 447 222.8 
316 330.6 378 306.4 446 218.6 
315 299.3 377 325.8 445 212.5 
314 315.0 376 355.9 444 206.8 
313 337.9 375 362.2 443 203.6 
312 338.3 374 361.5 442 196.3 
311 339.4 373 355.7 441 193.2 
310 334.7 372 342.4 440 193.6 
309 321.1 371 307.9 437 154.8 
308 290.3 370 329.9 436 193.6 
307 339.9 369 359.1 435 194.7 
306 370.5 368 367.4 434 243.0 
305 378.1 367 370.1 433 244.4 
304 377.7 366 366.6 432 247.4 
303 372.4 365 346.4 431 246.3 
302 356.8 364 305.9 430 271.5 
301 320.2 363 326.5 429 273.4 
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TABLE F-16: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 11/28/79 TIME: 3:00 p.m. 
TEST CONDITIONS: Drywell Canister Profile With Vacuum 

T /C No. Teml!(OF) T/C No. Temp(OF) TIC No. T!!!!2(OF) 
362 329.5 428 245.5 492 124.8 
361 363.6 427 243.1 491 76.2 
360 378.4 426 252.2 490 75.6 
359 382.6 425 249.8 489 77.0 
358 385.6 424 248.5 488 76.4 
357 373.7 423 247.0 487 77 .1 
356 262.1 422 238.3 486 100.6 
355 329.5 421 240.3 485 100.8 
354 353.9 420 235.4 484 87.1 
353 376.4 419 233.3 483 78.9 
352 379.5 418 199.9 482 132.2 351 382.5 417 197.0 481 130.6 
350 371.9 416 167.5 480 126.0 
349 274.1 415 163.9 479 112.4 
348 329.5 409 167.9 478 128.0 
347 364.7 408 169.3 477 93.0 
346 379.1 407 152.7 476 95.4 
345 382.4 406 152.6 475 100.1 
344 385.5 405 262.7 474 116.8 
343 375.2 404 303.9 473 119.9 
342 276.8 403 336.8 472 128.5 
341 332.8 402 350.3 471 147.5 
340 365.3 401 354.2 470 169.4 
339 378.7 400 356.7 469 179.7 
338 381.1 399 347.3 468 177 .0 
337 384.1 398 271.7 467 150.4 
336 374.0 397 320.7 466 203.6 
335 275.2 396 350.8 465 203.3 
334 331. 7 395 362.1 464 204.2 
332 377.3 394 365.9 463 207.4 
331 379.4 393 362.8 462 234.7 
330 381.6 392 356.2 461 203.6 
329 372.1 391 263.4 460 87.0 
328 262.2 390 311.0 459 207.1 327 311.3 389 328.8 458 209.5 
326 339.7 388 342.9 457 210.5 
325 353.4 387 353.6 456 205.7 324 357.1 386 356.6 455 225.9 
323 359.4 385 342.9 454 202.8 
322 349.3 384 375.2 453 174.4 
321 258.5 383 326.2 451 191.0 320 321.2 382 353.0 450 189.4 
319 353.1 381 376.6 449 185.1 318 366.2 380 379.6 448 160.8 
317 370.2 379 382.4 447 187.2 
316 372.5 378 371.3 446 182.3 
315 363.1 377 270.2 445 183.1 
314 261.4 376 325.0 444 177 .4 
313 308.7 375 362.7 443 180.1 
312 337.8 374 376.2 442 172.4 
311 348.7 373 379.4 441 167.5 
310 351.9 372 363.2 440 185.9 
309 354.5 371 372.1 437 165.3 
308 346.9 370 275.6 436 207.1 
307 281.8 369 328.7 435 208.6 
306 339.5 368 363.2 434 252.8 
305 379.8 367 376.3 433 254.6 
304 394.5 366 378.5 432 255.9 
303 395.9 365 380.7 431 256.1 
302 399.5 364 369.4 430 246.2 
301 390.2 363 271.0 429 244.2 
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TABLE F-17: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: D43 

DATE: 9/13/79 TIME: 1 :37 p.m. 
TEST CONDlTONS: Drywe11 Canister Profile \Jitil ::el ium 

TIC No. Tem~(OFl TIC No. Temp(°F) TIC No. Tem~(OFl 

362 302.5 428 248.3 492 109.7 
361 320.9 427 249.4 491 80.9 
360 331.5 426 253.3 490 78.6 
359 332.1 425 247.3 489 80.0 
358 332.5 424 248.6 488 79.1 
357 314.5 423 245.4 487 77.7 
356 258.0 422 243.8 486 94.4 
355 309.4 421 242.6 485 91.4 
354 327.1 420 232.7 484 86.9 
353 334.5 419 233.8 483 79.7 
352 335.1 418 220.4 482 121.9 
351 332.0 417 210.3 481 120.8 
350 313.6 416 181.4 480 119.4 
349 263.5 415 177 .8 479 112.8 
348 301.2 409 185.6 478 136.2 
347 320.8 408 190.5 477 91. 2 
346 331.0 407 162.3 476 93.4 
345 332.0 406 162.9 475 95.5 
344 332.3 405 258.2 474 105.1 
343 315.4 404 288.2 473 107.1 
342 268.1 403 304.1 472 119.4 
341 305.9 402 311.8 471 133.5 
340 322.9 401 313.5 470 156.0 
339 332.1 400 312.5 469 165.1 
338 332.8 399 296.0 468 169.7 
337 332.1 398 273.6 467 175.4 
336 315.0 397 304.8 466 182.0 
335 270.1 396 319.2 465 183.4 
334 308.2 395 325.8 464 180.8 
332 332.9 394 327.6 463 185.2 
331 332.8 393 323.9 462 186.5 
330 330.6 392 303.0 461 188.5 
329 313.0 391 266.3 460 106.9 
328 251.0 390 298.2 459 190.4 
327 284.0 389 310.3 458 192.0 
326 299.6 388 317 .2 457 191. 5 
325 309.9 387 318.5 456 188.6 
324 312.6 386 314.6 455 194.8 
323 312.3 385 292.8 454 183.0 
322 295.7 384 274.0 453 174.3 
321 259.7 383 307.9 451 179.7 
320 295.1 382 326.3 450 180.6 
319 312.7 381 334.5 449 184.9 
318 322.8 380 335.4 448 182.0 
317 323.7 379 332.0 447 182.7 
316 323.7 378 313.8 446 183.2 
315 307.0 377 265.6 445 185.2 
314 259.0 376 302.8 444 191.4 
313 290.1 375 322.8 443 196.1 
312 304.6 374 331.5 442 190.8 
311 311 .7 373 331.6 441 180.3 
310 312.9 372 331.6 440 178.8 
309 310.9 371 314.4 437 156.2 
308 294.9 370 274.8 436 201.0 
307 274.6 369 309.5 435 201.9 
306 313.2 368 327.3 434 244.2 
305 335.9 367 334.6 433 244.6 
304 345.3 366 335.2 432 248.1 
303 344.9 365 330.7 431 248.0 
302 343.4 364 312.2 430 249.0 
301 326.9 363 263.1 429 245.3 
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TABLE F-18: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 11/14/79 TIME: 8:00 a.m. 
TEST CONDITIONS: Drywell Canister Profile With Air 

TIC No. Tem~(°F) TIC No. Tem~(°F} TIC No. Tem~(OFl 
362 354.5 428 240.0 492 129.1 361 358.3 427 245.8 491 77 .6 
360 365.6 426 248.2 490 76.7 359 367.3 425 248.8 489 77 .3 
358 361.3 424 245.5 488 76.7 357 323.8 423 243.1 487 77 .7 356 307.2 422 236.8 486 101.2 355 348.2 421 243.8 485 101.6 
354 349.2 420 240.5 484 87.3 353 355.0 419 235.0 483 79.7 
352 354.5 418 220.5 482 130.3 351 348.7 417 220.0 481 129.8 
350 319.1 416 180.0 480 123.9 
349 323.1 415 171.8 479 111.4 
348 353.8 409 130.8 478 128.5 
347 356.7 408 192.6 477 92.9 
346 362.4 407 161.1 476 94.9 
345 364.0 406 161.3 475 101 .1 
344 358.9 405 299.9 474 117.9 
343 326.1 404 326.7 473 119.4 
342 321.8 403 331.3 472 126.8 
341 355.1 402 336.0 471 132.2 
340 352.7 401 338.7 470 148.7 
339 358.1 400 330.5 469 160.3 
338 358.8 399 303.8 468 171 .5 
337 355.1 398 306.1 467 188.1 
336 324.0 397 336.2 466 205.1 
335 319.2 396 338.3 465 209.4 
334 351.7 395 342.8 464 206.4 
332 355.6 394 347.1 463 210.5 
331 355.7 393 340.4 462 211.3 
330 350.6 392 310.0 461 206.5 
329 321.8 391 293.0 460 85.7 
328 302.3 390 322.2 459 193.2 327 331.4 389 324.7 458 195.6 326 329.9 388 329.5 457 196.7 
325 336.8 387 329.1 456 193.5 324 337.3 386 326.0 455 195.4 
323 334.7 385 299.9 454 184.5 
322 306.7 384 318.0 453 174.6 
321 310.7 383 348.2 451 181.6 
320 343.0 382 353.2 450 184.8 
319 340.2 381 359.0 449 187.2 
318 346.7 380 361.5 448 180.7 
317 346.7 379 352.4 447 185.7 
316 343.4 378 321.6 446 180.6 
315 315.8 377 319.2 445 182.0 
314 294.0 376 349.2 444 174.8 
313 321. 2 375 356.5 443 179.3 
312 320.5 374 361.8 442 172.7 
311 327.1 373 363.4 441 172 .2 
310 326.3 372 356.0 44D 173.5 
309 324.9 371 323.8 437 154.6 
308 302.9 370 317.1 436 196.9 
307 335.1 369 347.1 435 197.3 
306 365.1 368 351.5 434 247.3 
305 373.1 367 356.4 433 249.6 
304 377.2 366 356.6 432 251.2 
303 377 .6 365 349.1 431 251. 3 
302 369.7 364 319.6 430 239.6 
301 337.6 363 323.4 429 238.8 
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TABLE F-19: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: 343 

DATE: 11 /27/79 TIME: 9: 14 a.m. 
TEST CONDITIONS: Drywe11 Canister Profile With Helium (Rerun) 

T /C No. Teml!(OF I TIC No. Teml!(OF I TIC No. Teml!(OF} 
362 2,13.9 428 246.2 492 132.3 
361 314.7 427 248.7 491 76.9 
360 326.3 426 252.1 490 77 .9 
359 329.4 425 245.6 489 79.2 
358 334.7 424 247.9 488 78.3 
357 320.5 423 244.6 487 78.8 
356 250.8 422 239.4 486 102.3 
355 301.6 421 239.7 485 101. 7 
354 321.1 420 229.2 484 89.8 
353 329.9 419 229.4 483 80.9 
352 331.7 418 211.0 482 131 .5 
351 333.8 417 200.0 481 130.6 
350 319.3 416 172.7 480 124.7 
349 253.8 415 169.7 479 112.6 
348 292.6 409 148.0 478 134.6 
347 314.4 408 181 .3 477 98.0 
346 326.2 407 158.3 476 98.8 
345 329.1 406 156.5 475 104.2 
344 334.3 405 249.3 474 121.5 
343 321.1 404 260.6 473 123.5 
342 258.6 403 298.6 472 131 .5 
341 237.6 402 307.1 471 135.5 
340 316.8 401 310.7 470 150.8 
339 327.3 400 315.3 469 164.3 
338 329.4 399 302.9 468 177 .6 
337 333.8 398 264.6 467 192.4 
336 320.5 397 297.1 466 206.7 
335 260.8 396 313.3 465 205.8 
334 300.0 395 321.2 464 198.3 
332 326.2 394 323.0 463 202.8 
331 329.6 393 326.0 462 206.1 
330 332.4 392 309.3 461 203.1 
329 316.7 391 257.6 460 92.1 
328 241. 3 390 290.8 459 192.4 
327 275.8 389 304.7 458 194.5 
326 293.6 388 313.0 457 195.5 
325 306.1 387 314.4 456 192.6 
324 310.5 386 316.8 455 194.2 
323 315.3 385 299.7 454 184.6 . 
322 302.6 384 264.6 453 175.1 
321 250.2 383 299.9 451 180.9 
320 286.9 382 320.1 450 183.9 
319 306.4 381 329.4 449 186.2 
318 318.0 380 331.2 448 183.1 
317 321.0 379 333.9 447 185.6 
316 325.7 378 319.4 446 185.4 
315 313.2 377 250.3 445 185.5 
314 250.0 376 294.5 444 183.9 
313 282.4 375 316.6 443 183.2 
312 298.9 374 326.3 442 173.4 
311 307.6 373 328.3 441 170.4 
310 310.2 372 333.5 440 169.6 
309 313.5 371 320.3 437 160.9 
308 301.8 370 265.5 436 203.0 
307 264.9 369 301.6 435 204.6 
306 304.8 368 320.8 434 251.8 
305 329.3 367 329.8 433 253.0 
304 340.0 366 330.9 432 256.2 
303 341.2 365 332.5 . 431 256.0 
302 344.6 364 317 .5 430 247.5 
301 331.9 363 253.4 429 243.9 
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TABLE F-20: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 2/8/80 TIME: 9:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 250°F With Vacuum 

TIC No. Teml!(OFl TIC No. Teml!(°F) TIC No. Teml!(OFl 
362 347.6 428 251.4 492 222.9 
361 373.7 427 255.5 491 77 .1 
360 384.0 426 258.7 490 76.0 359 386.7 425 257.2 489 77.3 
358 388.4 424 255.3 488 76.2 
357 380.0 423 253.2 487 88.9 
356 285.7 422 251.2 486 111. 9 
355 347.4 421 252.1 485 
354 373.6 420 247.1 484 89.6 353 382.1 419 246.2 483 115.3 352 384.1 418 244.2 482 160.4 351 385.5 417 242.7 481 146.6 350 378.5 416 236.6 480 128.7 349 303.3 415 237.5 479 114.5 
348 347.6 409 234.3 478 160.7 347 373.9 408 233.9 477 232.8 
346 384.5 407 215.1 476 249.5 345 386.4 406 214.6 475 227.8 
344 388.6 405 292.3 474 253.4 
343 381.5 404 326.7 473 228.9 
342 305.9 403 348.8 472 221.7 341 350.6 402 356.8 471 190.0 
340 374.9 401 359.1 470 199.9 339 . 384.1 400 469 204.6 
338 385.3 399 354.3 468 206.0 
337 387.2 398 300.8 467 196.6 
336 381.2 397 338.1 466 205.9 
335 304.7 396 360.8 465 206.0 
334 349.9 395 368.5 464 208.0 
332 383.0 394 370.5 463 204.2 
331 383.7 393 372.9 462 207.2 
330 385.0 392 364.4 461 206.9 
329 378.6 391 293.5 460 94.2 
328 292.3 390 329.6 459 197.8 
327 329.8 389 348.9 458 199.2 
326 349.7 388 356.8 457 204.0 
325 359.1 387 358.5 456 201.3 
324 361.8 386 359.9 455 201.3 
323 362.5 385 350.9 454 190.8 
322 356.3 384 304.3 453 180.3 
321 298.2 383 345.7 451 188.1 
320 339.7 382 372.4 450 193.5 
319 362.4 381 382.2 449 195.7 
318 371.9 380 383.8 448 191.4 
317 374.0 379 385.2 447 198.3 
316 375.9 378 377 .8 446 200.6 
315 369.4 377 299.9 445 210.3 
314 292.3 376 344.0 444 221.3 
313 327.3 375 372.5 443 234.7 
312 348.0 374 382.1 442 224.7 
311 354.9 373 383.6 441 217 .3 
310 357.0 372 385.9 440 228.0 
309 358.4 371 379.3 437 236.8 
308 354.1 370 304.9 436 239.8 
307 310.8 369 346.3 435 244.3 
306 357.7 368 373.0 434 255.9 
305 389.4 367 382.2 433 257.7 
304 400.5 366 383.0 432 261.8 
303 400.6 365 383.6 431 261.4 
302 402.2 364 377 .1 430 252.0 
301 396.1 363 300.6 429 250.2 
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TABLE F-21: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: 343 

DATE: 12/6/79 TIME: 9:00 a.m. 
TEST CONDITONS: Uniform Canister Temperature at 250°F With Helium 

T /C No. Tem~(OFl TIC No. TemWFl TIC No. Teml!(OFl 
362 318.3 428 257.0 492 223.0 
361 329.4 427 259.5 491 78.5 
360 333.7 426 264.7 490 77.3 
359 333.9 425 261. 3 489 78.1 
358 335.1 424 261.0 488 77.7 
357 327.5 423 256.7 487 83.5 
356 264.3 422 260.1 486 111.8 
355 318.9 421 260.4 485 100.2 
354 330.6 420 256.8 484 91. 1 
353 333.1 419 256.3 483 105.2 
352 332.5 418 252.5 482 161.0 
351 333.2 417 248.3 481 143.4 
350 326.9 416 237.7 480 133.0 
349 287.3 415 238.0 479 111.6 
348 317.9 409 174.9 478 171.5 
347 329.5 408 235.6 477 222.8 
346 333.1 407 215.6 476 247.1 
345 332.7 406 214.9 475 223.0 
344 334.4 405 281.9 474 257.7 
343 328.0 404 304.8 473 233.6 
342 289.1 403 313.6 472 224.0 
341 320.2 402 315.2 471 191.9 
340 330.4 401 316.1 470 200.1 
339 333.2 400 316.6 469 205.8 
338 332.1 399 311.5 468 207.0 
337 333.9 398 288.1 467 197.9 
336 327.5 397 314.2 466 206.9 
335 288.3 396 323.0 465 207.3 
334 320.0 395 325.5 464 208.9 
332 332.5 394 325.3 463 205.3 
331 331.1 393 326.4 462 209.0 
330 332.0 392 318.0 461 209.4 
329 325.8 391 282.8 460 91.3 
328 280.9 390 308.2 459 199.4 
327 306.5 389 315.2 458 201.5 
326 312.8 388 317.5 457 207.1 
325 316.0 387 317 .1 456 202.2 
324 316.3 386 317.5 455 204.7 
323 317.4 385 308.8 454 193.8 
322 310.9 384 289.5 453 182.9 
321 284.7 383 318.0 451 193.5 
320 313.6 382 329.9 450 199.1 
319 322.8 381 333.3 449 201.7 
318 326.1 380 332.7 448 198.4 
317 325.5 379 333.4 447 209.6 
316 326.9 378 326.7 446 217.0 
315 321.0 377 285.8 445 232.0 
314 280.1 376 316.2 444 236.7 
313 305.2 375 329.1 443 244.1 
312 313.1 374 332.0 442 231.3 
311 314.0 373 331.7 441 222.3 
310 313.6 372 333.2 440 230.5 
309 314.7 371 327.3 437 233.6 
308 309.9 370 289.4 436 239.5 
307 291.8 369 318.1 435 243.4 
306 324.0 368 329.7 434 257.6 
305 339.7 367 332.7 433 259.3 
304 343.5 366 331.9 432 264.3 
303 342.1 365 331.8 431 263.8 
302 343.2 364 325.2 430 257.8 
301 337.7 363 286.2 429 254.0 
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TABLE F-22: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 1/4/80 TIME: 1 :00 p.m. 
TEST CONDITIONS: Uniform Canister Temperature at 250°F With Air 

TIC No. Tem~(On TIC No. Tem~(oF) TIC No. Te!!!(!{OFl 
362 363.0 428 254.1 492 234.1 
361 362.6 427 258.5 491 74.4 
360 369.3 426 258.7 490 73.6 
359 367.8 425 257.0 489 75.0 
358 363.7 424 254.9 488 74.2 
357 342.1 423 254.8 487 84.3 
356 317.9 ~,22 255.9 486 113.9 
355 364.8 421 256.3 485 
354 366.8 420 250.3 484 86.7 
353 369.9 419 250.3 483 109.1 
352 373.4 418 254.3 482 166.1 
351 368.9 417 253.1 481 147.8 
350 343.8 416 240.7 480 134.1 
349 334.4 415 240.2 479 110.4 
348 363.7 409 182.3 478 159.5 
347 364.2 408 243.7 477 245.9 
346 369.7 407 217.3 476 261.9 
345 370.0 406 217.4 475 236.8 
344 365.9 405 314.6 474 273.1 
343 344.7 404 337.4 473 244.1 
342 337.7 403 338.3 472 234.4 
341 367.6 402 342.6 471 199.1 
340 365.6 401 343.5 470 210.7 
339 370.3 400 339.4 469 215.0 
338 370.6 399 322.9 468 213.3 
337 366.4 398 327.3 467 199.8 
336 343.9 397 352.7 466 209.6 
335 336.9 396 351.5 465 208.6 
334 367.1 395 355.8 464 210.3 
332 370.0 394 360.4 463 205.3 
331 371.4 393 357.4 462 208.5 
330 366.5 392 330.5 461 209.3 
329 343.7 391 317.0 460 90.7 
328 315.3 390 342.6 459 198.8 327 341.4 389 341.0 458 200.6 
326 338.6 388 344.9 457 206.6 
325 344.9 387 348.4 456 202.6 
324 344.1 386 345.0 455 203.7 
323 340.8 385 320.9 454 194.3 
322 324.0 384 335.0 453 182.9 
321 326.7 383 362.2 451 191.0 
320 355.2 382 363.7 450 197.4 
319 352.1 381 369.2 449 197.8 
318 358.5 380 372.1 448 192.0 
317 357.5 379 367.8 447 198.0 
316 353.3 378 342.4 446 196.3 
315 333.4 377 331.6 445 202.3 
314 317 .5 376 360.0 444 210.3 
313 341.4 375 363.2 443 223.1 
312 339.8 374 367.8 442 217.4 
311 343.0 373 368.1 441 215.5 
310 344.4 372 365.3 440 229.3 
309 341.3 371 343.5 437 239.7 
308 323.2 370 335.7 436 237.7 
307 347.6 369 362.7 435 242.3 
306 376.9 368 365.8 434 255.2 
305 383.3 367 369.9 433 257.0 
304 387.3 366 372.4 432 260.0 
303 387.8 365 367.3 431 259.4 
302 382.5 364 342.6 430 252.9 
301 359.5 363 332.5 429 253.6 
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TABLE F-23: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 2/11/80 TIME: 9:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 300°F With Vacuum 

TIC No. Teml!~°F) TIC No. Teml!(OF 1 TIC No. Teml!{OFl 
362 392.6 428 302.4 492 284.9 
361 408.5 427 307.2 491 77 .2 
360 417.3 426 309.3 490 75.0 
359 417.6 425 308.0 489 77 .2 
358 416.8 424 305.8 488 75.8 
357 411.8 423 303.6 487 81.2 
356 314.2 422 302.5 486 130.6 
355 391. 6 421 304.7 485 
354 408.5 420 299.4 484 93.6 
353 415.2 419 297.3 483 105.7 
352 415.0 418 309.5 482 205.6 
351 414.6 417 305.4 481 179.7 
350 410.4 416 280.6 480 158.9 
349 354.4 415 277 .3 479 132.0 
348 392.1 409 280.0 478 202.4 
347 409.0 408 279.5 477 252.8 
346 417.3 407 247.9 476 279.4 
345 416.9 406 247.7 475 266.4 
344 417 .0 405 346.7 474 334.8 
343 413.1 404 374.0 473 317.6 
342 356.0 403 387.1 472 316.7 
341 394.0 402 393.7 471 275.1 
340 409.1 401 393.7 470 281.5 
339 416.4 400 469 282.2 
338 415.3 399 389.5 468 273.9 
337 415.6 398 353.5 467 250.9 
336 412.4 397 383.8 466 263.3 
335 355.4 396 397.2 465 259.9 
334 393.9 395 403.4 464 259.9 
332 415.6 394 402.9 463 250.6 
331 414.4 393 403.3 462 254.6 
330 413.4 392 397.7 461 256.2 
329 410.5 391 346.9 460 135.9 
328 345.0 390 376.6 459 241.8 
327 376.1 389 386.8 458 245.1 
326 386.9 388 393.0 457 253.2 
325 394.9 387 392.4 456 247.6 
324 394.8 386 391.6 455 253.6 
323 393.4 385 385.9 454 250.4· 
322 390.6 384 356.5 453 245.1 
321 349.6 383 390.8 451 250.0 
320 384.3 382 407.9 450 253.3 
319 398.0 381 415.8 449 249.8 
318 405.3 380 415:' . 448 240.8 
317 405.1 379 414.9 447 254.2 
316 404.4 378 410.0 446 266.5 
315 401.7 377 352.7 445 289.6 
314 344.4 376 389.5 444 297.1 
313 373.0 375 408.3 443 311.4 
312 384.9 374 415.8 442 302.9 
311 390.7 373 415.2 441 291.3 
310 390.3 372 415.1 440 287.1 
309 389.7 371 411.7 437 310.6 
308 388.2 370 356.5 436 299.1 
307 361.5 369 390.9 435 309.0 
306 401.1 368 408.3 434 302.0 
305 423.8 367 415.6 433 306.2 
304 432.0 366 414.3 432 310.2 
303 430.3 365 413.0 431 307.0 
302 429.8 364 409.4 430 301.7 
301 426.8 363 352.9 429 300.6 
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TABLE F-24: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 12/7/79 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 300°F With Helium 

TIC No. Tem~(OFl TIC No. Tem~(OFl TIC No. Tem~(OFl 
362 350.8 428 294.8 492 258.7 
361 361.3 427 297.8 491 79.0 
360 367.3 426 303.4 490 77 .4 
359 368.0 425 301.2 489 78.5 
358 371.2 424 301.6 488 77 .5 
357 365.3 423 297.6 487 86.0 
356 301.7 422 296.7 486 129.9 
355 351.0 421 298.4 485 
354 362.5 420 294.2 484 92.8 
353 366.3 419 292.6 483 106.3 
352 366.3 418 297.7 482 195.6 
351 369.4 417 295.5 481 175.8 
350 364.9 416 273.2 480 160.3 
349 324.9 415 270.8 479 132.3 
348 350.7 409 209.5 478 190.5 
347 361.4 408 270.8 477 215.8 
346 366.8 407 242.4 476 234.9 
345 367.0 406 242.0 475 240.4 
344 370.7 405 319.8 474 309.7 
343 366.1 404 337.4 473 299.4 
342 326.6 403 346.9 472 302.8 
341 352.7 402 350.3 471 260.4 
340 362.2 401 351.0 470 264.9 
339 366.6 400 353.3 469 263.8 
338 366.4 399 350.5 468 257.8 
337 370.2 398 324.7 467 241 .1 
336 365.4 397 346.1 466 251.9 
335 325.8 396 355.4 465 250.4 
334 352.3 395 359.2 464 252.9 
332 365.8 394 359.1 463 249.1 
331 365.2 393 362.7 462 257.6 
330 368.3 392 356.5 461 261. 3 
329 363.8 391 320.4 460 142.1 
328 319.5 390 340.8 459 249.4 
327 339.9 389 348.1 458 249.8 
326 345.6 388 351.7 457 257.4 
325 351.0 387 351.3 456 250.8 
324 351. 9 386 354.6 455 248.3 
323 355.0 385 347.7 454 234.3 
322 349.9 384 326.1 453 221.8 
321 322.8 383 349.9 451 249.4 
320 346.6 382 362.0 450 252.1 
319 355.0 381 366.8 449 246.2 
318 360.0 380 366.4 448 236.6 
317 360.3 379 369.4 447 246.4 
316 363.7 378 364.7 446 252.8 
315 359.3 377 323.0 445 271.0 
314 318.9 376 348.4 444 284.9 
313 338.3 375 361 .1 443 304.8 
312 345.6 374 365.7 442 296.4 
311 348.5 373 365.6 441 283.4 
310 348.5 372 369.3 440 279.3 
309 352.7 371 365.5 437 292.7 
308 348.6 370 326.0 436 287.9 
307 328.7 369 350.0 435 295.8 
306 356.0 368 361.7 434 298.8 
305 371.1 367 366.0 433 300.9 
304 376.3 366 365.6 432 305.7 
303 375.5 365 367.8 431 305.3 
302 378.4 364 363.2 430 296.9 
301 375.1 363 323.4 429 292.6 
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TABLE F-25: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: 343 

DATE: 1/14/80 TH1E: 10:30 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 300°F With Air 

TIC No. Teml!(OF 1 TIC No. Teml!(°F) TIC No. Teml!(OF) 
362 393.5 428 297.6 492 237.4 
361 395.9 427 302.2 491 73.5 
360 402.7 426 302.9 490 72.2 
359 401.5 425 301.6 489 74.6 
358 399.6 424 299.4 488 73.1 
357 384.3 423 298.1 487 83.6 
356 337.2 422 295.8 486 124.6 
355 394.6 421 297.7 485 
354 398.4 420 291.7 484 86.9 
353 403.2 419 290.0 483 108.5 
352 405.4 418 309.8 482 195.4 
351 402.0 417 303.6 481 177 .9 
350 384.7 416 276.6 480 156.3 
349 362.4 415 272 .8 479 130.4 
348 392.6 409 277.5 478 186.1 
347 396.3 408 279.3 477 241.5 
346 402.4 407 242.4 476 256.1 
345 402.1 406 242.7 475 222.0 
344 400.0 405 350.0 474 257.8 
343 385.2 404 371.8 473 267.4 
342 365.3 403 374.4 472 300.0 
341 395.4 402 379.4 471 276.1 
340 396.4 401 379.5 470 280.9 
339 402.3 400 376.0 469 276.5 
338 401.6 399 364.8 468 264.4 
337 399.1 398 361.2 467 247.6 
336 383.4 397 384.8 466 259.6 
335 365.6 396 386.0 465 255.3 
334 396.1 395 391.4 464 250.5 
332 402.5 394 393.7 463 244.1 
331 402.9 393 391.6 462 244.9 
330 399.2 392 372.4 461 247.7 
329 383.5 391 353.0 460 125.5 
328 347.1 390 376.4 459 236.4 
327 372.6 389 375.8 458 239.9 
326 372.9 388 381.0 457 246.3 
325 379.9 387 382.8 456 240.3 
324 378.9 386 379.6 455 248.6 
323 376.0 385 362.2 454 251.3 
322 364.5 384 366.3 453 246.2 
321 355.8 383 393.2 451 236.3 
320 383.2 382 397.2 450 241.3 
319 384.1 381 403.5 449 239.3 
318 390.9 380 404.7 448 230.5 
317 389.6 379 401.8 447 240.6 
316 386.5 378 384.0 446 246.0 
315 372.8 377 361.8 445 263.4 
314 350.4 376 391.0 444 281.8 
313 372.2 375 396.8 443 306.9 
312 372.7 374 402.2 442 299.4 
311 377 .5 373 401.5 441 285.2 
310 377 .6 372 400.4 440 281.5 
309 374.7 371 385.5 437 286.6 
308 363.2 370 366.7 436 287.5 
307 374.3 369 393.5 435 294.7 
306 405.0 368 398.2 434 294.8 
305 413.7 367 403.7 433 298.1 
304 419.0 366 404.9 432 300.2 
303 418.0 365 400.9 431 297.7 
302 415.3 364 383.8 430 296.4 
301 400.0 363 361.3 429 296.9 
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TABLE F-26: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 1/30/80 TIME: 6:30 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 400°F With Vacuum 

T /C No. Teml!(OFl T/C No. Teml!(OFl T /e No. Teml!(OF) 
362 465.1 428 395.2 492 382.4 
361 480.8 427 401.3 491 79.0 
360 490.5 426 403.6 490 76.4 
359 489.3 425 402.6 489 79.4 
358 487.6 424 400.1 488 76.9 
357 484.4 423 397.7 487 87.4 
356 389.8 422 398.0 486 161.9 
355 463.7 421 402.2 485 
354 480.9 420 397.2 484 103.0 
353 487.6 419 394.0 483 117.5 
352 485.8 418 400.9 482 275.9 351 484.9 417 398.9 481 246.4 
350 483.2 416 402.1 480 219.4 
349 433.3 415 399.0 479 175.6 
348 465.1 409 394.9 478 271.3 347 481.3 408 393.7 477 324.5 
346 490.6 407 364.9 476 342.4 
345 483.5 406 366.0 475 322.2 
344 488.0 405 426.3 474 401.3 343 486.0 404 449.0 473 386.3 
342 434.8 403 464.1 472 396.7 
341 466.5 402 471.8 471 357.1 
340 481.5 401 469.4 470 366.8 
339 489.5 400 469 375.5 
338 487.0 399 466.5 468 369.2 
337 486.8 398 431.3 467 348.4 
336 485.3 397 456.8 466 369.5 
335 434.1 396 471 .6 465 368.6 
334 466.3 395 478.5 464 368.1 
332 488.3 394 476.0 463 360.6 
331 485.8 393 475.6 462 368.5 
330 484.6 392 472.7 461 359.5 
329 483.3 391 426.6 460 220.4 
328 426.1 390 451.5 459 331.3 
327 452.2 389 463.1 458 335.0 
326 463.4 388 469.9 457 343.1 
325 472.9 387 467.0 456 336.4 
324, 470.6 386 465,7 455 348.9 
323 468.8 385 462.8 454 360.7 
322 467.7 384 433.9 453 360.1 
321 429.7 383 462.8 451 354.0 
320 458.7 382 480.4 450 359.5 
319 472.3 381 488.7 449 358.7 
318 480.8 380 486.6 448 352.3 
317 478.9 379 485.0 447 369.1 
316 477 .8 378 482.9 446 366.4 
315 476.7 377 431 .1 445 374.3 
314 425.5 376 461.8 444 375.4 
313 448.5 375 480.7 443 395.0 
312 461.4 374 489.1 442 391.2 
311 468.0 373 486.9 441 392.3 
310 465.8 372 485.8 440 402.4 
309 464.9 371 484.6 437 392.6 
308 465.1 370 434.1 436 386.1 
307 438.8 369 462.9 435 398.4 
306 471.6 368 480.6 434 394.9 
305 493.4 367 488.1 433 400.6 
304 502.1 366 485,4 432 405.7 
303 499.3 365 483.4 431 402.3 
302 497.6 364 482,2 430 393.5 
301 498.9 363 431.4 429 392.6 
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TABLE F-27: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B'13 

DATE: 12/11/7~ TI ME: 1 2 : 00 noon 
TEST CONDITIONS: Uniform Canister Temperature at 400°F With Helium 

TIC No. Tem~(OF) TIC No. Tem~(°F) T Ie No. Tem~(OFl 

362 454.2 428 407.9 492 
361 459.7 427 412.1 491 81.9 
360 468.7 426 415.4 490 79.2 
359 465.4 425 413.4 489 82.1 
358 459.9 424 412.6 488 78.9 
357 459.7 423 409.4 487 92.1 
356 385.8 422 407.0 486 163.4 
355 453.2 421 409.7 485 
354 460.2 420 406.5 484 107.3 
353 466.5 419 404.0 483 126.6 
352 462.3 418 415.4 482 283.3 
351 457.6 417 413.0 481 254.9 
350 459.3 416 417.1 480 222.1 
349 433.7 415 417.0 479 183.4 
348 454.0 409 347.7 478 286.2 
347 459.8 408 408.2 477 334.0 
346 468.4 407 379.8 476 354.0 
345 463.8 406 380.1 475 338.5 
344 459.4 405 429.6 474 414.3 
343 460.6 404 442.6 473 402.4 
342 434.9 403 448.5 472 414.5 
341 455.3 402 456.6 471 377 .6 
340 460.2 401 451.6 470 388.2 
339 467.5 400 444.7 469 392.1 
338 462.6 399 448.5 468 380.4 
337 458.6 398 433.0 467 357.0 
336 459.6 397 449.0 466 378.4 
335 434.4 396 454.3 465 374.6 
334 455.1 395 461.8 464 370.9 
332 466.5 394 456.9 463 365.5 
331 461. 7 393 452.6 462 373.7 
330 456.6 392 452.7 461 367.1 
329 458.3 391 429.6 460 223.8 
328 429.4 390 445.5 459 342.4 
327 445.6 389 448.3 458 345.1 
326 446.7 388 455.7 457 353.5 
325 456.3 387 450.7 456 280.6 
324 451. 7 386 445.4 455 362.2 
323 446.1 385 445.3 454 380.8 
322 447.1 384 434.4 453 383.1 
321 431.9 383 452.5 451 360.1 
320 450.6 382 460.1 450 361.4 
319 454.0 381 468.3 449 361.3 
318 462.3 380 463.5 448 361.6 
317 458.0 379 458.4 447 386.8 
316 452.9 378 459.6 446 382.9 
315 454.4 377 432.4 445 390.1 
314 428.5 376 451.5 444 391.4 
313 442.6 375 459.8 443 411.7 
312 446.0 374 467.8 442 408.7 
311 452.0 373 463.6 441 409.6 
310 448.0 372 458.5 440 419.9 
309 442.6 371 460.5 437 406.2 
308 445.6 370 434.2 436 397.0 
307 437.0 369 452.4 435 410.1 
306 457.8 368 459.6 434 400.2 
305 467.7 367 467.0 433 405.3 
304 475.7 366 462.3 432 409.8 
303 470.8 365 456.7 431 406.1 
302 465.8 364 458.0 430 407.1 
301 468.1 363 432.7 429 405.0 
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TABLE F-28: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 1/17/80 TIME: 3:52 p.m. 
TEST CONDITIONS: Uniform Canister Temperature at 400°F With Air 

TIC No. Teml!(OF) TIC No. Teml!(°F) TIC No. Teml!{OF) 
362 472.3 428 392.8 492 392.6 
361 477 .4 427 399.0 491 77 .2 
360 482.7 426 400.3 490 75.3 
359 481.0 425 399.7 489 78.2 
358 480.1 424 396.8 488 75.1 
357 472.8 423 394.7 487 88.3 
356 398.0 422 397.5 486 156.5 
355 470.7 421 400.4 485 
354 477.5 420 396.1 484 101.4 353 481.3 419 394.1 483 121 .7 352 479.6 418 408.1 482 275.4 351 478.2 417 404.7 481 247.7 350 471.2 416 409.2 480 212.3 349 443.2 415 408.2 479 171.4 348 472.0 409 402.3 478 279.2 347 477 .7 408 401.3 477 327.1 346 482.6 407 371.3 476 342.2 345 480.3 406 372 .1 475 329.0 344 480.2 405 435.1 474 406.8 343 473.8 404 455.0 473 392.9 342 444.6 403 400.4 472 407.4 341 473.2 402 464.3 471 367.1 
340 477 .4 401 462.3 470 376.9 339 481.8 400 458.8 469 381.2 
338 478.9 399 455.6 468 370.8 
337 478.5 398 440.8 467 348.1 
336 472.2 397 463.3 466 368.1 
335 444.0 396 487.7 465 366.4 
334 473.1 395 471.8 464 365.6 332 481.3 394 470.3 463 357.7 
331 478.8 393 469.2 462 364.3 
330 477 .1 392 461.0 461 356.2 
329 471.0 391 435.2 460 215.8 328 434.4 390 457.4 459 329.4 327 458.1 389 459.7 458 332.7 326 459.5 388 463.6 457 341.2 
325 464.7 387 461.3 456 334.8 324 462.2 386 459.0 455 346.4 
323 460.6 385 451.6 454 360.2 
322 456.1 384 444.2 453 358.9 321 438.7 383 469.8 451 341. 9 
320 465.0 382 476.9 450 349.6 
319 468.2 381 482.0 449 352.5 318 472.8 380 480.3 448 352.6 
317 470.1 379 478.5 447 375.6 
316 468.4 378 471 .3 446 369.6 315 463.6 377 441.4 445 373.3 314 433.7 376 469.0 444 376.0 313 454.3 375 477 .5 443 398.4 
312 457.8 374 481.8 442 398.7 
311 461.0 373 479.5 441 401.9 
310 458.4 372 479.1 440 413.9 
309 456.9 371 473.3 437 394.8 
308 453.4 370 444.2 436 385.6 
307 449.9 369 469.8 435 396.8 
306 479.4 368 477 .2 434 392.1 
305 490.5 367 481.8 433 397.8 
304 495.0 366 479.5 432 401.9 
303 492.3 365 477 .0 431 398.0 
302 490.8 364 470.4 430 390.5 
301 485.2 363 441.7 429 390.6 
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TABLE F-29: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: n43 

DATE : 12/20/79 TIME: 2:38 p.m. 
TEST CONDITIONS: Uniform Canister Temperature at 500°F With Vacuum 

TIC No. Tem~(OF ) TIC No. Temp(OF ) TIC No. Tem~(OFl 

362 548.0 428 488.0 492 573.4 
361 554.8 427 494.4 491 84.9 
360 561. 7 426 497.0 490 80.9 
359 559.1 425 496.0 489 85.8 
358 558.4 424 493.8 488 81.5 
357 560.1 423 491.2 487 92.6 
356 459.0 422 494.4 486 196.8 
355 545.9 421 498.7 485 
354 554.5 420 494.8 484 115.2 
353 558.4 419 492.3 483 126.6 
352 555.3 418 503.8 482 355.8 
351 556.0 417 500.8 481 328.4 
350 558.8 416 501.5 480 272.9 
349 524.0 415 497.2 479 228.8 
348 547.7 409 432.1 478 351 .4 
347 555.0 408 493.4 477 347.6 
346 561.5 407 471.0 476 373.5 
345 558.0 406 476.9 475 375.4 
344 558.9 405 519.4 474 466.8 
343 561.3 404 535.1 473 461.2 
342 525.2 403 542.2 472 486.5 
341 548.8 402 547.8 471 456.5 
340 555.1 401 543.5 470 466.8 
339 560.1 400 541.0 469 486.5 
338 556.3 399 546.9 468 486.2 
337 557.7 398 522.8 467 461.0 
336 560.3 397 540.9 466 477 .1 
335 524.4 396 547.5 465 479.0 
334 548.6 395 552.3 464 477.5 
332 559.0 394 548.2 463 464.1 
331 555.2 393 549.3 462 465.3 
330 555.8 392 551.1 461 461.1 
329 558.6 391 519.1 460 325.7 
328 519.0 390 537.3 459 435.1 
327 538.1 389 540.9 458 435.3 
326 540.9 388 545.6 457 444.5 
325 547.9 387 540.8 456 428.9 
324 544.0 386 541.3 455 443.2 
323 543.6 385 543.2 454 464.2 
322 547.1 384 524.6 453 466.1 
321 521.5 383 545.5 451 447.8 
320 543.1 382 554.5 450 457.3 
319 547.8 381 560.4 449 463.6 
318 554.0 380 556.8 448 460.0 
317 550.3 379 556.4 447 482.1 
316 550.7 378 558.9 446 476.8 
315 553.9 377 522.6 445 483.7 
314 518.2 376 544.9 444 480.3 
313 534.4 375 554.3 443 500.9 
312 539.3 374 560.7 442 499.6 
311 542.9 373 557.1 441 502.3 
310 539.2 372 557.1 440 511.8 
309 539.8 371 560.4 437 483.2 
308 544.5 370 524.4 436 486.9 
307 527.9 369 545.3 435 500.7 
306 552.5 368 554.4 434 491.5 
305 564.3 367 559.3 433 497.9 
304 570.3 366 555.3 432 503.0 
303 566.1 365 555.0 431 498.5 
302 566.1 364 558.2 430 486.4 
301 569.5 363 522.7 429 485.1 
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TABLE F-30: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 12/17/79 TIME: 1:30 p.m. 
TEST CONDITIONS: Uniform Canister Temperature at 500°F With Helium 

TIC No. Tem~{OFl TIC No. Tem~(OF) TIC No. Tem~{OFl 
362 535.5 428 485.6 492 
361 538.9 427 491.4 491 83.3 
360 544.6 426 495.4 490 79.7 
359 538.8 425 493.8 489 85.6 
358 538.0 424 492.7 488 80.9 
357 543.6 423 488.8 487 90.0 
356 441. 3 422 494.4 486 193.8 
355 533.5 421 498.8 485 
354 538.7 420 495.9 484 120.9 353 541.2 419 493.3 483 122.2 
352 534.8 418 499.7 482 353.7 351 535.8 417 496.8 481 325.6 
350 542.5 416 495.5 480 275.0 
349 515.9 415 491.9 479 224.7 
348 535.3 409 426.3 478 348.4 
347 538.9 408 487.8 477 343.0 
346 544.1 407 464.1 476 374.4 
345 537.1 406 469.4 475 371.0 
344 538.1 405 512.8 474 462.7 
343 544.2 404 525.1 473 454.0 
342 516.7 403 529.6 472 477 .3 341 536.0 402 534.1 471 450.3 
340 539.0 401 526.6 470 463.9 
339 542.7 400 524.3 469 484.0 
338 535.6 399 534.1 468 483.6 
337 537.4 398 515.1 467 462.4 
336 543.4 397 530.0 466 481. 6 
335 516.0 396 533.7 465 480.3 
334 535.9 395 537.4 464 474.9 
332 541.4 394 530.0 463 464.2 
331 534.5 393 531.4 462 469.8 
330 535.4 392 537.2 461 455.4 
329 542.0 391 511.9 460 304.1 328 512.4 390 527.3 459 423.4 327 528.1 389 528.7 458 425.3 326 527.9 388 531.9 457 434.5 325 533.7 387 524.1 456 412.2 324 526.4 386 524.9 455 442.3 
323 526.5 385 530.8 454 461.5 322 533.1 384 516.5 453 460.2 321 514.2 383 533.3 451 449.8 320 532.1 382 538.8 450 459.6 319 533.8 381 543.5 449 465.5 318 538.4 380 536.6 448 458.7 
317 531.8 379 536.5 447 482.3 316 532.2 378 543.0 446 476.7 315 539.0 377 514.8 445 485.7 314 510.9 376 532.7 444 478.7 
313 524.6 375 539.0 443 498.1 312 526.5 374 543.6 442 493.9 311 528.7 373 537.0 441 495.9 310 522.0 372 536.9 440 505.0 
309 523.1 371 544.1 437 477 .8 308 530.9 370 516.1 436 485.4 
307 519.0 369 533.0 435 497.9 306 538.0 368 538.4 434 489.6 
305 546.1 367 541.9 433 496.6 
304 550.4 366 535.0 432 502.0 
303 543.4 365 535.0 431 497.7 
302 542.9 364 542.0 430 484.4 
301 550.6 363 515.0 429 482.0 
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TABLE F-31: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: B43 

DATE: 1/24/80 TIME: 8:30 a.m. 
TEST COND IT IONS: Uniform Canister Temperature at 500°F With Air -

TIC No. Tem~(OFl TIC No. Tem~(OF) TIC No. Tem~(OF) 

362 552.9 428 488.3 492 571.7 
361 559.4 427 496.3 491 75.4 
360 566.0 426 499.2 490 73.7 
359 563.8 425 498.8 489 77.6 
358 565.2 424 495.9 488 75.1 
357 561.0 423 492.7 487 82.4 
356 444.7 422 493.5 486 190.3 
355 549.8 421 499.7 485 
354 558.5 420 496.2 484 116.8 
353 562.5 419 492.2 483 112.5 
352 560.2 418 503.2 482 352.0 
351 562.4 417 499.3 481 324.0 
350 558.9 416 498.8 480 278.5 
349 527.3 415 493.9 479 223.6 
348 552.3 409 492.7 478 356.4 
347 559.5 408 491.9 477 335.0 
346 565.7 407 467.6 476 361.5 
345 562.8 406 472.9 475 358.3 
344 565.3 405 522.5 474 455.1 
343 562.2 404 539.2 473 449.2 
342 527.9 403 546.0 472 474.9 
341 552.8 402 551.4 471 446.8 
340 559.3 401 548.1 470 459.5 
339 564.1 400 547.4 469 483.1 
338 560.9 399 547.4 468 487.8 
337 563.6 398 525.7 467 465.2 
336 561.1 397 544.7 466 480.3 
335 527.0 396 551.1 465 483.1 
334 552.5 395 555.6 464 482.9 
332 563.1 394 552.5 463 472.0 
331 560.1 393 555.4 462 477 .2 
330 562.0 392 551.1 461 469.3 
329 559.4 391 521.0 460 332.0 
328 521.2 390 540.2 459 437.8 
327 541.4 389 543.9 458 439.5 
326 544.9 388 548.4 457 449.5 
325 551.4 387 544.8 456 439.5 
324 548.1 386 546.8 455 448.8 
323 549.4 385 543.1 454 463.8 . 
322 548.0 384 528.2 453 459.5 
321 523.8 383 550.2 451 455.9 
320 546.3 382 558.7 450 464.5 
319 551. 7 381 564.4 449 466.6 
318 557.1 380 561.5 448 455.6 
317 554.1 379 563.1 447 479.3 
316 555.5 378 559.7 446 472.5 
315 554.3 377 526.3 445 483.4 
314 519.0 376 549.8 444 475.7 
313 536.5 375 559.4 443 499.6 
312 542.1 374 564.9 442 496.4 
311 546.0 373 561.9 441 500.2 
310 543.1 372 564.1 440 509.3 
309 545.6 371 561.5 437 473.7 
308 544.9 370 527.5 436 485.1 
307 532.1 369 549.6 435 496.6 
306 557.6 368 558.5 434 495.6 
305 569.8 367 563.4 433 502.9 
304 575.1 366 560.2 432 507.5 
303 571.7 365 561.5 431 503.5 
302 573.2 364 558.6 430 485.7 
301 571.0 363 526.4 429 485.0 
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TABLE F-32: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: D15 

DATE: 9/30/80 TIME: 12:00 noon 
TEST CONDITIONS: Band Heaters Off With Vacuum 

T /C No. Tem(!(OF~ TIC No. Tem(!(OF 1 TIC No. Tem(!(OF) 
362 442.5 428 305.0 492 91. 9 
361 480.2 427 309.1 491 85.2 
360 493.3 426 311.8 490 84.5 
359 493.0 425 308.8 489 85.5 
358 485.2 424 306.6 488 84.8 
357 459.2 423 305.8 487 84.6 
356 351.3 422 300.2 486 99.3 
355 441. 5 421 302.3 485 98.1 
354 481.8 420 293.9 484 101.9 
353 492.0 419 292.8 483 085.0 
352 492.5 418 237.2 482 119.4 
351 483.6 417 235.1 481 118.4 
350 459.6 416 186.9 480 132.2 
349 364.2 415 180.9 479 123.8 
348 443.5 409 191.6 478 136.0 
347 481.6 408 191.8 477 87.2 
346 494.7 407 169.1 476 87.6 
345 493.7 406 168.7 475 88.5 
344 486.2 405 341.7 474 92.7 
343 461.2 404 407.8 473 96.0 
342 367.6 403 443.9 472 104.0 
341 447.3 402 454.1 471 112.6 
340 483.3 401 454.6 470 125.1 
339 494.3 400 445.5 469 138.1 
338 493.5 399 422.6 468 150.2 
337 485.4 398 356.0 467 161.8 
336 463.4 397 426.2 466 173.8 
335 365.0 396 461. 7 465 184.6 
334 446.7 395 471.4 464 189.5 
332 493.8 394 471.5 463 201.0 
331 492.2 393 464.9 462 206.8 
330 483.4 392 437.6 461 212.0 
329 460.5 391 342.6 460 128.7 
328 343.6 390 412.2 459 213.5 
327 413.9 389 444.7 458 217.3 
326 446.0 388 455.7 457 216.7 
325 459.4 387 456.5 456 214.3 
324 459.8 386 447.7 455 219.8 
323 449.7 385 419.5 454 210.4 
322 426.3 384 363.2 453 201.9 
321 355.2 383 438.4 451 212.4 320 430.7 382 478.9 450 216.5 319 465.1 381 389.0 449 218.2 318 478.0 380 489.0 448 211. 9 317 478.2 379 481.2 447 216.8 316 469.8 378 456.8 446 209.3 315 445.2 377 355.9 445 208.5 314 342.8 376 436.5 444 198.9 
313 410.9 375 478.9 443 201.1 312 445.2 374 490.2 442 191.0 
311 455.9 373 488.8 441 186.6 310 457.0 372 482.1 440 184.2 
309 447.3 371 458.9 437 159.1 
308 425.3 370 363.7 436 213.0 
307 375.9 369 440.0 435 215.7 
306 458.9 368 481.0 434 288.7 
305 503.7 367 491.0 433 289.8 
304 516.6 366 490.0 432 293.7 
303 513.6 365 480.4 431 294.3 
302 505.5 364 458.4 430 305.4 
301 483.0 363 358.3 429 303.7 
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TABLE F-33: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: D 15 

DATE: 10/3/80 TIME: 8:00 a.m. 
TEST CDND IT IONS: Band Heaters Off With Helium 

T /C No. Tem~(OFl T /C No. Temp(OF 1 TIC No. Tem~(OFl 

362 393.5 428 304.0 492 91. 6 
361 418.4 427 305.6 491 86.3 
360 430.6 426 312.3 490 85.2 
359 427.1 425 307.0 489 86.3 
358 416.5 424 308.4 488 85.3 
357 381.1 423 304.1 487 85.0 
356 319.0 422 298.8 486 101.6 
355 392.9 421 301.1 485 101. 5 
354 420.5 420 294.2 484 99.0 
353 430.2 419 292.4 483 85.3 
352 428.1 418 243.3 482 119.1 
351 416.0 417 238.8 481 118.7 
350 381.6 416 194.2 480 133.8 
349 330.6 415 188.0 479 127.2 
348 393.3 409 201 .1 478 136.6 
347 418.7 408 202.5 477 87.2 
346 430.6 ~·07 175.4 476 87.8 
345 427.2 406 175.3 475 88.5 
344 416.6 405 313.9 474 92.1 
343 381.8 404 368.2 473 95.1 
342 334.2 403 391 .1 472 102.2 
341 397.2 402 398.8 471 109.8 
340 420.3 401 397.2 470 121.8 
339 430.9 400 386.1 4·69 134.2 
338 427.8 399 354.4 468 146.4 
337 417.0 398 328.7 467 158.2 
336 384.0 397 384.4 466 170.3 
335 331.2 396 407.1 465 181.6 
334 396.5 395 416.1 464 187.2 
332 430.6 394 413.4 463 199.3 
331 426.7 393 403.2 462 205.3 
330 415.1 392 366.2 461 210.5 
329 381. 6 391 315.5 460 126.8 
328 314.6 390 372.6 459 213.9 
327 370.9 389 393.7 458 216.9 
326 390.4 388 404.1 457 215.9 
325 402.6 387 402.0 456 214.0 
324 401.0 386 389.9 455 219.5 
323 388.7 385 351.5 454 212.0 
322 356.3 384 332.4 453 203.4 
321 325.2 383 392.1 451 213.5 
320 384.9 382 419.0 450 218.5 
319 406.7 381 428.0 449 220.8 
318 419.7 380 425.0 448 215.5 
317 416.9 379 413.8 447 219.0 
316 405.8 378 379.7 446 213.2 
315 371. 0 377 324.6 445 211.0 
314 313.5 376 389.0 444 202.7 
313 368.9 375 418.0 443 203.3 
312 391.5 374 427.2 442 195.5 
311 401.5 373 423.7 441 190.6 
310 400.2 372 413.6 440 189.5 
309 388.6 371 380.9 437 148.7 
308 356.0 370 331.4 436 205.5 
307 339.1 369 392.4 435 207.4 
306 404.6 368 419.8 434 286.5 
305 436.2 367 429.0 433 287.1 
304 447.7 366 426.1 432 291.9 
303 442.5 365 413.1 431 292.9 
302 431. 5 364 380.2 430 306.6 
301 398.9 363 326.8 429 300.7 
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TABLE F-34: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA. 
FUEL ASSEMBLY: D15 

DATE: 9/26/80 TIME: 3:00 a.m. 
TEST CONDITIONS: Band Heaters Off With Air 

TIC No. Tem~(OFl TIC No. Te!!)l!{OFl TIC No. Tem2{OFl 
362 459.9 428 293.2 492 90.5 
361 451.0 427 295.9 491 86.2 
360 458.7 426 295.6 490 85.2 
359 456.7 425 294.7 489 85.9 
358 440.8 424 293.8 488 85.1 
357 383.3 423 296.3 487 84.7 
356 406.7 422 303.1 486 99.3 
355 462.5 421 296.1 485 99.3 
354 463.7 420 290.0 484 99.3 
353 462.1 419 297.3 483 85.0 
352 465.0 418 266.3 482 114.6 
351 443.9 417 280.1 481 114.4 
350 385.0 416 210.2 480 129.9 
349 421. 5 415 202.9 479 125.2 
348 462.8 409 227.2 478 141. 7 
347 458.9 408 231. 5 477 86.7 
346 463.7 407 189.4 476 87.2 
345 464.1 406 190.4 475 87.7 
344 446.1 405 380.2 474 90.9 
343 387.2 404 415.7 473 93.5 
342 425.8 403 411.8 472 99.6 
341 467.7 402 417.5 471 106.2 
340 467.0 401 417.1 470 116.2 
339 468.9 400 404.0 469 127.6 
338 469.0 399 357.2 468 138.4 
337 449.1 398 403.3 467 148.9 
336 389.5 397 441. 5 466 160.1 
335 422.5 396 428.9 465 171.1 
334 467.7 395 434.7 464 176.7 
332 466.8 394 437.2 463 188.8 
331 467.0 393 423.7 462 194.9 
330 445.9 392 366.7 461 200.8 
329 387.4 391 387.4 460 118.5 
328 392.1 390 426.8 459 205.5 
327 429.3 389 418.0 458 208.1 
326 422.0 388 421.6 457 206.4 
325 428.8 387 425.0 456 205.0 
324 428.5 386 409.6 455 210.7 
323 411. 4 385 354.8 454 204.3 
322 359.8 384 416.8 453 198.0 
321 409.7 383 455.7 451 208.1 
320 450.4 382 448.5 450 212.7 
319 447.7 381 452.7 449 216.1 
318 452.9 380 454.4 448 214.8 
317 453.1 379 438.4 447 218.7 
316 433.7 378 382.7 446 214.9 
315 375.2 377 412.5 445 211.6 
314 391.4 376 453.2 444 212.7 
313 430.6 375 449.2 443 210.9 
312 430.5 374 454.2 442 202.0 
311 429.5 373 452.4 441 198.7 
310 431.4 372 438.8 440 201.1 
309 412.1 371 384.9 437 137.6 
308 359.0 370 418.3 436 190.5 
307 439.5 369 458.8 435 19l. 5 
306 480.5 368 456.6 434 271.7 
305 483.2 367 457.8 433 274.0 
304 485.1 366 459.4 432 276.5 
303 483.9 365 440.0 431 276.8 
302 464.1 364 384.5 430 294.5 
301 406.0 363 416.6 429 293.6 
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TABLE F-3S: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DIS 

DATE: 1/5/81 TIME: 8:00 a.m. 
TEST CONDITIONS: Band Heaters Off With Air (Rerun) 

TIC No. Teml!(OF l TIC No. Temp(OF l TIC No. Temp(OFl 
362 438.0 428 270.0 492 80.5 361 436.2 427 274.3 491 77.3 
360 439.9 426 275.3 490 76.0 359 438.4 425 274.8 489 77 .5 
358 414.2 424 270.7 488 76.4 
357 351.6 423 270.7 487 75.3 
356 381.2 422 272.0 486 88.8 
355 431. 2 421 279.2 485 88.7 
354 423.7 420 273.5 484 89.1 353 430.0 419 268.0 483 75.6 
352 433.3 418 254.4 482 102.4 351 412.5 417 249.6 481 102.3 
350 353.4 416 194.9 480 116.0 349 398.6 415 185.5 479 112.8 
348 435.9 409 211. 2 478 126.7 
347 431.1 408 213.8 477 77.5 
346 436.8 407 173.7 476 78.0 345 436.7 406 174.5 475 78.2 
344 414.1 405 365.6 474 81.3 
343 353.6 404 401.9 473 83.5 
342 398.7 403 401.5 472 89.0 
341 436.2 402 400.1 471 94.7 
340 425.4 401 398.4 470 104.0 
339 432.7 400 377 .6 469 113.9 
338 433.7 399 326.4 468 123.5 
337 413.3 398 380.6 467 133.0 
336 355.2 397 418.0 466 143.0 
335 395.3 396 413.5 465 153.0 
334 434.0 395 414.3 464 158.6 
332 431.0 394 415.1 463 169.8 
331 432.4 393 395.4 462 175.5 
330 411.8 392 336.0 461 180.9 
329 354.5 391 363.5 460 103.2 
328 368.4 390 399.2 459 185.4 
327 403.3 389 390.5 458 187.9 
326 393.7 388 396.7 457 187.5 
325 401.9 387 399.7 456 185.8 
324 401.9 386 380.9 455 190.5 
323 380.9 385 325.4 454 187.2 
322 328.6 384 395.1 453 178.7 
321 383.1 383 432.9 451 187.8 
320 419.6 382 433.0 450 196.7 
319 406.5 381 432.1 449 198.1 
318 416.1 380 431.4 448 195.2 
317 418.1 379 409.4 447 199.6 
316 397.8 378 350.3 446 196.8 
315 341.5 377 393.6 445 196.8 
314 360.0 376 433.4 444 189.2 
313 392.7 375 436.1 443 193.9 
312 385.4 374 435.6 442 187.4 
311 393.8 373 432.4 441 185.2 
310 396.3 372 410.6 440 186.8 
309 380.3 371 352.0 437 123.6 
308 328.8 370 394.8 436 171.7 
307 417.1 369 431.1 435 172.5 
306 453.0 368 428.4 434 247.6 
305 455.5 367 431.2 433 249.1 
304 457.4 366 431.9 432 250.8 
303 455.8 365 409.6 431 251.3 
302 431.3 364 352.7 430 268.6 
301 371.7 363 397.5 429 269.2 
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TABLE F-36: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA. 
FUEL ASSEMBLY: DIS 

DATE: 12/31/80 TIME: 4:00 p.m. 
TEST CONDITIONS: Electrically Heated Drywell Test Canister Profile With Vacuum 

TIC No. Tem(!(OFl T/C No. T!!!!I!(OF 1 T/C No. T!!!!l!(OF} 
362 464.0 428 345.5 492 101. 5 361 494.2 427 352.3 491 80.1 360 505.7 426 356.1 490 78.0 359 508.3 425 354.9 489 80.0 358 503.7 424 352.2 488 78.0 357 477.7 423 349.8 487 77.0 356 374.0 422 341.1 486 114.3 355 463.5 421 344.5 485 114.3 354 496.5 420 336.1 484 98.6 353 505.0 419 334.0 483 78.1 352 507.4 418 300.9 482 159.2 351 502.3 417 291.3 481 159.6 350 478.1 416 238.1 480 160.0 349 396.2 415 232.3 479 136.9 348 464.4 409 242.2 478 162.6 347 495.4 408 242.5 477 86.9 
346 506.8 407 216.2 476 87.6 
345 508.6 406 215.5 475 91.2 
344 504.3 405 380.0 474 104.1 343 478.9 404 434.9 473 115.8 
342 398.5 403 463.2 472 146.6 
341 467.2 402 471.6 471 194.7 
340 ·496.1 401 474.5 470 248.6 
339 506.5 400 469.2 469 246.9 
338 508.0 399 445.6 468 230.2 
337 503.5 398 392.5 467 225.7 
336 480.9 397 451.2 466 231.7 
335 396.7 396 478.9 465 240.3 
334 467.0 395 486.9 464 247.2 
332 506.1 394 489.3 463 270.7 
331 506.9 393 485.9 462 288.7 
330 501.9 392 458.9 461 287.5 
329 478.6 391 381.1 460 188.3 328 379.3 390 439.0 459 280.6 327 438.7 389 464.4 458 283.3 326 464.1 388 473.0 457 286.5 
325 475.6 387 476.0 456 281.7 324 478.9 386 471.4 455 292.2 
323 472.5 385 443.5 454 273.5 
322 448.8 384 397.6 453 243.0 
321 387.8 383 461.7 451 254.5 320 452.5 382 494.1 450 269.3 319 480.3 381 503.0 449 273.4 318 491.6 380 504.3 448 264.2 317 494.6 379 500.0 447 268.8 316 489.9 378 475.4 446 275.6 315 465.2 377 390.6 445 289.2 314 378.1 376 459.4 444 284.5 313 435.6 375 493.8 443 287.1 312 463.5 374 503.6 442 266.3 
311 472.0 373 504.2 441 244.7 310 475.6 372 500.5 440 236.9 309 471.1 371 476.7 437 217.3 308 448.2 370 397.7 436 286.9 
307 406.8 369 462.4 435 290.4 
306 478.0 368 495.7 434 339.0 
305 515.3 367 504.3 433 340.9 
304 526.7 366 505.1 432 343.8 
303 526.0 365 499.2 431 344.2 
302 520.8 364 476.9 430 346.2 
301 498.3 363 391.8 429 343.2 
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TABLE F-37: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 12/19/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Electrically Heated Drvwell Test Canister Profile With Helium 

T /C No. Tem~(°F) TIC No. Temp(°F) TIC No. Tem~(OFl 

362 411.7 428 349.6 492 104.0 
361 435.4 427 354.0 491 79.5 
360 449.0 426 360.8 490 77.5 
359 452.1 425 356.8 489 79.5 
358 446.7 424 357.1 488 77.4 
357 422.8 423 351.4 487 76.1 
356 348.1 422 343.4 486 114.2 
355 419.6 421 345.4 485 115.8 
354 442.1 420 334.6 484 98.0 
353 450.7 419 333.3 483 77 .3 
352 452.8 418 312.7 482 163.5 
351 446.0 417 291.7 481 163.6 
350 423.3 416 245.6 480 159.3 
349 359.1 415 240.9 479 138.6 
348 411.2 409 251.1 478 165.2 
347 436.1 408 256.0 477 87.9 
346 449.0 407 222.0 476 89.5 
345 451.3 406 222.2 475 93.2 
344 446.1 405 355.2 474 111.8 
343 422.8 404 393.5 473 127.0 
342 364.1 403 414.6 472 158.0 
341 415 . .8 402 424.0 471 190.9 
340 438.1 401 427.4 470 233.1 
339 449.3 400 420.3 469 241.6 
338 451.5 399 400.2 468 240.9 
337 446.6 398 373.3 467 241.8 
336 424.9 397 413.5 466 249.3 
335 368.0 396 431.5 465 258.7 
334 418.9 395 439.6 464 261.8 
332 449.6 394 441.4 463 266.1 
331 450.8 393 435.1 462 269.2 
330 444.7 392 410.9 461 279.5 
329 422.9 391 366.7 460 196.1 
328 344.2 390 406.0 459 288.8 
327 391.5 389 420.8 458 290.9 
326 412.2 388 429.0 457 294.9 
325 425.5 387 431.1 456 288.8 
324 429.7 386 423.8 455 296.5 
323 422.6 385 398.5 454 276.9 
322 401.8 384 372.6 453 246.3 
321 353.7 383 417 .3 451 260.6 
320 403.8 382 440.0 450 274.0 
319 426.3 381 449.4 449 276.1 
318 439.3 380 450.5 448 267.4 
317 442.8 379 444.1 447 271. 9 
316 437.1 378 421.3 446 284.2 
315 414.4 377 361.7 445 299.8 
314 356.3 376 411.3 444 294.5 
313 397.0 375 436.9 443 286.7 
312 415.3 374 447.5 442 270.7 
311 424.6 373 449.0 441 248.3 
310 428.2 372 443.5 440 242.2 
309 423.1 371 421. 9 437 217.3 
308 401.9 370 374.4 436 286.5 
307 373.3 369 419.2 435 289.5 
306 424.5 368 441.3 434 338.8 
305 452.6 3~7 449.8 433 340.1 
304 464.0 366 451.1 432 344.2 
303 464.3 365 443.0 431 344.3 
302 457.8 364 421.8 430 351.1 
301 436.8 363 357.4 429 345.2 
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TABLE F-38: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 12/10/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Drywe11 Canister Profile With Vacuum 

T /C No. Tem~(OFl T/C No. Tem~(OF 1 T /C No. Teml!(OF) 
362 435.4 428 315.3 492 95.1 
361 473.3 427 321. 0 491 80.9 
360 488.7 426 323.3 490 78.9 
359 491.6 425 320.9 489 80.7 
358 488.4 424 318.1 488 78.9 
357 468.1 423 317.0 487 77 .3 
356 344.4 422 301.1 486 107.5 
355 435.7 421 302.3 485 108.8 
354 475.6 420 295.7 484 96.2 
353 483.4 419 294.9 483 78.0 
352 491.1 418 236.9 482 144.9 
351 487.4 417 240.1 481 145.4 
350 486.5 416 190.1 480 142.0 
349 361.4 415 185.4 479 127.4 
348 437.1 409 195.3 478 134.5 
347 475.3 408 195.6 477 84.3 
346 490.4 407 173.7 476 85.4 
345 492.1 406 173.4 475 87.2 
344 489.2 405 338.0 474 97.6 
343 469.3 404 401.6 473 106.6 
342 365.1 403 438.2 472 129.6 
341 441.0 402 451. 6 471 163.2 
340 476.9 401 455.0 470 202.0 
339 490.4 400 451.4 469 209.2 
338 491.7 399 434.3 468 206.5 
337 488.7 398 351.8 467 207.5 
336 471.4 397 419.6 466 214.2 
335 362.7 396 455.5 465 224.5 
334 440.3 395 468.6 464 229.3 
332 489.5 394 471. 5 463 235.0 
331 490.5 393 469.8 462 236.0 
330 486.7 392 448.3 461 239.5 
329 469.2 391 340.2 460 152.7 
328 341. 9 390 405.7 459 241.8 
327 409.2 389 439.6 458 244.9 
326 441.1 388 453.5 457 246.4 
325 457.0 387 457.4 456 242.2 
324 460.1 386 453.9 455 249.9 
323 455.0 385 432.2 454 237.0 
322 437.5 384 358.7 453 215.0 
321 353.6 383 431.4 451 220.7 
320 425.1 382 472.2 450 228.4 
319 459.7 381 485.6 449 227.2 
318 474.4 380 487.4 448 218.7 
317 477.5 379 484.7 447 222.0 
316 473.8 378 465.6 446 214.8 
315 455.0 377 351.9 445 213.1 
314 341. 7 376 429.3 444 205.3 
313 406.7 375 472.0 443 204.6 
312 440.2 374 486.2 442 195.9 
311 453.3 373 487.2 441 190.0 
310 456.9 372 485.1 440 187.3 
309 453.5 371 467.1 437 194.9 
308 437.0 370 360.4 436 260.5 
307 372.5 369 433.2 435 263.4 
306 451. 2 368 474.2 434 311. 1 
305 496.1 367 487.1 433 312.7 
304 510.8 366 488.5 432 315.9 
303 510.9 365 484.0 431 316.2 
302 506.6 364 467.2 430 315.4 
301 489.5 363 355.0 429 313.4 
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TABLE F-39: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 12/14/80 TIME: 4:00 a.m. 
TEST CONDITIONS: Drywell Canister Profile With Helium 

TIC No. Tem~(OFl Tie No. TemWFl TIC No. Tem~(OFl 

362 380.3 428 316.2 492 95.2 
361 408.3 427 319.2 491 79.1 
360 423.7 426 325.7 490 77 .4 
359 426.0 425 321.1 489 79.1 
358 422.9 424 321. 8 488 77.3 
357 401.0 423 317.0 487 75.9 
356 306.3 422 301.3 486 107.0 
355 382.8 421 302.7 485 108.5 
354 412.1 420 297.4 484 93.4 
353 424.5 419 296.4 483 76.6 
352 426.5 418 240.9 482 145.8 
351 422.3 417 242.5 481 146.4 
350 401. 5 416 193.2 480 140.9 
349 321.4 415 188.8 479 126.9 
348 381. 2 409 198.9 478 134.3 
347 409.4 408 200.2 477 83.5 
346 424.1 407 176.4 476 84.6 
345 425.6 406 176.3 475 86.6 
344 422.4 405 305.5 474 97.8 
343 401.0 404 356.5 473 107.6 
342 325.7 403 383.8 472 132.6 
341 385.8 402 395.5 471 170.6 
340 411. 3 401 398.7 470 213.7 
339 424.8 400 395.0 469 217 .4 
338 426.0 399 375.7 468 209.4 
337 423.2 398 320.0 467 208.6 
336 403.2 397 374.4 466 214.8 
335 323.7 396 399.7 465 223.2 
334 385.4 395 411.7 464 226.8 
332 424.3 394 413.8 463 232.9 
331 424.9 393 410.4 462 235.7 
330 421.0 392 388.3 461 239.9 
329 401.2 391 308.9 460 153.4 
328 307.6 390 364.2 459 243.7 
327 361. 3 389 387.4 458 246.5 
326 383.8 388 400.5 457 248.6 
325 399.3 387 403.1 456 244.4 
324 402.3 386 398.7 455 252.2 
323 397.5 385 375.1 454 238.7 
322 378.5 384 322.6 453 215.7 
321 317 .9 383 379.9 451 221.7 
320 374.5 382 409.8 450 229.8 
319 399.3 381 422.4 449 228.3 
318 414.4 380 423.6 448 219.8 
317 416.6 379 420.1 447 223.9 
316 413.0 378 399.3 446 216.5 
315 392.1 377 314.8 445 215.2 
314 309.0 376 376.0 444 209.5 
313 361.3 375 408.1 443 209.7 
312 385.5 374 421.1 442 200.2 
311 397.8 373 422.3 441 192.8 
310 400.7 372 419.6 440 190.4 
309 397.9 371 399.9 437 196.4 
308 378.7 370 322.7 436 262.3 
307 329.0 369 381.2 435 265.2 
306 391.1 368 410.6 434 309.9 
305 425.0 367 422.9 433 311.2 
304 439.0 366 424.2 432 315.3 
303 439.0 365 419.2 431 315.7 
302 434.8 364 399.9 430 318.0 
301 415.9 363 316.9 429 317.0 
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TABLE F-40: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 12/8/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Drywe11 Canister Profile With Air 

T /C No. Tem~(OF} T/C No. Temp(OF } T/C No. Te!!!l!(OF} 
362 459.2 428 324.1 492 96.4 361 460.0 427 328.9 491 80.6 360 465.4 426 325.6 490 78.5 359 459.6 425 320.3 489 80.6 358 450.3 424 316.5 488 78.6 357 418.0 423 316.6 487 77 .2 356 400.2 422 318.7 486 109.7 355 462.0 421 319.6 485 110.9 354 469.4 420 303.8 484 95.1 353 474.6 419 304.8 483 78.0 352 477 .8 418 285.6 482 149.7 351 467.3 417 278.0 481 150.3 350 425.9 416 218.6 480 146.8 
349 415.4 415 212.6 479 131.4 348 459.2 409 233.3 478 142.6 347 459.1 408 240.9 477 84.8 346 464.4 4·07 197.0 476 85.8 345 462.2 406 198.3 475 87.9 344 453.7 405 386.9 474 99.2 343 421.9 404 423.4 473 109.1 
342 420.8 403 428.9 472 134.6 341 464.3 402 432.3 471 173.8 
340 460.-9 401 430.3 470 220.0 
339 465.7 400 421.2 469 227.1 
338 464.0 399 393.8 468 221.1 
337 456.2 398 404.5 467 216.5 
336 425.0 397 445.4 466 218.7 
335 420.7 396 450.4 465 225.3 
334 464.9 395 457.6 464 228.7 
332 470.1 394 461.4 463 237.4 
331 470.1 393 452.4 462 246.1 
330 459.6 392 405.7 461 263.0 
329 425.3 391 391.5 460 184.1 
328 383.2 390 432.3 459 269.1 
327 423.0 389 436.8 458 272.5 
326 421.8 388 444.0 457 274.5 
325 429.8 387 448.7 456 267.9 
324 426.9 386 438.2 455 267.9 
323 420.6 385 393.6 454 250.7 
322 395.5 384 415.1 453 224.9 
321 403.1 383 457.8 451 228.2 
320 444.7 382 465.7 450 239.3 319 440.6 381 471.6 449 239.4 318 448.1 380 473.3 448 232.5 
317 446.1 379 463.5 447 232.5 
316 439.1 378 421.3 446 230.6 
315 410.4 377 410.8 445 228.6 314 394.1 376 455.5 444 223.3 313 428.9 375 462.9 443 219.3 
312 429.6 374 466.7 442 215.8 
311 434.4 373 463.2 441 209.2 
310 433.8 372 455.1 440 210.3 
309 425.2 371 420.7 437 191.8 
308 397.1 370 417.4 436 260.5 
307 435.0 369 459.6 435 263.6 
306 478.4 368 469.1 434 310.3 
305 487.5 367 474.7 433 311. 4 
304 491.2 366 476.9 432 312.6 
303 489.9 365 465.5 431 313.3 
302 478.2 364 424.1 430 317.2 
301 442.7 363 413.2 429 321. 6 
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TABLE F- 41: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: ,D 15 

DATE: 12/27/80 TIME: 8:00 a.m. 
TEST CONDITIONS: SFT-C Canister Profile With Vacuum 

T /C No. Tem~{°F) TIC No. Temp{OF ) TIC No. Tem~(OFl 

362 481.6 428 388.1 492 141.8 
361 516.6 427 396.0 491 79.5 
360 531. 6 426 398.8 490 77 .2 
359 536.0 425 397.1 489 79.2 
358 533.9 424 393.9 488 76.8 
357 508.1 423 391.3 487 77.6 
356 385.6 422 375.9 486 125.6 
355 480.7 421 379.4 485 126.4 
354 518.5 420 373.2 484 102.8 
353 530.6 419 371.3 4B3 83.6 
352 535.2 41B 314.7 482 193.6 
351 532.5 417 316.9 481 191. 9 
350 50B.5 416 255.1 480 186.7 
349 413.2 415 249.8 479 155.5 
348 482.8 409 260.5 478 172.2 
347 518.3 408 260.5 477 120.9 
346 532.8 407 234.6 476 110.5 
345 536.4 406 233.6 475 142.6 
344 534.3 405 395.7 474 160.6 
343 509.2 404 453.5 473 168.8 
342 416.1 403 487.6 472 195.3 
341 485.8 402 499.9 471 229.5 
340 519.5 401 504.7 470 281.0 
339 532.5 400 501.8 469 285.7 
338 535.7 399 479.2 468 277.6 
337 533.9 398 407.8 467 280.1 
336 511.2 397 469.1 466 294.6 
335 413.3 396 502.0 465 307.3 
334 484.9 395 513.6 464 313.5 
332 531.6 394 518.2 463 325.6 
331 534.6 393 517.3 462 337.3 
330 532.0 392 490.9 461 341. 7 
329 509.0 391 396.7 460 245.4 
328 397.4 390 457.1 459 338.9 
327 458.8 389 488.1 458 342.4 
326 489.0 388 500.5 457 346.3 
325 503.9 387 505.7 456 338.9 
324 508.5 386 503.9 455 347.0 
323 504.7 385 477.0 454 323.0 . 
322 481.8 384 412.8 453 284.8 
321 406.5 383 478.9 451 312.9 
320 472.0 382 516.4 450 328.0 
319 504.3 381 528.9 449 327.4 
318 518.4 380 532.4 448 306.8 
317 523.2 379 530.4 447 303.7 
316 520.8 378 505.9 446 298.0 
315 496.7 377 405.9 445 303.5 
314 395.7 376 476.7 444 299.1 
313 455.1 375 516.0 443 303.9 
312 487.6 374 529.5 442 281.7 
311 499.9 373 532.2 441 261.6 
310 504.9 372 530.9 440 253.9 
309 503.8 371 507.4 437 255.6 
308 481.2 370 412.9 436 325.6 
307 422.7 369 479.5 435 329.9 
306 494.8 368 517.8 434 385.7 
305 536.9 367 529.8 433 387.7 
304 551.1 366 533.0 432 390.9 
303 552.9 365 529.6 431 391.2 
302 549.5 364 507.4 430 386.5 
301 527.4 363 407.5 429 384.4 

F-49 



TABLE F-42: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 12/22/80 TIME: 8:00 a.m. 
TEST CONDITIONS: SFT-C Canister Profile With Helium 

TIC No. Teml!(OFl TIC No. Teml!(OFl TIC No. Teml!(OFl 
362 435.6 428 386.1 492 132.6 361 464.1 427 391.6 491 79.9 360 479.6 426 397.7 490 77 .6 359 483.0 425 393.8 489 79.9 358 480.3 424 393.5 488 77 .4 357 455.5 423 388.1 487 77 .1 356 364.4 422 377 .6 486 126.4 355 443.1 421 381.6 485 127.1 354 470.2 420 370.8 484 102.7 353 480.5 419 367.2 483 81.2 352 483.2 418 331.7 482 193.9 351 479.4 417 313.2 481 192.9 
350 455.9 416 264.0 480 184.5 349 380.5 415 259.1 479 155.1 
348 435.0 409 270.2 478 177 .0 347 464.5 408 274.6 477 108.6 
346 479.5 407 240.8 476 103.0 345 482.2 406 240.6 475 123.6 344 479.8 405 377.4 474 144.6 343 455.5 404 418.6 473 165.1 
342 384.9 403 445.2 472 205.1 341 439.2 402 456.4 471 243.1 
340 466.0 401 460.0 470 293.9 
339 479.5 400 455.7 469 294.4 
338 482.1 399 434.1 468 281.3 
337 480.2 398 394.8 467 278.6 
336 457.5 397 437.9 466 288.6 
335 388.6 396 460.8 465 302.1 
334 442.3 395 470.2 464 309.9 
332 479.6 394 472 .6 463 319.5 
331 481.4 393 469.4 462 327.5 
330 478.3 392 444.1 461 329.8 
329 455.6 391 388.2 460 234.4 
328 366.4 390 430.8 459 330.7 
327 416.2 389 450.6 458 333.6 
326 441.9 388 460.2 457 337.4 
325 457.9 387 462.9 456 330.6 
324 461.9 386 458.9 455 342.3 
323 457.9 385 432.3 454 319.8 
322 435.6 384 393.9 453 283.4 
321 374.9 383 441 .4 451 314.5 
320 427.5 382 468.9 450 328.5 
319 454.8 381 479.5 449 326.9 
318 470.2 380 481.3 448 309.3 
317 473.9 379 477 .8 447 307.1 
316 471.4 378 454.0 446 314.6 
315 447.5 377 383.1 445 326.7 
314 376.9 376 435.3 444 314.4 
313 420.6 375 465.7 443 304.9 
312 444.3 374 478.1 442 287.1 
311 456.2 373 480.1 441 267.0 
310 460.0 372 477 .4 440 260.8 
309 458.2 371 454.7 437 262.5 
308 435.6 370 395.5 436 329.7 
307 394.2 369 443.1 435 333.9 
306 447.8 368 469.8 434 380.5 
305 480.1 367 479.7 433 382.1 
304 493.3 366 481.7 432 386.2 
303 494.1 365 478.6 431 386.2 
302 490.4 364 454.6 430 386.8 
301 468.9 363 378.8 429 381.4 
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TABLE F-43: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DIS 

DATE: 10/8/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 350°F With Air 

TIC No. Teml!(OF) TIC No. Teml!(°F) TIC No. Teml!(OF) 
362 501.5 428 352.1 492 318.2 
361 503.2 427 359.8 491 88.2 
360 510.3 426 362.8 490 86.8 
359 511. 6 425 362.4 489 88.4 
358 511.2 424 356.5 488 87.0 
357 487.0 423 353.8 487 100.0 
356 429.4 422 355.6 486 150.0 
355 496.3 421 359.5 485 139.2 
354 499.0 420 352.7 484 106.6 
353 504.8 419 349.8 483 132.2 
352 508.6 418 353.1 482 231.2 
351 507.1 417 343.4 481 206.4 
350 487.1 416 304.0 480 178.6 
349 456.3 415 297.6 479 146.9 
348 499.9 409 311.8 478 189.4 
347 501.8 408 312.5 477 299.2 
346 509.3 407 272.6 476 316.1 
345 511.2 406 271.9 475 295.2 
344 510.2 405 434.5 474 359.2 
343 488.9 404 470.1 473 343.4 
342 456.9 403 472.2 472 349.5 
341 500.7 402 475.4 471 296.4 
340 499.7 401 476.8 470 297.9 
339 507.2 400 475.2 469 301.2 
338 508.8 399 459.1 468 299.4 
337 507.9 398 447.3 467 281.3 
336 489.4 397 485.1 466 296.0 
335 454.2 396 484.8 465 295.2 
334 499.4 395 488.7 464 296.7 
332 505.9 394 490.7 463 288.0 
331 507.7 393 491.2 462 294.4 
330 506.1 392 468.7 461 294.5 
329 488.0 391 432.7 460 193.0 
328 432.9 390 469.7 459 279.0 
327 470.7 389 468.1 458 280.9 
326 468.9 388 473.5 457 289.1 
325 477 .4 387 476.3 456 283.1 
324 478.8 386 475.8 455 285.4 
323 477.5 385 456.1 454 268.3 
322 460.8 384 457.4 453 250.8 
321 444.0 383 498.2 451 264.0 
320 485.0 382 501.9 450 274.8 
319 482.9 381 505.4 449 278.3 
318 492.3 380 507.1 448 271. 7 
317 493.8 379 505.7 447 286.2 
316 492.0 378 484.8 446 296.1 
315 474.2 377 453.2 445 316.1 
314 426.7 376 497.7 444 314.5 
313 462.4 375 503.2 443 322.6 
312 463.9 374 507.3 442 304.2 
311 471.3 373 507.3 441 290.4 
310 473.6 372 507.9 440 295.0 
309 473.9 371 487.4 437 340.0 
308 459.7 370 456.1 436 339.1 
307 471. 3 369 497.0 435 345.9 
306 515.7 368 501.3 434 359.0 
305 524.0 367 505.6 433 362.6 
304 529.3 366 507.5 432 367.3 
303 529.9 365 505.1 431 365.9 
302 527.5 364 486.5 430 350.0 
301 507.9 363 454.5 429 350.5 
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TABLE F-44: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 10/27/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 400°F With Helium 

TIC No. Tem2(°F} T /C No. Tem2(°F) T/C No. Tem2(OF} 
362 495.1 428 390.3 492 418.4 
361 497.9 427 395.6 491 91.4 
360 499.7 426 402.3 490 88.7 
359 498.1 425 398.6 489 90.9 
358 500.9 424 398.1 488 88.3 
357 497.7 423 393.3 487 100.4 
356 418.2 422 401.0 486 163.2 
355 494.1 421 402.0 485 154.4 
354 499.9 420 396.4 484 113.1 
353 498.7 419 396.0 483 138.1 
352 497.6 418 403.7 482 268.6 
351 499.9 417 401.0 481 239.0 
350 498.2 416 366.2 480 201.9 
349 456.8 415 362.2 479 166.3 
348 495.5 409 366.4 478 229.8 
347 498.2 408 365.9 477 339.5 
346 499.7 407 339.4 476 363.9 
345 497.8 406 339.9 475 335.0 
344 501.5 405 446.5 474 405.5 
343 498.6 404 473.9 473 401.3 
342 458.8 403 475.5 472 420.6 
341 497.6 402 473.6 471 359.3 
340 499.5 401 472 .7 470 348.6 
339 499.7 400 474.2 469 354.9 
338 497.9 399 476.5 468 354.3 
337 501.8 398 453.8 467 328.7 
336 500.3 397 486.0 466 344.1 
335 456.8 396 487.8 465 340.6 
334 497.5 395 487.2 464 339.5 
332 499.1 394 485.4 463 327.7 
331 496.5 393 488.8 462 333.7 
330 499.3 392 486.1 461 333.8 
329 498.1 391 445.9 460 t36.9 
328 447.2 390 478.3 459 317.2 
327 478.4 389 477 .2 458 319.2 
326 474.6 388 476.7 457 328.8 
325 476.2 387 474.9 456 323.2 
324 475.5 386 477 .0 455 327.1 
323 478.2 385 474.2 454 314.1 
322 477 .4 384 456.7 453 296.3 
321 453.2 383 492.6 451 318.4 
320 488.7 382 497.8 450 326.9 
319 488.2 381 497.5 449 326.0 
318 489.8 380 495.7 448 321.8 
317 488.7 379 498.1 447 344.5 
316 491.7 378 496.7 446 368.6 
315 489.4 377 452.3 445 401 .0 
314 445.6 376 491.3 444 396.1 
313 476.4 375 497.7 443 399.7 
312 475.8 374 497.1 442 380.1 
311 474.1 373 494.8 441 366.2 
310 473.1 372 498.1 440 367.3 
309 476.5 371 497.5 437 400.2 
308 476.6 370 456.1 436 390.0 
307 462.4 369 492.9 435 401.8 
306 503.6 368 498.8 434 395.8 
305 513.4 367 498.0 433 400.4 
304 514.0 366 496.0 432 407.1 
303 510.8 365 497.2 431 404.6 
302 512.8 364 497.3 430 392.3 
301 512.4 363 453.5 429 386.5 
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TABLE F-45: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: D15 

DATE: 10/10/80 TIME: 4:00 p.lTJ. 
TEST CONDITIONS: Uniform Canister Temperature at 400 c F With Air-

T /C No. Tem(!(OF 1 TIC No. Tem(!(°F} TIC No. Tem(!(OFl 
362 529.6 428 393.3 492 418.2 
361 531.5 427 400.8 491 91. 7 
360 536.2 426 402.0 490 89.4 
359 534.5 425 400.0 489 92.4 
358 535.2 424 396.4 488 90.5 
357 522.5 423 395.1 487 98.9 
356 443.0 422 402.8 486 165.0 
355 531.3 421 404.6 485 148.7 
354 536.6 420 396.6 484 117.5 
353 537.6 419 395.7 483 132.4 
352 539.3 418 407.6 482 272 .6 
351 539.1 417 399.1 481 238.9 
350 525.0 416 369.6 480 204.7 
349 485.9 415 364.2 479 165.5 
348 529.3 409 371.5 478 237.7 
347 532.2 408 374.3 477 329.8 
346 536.6 407 340.4 476 352.4 
345 536.4 406 342.5 475 329.2 
344 537.3 405 468.4 474 404.4 
343 525.1 404 500.9 473 399.8 
342 489.0 403 503.5 472 416.5 
341 532.2 402 505.5 471 362.5 
340 533.3 401 504.9 470 355.0 
339 536.6 400 504.4 469 364.7 
338 536.6 399 497.3 468 364.1 
337 537.7 398 482.3 467 336.0 
336 526.1 397 518.1 466 348.2 
335 489.4 396 518.8 465 343.7 
334 533.8 395 520.8 464 340.5 
332 537.5 394 522.1 463 329.9 
331 537.5 393 523.6 462 335.8 
330 537.2 392 507.1 461 337.4 
329 525.3 391 471.7 460 322.3 
328 465.5 390 507.3 459 316.2 
327 502.1 389 506.5 458 320.0 
326 501.8 388 508.2 457 330.3 
325 507.1 387 509.4 456 323.4 
324 506.3 386 509.6 455 327.7 
323 506.6 385 495.1 454 
322 498.2 384 489.3 453 303.1 
321 477 .1 383 529.0 451 323.2 
320 516.9 382 533.6 450 334.6 
319 517.0 381 535.7 449 332.3 
318 522.1 380 536.5 448 322.8 
317 522.3 379 536.7 447 340.3 
316 522.3 378 522.4 446 351.8 
315 511 .5 377 483.5 445 375.3 
314 469.4 376 526.7 444 375.0 
313 503.1 375 532.7 443 386.3 
312 503.4 374 535.1 442 376.3 
311 505.4 373 533.4 441 368.2 
310 506.2 372 535.5 440 370.9 
309 506.3 371 524.1 437 398.8 
308 497.7 370 490.0 436 390.6 
307 500.5 369 530.2 435 401.0 
306 545.5 368 536.2 434 398.9 
305 554.7 3&7 537.5 433 403.8 
304 557.4 366 537.9 432 408.3 
303 556.3 365 536.9 431 404.5 
302 555.9 364 524.2 430 391.6 
301 544.0 363 483.4 429 392.1 
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TABLE F-46: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: D15 

DATE: 11/5/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 450°F With Helium 

T /C No. Teml.!(°F} T/C No. Temp(oF) T/C No. T!!!!I!(OF) 
362 525.9 428 437.6 492 519.1 
361 528.5 427 444.2 491 90.9 
360 530.2 426 451.6 490 87.8 
359 531.2 425 448.4 489 90.4 
358 534.3 424 447.5 488 87.2 
357 533.1 423 442.1 487 99.3 
356 446.0 422 445.1 486 178.3 
355 525.0 421 446.8 485 169.6 
354 530.3 420 442.4 484 118.1 
353 528.9 419 440.9 483 137.7 
352 529.9 418 453.0 482 309.9 
351 533.0 417 450.7 481 276.4 
350 533.6 416 443.0 480 232.7 
349 492.9 415 440.3 479 186.6 
348 526.1 409 440.3 478 268.1 
347 528.7 408 440.0 477 363.5 
346 530.1 407 431.3 476 384.6 
345 530.4 406 436.3 475 373.1 
344 534.6 405 483.9 474 466.4 
343 533.8 404 506.8 473 456.0 
342 494.5 403 509.1 472 471.2 
341 527.9 402 507.6 471 402.9 
340 529.7 401 509.0 470 391 .4 
339 529.6 400 510.5 469 409.0 
338 530.3 399 514.8 468 416.0 
337 534.6 398 490.3 467 384.8 
336 535.1 397 517.5 466 398.5 
335 493.0 396 519.7 465 398.6 
334 527.9 395 519.0 464 401.5 
332 528.9 394 519.5 463 385.4 
331 528.7 393 523.3 462 389.8 
330 532.2 392 523.0 461 388.7 
329 533.1 391 484.0 460 279.1 
328 484.7 390 510.9 459 °376.9 
327 511.1 389 510.4 458 378.8 
326 507.9 388 509.5 457 389.6 
325 509.4 387 509.8 456 382.5 
324 511.2 386 512.7 455 393.6 
323 514.2 385 512.3 454 376.9 
322 515.4 384 492.9 453 348.0 
321 489.6 383 523.5 451 367.5 
320 520. 1 382 528.6 450 377.7 
319 519.8 381 528.3 449 376.5 
318 521.0 380 528.7 448 380.1 
317 522.4 379 531.5 447 411.0 
316 525.9 378 532.3 446 414.5 
315 525.8 377 489.3 445 427.4 
314 483.2 376 522.3 444 426.8 
313 508.8 375 528.5 443 445.3 
312 508.7 374 528.0 442 436.8 
311 506.5 373 528.1 441 434.3 
310 508.2 372 531.7 440 445.4 
309 512.1 371 533.0 437 451.9 
308 514.3 370 492.7 436 438.3 
307 498.2 369 523.7 435 451.3 
306 533.1 368 529.3 434 443.7 
305 542.0 367 528.2 433 449.4 
304 542.5 366 528.5 432 456.3 
303 541.6 365 530.4 431 452.5 
302 544.2 364 532.6 430 439.3 
301 545.9 363 490.2 429 433.1 
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TABLE F-47: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: D15 

DATE: 11/7/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 450°F With Air 

T /C No. Tem~(·Fl T/C No. Tem~(·Fl TIC No. Tem~(·Fl 

362 562.2 428 436.8 492 517.4 
361 564.8 427 446.6 491 90.6 
360 566.1 426 449.9 490 87.6 
359 568.1 425 449.4 489 90.1 
358 571.2 424 444.8 488 87.0 
357 559.5 423 441.8 487 99.0 
356 473.6 422 447.8 486 179.7 
355 558.9 421 450.1 485 171.0 
354 564.8 420 444.2 484 116.8 
353 565.8 419 443.0 483 137.2 
352 568.3 418 453.7 482 312.1 
351 569.1 417 451.4 481 278.8 
350 559.0 416 447.1 480 230.6 
349 519.9 415 443.6 479 183.2 
348 562.5 409 445.5 478 266.6 
347 565.6 408 445.5 477 360.0 
346 567.6 407 431.6 476 380.1 
345 569.0 406 436.9 475 369.6 
344 571.9 405 503.5 474 462.8 
343 561. 2 404 535.2 473 452.7 
342 521.9 403 538.4 472 469.2 
341 563.9 402 537.4 471 410.5 
340 566.1 401 539.6 470 405.4 
339 567.8 400 540.9 469 417.4 
338 568.1 399 535.3 468 414.6 
337 570.6 398 512.8 467 383.5 
336 561.8 397 547.5 466 399.9 
335 519.9 396 549.3 465 401.0 
334 563.0 395 550.2 464 404.1 
332 567.0 394 551.9 463 387.1 
331 567.5 393 555.1 462 391.0 
330 568.7 392 543.5 461 392.1 
329 559.8 391 502.8 460 284.2 
328 504.3 390 536.8 459 383.2 
327 540.1 389 537.5 458 386.3 
326 538.6 388 538.2 457 397.3 
325 540.6 387 540.2 456 389.2 
324 542.4 386 541.7 455 401.3 
323 544.6 385 531.9 454 374.6 
322 536.9 384 519.4 453 335.3 
321 512.9 383 557.9 451 361.0 
320 551.9 382 563.1 450 380.7 
319 552.1 381 564.3 449 388.1 
318 555.0 380 565.7 448 384.9 
317 555.9 379 567.6 447 405.5 
316 557.5 378 557.5 446 402.5 
315 548.7 377 515.4 445 411.6 
314 502.7 376 557.6 444 412.1 
313 535.2 375 564.4 443 433.6 
312 537.1 374 564.5 442 433.6 
311 537.7 373 564.9. 441 438.6 
310 538.9 372 568.8 440 451.1 
309 541.0 371 559.6 437 451.7 
308 535.0 370 519.1 436 437.2 
307 529.9 369 558.0 435 449.7 
306 573.7 368 564.4 434 444.0 
305 583.4 367 565.4 433 449.9 
304 585.1 366 566.4 432 456.4 
303 585.2 365 566.7 431 452.5 
302 586.1 364 558.5 430 435.3 
301 577 .2 363 516.9 429 433.6 
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TABLE F-48: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA. 
FUEL ASSEMBLY: DI5 

DATE: 10/20/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 500°F With Vacuum 

T /C No. Teml!{OFl TIC No. Teml!{OF l T /C No. Teml!{OFl 
362 546.2 428 495.5 492 614.1 
361 609.2 427 503.2 491 94.6 
360 617.3 426 505.1 490 90.8 
359 615.3 425 503.9 489 94.0 
358 610.2 424 500.8 488 90.1 
357 606.0 423 499.2 487 101. 9 
356 496.9 422 496.3 486 202.5 
355 594.5 421 499.8 485 188.9 
354 610.0 420 493.9 484 127.9 
353 614.9 419 491.2 483 140.1 
352 613.3 418 501.7 482 352.0 
351 609.1 417 499.3 481 316.8 
350 606.4 416 495.8 480 270.4 
349 553.1 415 490.9 479 223.0 
348 596.9 409 493.5 478 301.2 
347 609.9 408 493.8 477 369.7 
346 618.0 407 496.3 476 394.1 
345 615.2 406 505.2 475 389.1 
344 611.4 405 541.1 474 486.9 
343 607.9 404 573.2 473 480.8 
342 554.8 403 585.2 472 506.3 
341 598.4 402 591.6 471 471.9 
340 610.5 401 589.2 470 481.9 
339 616.8 400 582.5 469 480.9 
338 614.3 399 583.5 468 454.2 
337 610.6 398 548.4 467 416.9 
336 608.9 397 584.1 466 441.6 
335 553.5 396 595.7 465 451.6 
334 598.4 395 601.7 464 459.9 
332 616.1 394 599.2 463 442.4 
331 613.2 393 596.1 462 436.9 
330 608.8 392 592.1 461 434.2 
329 606.8 391 541.1 460 319.3 
328 541.7 390 576.2 459 419.6 
327 577 .5 389 584.6 458 423.2 
326 584.8 388 590.7 457 432.0 
325 593.8 387 588.3 456 421.0 
324 591.4 386 583.9 455 444.6 
323 585.6 385 580.5 454 449.5 
322 584.5 384 552.8 453 436.4 
321 547.8 383 593.0 451 438.2 
320 587.7 382 608.3 450 438.9 
319 597.3 381 614.5 449 433.7 
318 605.2 380 612.2 448 435.0 
317 603.5 379 607.8 447 467.1 
316 598.6 378 605.1 446 465.1 
315 596.3 377 548.8 445 473.6 
314 540.6 376 592.2 444 471. 0 
313 574.2 375 608.8 443 492.3 
312 583.7 374 615.4 442 488.8 
311 589.4 373 612.3 441 490.3 
310 587.7 372 608.6 440 501.6 
309 582.9 371 606.8 437 500.7 
308 583.0 370 552.9 436 488.0 
307 560.5 369 593.7 435 507.2 
306 606.8 368 609.6 434 493.0 
305 626.3 367 615.0 433 499.6 
304 633.1 366 612.1 432 503.5 
303 629.6 365 607.0 431 498.5 
302 624.6 364 606.0 430 493.7 
301 623.7 363 549.5 429 492.2 
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TABLE F-49: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DIS 

DATE: 10/22/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 500°F With Helium 

T /C No. Tem~(OFl TIC No. Tem~(OF) TIC No. Tem~(OFl 

362 570.3 428 482.4 492 615.9 
361 572 .9 427 489.5 491 95.2 
360 575.1 426 495.1 490 91.5 
359 574.2 425 492.3 489 94.9 
358 574.6 424 490.9 488 90.8 
357 573.5 423 486.2 487 102.6 
356 481.4 422 490.3 486 196.7 
355 568.9 421 492.7 485 188.9 
354 574.1 420 488.3 484 131.2 
353 573.0 419 486.5 483 141. 9 
352 572 .4 418 500.1 482 348.0 
351 573.2 417 497.7 481 314.5 
350 573.9 416 495.5 480 261.1 
349 537.8 415 491.2 479 214.7 
348 570.6 409 492.7 478 298.9 
347 573.0 408 492.8 477 373.9 
346 574.9 407 496.0 476 399.0 
345 573.5 406 504.8 475 393.7 
344 575.1 405 528.8 474 491.2 
343 574.5 404 551. 7 473 485.0 
342 539.3 403 554.1 472 508.6 
341 572.2 402 553.4 471 467.6 
340 573.8 401 552.8 470 471.4 
339 574.2 400 551.5 469 474.9 
338 573.0 399 555.7 468 453.2 
337 575.0 398 534.9 467 418.2 
336 575.5 397 561.6 466 439.8 
335 538.0 396 563.5 465 444.9 
334 572.1 395 563.5 464 450.3 
332 573.3 394 562.3 463 434.6 
331 571.6 393 563.8 462 437.2 
330 572.6 392 563.3 461 431.5 
329 573.7 391 528.6 460 316.3 
328 529.4 390 555.3 459 415.9 
327 555.9 389 554.6 458 418.1 
326 552.6 388 554.3 457 427.9 
325 554.9 387 552.9 456 419.5 
324 554.4 386 553.3 455 437.9 
323 554.8 385 552.9 454 431.0 
322 556.0 384 537.8 453 408.1 
321 534.4 383 567.7 451 415.9 
320 564.4 382 572 .6 450 425.1 
319 563.9 381 573.0 449 428.1 
318 565.6 380 571.8 448 432.5 
317 565.1 379 572 .2 447 465.4 
316 566.0 378 573.0 446 463.4 
315 566.0 377 534.3 445 472.3 
314 528.0 376 566.7 444 470.1 
313 553.2 375 572.8 443 491.7 
312 552.9 374 573.0 442 488.2 
311 551. 3 373 571.3 441 489.8 
310 551.1 372 572.5 440 501.3 
309 552.4 371 573.8 437 498.2 
308 554.7 370 537.5 436 484.2 
307 543.2 369 568.0 435 499.7 
306 577.6 368 573.3 434 485.7 
305 586.2 367 572.8 433 492.1 
304 587.1 366 571.4 432 498.5 
303 584.7 365 571.0 431 493.8 
302 585.0 364 573.2 430 482.9 
301 586.7 363 535.2 429 477.8 
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TABLE F-50: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: D15 

DATE: 10/17/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 5000 r With Air 

TIC No. Tem~{OFl TIC No. TemWF) TIC No. T!!!!I!(OFl 
362 600.9 428 492.5 492 610.4 
361 606.8 427 500.3 491 93.9 
360 612.7 426 501.7 490 90.5 
359 609.0 425 500.6 489 93.7 
358 607.8 424 496.6 488 89.8 
357 601.5 423 495.0 487 101.8 
356 505.0 422 498.1 486 202.1 
355 599.2 421 501.6 485 191.9. 
354 603.1 420 495.2 484 126.6 
353 611.4 419 492.6 483 139.8 
352 608.9 418 505.5 482 355.1 
351 607.0 417 500.5 481 322.4 
350 601.4 416 497.1 480 272 .2 
349 559.9 415 491.9 479 224.6 
348 601.1 409 496.0 478 303.1 
347 607.2 408 496.9 477 366.6 
346 612.7 407 496.9 476 390.1 
345 609.0 406 506.1 475 385.9 
344 608.9 405 546.4 474 483.6 
343 603.0 404 576.7 473 478.2 
342 561.6 403 583.2 472 503.7 
341 602.5 402 587.5 471 472.2 
340 607.6 401 583.9 470 483.5 
339 611.6 400 580.1 469 482.3 
338 608.0 399 579.7 468 455.6 
337 607.8 398 555.2 467 425.6 
336 603.3 397 588.5 466 451.8 
335 560.6 396 593.7 465 461.2 
334 602.8 395 598.2 464 467.8 
332 611.7 394 595.1 463 447.2 
331 607.9 393 593.8 462 444.7 
330 606.4 392 587.2 461 436.6 
329 601.8 391 546.7 460 320.3 
328 546.2 390 579.7 459 413.5 
327 580.2 389 582.9 458 415.8 
326 581. 9 388 587.5 457 424.8 
325 588.4 387 584.2 456 411.8 
324 584.5 386 581.6 455 432.3 
323 583.0 385 576.3 454 442.6 
322 580.1 384 560.5 453 437.9 
321 553.3 383 597.8 451 437.9 
320 591.0 382 606.4 450 439.7 
319 594.0 381 610.9 449 435.1 
318 599.6 380 607.8 448 436.2 
317 596.4 379 605.5 447 467.5 
316 595.0 378 600.4 446 460.6 
315 590.8 377 556.3 445 465.5 
314 545.5 376 597.0 444 465.8 
313 577 .1 375 607.0 443 491.4 
312 581.3 374 611 .3 442 489.7 
311 585.0 373 606.9 441 491.2 
310 581.9 372 606.4 440 502.4 
309 580.0 371 602.4 437 498.1 
308 578.5 370 560.4 436 489.3 
307 569.1 369 598.3 435 503.6 
306 612.2 368 508.0 434 495.0 
305 624.6 367 611 .6 433 502.1 
304 629.0 366 608.0 432 508.3 
303 624.6 365 605.0 431 502.5 
302 622.7 364 601.2 430 489.7 
301 618.5 363 557.1 429 489.5 
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TABLE F-51: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 11 /14/80 TIME: 12 :00 noon 
TEST CONDITIONS: Uniform Canister Temperature at 550°F With Vacuum 

TIC No. Tem~(OFl TIC No. Tem~(OF 1 TIC No. Tem~(OFl 

362 637.8 428 537.9 492 590.4 
361 643.7 427 548.0 491 87.2 
360 649.3 426 551.0 490 82.0 
359 647.9 425 550.3 489 87.9 
358 643.9 424 546.7 488 84.2 
357 646.5 423 544.0 487 86.9 
356 509.7 422 543.0 486 204.1 
355 635.7 421 547.6 485 183.9 
354 644.2 420 543.5 484 126.4 
353 646.5 419 541.1 483 117.2 
352 645.1 418 552.9 482 386.7 
351 642.5 417 549.9 481 354.9 
350 646.3 416 539.6 480 292.3 
349 598.7 415 531.8 479 234.3 
348 638.2 409 537.8 478 349.2 
347 644.3 408 538.0 477 342.2 
346 649.7 407 536.7 476 363.0 
345 647.3 406 546.4 475 366.7 
344 645.0 405 589.0 474 467.3 
343 647.6 404 617.3 473 464.0 
342 600.1 403 622.3 472 490.8 
341 639.3 402 626.5 471 476.8 
340 644.5 401 624.1 470 497.0 
339 648.3 400 617.9 469 517.4 
338 645.9 399 627.1 468 516.7 
337 644.3 398 594.8 467 502.7 
336 648.3 397 626.6 466 527.3 
335 598.6 396 631.0 465 529.3 
334 639.3 395 634.9 464 519.6 
332 647.4 394 632.5 463 491.9 
331 644.9 393 630.4 462 488.3 
330 642.3 392 634.3 461 481.6 
329 646.7 391 588.3 460 368.4 
328 589.2 390 619.8 459 470.3 
327 621.5 389 621 .2 458 471.0 
326 621.7 388 624.6 457 480.8 
325 628.1 387 622.3 456 473.6 
324 625.6 386 619.0 455 491.9 
323 621.6 385 624.2 454 502.1 
322 627.5 384 598.5 453 488.6 
321 594.1 383 634.5 451 479.1 
320 630.0 382 642.5 450 485.1 
319 632.5 381 646.8 449 488.7 
318 637.7 380 644.5 448 490.9 
317 636.3 379 641.1 447 531.2 
316 633.4 378 645.4 446 530.1 
315 637.4 377 595.0 445 543.4 
314 587.4 376 634.0 444 527.5 
313 617.7 375 643.5 443 546.2 
312 620.4 374 647.7 442 538.0 
311 622.8 373 645.0 441 539.5 
310 621. 7 372 642.0 440 548.4 
309 618.6 371 646.8 437 506.5 
308 625.3 370 598.3 436 533.2 
307 604.9 369 634.7 435 547.7 
306 646.8 368 643.6 434 538.5 
305 659.1 367 646.7 433 547.1 
304 663.6 366 644.0 432 554.4 
303 660.2 365 640.3 431 549.6 
302 656.9 364 646.1 430 536.1 
301 660.9 363 595.8 429 534.0 
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TABLE F-52: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DI5 

DATE: 11/17/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 550°F With Helium 

TIC No. Tem~{OF 1 TIC No. Tem~{OF 1 TIC No. Tem~{OFl 
362 614.7 428 544.3 492 606.0 
361 618.5 427 551.6 491 94.5 
360 626.4 426 555.7 490 90.3 
359 623.7 425 553.4 489 93.7 
358 617.6 424, 551.9 488 88.0 
357 625.5 423 548.3 487 97.2 
356 515.5 422 544.7 486 213.6 
355 613.3 421 548.8 485 211.4 
354 619.8 420 544.6 484 131 .1 
353 624.3 419 542.2 483 133.0 
352 621.0 418 554.0 482 392.9 
351 616.4 417 551. 3 481 368.2 
350 625.3 416 546.9 480 296.4 
349 585.2 415 539.5 479 249.6 
348 615.0 409 544.1 478 332.1 
347 618.9 408 544.3 477 359.9 
346 626.5 407 544.6 476 385.5 
345 622.2 406 554.7 475 380.5 
344 618.3 405 577.3 474 479.1 
343 625.9 404 597.8 473 473.5 
342 586.5 403 602.2 472 501.5 
341 616.4 402 608.4 471 472.6 
340 619.5 401 604.6 470 491.2 
339 625.4 400 595.7 469 518.4 
338 621.5 399 610.1 468 529.6 
337 618.2 398 582.4 467 508.9 
336 626.8 397 606.5 466 523.5 
335 585.2 396 610.4 465 531.7 
334 616.3 395 616.2 464 532.6 
332 624.4 394 612.2 463 500.7 
331 620.2 393 607.5 462 487.2 
330 615.9 392 616.5 461 475.6 
329 625.0 391 576.9 460 361.1 
328 577.9 390 601.0 459 469.7 
327 601. 8 389 602.2 458 470.5 
326 600.6 388 608.0 457 478.6 
325 609.4 387 603.6 456 472.2 
324 605.6 386 597.7 455 497.8 
323 599.3 385 607.5 454 512.6 
322 610.2 384 585.0 453 498.8 
321 582.1 383 612.1 451 479.7 
320 609.3 382 618.6 450 489.2 
319 610.4 381 624.8 449 494.6 
318 618.0 380 620.7 448 494.5 
317 614.6 379 615.2 447 523.6 
316 609.7 378 624.6 446 518.1 
315 618.4 377 582.1 445 526.7 
314 576.3 376 611.4 444 523.2 
313 598.7 375 618.7 443 548.6 
312 600.5 374 624.9 442 545.3 
311 605.1 373 621.0 441 546.7 
310 602.2 372 615.5 440 556.6 
309 596.8 371 625,5 437 507.3 
308 608.7 370 584.9 436 534.2 
307 590.0 369 612.2 435 547.1 
306 621.0 368 618.9 434 541.2 
305 630.6 367 624.2 433 549.3 
304 636.8 366 620.0 432 556.6 
303 632.1 365 614.1 431 551.1 
302 626.8 364 624.8 430 543.5 
301 636.4 363 582.9 429 539.3 
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TABLE F- 53: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: 015 

DATE: 11/12/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 550°F With Air, 

TIC No. Tem~(OFl TIC No. Temp(°F) TIC No. Tem~(OF} 

362 645.9 428 540.7 492 607.3 
361 644.6 427 549.6 491 92.1 
360 646.8 426 551.4 490 87.6 
359 644.3 425 550.6 489 91.5 
358 641. 7 424 546.9 488 87.6 
357 640.9 423 544.9 487 95.0 
356 535.4 422 549.2 486 213.6 
355 642.5 421 551. 7 485 197.9 
354 644.9 420 547.5 484 134.7 
353 644.5 419 546.4 483 129.4 
352 642.7 418 557.9 482 394.6 
351 640.4 417 553.3 481 365.3 
350 639.9 416 542.2 480 293.7 
349 608.1 415 535.0 479 238.2 
348 645.8 409 541.9 478 350.0 
347 645.1 408 542.4 477 360.4 
346 647.3 407 538.3 476 386.9 
345 644.0 406 547.8 475 383.4 
344 642.6 405 598.3 474 482.6 
343 642.1 404 625.5 473 477 .5 
342 609.0 403 623.4 472 505.6 
341 646.4 402 624.0 471 483.3 
340 645.2 401 621.5 470 504.3 
339 646.4 400 615.7 469 525.6 
338 642.8 399 621.7 468 527.9 
337 641.6 398 604.1 467 508.3 
336 642.4 397 634.0 466 527.9 
335 607.0 396 631.6 465 528.6 
334 646.0 395 632.7 464 521.4 
332 645.5 394 630.2 463 493.3 
331 642.2 393 627.9 462 489.9 
330 640.0 392 628.0 461 481.9 
329 640.6 391 596.0 460 367.8 
328 597.3 390 626.5 459 470.2 
327 628.9 389 622.4 458 471.1 
326 622.8 388 622.8 457 479.8 
325 625.8 387 620.5 456 472.5 
324 622.4 386 616.8 455 492.0 
323 619.1 385 618.1 454 505.1 
322 622.2 384 608.4 453 493.0 
321 602.5 383 642.3 451 473.8 
320 637.1 382 643.2 450 482.0 
319 633.5 381 644.5 449 490.1 
318 635.9 380 641.9 448 499.5 
317 632.9 379 638.8 447 541.1 
316 630.2 378 639.4 446 542.5 
315 631. 7 377 605.0 445 554.0 
314 594.2 376 642.2 444 532.9 
313 624.0 375 644.5 443 544.5 
312 621.8 374 645.4 442 536.8 
311 621.3 373 641.8 441 538.9 
310 619.2 372 639.8 440 549.0 
309 616.2 371 641.2 437 513.3 
308 619.4 370 607.5 436 536.8 
307 615.0 369 641.9 435 550.0 
306 654.4 368 644.4 434 538.4 
305 660.1 367 644.7 433 540.6 
304 661.3 366 641. 7 432 554.0 
303 657.4 365 638.2 431 549.6 
302 654.6 364 639.9 430 537.7 
301 655.3 363 605.7 429 536.9 
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TABLE F-54: FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST THERMOCOUPLE DATA 
FUEL ASSEMBLY: DIS 

DATE: 11/20/80 TIME: 8:00 a.m. 
TEST CONDITIONS: Uniform Canister Temperature at 600°F With Helium 

T/C No. Teme(OFl T/C No. Teme(OFl T/C No. Teme(OFl 
362 666.2 428 592.9 492 607.3 
361 667.1 427 601.3 491 94.2 
360 670.9 426 605.2 490 89.8 
359 667.6 425 603.1 489 93.4 
358 665.6 424 601. 6 488 86.9 
357 676.9 423 598.3 487 95.6 
356 557.0 422 600.4 486 235.9 
355 664.1 421 605.1 485 237.0 
354 667.9 420 601.6 484 144.5 
353 668.1 419 599.7 483 130.6 
352 664.9 418 604.1 482 440.7 351 664.3 417 601.2 481 422.3 
350 676.7 416 582.9 480 332.7 
349 636.0 415 574.1 479 282.8 
348 666.5 409 581.8 478 360.1 
347 667.3 408 582.1 477 357.5 
346 670.7 407 582.5 476 383.5 
345 666.3 406 592.5 475 379.7 
344 666.2 405 629.7 474 481.1 
343 677.0 404 650.9 473 475.9 
342 637.0 403 652.5 472 510.6 
341 661.5 402 654.3 471 500.7 
340 667.7 401 650.0 470 537.8 
339 669.5 400 645.5 469 580.7 
338 665.5 399 663.3 468 606.2 
337 666.1 398 633.8 467 589.6 
336 678.1 397 658.2 466 597.7 
335 635.4 396 659.2 465 596.6 
334 667.3 395 660.8 464 583.2 
332 668.3 394 656.6 463 558.1 
331 664.2 393 656.4 462 551.1 
330 663.8 392 669.4 461 542.4 
329 676.3 391 628.5 460 429.1 
328 629.8 390 653.4 459 534.6 
327 654.8 389 651.9 458 532.6 
326 650.9 388 653.1 457 541. 3 
325 655.2 387 648.5 456 532.3 
324 650.8 386 647.4 455 554.1 
323 648.5 385 661.3 454 563.1 
322 662.8 384 635.9 453 543.1 
321 633.1 383 663.4 451 543.2 
320 661.2 382 666.9 450 553.3 
319 659.5 381 669.0 449 558.2 
318 662.8 380 664.7 448 557.7 
317 659.1 379 663.4 447 589.2 
316 658.2 378 676.2 446 584.9 
315 670.0 377 633.0 445 594.7 
314 627.4 376 662.9 444 582.5 
313 651 .1 375 667.3 443 603.1 
312 650.4 374 669.4 442 589.3 
311 650.6 373 665.0 441 582.9 
310 647.2 372 663.7 440 590.7 
309 646.4 371 677 .0 437 529.8 
308 661.4 370 635.4 436 592.5 
307 640.0 369 663.2 435 606.1 
306 671.5 368 667.1 434 596. 7 
305 678.2 367 668.2 433 605.0 
304 680.2 366 664.0 432 611 .2 
303 675.3 365 662.2 431 604.4 
302 673.9 364 676.8 430 592.5 
301 686.7 363 633.7 429 587.8 
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APPENDIX G 

AIR-COOLED VAULT TEST DATA 

Test data are provided in this 
appendix for the Air-Cooled Vault 
Test. Table G-l provides the 
detailed identification and 

couples. Tables G-2 through G-5 
provides thermocouple readings at 
the times and for the operating 
conditions shown below: 

location of the test thermo-

Table 
No. 

G-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

G-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 

G-4 
-4 
-4 
-4 
-4 
-4 
-4 
-4 

Date 

12/4/79 
12/5/79 
12/6/79 
12/7 /79 

12/15/79 
12/22/79 

1/1/80 
1/8/80 

1/15/80 
1/22/80 
2/1/80 
2/8/80 

2/15/80 
2/22/80 
3/1/80 
3/8/80 

3/15/80 
3/22/80 
4/1/80 
4/8/80 

4/13/80 
4/14/80 
4/21/80 
4/22/80 

4/24/80 
4/25/80 
4/28/80 
4/29/80 
4/29/80 
4/29/80 
4/29/80 
4/29/80 

Time 

10:07 a.m. 
9:24 a.m. 
9:02 a.m. 
7:55 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 

8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
8:00 a.m. 
4:00 p.m. 
4:00 p.m. 
8:00 a.m. 
8:00 a.m. 

8:00 a.m. 
8:00 a.m. 

12:00 midnight 
12:00 midnight 
11:30 a.m. 
12:00 noon 
4:00 p.m. 
8:00 p.m. 

OPERATING CONDITIONS 

Air Flow 

Forced Ventilation 
Partial Ventilation 
Partial Ventilation 
Natural Circulation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 

Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 

Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Forced Ventilation 
Natural Circulation 
Natural Circulation 
Natural Circulation 

G-l 

F/A In 
Center Vault 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
6 

6 
5 
5 
4 
4 
4 
4 
4 

Total No. of 
F/A in Vault 

11 
11 
11 
11 
13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
12 
11 

11 
10 
10 

9 
9 
9 
9 
9 



OPERATING CONDITIONS 

Table F/A In Total No. of 
No. Date Time Air Flow Center Vault F/A in Vault 

G-4 4/30/80 12:00 midnight Natural Circulation 4 9 
-4 4/30/80 5:42 a.m. Natural Circulation 4 9 
-4 4/30/80 8:00 a.m. Natural Circulation 4 9 
-4 5/1/80 8:00 a.m. Natural Circulation 3 8 

G-5 5/1/80 4:00 p.m. Natural Circulation 3 8 
-5 5/2/80 12:00 noon Natural Circulation 3 8 
-5 5/2/80 4:00 p.m. Natural Circulation 3 8 
-5 5/4/80 4:00 p.m. Forced Ventilation 3 8 
-5 5/9/80 4:00 p.m. Natural Circulation 2 6 
-5 5/19/80 8:00 a.m. Forced Ventilation 2 4 
-5 5/22/80 8:00 a.m. Natural Circulation 1 2 
-5 5/28/80 8:00 a.m. Forced Ventilation 1 2 
-5 6/4/80 12:00 noon Forced Ventilation 1 2 
-5 6/4/80 4:00 p.m. Natural Circulation 2 2 
-5 6/8/80 4:00 p.m. Natural Circulation 2 2 
-5 6/12/80 4:00 p.m. Forced Ventilation 2 2 

G-6 6/18/80 4:00 p.m. Forced Ventilation 2 2 
-6 6/19/80 4:00 p.m. Natural Circulation 2 2 
-6 6/22/80 4:00 p.m. Natural Circulation 2 2 

TABLE G-l 

AIR-COOLED VAULT THERMOCOUPLE LOCATIONS 

Data Distance From 
Channel Floor Level 

(T/C) No. (In. ) Location 

919 60 (above) Outlet Pipe 9 (North End of Vault) 
918 60 (above) Outlet Pipe 8 
917 60 (above) Outlet Pipe 7 
916 60 (above) Outlet Pipe 6 
915 60 (above) Outlet Pipe 5 
914 60 (above) Outlet Pipe 4 
913 60 (above) Outlet Pipe 3 
912 60 (above) Outlet Pipe 2 
911 60 (above) Outlet Pipe 1 (South End of Vault) 
909 129.85 (below) Canister Body (East Side) 
908 128.00 (below) Canister Body (West Side) 
901 Weld pit Table (Near Window E-5) 

G-2 



TABLE G-2, AIR-COOLED VAULT TEST THERMOCOUPLE DATA, FUEL ASSEMBLY: D22 

DATE: 12/4/79 

TIME: 10:07 a.m. 
UPtRATING CUNDITIONS: 
I AIR FLOW: Forced Vent 

I NO. OF FIA'S IN 
CENTER VAULT: 8 

I TOTAL FIA'S IN 
VAULT: 11 

TIC No. Temp(OF) 
919 67.1 
918 67.2 
917 67.4 
916 76.5 
915 77.8 
914 76.6 
913 75.1 
912 72.4 
911 69.1 
909 135.5 
908 141.1 
901 

DATE: 12/15/79 

TIME: 8:00 a.m. 

OPERATING CONDITIONS: 

I AIR FLOW: Forced Vent 
I NO. OF F/A'S IN 

CENTER VAULT: 8 , TOTAL F /A' S IN 
VAULT: 13 

T /C No. TemR(OF) 
919 67.3 
918 67.5 
917 67.7 
916 76.9 
915 78.2 
914 77.3 
913 78.0 
912 76.0 
911 70.3 
909 146.3 
908 139.7 
901 

DATE: 1/15/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 
I AIR FLOW: Forced Vent 
I NO. OF FIA'S IN 

CENTER VAULT: 8 
I TOTAL F/A'S IN 

VAULT: 13 

TIC No. Temp(·F) 
919 65.0 
918 65.2 
917 65.2 
916 74.2 
915 75.4 
914 74.5 
913 75.6 
912 73.1 
911 67.9 
909 147.6 
908 135.3 
901 

DATE: 12/5/79 

TIME: 9:24 a.m. 
OPERATING CONDITIONS: 

DATE: 12/6/79 

TIME: 7:55 a.m. 
OPERATING CONDITIONS: 

DATE: 12/7/79 
TIME: 9 :02 a.m. 
OPERATING CONDITIONS: 

I AIR FLOW: Partial Vent I AIR FLOW: Natural Cire., AIR FLOW: Partial Vent 

I NO. OF FIA'S IN I NO. OF FIA'S IN I NO. OF F/A'S IN 
CENTER VAULT: 8 CENTER VAULT: 8 CENTER VAULT: 8 

I TOTAL FIA'S IN I TOTAL F/A'S IN I TOTAL F/A'S IN 
VAULT: 11 VAULT: 11 VAULT: 11 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(°F) 

67.7 
67.7 
68.1 
97.9 
99.2 

100.3 
83.8 
84.0 
81.1 

172.3 
175.1 

DATE: 12/22/79 
TlI~E: 8:00 a.m. 

OPERATING CONDITIONS: 
I AIR FLOW: Forced Vent 
I NO. OF F/A'S IN 

CENTER VAULT: 8 
I TOTAL F/A'S IN 

VAULT: 13 

T/C No. Temp(OF) 
919 67.8 
918 68.1 
917 68.2 
916 77.4 
915 78.9 
914 77.9 
913 78.9 
912 76.5 
911 71.1 
909 147.3 
908 140.5 
901 71. 3 

DATE: 1/22/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 
I AIR FLOW: Forced Vent 
I NO. OF F/A'S IN 

CENTER VAULT: 8 
I TOTAL F/A'S IN 

VAULT: 13 

TIC No. TemR!OF) 
919 63.7 
918 63.9 
917 64.1 
916 72.6 
915 73.9 
914 73.2 
913 74.2 
912 71.8 
911 66.6 
909 145.4 
908 133.2 
901 67.0 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 

65.9 
65.8 
68.9 

101.3 
103.0 
103.4 
86.2 
86.2 
83.3 

176.8 
181.0 

DATE: 1!1 /80 
TIME: 8:00 a.m. 

OPERATING CONDITIONS: 
I AIR FLOW: Forced Vent 
I NO. OF F/A'S IN 

CENTER VAULT: 8 
I TOTAL F/A'S IN 

VAULT: 13 

T /C No. Temp(OF) 
919 64.4 
918 64.5 
917 64.7 
916 73.7 
915 75.1 
914 74.5 
913 75.4 
912 73.1 
911 67.7 
909 148.6 
908 136.2 
901 67.5 

DATE: 2/1/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 
I AIR FLOW: Forced Vent 
I NO. OF F/A'S IN 

CENTER VAULT: 8 , TOTAL FIA'S IN 
VAULT: 13 

TIC No. TeJl'p(·F 1 
~1':i 64.0 
918 64.3 
~17 64.3 
!lIb 73.0 
~lb 74.3 
914 73.5 
913 74.5 
912 72.3 
':ill 67.1 
!:MI 144.4 
!lOll 132.5 
901 67.4 

G-3 

T/C No. Temp(OF) 
919 68.2 
918 68.4 
917 68.6 
916 83.6 
915 83.6 
914 79.3 
913 77.4 
912 70.6 
911 70.3 
909 150.1 
908 143.7 
901 

DATE: 1/8/80 
TIME: 8:00 a.m. 

OPERATING CONDITIONS: 
I AIR FLow:Forced Vent 

I NO. OF F/A'S IN 
CENTER VAULT: 8 

I TOTAL FIA'S IN 
VAULT: 13 

T/C No. Temp (or} 

919 64.6 
918 64.7 
917 64.7 
916 73.6 
915 75.1 
914 74.4 
913 75.3 
912 73.0 . 
911 67.5 
909 148.5 
908 135.9 
901 67.9 

DATE: 2/8/80 
TIME:8:00 a.m. 
OPERATING CONDITIONS: 
I AIR FLOW: Forced Vent 
I NO. OF FIA'S IN 

CENTER VAULT: 8 
I TOTAL FIA'S IN 

VAULT: 13 

TIC No. Temp(OF) 
919 65.3 
918 65.5 
917 65.5 
916 74.1 
915 75.3 
914 74.3 
913 75.5 
912 73.4 
911 68.2 
909 145.3 
':i08 133.4 
901 68.6 



TABLE G-3, AIR-COOLED VAULT TEST THERMOCOUPLE DATA, FUEL ASSEMBLY: D22 

DATE: 2/15/80 
TIME: 8:QO a.m. 
UPERATING CONDITIONS: 

• AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: B 
• TOTAL F/A'S IN 

VAULT: 13 

T /C No. 
919 
91B 
917 
916 
915 
914 
913 
912 
911 
909 
90B 
901 

Temp (OF) 

64.7 
65.0 
64.9 
73.6 
74.7 
73.9 
75.0 
72.B 
67.7 

144.1 
132.5 
67.B 

DATE: 3/15/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: 8 
, TOTAL F/A'S IN 

VAULT: 13 

T/C No. 
919 
91B 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 
66.5 
66.7 
66.6 
74.7 
75.9 
75.1 
76.1 
74.1 
69.1 

142.6 
131. 7 
70.1 

DATE: 4/13/BO 
TIME: 4:00 p.m. 
UPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: B 
, TOTAL F/A'S IN 

VAULT: 13 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
90B 
901 

Temp(OF) 
70.1 
70.4 
70.2 
77 .9 
79.0 
7S.7 
79.3 
77 .4 
72.4 

150.2 
134.1 
73.9 

DATE: 2/22/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

DATE: 3/1/BO 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

DATE: 3/8/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

• AIR FLOW: Forced Vent , AIR FLOW: Forced Vent • AIR FLOW: Forced Vent 
• NO. OF F/A'S IN • NO. OF F/A'S IN • NO. OF F/A'S IN 

CENTER VAULT: 8 CENTER VAULT: 8 CENTER VAULT: 8 
• TOTAL F/A'S IN • TOTAL F/A'S IN • TOTAL F/A'S IN 

VAULT: 13 VAULT: 13 VAULT: 13 

T /C No. 
919 
91B 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 

64.6 
64.9 
64.B 
73.2 
74.3 
73.9 
74.7 
72.7 
67.3 

142.7 
131.5 
67.9 

DATE: 3/22/S0 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: 8 
• TOTAL F/A'S IN 

VAULT: 13 

~ 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
90S 
901 

Temp(OF) 
66.6 
66.8 
66.8 
75.1 
76.2 
75.5 
76.5 
74.4 
69.4 

142.5 
131. 7 
70.1 

DATE: 4/14/80 
TIME: 4:00 p.m. 
OPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: 7 
, TOTAL F/A'S IN 

VAULT: 12 

T/C No. Temprn' 

919 72.0 
918 72.4 
917 72.0 
916 77.7 
915 80.6 
914 80.5 
913 81.2 
912 79.2 
911 74.2 
909 151.1 
90S 135.5 
901 76.4 

T/C No. Temp(OF) 
919 66.9 
918 67.1 
917 67.1 
916 75.5 
915 76.4 
914 75.7 
913 76.S 
912 74.6 
911 69.6 
909 144.1 
90S 133.0 
901 70.4 

DATE: 4/1/80 
TIME: S:OO a.m. 
OPERATING CONDITIONS: 
, AIR FLOW: Forced Vent 

• NO. OF F/A'S IN 
CENTER VAULT: 8 

• TOTAL F/A'S IN 
VAULT: 13 

T /C No. 
919 
91B 
917 
916 
915 
914 
913 
912 
911 
909 
90B 
901 

Temp(OF) 

66.3 
66.5 
66.4 
74.S 
75.7 
75.1 
76.2 
74.1 
69.2 

141. 7 
130.9 
69.7 

DATE: 4/21/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

TIC No. 
919 
91S 
917 
916 
915 
914 
913 
912 
911 
909 
90S 
901 

Temp(OF) 
65.4 
65.7 
65.6 
73.9 
75.0 
74.5 
75.4 
73.4 
68.2 

142.2 
131. 2 
68.6 

DATE: 4/8/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 

• NO. OF F/A'S IN 
CENTER VAULT: 8 

• TOTAL F/A'S IN 
VAULT: 13 

T/C No. 
919 
91B 
917 
916 
915 
914 
913 
912 
911 
'109 
908 
901 

Temp(OF) 
68.0 
68.3 
68.2 
76.2 
77.2 
76.6 
77 .5 
75.3 
70.4 

141.4 
130.9 
71. 7 

DATE: 4/22/80 
TIME: S:OO a.m. 
OPERATING CONDITIONS: 

• AIR FLOW: Forced Vent , AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: 7 
• TOTAL F/A'S IN 

VAULT: 12 

TIC No. T~llIp(OF) 

919 74.6 
91B 74.9 
917 74.5 
916 SO.2 
915 83.1 
914 S2.9 
913 S3.7 
912 S1.4 
911 76.9 
909 153.0 
908 137.0 
901 7B.4 

S-Lj 

• NO. OF F/A'S IN 
CENTER VAULT: 6 

, TOTAL F/A'S IN 
VAULT: 11 

TIC Nu. 

919 
91tl 
917 
916 
~15 
914 
~13 

912 
911 
gUY 
~U8 
901 

Temp(OF) 

74.7 
75.1 
74.7 
SO.3 
S2.4 
B1.8 
83.S 
S1. 9 
77 .2 

151. 7 
135.B 
78.7 



TABLE G-4. AIR-COOLED VAULT TEST THERMOCOUPLE DATA, FUEL ASSEMBLY; D22 

DATE: 4/24/80 
Tl~IE: 8:00 a.m. 
uPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: 6 

• TuTAL F/A'5 IN 
VAULT: 11 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 

74.0 
74.4 
74.0 
79.4 
81.4 
81.0 
83.0 
81.3 
76.4 

150.2 
134.3 
77.6 

UATE: 4/29/80 
TIME: 11:30 a.m. 
UPERATING CONDITIONS: 

• AIR FLOW: Forced Vent 
• NO. OF F/A'S IN 

CENTER VAULT: 4 
I TOTAL F/A'S IN 

VAUL T: 9 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 
73.6 
74.0 
73.7 
77 .2 
79.5 
78.5 
83.0 
81. 0 
76.1 

147.0 
132.6 
76.7 

DATE: 4/30/80 
TIME: 12:00 midnight 
OPERATING CONDITIONS: 

DATE: 4/25/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 
I AIR FLOW: Forced Vent 
I NO. OF F/A'S IN 

C[NTER VAULT: 5 
, TOTAL F/A'5 IN 

VAULT: 10 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 
73.7 
74.1 
73.8 
79.3 
80.6 
78.9 
83.0 
81.2 
76.2 

147.5 
132.8 
77.3 

.DATE: 4/29/80 
TIME:. 12:00 noon 
OgcRATING CONDITIONS: 

DATE: 4/28/80 
TIME: 12:00 midnight 

OPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 

• NO. OF F/A'S IN 
CENTER VAULT: 5 

• TOTAL F/A'5 IN 
VAULT: 10 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Ti::lllp(Of) 
74.2 
74.5 
74.1 
79.5 
80.7 
78.9 
82.9 
81. 2 
76.4 

147.3 
132.5 
77.5 

DATE: 4/29/80 
TIME: 4:00 p.m. 
OPERATING CONDITIONS: 

DATE: 4/29/80 
TIME: 12:00 midnight 

OPERATING CONDITIONS: 
• AIR FLOW: Forced Vent 

• NO. OF F/A'S IN 
CENTER VAULT: 4 

, TOTAL F/A'S IN 
VAULT: 9 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

T~ 
74.5 
74.8 
74.4 
77.9 
80.2 
79.1 
83.4 
81.5 
76.7 

147.1 
133.0 
77.9 

DATE: 4/29/80 
TIME: 8:00 p.m. 
OPERATING CONDITIONS: 

, AIR FLOW: Natural Cire.' AIR FLOW: Natural Cire.' AIR FLOW: Natural Cire. 
• NO. OF F/A'S IN , NO. OF F/A'S IN • NO. OF F/A'S IN 

CENTER VAULT: 4 CENTER VAULT: 4 CENTER VAULT: 4 
, TOTAL F/A'S IN 

VAtlLT: 9 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(oF) 
72.7 
72.9 
72.6 
84.8 
85.0 
85.7 
89.6 
88.7 
86.1 

150.6 
141.4 
76.0 

DATE: 4/30/70 
TIME: 5;42 a.m. 
OPERATING CONDITIONS: 

, TOTAL F/A'S IN 
VAULT: 9 

T /C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(Of) 
72.5 
72.8 
72.4 
87.7 
87.6 
89.1 
92.8 
91. 9 
89.9 

163.9 
156.6 
76.0 

DATE: 4/30/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

I TOTAL F/A'S IN 
VAULT: 9 

.!Lf..!i!?=. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 
73.7 
74.0 
73.6 
88.9 
88.8 
90.4 
94.2 
93.3 
91.4 

167.7 
160.4 

77 .3 

DATE: 5/1/80 
TIME: 8:QO a.m. 
OPERATING CONDITIONS: 

I AIR FLOW: Natural Ci re. I AIR FLOW: Natural Ci. re. , AIR FLOW:Natural Circ .• AIR FLOW: Natural Circ. 
I NO. OF F/A'S IN , NO. OF F/A'5 IN , NO. OF F/A'S IN I NO. OF F/A'S IN 

CENTER VAULT: 4 CENTER VAULT: 4 CENTER VAULT: 4 CENTER VAULT: 3 
I TOTAL F/A'S IN , TOTAL F/A'S IN I TOTAL F/A'S IN , TOTAL F/A'S IN 

VAULT: 9 VAUL T: 9 VAUL T: 9 VAULT: 8 

T/C No. Temp(OF) T /C No. Temp!OF) T/C No. Temp(OF) T/C No. Temp!OF) 
919 73.6 919 73.4 919 73.4 919 73.6 
918 73.8 918 73.8 918 73.6 918 73.9 
917 73.5 917 73.4 917 73.3 917 73.5 
916 89.6 916 90.0 916 90.1 916 88.7 
915 89.5 915 90.0 915 90.0 915 88.4 
914 91.0 914 91.5 914 91.6 914 89.4 
913 94.6 913 95.1 913 95.4 913 95.9 
912 93.9 912 94.4 912 94.5 912 95.6 
911 92.1 911 92.9 911 93.1 911 94.6 
909 169.4 909 170.2 909 170.4 909 170.1 
908 162.1 908 163.1 908 163.2 908 162.4 
901 77 .1 901 77 .0 901 77.0 901 77 .6 

G-5 



TABLE G-5, AIR-COOLED VAULT TEST THERMOCOUPLE DATA. FUEL ASSEMBLY: D22 

DATE: 5/1/80 
TIME: 4:QO p.m. 
OPERATING CONDITIONS: 

DATE: 5/2/80 

TIME: 12:00 noon 
OPERATING CONDITIONS: 

DATE: 5/2/80 

TIME: 4;00 p.m. 
OPERATING CONDITIONS: 

DATE: 5/4/80 

TIME; 4:00 p.m. 
OPERATING CONDITIONS: 

• AIR FLOW: Natural Cire.' AIR FLOW: Natural Cire .• AIR FLOW:Natural Cire .• AIR FLOW: Forced Vent 
• NO. OF FIAtS IN • NO. OF FIA'S IN • NO. OF FIAtS IN • NO. OF FIAtS IN 

CENTER VAULT: 3 CENTER VAULT: 3 CENTER VAULT: 3 CENTER VAULT: 3 
• TOTAL FIAtS IN • TOTAL FIA'S IN • TOTAL FIAtS IN • TOTAL FIAtS IN 

VAULT: 8 VAULT: 8 VAULT: 8 VAULT: 8 

TIC No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(°F) 
72.6 
72.9 
72.5 
88.3 
88.1 
89.3 
96.2 
95.7 
94.9 

170.1 
162.2 
7S.6 

DATE: 5/9/80 

TIME: 4 :00 p. m. 
OPERATING CONDITIONS: 

• AIR FLOW: Natural 
• NO. OF FIA'S IN 

CENTER VAULT: 2 

• TOTAL FIAtS IN 
VAULT: 6 

T/C No. 
919 
918 
917 
916 
)15 
~14 
913 
912 
911 
909 
908 
901 

Temp(OF) 
74.3 
74.8 
74.6 
8S.4 
84.1 
86.0 
93.2 
93.7 
92.5 

169.2 
161.0 
75.8 

DATE: 6/4/80 
TIME: 12:00 noon 
OPERATING CONDITIONS: 

TIC No. Temp(OF) 

919 73.8 
918 74.0 
917 73.6 
916 89.0 
915 88.7 
914 90.0 
913 96.9 
912 96.7 
911 95.7 
909 170.2 
908 162.3 
901 n.4 

DATE: 5/19/80 
TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

Cire.' AIR FLOW: Forced Vent 

• NO. OF F I At SIN 
CENTER VAULT: 2 

• TOTAL FIA'S IN 
VAULT: 

T/C No. 
919 
918 
917 
91G 
91S 
914 
913 
912· 
911 
909 
908 
901 

4 

Temp(OF) 
75.3 
7S.6 
7S.2 
76.4 
n .6 
79.0 
79.8 
78.1 
76.0 

144.4 
130.3 
78.6 

DATE:· 6/4/80 

TIME: 4:00 p.m. 
OPERATING CONDITIONS: 

TIC No. Temp(OF) 
919 74.3 
918 74.7 
917 74.5 
916 80.1 
915 82.0 
914 82.4 
913 89.3 
912 87.1 
911 81. 7 
909 168.5 
908 156.3 
901 78.9 

DATE: 5/22/80 

TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

T/C No. 
919 
918 
917 
916 
'.l15 
914 
913 
912 
911 
909 
908 
901 

Temp (oF) 

74.2 
74.5 
74.2 
n.o 
78.4 
78.8 
83.6 
81. 7 
n .0 

145.8 
131. S 
n.6 

DATE: S/28/80 

TIME: 8:00 a.m. 
OPERATING CONDITIONS: 

• AIR FLOW: Natural Cire.. AIR FLOW: Forced Vent 

• NO. OF F/A'S IN 
CENTER VAULT: 1 

• TOTAL F/AtS IN 
VAUL T: 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

2 

Temp(OF) 
77.5 
77.7 
n .5 
82.3 
82.3 
83.7 
84.3 
83.8 
82.9 

166.4 
159.2 

DATE: 6/8/80 
TIME: 4:00 p.m. 

OPERATING CONDITIONS: 

• NO. OF FIA'S IN 
CENTER VAULT: 1 

• TOTAL FIAtS IN 
VAULT: 2 

TIC No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 
7S.9 
76.3 
75.9 
76.5 
76.4 
78.8 
78.9 
76.9 
76.3 

142.7 
128.9 
79.7 

DATE: 6/12/80 
TIME: 4:00 p.m. 

OPERATING CONDITIONS: 

• AIR FLOW: Forced Vent • AIR FLOW: Natural Cire .• AIR FLOW: Natural Cire .• AIR FLOW: Forced Vent 

• NO. OF FIA'S IN • NO. OF FIA'S IN 
CENTER VAULT: 1 CENTER VAULT: 2 

• TOTAL F/AtS IN • TOTAL FIA'S IN 
VAULT: 2 VAULT: 2 

TIC No. Temp(OF) T /C No. Temp("F) 

919 76.9 919 n .1 
918 n.2 918 n .4 
917 76.8 917 n .0 
916 77 .4 916 n.9 
915 77.6 915 78.2 
91~ 80.4 914 81. 7 
913 n.6 913 77 .8 
912 n.3 912 77.7 
911 76.8 911 77.3 
909 142.2 909 153.0 
908 129.1 90B 144.8 
901 80.1 901 80.1 

• NO. OF FIA'S IN 
CENTER VAULT: 2 

• TOTAL FIA'S IN 
VAUL T: 2 

T Ie No. Temp(OF) 
919 76.8 
918 n .1 
917 76.7 
916 86.6 
915 86.2 
914 85.8 
913 77.7 
912 77 .6 
911 76.9 
909 166.0 
908 160.5 
901 78.9 

5-5 

• NO. OF FIA'S IN 
CE NTER VAULT: 2 

• TOTAL FIAtS IN 
VAULT: 2 

T/C No. 
919 
918 
917 
916 
915 
914 
913 
912 
911 
909 
908 
901 

Temp(OF) 
80.2 
80.4 
79.9 
80.9 
81. 3 
84.3 
80.2 
80.4 
79.9 

148.1 
134.1 

81. 9 



TABLE G-6, AIR-COOLED VAULT TEST THERMOCOUPLE DATA, FUEL ASSEMBLY: D22 

DATE: 6/18/80 DATE: 6/19/80 DATE: 6/22/80 
TIME: 4:00 p.m. TIME: 4:00 p.m. TIME: 4:00 p.m. 
UPERATING CONDITIONS: . DPERATING CONDITIONS: OPERATING CONDITIONS: 

• AIR FLOW: Forced Vent • AIR FLOW: Natural Cire. , AIR FLOW:Natural Cire. 

• NO. OF F/A'S IN , NO. OF F/A'S IN , NO. OF F/A'S IN 
CENTER VAULT: 2 CENTER VAULT: 2 CENTER VAULT: 2 

, TOTAL F/A'S IN , TOTAL F/A'S IN , TOTAL F/A'S IN 
VAULT: 2 VAULT: 2 VAULT: 2 

T /C No. Teme(O F) T /C No. Teme(OF) T/C No. Teme(OF) 
919 82.3 919 83.9 919 81. 5 
~IS 82.5 918 84.0 918 81.8 
917 82.0 917 83.8 917 81.4 
'J! () 82.7 916 89.0 916 90.8 
YI~ 83.0 915 88.6 915 90.3 
·1l4 86.0 914 89.4 914 90.0 
913 82.0 913 82.6 913 81. 5 
)I~ 82.2 912 83.4 912 81.8 
911 81. 9 911 83.1 911 81.4 
909 149.5 909 165.7 909 168.9 
908 135.6 908 160.0 908 162.7 
~Ol 84.2 901 84.3 901 83.4 
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APPENDIX H 

ELECTRICALLY HEATED DRYWELL TEST DATA ILLUSTRATIONS 

This appendix provides supplementary test data illustrations. 
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Figure H-1. Soil Isotherms at End of Accelerated Heatup Period, May 1, 1978 
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Temperature Profiles During 2 
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Figure H-3. Comparison of Liner Axial 
Temperature Profiles During 2 
kW Operation 
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APPENDIX I 

FUELED DRYWELL TEST DATA ILLUSTRATIONS 

This appendix provides supplemen
tary test data illustrations of 
canister, liner and soil temper-

ature distributions 
fueled drywe11s at 
below ground level. 
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for all four 
van.ous depths 
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APPENDIX J 

FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST DATA ILLUSTRATIONS 

This appendix provides supplementary test data illustrations. 

J-l 



271.4 

272.7 

TEST STAND 
8-0" 

275.3 

370.0 337.0 374.7 
o '7 ,.t:\ 0 0 J9 •. )~ 

396.00 0398.8 

1112,l1 

396.10 o 0393.9 

395.0 395.9 o 396.0 0 
00 o 

371.6 

THERMOCDUI'L 

343.1 

THERMOWELL 
TUBE 

278.5 

106395.:11A 

A. Vacuum Backfill (Reference: Table F-ll) 

TEST STAND 
9 -0" 

332.9 345.3 336.0 o 3525 0 0 
35 .. l-4 0 353.7 

<V 0 
352.4 o 

363.0 353.7 o 0 
351.7 351.6 

o 3~2 0 
o 0 335.0 • 

336.0 344.0 

THERMO~~~~ -' 

THERMOCOUPL 

277 .9 278.0 

106:195.:11A 

3!J6.9 

o 
373.2 
o 

TEST STAND 
8-00 

276.4 

354.0 343.6 
357.20 0 o 367.3 

o 
381.5 339.1 366.2 
000 

382.1 370.6 

o 3~~/ 0 
o 0 347.3 • 

361. 8 371. 4 

THERM~~~~ -' 

THERMOCOUPL 
106:J95-31A 

B. Helium Backfill (Reference: Table F-12) C. Air BackfiII (Reference: Table F-13) 

Figure J-1. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the ElectricalIy Heated Drywell Canister Profile Tests (FIA B43) 

J-2 

278.4 



243.9 

244.2 

351.9 o 
379.4 

o 
379.5 
o 

TEST STAND 
e-OO 

370.2 357.1 
381.10 0 o 382.4 
. 0 

395.9 332.6 
o 0 

378.5 379.4 o 379.6 0 

r... p. 0 \;.I' 354.2 • 
353.6 36.9 

THERMO~~i~ -.J 

THERMOCOUPL 

249.8 

A. Vacuum Backfill (Reference: Table F-16l 

TEST STAND 
e-OO 

310.2 321.0 310.5 o 329.4 0 0 
329.6 0 329.1 o 0 

331.7 341.2 329.4 
0 0 0 
330.9 328.3 

0 331.2 0 

0 0 
0 

310.7 • 
314.4 

THERMOCOUP 

323.0 

THERMOWELL 
TUBE --' 

245.6 238.8 

106395-31A 

TEST STAND 
e-OO 

326.3 348.7 337.3 o 358.8 0 0 
355.7 0 364.0 o 0 

354.5 377.6 367.3 
000 

358.6 363.4 o 3615 0 
32~1 3~ 1 (!) 33 

THERMOCOUPL 

THERMOWELL 
TUBE 

'1JI3IJf.J1A 

B. Helium Backfill (Reference: Table F-19) C. Air Backfill (Reference: Table F-18) 

Figure J-2. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the Drywell Canister Profile Tests (FIA B43) 

J-3 

248.8 



482.0 

485.1 

539.2 
o 

5~2 

TEST STAND 
e-O" 

550.3 544.0 
556.30 0 o 558.0 o 

5~3 559.1 o 
555.3 557.1 o 556.8 0 

o o 0 543.5 • 
540.8 548.2 

THER~Ji~ ...J 

496.0 

_-31A 

A. Vacuum Backfill (Reference: Table F-29) 

522.0 
0 

534.5 
0 

534.3 
0 

535.0 
0 

TEBTBTAND 
e- 0" 

531.8 526.4 
535.60 0 o 537.1 

0 

543.4 538.8 
0 0 

537.0 
536.6 0 

5W.1 5<fo.O 

0 
.526.6 r 

THERMOWELL 
TUBE -' 

THERMOCOUI'L 

493.8 485.0 

543.1 
0 

TESTBTAND 
e- 0" 

492.7 

551Ll 548.1 
560.90 0 
o 5~8 5~.1 

5~.2 511>.7 563.8 
0 

560.2 561.9 
o 5~.5 0 

0 0 548.1 • 
5411.8 552.5 

THERMOWELL 
TUBE 

THERMOCOUPL 

CANISTER 

1063!1S.:J1A 

B. Helium Backfill (Reference: Table F-30) C. Air Backfill (Reference: Table F-31) 

Figure J-3. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the 500°F Uniform Canister Profile Tests (FIA B43) 

J-4 

498.8 



ii: 
2-
a: .. 
Iii 
Z e 
u 
g .. 
III 
:> ... 
a: .. .... z ... 
U 
III 
U 

ffi 
a: 
~ ... a 
III 
a: 
:> .... e 
ffi .. 
:E 
III ... 

180 

160 

140 

120 

100 

8Il 

60 -

40 

20 

,~ , 

200 250 

180 

160 

ii: 
2-
a: 140 III 

Iii 
i 
~ 
~ 120 
III 

!Ig ... 
a: 

100 III 

IE 
III 
U ... 
~ 80 
III 
a: ... ... ... a ... 60 
a: 
:> 

< a: ... , 40 
III ... 

20 

0150 

b 

~, 

200 

LEGE 0 

o 30" ABOVE BOTTOM OF ACTIVE FUEL 

A 5J" AaOVE BOTTOM OF ACTIVE FUEL 

• "" ABOVE BOTTOM OF ACTiVE FUEL 
6112"ABOVE BOTTOM OF ACTIVE FUEL 

01110" ABOVE BOTTOM OF ACTIVE FUEL 

250 300 360 400 460 
CANISTER TEMPERATURE (OF' 

500 

105396-32AA 

A. Vacuum Backfill 

180 

LEGEND 

o 30" ABOVE BOTTOM Of ACTIVE FUEL 

0. 52" ABOVE BOTTOM OF ACTIVE FUEL 

• 79" ABOVE BOTTOM Of ACTIVE FUEL 

6112" ABOVE BOTTOM OF ACTIVE FUEL 

0140" ABOVE BOTTOM OF ACTIVE FUEL 

160 

~ ... 
2-
a: 140 ... 
Ie 

NONUNIFORM CANSTER PROFILE 
DATA 
UNIFORM CANISTER PROFILE 
DATA 

z 

" ~ 
~ 120 ~, .. 
! .... 
a: 100 .. 
IE ... 
u 

~ 80 
III 
a: ... ... ... a ... 
a: 
:> 

< a: ... .. 
S 
III .... 

300 350 460 500 50 200 

LEGEND 
o 30" ABOVE BOTTOM OF ACTIVE FUEL 

0. 52" ABOVE BOTTOM OF ACTIVE fUEL 

• 79" ABOVE BOTTOM OF ACTIVE FUEL 

6nr ABOVE BOTTOM OF ACTIVE FUEL 

CANISTER TEMPERATURE (OF' CANISTER TEMPERATURE (oF' 

10539$-3,AA 
J05396-3OAA 

B. Helium Backfill C. Air Backfill 

Figure J-4. Center ThermowelllCanister Temperature Difference Versus Canister Temperature 
Profiles Developed From the FIA 843 Tests 

J-5 



.343.2 

TEST STANO 
8-0" 

47..2,..6 494.6 478.9 
<V 0 0 

508.<0 

506.cf) 0 508 .6 

526.0 
507.40 o 0 508.3 

592 . 1 50.!!.. 2 
<V 504.3 <V o 

(.) 0 474.5· 
4]6.0 486.3 

THERMOCOUI'L 

THERMOWEll 
TUBE 

A. Vacuum Backfill (Reference: Table F-36) 

345.2 

TEST STANO 
8-0" 

351.4 CANISTER 

4~2 442.8 429.7 

• 451. 5 0 0 0 
450.ev 0 451.3 . 

452.80 4~/ 0452.1 

45J...,1 4'!ll.. •.. 0 
<V 4~5 <V 

o 0 
431.1 441.4 

THERMOCOUPL 

THERMOWELL 
TUBE 

B. Helium Backfill (Reference: Table F-37) 

354.9 

356.8 

Figure J-5. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the Electrically Heated Drywell Canister Profile Tests (FIA D15) 

J-6 



384.4 

381.4 

TEST STAND 
e·O<> 

391.3 

PWR FUEL ASSEMBLY 

552.9 
535.20 o 

53)..,.0 
\!) 532.4 

o 
50~7 5W.2 

THERMOCOUPL 

THERMDWELL 
TUBE 

CANISTER 

0536.0 397.1 

1tI6:tSf"'A 

A. Vacuum Backfill (Reference: Table F-41) 

TEST STAND 
e·O<> 

388.1 

PWR FUEL ASSEMBLY 

460.0 473.9 461.9 
000 

482.10 

481. SV 0 482 .2 
494.1 

483.20 o . 0483.0 

48.1-• .7 4!ll!. •.• 1 
\!) 481. 3 \!) o o 0 

462.9 472.6 

THERMOCOUPL 

THERMOWELL 
TUBE 

l06396-3JA 

B. Helium Backfill (Reference: Table F-42) 

393.8 

Figure J-6. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the SFT-C Canister Profile Tests (FIA D1S) 

J-7 



317.0 

313.4 

TErrlTANO 
e-OO 

PWR FUEL ASSEMBLY 

4~.9 477.5 460.1 
(!) 0 0 

491. 7 0 

490.50 0 492 .1 
510.9 

o 
481,5 

(!) 487.4 o o 0 
457.4 471. 5 

THERMOWELL 
TUBE 

0491.6 320.9 

A. Vacuum Backfill (Reference: Table F-38) 

426.50 

TBTITANO 
e-O" 

439.0 o 0426.0 

424.0 422.3 o 423.6 0 o 
40<f.1 4<f? 8 

THERMOCOUPL 

THERMOWELL 
TUBE 

321.1 321.6 

106395-3714 

TESTITAND 
e·O" 

PWR FUEL ASSEMBLY 

433.8 446.1 426.9 
000 

464.00 

470.10 ~62.2 
48i, •. 9 

477.80 (!) 0459.6 

47~9 
I!) 473.3 

o 
4~.7 4W.4 

THERMOCOUPL 

THERMOWELL 
TUBE 

B. Helium Backfill (Reference: Table F-39) C. Air Backfill (Reference: Table F-40) 

Figure J-7. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the Drywell Canister Profile Tests (FIA D1S) 

J-8 

320.3 



534.0 

TEST STAND 
e-O" 

544.0 

6~.7 6~.3 625.6 
<!) C!) 0 

645.90 

. 644 . .fV 0 647 .3 

645.10 0647.9 

64.!L,0 6~ •.. 0 
~ 6~5 ~ 

o 0 624.l· 
622.3 632.5 

THEFlMDCOUPL 

THER",OWELL 
TUBE --' 

550.3 

106395-31A 

A. Vacuum Backfill (Reference: Table F-51) 

TEST STAND 
e- 0" 

602.2 614.6 605.6 
000 

621.50 

620.20 ~22.2 
632.1 

621.00 o 0 m .7 

6200 
(;:j 62&) 

o 0 604.6 • 
603.6 612.2 

THERMO~~ii ---' 

THERMDCDUPL 

553.4 536.9 

106396.J1A 

TEST STAND 
9 - 0" 

619.2 632.9 622.4 
000 

642.80 

642.§J . 0 644 .0 

642.70 

641,,1 
~ 641.9 o 

THEFlMDCDUPL 

6~.2 
THERMOWELL 

TUBE 

0644 .3 

106J95-31A 

B. Helium Backfill (Reference: Table F-52) C. Air Backfill (Reference: Table F-53) 

Figure J-8. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the 550°F Uniform Canister Profile Tests (FIA D15) 

J-9 

550.6 



;. 

350.5 

TEST STAND 
a- 0" 

353.8 

473.6 493.8 478.8 o 0 0 
508.80 

507.fV 0 511 .2 

529.9 

CANISTER 

508.60 o 05ll.6 

507.5 o 507.1 
o o 0. 476 .• 

476.3 490.7 

THERMOCOUPL 

362.4 

Figure J-9. Thermowell and Canister Temperature Maps Near Active Fuel Midplane 
Elevation From the Air Backfill 350°F Uniform Canister Profile Test (FIA D15) 

Figure J-lO. 

587.8 

TEST STAND 
a-O" 

647.2 659.1 650.8 
000 

665.!0 
664.fV 0 666 .3 

67.i. •. 3 
664.90 CV 0667.6 

66.9., 0 cv 664.7 
o o 0 

648.5 656.6 
650. • 

THERMO~~~~ ---1 

THERMOCOUPL 

603.1 

1063!15-31A 

Thermowell and Canister Temperature Map Near Active Fuel Midplane 
Elevation From the Helium Backfill 600°F Uniform Canister Profile Test (FIA 
D15) 

J-10 



220 

200 

ii: 
'LIllO 
0: 

~ 
~111O 
e 
w .. 
i'! 140 
0: 
w .... 
Z .. 
u 120 

M 
0: .. 
~ 100 
is 

180 
i .... 80 

40 

20 

NONUNIFORM 
CANISTER 
PROFILE OATA 

220 

200 

ii: 
'L 180 
0: 

; 
~111O 
e 
w .. 
~ WI 
0: 
w .... 
Z 
w 
u 120 

M 
0: .. 
tt 100 
is 

180 
i .... 

40 

20 

300 

NONUNIFORM 
CANISTER 
PROFILE DATA 

LEGEND 

o 30" ABOVE BOTTOM OF FUEL 
'" 52" ABOVE BOTTOM OF FUEL 
• 19" ABOVE BOTTOM OF FUEL 
... 112" ABOVE BOTTOM OF FUEL 
o 140" ABOVE BOTTOM OF FUEL 

UNIFO~ CANIST\~ ___ ~ 
PROFILE DATA . 

I0Il 

A. Vacuum Backfill 

LEGEND 

o 30" ABOVE BOTTOM OF FUEL 

'" 52" ABOVE BOTTOM OF FUEL 

• 19" ABOVE BOTTOM OF FUEL 

... 112" ABOVE BOTTOM OF FUEL 

o 140" ABOVE BOTTOM OF FUEL 

220 

200 

ii: 
'LIllO 
0: 

~ 
~111O 
e 
w .. 
~ 140 
0: 
w .... 
Z .. 
u 120 .. 
~ 
ffi 
:t 100 
is 

! 80 
j 

80 

40 

20 

NONUNIFORM 
CANISTER 
PROFILE DATA 

UNIFORM 
CANISTER 
PROFILE DATA 

LEGEND 

o 311" ABOVE BOTTOM Of fUEL 
6 12" ABOVE BOTTOM OF FUEL 
• 19" ABOVE BOTTOM OF FUEL 
... lIZ" ABOVE BOTTOM OF fUEL 
o 140" ABOVE BOTTOM Of fUEL 

02OO~---=~~--~3OO~---=~~--~~~----~~--~~~--~~~--~~~~ 
CANISTER TEMPERATURE (OF) 

300 ~ ~ ~ ~ 

CANISTER TEMPERATURE (OF) 
~ ~ 

106135-22AA 
706135·23AA 

B, Helium Backfill C. Air Backfill 

Figure J-11, Center ThermowelllCanister Temperature Difference Versus Canister 
Temperature Profiles Developed from the FIA D1S Tests 

J-11 





APPENDIX K 

SPENT FUEL CALORIMETRY 

K.l OBJECTIVES 

A boiling water calorimeter was 
designed by Battelle Pacific North
west Laboratory to measure the 
decay heat generation rates of 
spent fuel assemblies prior to 
their encapsulation in the faci
lity. The calorimeter was designed 
to measure single PWR or BWR fuel 
assembly decay heat rates in the 
range of 0.1 to 2.5 kW . The 
expected accuracy for assemblies 
with a total decay heat greater 
than 1. 0 kW is + 5%; maximum decay 
heat measurement-errors are esti
mated to be +10% at 0.1 kW. The 
decay heat generation level was 
measured for five Turkey Point 
spent fuel assemblies. This appen
dix briefly discusses the spent 
fuel calorimeter , the procedures 
for its operation and results from 
its use. More detailed writeups 
can be found in References 30 and 
31. 

K.2 CALORIMETER DESCRIPTION 

The design of the spent fuel 
calorimeter 1.S illustrated in 
Figure K-l. The calorimeter system 
consists of five major subsystems. 
These subsystems are the calori
meter vessel and support structure, 
the water supply/storage tank and 
fill pump, the steam condenser, the 
condensate collection apparatus , 
and the control and · data acquisi
tion instrumentation. In addition, 
handling equipment unique to calor
imeter operations is required to 
support the fuel assembly during 
testing. The 20 inch diameter by 
18 foot long stainless steel calor
imeter vessel contains an inner 
pipe which supports lead r1.ngs 
required to absorb radiated gamma 

K-l 

energy . The vessel also contains 
four electric immersion heaters to 
boil water and a lid fitted wi th a 
hook to support spent fuel a ssem
blies. The calorimeter we i ghs 
approximately five tons when fil l ed 
with about 200 gallons of water. 
The water supply/storage tank is 
located directly below the vesse 1 
to provide make-up water and to 
permit the vessel to be complete l y 
drained. The condenser and con
densate collection appa ratus, 
located on the Hot Bay floor ad j a
cent to the pit, condense steam 
generated in the calorimeter 
vessel, collect subcooled conden
sate over a recorded period of 
time, and measure both the volume 
and weight of the condens ate . 
Instrumentation measures and 
records the steam pressure in the 
calorimeter vessel . 

The calorimeter vessel and the 
water storage tank are installed in 
the calorimeter pit located on the 
east side of the E-MAD Hot Bay area 
as shown in Figure A-14. 

K.3 PROCEDURES AND OPERATIONS 

The calorimeter system uses a water 
boi1:-off principle to permit mea
surements of heat generation rates. 
Before a spent fuel assembl y 1.S 
inserted 1n the calorimeter, an 
internal reference heater is us ed 
to boil water and produce steam. 
The vaporization rate is determined 
by condensing the steam and measur
ing the condensate mass accumu la
tion rate. The product of the mass 
accumulation rate and the latent 
heat of vaporization of the water 
is equal to the heat generated i n 
the heater minus heat losses. This 
procedure 1.S repeated at the same 
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Figure K-l. Illustration of the Spent Fuel Calorimeter In the E-MA D Calorimeter Pit 
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heater power with a spent fue l 
assemb ly inserted 1n the calor i 
mete r . In this procedure , the 
product of the mass accumulated 
rate a nd latent heat is a measure 
of t h e unknown heat genera ted 1n 
the s pent fuel assembly , plus the 
heat generated in the re f erence 
heater, minus system heat losses. 
The decay heat generation r ate of 
spent fuel assemblies is determined 
by differencing the final and ini
tial p r oducts of mass accumulation 
rates and latent heats. 

To i nsert the fuel assembly 'into 
the calorimeter vessel a s pecially 
designed PWR fuel grapple, shown i n 
Figure K-2, is engaged with the top 
nozzl e of the fuel assembly. The 
calor i me t er closure lid, suspende d 
from the overhead crane, 1S move d 

Figure K-2. Fuel Assembly Being Removed 
From a Canister 
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into pos it i on ove r the weld pi t a nd 
the lift ing eye on the grapp le i s 
attached to the support hook below 
the closure lid usin g the maste r
slave manipu l a tors . 

Prior t o moving the fue l assembly 
from t h e we ld pit t o the ca l o r i
me ter , t he ins u l ation capon the 
calorimeter ves s e l is r emove d using 
the Wal l-Moun ted Hand l ing System 
an d t he t emporary cove r i s prepare d 
for r emoval . The water leve l 1n 
t he ca lor ime t er ve s sel is lowered 
t o prevent the d isplaced volume o f 
wat er from f loodin g t he condens at e 
col l e c t i on sys tem. Th e overhead 
crane t hen lifts the calorimete r 
c los ure lid and t he att a ched f uel 
a s s embl y and posi t ions them over 
t he c alo r ime t er ves sel . Af ter 
r emovin g the t emporary cove r, t he 
c l osure lid is s lowly lowe red unt i l 
it is s eated on t he upper vess e l 
f lange . The c rane 1S then disen
gaged f rom the closure lid and the 
i ns u l at i on c ap re placed on the 
vessel . 

Th e condensate c o lle ct i on system 
and the data acqui s ition sys tem 
o perate automat i cally . However, an 
operato r monit ors the system con
t r ol panel whenever a f uel assembly 
is immersed in t he calor imeter 
v es se l . With a s pen t fuel assembly 
in the ca lor i me ter v e sse I and t he 
elec t ric heater energized, the 
wate r 1n the vessel r eache s an 
e qui l ibrium bo i ling cond it ion i n 
which t he r at e of steam generat ion 
and condensat i on a r e stea dy, the r e
fo re, the i n t e r val of time requ ired 
to collec t a given quanti ty of 
conden s a te rema i ns approximately 
c ons tant dur i n g several c o llection 
cycle s. A dat a s can 1S i n itiat ed 
e ach time t he conde n sate lev e l 
reaches t he h igh limi t 1n t he 
collec tion t ube . The measured 
parameters are processed by the 



data acquisition system and the 
data is printed out to provide a 
permanent record of each collection 
cycle. A data scan can b e initia
ted and recorded without af fecti n g 
the collection cycle in progr ess. 

After termination of t h e test, t h e 
insulation cap is removed from the 
calorimeter vessel. The overhead 
crane ~s repositioned over t h e 
calorimeter ve s sel and the crane 
hook adapter is attached to the 
closure lid lifting fixture . 
Figure K-3 shows the crane removing 
the spent fuel assembly from the 
calorimeter. The closure lid and 
suspended fuel asembly are lifted 
and moved to the weld pit where the 
fuel assembly ~s lowered into a 
storage cani ster. 

.. -~::-;: 
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Figure K-3. Fuel A ssembly Being Removed 
From the Boiling Wa ter 
Calorim eter 

• 
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The fuel grapple is then disengaged 
and the closure lid with the grap
ple removed to the closure lid 
support stand. The temporary cover 
must be replaced on the calorimeter 
vessel as soon as possible to mini
m~ze vapor escaping to the Hot Bay 
atmosphere. As the fuel assembly 
~s lifted from the calorimeter 
vessel, the fill pump control cir
cuit automatically restores the 
water level to the operating range. 

K.4 RESULTS 

Table K-l presents the measured 
decay heat values for the five 
Turkey Point spent fuel assemblies 
D34, D04, DIS, D22, and B43. 
Equilibrium was clearly established 
and cell ambient conditions were 
s table for assemblies D34, DIS, 
B43, and D22. However, based on 
the analysis of later reference and 
measurement data, thermal equili
brium was not established during 
the measurement of fuel assembly 
D04 • 



TABLE K-1 
MEASURED DECAY HEAT LEVELS FOR FIVE TURKEY POINT FUEL ASSEMBLIES 

Cooling Measured* 
Fuel Burnup Date of Time Decay Heat 

Assemb1I (MWD/MTU) Measurement (daIs) (kW) 

D34 27,863 Apd1 1, 1980 864 1.550 

D04 28,430 May 20, 1980 913 1.385** 

D15 28,430 July 8, 1980 962 1.423 

D22 26,485 July 9, 1980 963 1.284 

B43 25,595 Sept. 10, 1980 1416 0.637 

D15 28,430 Jan. 6, 1981 1143 1.125 

*Measurement uncertainty is 5% 

**Low confidence (see text) 
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APPENDIX L 

GAS SAMPLING OF SPENT FUEL CANISTERS 

A test program was conducted at 
E-MAD to sample the gaseous media 
contained in selected spent fuel 
storage canisters and the Fuel 
Assembly Internal Temperature 
Measurement Test canister. The 
samples were ana l yzed by mass spec
trographic and gamma scan techni
ques to detect the presence of 
gaseous fission products which 
could be indicative of fuel rod 
clad failure. This appendix 
describes the sampling equipment, 
sampling procedures, and presents 
the results of analyses performed 
on the gaseous samples . Table L-1 
summarizes the pertinent data rele
vant to storage location, canister 
configuration, storage atmosphere, 
and storage initiation date for the 
canisters sampled. 

TABLE L-1 

L.l SAMPLING EQUIPMENT AND 
PROCEDURES 

L.1.1 UNWELDED CANISTERS 

Four PWR spent fuel assemblies for 
the SFT-C Program (D34 , D22, D1S, 
and D04) were placed in stainless 
steel canisters without evacuation, 
helium backfill, or seal welding. 
The canisters are described in 
Section 3.2.2.3 . The threaded can
ister lids were installed in the 
canister bodies , and the canister 
assemblies temporarily stored 1n 
the lag storage pit. 

A mechanically sealed evacuation/ 
backfill port is provided on each 
threaded canister lid (see Figure 
3.2-19). This port is normally 

GAS SAMPLED FUEL ASSEMBLY STORAGE SUMMARY 

Fuel Storage canister Storage Storage 
AssemblI Location Confi&!:!:rBtion AtmosEhere Initiated 

004 Lag Storage Pit Unwe1ded Air 12/11/79 

DIS Lag Storage Pit Unwe1ded Air 11/27/79 

D22 Lag Storage Pit Unwelded Air 11/12/79 

D34 Lag Storage Pit Unwelded Air 11/1/79 

B43 Transfer Pit Unwe1ded Air 2/6/79 

Test Stand Sealed Air" Helium & Vacuum 7/19/79* 

B41 Drywell 3 Welded Helium 1/24/79 

B03 Drywel1 S Welded Helium 1/12/79 

*Air, helium, and vacuum tests conducted f r om 7/23/79 to 2/11/80, test stand 

filled with air after 2/11/80 
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used for canister evacuation a nd 
helium backfill followin g the 
encapsulation seal weld. The po r t 
and the sealing cap are st andard 
tube fittings. For canister gas 
sampling, the sealing cap was 
removed and a sampling tree, 
described below, was installed. 

The sampling tree for each 
unwelding canister, illustrated 1n 
Figure s L-l and L-2, contained two 
500 milliliter stainless steel 
sampling bottles with a shutoff 
valve welded to each bottle. The 
connecting manifold was a s sembled 
from standard tube fittin gs and 
furnished with a manifold isolation 
valve and a compound vacuum/pres
sure gauge to monitor the manifold 
pressure. The 500 mi lliliter 
sampling bottles were "bake d out" 
at a temperature of 400°F during 
evacuat i on of the entire sampling 
t r ee. The tree and sample bottles 
were evacuated to approximately 
107 torr and helium leak che cke d 
to ensure a vacuum un t i 1 t h e gas 
samples were drawn. 

500 ML GAS 
SAMPLING 
BOTTLE 

VACUUM GAGE 

CANISTE R LID FITTING 

UNWELDED 
CANISTER 

106534- 11A 

Figure L-1. Un welded Canister Gas Sampling 
Test Arrangement 
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Figure L-2. Photograph of Unwelded 
Canister Gas Sampling Op eration 

To i nitiate t he gas samp ling 
proce dure, the unwe l ded canis te r 
wa s moved f r om t he l a g storage pit 
to the wel d pit , and the me chanical 
sealing cap removed fr om t he evac
uation/backfi ll port rapid l y t o 
minimi ze c aniste r gas l oss. With 
the mani fold i solat ion valve 
closed, t he shuto f f v a lve on e a ch 
s ampl e bo ttl e was opene d i ndepen
dent l y (see Figure L-2 ) while 
obs erving the manifold gauge t o 
ve r ify the s ample bot tle vacuum. 
Fol l owing vacuum ve ri f i c at ion, both 
sample bo t tle shu t o ff v a l ves were 
ope ned, and finall y , t h e mani fold 
shuto ff v alve was o pene d . This 
ensured t h e gas samples drawn into 
e ach sample cy linder we re as i den
t i cal as pract i c able . When the 
man i fold gauge stabili zed , the 
sample bott l e v a lve s we re closed, 
t he sample t r e e removed from the 
eva cua tion/back f il l port , and the 
port res ealed . The samp l e bo t tles 
we r e removed from the t r ee and 
f o rwarded to the ana l yt ical labor
a t orie s fo r mass s pe c trographic and 
gamma scan measurements . 



L.l.2 FUEL ASSEMBLY INTERNAL 
TEMPERATURE MEASUREMENT TEST 
CANISTER 

PWR spent fuel assembly B43 was 
installe d ~n the Fuel Assembly 
Internal Temperature Measurement 
Tes t c anister (described in Section 
5.2 ). During the testing phase, 
the fuel assembly was subjected to 
several thermal cycles from ambient 
temperature to the test canister 
temperature profiles described in 
Section 5.3. The maximum fuel 
assembly temperature measured 
dur ing fuel temperature testing was 
572°F which occurred while the test 
cani ster was backfilled with a i r 
and with a uniform 500°F tempera
ture profile imposed on the canis
ter . 

The Fuel Assembly Internal 
Temperature Measurement Test is 
located 1.n the E-MAD West Process 
Cel l . In order to draw samples 
from the test stand canister, 
tubing was extended from a fitting 
on the canister lid to a hot cell 
adjacent to the West Process Cell 
(see Figure 5.2-12). The sampling 
equipment consisted of a manifold 
to which four 500 milliliter sample 
bottles and two 1 gallon vacuum 
bottle were connected through 
appropriate isolation valves. It 
was estimated that each 1 gallon 
vacuum bottle would be sufficient 
to purge the sample line between 
the canister and hot cell. Two 1 
gallon vacuum bottles and two inde
pendent sampling bottle sets were 
ins t alled to ensure at least one 
sample set would be uncontaminated 
by residual gasses. A schematic 
diagram of this gas sampling system 
~s shown in Figure L-3. 

To initiate the sampling procedure , 
a uniform 500°F temperature profile 
was established on the test canis
ter. The test canister heatup 
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began on May 30, 1980 and continued 
through June 4, 1980 when the gas 
samples were taken. During the 
period May 31 to June 4, the canis
ter temperatures ranged from 475 to 
502°F, the thermowell temperatures 
ranged from 513 to 566°F, and the 
average thermowel l temperature 
ranged from 529 to 545°F. The peak 
center thermowell temperatures 
ranged from 552 to 566°F. No 
attempt was made to evacuate or 
backfill the canister prior to 
initiating the sampling procedure. 
Therefore, the atmosphere within 
the canister was an unknown mixture 
of residual helium from the pre-
vious test run and 
have leaked into the 
the test stand was 
standby condition . 

a~r that may 
canister whil e 
~n t he co ld 

The vacuum in each sample bottle 
and the two purge bottles were 
verified prior to gas sample 
initiation. With the isolation 
valves closed on all s amp le bot
tles, the first purge bottle isola
tion valve was opened to d raw the 
residual gasses from the sampling 
line into the bottle. When t he 
pressure in the sampling manifo ld 
reached equilibrium, the purge 
bottle isolation valve was closed, 
and the isolation valve s on the 
first pair of 500 milliliter sample 
bottles opened to draw gas sampl es. 
After isolating the first se t o f 
sample bottles, the purge and 
sampling procedure was repeated. 
The analysis results indicate tha t 
at the achievable levels of 
detectability , no difference cou l d 
be found between the two sets. 

L.1.3 DRYWELL CANISTERS 

Two PWR s pent fuel assemb lies (B03 
and B41) , encapsulated in stainles s 
steel canisters and placed drywel1s 
during January of 1979, were gas 
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Figure L-3. Fuel Assembly Internal Temperature Measurement Test Canister Gas Sampling 
Test Arrangement 

sampled. The encapsulation canis
ters were seal welded . evacuated. 
backfilled with helium. and leak 
checked prior to emplacement. The 
storage canister and drywell con
figurations are described in 
Section 3.2.2. 

The equipment used for drawing gas 
samples from the drywell canisters 
is illustrated in Figure L-4. The 
sampling tree for each drywell can
ister consisted of two 500 milli
liter stainless steel sampling 
bottles each with a welded shutoff 
valve. The manifold connecting the 
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two sampling bottles was assembled 
from standard tube fittings and 
furni~hed with a manifold isolation 
valve and a compound vacuum/pr es
sure gauge to monitor the manifo ld 
pressure. The sample bottles are 
"baked out" at a temperature of 
400°F while maintaining a vacuum of 
approximately 10-7 torr on the 
sample tree assembly. The bottles 
and the manifold were helium leak 
checked to ensure a vacuum until 
samples were drawn. The sampling 
bottle vacuum was verified 1mme
diately before initiating gas 
sampling. 
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EVACUATION/BACKFILL SYSTEM 

)::t:.¢=:::O::;==~::I==:::C:;::::;:::J:::~~Er?UM 

.WELDED CANISTER 

I 
TO CANISTER 
EVACUATION 
PUMP 

SUP9LY 

Figure L-4. Welded DrywelJ Canister Gas 
Sampling Test Arrangem~n t 

To perform gas samplin g , the sample 
bottles and manifold were c onnected 
to a n evacuation chamber mounted on 
the canister lid (see Figure L-5) . 
An "0" r ~ng was inserted between 
the evacuation chamber flange and 
the can i ster closure l id surface to 
provide a v acuum tight seal. The 
port connection on the canister 
clos ure lid was opened and closed 
by a sha ft penetrating t he evacua
tion chamber upper f l ange thr ough a 
vacuum t ight "0" ring gland . The 
shaf t is equipped on one end with a 
socket to match the port connection 
nut and with a handle on the other 
that is turned by a master-slave 
mani pu lator. To complete the 
evacuation chamber assembly, a 
compound vacuum/pressure gauge and 
evacuation shutoff valve was 
installed on the nozzle to which 
the gas bottle sampling tree was 
connec·ted . The evacuation chamber 
shutoff valve was connected with 
flexible tubing to the Evacuation/ 
Backf ill System (see Section A.5.3 ). 

Prior to the initia ting canister 
gas sampling, the evacuation 
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Figure L-S. Photograph of Welded DrywelJ 
Canister Gas Sampling Test 

chamber and sample tree manifold 
were purged by evacuating , char ging 
wi th helium , and then r e-evacuat ing 
to le s s than 1 millitorr. With the 
manifold and evacuation chamber 
isolation valves closed, the sample 
bottle shu t off valves and the 
mechan ical seal cap on the caniste r 
lid port connection were opened to 
allow the canister backfill gas to 
f low into the evacuation chamber. 
The manifold isolation valve was 
then opened so gas samp l es could 
flow into the sample bottles . When 
the manifold pressure st ab ilized, 
the s ample bottles were isolated by 
closing the manifold i s olation 
valve and the bottle shutoff 
valve s . The evacuation chamber was 
r echarged with helium fo l lowing gas 
samp l ing and before the canister 
lid port connection was resealed. 



Leak checks were pe r formed on the 
canister assembly both before and 
after sampling. The indicated leak 
rates were below specified stan
dards . Measured backfil l pressures 
in both canisters before · gas samp
ling were above atmospheric. 

L.2 GAS SAMPLE ANALYSIS 

Gas samples obtained from all the 
storage canisters were analyzed for 
Krypton and Xenon by mass spectro
graphic and gamma spectrographic 
techniques at the Hanford Engi
neering Development Laboratory 
( HEDL). Gamma spectorgraph ana
lyses were performed on duplicate 
gas samples at the Westinghouse 
Advanced Reac t or Div i sion (ARD) and 
in the case of the two drywell can
ister samples, mass spec trograph
ics analyses were performed at the 
Oak Ridge National Laboratory 
(ORNL) following the ARD gamma 
analyses. In addition, mass spec
trographic analyses of the gas 
samples from the two drywell can
isters were performed by HEDL and 
ORNL. The results of the consti
tuent analyses are given in Table 
L-2. 

The detectable limits 
Table L-3 for Krypton 
using mass spectrograph 

shown in 
and Xenon 
techniques 

are affected by mass interference 
of other gas sample constituents 
directly relat ed to t he gaseous 
media in the storage canisters . 
The detectable limits for the s am
ples from the unwelded ai r canis 
ters were slightly highe r than t h e 
samples from the Fuel Assemb l y 
Internal Temperature Measurement 
Test and helium drywell canisters . 
The varying detectable limits for 
gamma spectrographic analyses s hown 
in Table L-3 are primarily a result 
of the counting s t atistics used for 
the individual analysis. 

No specific analyses were made to 
detect the present of Cesium in the 
gas samples. It is expected tha t 
any Cesium produced directly by 
fission or from the Xenon de cay 
condensed on the caniste r sur fa ces 
and therefore would not be detec
table in the sampling bottles. 

L.3 RESULTS 

Results of all the mass spectro
graphic and all except one gamma 
spectrographic analysis performed 
indicated that fission produc t 
gases contained in the samples were 
below the detectable limits. One 
gamma spectrographic 
performed by ARD on the 
canister containing fuel 

analysis 
drywell 

assembly 

TABLE L-2 
GAS SAMPLING CONSTITUENT ANALYSIS 

Fuel AssemblI Gas Constituents (Mole %) AnalItical Lab 

H2 CH4 H2O N + CO O2 Ar CO 2 N2 He 

B41 0.19 0.02 1.21 0.17 0.01 <0.01 0.27 98.1 ORNL 

0.12 <0.01 0.22 0.14 99.5 HEDL 

003 0.25 0.02 0.21 0.69 0.15 0.01 0.25 98.4 ORNL 

0.11 0.09 0.18 0.54 99.5 HEDL 
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TABLE L-3 
SUMMARY OF GAS SAMPLING RESULTS 

Estimated 
Gas Max. Fuel 

Fuel Sampling Clad Temp. Gamma 
Assembly Date (OF) (IlCi/cc) 

D04 4/9/80 520 <3 x 10-4 

D15 4/10/80 520 <3 x 10-4 

D22 6/25/80 520 <3 x 10-4 

D34 4/1/80 520 <3 x 10-4 

B43 6/4/80 350 <3 x 10-4 

57Ztt 

841 8/5/80 350 <3 x 10-4 

803 8/4/80 350 <3 x 10-4 

*Hanford Engineering Development Laboratory 

**Westinghouse Advanced Reactors Division 

tOak Ridge National Laboratory 

ttMeasured in Test Stand for Short Term Test in Air 

B4l detected the presence of 
Krypton. This indication was not 
supported by the mass spectro
graphic analyses performed by ORNL 
on the same gas sample or by the 
gamma and mass spectrographic 
analysis performed by HEDL on the 
duplicate gas sample drawn from the 
same canister. It may be noted 
that Cesium was detected in a water 
sample drawn from the shipping 
casks used to transport fuel assem
bly B4l from the Turkey Point 
Reactor storage pool to the 
Battelle Columbus Laboratory. 
Although never confirmed by visual 
examination at BCL, the fuel rod 
clad integrity of this assembly was 
considered suspect and identified 
as a "designated leaker" prior to 
encapsulation and storage, and this 
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Analysis Results 

HEDL* ORNLt 
Mass SEec. ARD** Hass SEec. 
Kr Xe GatlDlla Kr Xe 

(ppm) (ppm) (llci/cc) (ppm) (ppm) 

<5 <7 <3 x 10-5 

<3 <6 <3 x 10-5 

<4 <3 <6 x 10-6 

<3 <6 <3 x 10-5 

<2 <2 <9 x 10-6 

<1 <1 1.4 x 10 -3 <1 <1 

<1 <1 <6 x 10-6 <1 <1 

gas analysis reinforces this 
suspicion. Therefore, there 
appears to be no evidence to 
indicate that fuel assembly dry 
storage has caused any deterior
ation of fuel rod clad integrity. 





APPENDIX M 
TEST DATA UNCERTAINTY AND FUEL CLAD PREDICTION INACCURACY ANALYSES 

Evaluations of test data uncertain
ty and fuel clad prediction inaccu
racy are presented in this Appen
dix. The areas of test data evalu
ation included instrumentation mea
surement and position uncertainty, 
heat source position and power 
level uncertainty, variation in 
measured temperatures between 
correspondingly placed thermocou
ples, and differences between re
corded temperatures included as 
test data and those not included. 
The effects of instrumentation mea
surement and posLtLon uncertainty 
and the calculational method inac
curacy were evaluated to determine 
overall fuel clad prediction in
accuracy. 

M.l INSTRUMENTATION AND HEAT 
SOURCE UNCERTAINTIES 

M.l.l INSTRUMENTATION 

The typical measurement uncertainty 
for the Type K thermocouples used 
fer all the tests is +2 OF for the 
range of temperatures measured. 
This LS based on thermocouple 
calibration after fabrication. 

An attempt was made to determine 
the effect of data logger calibra
tion on test thermocouple readings; 
however, records of the recalibra
tions did not include pre- and 
post-calibration temperature read
ings for all calibrations. In ad
dition, for those times when pre
and post-calibration readings were 
taken test data were still changing 
due to test transient thermal re
sponse which made evaluation of the 
data for calibration effects very 
difficult and possibly meaningless. 
It is expected that the recalibra
tions maintained thermocouple 
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readings within measurement uncer
tainty noted above. 

Thermocouple positional uncertainty 
for each of the different tests 
performed at E-MAD has been evalua
ted from the fabrication and in
stallation tolerances on design 
drawings. Table M-l presents the 
total position uncertainties for 
each group of test thermcouples. 
These uncertainties represent the 
summation of all the individual 
tolerances. In most cases, the 
positional variation is within +1 
inch except for the Reference WeTl 
thermocouples. 

Most of the available tolerance 
data was for axial thermocouple 
position variations. Since the 
Electrically Heated Drywell Test, 
the Fuel Assembly Internal Tem
perature Measurement Test and the 
Concrete Silo Test have thermo
couples attached to test hardware 
(liner, canister, concrete, etc.), 
radial position variations are of 
little concern. For the thermo
couples buried in the soil, the 
effect of radial position varia
tions (which were not readily 
available) is not expected to be 
significant since most of the 
temperature readings are low. 

To access the effect of thermocou
ple axial posLtLon uncertainty on 
temperature data, the axial tem
perature profiles were used to 
determine the temperature variation 
with axial position near the test 
thermocouple locations. For all 
tests, the position uncertainty 
does not cause much inaccuracy in 
peak temperature reading since the 
axial profiles are relatively flat 
where peak temperatures occurred. 
Near the top and bottom of the 



TABLE M-1 
TEST THERMOCOUPLE POSITION UNCERTAINTY 

Electrically Heated Drywell Test (Reference Elevation: Ground Level) 

Thermocouple Location 

canister 

Liner 

Liner Bottom Plate 

Shield Plug Inside 

On Liner 

Outs ide of Plug 

Grout 

Canister Lid 

Reference Well 

Instrumentation Wells 

Thermocouple No. 

14 to 24 

25 to 38 

39, 40 

3 to 5 

6 to 9 

10, 11 

44 to 50 

12, 13 

101 to 109 

51 to 99 

Tolerance (In.) 

Axial 

+0.555 
-0.705 

+0.23 

+0.43 

+0.35 

+0.23 
-0.29 

+0.35 
-0.41 

+0.23 

+0.63 
-0.72 

+0.70 

Other 

+0.06 Radial(From Liner) 

Fueled Drywells (Reference Elevation: Top of Concrete Pad) 

Thermocouple Location 

Canister 

Liner 

Tolerance (In.) 

Axial Other 

+0.37 0.062 Dia. TIC in 
0.75 x 0.75 Angle 

+0.87 (Bottom of 
-0.89 TiC Tubes) 

~0.32 0.062 Dis. TIC in 
0.083 1.0. Tube 

Instrumentation Wells +0.70 

Concrete Silo (Reference Elevation: Top of Liner) 

Tolerance (In. ) 
Thermocouple Location Axial Other 

Silo Concrete Insufficient Data 

Silo Liner .:!:,0.26 Same as fueled drywells 

Canister +0.37 Same as fueled drywells 
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TABLE M-1 (Continued) 

Fuel Assembly Internal Temperature Measurement Test (Reference Elevation: Top 
of Canister) 

Thermocouple Location 

Canister 

Liner 

Thermowell 

Canister Lid Top plate 

Canister Lid 

Canister Bottom 

·nsu1ation Sheath 

Axial 

+0.26 

+0.27 

+0.20 

+0.43 

+0.28 

+0.32 
-0.38 

+0.20 

Tolerance (In.) 

Other 

0.062 Dia. TIC in 0.311 I.D. Tube 

Air-Cooled Vault (Reference Elevation: Hot Bay Floor) 

Thermocouple Location Axial 

canister +0.37 

Outlet Pipes +0.50 

canister heated length, the pro
files show s lopes which result ~n 

larger temperature inaccuracies. 
Inaccuracies for all thermocouples 
were found to be less than +2°F for 
all tests. Results of th~s eva
luation have been included in the 
Test Data Accuracy section for each 
test. 

For storage canisters in the dry
wells, concrete silo and lag stor
age pit, the canister thermocouples 
are inserted into 0.75 inch by 0.75 
inch by 0.12 inch thick angles 
welded to the canister exterior. 
The resulting positional uncertain
ty is expected to create the lar
gest error between measured and 
actual temperatures. For the 
canister thermocouple evaluation, 

Tolerance (In.) 
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Other 

Same as fueled drywe11s 

data from the Fuel Assembly Inter
nal Temperature Measurement Test 
and from the storage tests were 
evaluated. The Fuel Assembly In
ternal Temperature Measurement Test 
canister had thermocouples instal
led both in these tubes and attach
ed to the canister at two eleva
tions. Two pair of thermocouples 
placed on opposite sides of the 
canister at each elevation provided 
data from which the measurement 
error can be evaluated. The data 
from these thermocouples was ad
justed to compensate for the mea
sured variation around the canister 
(determined for each test by the 
eight thermocouples around the can
ister near the fuel assembly mid
plane). Table M-2 provides a sum
mary of the comparison from the 



TABLE M-2 
FUEL ASSEMBLY INTERNAL TEMPERATURE MEASUREMENT TEST 

CANISTER TEMPERATURE COMPARISON ATTACHED VERSUS IN INSTRUMENTATION TUBES 

PHASE II TESTS - F/A B43 

Distance Below 
Top of Canister Direction of Canister Temperature Range (OF) 

(In. ) Com2arison 220-230 250-280 300 400 500 

53.0 0-180° Max 6.2 10.9 5.6 4.6 3.2 
Min 0.6 1.3 3.6 2.0 2.9 
Ave 4.91 5.0 4.3 3.2 3.3 

53.0 90-270° Max 13.1 11.1 11.1 10.8 11.1 
Min 3.2 8.0 9.1 8.4 10.5 
Ave 7.53 9.05 10.23 9.9 10.76 

113.0 0-180° Max 8.5 7.8 4.6 5.3 4.2 
Min 2.2 4.3 3.5 3.5 3.7 
Ave 6.1 5.38 4.2 4.4 3.9 

113.0 90-270° Max 4.6 4.3 1.7 1.7 1.9 
Min 0.5 0.3 0.4 0.7 0.6 
Ave 2.86 2.07 2.9 1.06 1.03 

PHASE III TESTS - FIA 015 

Canister Temperature Range (OF) 
300-350 400 

53.0 0-180° Max 10.9 
Min 0.8 
Ave 5.64 

53.0 90-270° Max 20.5 
Min 4.1 
Ave 13.47 

113.0 0-180° Max 14.2 
Min 2.4 
Ave 7.47 

113.0 90-270° Max 7.5 
Min 0.1 
Ave 3.8 

*On1y one value recorded 

four thermocouple pairs for all the 
tests performed. In all cases, the 
temperatures measured in the tubes 
were lower than those on the can
ister. The peak differences at an 
elevation close to the fuel assem
bly midplane were 8.5°F for all the 
fuel assembly B43 tests and l4.2°F 
for all the fuel assembly DIS tests. 

Since the recorded canister temper
atures on canister opposite sides 

3.7 
3.2 
3.45 

16.7 
14.1 
15.4 

6.5 
6.4 
6.45 

1.5 
0.8 
1.15 
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450 500 550 600 

3.8 4.6 3.2 
2.3 2.9 0.6 
3.05 3.73 2.0 2.4* 

19.4 16.5 15.8 
18.1 14.0 14.2 
13.75 14.87 15.23 14.1* 

7.4 5.7 13.7 
5.2 2.9 5.1 
6.3 4.5 8.43 2.4* 

3.4 2.2 1.6 
2.9 1.2 0.4 
3.15 5.1 1.06 0.8* 

varied for each storage location, 
it was assumed that this difference 
was due to the thermocouple posi
tion variations within the instru
mentation tubes. The differences 
between data from opposing canister 
thermocouples were calculated (see 
Tables M-3 and M-4) and the minimum 
values subtracted from the peak 
differences noted above to give a 
more representative estimate of the 
inaccuracy of the peak recorded 



canister temperatures. The result
ing inaccuracies 1n canister tem
peratures (noted as maximum esti
mated difference between actual and 
measured temperature) were 8.5°F 
for the B series fuel assemblies in 
the drywells and concrete silo, 
9.5°F for fuel assembly D22 in Dry
wellS, and 7.0°F for fuel assembly 
D22 in the lag storage pit. 

Combining the instrumentation pos i
tion error induced inaccuracy and 
the thermocouple measurement uncer
tainties, the peak canister temper
atures are estimated to be between 
6.5 and 11.5°F higher than the peak 
measured canister temperatures for 
the helium filled canisters and be
tween 5.0 and 9.0°F higher tha~ the 
peak measured canister temperatures 
for an air filled canister. 

For the Fuel Assembly Internal Tem
perature Measurement Test, the 
thermowe11 thermocouples are 1n
serted into 0.375 inch diameter, 
0.032 inch thick tubes which are 
inserted into control rod guide 
thimbles or the center instrumen
tation tube of a fuel assembly. A 
thermal analysis was performed to 
determine the difference between 
recorded thermowell temperature and 
the peak temperature of the adj a
cent fuel rod cladding. This 
analysis is detailed in Section 
M.4. The results indicated that 
the peak fuel clad temperatures 
were 1 to 2°F higher than those 
measured for a canister filled with 
helium and 5.0 to 6.5°F higher than 
those measured for a canister 
filled with air. 

Combining the instrumentation posi
tion induced inaccuracy and the 
thermocouple measurement uncertain
ties, the peak fue 1 c lad tempera
tures are estimated to be between 
1.0°F lower and 4.0°F higher than 
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the measured 
temperatures 
and between 

peak center thermowel1 
for a helium backfill 
3.0 and 8.5°F higher 

than the peak measured center ther
mowell temperatures for an air 
backfill. 

M.1.2 HEAT SOURCE 

The axial positional uncertainty of 
the heat sources (either electrical 
heaters or spent fuel assemblies) 
was determined from a summation of 
the component tolerances. Table 
M-3 presents the results of this 
summation. With the exception of 
the Fuel Assembly Internal Tempera
ture Measurement Test, all of the 
test heat sources could vary by 
more than +1 inch. Since the heat
ed lengths are in excess of 140 
inches and in all cases the heat is 
transferred to both radially and 
axially to a canister, this axial 
position uncertainty should have 
little effect on measured canister 
and other temperatures for each 
test. 

The variations of the electrical 
power source for the Electrically 
Heated Drywell Test (resulting in a 
power level variation of +1 per
cent) are expected to have had a 
significant effect on measured 
temperatures. The actual effect 
has not been evaluated since power 
level variations were only recorded 
twice a day during working hours 
and not on a continuous basis. 
During periods when tes t data was 
taken at one hour intervals, var
iations in temperatures were less 
than 5°F over the entire day (mea
sured during 1 kW operation) • 
During October 1980 at the 3 kW 
power level, the power level ex
ceeded the +1 percent and was near
ly 3.3 kW When the power level was 
checked after a three day weekend 



TABLE M-3 
HEAT SOURCE AXIAL POSITION UNCERTAINTY 

Test Tolerance (In.) Reference Elevation 

Electrically Heated Drywell 

Fue led Drywe 11 

Concrete Silo 

Fuel Assembly Internal 
Temperature Measurement Test 

Air-Cooled Vault 

period. The peak canister temper
atures were about 7 to 10°F higher 
prior to this power reading than 
they had been before the weekend 
started. 

M.2 TEST TEMPERATURE READING 
VARIATIONS 

The test data for the drywells 
(both electrically heated and fuel
ed) and the concrete silo were ex
amined for variations between ther
mocouples on opposite sides of can
isters and liners. The variations 
were evaluated for the entire test 
period. Results of the comparison 
of thermocouples at three eleva
tions for all four drywe11s are 
shown in Table M-4. The same re
sults for the concrete silo are 
presented in Table M-:5. The aver
age variations in recorded data 
between thermocouples ranged from 
less than 1°F to more than 10°F for 
the drywell canisters and from less 
than 1°F to more than 8°F for the 
drywell liners. The average read
ing variations were greater for the 
highest and lowest thermocouple 
elevations. The average variations 

+1.68 

+0.96 
-1.00 

+1.08 
-1.12 

+0.03 
-0.09 

+1.02 
-1.06 
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Ground Leve 1 

Top of Concrete Pad 

Top of Silo 

Top of Canister 

E-HAD Hot Bay Floor 

for the concrete silo were lower 
(less than 5°F) than those for the 
drywells. 

The test data readings were eval
uated for variations during the day 
to determine how representative 
test data readings included in this 
report are of temperatures for that 
day. The canister, liner and soil 
(or concrete surround the liner 
temperature reading variations for 
the Electrically Heated Drywell 
Test and the Concrete Silo Test 
were evaluated at three different 
axial thermocouple locations for 
three or more days of data taken at 
I hour intervals. The results of 
this evaluation are presented in 
Tables M-6 and M-7 for the Elec
trically Heated Drywell Test and 
Concrete Site Test, respectively. 
The overall variations for the 
drywell canister and liner were 
less than 5°F for any of the 24 
hour periods investigated with the 
maximum deviation from the time of 
recorded test data presented in 
this report being between 1 and 
5°F. Liner temperatures varied 
less than canister temperatures. 
For the concrete silo, canister and 



TABLE M-4 
FUELED DRYWELL MONTHLY CANISTER AND LINER TEMPERATURE READING VARIATIONS 

Temperature Difference Between Opposite Side Thermocouples (OF) 
Depth Below 

Thermocouple Ground Level Drywell 1 Drywell 2 Drywe11 3 Drywell 5 
Location (In. ) Max Min Ave Max Min Ave F/A Max Min Ave F/A Max Min Ave 

canister 86.0 10.5 5.3 7.3 9.3 6.5 8.5 B41 12.9 6.5 10.3 B03 U.S 8.7 9.9 

B03 4.7 0.3 2.54 D22 4.8 2.4 3.7 

146.0 1.9 0.0 0.57 3.3 1.1 2.6 B41 4.2 2.0 3.1 B03 5.3 3.5 4.3 

B03 6.5 3.6 4.8 D22 10.5 4.7 7.8 

206.0 0.3 0.0 0.1 1.2 0.7 1.1 B41 0.7 0.1 0.34 B03 2.3 1.4 1.76 

B03 8.6 6.9 8.0 D22 0.4 0.0 0.14 

Liner 85.75 3.6 2.5 2.9 3.6 2.0 2.8 ~4l 5.3 3.0 3.9 B03 8.7 5.2 8.03 

B03 5.2 1.8 3.1 D22 7.3 3.0 3.9 

145.75 1.9 1.1 1.4 2.1 0.7 1.7 B41 1.5 0.5 1.2 B03 1.8 0.0 0.44 

B03 3.3 1.7 2.7 D22 2.3 1.5 1.84 

205.75 0.6 0.3 0.43 0.9 0.4 0.57 B4l 7.7 3.0 4.2 B03 6.1 0.9 2.4 

B03 3.6 2.0 2.4 D22 NA NA NA 

TABLE M-5 
CONCRETE SILO MONTHLY CANISTER AND LINER TEMPERATURE READING VARIATIONS 

Thermocouple 
Location 

canister 

Liner 

Distance Below 
TOE of Silo (In.) 

68 

128 

188 

68 

128 

188 

Temperature Difference Between 
Opposite Side Thermocouples (OF) 

Max Min Ave 

3.7 1.4 2.3 

2.3 0.5 1.1 

5.7 2.7 3.5 

5.8 1.3 2.3 

1.7 0.1 0.95 

1.7 0.0 1.4 
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TABLE M-6 
ELECTRICALLY HEATED DRYWELL TEST DAILY TEMPERATURE READING VARIATIONS 

Max. Variation (OF) From Reading at: 
Maximum Variation (OF) 4:00 p.m. 3:00 p.m. 11:00 a.m. 

Thermocouple T/C Distance Below Date Date 
Location ~ Ground Level (In.) 7/31/79 3/26/80 3/27/80 3/26/80 3/27/80 7/31/79 7/31/79 

canister 13 36.6 2.9 2.5 1.4 2.3 1.0 1.6 2.9 

16 96.6 4.1 4.9 3.3 4.9 1.7 2.1 4.1 

22 187.8 2.5 3.6 2.0 3.6 1.7 1.2 2.5 

Liner 29 39.7 1.3 1.6 1.2 1.2 1.2 0.3 1.3 

31 96.3 2.2 2.7 1.3 2.7 1.2 0.8 2.2 

37 187.5 1.2 1.9 1.0 1.8 1.0 0.3 1.2 

Instrumenta- 51 1.0 28.0 21.5 19.4 21.5 19.4 24.5 20.8 
tion Well 2 

57 129.0 0.7 0.7 0.6 0.7 0.5 0.3 0.7 

Ins trument a- 93 1.5 24.9 27.9 24.0 27.9 24.0 21.8 6.5 
tion Well 6 

98 151.9 0.5 0.6 0.5 0.4 0.2 0.5 0.2 

TABLE M-7 
CONCRETE SILO DAILY TEMPERATURE READING VARIATIONS 

Maximum Variation (OF) Max. Variation (OF) From 4:00 p.m. Reading 
Thermocouple T/C Distance Below Date Date 

Location No. T02 of Silo (In.) 3/26/80 3/27/80 6/24/80 6/25/80 3/26/80 3/27/80 6/24/80 6/25/80 

canister 674 68 1.5 0.6 1.0 0.7 0.8 0.2 0.4 0.2 

678 128 1.1 0.9 0.3 0.6 0.9 0.6 0.5 0.6 

682 188 1.0 0.4 0.3 0.4 0.7 0.4 0.2 0.4 

Liner 668 68 1.2 0.4 0.3 0.5 0.7 0.4 0.2 0.3 

670 128 1.1 0.4 0.4 0.7 0.7 0.1 0.3 0.5 

672 188 1.1 0.3 0.3 0.5 0.7 0.2 0.2 0.1 

660 128.5 0.9 0.3 0.2 0.6 0.7 0.2 0.2 0.6 

23"R Concrete 661 128.5 1.0 4.3 0.8 0.8 1.0 0.3 0.5 0.6 

3 7"R Conc rete 662 128.5 2.9 2.8 3.9 3.2 2.5 2.4 3.9 3.2 

50"R Concrete 663 128.5 12.8 12.1 16.6 17.9 0.8 0.8 6.9 7.3 
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liner temperatures varied by be
tween 0.1 and 1.2°F. Variations in 
measured drywe11 soil temperatures 
(near heated length midplane) were 
less than 1°F as were the measured 
concrete temperatures at a 37 inch 
radius for the concrete silo. 
Daily variations in near-surface 
soil temperatures (drywe11) and 
near-surface concrete temperatures 
(silo) were as high as 28°F (soil) 
and 18°F (concrete). These varia
t ions were caused by the day /nigh t 
ambient air temperature variations 
and not measurement errors. 

M.3 PEAK FUEL CLAD TEMPERATURE 
PREDICTION INACCURACY 

The peak fuel clad temperature 
predictions were evaluated to de
termine the overall inaccuracy from 
the method of predictions and the 
effects of the uncertainties in the 
measured canister and center ther
mowe11 temperatures. 

The peak center thermowe11 temper
atures were calculated using the 
equations noted 1n Section 5.6.1 
using the recorded canister tem
peratures and predicted decay heat 
levels from the Fuel Assembly 
Internal Temperature Measurement 
Tests. These predicted values were 
compared to the recorded values. 
The differences ranged from -4.5 to 
+6.3°F for the helium backfill 
tests and from -1.8 to +11.5°F for 
the a1r backfill tests for fuel 
assembly D1S. The uncertainties in 
canister temperature measurements 
noted in Section M.1.1 were in
cluded in the evaluation of the 
predictions uncertainty. Predic
tions were made using the peak mea
sured canister temperatures and 
compared to the predictions using 
the estimated actual canister tem
peratures (peak measured plus peak 
uncertainty). 
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The uncertainties from these two 
prediction comparisons were com
bined with the thermocouple mea
surement uncertainty, and the can
ister and center thermowe11 instru-
mentation position induced uncer
tainties to determine the overall 
prediction inaccuracy. The five 
maximum and m1n1mum uncertainties 
were combined by taking the square 
root of the sum of the squares. 
The combinations of these uncer
tainties resulted in the following: 

• Peak fuel clad temperatures 
for fuel assemblies 1n the 
drywells and concrete silo 
(canisters filled with hel-
ium) are estimated to be 
between 5.7°F lower and 
14.0°F higher than the 
predicted values. 

• Peak fuel clad temperatures 
for fuel assembly D22 in the 
lag storage pit (canister 
filled with air) are esti
mated to be between 3.4°F 
lower and 18.3 OF higher than 
the predicted values. 

M.4 ANALYSIS OF FUEL CLAD 
TEMPERATURE MEASUREMENT 
METHOD ACCURACY 

The Fuel Assembly Internal Tem
perature Measurement Test attempted 
to measure fuel clad temperatures 
using thermocouples suspended in 
thermowe11s. The thermowe11s are 
attached to the canister lid and, 
when the lid is in place, a ther
mowe11 protrudes into each of four
teen control rod guide thimble 
tubes. The fifteenth thermowe11 is 
located in the instrument tube at 
the fuel assembly centerline. At 
any thermocouple location within 
the fuel assembly, the thermocouple 
hangs freely within the thermo
well. A conservative approximation 



of the thermocouple and thermowe11 
relative to the surrounding fuel 
rods is shown in Figure M-l. The 
temperature measured by the ther
mocouple positioned at the center 
of the thermowell would be an aver
age of the surrounding fuel rods. 
In addition, the measured temper
ature could differ from the fuel 
rod clad temperature due to free 
convection effects outside the 
guide thimble tube, in the annulus 
between the thimble and thermowell, 
and inside the thermowell. The 
results of a three dimensional 
canister/fuel assembly analysis 
show fuel rod temperatures do not 
vary appreciably from row to row. 
However, free convection effects on 
the temperature measurements are 
less certain and an analysis esti
mated them. 

~~6c5~oo 
JBoooo 
00 00 
o 0 

CONTROL ROO GUIDE 
THIMBLE TUBE THERMOWELL 

00' 0.&48" 00' 0.375" 
10' 0.612" 10' 0.311" 

MATL' ZIRCALOY MATl • 304 SST 

o 
THERMOCOUPLE 
00 • 0.082"' 

7053!}5·35AA 

Figure M-l. Partial Fuel Assembly 
Cross-Section Showing 
Thermocouple, Thermowell, 
Control Rod Guide Thimble 
Tube and Fuel Rod 
Configuration for Fuel Assembly 
Internal Temperature 
Measurement Test 

M-10 

A complete analysis of the differ
ence between the measured temper
atures and actual fuel rod clad 
temperatures should consider 
natural circulation within the 
canister, the fuel assembly axial 
power distribution, all three heat 
trans fer modes, and gas mixing be
tween the fuel assembly and down
comer (the annular space between 
the fuel assembly and canister re
gions). This study would be com
plex and would require a computer 
code designed specifically for 
spent fuel storage analysis. A 
one-dimensional model has been 
developed to approximately analyze 
temperature differentials. The 
model and the analysis results are 
presented and discussed 1n this 
section. 

The purpose of the analysis is to 
predict differences between ther
mocouple readings and actual fuel 
rod clad temperatures. The first 
step is to estimate the natural 
circulation flow rate and velo
cities in the fuel and downcomer 
regions. A key assumption is that 
the upward gas flow is restricted 
to the fuel region and that gas 
mixing between the fuel and down
comer does not occur. This con
servative assumption leads to max
imum gas velocities and maximum 
heat transfer coefficients at all 
elevations. 

Once the gas flow rate is known, 
local gas temperatures can then be 
calculated. The radiation, con
duction and convection heat trans
fer modes are considered in the 
region between the fuel rods and 
thermowell. The fuel rod temper
ature is assumed and the calcula
tion predicts the temperature mea
sured at each thermocouple loca
tion. That particular temperature, 
when compared with the fuel rod 



temperature, provides the desired 
estimate of the temperature differ
ence. 

Using this analysis method, tem
perature differences have been es-
timated for the air and helium 
backfill cases. The air backfill 
produces the largest differences 
since free convection effects are 
the strongest. The helium density 
is relatively small and even for 
large temperature differences, the 
natural circulation flow rates are 
low. The evacuated canister case 
was not analyzed since convection 
is nonexistent and the thermowe 11 
temperature measurement would be 
the closest to actual fuel rod clad 
temperatures. 

FUEL ROD CLAD AND THERMOCOUPLE 
TEMPERATURE DIFFERENCE CALCULATIONS 

The heat flow model used to esti
mate fuel rod and thermocouple tem
perature differences is depicted in 
Figure M-2. Heat flows between the 
fuel rod, gas, guide thimble and 
thermowell (as indicated in the 
detailed model) and the guide thim
ble, thermowell and thermocouple 
temperatures are calculated from 
the given gas and fuel rod tem
peratures. The convective heat 
flows q2, q4, qs, qlO, and 
qll are responsible for the dif
ference between the measured tem
perature at the thermocouple, Tl, 
and the actual fuel temperature, 
TF. If they are zero, Tl and 
the guide thimble and thermowell 
temperatures would equal TF • 

For less complicated calculations, 
a simplified vers~on (also depicted 

*Symbols are defined ~n Table M-8 

M-ll 

- CONTROL ROO GUIDE TU8E LEGEND 

THERMOWEll 
TF - FUEL ROO TEMPERATURE 

3. ~FUEL ROD 

T 1 - THERMOCOUPLE TEMPERATURE 

T2 - GUIDE TUBE TEMPERATURE 

T3 - THERMOWElL TEMPERATURE 

T. - GAS TEMPERATURE T, 
T20 A - THERMAL RESISTANCE 

~ - HEAT FLOW RATE 

THERMOCOUPLE 

DETAILED HEAT FLOW MODEL 

SIMPLIFIED HEAT HOW MODEL 

705395 29A 

Figure M-2. Heat Flow Models 

in Figure M-2) can be applied. The 
simplification is possible, first, 
because the temperature differen
tials across the thermowell and 
guide thimble walls will be small 
compared to the other differen
tials. Therefore, T20 ~ T2i 
= T2 and T30 ~ T3i = T;. 
Second, because each thermowell ~s 

plugged at its lower end, convec
t ion currents due to net flow 
through the thermowell will not 
occur. Therefore, 
Tl, T3 and Tg3 
tua11y equal. 

the temperatures 
will be vir-

The individual heat flow 
identified in the simplified 
and which are pertinent to 
analysis can be expressed 
follows :* 

rates 
model 
this 

as 



Eq. 1 

In equation form, 
steady-state, these 
related as follows: 

and assuming a 
flow rates are 

Eq. 2 

Eq. 3 

Equations 4 and 5 can be solved 
simultaneously for Tl and T2 in 
terms of Tgl' Tg2 and TF • 
Then, to evaluate Tl and T2' 
values for the gas temperatures 
were obtained from the gas flow 
analysis while TF was assigned 
assumed values. Coefficient values 
used for calculating are identified 
in Table M-8. 

Combining Equations 1, 2 and 3 yields 

Eq. 4 

and 

Alo F12 a (T 2
4 - T14) + K2A2 T2 - Tl ( K2A2 + Aloh lo ) Eq. 5 

X2 X2 
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TABLE M-8 
SYMBOL DEFINITIONS & NUMERICAL INPUT* FOR 

TEMPERATURE DIFFERENCE CALCULATIONS 

- fuel pin outside diamter 

- fuel pin pitch 

- guide thimble outside diameter 

- guide thimble inside diameter 

thermowell outside diameter 

- 0.422 in 

= 0.5629 in 

= 0.546 in 

= 0.512 in 

0.375 in 

- guide thimble outside surface Area 

- thermowell outside surface area 

TIno (1) = 
nD t (1) = 

1.7153 in2 

1. 781 in2 

- guide thimble inside surface area n(D.) (1) = 1.6085 
1. 

- conduction distance between 

p - i (Do + DF) = 0.0789 in 

fuel pin and guide thimble = 

. 2 
1.n 

- conduction distance between guide thimble and thermowell = 
i (Di - Dt ) = 0.685 in 

- conduction area between f~el pin and guide thimble = 
n(Do + Xl)(l) = 1.9632 in 

A2 - conduction area between guide thimble and thermowell = 
D + D 

n (t i) (1) = 1.3933 in2 

2 

h20 - heat trans2er coefficient on guide thimble outside surface 
(Btu/hr-ft - F) - variable** 

h2i - heat transfer coefficient on guide thimble inside surface = 0.0 

hlo - heat transfer coefficient on thermowell outside surface· 0.0 

EF - fuel emissivity = 0.30t 

E20 guide thimble outside surface emissivity = 0.30t 

Elo - guide thimble inside surface emissivity = 0.30t 

Et - thermowell emissivity - variable 

F2F - guide thimble/fuel shape factor = 1 
~l---D--~l-------

+ 0 
€ 2P ( 1) 

t EF 

F12 - thermowell/guide thimble shape factor 1 

1 + Dt 1 
- (- - 1) 

Et Di Elo 

o - Stefan-Boltzman constant = 0.1714 x 10-8 Btu/hr-ft2 - F4 

*Per unit length 

**A function of fluid properties and the film temp~rature differential, 
Calculated based upon Equation 7-4a, Reference 15 

teonservatively low values 
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GAS FLOW RATE AND TEMPERATURE 
CALCULATIONS 

Gas flow rates, heat transfer co
efficients and local gas temper
atures were estimated assuming 
known and uniformly distributed 
canister and fuel rod temperatures. 
It was also assumed that gas flow
ing upward was restricted to the 
channels between fuel assembly rods 
and mixing between the fuel and 

Gas Temperature at Fuel Exit 

-a L 
+ TCAN e F (1 

Gas Temperature at Fuel Inlet 

-L (a + a F) 
e c 

-a L 
e c 

Local Gas Temperature in Fuel Region 

T = T - (T - Tl ) e-aF~ 
H F F 

Average Gas Temperature in Fuel Region 

Average Gas Temperature in Downcomer Region 

downcomer, which will occur in the 
actual canister since the fuel as
sembly is not shrouded, was not 
considered. Therefore, the analy
sis model consisted of a circula
ting gas stream warmed in the fuel 
assembly and cooled in the down
comer with the circulation driven 
by the difference in gas densi
ties. Applying the model, the fol
lowing expressions for local and 
average gas temperatures can be 
derived: 

-a L * - e c) 

The natural circulation flow and pressure drop relationship is written as fol
lows: 

17 L -10 2 
(p - P ) .sl- - - 0.0832 x 10 W [ c H g 144-

c 

1 ( L ) 1 ( ~)] K._ + fH -D + -- K + f 
-H H P A2 c c Dc 

c c 

*Symbo1s are defined in Table M-9 
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TABLE M-9 
SYMBOL DEFINITIONS & NUMERICAL INPUT FOR 

GAS FLOW RATE AND TEMPERATURE CALCULATIONS 
TF - fuel temperature (OF) - variable 

TCAN - canister temperature (OF) - variable 

TI - tas temperature at fuel inlet (OF) - variable 

T2 - gas temperature at fuel exit (OF) - variable 

TH - local gas temperature in fuel assembly (OF) - variable 

TH - average gas temperature in fuel region (OF) - variable 

Tc - average gas temperature in downcomer (OF) - variable 

L - fuel assembly length = 12.0 ft 

~ - axial location referenced to fuel assembly inlet (ft) 

ac - e~ in downcomer region - variable 
p 

aF - e~ in fuel assembly - variable 
p 

- natural circulation flow rate (lb/hr) - variable 

- gas specific heat capacity = 0.24 Btu/lb-oF for air; 
1.24 Btu/lb-oF for helium 

C heating or cooling perimeter = 3.56 ft in downcomer; 24.9 ft in 
fuel assembly 

h - heat transfer coefficient (Btu/hr-ft2-OF) - variable 

- gas density in downcomer (lb/ft3 ) - variable 

- gas density in fuel assembly (lb/ft3 ) - variable 
2 - down~omer flow area = 0.541 ft 

- fuel assembly flow area - 0.253 ft 2 

Dc - downcomer hydraulic diameter = 0.607 ft 

DR - fuel assembly hydraulic diameter = 0.0407 ft 

f - downcomer friction factor - variable 
c 

fH - fuel assembly friction factor - variable 

Kc - downcomer pressure drop coefficient = 0.0 

~ - fuel assembly pressure drop coefficient • 0.0* 

*Grids neglected - conservative assumption 

It is noted that acceleration ef
fects have been neglected and all 
fluid properties are evaluated at 
the average gas temperatures. Ac
celeration pressure drops can be 
ignored since they are small com
pared to the friction component. 

The key assumption that the gas 
streams in the fuel assembly and 
downcomer are restricted to those 
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regions makes this first approxima
tion analysis possible. Without 
this assumption, mixing would have 
to be considered at all elevations 
and the calculations more complex. 
A more sophisticated analysis con
sidering transverse mixing could 
establish local gas temperatures 
and velocities with better accur
acy. However, it may be unneces
sary since the present analysis is 



conservative and the resulting fuel 
and thermocouple temperature dif
ference predictions are small 
enough to be acceptable. The 
analysis is conservative mainly due 
to the no mixing assumption. In 
the actual canister, transverse 
mixing would equalize the gas tem
peratures in the fuel assembly and 
downcomer regions. This would sup
press the density differential and 
m1n1m1ze natural circulation. By 
neglecting mixing, the analysis 
encourages the "chimney effect". 
This leads to maximum gas veloci
ties and heat transfer coefficients 
and minimum gas temperatures in the 
fuel assembly zone. These condi
tions, of course, will all contri
bute to maximizing the temperature 
differential predictions. 

In the Fuel Assembly Internal 
Temperature Measurement Test ar
rangement, the instrument tube 1S 
open at the top and bottom and 
could therefore support the net 
flow of gas past the thermowell. 
However, the tube rests directly on 
the canister cruciform plate which 
supports the fuel assembly when 
installed 1n the test canister. 
Therefore, gas flow between the 
thermowell and instrument tube is 
effectively blocked. This simpli
fies the calculations since convec
tion effects in that annulus can be 
neglected and thermowell tempera
ture TI (see Figure M-2) will be 
essentially equal to instrument 
tube temperature T2. 

Each guide thimble tube is capped 
at the lower end but has a set of 
four 0.097 inch diameter flow holes 
above the end. In the reactor, 
these flow holes relieve the pres
sure buildup occuring during con
trol rod insertion and scram modes. 
The thimbles are open at their up
per ends and a net gas flow through 
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the thimble/thermowell annulus will 
occur, driven by the fue I assembly 
pressure differentia1. The flow 
resistance due to friction, how
ever, is very high and calculations 
show the resulting gas velocities 
in the annulus will be small. 

Therefore, as with the instrument 
tube, convection effects 1n the 
annulus will be small and can be 
neglected. 

RESULTS 

A variety of fuel and canister tem
perature combinations have been 
analyzed simulating 1.0 and 2.0 kW 
fuel assembly decay heat levels 
with an air backfill and a 1.0 kW 
level with helium. The various 
cases considered during the study 
are identified in Table M-lO. 

For the entire group, the maximum 
fue 1 clad and thermocouple temper
ature difference 1S 6.5°F and oc
curs for Case No.7, with an air 
backfill at the lowermost thermo
couple elevation. The temperature 
differences decrease at higher ele
vations as the gas temperature 
rises and, at midplane, none exceed 
3°F. The analysis does not con
sider in detail the heat transfer 
processes and power shape effects 
at the fuel assembly ends. If 
considered, they could increase the 
temperature differences. However, 
due to the conservatism, it is not 
expected that the differences would 
exceed those calculated. 



TABLE M-10 

ANAL YSIS CASES 

Approximate Teaperature 
Case Fuel Canister Power Level Backfill Difference Test Run 
No. TemE (OF) TemE (OF) (kW) Medium (OF)* Simulation 

1 600 500 1.0 Air 5.0 500°F Uniform 
Canister Temp. 

2 600 500 1.0 Helium 1.0 " 

3 425 300 1.0 Air 5.0 300°F Uniform 
Canister Temp. 

4 425 300 1.0 Helium 2.0 " 
5 400 250 1.0 Air 5.0 Drywell No. 5 

Canister 
Profile 

6 400 250 . 1.0 Helium 2.0 " 

7 700 450 2.0 Air 6.5 Postulated -
No Test Run 

*Thermocouple elevation is 30 inches above the bottom of the active fuel 
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