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ABSTRACT 

A spent fuel Isolated Drywell Test was conducted at the Engine-Maintenance, l 
Assembly and Disassembly (E-MAD) facility on the Nevada Test Site. Two 
pressurized water reactor spent fuel assemblies having a decay heat level of 

. i 
Y 

approximatedy 1.1 kW were encapsulated inside the E-MAD Hot Bay and placed in 

instrumented near-surface drywell storage cells spaced 50 feet apart during 

January 1979 for thermal testing. Each fuel assembly was sealed inside a 14 

inch diameter, 168 inch long stainless steel canister and attached to a con- 

crete-filled, 20 inch diameter, 34 inch long, carbon steel shield plug. Each 

canister assembly was then placed in a carbon steel drywell liner which had 

been grouted into a hole drilled in the soil adjacent to E-MAD. 

. : 

Instrumentation provided to measure canister, 1 iner and soi 1 temperatures con- 
. . b 

sisted of thermocouples which were inserted into tubes on the outside of the 

canister and drywell 1 iner and thermocouples which were attached to plastic 
.pipe and grouted into holes in the soil. Temperatures from the two isolated 

drywells and the adjacent soil have been .recorded throughout the 19 month Iso- 

lated Drywell Test. Canister and' drywell 1 iner temperatures reached their peak 
values (254°F and 203"F, respect jvely) during August 1979. Thereafter, a1 1 

. . ' temperatures decreased and showed a cycling pattern which responded to seasonal 
q 

atmospheric temperature changes. I 

i' 
Y 

A computer model was utilized to predict the thermal response of the drywell. 

Computer predictions of the drywell temperatures and the temperatures of the 

surrounding soil are presented and show good agreement.with the test data. 
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1.0 INTRODUCTION 

1.1 PURPOSE OF REPORT 

The purpose of this report is to provide a test description, test results, and 

conclusions for the Isolated Drywell Test portion of the spent fuel Drywell 
Test-performed at' the E-MAD facility on the Nevada Test Site. This test was 
conducted as part of the Spent Fuel Handling and Packaging Program (SFHPP) 1978 
Demonstration (further discussed in Section 1.3). The Drywell Test primary 
objective was to confirm, by actual testing, that commercial reactor spent fuel 

could be passively stored in a near-surface storage cell (drywell) at the 

Nevada Test Site. 

The Isolated Drywell Test was begun on January 12, 1979, when a pressurized 

water reactor (PWR) spent fuel assembly was placed into a drywell storage cell 

near the E-MAD facility. The test hardware (shown in Figure 1) consisted of an 

instrumented carbon steel drywell liner, an instrumented stainless steel can- 

ister (containing the PWR spent fuel assembly) and a concrete-filled shield 

plug which supported the canister from the top of the liner. The drywell liner . 

was grouted into a hole in the soil to assure intimate contact. A field of 

thermocouple wells was installed to measure 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 recorded. 

- A finite difference computer model (described in Section 6.0) was utilized to 

predict transient and steady-state canister, drywell, and soil temperatures. 

Results from the computer predictions and comparisons of the analytical pre- 

dictions with the test data are presented in Section 7.0. 





This report is organized .to present the Isolated Drywell Test and its results 

in the following order: 

Introduction. ( including background of Spent Fuel Hand1 ing .and 
Packaging Program). 

m Conclusions drawn from the test results. 

Test objectives. 

m Test hardware description. 
. . 

m Test operation and results. 
. . 

Thermal model descr-ipt ion. 

m Comparison of test results with model predictions. 

m Photographs of test..hardware, assembly and installation. 

Test temperature data. 

.e Illustrations of test data. 

e Computer code input and output data. 

1.3 , BACKGROUND 

The Isolated Drywell Test described in this report was initiated as part of the 

Spent Fuel Handling and Packaging Program (SFHPP) 1978 Demonstration Drywell 

Test in support of spent unreprocessed fuel storage at the Nevada Test Site. 

The objective of the SFHPP 1978 Demonstration was to develop and test the cap- 

ability of satisfactorily encapsulating typical spent fuel assemblies from com- 

mercial nuclear power plants and to establish the suitability of one or more 

surface and near-surface concepts for the interim dry storage of the encapsula- 

ted fuel assemblies. 

The E-MAD' (Engine Maintenance, Assembly, and Disassembly) faci 1 ity, constructed 
at the Nevada Test Site as part of the Nuclear Rocket Dev'elopment Station, was 

chosen as the location for this demonstration because of its extensive -exist'ing 



capabilities for handling highly radioactive components and because of the 

desi rable site characteristics for the proposed storage concepts. The E-MAD 

facility, operated for the Department of Energy by the Advanced Enek-gy Systems 

Division (AESD) of the West inghouse Electric Corporation, is described in more 

detail in Reference 1. 

Near-surface and above-surface storage concepts were chosen for testing during 

the SFHPP 1978 Demonstration. Each storage cell i s  designed to accommodate one 

canister, and the canister is designed to contain either,one pressuriz~ri water 

reactor (PWK) fuel assembly or two boiling water reactor (BWR) fuel assem- 
blies. The near-surface storage concept or drywell, shown in Figure 1, con- 

sists of a steel liner grouted into a shallow hole drilled in the alluvial soil 

at the E-MAD facility. A sealed canister containing the fuel assembly in a 

helium atmosphere is suspended from a shield plug which, in turn, is supported 

by a step in the liner. The above-ground storage concept, or Surface Storage 

Cask (SSC), is shown in Figure 2. Here, a steel liner identical to that used 

in the drywell is encased in a reinforced concrete silo, and the canister/ 

shield plug package is supported in the liner in the same manner as in the dry- 

well. In both of these storage systems, the decay heat of the fuel assembly is 
passively transmitted to the storage cell and Ltlen dissipated to the envir~n- 

mcnt. The clr-ywell and b3C storage cells themselves were constructed in an area 

immediately adjacent to the E-MAD facility. 

An overriding requirement for the SFHPP 1978 Demonstration Prngrarn was t h a t  thc 

spent fuel storage system and associated activities not result i n  an undue risk 
to the public, property, environment, or site employees. One means of assuring 
that this requirement would be met was to maintain the. leak tig.ht integrity of 

the fuel cladding and the canister. Because high temperature can affect the 
long-term integrity of both of these barriers to fission product release, ther- 

mal considerations were an important concern in the design of the storage 

cells. Preliminary analyses performed by the Hanford Engineering Development 

Laboratory (HEDL) establ i shed 7 15OF (380°C) as the fuel cladding temperature 

limit below which fuel cladding integrity would be maintained in a helium 
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environment for long storage times (100 years). Scoping thermal analyses of 

the storage cell concepts indicated that cladding temperatures reached in the 

SSC would be well below the limit, but that those reached in the drywell could 

approach the limit for the fuel assembly decay heat levels being considered. 

Therefore, a series of tests was initiated to experimentally verify.that fuel 

cladding temperatures would remain below the established limit and to obtain 

data for use in qua1 ifying the thermal design model. 

Two verification tests were defined which would provide temperature measure- 

ments, 1) from the canister out into the 'soi 1, and 2) inside a canister con- 
taining a spent fuel assembly. In the first test, the So.il Temperature Test . 

(shown in Figure 3) was designed to utilize an in-ground electrically heated 

drywell configuration to measure the spatial temperature distributions on the 

canister surface, the drywell liner surface, and in the surrounding grout and 

soi 1. Canister temperatures from the Soi 1 Temperature Test would then be input 

to a Fuel Temperature Test to determine peak fuel cladding temperatures. The 

Fuel Temperature Test apparatus (shown in Figure 4) was designed to utilize a . 

canister containing a spent fuel assembly and internal temperature instru- 

mentation to measure fuel cladding thermal response to an imposed'canister 

axi a1 temperature prof i le measured during the Soi 1 Temperature Test to approx- 

imate the thermal environment that would be present in an actual drywell. The 

canister is installed in a drywell liner which has electrical band heaters 

along the liner axial length. The Fuel Temperature Test apparatus is located 

in one of the 'large hot cells (West Process Cell) inside the E-MAD facility. 
It was decided to use a test within the E-MAD facility hot-cells to determine 

canister interior temperatures rather than provide internal canister instru- 

mentation wells in the actual storage canisters. It was judged that the addi- 

tion of multiple thin-wall internal canister instrumentation tubes would 

greatly decrease the reliability of the canister to provide a leak tight radio- 

active containment boundary. The Soil .Temperature Test coupled with the Fuel 

Temperature Test would provide canister and spent fuel clad temperature data 

for storage of the original SFHPP 1978 Demonstration spent fuel assemblies at 

E-MAD. 
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b. The storage cell experiments consisted of encapsulating spent fuel assemblies 

and placing them in storage with thermocouple instrumentation on the exterior 

of the fuel storage canister and throughout the storage cell. The fuel assem- 

bl ies selected were characteristic of high burnup (25,000 MWD/MTU) fuel assem- 
blies approximately three years out of the reactor.with a thermal power level 

of approximately 1.25 kW. The initial plan for the SFHPP 1978 Demonstration 

storage cell experiments was to' place three canisters containing one PWR fuel 

assembly in drywells, to place one PWR canister in a Surface Storage Cask, and 
to place a canister containing two BWR fuel assemblies in the remaining drywell 

and Surface Storage Cask. In addition, it was planned to place the first PWR 

fuel assembly into the Fuel Temperature Test stand to determine fuel cladding 

temperatures using the measured canister temperatures from the Soil Temperature 

Test. Due to delays in procurement of BWR fuel assemblies, the plan was 

revised to place the first PWR fuel assembly into a Surface Storage Cask, to 

place the second and third PWR fuel assemblies into drywel ls, and to place the 

fourth PWR fuel assembly into the Fuel Temperature Test. Fuel encapsulations 

were performed at E-MAD during December 1978 and January 1979. An encapsulated 
PWK fuel assembly was placed in a Surface Storage Cask on December 12, 1978, 

and two other encapsulated PWR fuel assemblies were placed in drywells on 

January 12 and 24, 1979. The fourth PWR fuel assembly was placed in the'fuel 

Temperature Test on July 16, 1979. 

Results from the Soi 1 Temperature Test (Reference 2) provided sufficient data 

prior to the spent fuel storage cell testing schedular. objective (late 1978) to 
confirm that fuel cladding temperatures for the spent fuel assembl ies selected 

for testing would remain below established limits. Results from the Fuel Temp- 

erature Test (Reference 3) provided additional confirmation that fuel cladding 

temperatures are well below the limits. The Surface Storage Cask test is 

descr.ibed and results are presented in Reference 4. The results from.the 

Isolated Drywell Test are presented and the Drywell Test.hardware is described 

in this document. 



2.0 CONCLUSIONS 

The following conclusions can be drawn from the results of the Isolated Drywell 

Test: 

1. The peak measured canister temperature for an en.capsulated PWR 
spent fuel assembly with an initial decay heat level of about 1.1 
kW stored in a drywell configuration in soil typical of the 
Nevada Test Site was 254°F. The peak measured liner temperature 
adjacent to the canister was 203OF. 

2. A 50 foot spacing between adjacent. drywells in Nevada Test Site 
alluvia1 soil is judged to thermally isolate spent fuel assem'- 
blies with decay heat levels of about 1.0 kW. 

3. Peak drywell canister and liner temperatures occurred about 7 
months after canister emplacement. The time to reach the peak 
temperatures was influenced by the seasonal ambient air tempera- 
tures, by the decrease in decay heat level, and by the amount of 
moisture in-the soil. 

4. Day-night variations in ambient air temperature have no effect on 
peak canister temperatures. 

5. Combining the Isolated Drywell Test canister temperature data 
with results from the Fuel Temperature Test (Reference 3) shows 
that peak fuel cladding temperatures were about 360°F, which is 
well below the established 715°F temperature limit. 



3.0 TEST OBJECTIVES 

The objectives of the spent fuel Drywell Test (as defined for the SFHPP 1978 

Demonstration) were 1) to verify that spent fuel assemblies can be safely 

stored in Nevada Test Site soil, 2) to determine storage cell thermal proper- 
ties and interface and boundary conditions to calibrate and verify thermal 

models, and 3) to determine thermal interactions of adjacent drywells. 

The test objectives would be met by a combination of actual test results and 

calibrated computer model predict ions. Encapsulated spent fuel assembl ies 
would be installed into drywells and the thermal' response of the canisters, 

drywell liners, and surrounding soil recorded. In addition, a computer model 

, of the drywell would be prepared for comparison with the test results. The 
drywell model would be used to evaluate drywell performance beyond the limits 

of the test. 

The maximum, canister temperature level attained would be compared with.the 

results of the Fuel Temperature Test measured temperatures and/or existing fuel. 

assembly/canister thermal models to evaluate drywell performance. Acceptable 

drywell storage capabilities would be verified if fuel cladding temperatures 

meet the 715OF criteria (see Section 1.3). 

Transient test results would be compared to computer code predictions using the 

thermal power versus time predicted for the actual spent fuel assembly as in- 

put. Computer model thermal property and heat transfer correlation revisions 

would be made as necessary to update the model for good model/test agreement. 

Good agreement between computer model predictions and test data would qualify 

the computer model for use in evaluation of storage of various decay heat level 

fuel assemblies and for evaluation of drywell spacing variations. 



Due to delays in completion of the Fuel Temperature Test and delays in procure- 

ment of BWR spent fuel assemblies, the Drywell Test was limited to two drywells 

rather than the four originally planned. Two drywells were chosen for use such 

that the data provided would be for two thermally isolated drywells. The 

computer model to be utilized would be limited to a single thermally isolated 

drywell for comparison with results of the two isolated drywells. This first 

portion of the Drywell tests was, therefore, termed. the Isolated Drywell Test. 

As part o f  the Commercial Waste and Spent Fuel Package Program, several addi- 

tional objectives were identified:for the Drywell Test. To complete the orig- 
inally planned testing, a Drywell Thermal Interaction Test was identified which 

would utilize three of the SFHPP 1978 Demonstration PWR spent fuel assemblies 
placed I n  adjacent drywells spaced 25 feet apart. The objective of this test 
was to provide additional data which could be used to evaluate arrays of dry- 

wells and which would be compared to computer code predictions for an array of 

drywells. In addition, it was decided to install a higher decay heat level 

(approximately 2 kW) spent fuel assembly in the fourth drywell to evaluate 

isolated drywell response to higher power levels. This additional portion of 

the Drywell Test was termed the Nominal 2 kW Isolated Drywell Test. 

Th.is report provides the test data and computer model predictions from the 

1sol ated' Drywell Test. Test .data and computer predictions from the planned 

Drywell Thermal Interaction Test and Nominal 2 kW Isolated Drywell Test will be 

the subject of subsequent reports. 



4.1 TEST ARRANGEMENT 

4.0 TEST HARDWARE DESCRIPTION 

The Drywell Test hardware arrangement is shown in Fi.gures 1, 5 and 6. The test 
hardware consists of 1) a drywell liner grouted into a 26 inch diameter hole 
drilled approximately 23 feet deep, 2) a canister assembly consisting of a can- 

ister body, a closure lid and a concrete filled shield plug which supports the 

canister from the top section of the liner, 3) a PWR. spent fuel assembly, 4) an 

array of soil instrumentation wells to measure ground temperature response and 

5) a data acquisition system to record thermocouple data. Photographs of the 
Drywell Test hardware and its instal lation are shown in Appendix A. 

4.2 DRYWELL LINER 

The'drywell 1,iner is illustrated in Figure 7. The lower section of the liner 

c o n s i s t s  of a 17 faat long section of 18 inch diameter by 0.375 inch wall 
pipe. . The upper section of the 1 iner 'is manufactured from a 51.5 inch long, 22 

.inch diameter, 0.75 inch wall pipe. The upper and lower sections of the liner 

are positioned concentrically to one another and welded to opposite sides of a 

22 inch outside diameter, 17.25 inch inside diameter, 0.5 inch thick ring. 

This ring forms the ledge on which the 20 inch diameter shield plug (which is 

connected to the canister assembly) is supported. A 20 inch diameter, 0.5 inch 

thick plate is welded to the bottom of the lower portion of the liner to seal 

the lower end. Four 1.0 inch diameter holes spaced 90' apart are located 1.5 

inches below.the top'of the liner for handling and.installation. The liner 
material is carbon steel. The assembly liner is shown in Figure A-1 in 

Appendix A. 

4.2.1 INSTRUMENTATION 

Nine tubes, 0.156 inch outside diameter and 0.086 inch inside diameter are 

attached to the outside of the liner and serve as thermocouple wells. The nine 

I. 
tubes extend from about 17 inches below the top of the liner to about 2 inches 
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from the bottom of the liner. The tubes are clamped onto the liner by ten 

large hose clamps. The tubes are secured to liner near the top and bottom and 
at two intermediate points by 0.03 inch thick brackets spot welded to the liner 

as shown in Figure 7. 

The thermocouple tubes are oriented around the liner in three groups as shown 

in F,igures 6 and 7. The first two groups each contain three tubes that are 

spaced 30° apart. The middle tubes of these groups are 180' apart. The third 

i group has three tubes banded together. The middle tube of the third group is 

1 spdced 90n fraur~~ the rrriddlr tubes o f  the other groups. The Six thermocouple 
tubes spaced 30' apart match'six of the t.en thermocouple tubes on the canister 

when the canister is instal led (see Figure 7). The third group of thermocouple 
tubes provides additional circumferential temperature reading positions. The 

tubes allow thermocouple installation to any elevation. The ends of the tubes 
I are swaged and tack welded to prevent grout from filling the tubes during liner 

installation. 
! 

I lhe installed elevation of the thermocouples in the tubes is controlled by the. 

thermocouple length. The thermocouples are inserted until the transition boot 

between thermocouple'and extension lead (see Section 4.7.1) contacts the top of 

the tube thus controlling the position of the thermocouple tip. The thermo- 
I couples are installed in each group of tubes so that there is one positioned 'at 

the middle of the PWR fuel assembly active fuel length, another one foot above 

the bottom of the active fuel and the other one foot below the top of the 
active fuel. These positions line up with positions on the canister. Table 1 

provides depth and position data for the installed liner thermocouples. 

The liner assembly was positioned and leveled inside of a 26 inch diameter, 23 

foot deep hole drilled into E-MAD soil. The liner is shown during installation 

in Figure.A-5. Prior to drilling the emplacement hole, an 84 inch wide by 28 
inch deep concrete pad with standard gauge rails was poured (see Section 4.5). 



T/C 
No. - 

TABLE 1 
DRYWELL THERMOCOUPLE LOCATIONS . . .  

Di stance Be1 ow 
Ground Level 

(In. ) 
Radius Orientation 
(In.) (Degrees ) 

Drywell No. 5 . 

120 150 
6 0 90 
120 90 
120 3 0 
9 3 0 
9 21 0 
9 9 0 
7 30 
7 21 0 

! 15 
7 195 

120 150 
6 0 9 0 
120 9 0 
120 30 
9 0 
9 180 
9 9 0 
7 0 
7 180 
7 345 
7 165 

120 150 
, 60 . 9 0 
120 9 0 
120 3 0 
9 330 
9 150 
9 9 0 
7 330 
7 150 

Location 

Instrumentation We1 1 A* 
Instrumentation Well B 
Instrumentation We1 1 C 
Instrumentation We1 1 D 
Liner , .. 

Liner 
Liner 
Carii s ter 
Canister 
Cani s ter 
Canister 
Instrumentation We1 1 A' 
Instrumentation Well B 
Instrumentation We1 1 C 
Instrumentation We1 1 D 
Liner 
Liner 
Liner 
Canister 
Ceni s ter 
Canister 
Canister 
1,nstrumentation We1 1 A 
1nstrumentat.ian We1 1 €3 
Instrumentation We1 1 C 
Instrumentat'i on We1 1 D 
Liner 
Liner 
Liner 
Canister 
Canister 

*See Figure 15 for Instrumentation.Wel1 'Identification 

**Broken thermocouple' was rep1 aced by longer 1 ength thermocouple. 
Original thermocouple length was 145.75 inches. 



TABLE 1 (~ont'd] 

Distance Below 
T/C Ground Level , Radius Orientation 
No. - (In. ) (In.) (Degrees ) 

Drywell No. 3 

82 4 203.5 120 150 
825 203.5 6 0 9 0 
826 203.5 120 9 0 
827 203.5 120 3 0 
828 205.75' 9 3 0 
829 . 205.75 9 21 0 
830 205.75 9 9 0 
831 ,206.0 7 30 
8'32 206.0 7 2.1 0 
833 176.0 7 15 
834 176.0 7 195 
835 143.5 120 150 
836 143.5 60 9 0 
837 143.5 120 9 0 
838 143.5 120 30 
839 145.75 9 0 
840 145.75 9 180 
84 1 145.75 9 90' 
842 146.0 , 7 0 
843 . 146.0 7 180 
844 116.0 7 345 
845 116.0 7 165 
846 83.5 120 150 
847 83.5 6 0 90 . 

848 83.5 120 9 0 
849 83.5 120 30 
850 ' 85.75 9 330 
851 85.75 9 150 
852 85.75 9 9 0 
853 86.0 7 3 30 
854 .: .85.0 7 150 

Location 

Instrumentation We1 1 E* 
Instrumentation Well F ' . 

Instrumentation Well G 
Instrumentation We1 1 H 
Liner 
Liner 
Liner 
Canister 
Canister 
Cani s ter 
Canister . s 

Instrumentation We1 1 E 
Instrumentation We1 1 F 
Instrumentation We1 1 G 
Instrumentation Well H 
Liner 
Liner 
Liner 
Cani ster 
Canister 
Canister 
Canister 
Instrumentation Well E .. 

Instrumentation We1 1 F 
Instrumentation We1 1 G 
Instrumentation Well H 
Liner 
Liner 
Liner 
Canister 
Canister 

*See Figure 15 for ~nstrumentation We1 1 Identification . . 



The pad has an 18.75 i nch  deep by 37.25 i nch  diameter annulus around the  upper 

sec t i on  o f  the  l i n e r  i n  which a  p o r t a b l e  lead s h i e l d  adapter i s  i n s t a l l e d  p r i o r  

t o  emplacement o f  t he  c a n i s t e r  (see Sect ion  4.8.2). 

The pad prov ided a  re ference datum t o  a i d  i n  d r i l l i n g  and l i n e r  i n s t a l l a t i o n  

opera t ions .  A f t e r  t he  p o s i t i o n i n g  o f  the  l i n e r  i n t o  the  emplacement hole, 

g rou t  was pumped i n t o  the  bottom of t h e  emplacement ho le  u n t i l  i t  reached a  

l e v e l  about 1  t o  2  f e e t  above the  bottom o f  t he  l i n e r .  The aggrcgatc used ~ I I  

t h e  g rou t  consis ted o f  2 p a r t s  s o i l  removed from the  em~~lacement hn le  t o  1  p a r t  

l u m l n i t e .  This  g rout  was al lowed t o  se t  t o  secure the  l i n e r  i n  i t s  p r o p e r l y  

a l i gned  p o s i t i o n  and t o  reduce the  bouyancy e f f e c t  o f  t he  grout  on the  l i n e r  

assembly. A f t e r  t h i s  g rou t  set,  t he  annulus between the  l i n e r  and the  emplace- 

ment ho le  was f i  l led w i t h  g rou t  t o  t he  top o f  the ins t rumenta t ion  tubes. A f t e r  

t h e  g rou t  was i n s t a l l e d ,  0.072 i nch  diameter wires, i n s t a l l e d  p r i o r  t o  l i n e r  

shipment t o  p r o t e c t  t he  tubes and t o  keep them clean, were removed from the  

n i n e  ins t rumenta t ion  we l ls .  

4.3 CANISTER ASSEMBLY 

The c a n i s t e r  assembly cons i s t s  of a  c a n i s t e r  body, a  c losu re  l i d  and a s h i e l d  

p lug .  The c d r ~ i s t e r  assemb'ly i n  a  dr,ywell i s  i l l ~ r s t r a t e d  i n  F i g u r g  1. T t ~ e  can- 

i s t e r  descr ibed below was designed t o  accommodate one PWR spent f ue l  assembly. 

4.3.1 CANISTER BODY 

The c a n i s t e r  body I s  i l l u s t r a t e d  i n  F igu re  8. The main body o f  a  PWR c a n i s t e r  

i s  a  standard 14 inch  outs ide  diameter, 0.375 inch  wa l l ,  304 s t a i n l e s s  s t e e l  

p i p e  154 inches long. Welded t o  t h e  bottom o f  t h i s  p ipe  i s  a  standard 14 i nch  

diameter, 6.5 i nch  h igh  e l l i p s o i d a l  end cap. This  end cap has welded i n t o  i t  a  

c r u c i f o r m  formed o f  a  0.75 i nch  t h i c k  304 s t a i n l e s s  s t e e l  p l a t e  w i t h  f o u r  0.25 

i n c h  t h i c k  304 s t a i n l e s s  s t e e l  v e r t i c a l  gussets welded t o  the  underside. This  

c r u c i f o r m  supports the  bottom o f  a  PWR f u e l  assembly. 

The top  of t h e  PWR c a n i s t e r  body c o n s i s t s  o f  a  sec t i on  o f  14 i nch  ou ts ide  

diameter, 0.937 i nch  wal l ,  304 s t a i n l e s s  s t e e l  p ipe  ap,proximately 9  inches 



Figure  8. Can is te r  Con f i gu ra t i on  



long. Th is  sec t i on  i s  welded t o  t h e  0.375 i nch  t h i c k  main body p ipe  and 

conta ins  machined threads which mate w i t h  the  c losu re  l i d .  The ou ts ide  upper 

sur face o f  t he  c a n i s t e r  body conta ins  4 b l i n d  holes' equa l l y  spaced around the  

p ipe  circumference f o r  the  attachment of t h e  s h i e l d  plug. Two 0.75 i nch  square 

bars  (keys)  are welded t o  the  ou ts ide  of t he  c a n i s t e r  body t o  support t he  can- 

i s t e r  du r ing  remote operat ions and t o  a l i g n  the  s h i e l d  p lug  so t h a t  the  i n s t r u -  

mentat ion tubes on both  components are p r o p e r l y  al igned. 

Wejded t o  the  i n s i d e  o f  t he  PWR c a n i s t e r  body i s  a  f u e l  assembly support cage 

formed o f  standard 2  i nch  by 2  i nch  by 0.'18 i n c h  t h i c k  304 ' s ta in less  steel .  

angles t i e d  together  on f o u r  s i d e s ' a t  s i x .  e leva t i ons  by 7.12 i nch  long by 2 

i n c h e s ' h i g h  by 0.18 i nch  t h i c k  p la tes .  A t  the  t op  of t h e  cage, e i g h t  addi-  

' t i o n a l  s t raps  are  wcldcd bctwcan t h e  c a n i s t e r  body p ipe and t h e  top  cage sir-dps 

t o  p rov ide  cage cen te r i ng  and support. 

4.3.2 INSTRUMENTATION 

The c a n i s t e r  has ten  thermocouple "tubes" f o r  i n s e r t i o n  o f  thermocouples a f t e r  

emplacement i n  a drywe l l .  The thermocouple "tubes" cons i s t  o f  0.75 i nch  by 

0.75 i nch  angles, spot-welded t o  the  ou ts ide  o f  t he  c a n i s t e r  body. A funne l  i s  

formed at. t-he top  o f  each tube by a  1.25 i nch  by 1,25 i nch  angle, c u t  t o  match 

the  smal le r  angle and welded t o  the  top  o f  t he  tube (see F igure  8).  The funne l  

i s  p rov ided t o  a l l ow  f o r  p o t e n t i a l  r a d i a l  and azimuthal mismatch between s h i e l d  

p l u g  and c a n i s t e r  body ins t rumenta t ion  tubes and thereby assure proper  thermo- 

couple i n s t a l l a t i o n .  A t r i a n g u l a r  p l a t e  i s  welded t o  t h e  bottom o f  each tube. 

con tac t  w i t h  the angled p l a t e  a t  t he  bottom o f  each tube i s  intended t o  cause - ... 
\ 

t h e  t i p  o f  t he  thermocouple t o  be d i v e r t e d  toward and even tua l l y  touch the  can- 

i s t e r  body. 

F i v e  thermocouple tubes are loca ted on oppos i te  s ides o f  t he  can is te r .  The 

f i v e  tubes i n  each group are spaced 15Qpart and extend down the  c a n i s t e r  t o  

lengths matching t h e  PWR f u e l  assembly a c t i v e  f u e l  middle, 2.5 f e e t  above and 

below t h e  a c t i v e  f u e l  middle and 1.0 f o o t  from each end o f  . t h e  a c t i v e  f u e l .  

Each d i f f e r e n t  tube l eng th  i s  matched by a  tube o f  the  same leng th  180' away. 



b .  The thermocouples are installed through tubes in the shield plug until they 
contact the bottom of each,.instrumentation tube. When installed, the thermo- 

couples measure temperatures at five different elevations on both sides of the 

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. Table 1 identifies the thermocouples installed in the 

canisters for the Isolated Drywell Test. 

4.3.3 CANISTER CLOSURE LID 

The carlister closure lid is illustrated in Figure 9. The closure lid is a flat 
disc, 3.5 inches thick and 12.5 inches in diameter. This' disc has approx- 
imately 1.0 inch of buttress threads machined near the top which mate with 

threads machined into the,thicker section of 14 inch diameter pipe at the top 

of the canister body. The top outside sur.face of the closure lid is machined 

to form a seal lip for remote seal welding of the canister after the fuel 
assembly is installed. Features on the top surface of the closure lid include 

a machined groove for ali.gnment of the seal welding machine with the machined 

seal lip, provisions for the lifting and torquing tool, and a fitting with a 

mechanically sealed cap through which helium is introduced into the canister. 

The bottom 1.0 inch of the closure lid serves as a lead-in for the installation 

of the lid into the canister body. 

I The seal lip on the canister closure lid is welded to the canister body to 

complete the containment boundary. The gas fitting on the top of the closure 

lid is used to evacuate the canister and backfill with helium. The helium 

ser,ves to provide 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 atmosphere, and to enhance conductive heat transfer to the 

canister. 

4.3.4 SHIELD PLUG 
I 

The canister is attached to a shield plug before emplacement into storage. The 

D 
shield plug shown in Figure 10 is a 20 inch outside diameter, 0.25 inch wall 
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carbon steel pipe approximately 34 inches long with a 1.5 inch thick plate 
J 

welded to the top and a 1.0 inch thick plate welded to the bottom. The volume 
between the two end plates is filled with concrete'for shielding. Extending 

from the bottom plate of the assembly is a 16 inch outside diameter, 1.031 inch 

wall, carbon steel pipe approximately 13.5 inches long. This pipe extension 

contains four tapped holes 90' apart which accept the canister support pins. 

It is through these pins that the canister is secured to the shield plug. The 
shield plug is lowered over the canister (which fits inside of the 16 inch 

dlalneter extension) and the support pins are t.hreaded into the shield plug 

extension. The pins protrude from the inside of the extension into four flat- 

bottomed holes in the upper portion of the canister. 

The shield plug has eleven 0.086 i r ~ c h  Inside dlameter tubes which extend from 

the upper plate, through the lower plate down to the bottom of the shield plug 

extension, ten for routing thermocouples to the canister and one for sampling 

the atmosphere above the closure lid. The tubes are routed through slots in 

the bottom portion of the extension so as not to interfere with the canister 

body. The tubes are secured to the extension by spot welded straps. The 

shield plug has two sets of five tubes with 15' spacing between tubes. The 
tubes are oriented with respect to the thermocouple tubes on the canister by an 

alignment keyway in the shield plug extension and a bar (key) on the outside of 

the canister. 

4.3.5 CANISTER ASSEMBLY INSTALLATION 

The encapsulated fueled canister assemb,lies are installed into the drywell 

using a railcar mounted transfer shield and a drywell shield adapter which are 

described in Section 4.8. The Engine Installation Vehicle, Manned Control Car 

and L-3 locomotive previously used as part 'of the Nuclear Rocket Development 

Station are used to transport the canister to the drywell. The drywells are 

centered between rails and the concrete shield pad above each drywell is level 

to facilitate transfer shield and drywell alignment for transfer of the canis- 

ter into the drywell. Horizontal alignment of the transfer shield with the 



'.. I 

! drywell is accomplished by aligning a pointer on the transfer shield foot valve 

housing with targets inscribed on the top of the drywell concrete pad. The 
operations of the transfer shie'ld are described in detail in Reference 1. 

4.4 PWR SPENT FUEL ASSEMBLY 

Five specific PWR spent fuel assemblies were selected for the SFHPP 1978 Demon- 

stration from the Florida Power and Light Turkey Point reactor. A representa- 

tive Turkey Point fuel assembly is shown schematically in Figure 11. The 
selected assemblies are 161.3 inches long (prior to irradiation) with a square 
cross section having a maximum distance across flats of 8.43 inches (including 

grids). The overall length is made up of a top nozzle, the fuel rods, and the 

bottom nozzle. The fuel rods consist of a 15 by 15 array of 0.422 inch 

diameter Zircaloy cladding around U02 pellets. The fuel rods are arranged on 

a square pitch of 0.563 inches. The active fuel length is 144 inches. The 

fuel rods are laterally constrained by a series of seven grids located along 

the length of the rods. The PWK fuel assemblies are supported by the bottom 
nozzle when in the  vert.ica1 position, The bottom nozzle has four square feet 

located at the corners of the assembly. These feet interface with the cruci- 
form in the bottom of the canister. A PWR fuel assembly weighs approximately 

1450 pounds. 

The spe'cific PWR fuel assemblies were chosen based on their approximately 

25,000 MWD/MTU burnup and their 3 year decay time (time out of reactor). Ini- 

tial predictions of cladding temperatures in drywell's and SSC's indicated that 

maximum decay heat levels for spent fuel should be limited to less than 1.25 

kW. The five Turkey Point fuel assemblies (Serial Numbers B02, B03, B17, B41, 

and B43) were chosen based on an estimated decay heat level slightly less than 

1.25 kW at the earliest dry storage emplacement date at E-MAD (November 1978). 

This decay heat level was based on the nominal predicted decay heat curve 

(Figure 12) and the October 1975 discharge date for the assemblies. Specific 

data (operating statistics, dimensional measurements, weight data, flux and 

gamma scan data,. etc.) concerning the spent fuel assemblies was collected dur- 

ing nondestructive examination prior to their shipment to E-MAD and is reported m 
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i n  Reference 5. Fuel assemblies Ser ia l  Numbers 803 and B41 were selected f o r  

t es t i ng  i n  the drywells. Speci f ic physical data from Reference 5 per t inent  t o  

t h i s  t e s t  are provided i n  Table 2. This data shows tha t  the overa1.1 f u e l  

assembly length increased t o  s l i g h t l y  more than 161.55 inches and tha t  the 

act ive f u e l  length increased t o  about 144.5 inches from the i r rad ia t ion ,  

Figure A-8 shows one of these two fue l  assemblies being lowered i n t o  a 

canister . 
4.5 STORAGE SITE 

The storage s i t e  for  the Drywell Test as wel l  as the Surface Storage Casks i s  

located on the west side of the E-MAD bu i ld ing  w i th in  the secur i ty  fenced area 

surrounding the E-MAD complex as ihawn in-  Figure 13. Ear ly  i n  the 4FHPP 1978 

Demonstration, it was decided tha t  canister emplacement i n t o  the drywells would 

u t i l i z e  ex is t ing  r a i l  equipment a t  E-MAD. The area west o f  the E - M D  bu i ld ing  

was chosen as the storage s i t e  since i t  i s  f a i r l y  level  and would allow r a i l  

spur i n s t a l l a t i o n  wi th  a minimum o f  s i t e  modificatSons. 

The main ra i l r oad  track extends d i r e c t l y  north from the E-MAD Hot Bay t o  the 

E-MAD complex secur i ty  fence and beyond. A switch located 100 fee t  south of 
the nor th  fence was used t o  s t a r t  a new r a i l  spur fnr the drywcl l  storage 
s i te .  The spur consists o f  one track whieh para1 l e l s  the main track and 

descends a 2.5 percent grade t o  the storage si te.  An addit ional  switch was 
i n s t a l  led t o  permit l a t e r  construetian of addit ional  spurs for future expansion 

o f  the s i te .  

The drywells are centered between r a i l  tracks embedded i n  a reinforced concrete 

pad as i l l u s t r a t e d  i n  Figure 14. The pad i s  84 inches wide by 28 inches deep 

by 235 feet long. The pad provides 1) a leve l  surface t o  f a c i l i t a t e  emplace- 

ment o f  the canister wi th  the t ransfer  shield, 2) support f o r  the r a i  1 equip- 

ment during emplacement and 3) shielding i n  the immediate area around the dry- 

we1 1. The pad was constructed i n  stages. F i r s t ,  the periphery forms, the 

re in fo rc ing  rod, and f i v e  37.25 inch outside diameter drywell forms spaced a t  ' 

25 foot in terva ls  along the length o f  the drywell storage area were instal led. 

qi 



TABLE 2 

NONDESTRUCTIVE EXAMINATION DATA 
FOR FUEL ASSEMBLIES (REFERENCE 5) 

. . Average Burnup - 25,595 MWD/MTU 
Discharge Date - October 25, 1975 
Measured Weight B03 - 341 - 

1450 Pounds 1452 Pounds 

Measured Irradiated Length (from bottom of top plate to top of bottom 
nozzle plate, nominally 153.12.inches) - 

A-B. Corner 
A-D Corner 

153.356 Inches 153.368 Inches 
153.365 'Inches 153.382 Inches 

. . 
' '  . Measured Irradiated. Across Flats Dimensions (pin to pin. nominally 8.302 

. . inches) 

. . Height Above Across Flats Across Flats Across Flats Across Flats 
.Bottom Nozzle(1n.) 0° to 180°(In.) . . 90' to 270°(In.) 0" to 180°(In.) 90' to 270°(In.) 

Measured Irradiated Rod Dimensions 

Overa 1 1 Fuel Stack 
Fuel Pin Length (In.) Length (In,) 

Overall Fuel Stack 
Length (In.) <Length (In.) 
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Figure 13. E-MAD S torage  S i t e  Configurat ion 



Figure 14. Drywell Storage Area Configuration 



The northernmost drywell form was placed 120 feet from the north end of the 

pad. Second, 20 inches of concrete was poured in which were set 1.0 inch 
diameter studs every 6 feet to support the two rail tracks. Next, the two 

tracks were installed on 6 inch wide by 12 inch long by 0.5 inch thick plates 

which were placed over adjacent studs and supported by hex nuts threaded on the 

studs. The tracks were centered and leveled on the plates and secured using 

two rail clamps and hex nuts at each plate. The top 8 inches of concrete was 

poured level with the top of the two rails with 2 inch wide by 2.5 inch deep 

recesses on the inside of both rails to allow for the rail car wheels. Con- 

crete pad construction is shown in Figures A-2, A-3 and A-'4 in Appendix A. 

Four drywell liners were installed for the SFHPP 1978 Demonstration. Twenty- 

six inch diameter by 23 foot deep holes were drilled in the soil for drywell 
liners using the three northernmost and the southernmost concrete pad holes for 

alignment and spacing. The spacing between the three northernmost drywells (25 
feet) was chosen to provide test data for thermal ly interacting drywells 

whereas the southernmost drywell was placed 50 feet from an adjacent drywell to 

thermally isolate it from the others. After each drywell hole was drilled, a 

37.25 inch diameter by 9.25 inch high by 0.062 inch thick galvanized steel 

sleeve was installed in the lower porti~n o f  the cnnr rc te  gad to prnvidc a,slip 
plane between the grout installed around the liner and the concrete pad. The 
drywell liner was then installed and leveled at the top to within + 0.03 - 
inches. Grout was poured into the bnttom of the drywell hole until i t  reactled 

a level about 1 to 2 feet above t he  bottnm nf the liner. Aftcr this yrout se t ,  
the entire annulus between the liner and hole was filled to the top of the gal- 

vanized steel sleeve to provide an 18.75 inch deep recess at the top of the 

liner to allow for drywell shield adapter installation (see Section 4.8.2). 

Figure A-5 in Appendix A shows the drywell liner being lowered through the con- 

crete pad prior to grout installation. 

Each drywell has a cover plate which is bolted to the top of the concrete pad. 

The drywell cover plate is 46 inches in diameter by 0.25 inches thick and is 

made of carbon steel. Four lifting eyes are welded to the top of the cover 

. .r: 



b; : ,  plate,to facilitate handling. A 41 inch outside diameter by 39 .inch inside 

diameter by 0.25 inch thick neoprene gasket is cemented to the underside of the 

cover plate to seal the plate against the concrete pad. The cover plate has 

'sixteen 0.625 inch diameter clearance holes for the 0.5 inch diameter by 1.25 

.inch long hex head bolts used to secure the cover plate to the concrete pad. 

Anchors are installed in the top of the pad to mate with the bolts. Four bolts 
-on each cover plate have a hole through the hex head which allows security 

wires to be placed through two pair of bolts on each drywell after the canister 
. . has been installed. The drywell covei- plate is shown in Figure A-14 in 

. . 
Appendix A. 

Prior to drywell concrete pad construction, underground pipe and conduit was 

laid to a.llow for instrumentation routing for three spurs of drywells. Fifteen 
. . . . . . 

: lines of 2 inch diameter PVC pipe were installed approximately 2 feet below 
ground level running from the instrumentation shed to each of 15 drywell loca- 

tions including ten future drywell locations on proposed second and third rail 

spurs as shown in Figure 13. Vertical sections of metal conduit were installed 

at the end of each pipe to attach a large waterproof, dustproof electrical 

enclosure near each of the drywells. An additional five metal conduits'were 

installed between the 37.25 inch diameter drywell pad recesses and the enclos- 

ure positions. The instrumentation conduit is connected to an environmentally 
contro1,led' instrumentation shed located outside the E-MAD building (see Figure 

14). 

Four instrumentation wells (described in Section 4.6) and four electrical 

enclosures were installed near each of the four drywells. Figure 15 'shows the 
. . 

'location and orientation of the instrumentation wells for d.rywells number 3 and 

5. Flexible conduit from each of these four wells was attached to the nearby 

electrical enclosure (see Figure 15). 

The soil surrounding each drywell was instrumented with a total of 12 thermo- 

couples divided and grouped into four instrumentation wells. The orientation 



Figure 15. Drywell Number 3 and Number 5 Storage Area 



b of the 'instrumentation wells is shown in Figure 15 for drywells number 3 and 
5. Each instrumentation well consists of a 19 foot long 1.0 inch diameter 

schedule 80 PVC pipe. The sheathed thermocouples for each instrumentation well 

.were attached to the outside surface of the PVC pipe at three axial locations 
as shown in Figure 16. The thermocouples were attached using wire ties and 

epoxy patches spaced 12 inches apart. Table 1 provides the location data for 
each of the instrumentation wells and attached thermocouples. 

Each instrumented pipe was inserted into a 3.5 inch diameter hole and grouted 

in place. The top of each pipe extended inches above ground level. At the top 
of each pipe, an enclosure box was provided and to attach a 0.5 inch inside 

I diameter flexible conduit routed to the storage site instrumentation shed. The 
I 

I 
enclosure boxes were used to route the thermocouple leads through the flexible 

I 
I 

conduit after installation of the well and conduit. Figures A-6 and A-7 show 
thermocouple well installation activities. 

I 4.7 DATA ACQUISITION SYSTEM 
I 
, . . . The data acquisition system for the Drywell Test consists of the array of ther- 

. . 
I . . mocouples, a data logger, and a remote scanning/multiplexing unit. The thermo- 
I couples are attached to the test hardware as 'described earl ier in this section 

. . of the report. The thermocouple leads are routed to sealed electrical enclo- 

sures and to the multiplexer unit located in the instrumentation shed outside 
I 

the E-MAD west wall. Multiplexer signal cables are routed through underground 

conduit to the data logger which is located inside the E-MAD building in the 

West Operator Gallery. 

4.7.1 THERMOCOUPLES 

All thermocouples used in the Drywell Test described in the previous sections 

consist of a Type K, chromel-alumel 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 thermocouples 

have a 0.125 inch diameter sheath. Two 24 gauge Type K extension wires are 

brazed to the thermocouple wires and are enclosed in a 0.187 inch diameter by 
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Figure 16. Instrumentation Well Configuration 



b 
0;025 inch wall 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. Heat shrink tubing is installed on the Instrumentation Well therm- 

ocouples transition boot and a length of the extension wires to provide addi- 

tional moisture protection for the portion of those thermocouples installed 
underground. Table 1 providesthe identification and location data for all the 

thermocouples installed in and around drywells number 3 and 5. Figure 17 shows 
the typical drywell thermocouple elevations. 

4.7.2 DATA LOGGER SYSTEM 

An Acurex Autodata IX data logger with one remote scanning/ multiplexing unit 
is used for the Drywell Test. The data logger is shown in Figure A-15 in its 

installed configu-ration. The data logger is also used for other experiments at 
! 
1 , . 

: E-MAD (Soi 1 Temperature Test, Surface Storage Cask fueled storage cell and Fuel 
I 

I Temperature Test) and for monitoring spent fuel' temperatures within the E-MAD 
i 1 . .  . .  hot cells. The data logger operates on 120 volt, '60 Hz AG electrical power and 

i s  rated for operatinn in the range o f  32°F to 110°F and 0 to 90 percent rela- 
tive humidity. This dat.a logger system was selected with capabilities to meet 
the test 'needs of the SFHPP 1978 Demonstration with. considerations for future 

expansion. Some of.the capabilities being utilized for the Drywell Test are as 
follows: 

Measurement of Type K thermocouple temperatures from up to 1000 
thermocouples. 

Thermocouple open detection circuit (to determine fai lures). 

Remote signal conditioning and multiplexing for remote instru- 
mentation up to 5000 feet from data logger mainframe. 

Console digital readout in identified engineering units (select- 
able on the front panel). 

Printer for output data with header and engineering unit identi- 
f icat ion. 
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Figure 17. Typical Drywell Thermocouple Elevations 



a Variable scan modes (single, continuous, and intervals) with 
adjustable scan intervals. 

a High performance analog to digital conversion. 

4.8 DRYWELL CANISTER EMPLACEMENT EQUIPMENT 

4.8.1 TRANSFER SHIELD 

The transfer shield shown in Figure 18 is used to transfer the canister/shield 

plug assemblies from the transfer pit in the Hot Bay to the drywells in the 
storage area. The transfer shield is mounted on the Engine Installation 
Vehicle (EIV). The transfer shield provides personnel radiation shielding 

during transfer operations. Motive power for the transfer shield and EIV is 
provided by the Manned Control Car and the L-3 locomotive. Movement of the 

train comprised of these three vehicles is controlled from the Manned Control 

Car. The transfer shield and three rail vehicles are shown in Figures A-10 to 

A-12 in Appendix A. These vehicles are described in Reference 1. 

The transfer shield/EIV assembly has the following features: 

a A drive system on'the EIV that can move the shield vertically, 
longitudinally, and laterally with respect to the EIV. 

a A winch to raise and lower the canister/shield plug .assembly. 

a A foot valve to open and close the bottom of the shieqd to permit 
pickup and discharge of a canister assembly while providing 
shielding during transport. 

a An electrical control system to prevent operator error and damage 
to equipment or exposure of personnel to excessive radiation 
levels.. 

The transfer shield assembly consists of two concentric carbon steel cylinders 

with the 6.5 inch annular space between the cylinders filled with 0.030 inch to 

0.045 inch diameter lead shot. The lead shot is installed from the top of the 

shield annulus and is vibrated and tamped into place. The void space in the 

lead shot is f\lled with neutron absorbing shielding oil. The total shield 



F i g u r e  18.  T r a n s f e r  S h i e l  d/Cani s ter  1 n s t a l . l  a t i o n  C o n f i g u r a t i o n  



C assembly i s  approximately 25 f e e t  h igh  and.3 f e e t  i n  diameter. A rec tangu lar  

f o o t  va lve assembly extends approximate.ly 3  f e e t  on e i t h e r  s ide  o f  t he  v e r t i c a l  

cen te r l i ne .  The t r a n s f e r  s h i e l d  weighs approximately 50,000 pounds. 

The s h i e l d  support t r u s s  i s  at tached t o  ex i s t i ' ng  mounting holes on the  c a r r i a g e  

o f  t h e  EIV. The EIV has v e r t i c a l ,  l o n g i t u d i n a l ,  and l a t e r a l  ca r r i age  d r i v e s  
. . which' are used t o  p o s i t i o n  the s h i e l d  w i t h  respect  t o  the  t r a n s f e r  p i t  and 

drywel l .  

The t r a n s f e r  s h i e l d  winch and cable assembly are designed t o  r a i s e  and lower a  

c a n i s t e r  and s h i e l d  p lug  having a  combined weight o f  approximately 4000 

pounds. The winch, w i t h  a  ra ted  capac i t y  o f  2.5 tons, i s  an e l e c t r i c  motor 

d r i v e n  h o i s t  attached t o  the  s ide  o f  t h e  s h i e l d  assembly. The cab le  i s  a  6 x  

37 c lass,  s t e e l  core, h igh  st rength,  s t e e l  cable which has a  breaking s t reng th  

greater  than 12 tons. The cable i s  rou ted  f rom the  h o i s t  drum t o  t h e  top  o f  

the  s h i e l d  assembly, around a  11.75 i nch  diameter sheave,,and then i n t o  the  

t r a n s f e r  s h i e l d  i n t e r i o r  t o  t he  hook assembly. The h o i s t  has t h e  capabi1i t .y 

f o r  hand' c rank ing  f o r  r a i s i n g  o r  1,owering a  c a n i s t e r  assembly i n  t he  event o f  

power f a i . lure.  

The f o o t  va lve assembly,consists o f  two gates which are f i l l e d  w i t h  8.3 inches 

o f  lead. shot. A " V "  shaped i n t e r f a c e  between t h e  gates l i m i t s  r a d i a t i o n  

streaming du r ing  c a n i s t e r  assembly t ranspor t .  Each gate i n  t he  f o o t  valve, 

supported by cam r o l l e r s ,  i s  i n d i v i d u a l l y  d r i v e n  by a  1/4'horsepower e l e c t r i c  

motor ( w i t h  gear' reducer) connected by a  cha in  d r i v e  t o  a  bal lscrew. L i m i t  

switches c o n t r o l  t he  t r a v e l  o f  t he  two gates and a  s l i p  c l u t c h  i s  prov ided t o  

p r o t e c t  t he  mechanism i n  the  event o f  a  l i m i t  sw i tch  mal funct ion.  The f o o t  

va lve gates a l so  have the  c a p a b i l i t y  f o r  hand c rank ing  i n  t he  event o f  power 

f a i l u r e .  

An e l e c t r i c a l  c o n t r o l  system i s  prov ided t o  permi t  remote opera t ion  o f  t he  E I V  

and the  t r a n s f e r  s h i e l d  components. Cont ro l  panels a re  prov ided i n  t h e  Manned 

Cont ro l  Car (MCC) cab and a t  the  back end o f  t h e  EIV (oppos i te  end o f  the  EIV 



from the shield). A third portable control panel can be used to operate the 

system from the E-MAD gallery when the EIV is located in the Hot Bay. Opera- 

tion is normally from the MCC panel. The electrical control system has provis- 

ions to limit winch andfoot valve travel, to limit shield 'travel via the EIV 

carriage motion mechanisms, and to interlock operating modes to prevent inad- 

vertent winch, foot valve, or shield motions from causing exposure of personnel 

to a bare (unshielded) canister~assembly. A series of 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 longitudin'al travel limit 

positions. 

The details of transfer shield/EIV transfer operations are provided'in 

Reference 1. 

4.8.2 DRYWELL SHIELD ADAPTER 

A special shield adapter is installed in the annular region around the upper 

drywell liner during canister assembly emplacement and removal operations. 

This drywell shield adapter limits radiation levels i n  the area immediately 

surrounding the drywell while the canister is being raised or lowered. The 
drywell shield adapter is illustrated a s  installed in the drywell in rigut-e 19. 

The drywell shield adapter is made of carbon steel and consists of two 17.5 

inch lony concentric pipes having a 22.5 inch inside diameter and a 36 inch . , . 

outside diameter. 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 square and has a 1.0 inch deep by 39 inch diameter recess machined 

in the top to interface with the bottom of the transfer shield. Four 1.5 inch 

diameter rods, which were welded to the top and bottom plates to provide addi- 

tional support, each have 0.5 inch diameter thrqaded holes which are fitted - 
with lifting rings for handling the shield adapter. The adapter weighs approx- 

imately 4000 pounds. 
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Figure 19. Drywell Shield Adapter Configuration (Shown Ins ta l  led in Drywell ) 
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5.0 TEST OPERATIONS AND RESULTS 

5.1 TEST OPERATIONS 

5.1.1 CONSTRUCTION 

The drywell storage area construction was completed in September, 1978. Four 

drywell liners were installed in positions 1, 2, 3, and 5 (drywell positions 
numbered from north to south, see Figure.14). The drywell liner positions wcrc 

chosen based on the initial thermal analyses to provide one thermally isolated 
drywell (50 feet from adjacent drywell) and three drywells which would provide 
test data on drywell interactions. 

Storage area instrumentation well installation was completed in October, 1978. 

Sixteen instrumentation wells were installed with four wells near each of the 

four installed drywell liners. After the instrumentation wells were installed, 

the 19 canister and liner thermocouples for each drywell were coiled and placed 

in the adjacent electrical enclosures. The thermocouple leads for each drywell 
and adjacent four instrumentation wells were 'bundled together and routed from 

the electrical enclosures to the multiplexer unit in the instr'umentation shed 

through the underground pipes installed in the storage area. 

5.1.2 FUEL ASSEMBLY ENCAPSULAT.ION 

Isolated Drywell Test spent fuel assembly encapsulation operations occurred 

during the second and fourth weeks of January, 1979. The following presents a 
brief summary of the typical E-MAD encapsulation operations performed. Further 

detai 1s of the operations and equipment are found in ~eference 1. The opera- 
tions began with the spent fuel shipping cask preparation for fuel assembly 

unloading. Using the vendor supplied lifting yoke and E-MAD overhead crane, 

the cask is upended, lifted, and placed in the cask.work platform. Hands-on 

cask operations include installation of the cask vent line, removal of lifting 

yoke, removal of closure lid holddown bolts, attaching the lid lifting, fixture, 

and venting of the cask internal pressure through the ventilation system north 

stack. 1 



,b After the cask is ready for fuel unloading, operations are performed remotely. 

The cask closure lid is removed and placed on its stand. The fuel handling 
tool is inserted in the cask, the tool fingers are engaged, and the handling 

tool and fuel are lifted by the overhead crane. Once out of the cask, each 

fuel assembly is visually examined along the full length of each side by a 

remotely held TV camera. The fuel is then placed in a canister located in the 

Hot Bay weld pit (Figure A-8), the fuel hand1 ing tool disengaged and replaced 

on its stand.. The canister thread protector is removed, and the threads are 

inspected and cleaned, if required. The closure lid is placed on the canister 

and torqued down by the large Wall Mounted Handling System (WMHS). The welding 

head is placed on the canister and secured prior to canister seal welding. 

The weld is made remotely and the completed weld visually inspected using a 

wall mounted periscope. The welding head is then removed by the WMHS and 

placed on a stand. The canister is evacuated and backfilled with helium util- 

izing the evacuation and backfill system which is remotely connected to a fit- 

ting on the closure lid. When backfilling is complete, the hose is remotely 

disconnected and a plug fitting installed. The leak check system vacuum 

chamber hood is placed over the weld pit by the WMHS, and the vacuum chamber is 

evacuated by the evacuation system attached to the lower part of the chamber. 
A sample is drawn from the vacuum chamber into a helium leak detector in the 

gallery and examined for helium. The vacuum chamber hood is removed and placed 

on its stand and the sealed and leak checked canister is ready for storage. 

The shield plug is placed on the canister by the overhead crane and secured in 

place. The canister and shield plug are moved to the survey pit where swipes 

are made of the canister surface using the master-slave manipulators. The 

swipes are removed from the Hot Bay using the pass-through drawer. The swipes 

are checked for contamination and the canister decontaminated, if necessary. 

Prior to transfer to the storage site, the canister and shield plug are moved 

to the transfer pit and lowered into place as shown in Figure A-9 in Appendix 

A. 



5.1.3 TRANSFER TO THE DRYWELL 

Prior to transferring the canister to the drywell, a special lifting bail i s  

installed on the shield plug in the transfer pit. The Engine Installation 

Vehicle (EIV) and transfer shield are moved into the Hot Bay by the Manned Con- 

trol Car and L-3 locomotive and centered over the transfer pit as shown in 

Figure A-10. The shield foot valve is opened and the transfer shield hook 

assembly lowered remotely. The hook is engaged on the lifting bail and the 

shield lowered until i t  seats on the t o p  0f.t.h~ transfer p i t ,  The eanister drrd 

shield plug are then raised into the transfer shield, the fout valve closed, 

and transfer shield raised prior to removing the rail vehicles, shield and can- 

ister from the Hot Bay. The drywell shield adapter is installed in the drywell 

prior to canister movement to thc storage ared. The rail vehicles move the 

transfer shield and canister assembly out to the storage site and then maneuver 

the transfer shield to a position directly above a drywell. The transfer 

shield is lowered until it seats on top of the drywell shield adapter as shown 
in Figure A-11. The foot valve is opened and the canister lowered into posi- 

tion in the drywell. After the transfer shield is raised, the hook is removed 

and raised into the shield, the foot valve closed, and the rail vehicles moved 

to a parking location. Figure A-12 shows the transfer compl~t~d in Brywell 5. 

To complete the drywell operations, the drywoll shield adapter is removed using 

a mobile crane, the lifting bail removed, t . h ~  thermocouples inserted tt~r.uugh 

the shield plug and liner as shown in Figure A-13, the instrumentation connec- 

tions made at the multiplexer unit, and the cover secured over the drywell. 

The first canister assembly containing fuel assembly Serial Number 003 was 

installed in Drywell 5 on January 12, 1979. The' second canister assembly con- 
taining fuel assembly Serial Number 841 was installed in Drywell 3 on January 

24, 1979. Thermocouples for both drywells were attached to the multiplexer and 

a set of reference temperature readings were taken prior to thermocouple 

insertion. 



b' 1 5.1.4 TEMPERATURE MONITORING 

Temperature data from the two drywells have been monitored from their dates of. 

emplacement. For each drywell, data logger printouts were made every hour for 

the first day, every four hours for the next six days and twice a day there- 

after at 4:00 a.m. and 4:00 p.m. In May 1979, the printouts were made at 8:00 

a.m. and 4:00 p.m. and continued at those times throughout the remainder of the 

test.period. Appendix B provides temperature readings recorded by the data 

logger for Drywells 3 and 5 at two week intervals. Table 1 provides a listing 
of thermocouple positions and data logger data channels used to read out the 

temperature data. 

5.1.5 SUBSEQUENT REPAIR ACTIVITIES 

Fol lowing drywell emplacement operat ions, repair activities pertinent to the 
Isolated Drywell Test and its data occurred. 

During thermocouple routing from the electrical enclosure to Drywell 5, one of 

the 1 iner thermocouples (T/C 877) was broken. A replacement thermocouple was 
installed in the liner thermocouple tube and a Type K thermocouple connector 

was used 'to' join the replacement thermocouple extension wire and the existing 

wire leading to the instrumentation shed. This connection was made in.the 

electrical enclosure.. It was later determined that the replacement th'ermo- 

couple was 60 inches longer than it should have been. This information has 

been noted on Table 1. 

. . During thermocouple installation'activities for both drywells, it was noted 

that some of'the pad concrete 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. Some of the broken concrete at Drywell 5 is visible in Figure 

A-13. The top of the pad was repaired using epoxy grout which provided a 53 

inch square by 1.0 inch high raised area on the top of the pad. Drywell 5 con- 

crete pad'repairs were completed on January 22, 1979, and Drywell 3 concrete 

pad repairs were completed on February 12, 1979. 



Two liner thermocouples failed during the Isolated Drywell Test. Data readings 

from Drywell 3 liner thermocouple 829 greatly differed from the similar posi- 

t ion thermocouples (T/C 876 and 878) soon after thermocouple instal 1 at ion (no 

irregularity in reading had been noted during the initial temperature read- 

outs). Fol lowing an integrity check, this thermocouple was removed and 

replaced on March 16, 1979. A Type K thermocouple connector was used to join 
the replacement thermocouple with the extension wire connected to the data 

logger system multiplexer. L a t e r  in the test on February 15, 1980, Drywell 3 

liner thermocouple 828 stopped providing data. After an integrity check, this 

thermocouple was found to have failed and was disconnected. Since no replace- 

ment thermocouple was available, further data readings from this channel were 
not taken. 

Following canister thermocouple installation, an evaluation of the canister 

thermocouple tube/thermocouple interface was conducted due to the fact that the 

thermocouple. transit ion boots, which should have been about 6 inches above the 

top of the shield plug when the thermocouple end contacted the bottom of the 

canister tube, were in contact with the top of the shield plug. The evaluation 
showed that the ten canister thermocouples could pass between the canister and 

thcrmocouple tube angle dr~d plate, and in fact, may be measuring air tempera- 

tures between the canister and liner. It was determined that the thermocouples 
should be raised so that the'transition boots were about 5.5 inches above the 

top of the shield plug. This was accomplished on April 30, 1979. The test 
data results presented in the next section and in Appendix C.show that the 
temperatures from all 20 canister thermocouples were affected by this action 

indicating that the thermocouples were outside the canister tubes. Due to a 

communication problem, the nine liner thermocouples for each drywell were also 

raised by 5.5 inches on April 30. An evaluation of the liner temperature 
versus time curves shortly thereafter revealed the change in thermocouple posi- 

tion. The liner thermocouples were reinserted to their proper position on May 

22, 1979. 



b 5.2 TEST RESULTS 

This section' presents the thermal test tesults for the isolated drywells (num- 

bers 3 and 5) from drywell and soil thermocouples (thermocouple channels and 

positions are identified in Table 1). Thermal test results are shown in 

Figures 20 to 27 with all temperature data being shown in Figures C-1 to C-12 

in Appendix C. 

The peak measured temperatures for Drywell 3 are presented in the form of 

canister, liner, and soil temperature distributions throughout the test period 

in Figure 20 and as canister and liner axial temperature profiles in Figure 

21. Figures 22 and 23 present the peak measured temperatures for Drywell 5. 

The peak temperatures occurred several inches below the canister midplane dur- 

ing August 1979. For Drywell 3, the peak canister temperature was 2 5 4 0 ~ ~  and 

the peak liner temperature was 198OF. For Drywell 5, the peak canister temp- 

erature was 253OF, and the peak liner temperature was 203OF. After the peak 

temperatures occurred, all temperatures decreased and began a cycling pattern 

i n  response to seasonal atmospheric temperature changes. If data were recorded 

over a period of several years, the temperatures would continue showing sea- 

sonal cycles superimposed on decreasing mean temperatures which result from the 

gradually decreasing decay heat level. 

Also shown in Figures 20 and 22 are soil temperatures measured at the Soil 

Temperature Test Reference Well. The Reference Well is positioned 60 feet from 

the Soil Temperature Test, nearly 100 feet from Drywell 5 and 150 feet from 
Drywell 3. These distances are sufficient that Reference Well soil tempera- 

tures would not be affected by the drywell tests or the Soil Temperature Test. 

Therefore, the Reference Well data provide a valid base from which the thermal 

effect of drywell operation on near-field soil temperatures can be ascer- 

tained. In addition, they provide data illustrating the influence of seasonal 

changes on soil temperatures at the various thermocouple depths. 

During the initial testing period (January 1979 thorugh Apri 1 1979), canister 

thermocouples were positioned incorrectly on both drywells as previously 
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Figure 21. Drywell 3 Peak Canister and Liner Axial 
Temperature Prof i les 



Figure  22. Drywe l l  5 Peak Can is te r ,  L i n e r  and S o i l  
Temperature D i s t r i  but i 'ons 



F igu re  23. Drywel l  5 Peak Can is te r  and L i n e r  A x i a l  
Temperature P r o f  i l e s  



noted. The effect of the thermocouples being outside the instrumentation tubes 

accounts for the large early differences between canister temperatures at 

several elevations and a1 so accounts for the abrupt temperature changes 

recorded on April 30, 1979, when thermocouple position adjustments were made. 

For the test period after April, 1979, the temperature versus time curves show 

small (10°F. or less) circumferential temperature variations at all instrument 

elevations. In addition, a comparison of the four Drywell 5 liner thermo- 

couples at an elevation 205 inches below ground level showed a variation of 

less than 2OF until about March 1, 1980 when one of the therm~couples (867) 

varied between 3'F and 6°F. T h i s  information indicates that uniform soil 

properties exist circumferentially; and, concerning the soil temperature data 

particularly, it shows no thermal effect of one drywell on another. 

The effects of axial heat convection inside the caniiter were evident in Dry- 

wells 3 and 5. Convection effects within an air filled canister wer.e evident 

in the Soil Temperature Test data as discussed in Reference 2. It was noted 

there that convection currents could cause canister temperature variations at . 

one elevation to occur more rapidly due to temperature changes at other eleva- 

tions than would be possible by conduction heat transfer alone. Thus, canister 

temperatures at two different elevations tended to be more closely in phase 

than soi 1 temperatures at the same elevations. The same phenomenon is apparent 
i r ~  data from Drywells 3 and 5. Comparing canister temperature data from three 

elevations on Drywell 3 in Figure 24 with soil temperature data at a 10 font 
radius in Figure 25 for the same elevations, the canister traces all peak 

within a period of approximately 30 days, while the soil temperature peaks are 

distributed over a period of 60 to 70 days. This is also the case for Drywell 
5 as shown by comparing the canister and soil data in Figures 26 and 27. 

The thermal data from Drywells 3 and 5 showed that the day-night atmospheric 

temperature changes had 1 i ttle or no effect on the drywell temperatures. Com- 
paring the temperatures of the canister, liner, and soil at the 5 foot and 10 

foot radius at the uppermost thermocouple elevation showed a maximum 0.5OF 

difference between the early morning and mid-afternoon data recordings. 
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Figure 26. Drywell 5 Canister Temperature Distributions 



Figure 27. Drywell 5 Soil Temperature Distributions 



b Figures C-1 to C-12 show plots of all the temperature data measured for both 

drywells. Figures C-1, C-2, and C-3 show sets of canister, liner, soil, and 

Reference Well temperature data for the top, middle, and lower thermocouple 

levels, respectively, for Drywell 3. Figures C-6, C-7, and C-8 show the same 

data for Drywell 5. Figures C-4 and C-5 present the cani,ster temperatures 

measured at depths of 116 and 176 inches for Drywell 3 and Figures C-9 and C-10 

present the same data for Drywell 5. Figures C-11 and C-12 show al.1 the canis- 

ter and 1 iner temperature data in the form of axial profiles for Drywell 3 and 

Drywell 5, respectively. It should be noted that these data plots were genera- 
. . ted by' a computer code which provided straight lines between data points 

(except Figures C-11 and C-12) for data at two week intervals.. Variations in 
measured data plotted,.except for that from the thermocouple positioning change 

previously described, are suspected to be due to infrequent periods of heavy 

rainfall which occurred during the test period. 

5.3 ' ACCURACY OF TEST DATA 

Inaccuracies in test.data ,recorded could be a result of thermocouple measure- 

ment inaccuracy and/orEthe position of the thermoco.uples inside the canister 

and 1 iner tubes. The accuracy of the ungrounded Type K thermocouples uti 1 ized 

in the Isolated Drywell Test is typically - + 2OF'based on calibration data. 

An examination of the Fuel Temperature Test data was made to evaluate the 

effect of havi-ng canister thermocouples inside the 0.75 inch by 0.75 inch angle 

instrumentation tubes. Four thermocouples were spaced around the Fuel Tempera- 

ture Test canister at two separate elevations corresponding. to 40 inches above 

and 30 inches below the fuel assembly active fuel midplane level. Two of the 

four thermocouples were attached directly to the canister and two were inserted 

into instrumentation tubes identical to those on the drywell canister' (see 

Reference 3). Thermocouple data recorded for all of the helium backfill.tests 

run during Fuel Temperature Test iny showed temperatures inside the tubes were 

lower than those on the canister surface by an average of between 2OF and 6OF. 

This is expected to be the average inaccuracy in canister temperature measure- 

ments due to the instrumentation tubes. For the liner thermocouples, the close 



proximity of the thermocouple tube to the liner wall and the geometry of a 

0.062 inch thermocouple 'diameter inside a 0.083 inch inside diameter tube is 

expected to yield a smaller inaccuracy than for the canister thermocouples. 

The overall test data recorded are judged to be within about 8OF of the actual 

canister temperatures, and within about 4OF of the actual liner and soil 

temperatures. 

5.4 POST-ISOLATED DRYWELL TEST OBSERVATIONS r 

In addition to the Isolated Drywell Test described in this test report, other 

drywell tests have been planned. An isolated drywell test using a higher decay 

heat level fuel assembly and a drywell thermal interaction tes t  using three of 
the four PWR fuel assemblies utilized in the SFHPP 1978 Demonstration were 

scheduled to begin in September, 1980. To accommodate these two tests, it was 

decided to rearrange the two existing drywells so that the canister assembly in 

Drywell 3 would be placed in Drywell 2, and the canister assembly in Drywell 5 

would be placed in Drywell 3. Drywell rearrangement activities marking the end 

of the Isolated Drywell Test with 1 kW fuel assemblies occurred during the 
first week i n  August, 1980. Several observations which were nlade relative to 

the condition of Drywells 3 and 5 are discuss~d i n  the following paragraphs. 

Each drywell was inspected both before and after the two canisters were 

removed. Once the drywell covers were removed, it was noted that much of the 

epoxy grout placed above the concrete pad had cracked and that there was a lack 

o f  adhesion to the concrete as shown in the photographs in Figures A-16 and 
A-17. In addition, both of the drywell cover gaskets were uneven and not flat 

enough to seal. The cover gasket for Drywell 3 is shown in Figure A-18. The 
annulus around each liner showed quite a bit of sand and small concrete chunks 

as shown in the photograph in Figure A-19 for Drywell 3. Both annuli also 

showed evidence of water having been present. 



To allow handling of the canister assemblies, the drywell liner thermocouples 

had to be removed. Problems were experienced in removing the Drywell 5 thermo- 

couples and four thermocouples were broken off. Those thermocouple portions 1 
removed showed sheath damage in the form of cracking caused by some type of 

corrosion. After the canisters were removed, a visual inspection of the dry- 

wells showed several inches of water at the bottom of both liners. Both liners . 

also had surface rust and 'evidence of water having run down the 1 iner lower 

section. It ha.s been postulated that the water entered the drywell annulus 

from under the cover gasket or was driven up through the grout/concrete pad 

annular gap by the drywell heat source; that once inside the annulus, the water 

could condense on the drywell cover and drip onto the shield plug; and that the 

water could run down the shield plug/liner gap and into the liner/canister 

annu 1 us. 

The overall effects of the water in Drywells 3 and 5 have not been completely 
evaluated. However, based on the thermal data results from the two isolated 

drywells and the amount of water present, water should have had little effect 4 
Y 

on the drywell and soil temperatures. Water vapor in the annulus between the 
" . 

canister and liner would be expected to increase the heat transfer between can- 

ister and liner which may cause the canister temperatures to be slightly lower 

than they 'would have been if the drywells were dry. ,Since the majority of the 

resistance to heat flow from the fuel assembly to the surrounding atmosphere is 1 

due to the low thermal conductivity of the soil around the drywell, the effect 

of water vapor inside the drywell should be minor. Water in the liner thermo- 

couple tubes could have affected the temperature re'adings and could have caused 

the failure of thermocouple 828. Examining the overall temperature versus time 

curves for both sets of drywell liner thermocouples shows that none of the 
. liner temperature readings exceeded 203OF, which is below the boiling point of 

water at E-MAD. In addition, the liner temperature transient curves do not 

show any unexpected changes which could have been caused by water in the liner 

tubes. Therefore, the water present in the two isolated drywells was not 

expected to have influenced the overall drywe.11 and soil temperature data pre- 

I sented in this report. 



A relatively simple design solution to prevent water from getting into drywell 

liners and liner thermocouple tubes during future drywell testing has been pro- 

posed. The engineered "fix" includes a sealing cover to be placed at the top 

of each liner and some waterproof sealing compound to be installed at the top 

of the liner thermocouple tubes. These two items would prevent water, which 

gets into the drywell concrete pad annulus from entering the liner and/or the 

thermocouple tubes. 

The above-discussed Post-Isolated Drywell Test~observations illustrate the need 

and benefits gained from demonstration tests performed prior to any large-scale 

spent fuel dry storage activity. The evaluation of all of the  -observations 

sl~ould lead t o  a b e t t e r  drywell design which can be uti'lized in large-scale dry 

storage. 



6.0 THERMAL ANALYSIS MODEL 

I 
I 6.1 ANALYSIS PURPOSE AND METHOD 

I The purpose of the drywell thermal analysis is to continue developing a thermal 

, model for the isolated drywell configuration and to demonstrate that the model 
can produce satisfactory predictions of soil and drywell temperatures. Once 

that goal is achieved, the model and/or the modeling techniques may be applied 
with increased confidence at E-MAD to spent fuel storage configurations such as 

the fueled drywells, the Surface Storage Casks, in-line drywells, and arrays of 

drywells. 

Drywell test predictions and data analyses have been performed using the TAP-A 

digital computer program, Reference 6. TAP-A was developed at AESD and has 

been used extensively during the past ten years at 'that division.and at the 

Westinghouse Advanced Reactors Division. It is a finite difference program ,I! 
i 
'i which calculates steady-state and transient temperature distributions in a con- i 

figuration of solid materials utilizing the radiation, convection, and conduc- ;I 
I 

tion modes of heat transfer. To apply the program, a twoor three-dimensional :i 
configuration is divided into elements called nodes. The nodes, which are con- 
nected .to each other by heat transfer links having lengths and. cross-sectional 

areas, can have time and temperature dependent thermal properties (density, 

heat capacity, and conductivity) as well as time dependent heat generation 

rates. Outer surf aces are assigned time dependent temperatures or convective 
heat transfer coefficients that may also vary with time or with a surface-to- 

ambient temperature differential. 

6.2 MODEL DESCRIPTION 

6.2.1 MODEL SIZE AND BOUNDARY CONDITIONS 

The TAP-A nodal model applied to both Drywell. 3 and Drywell 5 is depicted in 
Figures 28 and 29, and the nodes representing each test component are identi- 

P 
fied in Table 3. The model is two-dimensional in the r and z directions 
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Nodes .- 

TABLE 3 

TAP-A MODEL NODE DESCRIPTION 

Test Components -- 

Fuel Assembly 
. . 

' Canister. 

Shield Plug Bottom P.la-te, 

Liner Lower Section 

Grout a t  Bottom of Liner 

Concrete in Shield Plug 

Shield Plug Top Plate 

Drywell Cover Plate 

Li ner Upper ~ e c t i  on 

Grout 

Concrete Pad 

Soi 1 

Grout Between Liner and Soil 

Soi 1 

Canister 

Liner Lower Section 

S0.i 1 
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(radius and depth, respectively) with no variations circumferentially. With 

several minor exceptions, it is identical to the Soil Temperature Test thermal i 
model described in Reference 2. The exceptions pertain to the depth of the top 

of the shield plug/ canister assembly relat.ive to the ground level (18.5 inches 

below ground level in Drywell 3 and Drywell 5 versus 2.5 inches above ground 

level in the Soi 1 Temperature Test) and to the slight rearrangement of nodes to 
calculate temperatures at drywell thermocouple locations. The rearrangement e 

resulted in several nodes being eliminated which explains the reduction in node 

n'umber from 289 for the Soi 1 Temperature Test to 272. 

Drywells 3 and 5 were treated as being isolated. This assumption is based upon 

Soil Temperature Test results where ambient soil temperatures were found to 

exist at all 'radii beyond 20 feet, even while operating at 2 kW. Therefore, 

Drywells 3 and 5, separated by 50 feet with spent fuel decay heat levels at 

approximately 1.0 kW or less, were expected to have no thermal influence on 

each other. This assumption is further verified by the similarity in soil 

temperature data from Instrumentation We1 1s E and H for .Drywe1 1 3 and from 
Instrumentation wells A and D for Drywell 5 (see ~igure 15). The drywell ther- i 
ma1 model extends to a radius of 60 feet, which is given an adiabatic boundary 1. 

condition. The assignment of the model radius is arbitrary and 'it could be 
t 

given any value greater than the radius at which the radial temperature gradi- 

ents are expected to be' zero (20 feet based on Soil Temperature Test results). 

The model lower boundary is located at a depth of 1000 feet which approximately 

corresponds to the E-MAD water table depth. A constant 70°F boundary condition 

is applied at that boundary simulating the water table's constant temperature 

heat source and' sink effect'. 

6.2.2 HEAT TRANSFER MECHANISMS 

Fuel Assembly/Canister Model 

Heat transfer from the fuel assembly (nodes 1 to 30) to the canister occurs by 
conduction, convection, and radiation but was.modeled in this analysis only by . i. 
conduction. Since TAP-A has no.mass flow capability, natural circulation 



w i t h i n  t h e  can is te r ,  as w e l l  as convect ion heat t r a n s f e r  e f f e c t s ,  cannot be 

ca l cu la ted .  However, s i nce  the  main o b j e c t i v e  o f  t h e  ana lys i s  was the  p red i c -  

t i o n  o f  temperatures f rom t h e  c a n i s t e r  outward, t h i s  can be accomplished w i t h  a  

s i m p l i f i e d  f u e l /  c a n i s t e r  model.   he model c a l c u l a t i o n s  app l ied  an e f f e c t i v e  

thermal  c o n d u c t i v i t y  t o  t he  f u e l  zone t h a t  approximates a l l  t h ree  heat t r a n s f e r  

modes. Th i s  e f f e c t i v e  c o n d u c t i v i t y  versus temperature was ca l cu la ted  so t h a t  

i t produces reasonable f u e l  assembly temperatures i n  t he  300°F t o  800°F range. 

Th i s  was necessary f o r  proper  d rywe l l  t r a n s i e n t  response. The f u e l  assembly 

heat  capac i t y  i s  modeled accu ra te l y  t o  a l so  produce a proper  t r a n s i e n t  

response. The rnodel was supp l ied  w i t h  an accurate est imate o f  the  f u e l  assem- 

b l y  mass o f  1450 pounds and a s p e c i f i c  heat capac i t y  o f  0.066 Btu/lb-OF which 

represented, i n  proper  p ropor t ions ,  t he  heat c a p a c i t i e s  o f  t he  Z i r c a l o y  clad, 

t h e  U02 f u e l  and the  s t a i n l e s s  s t e e l  nozz le  p la tes .  

A i r  F i l l e d  Spaces 

Heat t r a n s f e r  across a i r  f i l l e d  spaces (between the  c a n i s t e r  and l i n e r ,  , the 

c a n i s t e r  l i d  and s h i e l d  plug, t he  s h i e l d  p lug  and cover p la te ,  and the  s h i e l d  

p l u g  and upper l i n e r )  are modeled cons ider ing  r a d i a t i o n  and a  combination o f  

conduct ion and convect ion. Rad ia t i on  i s  inc luded i n  the  ana lys i s  by  supply ing 

shape f a c t o r s  t h a t  depend upon e m i s s i v i t i e s  and areas o f  the  r a d i a t i n g  sur-  

f aces. For  convect ion and conduct ion, c o r r e l a t i o n s  are avai  1  ab le  t h a t  a1 low 

bo th  heat  t r a n s f e r  modes t o  be handled . i n  a  s i n g l e  c a l c u l a t i o n .  Between the  

c a n i s t e r  and l i n e r  s ide  wal ls ,  f o r  example, convect ion and conduct ion were 

s imulated us ing the  " e f f e c t i v e  c o n d u c t i v i t y "  method described i n  Reference 7 

(pages 330, 331). For  an annulus th ickness  o f '  1.625 inches and a  temperature 

d i f f e r e n t i a l  o f  50°F, the  e f f e c t i v e  thermal . conduc t i v i t y  i s  1.5 t o  3  t imes 

l a r g e r  than the  c o n d u c t i v i t y  o f  a i r  f o r  temperatures between 200°F and 600°F. 

For  narrow annul i ,  such as t h a t  between the  s h i e l d  p lug  and upper l i n e r ,  con- 

vec t i on  i s  suppressed, conduct ion dominates, and the c o r r e l a t i o n  reduces t o  

a i r ' s  thermal conduc t i v i t y .  Convection e f f e c t s  were a lso  assumed t o  be n e g l i -  

g i b l e  i n  t h e  reg ion  below the  c a n i s t e r  assuming a i r  a t  t h a t  l o c a t i o n  would tend 

t o  s t r a t i f y .  



k 
Convection should be more significant above the canister between the canister 

I 

lid and shield plug. A correlation presented in Reference 8 (page 182, Eq. . . . .  

7-9d) predicts an effective thermal conductivity across the 5.9 inch gap of I 

approximately 0.2 Btu/hr-ft-OF. This assumes a temperature differential of 

60°F, based on Soil Temperature Test data taken during 1.0 kW operation and is . '  

12 times larger than air's thermal conductivity at 200°F. The difference is 
due to free convection. 

Convection was ignored between the shield plug and drywell cover plate. Those 

effects are probably appreciable during the nighttime hours and winter months. 

However, they were neglected since the result of averaging them with time would 

be very uncertain and, since heat transfer rates through the shield plug are ' 
small compared to the total heat generation rate, their omission will have a 

C; 

very small effect on the analysis. The same is probably true for any of the 
canister end effect calculations and, therefore, most attention was given to 

the canister/liner side wall model. 
. . . .  , I  

Ground-to-Ambient Ileat Trans Fer 
1 

V 

O The Soil Temperature Test analysis, reported in Reference 2, considered solar 

effects at ground level as well as convection to and from the ambient air. . 

Further work has confirmed, however, that the ground level model can be simpli- 

fied, with satisfactory results, by equating air and surface temperatures and 

ignoring the solar effects. This approach has been applied throughout the dry- 

well analyses; the air temperatures used are monthly temperature averages taken 

from E-MAD site weather data and are provided in Table 4. This approach is 

confirmed in that the model predicts seasonal soil temperature variations with 

good accuracy and, at any particular time, Reference Well temperatures are pre- 

dicted to within 5°F of the measured values. The ground-to-ambient heat trans- 

fer model's acceptability is apparent in Section 7.0 where transient soil temp- 
eratures at various depths and radii are compared with predictions with favor- 

able results. 



TABLE. 4, 

E-MAD SITE OUTDOOR AIR TEMPERATURES - MONTHLY AVERAGES 

Month 

January 

February.  

March 

A p r i  1 

May 

June 

J u l y  

August 

September 

Uctober . 

November 

December 

Temperature (OF) 



6.2.3. MATERIAL PROPERTIES 

~hermal properties used in the analysis of ~rywells 3 and 5 are identified in 

Table 5' and are identical to those applied in the Soi 1 Temperature Test 
analysis. The concrete and .steel properties are from handbook and textbook 

sources, while the density and thermal conductivity data for grout and soil 

were obtained during laboratory tests performed by Holmes and Narver, Inc. The 
grout conductivity data are plotted in Figure 30. As discussed in Reference 2, 

the development of a soil thermal conductivity model for use in the drywell 

analyses was based upon the Holmes and Narver data, but the data were adjusted, 
mainly at temperatures below 200°F to include additional moisture effects. The 

resulting conductivity model is shown in Figure 31. The soil conductivity , 

model exhibits a strong temperature dependency due' to drying that occurs when 

temperatures exceed 200°F (the approximate boiling point of water at E-MAD). 

For Drywells 3 and 5, however, the heat generation rates are low such that pre- 

dicted soil temperatures were never greater than 160°F. Therefore, throughout 
the drywell analysis, the soil thermal conductivity value was set at 0.9 

Btu/hr-ft-OF. In sandy soils, this corresponds to a moisture content of 

approximately 5 percent, which is the moisture level detected in E-MAD soi 1 

samples during preparations for the Soil Temperature Test (Reference 2). 

With this conductivity value, the thermal model predicted liner and soil temp- 

eratures accurately during the first four months of drywell testing. There- 

after, however, the model underpredicted the liner temperatures by increasing 

amounts until, at the end of the test period, the discrepancy was as high as 
I 30°F. This discrepancy was assumed to have been caused by a drying out of the 

soil around the drywell due to the heat source. The drying effect would 

decrease the thermal conductivity of the soil and consequently cause the liner 

and soil temperatures to be higher. To improve the liner and canister predic- 

tions, a soil conductivity versus time relationship was derived from the decay 

heat curve, Figure 12, and measured values of midplane liner and soil tempera- 

tures at the 5 foot radius. The resulting relationship is plotted i n  Figure 32 

and was used to obtain the temperature predictions presented herein. It is 



TABLE .5 

DRYWELL MATERIAL THERMAL PROPERTIES 

Ma te r i a l  

Concrete 

Therma 1 
Densi ty  c. Heat Capacity Conducti v i  t y  

Drywel l  Co-nponent ( l b / f t 3 )  Cp(Btu/l bW0F) -K(Btu/hr-ft-OF) Source 

Sh ie ld  p lug,  groun3 .142.0 0.2 
l e v e l  pad 

S ta in less  Steel  Can is te r  490.0 0.11 ., 10.0 R,?f .  10, p. 533 

u 
P Carbon Stee l  L iner ,  d r y v e l l  490.0 0.11 23.0 R.f. 10, p. 533 

cover p l a t ? ,  
s h i e l d  p lu3  can 

Grout Grout 117.0 0. 20* See F ig .  30 

Soi 1 Soi 1 105.0 0.25** See Figs. 31 & 32 

*Value based on d r y  s o i  1, d r y  concrete C values. 
P' 

**Dry s o i l  p l us  5 percent  moisture ass.um~d. 
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Fi,gure 30. Laboratory ~ e a s u r e d  Grout ~ h e r m a l  Conduc t i v i t y  
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Figure 31, E-MAD Soi 1 Thermal Conduct iv i ty  Derived 
From S o i l  Temperature Test Data (Reference 2 )  



Figure  32. Near-Fie ld Soi 1 Thermal Conduc t i v i t y  Derived 
From Drywel l  5 Decay Heat Levels and 
Temperature Data 



noted that the time dependent conductivity curve was applied only to near-field 

soi 1 (thermal model nodes 140-155, 163-178, and 182-197); a1 1 other soil nodes 

were assigned a constant thermal conductivity of 0.9 Btu/hr-ft-OF throughout 

the calculations. 

6.2.4 FUEL ASSEMBLY HEAT GENERATION RATE 

The thermal analyses applied the transient spent fuel decay heat curve shown in 

Figure 12. The curve i s  the result o f  calculations using the ORIGEN code (Re f -  
erence 11) that apply to the fuel assemblies installed in ~ r ~ w h l l s  3 and 5. A t  

emplacement, the decay heat level for the Drywell 5 fuel assembly was about 

1.09 kW (January 12, 1979) and about 1.03 kW (Janaury 25, 1979) for the Drywell 

3 fuel assembly. The drywell analysis discussed herein assumed all heat was 

produced in the fuel zone (nodes 1 to 30). The small effect of gamma heating 

in the system steel structures was neglected, The volumetric heat generation 

rate was distributed uniformly over the entire fuel zone. This resulted in a 
cosine shaped heat flux distributi'on'at the canister wall that is similar to 

that deduced from canister and liner temperature data. 



7.0 THERMAL ANALYSIS RESULTS 

7.1 MODEL EVALUATION CRITERIA 

With proper input, the drywell thermal model should produce accurate tempera- 
ture predict ions for the canister, 1 iner, and near-f ield soi 1 zone. Accurate 

canister temperatures are important as input to independent fuel assembly stud- 

ies (Fuel Temperature Test, etc. ) whi le accurate soi 1 temperatures are impor- 

tant for drywell array and thermal interaction analyses. 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. Satis- 
fying this third criteria will demonstrate that the thermal model correctly 

. . 
. . simulates the appropriate heat transfer mechanisms and maintains the proper 

relationships betweemthese mechanisms as system forcing functions and boundary 

conditions change. As long as the model satisfies this criteria, small differ- 

ences between predicted and measured temperatures should not be of concern. In 
most cases, the 'differences can be recognized and explained based upon inaccu- 

. : racies in model input, actual test configuration uncertainties and/or heat 

transfer mechanism uncertainties. 

7.2 MODEL/DATA COMPARISONS 

In the following sections, thermal model temperature predictions are compared 

w.ith test data from Drywell 5. Predictions for Drywell 3 are not discussed 

since they, as .well as the Drywell 3 test data, are very similar in trend and 

magnitude to the Drywell 5 data and calculations. 

7.2.1 CANISTER AND LINER AXIAL TEMPERATURE PROFILES 

Predicted temperature.profiles.for the Drywell 5 canister and liner are com- 

pared with test data in Figure 33. The curves apply to August, 1979, when the 

peak canister temperatures occurred. Generally, the test data and predictions 

are in good agreement. .This is an' indication that the heat transfer model for 

I. 
the canister/liner region is satisfactory, and also that for a helium-filled 



Figure 33. Drywell 5 Test Data and Predictions Comparison 
of Canister and Liner Axial Temperature Profiles 



canister, the fuel assembly can be represented as a uniform heat generating 
I I 

zone. With an air-filled canister, as discussed in Reference 2, it was neces- 

I sary,to skew the heat generation towards the top of the canister to account for 

the heat redistributing effects of natural circulation within the canister and 

its impact on the predictions of canister, liner, and soil temperature at 

elevations near the canister ends. Thus, as noted in Reference 2, analyses of 
/I 

aiy'i 1 led canisters should include a more detai led model that includes natural 

circulation. With helium, circulation effects pre apparently not so signifi- 

cant, as evidenced by the results of the present analysis, and the simpler can- 

ister model with no circulation is suitable. 

7.2.2 TRANSIENT CANISTER, LINER, AND SOIL TEMPERATURES 

Measured and predicted drywell temperatures are plotted as functions of time,in 

Figures 34 to 38. Each figure applies to a specific instrument elevation and 

I includes all test data recorded at that elevation. Comparing predictions with 
all available data is necessary when, as in several canister and liner cases, 

the data indicate some circumferential temperature variations. As noted 

earlier, the variations can be explained by instrument inaccuracies and errors 

in. thermocouple placement; .they are 'not taken necessarily as evidence that can- 

ister and liner temperatures actually vary with angular position; 
:! 

Y 

In general, the agreement between the predicted and measured temperatures is 

satisfactory. . 1.n particular, the soil temperature predictions at the 5 and 10 

foot radii.are very accurate. The correct differentia1.i~ maintained between 

them, the amplitude of the seasonal temperature variations shows the correct 

depth dependency and the temperature traces at the three elevations are cor- 

rectly phased relative to each other. T.hese observations indicate the soil's 

thermal' conductivity and thermal diffusivity at the 5 and 10 foot radii are 

modeled properly. 

Although the thermal model tends to overpredict the canister1 liner temperature 

differential, the calculations displayed in Figures 34, 36, and 38 are still 

reasonably accurate and acceptable. Of most importance is the fact that the 



DATE 

Figure 34. Drywell 5 Test Data and Predictions Comparison 
at About 85 Inches Below Ground Level . 
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Figure 35. Drywell 5 Canister Test Data and Predictions. Comparison 
at 116 Inches Below Ground Level 
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F igu re  38. D rywe l l  5 Tes t  Data and P r e d i c t i o n s  comparison 
a t  About 205 Inches Below Ground Level  
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model correctly predicted the tendency of the differential to remain essen- 

tially constant over most of the 19 month test period. During that time, the 

decay heat level decreased from about 1.1 kW to approximately 0.65 kW, and the 

model's good performance is an indication that radiation and conduction/ con- 

vection between the canister and liner are calculated in the proper propor- 

tions. The tendency to overpredict the temperature differential is attributed 

to inaccuracies input to the radiation and conduction/convection models. The 

accuracy of the "effective conductivity" type of correlation is typically no 

better than about - + 20 percent while emissivities and reflectivities of sur- 

faces  are known with less accuracy. In design analyses, such inaccuracies 1 

would be accounted for by estimating them and selecting conservative parameter 

values for use in the calculations. 

An interesting observation in ~ i ~ u r e s  34, 36, and 38 concerns the fact that the 

temperature differentials between the liner and the 5 foot radius remained 

practically constant during most of the test period while, as noted above, the 

heat load was decreasing by nearly 40 percent. The most probable explanation 

is that soil in the near-field zone dried gradually as the test progressed. 

This caused, in turn, a continual reduction in the thermal conductivity of the 

soil which would result in higher temperature differentials while the heat 
i 
I transfer rate declined. 

I In Figures 34 to 38, the largest discrepancies between the predicted and 
I measured temperatures occur early in the test period when drywell temperatures 

were rising rapidly. Regarding the canister and liner, the predicted tempera- 

tures rise more rapidly and tend to overshoot the measured values. This is 

judged to be a heat capacity prediction inaccuracy most likely caused by soil 

and grout moisture and the inability of the current thermal model to accurately 

treat moisture evaporation. The inaccuracy is not of great concern since peak 

temperatures and their times of occurrence are predicted fairly accurately. It 

is only during the initial heatup period that calculated temperatures tend to 

be overly conservative. 
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APPENDIX A 

DRYWELL TEST HARDWARE AND INSTALLATION 

This Appendix provides additional i 1 lustrations of Drywell Test hardware and 

installation. Figures 8-1 through A-15 show photographs taken during the con- 

struction, assembly, and installation of the Drywell Test hardware. Figures 

A-16 through A-19 show photographs taken 'during drywell rearrangement activi t- 

ies at the conclusion of the Isolated Drywell Test. 



Figure A-- . Drjw~ll L i n e r  P r i o r  t o  Shipment 



Figure A-2. Drywell Storage A E ~  Canstruction 
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Figure A-3. Drywell Storage Area Construction 



Figure A-4. Drywell Storage Area Construction Completed 



Figure A-5.  Drywell Liner Instal 1 ation Into Storage Area 



Figure A-6. Instrumentation We1 1 Instal lation 



Figure A-7. Instrumentation We1 1s Instal led in Drywell Storage Area 



Figure A-8. PWR Fuel Assembly Being Installed Into Canister 



Figure A-9. Placing Completed Canister Assembly in Hot 
Bay Transfer Pit 



Figure A-10. Pos i t ion ing  Transfer  Cask Over Hot Bay Transfer  



I I 
Figure A-11. Transfer Shield Positioned Over Drywell ytnplacing Canister 

Assembly In Drywell 
I I I 



Figure A-12. Transfer o f  Canister to Drywell Completed 



Figure A-13. Insertion of Thermocouples Into Drywell and 
Into Canister Through Shield Plug 



Figure A-1 4. Drywell Cover Pl ate  Showi ng Neoprene Gasket 



Figure A- 13. Oata Logger Insta I I ation i n  West Gallery 
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Figure A-18. Drywell 3 Cover Plate Removed After 
Isolated Drywell Test 



FZgure A-19. Drywel' 3 Concrete Fad Annulus 



APPENDIX B 

ISOLATED DRYWELL TEST DATA 

, . Test data are provided in this Appendix for the Isolated Drywell Test thermo- 
couples. See Table 1 for the. detailed identificat.ion and the location of the 
Isolated Drywell Test thermocouples. Tables B-1 through 8-39 provide thermo- 
couple readings at the times and for the test operating hours shown below: 

Table Date - Operating Hours 
Drywell 5 Dry_well 3 



Table Date Operating Hours 
Drywell 5 Drywell :3 



I TABLE B-1 . 

I ISOLATED DRYWELL TEST' - ~ i i . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  DATA 

DATE: 1/12/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 6 DRYWELL NO. 3: N/A 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 
T/C No. Temp(OF) T/C No. Temp (OF) 

89 1 128.2 854 No 
890 135.5 853 
889 74.0 852 
888 73.3 851 
887 74.5 850 
886 55.4 849 
885 55.8 848 
884 55.5 847 
883 55.4 846 
882 157.0 845 
88 1 151.7 844 
880 160.1 843 
879 151 .O 842 
878 80.6 841 
877 23.0 840 
876 79.5 839 
875 62.0 838 
874 62.5 837 
873 61.9 836 
872 62.5 835 
871 156.4 834 
870 

i 
151.1 833 

869 129.8 832 
868 128.3 83 1 
86 7 75.6 830 
866 76.6 829 
865 75.9 828 
864 65.8 827 
86 3 65.9 826 
862 65.5 825 
86 1 66.1 824 No 

Readings 

Readings 



TABLE B -2  

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

OPERATING HOURS: DRYWELL NO. 5 :  318 DRYWELL NO. 3 :  .5 

THERFIOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T I C  No.  Temp(OF)  T / C  No.  Temp ( O F )  



TABLE B-3 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 2/1/79 TIME: 4:00 p.m. 

OPERATING HOURS: ' DRYWELL NO. 5: 486 DRYWELL NO. 3: 173 

THERFIOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp(OF) T/C No. Temp ( O F )  

89 1 161.4 854 154.9 
890 188.0 853 179.8 
889 130.8 852 113.1 
888 127.7 85 1 109.9 
887 131.8 850 114.8 
886 54.5 849 51.7 
88 5 55.0 848 52.3 
884 64.6 847 55.3 
883 54.6 846 51.6 
882 183.9 845 163.4 
88 1 189.3 844 189.2 
880 200.5 843 202.4 
879 208.0 842 203.6 
878 154.1 841 136.5 
877 129.9 840 136.4 
876 152.6 839 135.9 
875 60.9 838 59.7 
874 61.4 837 59.7 
873 73.9 836 63.7 
872 61.3 835 59.5 
871 216.5 834 205.8 
870 215.7 833 184.1 
869 162.5 832 137.8 
868 154.5 831 154.6 
867 129.6 830 115.3 
866 131 .O 829 -31.5 
865 130.1 828 117.2 
864 65.0 827 64.8 
86 3 65.1 826 64.9 
862 73.7 825 67.5 
86 1 65.3 824 64.8 



TABLE B-4 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 
! 

i DATE: 2 j  1 5/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 822 DRYWELL NO. 3: 509 

THERFIOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T /C  No. 

89 1 
890 
889 
888 
887 
886 
88 5 
884 
883 
882 
88 1 
880 
879 
878 
87 7 
876 
875 
874 
873 
872 
871 
870 
869 
868 
867 
866 
86 5 
864 
86 3 
862 

T/C No. - 

854. 
853.  . 

852 
85 1 
8 5 0  
849 
848 
847 
846 
845 
844 
843 
842 
841 
840 
8 39 
838 
837 
836 
835 
834 
833 
832 
831 
8 3 0  
829 
828 
827 
826 
825 
824 

Temp ( O F )  



TABLE 8-5 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

'OPERATINGHOURS: DRYWELLNO. 5: 1158 DRYWELL NO. 3: 845 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 

T/C No. ~emp( "F )  

8 9 1 ' .  169.6 
890 197.5 

. . 
889 141.7 

. . 
888 138.7 
887 i 42 ..9 
886 58.4 
88 5 58.4 
884 73.. 3 
88 3 58.3 
882 192.6 
88 1 202.3 
880 214.4 
879 220.8 
878 . 171.2 
877 142.8 

170.6 876 
875 63.7 
874 64.2 
873 82'. 5 
872 ' 64.2 
871 229.4 

DRYWELL NO. 3 

T/C No. Temp ( O F )  



TABLE B-6 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 3/15/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 1494 DRYWELL NO. 3:  1181 

DRYWELL NO. 

T/C No. 

89 1 
890 
889 
888 
887 
886 
88 5 
884 
883 
882 
88 1 
880 
879 
878 
87 7 
876 
875 
874 
87 3 
872 
871 
870 
869 
868 
86 7 
866 , 

86 5 
864 
86 3 
862 
86 1 

THERMOCOUPLE READINGS 

DRYWELL .NO. 

T/C No.. - 

3 - 
Temp ( O F )  

q79.7 
201.6 
138.5 
135.2 
139.5 
57.9 
58.2 
73.4 
58.0 

192.0 
212.4 
226.5 
228.4 
166.0 
165,6 
165.5 
63.7 
63.8 
83.6 
63.5 

233.0 
213.8 
162.9 
178.3 
143.4 
-7.0 

145.0 
67.7 
67.8 
82.8 
67.5 



TABLE B-7 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 4/1/79 TIME: 4:00 p.m. 

OPERATING, HOURS : DRYWELL NO. 5: 1902 DRYWELL NO. 3: 1 5 8 9  

THERFIOCOUPLE READ I NGS 

DRYWELL NO. 5 OKYWtLL NU. 3 

T/C No. Temp(OF1 T/C No. Temp ( O F )  

89 1 179.3 854 180.6 
890 203.6 853 202.9 
889 148.4 852 140.7 
888 144.7 85 1 137.4 
887 150.3 850 141.8 
886 63.5 849 60.8 
88 5 64.0 848 61.1 
884 79.4 847 77.1 
883 64.2 846 GO. 8 
882 202.8 845 193.1 
88 1 206.8 844 214.4 ' 

880 221.1 843 229.2 
879 228.2 842 231.9 
878 181.3 841 170.3 
877 152.2 840 170.4 
876 180.8 839 169.7 
875 67.0 838 65.3 
874 67.2 837 65.7 
87 3 86.6 836 86.1 
872 67.4 835 65.4 
871 236.6 834 236.5 

- 870 235.5 833 219.2 
869 180.1 832 176.1 
868 172.3 831 181.5 
867 151.3 830 147.9 
866 153.0 829 151.5 
865 152.4 828 150.2 
864 69.2 827 68.9 
86 3 69.3 826 68.9 
862 84.4 82 5 84.9 
861 69.4 824 68.5 



TABLE B-8 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 4/15/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5 :  2238 DRYWELL NO. 3: 1925 

THERPIOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp("F) T/C No. Temp ( O F )  

89 1 177.8 854 181.7 
89 0 205.8 853 205.3 
889 150.8 852 142.9 
888 147.0 85 1 139.5 
887 153.1 850 143.8 
886 65.7 849 63.0 
88 5 66.3 848 63.0 
884 81.7 847 79.4 
883 66.5 846 62.9 

1 882 208.7 845 196.2 
881 " 211.6 844 217.0 
880 224.1 843 232.0 
879 230.6 842 234.5 
b78 184.7 841 173.4 
87 7 155.3 848 174.2 
876 184.1 8 39 173.7 
875 68.3 838 67.1 
874 68.5 837 67.5 
87 3 87.7 836 88.1 
872 68.6 835 67.3 
87 1 238.9 834 239.7 
870 237.6 833 221.1 
869 182.1 832 178.8 
868 174.6 831 184.2 
86 7 154.3 830 151.6 
866 155.9 829 154.9 
86 5 155.4 828 153.4 
864 69.9 827 69.8 
86 3 70.0 826 69.8 
862 85.1 825 86.1 
861 70.1 824 69.4 



TABLE B-9 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 5/1/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 2622 DRYWELL NO. 3: 2309 

THERPIOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

TIC No. Temp("F) T/C No. Temp ( O F )  

89 1 195.2 854 192.7 
890 205.9 853 202.9 
889 149.4 852 143.2 
888 146.4 851 139.9 
887 151.6 850 144.5 
886 69.1 849 66.7 
88 5 69.5 848 66.4 
884 84.9 847 82.9 
88 3 69.9 846 66.3 
882 224.9 845 215.1 
88 1 226.3 844 221.4 
880 240.1 843 233.3 
879 235.4 842 235.0 
878 187.2 841 177.4 
87 7 166.1 840 177.9 
876 185.5- 839 177.0 
875 69.5 838 68.5 
874 69.8 837 68.8 
87 3 88.9 836 89.5 
872 70.0 835 68.7 
871 244.4 834 244.2 
870 242.1 83 3 241.3 
869 202.7 832 203.1 
868 204.9 831 203.5 
867 165.3 830 162.9 
866 167.0 829 167.1 
865 165.7 828 163.3 
864 70.5 827 70.5 
86 3 70.5 826 70.6 
862 85.8 825 86.9 
86 1 70.7 824 70.3 



TABLE B-10 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 5/16/79 . TIME: S:00 a.m. 

OPERATING HOURS: DRYWELL NO. 5: 2986 DRYWELL NO. 3: 2673 

THERMOCOUPLE READINGS 

BRYWELL NO. 5 DR,YWE.LL NO. 3 

T/C No. Temp(OF) T / C  No. Temp ( O F 1  

89 1 196.1 ' 854 194.4 
890 207.1 853 204.8 
889 151.6 852 145.4 
888 148.4 85 1 142.0 
887 153.3 850 146.9 
886 72.4 849 69.8 
88 5 72.4 848 69.6 
88 4 88.0 847 86.0 
883 72.8 . 846 69.8 
882 226.4 845 216.9 
88 1 227.6 844 223.7 
88 0 242.0 843 234.7 
879 236.8 842 237.3 
878 189.9 841 180.9 
877 168.1 840 181.5 
876 188.2 839 180.3 
875 70.9 838 70.6 
874 71.5 837 . 70.7 
87 3 90.0 836 91.3 
872 71.7 835 70.6 
871 245.7 834 246.2 
870 243.6 , 833 243.2 
869 204.0 832 205.0 
868 206.4 831 205.2 
867 167.5 830 166.1 
866 169.2 829 169.6 
865 167.8 828 165.9 
864 71.2 827 71 .O 
86 3 70.9 82.6 71.4 
862 86.3 825 87.4 
86 1 71.1 824 71.1 



TABLE B - 1 1  

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 6 / 1 / 7 9  T I M E :  4 ~ 0 0  p.m. 

OPERATING HOURS: DRYWELL NO. 5 :  3 3 6 6  DRYWELL NO. 3 :  3 0 5 3  

THERPIOCOUPLE READINGS 

DRYWELL NO, 5 , 

T /C  No. Temp("F)  

DRYWELL NO, 3 

T/C No. Temp ( O F )  



DATE : 6/15/79 

TABLE B-12 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

OPERATING HOURS: DRYWELL NO. 5: 3702 

TIME: 4:00 p.m. 

DRYWELL NO. 3:  3389 

THERFIOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp("F) T/C No. Temp (OF) 

89 1 203.1 854 200.9 
890 212.4 853 209.8 
889 164.5 852 156.4 
888 161 .O 85 1 153.9 
887 167.4 850 156.6 
886 80.3 849 78.5 
88 5 80.8 848 78.0 
884 95.6 847 94.1 
883 81.5 846 78.4 
882 232.5 845 223.0 
88 1 233.8 844 229.0 
880 247.4 843 240.4 
879 242.8 842 242.6 
878 19/.5 841 189.2 
87 7 164.8 840 189.7 
876 197.1 839 189.0 
875 75.2 838 75.0 
874 75.5 837 75.2 
873 93.9 836 95.1 
872 75.9 835 75.2 
871 250.1 834 250.6 
870 248.0 83 3 247.8 
869 207.4 832 207.7 
868 209.6 831 208.2 
867 164.0 830 161.4 
866 165.2 829 165.0 
865 164.9 828 163.4 
864 73.1 827 73.3 
86 3 73.1 826 73.5 
862 88.2 825 89.5 
86 1 73.3 824 73.2 



TABLE B - 1 3  

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 7 / 1 / 7 9  T I M E :  4:00 p.m. 

' OPERATING HOURS: DRYWELL NO. 5: 4086 DRYWELL NO. 3 :  3 7 7 3  

THERMOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T / C  No.  Temp( "F )  T / C  No.  Temp ( O F )  



TABLE 8-1 4 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 7/15/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 4422 DRYWELL NO. 3:  4109 

THERI'IOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp("F) T/C No. - Temp (OF) 

89 1 204.3 854 203.7 
890 215.3 853 ' 212.3 
889 167.8 852 160.4 
888 164.4 851 157.6 
887 171.4 850 160.4 
886 85.2 849 83.8 
88 5 85.3 848 83.3 
88 4 99.9 847 96.7 
883 86.1 846 83.7 
882 234.8 845 226.0 
88 1 235.8 844 231.6 
880 250.0 843 243; 0 
879 245.1 842 245.5 
878 200.9 841 193.2 
87 7 168.0 840 194.4 
876 200.8 839 193.0 
875 79.3 838 79;5 
874 79.6 837 79.4 
87 3 97.2 , 836 38.7 
872 80.1 835 79.6 
87 1 252.1 834 252.8 
870 250.1 833 250.0 
869 209.1 832 209.4 
868 211.3 831 209.9 
867 167.1 830 164.8 
866 168.3 829 168.1 
865 168.0 828 166.8 
864 75.5 827 75.7 
86 3 75.3 826 76.0 
862 90.2 825 91.6 
861 75.6 824 75.8 



1 TABLE 8-15 

1 ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 8/1/79 TIME: 4:00 p.m. 

1 OPERATING HOURS: DRYWELL NO. 5: 4380 DRYWELL NO. 3: 4517 

THERMOCOUPLE READINGS ~ 
! 
1 DRYWELL NU. 5 DRYWELL NO. 3 

T/C No. Temp (OF) T/C No. Temp ( O F )  

89 1 204.9 854 205.1 
890 216.1 .. 853 21 3.4 
889 169.1 852 162.1 
888 165.9 85 1 159.4 

, 887 173.5 850 162.1 
886 88.2 849 86.8 
88 5 88.3 848 86.2 
88 4 102.6 847 101.3 
883 89.1 846 86.7 
882 235.5 845 226.8 
881 236.8 844 232.8 
880 250.9 843 244.2 
879 245.8 842 246.2 
878 202.4 841 195.0 
877 169.8 840 196.3 
876 202.3 839 194.8 
875 81.5 838 81.8 
874 81.7 837 81.7 
87 3 99.0 836 100.6 
872 82.3 835 81 - 9  
871 252.8 834 253.6 
870 250.8 83 3 250.7 
869 210.3 832 21 0.2 
868 ' 212.5 831 210.8 
867 169.1 830 166.1 
866 1 70.2 829' 169.6 
865 169.9 828 168.3 
864 77.1 827 77.3 
86 3 77.0 826 77.5 
862 91.6 82 5 92.8 
86 1 77.2 824 77.3 



TABLE B-16 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 8/15/79 TIME: 4:OQ p.m. 

OPERATING HOURS: DRYWELL NO. 5: 5166 DRVWELL NO. 3: 4853 

THERrlOCOUPLE READ1 NGS 

DRYWELL NO. 5 

T/C No. Temp ( " F ) 

89 1 205.9 
890 216.4 
889 170.6 
888 167.1 
887 174.5 
886 90.2 
88 5 90.3 
884 104.3 
883 91'. 0 
882 235.8 
881 237.0 ' 

880 251 .O 
879 246.3 
878 203.3 
877 170.7 
876 203.2 
875 83.2 
874 . 83.5 
87 3 100,5 
872 84.0 

DRYWELL NO. 3 

T/C No. Temp ( O F )  

854 204.6 
853 213.9 
852 162.9 
85 1 159.9 
850 162.9 
849 88.7 
848 88.2 
847 103.0 
846 88.6 
845 227.5 
844 233.2 
843 244.9 
842 247.0 
841 196.2 
840 197.7 
839 196.2 
838 83.6 
837 83.4 
836 102.0 
835 83.7 
834 254.2 
833 251.4 
832 210.8 
831 211.3 
830 167.1 
829 170.4 
828 170.3 
827 78.6 
826 78.7 
82 5 93.8 
824 78.6 



TABLE 8-17 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: . 9/1/79 

OPERATING HOURS: DRYWELL NO. 5: 5574 DRYWELL NO. 3: 5261 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

TIC No. Temp("F) - TIC No. Temp (OF) 

89 1 204.2 854 203.1 
890 21 5.2 853 212.7 
889 169.8 852 161.6 
888 166.1 85 1 158.7 
887 173.9 850 162.0 
886 89.3 849 87.6 
88 5 89.5 848 87.4 
884 103.0 847 101.8 
883 89.8 846 87.5 
882 234.1 845 226.0 
88 1 235.5 844 232.3 
880 249.7 843 243.5 

. . 
879 244.9 842 246.2 
878 202.8 841 196.1 
877 17T.4 840 197.5 
876 202.5 839 196.1 
875 84.6 . 838 85.1 
874 84.8 837 84.9 

! 873 101.3 836 103.0 
872 85.2 835 85.1 
87 1 252.5 834 253.4 
870 250'. 6 83.3 250.6 ~ ' . 869 211.1 832 210.8 

1 .  868 213.3 831 211.1 
867 170.9 830 167.5 

- 866 172.0 829 171 .O 
865 171.6 828 172.2 
864 79.8 827 80.0 
863. 79 .,7 826 80.1 
862 . 93.6 825 94.8 
861 79.9 824 80.1 



TABLE B-18 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 9/15/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 5910 DRYWELL NO. 3: 5597 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp("F) VC No. Temp ( O F )  

89 1 204.8 854 202.9 
890 215.5 853 213.1 
889 ' 170.9 852 162.2 
888 166.9 851 159.2 
887 174.8 850 162.7 
886 89.8 849 87.9 
88 5 89.8 848 87.4 
884 103.3 847 101.6 
883 90.3 846 87.5 
882 234.3 845 2 ~ 5 . 9 ~  
881 235.8 844 232.3 
880 249.8 843 243.3 
879 244.8 812 245.7 
878 203.0 841 196.3 
87 7 172.0 840 197.7 
876 202.8 . 839 196.3 
875 85.0 838 85.6 
874 85.4 837 85.5 
87 8 101 .Fi 836 103,2 
872 85.7 835 85.6 
871 252.3 834 252.8 
870 250.3 83 3 250.2 
869 211.2 832 210.6 
868 21 3.2 83 1 211 .O 
867 171.5 830 167.8 
866 172.5 829 171.4 
865 172.1 828 171.5 
864 80.7 827 80.9 
86 3 80.6 826 . . 80.9 
862 94.3 825 , 95.5 
861 80.9 824 80.9 



TABLE B-19 ' . 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 10/1/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 6294 DRYWELL NO. 3 : .  5981 

THERNOCOUPLE READINGS 

DRYWELL NO. 5 

T/C No. Temp(OF) 

89 1 203.3 
890 214.2 
889 170.5 
888 165.9 

. . 887. 174.5 
886 90.0. 
88 5 90.4 
884 103.3 
883 . 90.7 
882 233.6 
88 1 234.5 
880. 248.7 
879 243.7 

,878 202.3 
87 7 172.0 
876 202.0 
875 85.8 
874 85.8 
87 3 101.9 
872 86.2 
871 251.6 
870 249.4 
869 210.9 
868 212.8 
867 171.5 
866 172.4 
865 172.2 
864 81.3 
86 3 81.2 
862 94.5 
86 1 81'. 5 

. . DRYWELL NO. 3 
T/C No. Temp ( O F )  

8 54 201.1 
853 212.3 
852 161 .I 
851 158.2 
850 162.2 
849 87.7 
848 87.4 
847 101.4 
846 87.4 
845 224.8 
844 231.2 
843 242.3 
842 244.7 
841 . 195.9 
840 197.1 
8 39 196.4 
838 86.3 
837 86.2 
836 103.3 
835 86.3 
834 252.2 
833 249.8. 
832 210.4 
831 210.7 
830 167.6 
829 171.4 
828 170.7 
827 81.7 
826 81.6 
82 5 95.9. 
824 81.4 



TABLE B-20 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE:  1 0 / 1 5 / 7 9  TIME: 4 : 0 0  p.m. 

OPERATING HOURS: DRYWELL NO. 5 :  6 6 3 0  DRYWELL NO. 3 :  6 3 1 7  

THERMOCOUPLE READINGS 

DRYWELL NO. 5 DRYGIELL NO.' 3 
T /C  No. Temp ( " F) T /C No,. . Temp ( O F )  



DATE : 11/1/79 

TABLE B-21 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

TIME: 4:00 p.m. 

OPERATING HOURS:. DRYWELL NO.' 5: 7038 DRYWELL NO. 3: 6725 

THERFlOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp(OF) T/C No. Temp ( O F )  

89 1 200.1 854 195.8 
890 210.3 853 208.5 
889 166.3 852 156.6 
888 161.2 85 1 153.7 
887 169.9 850 158.9 
886 84.7 849 82.6 
88 5 85.5 848 83.1 
884 97.7 847 96.3 
883 85.4 846 82,7 
882 227.3 845 220.1 
88 1 229.6 844 227.1 
880 243.6 843 238.1 
87 9 239.5 842 241.5 
878 199.1 841 193.2 
87 7 171.7 840 194.5 
876 198.8 839 193.4 
875 85.3 838 85.0 
874 85.4 837 85.7 
87 3 100.9 836 101.6 
872 85.7 835 85.2 
871 248.7 834 248.5 
870 246.6 833 246.4 
869 209.9 832 208.6 
868 211.6 831 208.8 
867 170.9 830 166.2 
866 171.9 829 170.7 
865 171.6 828 173.9 
864 81.9 827 82.3 
863 81.8 , 826 82.1 
862 94.8 825 96.0 
861 82.1 824 82.2 



TABLE B-22 

D A T E :  11/15/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 7374 DRYWELL NO. 3: 7061 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 

T/C No. Temp ( O F )  

89 1 196.4 
890 206.9 
889 163.2 
888 157.9 
887 166.8 
886 80.9 
88 5 81.9 
884 93.8 
883 81.5 
882 224.0 
88 1 225.9 
880 240.0 
879 236.4 
878 196.5 
877 170.8 
876 196.0 
875 84.2 
874 (34.3 
87 3 99.5 
872 84.4' 
87 1 246.0 
870 243.9 
869 208.7 
868 210.4 
867 170.1 
866 171 .O 
865 170.7 
864 81.8 
863 81.9 
86 2 94.3 
861 82.1 

DRYWELL NO. 3 

T/C No. Temp ( O F )  

192.5 
205.8 
153.3 
150.6 
156.0 
78.9 
79.6 
92.6 
78.9 

216.9 
224.0 
234.9 
238.5 
190.9 
192.0 
191.1 
83.9 
84.3 

inn. 3 
84.3 

245.9 
244.1 



TABLE B-23 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 12/1/79 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 7758 , DRYWELL NO. 3 : 7445 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp(OF) T/C NO. Temp (OF) 

89 1 193.0 854 189.3 
89 0 203.0 853 . 202.2 
889 159.9 852 150.0 
888 154.6 851 147.1 
887 163.2 850 152.4 
886 76.9 849 74.6 
88 5 78.0 848 '. 75.7 
884 89.7 847 88.3 
,883 77.4 846 74.7 
882 220.0 8 45 212.9 
88 1 222.2 844 220.4 
880 236.2 843 231.3 
87 9 232.7 842 234.7 
878 193.3 841 187.8 
877 1 69.. 3 840 189.0 

. . 876 192.7 839 ,188.0 
875 82.5 838 82.4 
874 82.7 837 82.6 
87 3 97.5 836 ' 98.5 
872 82.8 835 82.6 
871 243.1 834 242.9 
870 241.1 833 241 .O 
869 207.1 832 205.9 
868 208.8 831 205.8 
867 ' . 168.8 830 164.1 
866 169.9 829 168.0 
865 169.2 828 176.2 
864 81.9 , 827 81.9 
86 3 81.7 826 82.0 
862 . . 94.1 825 . . 95.2. 
861 82.1 824 82.0 



TABLE B-24 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

OPERATING HOURS: DRYWELL NO. 5: 8094 DRYWELL NO. 3:  7781 

THERFlOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

TIC No. Temp(OF) TIC No. Temp ( O F )  

89 1 191.1 854 186.8 
890 201 .O 853 200.4 
889 158.0 852 147.6 
888 1 52.7 85 1 144.9 
887 161.2 850 150.6 
886 74.3 849 71.9 
88 5 75.4 848 73.0 
88 4 87.3 847 85; 7 
883 74.9 846 72.1 
882 217.6 845 210.3 
88 1 219.8 844 218.3 
880 234.0 843 228.7 
819 2251.8 842 232.8 
8 78 19U.8 841 185.6 
87 7 168.0 840 186.9 
876 190.2 839 185.9 
875 80.6 838 80.5 
874 80.9 837 8U.8 
87 3 95.5 836 96.5 
872 80.9 835 80.7 
871 240.8 834 240.7 
870 238.8 833 238.8 
869 205.2 832 204.4 
868 207.0 831 204.2 
867 167.1 830 162.9 
866 168.3 829 166.5 
86 5 167.6 828 173.7 
864 80.9 827 81.2 
863 80.8 826 81.4 
862 92.9 825 94.3 
86 1 81.2 824 81.4 



TABLE 8-25 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 1/1/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5.: 8502 DRYWELL NO. 3: 8189 

THERFlOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

TIC No. Temp(OF) T/C No. Temp (OF) 

89 1 188.4 854 184.4 
890 197.6 853 197.3 
889 155.1 852 145.0 
888 149.8 851 142.3 
887 158.0 850 147.8 
886 71.3 849 68.8 
88 5 72.4 848 70.1 
884 84.2 847 82.6 
88 3 71.8 846 69.0 
882 214.2 845 207.5 
88 1 216.7 844 215.1 
880 230.4 843 225.6 
879 226.9 842 229.8 
878 187.9 841 182.9 
87 7 166.3 840 184.2 
876 187.5 839 183.4 
875 78.6 838 78.6 
874 78.9 837 78.9 
873 93.4 836 94.4 
872 78.9 835 78.7 
871 237.8 834 237.9 
870 235.9 833 236.1 
869 203.4 832 202.6 
868 205.1 831 202.2 
867 165.6 830 161.3 
866 166.7 829 164.8 
86 5 166.1 828 168.4 
864 80.1 827 80.3 
86 3 79.9 826 80.5 
862 91.9 825 93.2 
861 80.3 824 80.5 



TABLE B-26 

ISOLATED'DRYWELL TEST - THERMOCOUPLE DATA 

'DATE:  1/15/80 TIME: 4:00 p.m. 
. , 

OPERATING HOURS: DRYWELL NO. 5: 8838 DRYWELL NO. 3: 8525 

~ THERPIOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 
I 

I T/C No. Temp("F) T/C No. Temp (OF) 

89 1 185.4 854 183.2 
890 195.6 853 195.4 
889 152.1 852 143.3 
888 147.7 851 141 .O 

1 887 156.1 850 145.8 
1 886 69.2 849 66.7 
I 

88 5 70.3 848 67.9 
884 82.0 847 80.5 

I 883 69.6 846 66.9 
I 882 212.4 845 205.9 

88 1 214.1 844 213.7 
880 228.3 843 223.7 
8/5) 224.9 842 228.0 
818 186.0 84 1 181.2 
877 164.9 840 182.4 
876 185.4 839 181.8 
875 77.0 838 76.8 

I 
1 874 77.3 837 77.3 

87 3 91.7 836 92.6 
872 77.3 835 77.1 

I 871 235.7 834 235.8 
870 233.9 83 3 234.1 

I 869 201.7 832 200.8 
1 868 203.4 831 200.8 

867 164.9 830 159.9 
I 866 165.3 829 163.5 

865 164.7 828 175.0 
864 79.1 827 79.5 
86 3 79.0 826 79.7 
862 90.8 825 92.3 
861 79.3 824 79.7 



I TABLE B-27 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 2/1,80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 9246 DRYWELL NO. 3: 8933 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 
T/C No. Temp (OF) 

89 1 182.7 
890 193.2 
889 149.6 
888 145.3 
887 153.7 
886 67.5 
88 5 68.2 
884 80.3 
88 3 67.9 
882 209.4 
88 1 211.3 
880 225.3 
87 9 221.8 
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 
86 5 162.9 
864 78.0 
863 77.9 
862 89.7 
86 1 78.1 

ORYWELL NO. 3 

T/C No. Temp ( O F )  

854 180,3 
853 193.0 
852 141.3 
85 1 138.9 
850 143.7 
849 65.1 
848 66.1 
847 78.6 
846 65.2 
845 203 .O 
844 210.8 
843 221 .O 
842 225.1 
841 178.9 
840 180.2 
839 179.5 
838 75.1 
837 75.4 
836 90.8 
835 75.2 
834 232.9 
833 231.3 
832 198.8 
831 198.5 
830 158.0 
829 161.7 
828 164.3 
827 78.1 
826 78.5 
825 91 .O 
824 78.5 



TABLE B - 2 8  

ISOLATED DRYWELL TEST - THERFlOCOUPLE DATA 

DATE : 2 / 1 5 / 8 0  T IME:  4 : 0 0  p.m. 

OPERATING HOURS: DRYWELL NO. 5 :  9 5 8 2  DRYWELL NO. 3 :  9 2 6 9  

THERPIOCOUPLE READ I NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp ( O F  ) T /C No. Temp ( O F )  



DATE: 3/1/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: ' 9942 DRYWELL NO. 3: 9629 

THERMOCOUPLE READINGS 

DRYWELL NO. 5 DRYWELL NO. 3 

.TIC No. Temp('F) T/C No. Temp ( O F )  

. . 

89 1 180.6 854 179.6 
890 . , 190.5 853 190.1 
889 146.9 852 140.1 
888 142.9 85 1 137.7 
887. 151.2 850 141 .O 
886. 66.5 849 64.1 
88 5 66.9 848 64.8 
884 79.1 847 77.3 
883 66.8 846 64.2 
882 206.4 845 201.4 
.88 1 208.2 844 207.9 
880 222.1 843 218.8 
879 218.5 842 222.5 
878 179.8 841 176.8 
87 7 160.. 8 840 178.0 
876 179.6 8 3 9  " 177.2 
875 73.1 838 72.8 . 
87 4 73.4 837 73.2 
873 87.8 836 88.4 
872 73.5 835 73.0 
871 - ' 229.4 834 230.1 
870 227.8 833 228.3 
869 197.0 832 195.8 
868 198.5 831 195.7 
867 156.3 830 155.7 
866 161.2 829 159.5 
865 160.7 828 
864 76.6 827 76.6 
863 76.4 826 77.0 
862 . 88.1 825 . ,  89.4'. 
86 1 76.6 824 77.0 



TABLE B-30 

ISOLATED DRYWELL TEST - THERFlOCOUPLE DATA 

DATE : 3/ 1 5/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 10,278 DRYWELL NO. 3: 9,965 

THERPIOCOUPLE READINGS - 

DRYWELL NO. 5 

T/C No. Temp(OF) 

89 1 178.5 
890 188.3 
889 145.0 
888 140.8 
887 149.1 
886 66.4 
88 5 66.4 
884 78.7 
88 3 66.8 
882 204.3 
88 1 206.2 
880 219.7 
879 216.3 
878 177.7 
07 7 159.6 
876 177.2 
875 72.5 
874 72.8 
873 8 / .U  
872 72.9 
871 227.3 
870 225.8 
869 195.6 
868 197.1 
86 7 153.9 
866 159.9 
86 5 159.4 
864 75.9 
86 3 75.8 
862 87.3 
86 1 75.9 

DRYWELL NO. 3 

T/C No. Temp C 0 F )  

854 177.6 
853 189.6 
852 139.1 
851 136.3 
850 140.2 
849 63.9 
848 64.2 
84 7 76.9 
846 64.0 
845 199.4 
844 206.7 
843 217.1 
842 221.2 
841 175.7 
840 176.8 
839 176 -0  
838 72.1 ' 

837 77 .6  
836 87.6 '.' 

835 72.4 
834 228.5 
833 226.9 
8 32 194.5 
831 194.5 
830 154.5 
829 158.4 
828 
827 75.9 
826 76.3 
825 88.7 
824 76.3 



TABLE B-31 

ISOLATED DRYWELL TEST - THERFIOCOUPLE DATA 

DATE : 4/1/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 10,686 DRYWELL NO. 3: 10,373 

THERFlOCOUPLE READINGS 

, DRYWELL NO. 5 DRYWELL NO. 3 
Temp(OF) Temp ( O F )  T/C No. T/C No. 

. . 

89 1 178.5 854 176.3 
890 188.3 853 187.7 
889 145.6 852 137.7 
888 141.4 851 134.8 
887 149.6 . 850 138.1 
886 66.8 849 63.9 
88 5 66.9 848 64.3 
88 4 78.9 847 76.6 
883 67.1 846 64.1 
882 204.4 845 198.0. 
88 1 206.. 0 844 205.0 
880 219.7 843 21 5.5 

, 879 215.9 842 219.1 
878 177.6 841 174.4 
87 7 15'8.5 840 . 175.6 
876 177.3 839 174.5 
875 71.8 838 71.5 
874 72.0 837 71.6 
87 3 86.1 836 86.8 
872 72.2 835 71.6 
071 . 226.6 834 226.9 



TABLE 8-32 

ISOLATED'DRYWELL TEST - THERMOCOUPLE DATA 

DATE: 4/15/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 11,022 DRYWELL NO. 3:  10,709 

THERPIOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp(OF) - T/C No. Temp ( O F )  

89 1 179.5 8 54 176.0 
890 188.9 853 186.6 
889 147.5 852 136.5 
888 142.8 85 1 133.1 
887 150.9 850 136.8 
886 68.0 849 65.3 
88 5 68.5 848 65.3 
884 80.1 847 77.6 
883 68.6 846 65.0 
882 204.6 845 197.4 
881 206.7 844 " 204.3 

. 880 219.6 843 214.8 
879 216.3 842 218.0 
878 1 77.6 841 173.6 
877 1 58.2 840 174.6: 
876 177.6 839 174.3 
875 71.7 838 71 .I 
874 71.6 837 71.6 
87 3 85.8 836 86.4 
872 71.7 835 71.6 
87 1 226.1 834 225.7 
870 224.3 833 224.2 
869 193.7 832 191.9 
868 195.1 831 192.1 
867 152.4 830 152.5 
866 158.4 829 156.6 I 

865 158.2 828 i 

864 74.7 827 74.8 1 
86 3 74.6 826 75.0 
862 85.8 825 87.3 
86 1 74.6 824 74.8 



1 TABLE B-33 

ISOLATED DRYWELl JEST - THERMOCOUPLE DATA 
- > '*= 

~ DATE : 5/1/80 ! TIME: 4:00 p.m. 
I .  

I . .  
. OPERATING HOURS: DRYWELL NO; 5:. 11,406 DRYWELL NO. 3 : 11,093 

THERrlOCOUPLE READ I NGS 
I 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp("F) T/C No. Temp ( O F )  

1 89 1 180.2 854 178.3 
890 189.9 853 188.4 
889 149.1 852 140.0 
888 144.1 851 136.8 
887 151.6 850 139.8 
886 71.1 849 68.4 
885 71.3 848 68.4 
884 83.1 84 7 80.6 
88 3 71 .G 846 68.3 
882 205.7 845 199.1 
88 1 207.3 844 205.6 
880 220.7 843 216.1 
879 216.9 842 219.2 
878 178.6 841 174.7 
877 1 57.8 840 175.8 
876 178.6 839 174.9 
875 71.8 838 71.2 
874 72.0 837 71.4 
87 3 85.9 836 86.4 
872 72.2 835 71.4 
871 226.4 834 226.1 
870 224.7 833 224.0 
869 193.2 832 191.2 
868 194.8 831 191.4 
86 7 152.1 830 152.2 
866 158.2 829 155.8 
865 157.8 828 
864 74.2 827 74.0 
863 74.0 826 74.4 
862 85.4 825 86.5 
86 1 74.2 824 74.5 



TABLE B - 3 4  

ISOLATED DRYWELL TEST - THERFIOCOUPLE DATA 

DATE : 5 / 1 4 / 8 0  T IME:  4 ~ 0 0  p.m. 

OPERATING HOURS: DRYWELL NO. 5 :  11 ,718  DRYWELL NO. 3 :  11 ,405  

THERFIOCOUPLE READ1 NGS 

DRYWELL NO. 5 

T /C  No. Ternp("F) 

DRYWELL NO. 3 

T I C  No, Temp ( O F )  



TABLE B - 3 5  

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 5 / 2 8 / 8 0  T I M E :  4 ~ 0 0  p.m. 

OPERATING HOURS: DRYWELL NO. 5 :  1 2 , 0 5 4  , DRYWELL NO. 3 :  11 ,741  

THERFIOCOUPLE READINGS 

DRYWELL NO. 5 DHYWELL NO. 3 

Temp( "F )  T / C  No. T / C  No. Temp (OF)  



TABLE B-36 

ISOLATED DRYWELL TEST - THERFlOCOUPLE DATA 

DATE: 6/13/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL .NO. 5: 12,390 DRYWELL NO. 3: 32,'077 

THERPIOCOUPLE READINGS 

DRYWELL NO. 5 

T/C No. Temp(OF) 

DRYWELL NO. 3 

T/C No-.. Temp ( O F )  

854 178.2 
853 187.5 
852 140.4 
851 137.4 
850 140.5 
849 73.6 
848 73.3 
847 85.3 
846 73.4 
845 198.4 
844 204.0 
843 214.6 
842 217.1 
841 174.1 
848 175.0 
839 174.7 
838 73.7 
837 74.0 
836 88. .1 
835 74.0 
834 223.8 
833 221.8 
832 188.5 
831 188.9 
830 150.6 
829 154.2 
828 
827 74.0 
826 74.1 
825 86.1 
824 74.0 ' 



TABLE B-37 

ISOLATED DRYWELL TEST - THERFlOCOUPLE DATA 

DATE : 6/25/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 12,726 DRYWELL NO. 3: 12,413 

THER!IOCOUPLE READ I NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

TIC No.. Temp ( O F )  T/C No. Temp ( O F )  

~ 89 1 182.3 854 181.9 
890 190.9 853 '189.7 
889 . 152.2 852 144.3 
888 147.9 851 141.2 
887 155.2 850 143.4 

. . 886 79.0 849 76.9 
88 5 79.4 848 76.4 
884 90.5 84 7 88.6' 
88 3 80.0 84G 76.7 
882 207.7 845 201.6 
88 1 209.2 844 206.1 
880 221.5 843 , 21 7 ..O 
879 217.3 842 219.1 
878 179.9 841 176.2 
87 7 157'. 0 840 177.1 
876 179.9 8 39 176.7 
875 75.1 838 75.0 
874 75.1 837 75.3 
873 88.5 836 89.5 
872 75.4 835 75.4 
871 . . 225.1 834 225.5 
870 223.2 833 223.3. 
869 li91.2 832. 189.2 
868 192.8 831 . 189.5 
867 153.6 830 151.3 
866 1'57.3 829 154.9 
865 157.2 828 
864 74.7 827 74.6 
863 74.6 826 74.7 

. 862 . 85.5 825 86.6' 
86 1 74.7 824 74.5 



TABLE B-38 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 7 / 1 6 / 8 0  TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5 :  13,230 DRYWELL NO. 3 :  12,917 

THERFIOCOUPLE READ1 NGS 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp(OF) T/C No. iemp ( O F )  



TABLE B-39 

ISOLATED DRYWELL TEST - THERMOCOUPLE DATA 

DATE : 7/30/80 TIME: 4:00 p.m. 

OPERATING HOURS: DRYWELL NO. 5: 13,566 DRYWELL NO. 3: 13,253 

THERPlOCOUPLE READINGS . 

DRYWELL NO. 5 DRYWELL NO. 3 

T/C No. Temp("F) T/C No. Temp ( O F )  

89 1 185.3 8 54 185.8 
890 194.2 853 192.3 
889 156.5 852 149.1 
888 , 152.5 851 146.0 
887 159.4 850 148.0 
886. 85.8 849 ' 83.8 
88 5 85.8 848 83.2 
88 4 97.0 847 95.0 
88 3 86.6 846 83.8 
882 210.8 845 . . 204.8 
88 1 212.0 844 208.8 
880 224.5 843 . 219.7 
87 9 219.7 842 ' 221.4 
878 182.. 9 841 179.2 
877 157.9 840 180.1 
876 183.0 839 179.3 
.875 78.9 838 78.8 
874 78.9 837 78.8 
87 3 91.9 836 93.1 



APPENDIX C 

TEST DATA ILLUSTRATIONS 

This appendix provides supplementary test data illustrations. 
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Figure C - 1 .  Drywell 3 Canister, Liner, and Soil Temperature 
Distributions a t  About 85 Inches Below Ground Level 



Figure  C-2. Drywel l.:3 Caniste'r , L ine r ,  and Soi 1 Temperature 
D i s t r i b u t i o n s  a t  About 145 Inches Below Ground Level 
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Figure  C-3. Drywel l  3 Canister ,  L ine r ,  and Soi l .  Temperature 
D i s t r i b u t i o n s  a t  About 205 Inches Below Ground Level 
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1979 
DATE 

Figure C-4. Drywel'l 3 Canister Temperature Distribution 
at 116 Inches Below Ground Level 



Figure C-5. Drywell 3 Canister Temperature Distribution 
a t  176 Inches Below Ground Level 



F igu re  C-6. Drywe l l  5 Can is te r ,  . L i ne r ,  and Soi  1 Temperature 
D i s t r i b u t i 0 . n ~  a t  About 85 Inches Below Ground Level  
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F igu re  C-7.  Drywel l  5 Can is te r ,  L i ne r ,  and S o i l  Temperature. 
D i s t r i b u t i o n  a t  About 145 Inches Below Ground Level 
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Figure  C-8. Drywel l  5 Canister ,  L fner ,  and S o i l  Temperature 
D i s t r i b u t i o n s  a t  About 205 Inches Below Ground Level 4 
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Figure C-9.. Drywell 5 Canister Temperature Distribution 
at 116 Inches Below Ground Level 



Figure C-10:. Drywell 5 canister Temperature Distribution 
a t  176 Inches Below Ground Level 
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Figure C-11. Drywell 3 Axial Canister  and Liner 
Temperature Prof i l e s  , August 15, 1979 



'.',.-:(- 
L-, -,' . >'- , 

TEMPERATURE (OF) 70543034A 

Figure C-12. Drywell 5 Axial Canister and Liner Temperature 
Profi les ,  August 15, 1979 



APPENDIX D 

TAP-A INPUT AND OUTPUT 

Th is  Appendix con ta ins  a  copy o f  t y p i c a l  computer p r i n t o u t  o f  t he  TAP-A i n p u t  

da ta  and ou tpu t  data. Model p r e d i c t e d  temperatures are prov ided i n  t he  ou tpu t  

p r i n t o u t s  f o r  Drywe l l  5 on t h e  f i r s t  day o f  eachr month f rom February, 1979 t o  

Augusl, 1980. The nodes are i d e n t i f i e d  and t h e i r  l o c a t i o n s  are shown i n  

F igures  28 and 29. For  an exp lanat ion  o f  t he  i n p u t  da ta  and i t s  format, see 

. . Reference 6. 
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TAP-A OUTPUT 
TAP--TRAYSltMT A~ALISIS PIOGIAM 

D q l U t L L  HO. 5 SIMULATIOR - ST111 J b N U b l T  12, 1 9 7 9  

s p t c l r l c r t l o n s  

O W D A l l  1 t W f l l A T U l ) t  TAOLtS 
t W L f  TIME TEMP T I M i  TEMP TIM(  TEMP TIME TEMP T l M i  TtMP 

1 

m f i t t n t a L s  
no. D t n s t r r  n t l t  c a p .  C ~ ~ D U C T I V I T I  TEMP. H E A T  CAP. C o n o u c T I v l T r  TEMP. H E A T  CAP.  CO*FUC::VIII t t ~ r . .  

2 0 1  . 0 7 8 0  .W . 1 6 2 0 € - 0 5  100.00 . 0 6 6 0  . 1 6 2 O t - 0 5  365.00 .06@ . 2 3 * ~ 8 t - 0 5  500.00 
.Obb0 . 3 0 0 9 t - O 5  6 0 0 . 0 0  . O M  .37Obt -O5 100.00 .06a .43*8f - 0 5  800.W1 
. O M 0  . 5 0 9 2 t  - 0 5  900.00 .0660 .6020E-05 1000.00 . 0 6 b 0  .WZOL - 0 5  1300.(1(1 

2 0 2  . W l 3  . Z S W  . 2 0 2 6 t - O b  6 0 . 0 0  . 2 5 W  .2026€-Ob 1 9 0 . 0 0  . 2 5 w  .6Vbbf,-05 ZW,V(I 
5 4 4 - 0 5  5w.w 

2 0 3  . 0 5 9 6  - 2 5 0 0  . 2 0 2 6 1 - 0 b  6 0 . 0 0  - 2 5 0 0  . 2 0 2 6 t - 0 4  1 9 0 . 0 0  . 2 5 0 0  . l O b Z t - O I  2 0 0 . 0 0  
. 2 5 W  . l O l Z t - 0 4  500.00 

2 0 5  . W 7 7  . 2 0 0 0  . 1 5 3 8 t - 0 4  60.00 .2000 .1512E-Ob 1 0 0 . 0 0  . 2 0 0 0  . 1 5 3 8 t  - 0 4  2 0 0 . 0 ~  
. 2 0 0 0  . l b 8 5 t - O b  300.00 . 2 0 0 0  . l b 5 8 t - O b  4 0 0 . 0 0  . 2 0 0 0  . 9 2 > 0 t - 0 5  5 W . l Y t  
. 2 0 0 0  . 8 2 W t - 0 5  bOO.00 . 2 0 0 0  . 8 0 3 O f - 0 5  700.00 

2 2 6  2 . I 1 0 0  . 2 3 1 5 t - 0 3  
2 2 7  - 2 8 1 6  .I100 .532bE-03 
2 2 8  .OD22 .ZOO0 . Z I J l t - 0 4  
2 2 9  .O@22 . 2 0 0 0  . 2 4 3 1 t - O 4  
2 3 0  . O m  . 2 5 0 0  .2026E-04 

I n T t l n A ~  n t b T  G t n t n A t l O n  w ~ t I P ~ 1 t n  ~ A B L ~ S  
I A I I L E  W E  TABLE T W  11111 
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TAP-A OUTPUT (Cont 'd) 

SURfACt 1 0  @OVNDARl CONNtCTORS 
moot TEMP moot T E  MP ME c y ~ n r  sn A R ~ A  
3001  53.03 RADIATION CONNECT 12.5664 F IL *  .8082 t -06  C o i f  . l O l 6 t - 0 4  ADWll 

56.28 5022 LAF 

3002  56.26 5023 53.01 ~ ~ D I A ~ I O N  CON*!C~ 37.6991 ,80826-06 
3'303 56.23 5024 .30b ?t -or 

32.89 n a n l ~ l l ~ k  ~ ( H ~ N c c ~  62.8318 . 8 0 8 l f - 0 4  
3004 56.20 5025 

.507?t-O4 
52.96 RAOIATlOU COI*EL l  40.8407 .8080E-06 .3130C -04 

3005 53.84 SO26 52.46 RAOlAl lONCONNtCt  297.8230 . I 0 9 1  t -05 
3006  56.03 5027 .1268E-03 

53.78 RADIATION CONNECT 536.0813 . 1098 t -05  . 5 8 8 4 t - 0 1  
3007 56.03 5028 , 5 5 1 8  R A ~ I ~ ~ I O *  C O N ~ E C T  321.0701 .664 5 t -06 .2133 f -03  
3008  56.62 5029 56.40 IIADIATlO(r CONNtCl 228.?079 . 6656f  -06 
3009  59.23 5030 .1522E-03 

5 . 7  RADIAT10N CONNtCl 703.7166 .6707t -06 
3010  41.20 5031 .472OE-03 

61.19 RA01A110N CONNECl 703.7 lbb .6745t-06 
301  1 .4747 t -01  

63.01 5032 ' 63.02 RADlATlON CONNf l l  703.7166 r b 7 8 1 t - 0 6  .b7?2k-U3 
3 0 1  66.53 3033 6 6 - 5 5  RAD1CTIOY CONNECT . 580.5662 . .681Ot-06 
3 0 0  65.85 5034 .3954 t -03  

65.84 RADIATION CONYEC1 703.7166 .6837 t -06  .LO1 16-05 
3014 bb.68 5035 ' 6 . 3  RADIATION C O N Y ~ C T  406.6371 .6853E-06 .2771€-01  
3015 67.51 5036  67.50 RADlATION CONNECT 703.7166 . 6869E -06  .4834f -03 
3016  6 1 - 9 0  5037 67.98 RADIATION CONNECT 228.7079, . 6877 t -06  .1573f -03 
3017 68.28 SO38 68.29 RADIATIOW CONNECT 703.7166 . 6 8 8 5 t - 0 6  . 4 8 4 z t - 0 J  
3 0  6 8 - 3 2  5039 68.63 R1DLAllON COIYICT 40.8407 .6584t  - 0 t  . 2689 t -04  
3019 68.33 5ObO 6 8 6 4  RAD1AT10N COWNtCT 62.8318 .6584t  -0t .  . 4137 i -04  
3020  68.34 5041 68.64 RADICTION CON*CCT 37.6991 .658?E-(16 
302 1 .2482 l -04  

68.34 $042 68.64 RADlATlON CONNECT 12.5664 .6585€ -06  
3022 53.03 5001 .827&t  -05 

2 RAOlA11ON CONNtCT 12.5664 .800bl -Ub 
3 0 2 1  53.01 5002 .1006t  -01 

16.26 RADIATION CONNECT 37.6991 .8006t -06  
3024 52.99 5003 .3Ol E t  -04 

56.23 RADIATION CONNECT 62.8318 .8005E-06 .50301-04 
3025 52.96 5 W L  . 5 6 . 2  I A D l A l I O ( I  COnNiCl 40.8407 
0 6  52.46 5005 

.8004t -06 .3269t -01 
53.84 RADIATION CONMtCT 325.1520 .1 008E -05 .32?E i -03  

3027 5 3 . 7 8 5 0 0 6  56.03 RADIATION CONNtCT 579.8544 -1012E-05 a'E69C -03 

RADIATION CONNECT 
RAUICIIfJN CONNECT 
RADIATION CONNECT 
RA01AT10N LUNNtCl 
RADIATION CONNECT 
RADIAl ION CONNECT 
RhDIA l lON CONNtCl 
RADIATION CONNECT 
RADlbT10N CONNECT 
RADIATION CONNECT 
RADIA110N CONNECT 
I A D l A l l O h  Cbhnlii 
R h o l A t l o n  CONNECT 
RADIATIO* CONYECT 
aA01nI lUO CUWWtCl 
RAD3ATION CONNECT 
~ A O I A T I O Y  CONNECT 
RADIATloN CONNECT 
RADIATION CONNECT 
RADlAl lOY COW(ECT 
n r o r r i l o w  c o * ~ t c i  
R A O ~ A ~ I O N  c w n t c t  
RADlAl lON CONNiCl 
I A D l A l l o N  CONNlCT 
RADIATION C O l * f C l  
RADIATION CONNiC1 
RAOlA11ON C W i C l  
RADlAl ION CONNtCl 
RA01A11ON CONNfCl 
RADIA11ON CONNECl 
RAD1A11ON CONNfC1 
r r o l r i l o *  c & ~ i c r  
RADIATION C W f C T  
RAD1C11ON C O w f C l  
RADlAl lON COuECT 
S P t t l l l E O  1tW 
s p c c l r i t o  i t w  
SPEClI lED TEMP 
SPEClF l tD  lE*P 
SPEClI lED TEMP 
SPECIFIED 1 E W  
S P E C l f l t D  1 E W  
S P E C l f l t D  TEN9 
S P t C l F l t D  T E W  . 
SPECIF lED I E W  
S P t C l f l t O  1 E W  
SPEClI lED TEW 
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TAP-A OUTPUT (Cont 'd) 

Drywel l  5 Pred ic t ions  - February 1,1979 

RNAL TEMPERATURES A T  .l?3E*O7 SCCONDS 
NODE TEMP NODE TEMP 

1 421.77 2 502.61 
6 531.98 7 531.94 

11 579.22 12 446.17 
16 478.92 17 678.88 

NODE 
3 
8 

13 
18 
23 
I a 
33 
38 
4 3 
48 
5 3 
5 8 
6 3 
68 
7 3 
78 
83 
80 
93 
98 

103 
108 
11 3 
118 
12b 
131 
136 
141 
146 
151 
156 
161 
166 
171 
176 
181 
186 
191 
196 
201 
206 
21 1 
216 

TEMP 
322.47 
530.19 
468.25 
476.90 
341.92 
352.90 
94.54 

222.46 
236.96 
146.63 
79-61 
77.59 

152.88 
168.19 
81.72 
53.91 
71.57 
60.62 
52.16 
42.00 
62.00 
55.52 
52.64 
42.96 
87.03 

155.50 
130.19 
67.06 

121.68 
135.62 
73.53 
68.63 
76.67 

120.d9 
106.72 
68.61 
74.49 

102.10 
88.61 
67.95 
75.97 
69.57 
53, A ?  

NODE 
5 

10 
15 
20 
2 5 
30 
35 
40 
4 5 
50 
5 5 
60 
6s 
70 
75 
80 
85 
90 
95 

100 
105 
110 
11s 
123 
128 
133 
138 
163 
148 
153 
158 
163 
168 
113 
178 
183 
188 
193 
198 
203 
208 
213 
218 
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TAP-A OUTPUT (Con t ' d) 

. ~ r c  r t ~ ~ ~ a r r u a t s  
NODE TEMP 

1 4 1 5 . 9 3  
6 5 2 1 . 3 5  

1 1  375 .30  
1 6  4 7 0 . 3 7  
2 1  266 .33  
26 555.JU 
3 1 101 .94  
6 161 .01  
41  2 4 3 . 6 1  
6 6  151 .61  
5 1 9 7 . 2 9  
5 6  9 3 . 8 3  
6 1  1 2 6 . J ?  
6 6  1 8 0 . 9 0  
I 1  1 2 8 . 6 3  

90 .62  
" 6 9 . 5 8  8 1 
8 6  8 6 . 0 8  
9 1  15 .96  
9 6  6 7 . 9 3  

1 0 1  5 9 . 1 0  
5 9 . 7 0  

lob 1 1  1 61 .97  
1 1 6  6 1  - 5 2  
l t b  8 4 . 4 5  
1 2 9  1 5 1 . 5 5  
1 3 4  163 .17  
1 3 9  88 .68  
166  106 .92  
16V 149.02  
156 114 .66  
1 5 9  75 - 0 2  
1 6 6  79.68 
189 1 P l . i l  
1 I 4  131 .92  
1 I 9  7 7 . 5 0  
186 79 .39  
1 9 9  1 0 8 . 7 3  
196  108 .35  
199  70.65 
2 U 4  ? b . l 8  
2UV 83 .94  
) IL  M . 8 2  

Drywell 5 Predictions - April 1 ,  1979 

*I .683L*O? 
NODE 

2 
7 

1 2  
1 7 

SECONDS 
I tMP 
6 9 2 . 4 3  
5 2 1 . 1 0  
4 3 8 . 3 5  
4 7 0 . 0 9  
3 1 6 . 1 6  
S 9 l . 9 3  
1 0 7 . 5 9  

. l Q 5 . 0 0  
2 4 3 . 1 9  
1 5 1 . 4 1  
1 0 6 . 5 9  

9 2 . 2 6  
139 .14  
180.16 

9 2 . 1 9  
0 0 . 8 4  
75 .88  
6 9 .  7 8  
8 5 . 8 3  
6 7 . 9 8  
59 .  7 0  

NODE 
3 
8 

1 3  
1 8  
2 3 
2 8  
33 
38 
4 3 
4 8 
5 3 
5 8  
6 3  
6 8  
73 
78 
8 3 
8 8  
9 3  
9 8  

1 0 3  
1 0 8  
113  
1 1 8  
1 2 6  
1 3 1  
,1 3 6  
161  
1 6 6  
1 5 1  
1 5 6  
101  
1 6 6  
171  
1 7 6  
181  
1 8 6  
191  
1 9 6  
2 0 1  
2 0 6  
21  1 
2 1 6  

TEMP 
5 2 0 . ~ 0  
475 .19  
4 6 9 . 3 0  
423 .81  
351  - 8 5  
sou.4a 
106.73  
2 4 1  . 7 6  
2 1  1 . 0 9  
1SC.81 

93 .75  
103 .93  
178 .10  
1 5 1  .O? 

90 .21  
8 1 . 1 9  
75 .90  
6 9 . 9 5  
6 7 . 9 0  
5 9 . 7 0  
5 9 . 7 0  
86 .93  
6 5 . 6 1  
75.  SO 

13L.77  
167 .12  

91 .25  
9 5 . 7 5  

146 .92  
125 .22  



TAP-A OUTPUT (Cont 'd )  

Drywell 5 P red i c t i ons  - May 1, 1979 

:NAL TEMPERATURES A T  .942E*07 SECONDS 
NODE TEMP NODE TEMP 

1 412.90 2 487.08 
6 515.35 7 514.94 

11 373.07 12 434.02 
16  46s.18 17  464.72 
21 266.8s 22 315.41 
26 350.45 2 7  349.85 
31 113.51 32 113.18 
31 170.41 37  197.34 

NODE 
3 
8 

13  
18  
2 3 
28 
33 
38 
4 3 
4 8  
5 3 
58  
63  
6 8  
73 
78 
8 3  
8 8  
93 
9 8  

103 
108 
113 
118 
126 
131 
136 
141 
146 
151 
156 
161 
166 
171 
176 
181 
186 
191 
196 
201 
206 
21  1 
216 

TEMP 
505.59 
512.66 
454.22 
462.18 
337.37 
346.46 
112.92 
228.53 
238.93 
152.08 

99.87 
98.11 

166.64 
177.60 
90.34 
77.20 
92.71 
83.09 
75.64 
68 .70  
68.70 
78.85 

.~~ - 

i s i  84.12 
258 '  73.54 
263 59.81 
2 68  63.77 

NODE TERP 
4 512.36 
9 505.49 

14 461.84 
19  454.27 
24 346.00 
2 9  337.71 



TAP-A OUTPUT (Cont '  d )  

Drywell 5 P r e d i c t i o n s  - June 1, 1979 

iAL TEMPERATURES 
NODE TEMP 

1 410.11 
6 503.73 

1 1  371.19 
16 460.50 
2 1 267 .J3 
26 548.40 
3 1 119.49 
36 174.49 
' 6  266.05 
46 152.50 
5 1 109.76 
56 106.62 
b 1 1 J i  .OS 
66 165.41 
7 1 130.71 
76 92 .69 
e 1 85.23 
86 39.58 
91 00.63 
96 83.87 
101 78.00 

scconos 
TEMP 
662.15 
509.12 
630.25 
459.82 
) 9 r . 8 5  
3r?.00. 
119.17 
200.51 
262.43 
152.15 
118.28 
105.19 
166.8Z 
186.16 
96 .92 
92.00 
$0.56 
85 -40 
39.35 
83.92 
78.00 
86.58 
79.08 
76-04 
104.54 
168.11 
lS9.08 
88.82 

150.71 
153.64 
80.84 
76-55 

NOOE TEMP 
3 500.20 
8 508.25 
13 469.81 
18. 456.60 
23 336.07 
28 143.58 
33 118.93 
3 230.66 
63 239.05 
68 152.62 
53 108.48 

NOOE 
4 
9 
14 
19 
2 4 
2 9 
34 
39 
4 6 
49 
5 6 
59 
66 
c.9 

TEMP NODE 
507.03 5 
498.25 10 
457.47 1 5 
647.78 20 
366.57 25 
334.05 30 
118.81 3 5 
239.06 40 
228.79- 4 5 
03.98 SO 
106.51 5 5 

TEMP 
509.18 
461.13 
459.88 
411.26 
3 4 7 . 6 1  
300.91 
118.41 
242.93 
209.71 
155.10 
106.55 
115.91 
184.17 
153.19 
92.30 
99.69 
90.57 
85.51 
83.83 
78.01) 
78.00 
98.53 
81.61 
90.14 
144.68 
172.16 
93.58 
107.92 
153.67 

ioi 
112 
117 
1 0  
1 3 0  
13s 
160 
165 
1 SO 
15s 
1ba 
1 AS 
170 
175 



TAP-A OUTPUT (Cont ' d) 

Dr.yvel l  5 P r e d i c t i o n s  - J u l y  1, 1979 

NAL TEMPERATURES A T  
NODE TEMP 

1 407.07 
6 503.62 

1 1  368.99 
16 455.24 
21 268.54 
26 345.66 
31 125.09 
36 1'78.00 
41 243.89 

.14?E*08 
NODE 

2 
7 
12 
17 

SECONDS 
TEMP NODE ' 

5 
TEMP 
503.27 
453.84 
454.85 
404.70 
345.18 
296.82 
124.06 
24i .99 
208.60 
154.91 
112.79 
121.66 
186.23 
153.76 
93.19 
106.29 
97.82 
93.28 
91 .75 
87.00 
87.00 
105.19 
89.59 
97.38 
149.18 
173.69 
94.58 
113.81 
156.48 
129.44 

NODE 
3 
8 
13 

TEMP 
494.10 
498.59 
444.69 

NODE 
4 
9 
14 
19 
2 4 
2 9 

TEMP 



NAL TEMPERATURES AT 
TEMP 

1 405'.07 
6 498.49 

TAP-A OUTPUT 

5 Pred ic t ions  

SECONDS 
TEMP 
472.90 
496.97 
423.09 
449.21 
313.42 
341.86 
130.40 
205.86 
242.43 
152.81 
129.57 
117.13 
157.85 
187.37 

91.22 
94.92 

103.13 
97.84 

111.54 
96.23 
88.60 
98.77 
90.35 
88.30 

116.36 
1 7 . 9 2  
161.77 
100.93 
140.34 
158.16 
93.09 
77.95 

109.29 
143.44 
132.66 

77.71 
106.38 
i26.87 
107.96 
69.58 

101.17 
83.10 
86.56 

NODE 
3 
8 

13  
18 
23 
2 s 
3 3 
38  
43 
48 
53  
5 8  
63  
68 
73 
78 
83  
88  
9 3  
0 8  

103 
108 
113 
118 
126 
131 
136 
141 
146 
151 
156 
161 
166 
171 
176 
181 
186 
191 
196  
201 
206 
21 1 
216 

TEMP 
489.62 
492.57 
441.15 
444. 35 
332.95 
336.42 
130.18 
233.65 
238.08 
153.16 
118.45 
116.75 
178.40 
192.17 

93.48 
97.72 

111.92 
103.10 
96.20 
88. 6U 
88.60 
98.78 
96.29 
86.97 

124.32 
177.01 
143.25 
107.72 
151.43 
153.45 

81.97 
72.49 

114.29'  
145.64 
121.62 

72.41 
110.18 
124. IV 
102.63 
69.61 

101.73 
75-95 
86.10 

NODE 
4 
9 

14 
1 9  
2 4 
29 
34 
1 9  
44 
4 9  
5 4 
59  
6 4  
6 9  
7 4 
79  
84 ., 
8 9  
94  
99 

104 
109 
114 
122 
127 
132 
137 
142 
147 
152 
157 
162 
167 
172 
177 
182 
187 
1 vz 
197 
202 
207 
212 
21 7 

TEMP 
495.82 
484.10 
LC7.95 
435.16 
340.47 
326.41 
130.06 
241.06 
227.32 
154.34 
118.46 
117.56 
185.98 
172.J1 

93.93 
103.14 
97.78 

111.69 
96.20 
88.60 
88.60 

102.90 
95.01 
97.94 

138.57 
17d.10 
127.65 
112.82 
157.38 
145.39 

82.78 
72.54 

121.20 
14S,.71 
113.15 
96.38 

114.94 
123.09 

88.40 
92.94 
99.48 
71 -77  
85.05 

TEMP 
498. YO 
448.09 
450.68 
399.66 
343.49 
?9L .ncl 
129.b9 
244 .OS 
208.35 
155.33 
118.48 
127.07 
189.16 
155.0s 

94 -35  
111.96 
103.12 
9 7 - 9 3  
96.21 
88.60 
88.60 

110.65 
93.25 

102.39 
153.88 
176.09 

91.89 
119.13 
159.98 
131.14 

83.32 
99.18 

129.82 
143.83 
91.38 

100.24 
120.31 
120.13 

77.61 
95.66 
96.26 
60.40 
84.13 



TAP-A OUTPUT (Cont' d) 

Drywell 5 Predictions - September 1, 1979 

SECO*DS 
TEMP 
6b4.80 
490.60 
417-75 

NODE 
3 

TEMP NODE 
483.34 4 
486.10 9 
435.61 1 4  
438.62 19 

: TEMP 
t 489.57 

NODE TEMP 
5 492.05 
10 442.18 



INAL TEMPI 
NODE 

1 
6 

11 
16  
2 1 
26  
31 
36 
4 1 
46  
5 1 
56  
6 1 
6 6  
7 1 
76 
81  
8 6 
9 1 
9 6  

101 
106 . 
11 1 
116 
124 
I 2 9  
134 
139 
144 
149  
154 
150  
184 
169 
I i b  
1 79 
184 
169 
194 
199 
204 

. 209 
214 

TAP-A OUTPUT (Cont I d )  

Drywel l  5 P red i c t i ons  - October 1, 1979 

.226E '08 
WOE 

2 
? 

r z 
17  
22 
2 7 
32 
37 
42 
4 7 
5 2 
5 7 
62  
6 7  
72 
77 
82  
8 7 
9 2  
9 7  

102 
107 
112 
11  7 
125 
130  
135 
i ro 
145 
1 5 0  
15s 
la 
165 
! '0 
1 1 5  
180  
185 
I90 
195 
200  
205 
210  
215 

SECONOS 
1EMP 
480.56 
48S.51 
411.95 
439.09 
308.29 
335.97 
131.92 
203.84 
241.55 
154.00 
130.98 
116.72 
158.04 
189.37 
99.98 
97.46 
99.42 
9 1  -95 

110.08 
8 9 - 5 0  
76-74 
93.15 
80.22 
78.95 

115.72 
176.77 
lb4 .30  

96.42 
141.23 
161.19 
95.80 
79.92 

10?.5@ 
145.bo 
.t35*5ci 

79.71 
101.96 
127.28 
110.75 

70.30 
103.21 

85.00 
85.13 

YOOE 
3 
8 

13  
18  
2 3  
28 
53  
38  
4 3 
4 8  
5 3 
58  
6 3  
68  
? 3 
78 
8 3 
8 8  
9 3  
98 

103 
108  
113 
118 
126 
131 
136 
141 
146 
151 
156 
161 
144 
1 71 
I 7 6  
181 
1 8 6  
191 
196 
201 
206 
21 1 
216 

TEMP 
483.89 
472.62 
437.30 
425.00 
3?.5.9? 
320.53 
131.56 
239.55 
226.39 
155.29 
118.38 
117.12 
187.25 
174.29 
96.51 
99.45 
91  .89 

110.30 
89.61 
76.74 
76.74 
98.92 
87.66 
91.86 

138.86 
180.60 
130.29 
111.62 
159.65 
148.34 
84.93 
73.93 

121.13 
148.54 
115.95 
90.86 

115.34 
125.88 

91.02 
88.27 

102.74 
73.17 

'87.74 

TEMP 
486.64 
437.68 
440.33 
390.54 
337.34 
288.85 
131.12 
242.91 
207.71 
'156.19 
118.37 
127.23 
190.83 
157.09 

96.91 
110.71 
99.38 
92 .03  
89.61 
76.74 
76.76 

108.89 



TAP-A OUTPUT (Cont 'd)  

Drywel l  P r e d i c t i o n s  - November 

.253€*08 SECONDS 
MOOE rcaP 

2 452.20 
7 478.99 

NODE TEMP 
3 469.33 
8 474.77 

3 422.40 
18 428.39 
23 319.84 
2 8  326.50 
33 121.96 
38 227.78 
4 3  235.42 
4 8  154.13 
53  113.54 
58  11 1.06 
6 176.01 
6 8  183.73 
73 96.97 
78 82.29 
83  104.87 
8 8  91  .53 

79.41 
" 59.68 
O8 59.67 
lo' 83.41 

78.51 11 3 
118 64.28 
126 119.73 
131 178.63 
1 146.03 
141 98.85 
146 150.52 
151 156.54 

84.99 
lS6 161 74.70 
166 108.41 
171 146.89 
176 124.86 
181 74.62 
184 105.09 
191 121.58 
196 105.90 
201 70.89 
206 103.24 
21 1 79.04 
214 82.01 



TAP-A OUTPUT (Con t ' d )  

Drywell 5 P red ic t i ons  December 

NAL T E M P E R I T V I E S  
MODE TEMP 

1 375.84 
6 470.61 

1 1  338.94 
6 425.21 
21 266.13 
ZG 325.31 
31 120.1 7 
36 167.13 
41 236.51 
46 153.42 

S f  CONDS 
TEMP 
439.59 
469.89. 
391.20 
424.42 
28?.29 
32 1-05 
~119.88 
190.51 
235.63 
152.82 
118.79 
101.43 
145.82 
185.6U 
101 .Ol 
98.53 
78.61 
67.66. 
95 -04 
64-18 
39.a 
a.00 

. 46.80 
47.14 
100. J 1  
169.35 
162.83 
74.05 

130.04 
158.49 
96.92 
el .43 
90.65 
130.S4 
134.55 
81.22 
89.14 
121 -81 
110.36 
71.47 
95.37 
87.01 
68.93 

NODE. 
3 
8 
13 

TEMP 
. 457.46 
466.10 
410.67 
420.23 
309.61 
320.18 
119.65. 

NODE 
4 

. 9  
14 
19 
2 4 
29 ' 
34 
39 
44 
49 
54 
59 
64 
69 
7 4 
79 
84 
89 

TEMP 
465.32 
458.24 
419.36 
411.70 
319.36 
311.11 
119.50 
229.93 
221.97 
153.95 
103.60 
101.84 
179.28 
172.26 
97.63 
78.67 
67.64 
93.37 

NODE 
5 
10 
15 
20 
25 
10 
35 
40 
4 5 
qo 
>5 
60 
65 
70 
7 5 
80 
85 
90 

TEMP 
469.24 
424.99 
423.70 
378.92 
324.22 
280.QU 
118.96 
234.77 
204.11 
154.76 
103.56 

141 
1bb 
111 
176 
ldl 
186 
191 



?MAC TEMPERATURES 
kOOE TEMP 

1 359.76 

TAP-A OUTPUT (Con t ' d)  

Drywell 5 Predictions - January 1 , 1980 

A 1  .306E*O8 SECOMOS 
NODE TEMP 

2 424.70 
7 458.22 
12 376.10 
1 7  ri3.03 
22 274.36 
27 315.45 
32 rO6.44 
37 179.2; 
42 228.87 
47 150.0s 
52 107.41 
57 90.28 
62 135.12 
67 179.61 
72 100.01 

' 77 97.67 
82 68.04 
87 58.1 1 

82.08 
92 9 7 55-10 

35 81 
lo2 107 SV:S& 

40.89 
117 1 1 2  40.55 

MODE TEMP 
3 443.0s 
8 455.08 
13 396.19 
18 409.55 
23 296.53 
28 311.56 
53  r i 1 6 . 2 ~  
38 210.04 
43 225.89 
48 150.26 
53 92.33 
5 8 89.70 
63 159.39 
68 176.32 

96.38 
78 73 57.98 
83 82.76 
88 . 67.93 

55.11 
98 " 35.81 
103 35.80 
108 59.51 
113 56.43 
118 39.64 

NODE TEMP 
4 451 .57 
9 447.86 
14 405.44 
19 401.70 
24 307.12 
?9 303.I.' 
34 lU(I.UV 
.39 220.54 



TAP-A OUTPUT (Con t ' d )  

Drywell 5 Predict ions - February 1 ,  1980 

:NAL TEMPERATURCS I T  .333E*O8 SECONDS 
NODE r E n P  NODE TEMP 

1 349.84 2 415.61 
6 449.25 7 449.43 

1 1  312.24 12 366.91 
16 404.05 17 404.25 
21 224.45 22 265.94 
2 307.34 2 507.50 
31 101.13 12 100.88 
36 148.94 37 172.62 
61 222.48 42 222.78 
46 1CT.24 4 146.71 

NODE 
3 
8 
13 

TEMP NOOE 
433.80 4 
446.68 9 
J86.87 14 

Po. 33 
44.13 
59.96 
67.75 

TEMP 
446.93 
409.01 
401.47 
363.43 



TAP-A OUTPUT (Cont 'd )  

Drywel l  5 P r e d i c t i o n s  March 

WAL I E M P E R A I U R E S  A T  
NODE TEMP 

1 345.18 

.358E+O8 SECONDS 
NOCE 

2 410.40 
7 442.44 

12 362.03 
17 397.39 
22 262.28 
27 301.72 
32 100.09 
37 170.84 
42 218.56 
47 143.88 
52 99.42 
5 7 86.37 
62 128.16 
67  170.03 

96.04 
7 7 
82  69.96 
8 7 63.47 

80.13 
92 9 7 61.58 

52 2 0  
lo2 64:78 107 

54.31 
117 l 1  53.02 
125 85.98 
130 151.74 
133 151.02 
140  6 7 - 8 6  
145 113.87 
150  144.55 

92.25 
79.89 

la 165 79.13 

NODE 
3 

TEMP 
427.93 
439.72 
381 .26 
394.38 
283.54 
298.33 

99.92 
200.50 
215.99 
144.09 
87.68 
85.98 

150.83 
161.26 
92.74 
6 3  :26 
80.47 
69.98 
61.46 
52.20 
52.20 
64.84 
61.83 
51.96 
94.95 

157.44 
135.52 

MODE 
4 
9 

14 

TEMP 
435.88 
433.13 
390.09 
387.19 
293.48 
290.49 

99.82 
210.35 
207.56 
144.91 

87.70 
86.83 

160.97 
159.,'7 
93.14 
69.95 
63.36 
80.26 
61  - 4 8  



TAP-A OUTPUT (Cont 'd )  

Drywe l l  5 P r e d i c t i o n s  - Apr i  1 1, 1980 
t 

IUAL ~ E M P E R A T V R E S  A T  .384E 908 
NODE TEMP *OD€ 

1 340.79 2 
6 434.91 7 

1 1  306.41 12 
16 390.32 17 
21 210.64 ? Z 
26 IV4.35 2 7 
3 1 102.60 32 
36 148.64 37 
41 215.45 4 2 

SECONDS 
TEMP 
405.22 
434.75 
357.58 
390.14 
259.01 

NODE TEMP NODE 
3 421.07 4 
8 431.87 '9 

TEMP 
429.32 
425.25 
.384.10 
379.71 
289.35 
ZBC.6b 
102.14 
208.49 
203.99 
142.35 
91.20 

NODE TEMP 
5 433.20 
10 395.61 

isi 77.75 . 252 
2 58 75.08 259 
263 57.52 264 



(Cont'd) 

Predictions 

INAL TEMPERLTURES &I 
NODE TCMP 

1 337.74 

.410€*08 SECONDS 
NODE TEMP 

2 400.96 
7 427.87 
12 354.15 
17 383.76 
22 251:i34 
27 29i.54 
32 106.12 
37 172.38 
42 212.87 
47 . 139.58 
52 105.59 
5 7 94-74 
62 132.27 
67 144.45 
72 93.26 
77 91.18 
82 81 .78 
87 77.11 

89.67 
9? 92 75.81 

70.50 
lo' 107 78.07 

71 .so 
11 7 69.54 
125 94.43 
130 152.02 
135 147.10 
140 80.1 1 
1 118.40 
150 142.05 
155 89.56 

77-92 
165 I* 88.20 
170 123.65 
175 120.w 

77.44 
l " )  185 85.74 
190 107.41 

99.18 
72.48 
84.74 205 

210 80.23 
215 69-48 

NODE 
3 

NODE 
4 
9 
14 
19 
24 
29 
34 
19 
4 4 
49 
54 
59 
64 
69 

TEMP 
423.65 

NODE 
5 

TCMP 
427.04 
388.85 
382.84 
344.20 
290.49 
252.88 
105.69 
21 1 683 
185.30 
141.12 
95.85 

9 1 81 -85 
96 75-76 
101 70.50 

70.50 
I l l  71.53 
116 70.94 
124 88.67 
129 144.07 
134 153.96 
139 89.57 
144 107.09 
149 142.44 
154 111.95 



TAP-A OUTPUT (Cont ' d )  

Drywell 5 Predict ions - June 1 , 1980 

IAL r t n p t a r r u a t s  r r  .43?€*08 
, N L m O f  l t M P  NOD 1 

1 331.10 2 
6 424.00 7 

1 1  302.46 12 
16 380.47 17 
21 222.74 2 2 
16 289.83 2 7 
3 1 111.13 32 
36 154.25 37 
41 212.94 4 2 
66 139.24 47 
5 1 103.88 52 
56 101.46 5 ? 
e 1 124.19 42 
66 161.49 6 7 
7 1 122.33 7 2 

90.50 7 7 
76 84.61 8 1 82 
86 95.90 8 7 
91 88.70 92 
96 83-62 9 7 
101 79.80 102 

79.80 107 
lo' 1 1  1 80.32 112 
116 79.41 117 
124 94.81 125 
129 144.84 130 
134 153.82 135 . 

89 1 1  140 E. lll:?~ 165 
149 143.40 150 
1 111.60 155 
159 ??.Zp 160 
164 W.18 165 
163 120.98 1 f U  
174 '26.30 175 
179 78.94 180 
1 04 88.55 185 
189 101.19 190 
194 lC4.06 195 
199 73.71 200 

NODE 
3 
8 

. 13 
18 
2 3 
2 0 
35 
38 
4 3 
48 
53 
5 8 
63 

, 68 
? 3 
78 
8 3 
88 
9 5 
90 
103 
108 
113 
118 
126 
131 
136 
141 
146 
151 
156 
161 
166 
l t l  
176 
181 
i 80 
191 
196 
201 
206 
21 1 
216 

NOOL 
4 
9 
14 
19 :. 
2 4 
29 
34 
39 
44 

:I: 
59 
64 
69 
74 
19 
84 
89 
v 4 
99 
104 
109 

TEMP 
420.22 
412.98 



TAPyA OUTPUT (Cont'd) 

Drywell 

BNAL 1 
NOD( 

1 

IEMPEUATURES AT . 
i TEMP 

337.03 
1 420.21 

303.11 
1 377.24 

225.11 ' 

1 288.15 
116.37 

1 158.06 
212.95 

b . 138.95 
109.57 

1 107.31 
129.46 

463E*O8 SECONDS 
NODE TEMP 

2 397.18 
7 419.12 

12 352.01 
1 376.03 
22 260.31 
27 286.79 
32 116.18 
37 1?8.08 
2 211.53 
47 0 8 . 3 5  
52 115.71 
57  101.30 
6 2  140.18 

NODE TEMP 
, 3 411.62 

8 415.50 
13  367.72 
1e  372.00 
23 277.49 
2 8  282.24 
33 116.03 
3 202.33 
43 207.91 
48 138.46 
53 107.17 
58  106.04 
6 3  157.66 
68  163.01 
7 3 89.58 
78 92.24 
83  102.23 
88  95.  79 

NODE 
4 
9 

14 
19  
24 
29 
34 
39  
4 4 
4 9  
5 4 
59  
64 
6 9  
74 
79 
84 
8 9  

TEMP NODE 
411.30 5 
408.46 1 0  
374.01 15 
364.29 2 0  
284.53 2 5 
273.78 3 0  
115.97 3 5 
209.29 4 0  
198.73 4 5 
139.10 5 0  
107.20 5 5 
106.72 6 0  
164.77 65 
154.78 70  

89.93 7 5 



TAP-A OUTPUT (Cont ' d)  

Drywell 5 P r e d i c t i o n s  - August 1, 1980 

RNAL TEMPERATURES AT .49OE*O8 SECONDS 
NODE TEMP NODE TEMP 

1 336.68 2 395.30 
b 416.70 7 415.32 

1 1  303.48 12 350.96 
16 374.34 17 372.82 
21 227.16 22 261.14 
? ?86.8? 2 ?8¶.l? 

NODE 
3 
8 
13 
18 
23 
2 8 
33 
38 
4 3 
48 
5 3 
58 
63 
68 
7 3 
78 
83 
88 
93 
98 
103 
108 
113 
118 
126 
131 
136 
141 
146 
151 
156 
161 
166 
171 
176 
181 
186 
191 
196 
201 
206 
21 1 
216 

221 
226 
231 
2 36 
241 
246 
251 
258 
263 
268 

TEMP 
409.18 

NODE TEMP 
4 414.48 
9 404.24 
14 371.89 
19 360.62 
24 284.13 
t o ,  ? ? l . A L  
34 121.09 
39 210.57 
44 198.27 
49 139.19 
54 112.10 
59 111.46 
64 167.24 
69 155.33 
7 4 90.50 
7? 99.82 
84 95.51 
89 106.76 
94 94.28 
99 88.20 
104 88.20 
109 99.59 
114 92.83 
122 95.43 
127 128.86 
132 161.65 
137 119.01 
142 ' 107.56 

NODE TEWP 
5 tie.cc 

10 3l3.e~ 
15 374.22 
20 33c.e~ 
25 286.75 
30 ? L ~ . L ~ I  
35 12G.BQ 
40 213.77 
45 lei.bt 
50 139.75 
55 112.13 
60 119.23 
65 169.8C 
70 140.92 
7 5 90.62 
80 106.95 
85 . 99.80 
90 95.61 
95 94. 2t 
100 88.2C 
105 88.2C 
110 105.92 




