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ABSTRACT 

The spent fuel Sealed Storage Cask (SSC) Test is presently being conducted at 

the Engine-Maintenance, Assembly and Disassembly (E-MAD) facility on the Nevada 

Test Site. A pressurized water reactor spent fuel assembly was encapsulated 

inside the E-MAD Hot Bay and placed in a instrumented above surface storage 

cell during December 1978 for thermal testing. The fuel assembly was sealed 

inside a stainless steel canister and attached to a concrete filled steel 

shield plug. The canister assembly was then placed in a carbon steel liner 

which is encased in a reinforced concrete shield cask. The SSC was then 

transferred outside to a foundation pad adjacent to E-MAD. 

Instrumentation provided to measure canister, liner and concrete temperatures 

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

canister and liner and in three radial positions in the concrete. Temperatures 

from the SSC test assembly have been recorded throughout the past 16 months. 

Canister and liner temperatures have reached their peak values of ZOCF and 

140°F, respectively, 

A computer model was developed to predict the thermal response of the test 

configuration. Computer predictions oF the transient and steady-state temp

eratures of the SSC components and surrounding concrete are presented and they 

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 

the conclusions for the spent fuel Sealed Storage Cask (SSC) 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 (fur

ther discussed in Section 1.3). The primary test objective was to confirm by 

actual testing that commercial reactor spent fuel could be passively stored in 

an above ground storage cell at the Nevada Test Site. 

The SSC Test was begun on December 7, 1978 when a pressurized water reactor 

(PWR) spent fuel assembly was placed into an SSC and transferred to a storage 

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

of an instrumented carbon steel liner, an instrumented stainless steel canister 

(containing the spent PWR fuel assembly), a concrete-filled shield plug which 

supported the canister from the top of the liner and an instrumented reinforced 

concrete shield. Throughout the test period, temperature readings from thermo

couples on the canister, liner and in the concrete were recorded. Strain gages 

were also embedded in the concrete shield and were recorded during the test 

period. Interpretation of the strain gage data is not included in this 

report. A finite difference computer model (described in Section 6.0) was 

developed to predict SSC and canister transient and long term temperatures. 

Comparisons of the analytical predictions with the test data are presented in 

Section 7.0. 

1.2 ORGANIZATION OF REPORT 

This report is organized to present the SSC Test and its results in the 

following order: 

s Introduction (including background of Spent Fuel Handling and 
Packaging Program 1978 Demonstration) 
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Figure 1. Sealed Storage Cask Configuration 
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i Conclusions drawn from the test results 

® Test objectives 

s Test hardware description 

® Test operation and results 

s Thermal model description 

s Comparison of test results with model predictions 

1.3 BACKGROUND 

The SSC Test described in this report is being conducted as part of the Spent 

Fuel Handling and Packaging Program (SFHPP) 1978 Demonstration. The objective 

of the SFHPP 1978 Demonstration was to develop the capability to encapsulate 

typical spent fuel assemblies from commercial nuclear power plants and to 

establish by testing the suitability of one or more surface and near-surface 

concepts for the interim dry storage of the encapsulated fuel assemblies. 

The E-MAD (Engine-Maintenance, Assembly, and Disassembly) facility, constructed 

at the Nevada Test Site as part of the Nuclear Rocket Development Station, was 

chosen as the location for this demonstration because of its extensive existing 

capabilities for handling highly radioactive components and because of the 

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

facility, operated for the Department of Energy by the Advanced Energy Systems 

Division of the Westinghouse 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 is designed to accommodate one 

canister, and the canister is designed to contain either one PWR fuel assembly 

or two boiling water reactor (BWR) fuel assemblies. The near surface storage 

concept or drywell. Reference 2, consists 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 
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ground storage concept. Sealed Storage Cask (SSC), is shown in Figure 1. A 

steel liner similar 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 drywell. In both of these storage systems, the 

decay heat of the fuel assembly is passively dissipated to the environment. 

Encapsulation of the fuel assemblies was performed inside the shielded Hot Bay 

of the E-MAD facility. The drywell and SSC storage cells were constructed in 

an area adjacent to the facility. 

An overriding requirement for the SFHPP 1978 Demonstration Program was that the 

spent fuel storage system and associated activities not result in 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 tight 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, 

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

cells. Preliminary analyses performed by the Hanford Engineering Development 

laboratory (HEDL) established 715°F (380°C) as the fuel cladding temperature 

limit below which fuel cladding integrity would be maintained in a helium 

environment for long storage times (100 years). Scoping thermal analysis of 

the storage cell concepts indicated that cladding temperatures reached in the 

SSC would be well below the limit for the fuel assembly decay heat levels being 

considered. 

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 

assemblies selected were characteristic of high burnup (25,000 MWD/MTU) fuel 

assemblies approximately three years out of the reactor with a thermal power 

level of approximately 1.25 kW. Fuel encapsulations were performed at E-MAD 

during December 1978 and January 1979. An encapsulated PWR assembly was placed 

in a Sealed Storage Cask on December 7, 1978 and two other encapsulated PWR 

fuel assemblies were placed in drywells on January 12 and 24, 1979. These 
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experiments are still in progress. The on-going SSC test is the suDject of 

this report. 
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2.0 CONCLUSIONS 

The following conclusions can be drawn from the results of the SSC test; 

1. The peak measured canister temperature for an encapsulated PWR 
spent fuel assembly with an initial decay heat level of 1.1 kW 
stored in an SSC configuration at the Nevada Test Site was 
201°F. The peak concrete temperature adjacent to the liner 
was 141°F. 

2. Seasonal variations in ambient air temperatures and solar 
radiation have a significant effect on the canister tempera
ture. The peak canister temperature is in the order of 115°F 
above the average monthly ambient temperature (yearly range is 
37°F to 83°F). 

3. Day-night variations in ambient air temperature are essen
tially damped out within the first 15 inches of concrete. 

4. The computer thermal model provides predictions of the con
crete temperature distribution in close agreement with the 
test data. 
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3.0 TEST OBJECTIVES 

As originally planned, the objectives of the spent fuel SSC Test were 1) to 

verify that spent fuel assemblies can be safely stored with passive cooling and 

2) to determine storage cell thermal properties and interface and boundary 

conditions to calibrate and verify thermal models. 

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

calibrated computer model predictions. An encapsulated spent fuel assemoly 

would be installed into an SSC and the temperatures in the canister, liner and 

surrounding concrete recorded. In addition, a computer model of the SSC would 

be prepared for comparison with the test results. The SSC model and an 

existing fuel rod thermal model would be used to evaluate SSC performance 

beyond the limits of the test. The maximum canister temperature level attained 

would be compared with predicted peak canister and peak fuel cladding 

temperatures to evaluate SSC performance. 

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

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

input. Computer model thermal property and heat transfer correlation revisions 

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

Good agreement between computer model predictions and test data will qualify 

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

level fuel assemblies. 
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4.0 TEST HARDWARE DESCRIPTION 

4.1 TEST ARRANGEMENT 

The SSC Test hardware arrangement is shown in Figures 1, 2 and 3. The test 

hardware consists of 1) a carbon steel liner encased in a transportable rein

forced concrete shield, 8 feet 8 inches in diameter and 21 feet high, 2) a 16 

by 16 feet by 3 feet 10 inches deep reinforced concrete foundation pad, 3) a 

canister assembly consisting of a canister body, closure lid and a concrete 

filled shield plug which supports the canister from the top section of the 

liner, 4) a spent fuel assembly, 5) an array of thermocouple instrumentation to 

measure temperature response and 6) a data acquisition system to record the 

thermocouple data. Photographs of the SSC Test hardware and its construction 

are shown in Figures 4, 5 and 6. 

4.2 SSC LINER 

The SSC liner is illustrated in Figure 2 and 3. The liner consists of three 

sections. The center section of the liner consists of a 17 foot long section 

of 18 inch diameter by 0.375 inch wall pipe. The upper section of the liner is 

manufactured from a 34 inch long, 22 inch diameter, 0.75 inch wall pipe. The 

upper and center 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, 0.50 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. The lower section is 44 inches in diameter and 14 inches long. 

This section provides added protection as the cask is transported and contains 

7 inches of steel plate and 6 inches of concrete. Welded to the upper section 

is a tapered entry flange which is notched at two opposite places for routing 

of canister instrumentation to the SSC external junction boxes. The liner 

material is carbon steel. 
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4.2.1 INSTRUMENTATION 

Six 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 six 

tubes extend from the top of the liner to about 2 inches from the lower section 

of the liner. The tubes are clamped onto the liner by 11 large adjustable band 

c1 amp s. 

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

Figures 3, The two groups each contain three tubes that are spaced 180" 

apart. The tubes allow thermocouple installation at any elevation. The ends 

of the tubes are swaged and tackwelded to prevent concrete from filling the 

tubes during SSC construction. The 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) contacts the top of the tube thus controlling the position of the 

thermocouple tip. The thermocouples 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 thermocouple positions line up 

with thermocouple positions on the canister. During the construction phase of 

the SSC, twelve additional thermocouples were attached to the outside of the 

liner with epoxy cement and banding straps. The thermocouples are oriented 

around the liner in four equally spaced groups as shown in Figure 3. The 

elevations of the thermocouples are the same as described above. Table 1 

provides depth and angular position data for the installed liner thermocouples. 

4.2.2 LINER INSTALLATION 

The liner is an Integral part of the SSC concrete shield. Four peripheral 

Nelson studs equally spaced at 8 elevations assure interface integrity with the 

concrete. The liner is shown in Figure 4 prior to shipment and during 

placement of surrounding re-inforcing bar in Figures 5 and 6. 
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Figure 4. Sealed Storage Cask Liners Prior to Shipping 



.i 

Figure 5. Sealed Storage Cask Liners on Pads During Rebar Installation 
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Figure 6. Sealed Storage Cask Rebar Installation 
Completed Prior to Concrete Pouring 
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TABLE 1 

SSC-2 THERMOCOUPLE LOCATIONS 

Distance Below 
T/C Top of SSC Radius Orientation* 
No. (in.) (in.) (Degrees) Location 

620 

621 

622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

532 

633 

634 

635 

636 

637 

638 

639 

640 

641 

642 

68.5 

58.5 

68,5 

• 68.5 

128.5 

128.5 

128.5 

128.5 

188.5 

188.5 

188.5 

188.5 

68.5 

68,5 

68.5 

68.5 

128.5 

128.5 

128.5 

128.5 

188.5 

188.5 

188.5 

9 

23 
37 

50 

9 

23 

37 

50 

9 

23 

3/ 

50 

9 

23 

37 

50 

9 

23 

37 

50 

9 

23 

50 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

135 

Liner 

Cask Concrete 

Cask Concrete 

Cask Concrete 

Liner 

Cask Concrete 

Cask Concrete 

Cask Concrete 

L1 ner 

CasK Concrete 

Cask Concrete 

CasK Concrete 

Liner 

Cask Concrete 

Cask Concrete 

Cask Concrete 

Liner 

Cask Concrete 

Cask Concrete 

CasK Concrete 

Liner 

CasK Concrete 

Cask Concrete 

*Azimuth orientation is from North = 0° clockwise 
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TABLE 1 (CONTINUED) 

SSC-2 THERMOCOUPLE LOCATIONS 

Distance Below 
T/C Top of SSC Radius Orientation* 
No. (in.) (in.) (Degrees) Location 

643 
644 

645 

646 

647 

648 

649 

550 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 
661 

652 

663 

664 

665 

666 

667 

188.5 

68.5 

68.5 

68.5 

68.5 

128.5 

128.5 

128.5 

128,5 

188.5 

188,5 

188.5 

188.5 

58.5 

68.5 

68.5 

68.5 

128.5 

128.5 

128.5 

128.5 

188.5 

188.5 

188.5 

188.5 

37 

9 

23 

37 

50 

9 

23 

37 

50 

9 

23 

37 

50 

9 

23 

37 
50 

9 

23 

37 

50 

9 

23 

37 

50 

135 

225 

225 

225 

225 

225 

225 

225 

225 

225 

225 

225 

225 

315 

315 

315 

315 

315 

315 

315 

315 

315 

315 

315 

315 

Cask Concrete 

Liner 

Cask Concrete 

Cask Concrete 

Cask Concrete 

Liner 

Cask Concrete 

Cask Concrete 

Cask Concrete 

Liner 

Cask Concrete 

Cask Concrete 

Cask Concrete 

Liner 

CasK Concrete 

Cask Concrete 

Cask Concrete 

Liner 

Cask Concrete 

Cask Concrete 

Cask Concrete 

Liner 

CasK Concrete 

Cask Concrete 

Cask Concrete 
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TABLE 1 (CONTINUED) 

SSC-2 THERMOCOUPLE LOCATIONS 

Distance Below 
T/C Top of SSC Radius 
No. (in.) (in.) 

658 

669 

670 

671 

672 

673 

674 

575 

676 

677 

678 

679 

680 

681 

582 

683 

68.0 

68.0 

128,0 

.128.0 

188.0 

188.0 

68.0 

68.0 

98,0 

98.0 

128.0 

128.0 

158.0 

158.0 

188.0 

188.0 

Orientation* 
(Degrees) Location 

270 

90 

270 

90 

270 

90 

240 

60 

255 

75 

270 

90 

285 

105 

300 

120 

Liner 

Liner 

Liner 

Liner 

Liner 

Liner 

Canister 

Canister 

Canister 

Canister 

Canister 

Canister 

Canister 

Canister 

Canister 

Canister 



4.3 CANISTER ASSEMBLY 

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

plug. An illustration of the details of the canister assembly is shown in 

Figure 7, an illustration of the closure lid is shown in Figure 8, and 

illustrations of the shield plug and its attachment to the canister body are 

shown in Figures 9 and 10. The canister described below was designed to 

accommodate one Turkey Point Reactor PWR spent fuel assembly. 

4.3.1 CANISTER BODY 

The main body of a PWR canister is a standard 14 inch outside diameter, 0.375 

inch wall, 154 inches long 304 stainless steel pipe. Welded to the bottom of 

this pipe is a standard 14 inch diameter, 6.5 inch high ellipsoidal end cap. 

This end cap has welded into it a cruciform formed of 0.75 inch 304 stainless 

steel plate. This cruciform supports the bottom of a PWR fuel assembly and 

acts as a loosely toleranced keyed assembly for the fuel assembly bottom nozzle. 

The top of the PWR canister body consists of a section of 14 inch outside 

diameter, 0.937 inch wall, 304 stainless steel pipe approximately 9 inches 

long. This section is welded to the 0.375 inch thick main body pipe and 

contains machined threads which mate with the closure lid. The outside upper 

surface of the canister body contains 4 blind holes equally spaced around the 

pipe circumference for the attachment of the shield plug. Two 0.75 inch square 

bars (keys) are welded to the outside of the canister body to support the 

canister during remote operations and to align the shield plug so that 

instrumentation tubes are in the proper orientation. 

Welded to the inside of the PWR canister body is a fuel assembly support cage 

formed of standard 2.0 inch by 2.0 inch by 0.18 inch thick 304 stainless steel 

angles tied together on four sides at six elevations by thin plates. This cage 

provides lateral support for the entire length of the PWR fuel assembly. 

18 



EVACUATION/ 
BACKFILL FITTING 
WITH MECHANICAL 
SEAL CAP 

GROOVE FOR 
ALIGNMENT 
OF SEAL LIP 
WELDING 
MACHINE 

CANISTER BODY 
EXTERIOR SIDE 
SUPPORT KEY 

CANISTER BODY EXTERNAL 
THERMOCOUPLE TUBES 

SPOT WELDED 
ANGLE 

TRIANGULAR 
END PLATE 

615265-1F 

Figure 7. Canister Configuration 

19 



EVACUATION BACKFILL 
FITTING WITH 
MECHANICAL SEALIN 
CAP 

O 

LEAD-IN AREA 

GROOVE FOR ALIGNMENT OF 
SEAL LIP WELDING MACHINE 

MECHANICAL SEALING CAP 

EVACUATION BACKFILL FITTING 

EVACUATION 
BACKFILL TUBE 

EVACUATION 
BACKFILL FITTING 

SEAL LIP 

CHROME PLATED 
BUTTRESS THREADS 

615045-4CA 

Figure 8. Canister Closure Lid Configuration 



CONCRETE INSTALLATION HOLE 

CONCRETE {150 LB/FT^ 

THERMOCOUPLE TUBE 
(10 TOTAL! 

6 INCH DIAMETER 
AXIAL ALIGNMENT PIPE 

ANGULAR 
ALIGNMENT KEYWAY 

SHIELD PLUG EXTENSION 

SHIELD PLUG UPPER PLATE 

THERMOCOUPLE TUBE SLOT 

INSTRUMENTATION TUBE 
RESTRAINING STRAP 

STANDARD 20 INCH O.D. 
PIPE 

GAS SAMPLING TUBE 
n TOTAL) 

SHIELD PLUG SEATING LEDGE 

SUPPORT PIN HOLE 
{4 TOTAL! 

Figure 9. Shield Plug Configuration 
615045-1C 

21 



SHIELD PLUG 
VERTICAL ALIGNMENT 
PIPE 

SHIELD PLUG 
THERMOCOUPLE TUBE 

MS 

CANISTER 
CLOSURE LID 

THERMOCOUPLE 
TUBE FUNNEL 

CANISTER BODY EXTERIOR 
THERMOCOUPLE TUBE 

SHIELD PLUG 
EXTENSION 

CANISTER 
SUPPORT PIN 

CANISTER SUPPORT 
PIN LOCKING 
SET SCREW 

SHIELD PLUG 
EXTENSION ANGULAR 
ALIGNMENT KEYWAY 

CANISTER BODY 
EXTERIOR SIDE 
SUPPORT KEY 

CANISTER BODY 

615045 - 3D 

Figure 10. Canister and Concrete Shield Plug Mating 



4.3.2 INSTRUMENTATION 

The canister contains ten thermocouple tubes for insertion of thermocouples 

after emplacement in an SSC. The thermocouple tuoes consist of inverted 

0.75 inch by 0.75 inch by 0.12 inch thick angles tack welded to the outside of 

the canister body. A funnel is formed at the top of each tube by a 1.25 inch 

by 1.25 inch angle cut to match the smaller angle and welded to the top of the 

tubes (see Figure 7). The funnel is provided to allow for potential radial and 

azimuthal mismatch between shield plug and canister body instrumentation tubes 

and to assure proper thermocouple installation. An angled triangular plate is 

welded to the bottom of each tube. It is mounted at a relatively steep angle 

to promote contact between thermocouple junction and canister wall (see Figure 

7). 

Five thermocouple tubes are located on opposite sides of the canister with the 

center tubes of each group being 180° apart. The five tubes in each group are 

spaced 15° apart and extend down the canister to lengths matching the PWR fuel 

assembly active fuel middle, 2.5 feet above and below the active fuel middle 

and 1.0 foot from each end of the active fuel. The thermocouples are installed 

through tubes in the shield plug until the transition boot is 6.0 inches above 

the top of the shield plug. 

The thermocouples when installed measure temperatures at five different elev

ations on both sides of the canister to determine the axial canister temper

ature profile. The uppermost, middle and lowermost of thermocouples are 

located at the same elevations as those in the SSC liner. Table 1 identifies 

the thermocouples installed in the canister and the SSC. 

4.3.3 CLOSURE LID 

The closure lid as shown in Figure 8 is a flat disc, 3.5 inches thick and 

12.5 inches in diameter. The disc has approximately 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 surface of the closure lid is machined to form a seal lip for seal 
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welding of the canister after tne fuel assembly is installed. Features on the 

top surface of the closure lid include a machined groove for alignment of the 

seal welding machine with the machine seal lip, provisions for tne lifting and 

torquing fixture, and a fitting with a mechanically sealed cap through which 

nelium is introduced into the canister. The bottom i.O inch of the closure lid 

serves as a lead-in for the installation of the lid into the canister body. 

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

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

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

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 

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

shield plug shown in Figure 9 is a 20 inch outside diameter, 0.25 inch wall 

carbon steel pipe approximately 34 inches long with a 1.0 inch thick plate 

welded to the top and bottom. The volume between the two end plates is filled 

with concrete for shielding. Extending from tne 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 4 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 body (which fits inside of the 15 inch diameter extension) and the 

support pins are threaded into the shield plug extension as shown in Figure 

10. The pins protrude from the inside of the extension into 4 flat-bottom 

holes in the upper portion of the canister. 

The shield plug has eleven 0.086 inch inside diameter tubes which extend from 

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

extension, 10 for routing thermocouples to the canister and one for sampling 

the atmosphere above the canister lid. The ten thermocouple tubes are routed 
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through slots in the bottom portion of the extension so as not to interfere 

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

straps. The shield plug has two sets of 5 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. 

4.4 PWR SPENT FUEL ASSEMBLY 

The specific spent fuel assemblies selected for the SFHPP 1978 Demonstration 

were four spent PWR fuel assemblies from the Turkey Point Reactor located in 

Southern Florida. A representative 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 8.47 inches. The overall length is made up of a top nozzle, 

the fuel rods, and the bottom nozzle. The 204 fuel rods and 21 control tubes 

are arranged in a 15 x 15 array as shown in Figure 3. The fuel rods are 

0.422 inch diameter zircaloy cladding around UOo pellets with a square pitch 

of 0.563 inches. The active fuel length is 144 inches. The fuel rods are 

laterally constrained by a series of 7 grids located along the length of the 

rods. The PWR fuel assemblies are supported by the bottom nozzle when in the 

vertical position. The bottom nozzle has four square feet located at the 

corners of the assembly. These feet interface with the cruciform in the bottom 

of the canister. A PWR fuel assembly weighs approximately 1500 pounds. 

The specific PWR fuel assemblies were chosen based on their burnup (25,000 MWD/ 

MTU) and their decay time (time out of reactor). Initial model predictions 

indicated that maximum decay heat levels for spent fuel should be limited to 

less than 1.25 kW. The four Turkey Point fuel assemblies (Serial Numoers B02, 

B03, 841, and B43) were chosen based on an estimated decay heat level slightly 

less than 1.25 kW at the earliest SSC emplacement date (November 1978). This 

decay heat level was based on the predicted decay heat curve (Figure 12) and 

the October 1975 discharge date for the four assemblies. Specific data 

(operating statistics, dimensional measurements, weight data, flux and gamma 
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scan data, etc.) concerning the spent fuel assemblies was collected prior to 

their shipment to E-MAD and is reported in Reference 3. Figure 13 shows a 

spent fuel assembly being lowered into a canister. 

4.5 STORAGE SITE 

The storage site for the two SSC's is located on the west side of the E-MAD 

building within the security fenced area surrounding the E-MAD complex as shown 

in Figure 14. The area west of the E-MAD building was chosen as the storage 

site since it is fairly level and would require a minimum of site modifications. 

The site was prepared by excavating a 20 by 46 foot hole to a depth of 9 feet. 

The hole was then filled to a depth of 6 feet with lean concrete. Two 16 by 16 

by 3 foot reinforced concrete foundation pads were then constructed on this 

subfoundation. The SSC storage area construction (shown in Figures 15 and 16) 

was completed in September, 1978. The storage area concrete pads were emplaced 

26 feet apart for two SSC's. The first SSC (#2) is placed 27 feet south and 

22 feet east of the NE corner of E-MAD. This location was selected to permit 

access for the SSC transporter and mobile crane. Eight embedment plates in the 

pad are utilized to permit bolting the SSC to the pad. 

Underground conduit was laid to allow for instrumentation routing for the two 

casks. Four lines of 2 inch diameter PVC pipe were installed approximately 

2 feet below ground level running from the instrumentation shed to an enclosure 

between the casks. Vertical sections of steel pipe were installed at the end 

of each pipe to attach the large waterproof, dustproof electrical enclosure. 

The instrumentation conduit is connected to an environmentally controlled 

instrumentation shed located outside the E-MAD building. Flexible conduit 

routed the instrumentation from the large enclosure to junction boxes mounted 

on the casks. 
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4.6 SEALED STORAGE CASK ASSEMBLY 

4.6.1 SSC CONSTRUCTION 

The SSC is a reinforced concrete shielded container constructed on its 

foundation pad as shown in Figures 5, 6 and 16. The finished size is 252 inches 

high and 104 inches in diameter. Three rings of reinforcing bar surround the 

liner. The outer ring at a 50 inch radius has 0.75 inch diameter bars placed 

vertically and circumferentially on 6 inch centers. At the top and bottom of 

the cask there are formed radial extensions between the liner and outer ring. 

The two inner rings at radii 23 and 37 inches have 12 symmetrically placed 

vertical bars 0.625 inch in diameter, and 3 hoops 0.5 inch in diameter. The 

purpose of these rings is to position and support the thermocouples that extend 

down from the top of the cask. 

Embedded within the periphery of the outer reinforcing ring are four handling 

trunnions of which only two are required to handle the assembled cask weight of 

approximately 95 tons. The trunnions are fabricated from 10 inch SCH. 140 

pipe, capped at the outer end and filled with grout. The pipe is 30 inches 

long and extends 6 inches past the cask surface. Welded to the pipe at this 

interface is a 24 inch square by 0.75 inch thick plate. Also welded to the 

embedded portion of the pipe are three 15 inch diameter rings on 4 inch 

centers. Twenty Nelson studs welded to the plate and pipe periphery assure 

interface integrity with the concrete. 

At the base of the cask are eight welded brackets embedded in the SSC by 

8 Nelson studs. The brackets are bolted to embedments in the foundation pad. 

The vertical plate of the bracket is 12 inches by 20 inches long by 0.75 inch 

thick rolled to a 52 inch outside radius. The horizontal plate is 12.5 inches 

wide by 18 inches long by 0.75 inch thick. Three 0.75 thick gusset plates are 

welded to the two plates. This method of attaching the cask to the pad 

prevents cask overturning from a horizontal seismic loading of 0.25 g. 
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Following the assembly of the reinforcing bar, thermocouples, trunnions and 

brackets, a circular concrete form is placed around the structure and the 

concrete placement is completed in a single continuous pour. 

Other components of the SSC are a cask cover and a special handling sling. The 

cask cover plate with a neoprene gasket is bolted to the top of the cask to 

seal the interior. The cover is 38 inches in diameter by 0.5 inch thick steel 

plate. Six radial ribs, 2.0 inch high, strengthen the plate. The plate is 

attached by six 0.5 inch concrete anchor studs. The handling sling for the SSC 

has a rated capacity of 110 tons. The sling has two legs approximately 23 feet 

long. Each sling leg is a two part 2.25 inch diameter wire rope equalizing 

strand-laid grommet construction sling of improved plow steel. The endless 

strand has equalizing thimbles at both ends. The two legs are attached to a 

pear ring with a 137.5 ton minimum rating. A 10 inch SCH. 60 pipe spreads the 

two legs 9 feet apart about 8 feet above the bottom of the legs. 

4.6.2 INSTRUMENTATION 

The temperature characteristics of the SSC are measured using thermocouples 

located throughout the SSC. In addition to instrumentation described in 

Section 4.2 and 4.3 for the liner and canister, an additional 36 thermocouples 

are embedded in the concrete. This instrumentation has compass azimuthal 

orientations of 45°, 135°, 225°, and 315° and is at elevations of 68, 128 and 

188 inches measured from the top of the cask. Instrumentation embedded in the 

concrete have radii of 23, 37 and 50 inches. Four equally spaced pull boxes 

are located near the top periphery of the cask for collection of the thermo

couple lead wires from each cask quadrant. The thermocouple lead wires are 

then routed through rigid conduit to a second set of terminal boxes located on 

the outer surface of the cask below the pull boxes. Each thermocouple terminal 

box contains a special chromel and alumel terminal connector for termination of 

the thermocouples. 

After the cask unit has been loaded with a canister assembly and moved to the 

storage site, flexible conduit route the lead wires from the 36 thermocouples 
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embedded in the concrete from the terminal boxes to the storage site junction 

box (Section 4.5). The lead wires from the ten canister thermocouples and six 

liner thermocouples, contained in thermocouple tubes, are routed through 

another flexible conduit directly to the storage site junction box. All 

conduit and junction box fittings are sealed for water tightness. 

4.6.3 CANISTER INSTALLATION 

The encapsulated fueled canister is installed into the SSC in the E-MAD Hot Bay 

as shown in Figure 17. The SSC is transported to the Hot Bay on a low bed 

trailer. A 135 ton capacity mobile crane with the SSC handling sling, shown in 

Figure 18, is used to load the SSC onto the trailer. 

4.6.4 SSC EMPLACEMENT 

At the SSC storage site the handling sling is attached to two SSC trunnions and 

the SSC is off loaded onto the storage pad. Four installation guide pins 

threaded into the pad bracket embedments guide the SSC during the final 

16 inches onto the pad. Preparing the SSC for testing includes the following: 

1. The guide pins and slings are removed. 

2. The SSC is bolted to the foundation pad embedments. 

3. The SSC lightning arrester is connected to the E-MAD grounding 
grid. 

4. The 10 canister and 6 liner thermocouples are inserted into 
the thermocouple tubes. 

5. The thermocouple lead wires are connected as described in 
Section 4.6.2. 

6. The two slots for passage of canister and liner thermocouple 
lead wires at the top of the cask are filled with RTV silicon 
rubber. 

7. The cask cover plate is bolted to the SSC concrete. 
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Figure 17. Completed Canister Being Remotely Lowered 
Sealed Storage Cask in Hot Bay 

Into 
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4.7 DATA ACQUISITION SYSTEM 

The data acquisition system for the SSC test consists of the array of thermo

couples, a data logger, and one remote scanning/multiplexing unit. The thermo

couples are attached to the test hardware and the lead wires terminated at the 

storage site junction box as described earlier in this section of the report. 

From the storage site junction box the thermocouple leads are routed through 

rigid underground conduit to the multiplexer unit located in the instrumenta

tion shed outside 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 SSC test described in the preceding sections 

consist of Type K, chromel-alumel thermocouple with ungrounded junction 

enclosed in a 304 stainless steel sheath with magnesium oxide insulation. The 

48 thermocouples embedded in the concrete have a 0.187 inch diameter sheath 

with two 22 gauge Type K extension wires brazed to the thermocouple wires. The 

wires are enclosed in a 0.250 inch diameter by 0.028 wall by 2.75 inches long 

stainless steel transition boot which is crimped onto the end of the thermo

couple sheath and filled with epoxy. The 16 thermocouples for the canister and 

liner thermocouple tubes are of similar construction and have 0.062 inch 

diameter sheaths and 24 gauge extension wires. The transition boot is 0.187 

inch diameter by 0.010 wall by 2.75 inches long. 

4.7.2 DATA LOGGER SYSTEM 

An Acurex Autodata IX data logger with one remote scanning/multiplexing unit is 

used for the SSC Test. The data logger is shown in Figure 19 in its installed 

configuration. The data logger is also used for other experiments at E-MAD and 

for monitoring spent fuel temperatures within the E-MAD hot cells. The data 

logger operates on 120 volt, 60 Hz AC electrical power and is rated for 

operation in the range of 32°F to 110°F and 0 to 90 percent relative humidity. 

This data logger system was selected with capabilities to meet the test needs 
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of the SFHPP 1978 Demonstration with considerations for future expansion. Some 

of the capabilities being utilized for tne SSC Test are as follows: 

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

2. Thermocouple open detection circuit (to determine failures). 

3. Remote signal conditioning and multiplexing for remote 
instrumentation up to 5000 feet from data logger mainframe. 

4. Console digital readout in identified engineering units 
(selectable on the front panel). 

5. Printer for output data with header and engineering unit 
identification. 

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

7. High performance analog to digital conversion. 
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5.0 TEST OPERATIONS AND RESULTS 

5.1 TEST OPERATIONS 

The initial plan for the SFHPP 1978 Demonstration Storage Cell experiments was 

to place one canister containing one PWR fuel in one SSC and a second canister 

containing two BWR fuel assemblies in the other SSC. Delays in procurement of 

BWR fuel assemblies prevented their encapsulation for use in SSC testing. 

Spent fuel assembly encapsulation operations for SSC emplacement occurred 

during the first week of December, 1978. The spent fuel canister was installed 

in SSC Number 2 on December 7, 1978. Thermocouples were installed for this 

canister and all thermocouple leads were routed to the multiplxer unit in the 

instrumentation shed. Temperature data from SSC #2 has been monitored from the 

date of emplacement. Appendix A provides typical mid month data logger print

outs of the thermocouple readings. Table 1 provides a listing of thermocouple 

positions and data logger data channels used to print out the temperature data. 

5.2 TEST RESULTS 

SSC temperature readings are shown in Figures 20 to 26. In Figure 20, the 

thermocouple readings of the peak canister and liner temperature are plotted on 

a weekly interval through March, 1980. The maximum canister temperature 

(201°F) and liner temperature (141°F) occurred in July, 1979. The cask heatup 

transient ended after 10 days into the test. Also plotted are the difference 

in temperature between the canister and liner and between liner and concrete at 

23 inches radius. After a year of operation the temperature difference of the 

canister/liner declined from 75°F to 59°F and the liner/concrete declined from 

25°F to 19°F. 

Figures 21 and 24 show the midplane (EL. 128") temperatures of the canister, 

liner and concrete during the intervals of July 24, 1979 to July 27, 1979 and 
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January 28, 1980 to February 2, 1980 and illustrate the effects of summer and 

winter operations and the effects of day-night variations. The day-night 

ambient variations are closely followed near the surface of the cask (50 inch 

radius); are nearly damped out at the 37 inch radius; and are not detectable at 

the 

23 inch radius. Figures 22 and 25 show the canister, liner and concrete axial 

profiles on July 24, 1979 and on January 30, 1980. The temperature data was 

averaged over a 24 hour period to eliminate the effects of day-night variations 

in the concrete. Figures 23 and 26 present the temperature distribution on the 

same dates using isotherms interpolated from the thermocouple data. 

5.3 AMBIENT TEMPERATURE MEASUREMENTS 

A continuous record of atmospheric conditions at E-MAO has been kept during the 

SSC test. The average monthly air temperature at E-MAD from January, 1979 to 

February, 1980 is listed in Table 2, 
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TABLE 2 

MONTHLY AVERAGE AIR TEMPERATURE 

AT E-MAD DURING TEST PERIOD 

Average 
Month Temperature (°F) 

January - 1979 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

January - 1980 

February 

March 

37 

47 

53 

62 

74 

83 

81 

78 

78 

62 

46 

42 

39 

48 

53 
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6.0 THERMAL ANALYSIS METHODS 

6.i ANALYSIS PURPOSE AND METHOD 

The purpose of the Sealed Storage Cask (SSC) Test thermal analysis is to 

establish a reference thermal model for the SSC configuration and to 

demonstrate that the model can produce satisfactory predictions of cask and 

canister temperatures. Once that goal is achieved, the model could be used 

with increased confidence in SSC analyses involving higher decay heat levels 

and cask design alterations. 

Sealed Storage Cask Test predictions and data analyses have been performed 

using the TAP-A digital computer program. Reference 4. 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. TAP-A is a finite 

difference program which calculates steady-state and transient temperature 

distributions in a configuration of solid materials utilizing the radiation, 

convection and conduction modes of heat transfer. To apply the program, a 

two-or three-dimensional configuration Is divided Into elements called nodes. 

The nodes, which are connected 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 surfaces are assigned time dependent 

temperatures or convective heat transfer coefficients that may also vary with 

time or with a surface-to-ambient temperature differential. 

In the analysis reported herein, temperature data from the SSC Test have been 

compared with TAP-A temperature predictions and reasonable model refinements 

have been made to improve tne agreement. The rationale supporting those 

refinements and the sensitivity of temperature to variations in certain 

parameters are discussed in the following sections. 
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6.2 MODEL DESCRIPTION 

6.2.1 MODEL SIZE AND BOUNDARY CONDITIONS 

The TAP-A nodal model of the SSC Test is depicted in Figure 27 and the 204 

nodes representing each component are identified in Table 3. The model is two 

dimensional in the r and z directions (radius and depth respectively) with no 

variations circumferentially. 

6 .2 .2 HEAT TRANSFER MECHANISMS 

Heat transfer between the fuel assembly (nodes 1 to 30) and the canister is 

modeled by conduction. Heat transfer from the fuel to canister actually occurs 

by convection and radiation (primarily by radiation at high temperatures). 

Since TAP-A has no mass flow capability and therefore cannot model convection 

effects, a simplifying assumption was made in the model to calculate canister 

temperatures utilizing an arbitrarily chosen conductivity value to represent 

the combination of radiation, convection, and conduction heat transfer. A 

temperature dependent conductivity (Figure 28), calculated over the anticipated 

range of canister temperatures is used in the model. The fuel assembly heat 

capacity is modeled accurately to produce fairly accurate transient predictions 

for the entire SSC system. 

Heat transfer from the canister to the liner and shield plug occurs by 

radiation, conduction and free convection and the thermal model considers all 

three modes. Convection and conduction are treated using the "effective 

thermal conductivity" approach while the radiation calculation for canister to 

liner heat transfer uses the following shape factor expression for concentric 

cylinders: 

1 

where 

^12 " A ~ 

J- + -l 
^1 ^2 (hi 

€ = emmisivity 

A = surface area 

1 = canister outer surface 

2 == liner inner surface 
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Figure 27. Sealed Storage Cask Thermal Model 
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TABLE 3 

SSC TAP-A MODEL NODE DESCRIPTION 

Nodes 

1-30 

31-50 

51-52 

53-57 

58 

59-72 

73-77 

78-92 

93-97 

98-104 

105-108 

109-126 

127-129 

130-165 

166 

167-202 

203-204 

Description 

Fuel Assembly 

Canister 

Shield Plug Extension 

Shield Plug Bottom Plate 

Liner Transition Ring 

Liner Center Section 

Liner Lower Section 

Shield Plug Concrete 

Shield Plug Top Plate 

SSC Cover 

Liner Upper Section 

SSC Concrete 

Concrete Pad 

SSC Concrete 

Concrete Pad 

SSC Concrete 

Concrete Pad 
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Figure 28. Thermal Conductivity Within Modeled Fuel Assembly 

55 



Emissivity values for the canister (0.45) and liner (0.60) were obtained from 

References 5 (p. 475) and 6 (p. 15-21), respectively, and they apply to Type 

304 stainless steel for the canister and to hot rolled steel for the liner. 

The resulting shape factor value (0.36) is also applied to calculations between 

the canister and shield plug and between the canister and the liner section at 

the bottom of the SSC. The axial radiation heat transfer model is judged to be 

acceptable since data show heat transfer rates vertically through the shield 

plug and from the canister's lower end to be typically less than 2 percent of 

the total heat generation rate in the fuel assembly. 

The free convection heat transfer between the canister and liner 1s modeled per 

Reference 7 by heat transfer in enclosed spaces. The function 

hh 1/^ /' ^-•'/^ 

N^ = •— = 0.065 Gr''̂ -̂  ii) 
where; 

Nu = Average Nusselt number 

h = Average heat transfer coefficient 

k = Thermal conductivity 

b = Width of enclosed space 

Gr = Grashof number 

L = Heated length 

is used to determine the heat transfer coefficient due to natural convection 

between the canister and liner. For the parameters of the SSC, the heat 
2 

transfer coefficient of 0.35 Btu/hr-ft -°F is used. 

Heat transfer from the shield plug sides to the upper liner occurs primarily by 

radiation and free convection and by convection from the upper surface of the 

shield plug to the SSC cover plate. For modeling purposes, conduction through 

an a1r-fil1ed space is assumed in each direction. This approach is used since 
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TAP-A has no mass flow capabilities. This simplifying assumption is judged to 

be acceptable since, due to the relatively small shield plug heat transfer 

rates, even large modeling inaccuracies in these regions would have little 

effect on canister temperature predictions. The values used for these heat 

transfer areas are shown in Table 4. 

The interface between two solid materials in contact will produce a certain 

resistance to the flow of heat across the boundary. In this analysis, however, 

intimate contact is assumed between the liner and concrete and the contact 

resistance was assigned zero value. 

6.2.3 FUEL ASSEMBLY 

The fuel assembly is modeled as a uniform axial and radial heat generating 

medium with a power decay described in Figure 12 for this type of PWR fuel. 

The heat source is modeled as a right circular cylinder 144 inch long and 

12 inch diameter with a thermal conductivity as shown in Figure 28. No attempt 

was made to model the individual fuel pins. An attempt was made to maintain 

the approximate heat capacity of the fuel region to more closely predict the 

canister and fuel temperature during transient heatup and ambient temperature 

changes. The fuel assembly was placed In the SSC in December, 1978 when the 

power level of the fuel assembly was approximately 1.1 kW (see Figure 12). The 

fuel power level then decays gradually to 0.7 kW at the end of March, 1980. 

6.2.4 OUTSIDE SURFACE OF SSC 

On the outside surface of the SSC several heat transfer processes occur: solar 

insolation, solar reflection, radiation back to sky and convection to and from 

the ambient air. Of these processes, solar effects are not considered. Test 

data has shown that the day-night solar effects are (on the south side of the 

SSC) damped out in the first 15 inches of concrete. Heat transfer by convec

tion at the concrete/air interface 1s modeled by supplying a convective heat 

transfer coefficient at the interface and monthly air temperature averages 

calculated from E-MAD site weather data (see Table 2). The heat transfer 

coefficient is assigned a constant value of 2.0 Btu/hr-Ft -"F (obtained from 
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TABLE 4 

THERMAL CONDUCTIVITY COEFFICIENTS REPRESENTING CONVECTION AND CONDUCTION AT VARIOUS SSC INTERFACES 

Between Top of Between Canister 
Canister and Between Shield Between Canister and Bottom of 

Temperature Bottom of Shield Plug Plug and Liner and Liner Liner 
(°F) (Btu/hr-ft-°F) (Btu/hr-ft-°F) (Btu/hr-ft-°F) (Btu/hr-ft-°F) 

100 0.00256 0.0212 0.058 0.00064 

300 0.00321 0.0266 0.058 0.00080 

500 0.00384 0.0318 0.058 0.00096 



Reference 7) and applies to a wind speed of 5 to 10 miles/hour for a direction 

perpendicular to the SSC surface. 

Radiative heat transfer to the sky from the concrete cylinder and the SSC cover 

plate is calculated using the following emissivity values from Reference 8, 

(p. 699): 

Component Emissivity 

SSC cover plate-gray paint 0.95 

Concrete 0.9 

6.2.5 MATERIAL PROPERTIES 

The various materials used in the SSC test and thermal properties which were 

input to the thermal model are identified in Table 5. The physical and thermal 

properties of concrete were measured as a function of temperature In laboratory 

tests performed by Holmes and Narver, Inc. The results of that work are shown 

in Table 6. An effective thermal conductivity of the concrete must take into 

account the reinforcing bar used in the construction of the SSC. A thermal 

conductivity value of 1.7 Btu/hr-ft-°F is used in the thermal model which best 

describes the radial temperature profile through the concrete. Appendix C 

provides several calculational methods which were used in determining the 

concrete thermal conductivity from the test data. 
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TABLE 5 

MATERIAL THERMAL PROPERTIES USED IN ANALYSIS 

Material 

Fuel Assembly 

Stainless Steel 

Carbon Steel 

Concrete 

Density 
(Ib/in-̂ ) 

0.170 

0.289 

0.283 

0.083 

Heat Capacity 
(Btu/lb-°F) 

0.10 

0.12 

0.12 

0.21 

Thermal Conductivity 
(Btu/hr-ft-°F) 

See Figure 28 

9.9 

23.0 

1.7 

Emi 



TABLE 6 

SSC #2 CONCRETE PROPERTIES 

TEMPERATl 
(°F) 

Room 

100 

200 

300 

400 

500 

600 

700 
* 

TEMPERATl 
(°F) 

100 

200 

300 

400 

500 

600 

700 

JRE 

No Data 

JRE 

THERMAL 
Bottom 

1.29 

_* 

0.95 

0.90 

0.80 

0.70 

0.65 

0.54 

CONDUCTIVITY (Btu/I 
Middle 

1.23 

1.02 

0.92 

0.90 

0.78 

0.74 

0.66 

0.51 

SPECIFIC HEAT (Btu/lb-
Bottom 

0.213 

0.222 

0.232 

0.241 

0.251 

0.260 

0.270 

Middle 

0.215 

0.224 

0.234 

0.244 

0.253 

0.263 

0.272 

ir-ft-°F, 
Top 

1.37 

1.04 

0.97 

0.91 

0.80 

0.72 

0.69 

0.62 

-°F) 
Top 
0.213 

0.222 

0.232 

0.241 

0.251 

0.260 

0.270 

COEFFICIENT OF THERMAL EXPANSION AND DENSITY 

Test Bottom Middle Top 

144 Density (Ib/ft^) 142 

Coefficient of 6.0 
Thermal Expansion 
(10-6/°F) 

145 

6.0 6.2 
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7.0 THERMAL ANALYSIS RESULTS 

7.1 MODEL EVALUATION CRITERIA 

With proper input, a SSC thermal analysis model should produce accurate 

temperature predictions for the canister, liner, and concrete. Accurate 

canister temperatures are Important as input to independent fuel assembly 

studies while accurate concrete temperatures are important to SSC stress 

analyses. Of greater Importance is the need to correctly predict temperature 

trends and relationships for a range of power levels with seasonal temperature 

variations. Satisfying this objective will demonstrate that the analysis can 

correctly model the appropriate heat transfer mechanisms and maintain the 

proper relationships between them as system forcing functions and boundary 

conditions change. As long as the model satisfies this requirement, small 

systematic differences between predicted and measured temperatures should not 

be of concern. In most cases, their existence will be recognized and explained 

based upon model input uncertainty. 

With these criteria in mind, the sections to follow will present a comparison 

of TAP-A temperature predictions with data from the SSC Test. 

7.2 MODEL/DATA COMPARISON 

The SSC was thermally analyzed over a 1.5 year time period from installation of 

the fuel canister in December, 1978 to July, 1980. A computer printout of the 

temperatures in the SSC at monthly intervals (the printouts are shown in 

Appendix B) were then compared to the actual temperature data. Figure 29 shows 

the monthly canister and liner maximum temperature comparisons at the 128 inch 

elevation position for the thermal model and actual data. From Figure 29 it 

can be seen that good agreement with the liner temperatures are obtained over 

the complete life of the test. This shows that using the monthly averaged air 

temperature approach for boundary condition is a reasonably good way to analyze 

the SSC. The data shows that the solar heating effect on the south side of the 
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SSC doesn't influence the liner temperature to any large degree. Hence, solar 

effects can be ignored when determining liner and canister temperatures. 

The maximum canister temperature predictions are reasonably good when compared 

with the data. The thermal model tends to overpredict the canister temperature 

early in the test (January through July, 1979) by about 10 to 20°F. Later on,i 

the results show excellent agreement between the canister temperature predic

tions and data. 

Figure 30 shows a comparison of the axial temperature profiles for the 

canister, liner and one radial position in the concrete on July 24, 1979. The 

predictions are higher than the data in the lower section of the SSC near the 

canister bottom, but show excellent agreement elsewhere. The maximum values 

are in good agreement everywhere. The lower section between the canister and 

the liner bottom was conservatively modeled by conduction and radiation only. 

A better method would be to account for natural convection also, which would 

then have lowered the the temperature of the canister in this region. Like

wise, for conservatism, radiation heat transfer was not used In the internals 

of the canister from the fuel to the canister, hence less heat was allowed to 

go axially downward to the bottom of the canister, which would have reduced the 

temperatures along the side of the canister in this lower region. 

A comparison of the radial temperature profile in July, 1979 is shown in Figure 

31. This figure shows the temperature comparison at the maximum temperature 

axial position. Good agreement between the thermal model and data is shown by 

this comparison. This shows that the effective thermal conductivity of SSC 

concrete of 1.7 which includes the reinforcing bar and the decay heat power 

used in the thermal analysis were reasonable values in predicting the actual 

radial temperature profiles. 

* 
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APPENDIX A 

SEALED STORAGE CASK TEST DATA 

Test data are provided in this Appendix for the SSC thermocouples. Table 1 

of the text provides the detail information on the location of the SSC #2 

thermocouples. Table A-1 through A-16 provides data logger printouts of 

the thermocouple readings. 

Table Date Operating Hours 

1/15/79 937 

2/15/79 1681 

3/15/79 2353 

4/15/79 3097 

5/14/79 3793 

6/18/79 4633 

7/15/79 5281 

8/15/79 6025 

9/15/79 6769 

10/14/79 7465 

11/16/79 8287 

12/15/79 8953 

1/15/80 9713 

2/16/80 10465 

3/15/80 11137 

4/15/80 11881 

A-

A-

A-

A-

A-

A-

A-

A-

A-

A-

A-

A-

A-

A-

A-

A-

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

•10 

•11 

•12 

•13 

•14 

•15 

•16 
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TABLE A-1 

SSC #2'TEST - TEMPERATURE DISTRIBUTION 

DATE: 1/15/79 

OPERATING HOURS: 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
663 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

937 

THERMOCOUPLE 

Temp C F ) 

52.9 
61.1 
77.6 
47.7 
57.5 
59.2 
96.1 
46.4 
54.6 
65.1 
86.6 
54.2 
45.7 
63.3 
77.7 
47.4 
58.4 
72.7 
96.5 
46.2 
54.8 
67.1 
88.9 
46.2 
51.8 
61.4 
77.4 
47.7 
55.1 
72.1 
95.2 
46.5 
54.4 
65.1 
86.0 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp i°¥) 

130.9 
136.6 
171.4 
166.1 
169.0 
170.0 
163.8 
162.5 
151.3 
148.2 
78.9 
78.8 
96.0 
96.3 
87.3 
82.4 
45.7 
50.3 
59.0 
77.5 
47.0 
55.3 
67.2 
95.2 
45.1 
53.2 
63.3 
83.3 
45.5 
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TABLE A-2 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 2/15/79 

OPERATING HOURS: 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

1681 

THERMOCOUPLE 

Temp {°F) 

59.9 
66.8 
82.0 
83.8 
65.5 
75.1 
100.6 
84.7 
63.0 
71.7 
91.7 
60.2 
60.1 
68.3 
81.9 
66.0 
65.4 
78.2 
100.8 
65.8 
62.6 
73.3 
93.8 
54.8 
57.2 
66.5 
81.7 
58.4 
61.7 
77.3 
99.7 
57.9 
60.5 
71.1 
91.2 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

132.8 
138.5 
172.6 
167.2 
170.9 
172.2 
165.8 
164.8 
153.6 
150.4 
83.0 
82.8 
100.3 
100.5 
92.3 
87.6 
55.1 
55.5 
64.2 
81.6 
57.6 
60.7 
72.7 
99.7 
57.7 
59.0 
69.2 
88.3 
66.1 
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TABLE A-3 

SSC #2 TEST " TEMPERATURE DISTRIBUTION 

DATE: 3/15/79 TIME: 16:00 

OPERATING HOURS: 2353 

THERMOCOUPLE READINGS 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
645 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

Temp C'F) 

70.7 
78.5 
93.8 
70.9 
76.1 
86.8 
111.9 
69.7 
73.2 
82.7 
102.7 
71.1 
64.6 
80.2 
93.8 
66.8 
75.7 
89.6 
112.3 
65.9 
72.3 
84.1 
104.7 
63.2 
67.2 
77.5 
93.3 
65.4 
71.8 
88.2 
110.7 
64.5 
70.3 
81.4 
101.8 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp {°F) 

143.3 
148.7 
181.6 
177.0 
179.5 
181.4 
174.0 
173.3 
161.7 
158.6 
94.5 
94.5 
111.3 
111.7 
102.9 
98.3 
64.0 
66.4 
75.5 
93.4 
66.4 
71.7 
84.0 
110.8 
65.0 
69.5 
78.8 
99.0 
65.5 
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TABLE A-4 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 4/15/79 

OPERATING HOURS: 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

3097 

THERMOCOUPLE 

Temp (°F) 

75.9 
80.6 
93.4 
96.7 
80.8 
88.4 

m.o 
97.3 
78.5 
84.6 
102.2 
75.6 
79.5 
81.3 
93.2 
84.3 
80.3 
90.4 
110.9 
83.9 
77.7 
85.4 
104.0 
75.2 
71.9 
78.8 
92.6 
80.5 
76.3 
88.6 
109.5 
80.2 
74.6 
82.5 
100.8 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
565 
654 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

141.8 
146.6 
178.9 
174.5 
177.0 
178.5 
171.7 
170,8 
159.7 
157.2 
94.2 
94.1 
110.2 
110.5 
102.5 
98.2 
76.7 
71.7 
77.5 
92.8 
79.8 
76.2 
85.4 
109.5 
81.1 
74.0 
81.5 
98.5 
82.8 
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TABLE A-5 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 5/14/79 

OPERATING HOURS: 3793 

TIME: 

THERMOCOUPLE READINGS 

20:00 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

Temp (°F) 

84.2 
87.1 
99.9 
90.0 
89.5 
94.7 
116.8 
94.6 
87.4 
91.2 
108.5 
83.5 
86.9 
88.0 
99.7 
89.8 
88.3 
96.6 
116.9 
89.2 
86.1 
92.1 
110.3 
85.0 
81.1 
85.8 
99.2 
85.4 
85.4 
95.4 
115.8 
88.2 
83.5 
89.8 
107.4 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
678 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (»F) 

146.7 
151.6 
182.9 
178.7 
181.0 
182.9 
175.8 
174.7 
163.7 
161.5 
100.4 
100.5 
116.1 
116.7 
108.7 
104.8 
57.5 
81.5 
84.9 
99,0 
91.0 
85.8 
92.7 
116.1 
88.3 
83.1 
88.7 
105.1 
88.7 
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TABLE A-6 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 6/18/79 

OPERATING HOURS: 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

4633 

THERMOCOUPLE 

Temp {°F) 

85.2 
96.7 
113.4 
91.6 
89.2 
103.6 
129.8 
90.9 
88.0 
99.5 
120.3 
86,0 
78.1 
98.5 
113.2 
83.8 
89.2 
106.7 
130,1 
83.3 
85.6 
101.0 
122,1 
75.9 
83,2 
97.6 
113.5 
80.8 
86.9 
107.5 
129.6 
80.2 
85,0 
100.1 
119.8 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
658 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

159.3 
163.4 
194.3 
190.3 
192.5 
193.0 
186.6 
185.7 
174.3 
171.4 
114.8 
114.6 
130.1 
130.2 
121.1 
116.5 
77.6 
82,5 
95.7 
113.7 
80.2 
87,0 
103.0 
129.4 
81.0 
84.9 
98.7 
117.6 
81.0 
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TABLE A-7 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 7/15/79 

OPERATING HOURS: 5281 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

THERMOCOUPLE 

Temp (°F) 

100.5 
107.1 
120.8 
112.8 
105.2 
114.5 
137.1 
113.0 
102.8 
111.1 
128.6 
101.1 
101.3 
108.3 
120.7 
105,7 
105.1 
116.7 
137.3 
105.2 
102.6 
112,1 
130.4 
98.7 
98.8 
106.9 
120.5 
103.7 
102.9 
116.4 
136,5 
103.1 
101.7 
110.7 
128.0 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

164.8 
169.1 
198.9 
195.1 
197.5 
198.6 
132.0 
191.2 
179.8 
177.7 
121.8 
121,7 
137.0 
137.4 
129.4 
125.3 
99.7 
98.6 
105.8 
120,7 
102.4 
103.3 
113.4 
136.6 
104.1 
101,3 
109.6 
125.7 
102.6 
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TABLE A-8 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 8/15/79 

OPERATING HOURS: 6025 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

THERMOCOUPLE 

Temp (°F) 

90.6 
98,3 
113.1 
102.3 
94.8 
105.1 
128,7 
102.2 
91.8 
100.7 
119.1 
91.1 
89.7 
99.9 
113.1 
93.8 
94.8 
107.8 
128.9 
93.1 
91.4 
102.1 
120,9 
87.7 
89.5 
99.0 
113,2 
92.2 
93/3 
104.2 
128.4 
91.5 
91,5 
101,1 
118,8 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
652 
661 
660 
659 
658 
657 
656 
655 

Temp {°F) 

157.0 
161.5 
190,6 
186.6 
188,6 
189.9 
182.6 
181.8 
170.5 
168.1 
114.1 
114,0 
128,6 
128.9 
119,9 
115,4 
88,7 
89.0 
97.4 
113.4 
91.2 
93.4 
104.5 
128.4 
91.6 
90.5 
99.9 
116.4 
91,2 
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TABLE A-9 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 9/15/79 

OPERATING HOURS: 

T/C No. 

654 
653 
652 
651 
650 
549 
646 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
679 
628 
627 
626 
625 
624 
623 
622 
621 
620 

6769 

THERMOCOUPLE 

Temp {"¥) 

97.6 
105.7 
118.9 
113.4 
102.1 
112.5 
134.3 
113.8 
99.6 
109.0 
125,9 
98,1 
97.8 
106.7 
116,7 
103,3 
101.5 
114,8 
134.5 
102,7 
98.8 
110.0 
127.7 
91.3 
94.6 
104.4 
118.3 
95.8 
98.1 
113.4 
133.3 
95,2 
97.1 
107.4 
125,0 • 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

161.0 
165.1 
193.8 
189.8 
192.3 
193.5 
187.0 
186.2 
175.1 
173,1 
119.6 
119.5 
134.0 
134.3 
126.5 
122.3 
91.9 
93.4 
102.6 
118.3 
93.8 
97.6 
109.8 
133.3 
94.6 
95.9 
106.0 
122.6 
101.1 
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TABLE A-10 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 10/14/79 TIME: 16:00 

OPERATING HOURS: 7465 

THERMOCOUPLE READINGS 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
636 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

Temp (°F) 

82.5 
90.7 
104.0 
98.5 
86.4 
96,9 
118.7 
100.1 
83.7 
93.1 
110,1 
83.8 
81.1 
92.3 
103.8 
86.6 
86.9 
99.8 
119.0 
85.4 
83.8 
94.6 
111.9 
76.0 
80.0 
90,3 
103.7 
80.6 
83.4 
98.8 
117.8 
79.7 
82.1 
92.3 
109.3 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

146.4 
150.5 
178.8 
175.0 
177.1 
178.4 
171.6 
170.7 
160.4 
157.7 
104.9 
104.6 
118.6 
118.6 
110.6 
106.3 
76.7 
78.6 
88.2 
103.6 
78.6 
82.7 
94.6 
117.7 
78.5 
80.7 
90.8 
107.0 
84.6 
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TABLE A-n 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 11/16/79 

OPERATING HOURS: 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

8287 

THERMOCOUPLE 

Temp (°F) 

67.5 
72,5 
83.6 
75.7 
71.7 
78.6 
97.7 
74.7 
69.6 
75.6 
90.5 
67.4 
67.4 
73,4 
83,4 
70.7 
70.9 
80.8 
97.9 
69.9 
68.6 
76.5 
92.1 
63.7 
63.5 

• 70.5 
82.7 
66.2 
66.9 
78.6 
96.4 
65.4 
65.4 
73.2 
89.1 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

125.8 
130.2 
158.1 
154.9 
156.9 
158.4 
152.3 
151.1 
141.7 
139.5 
84.4 
84.3 
97.6 
97.8 
90.8 
87.1 
63.4 
62.2 
68.6 
82.8 
65.1 
65.8 
74.9 
96.4 
64.4 
64.2 
71.8 
87.2 
70.7 
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TABLE A-12 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 12/15/79 

OPERATING HOURS: 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

8953 

THERMOCOUPLE 

Temp {"¥) 

58.8 
64.2 
75.6 
83.4 
62.9 
70.2 
89.4 
83.9 
60.4 
66.6 
81.6 
59.0 
62,1 
65.4 
75.4 
67.8 
62.5 
72.7 
89.7 
66.7 
59.7 
67,8 
83.4 
55.9 
54.9 
62.5 
74,7 
59,9 
58.2 
70.5 
88.2 
59,1 
56.5 
64.6 
80.7 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
657 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

117.4 
121.8 
149.4 
145,9 
147,6 
149.5 
143.0 
142.1 
132.6 
129.9 
76,1 
76.2 
89.0 
89.2 
82.0 
78.2 
55.2 
53.4 
60.4 
74.8 
57.6 
57.1 
66.6 
88.3 
57.7 
55,0 
52.9 
78.3 
68.1 
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TABLE A"13 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

: 1/15/80 

ATIN6 HOURS: 

T/C No. 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

9713 

THERMOCOUPLE 

Temp (°F) 

56.9 
62,1 
73.7 
79.4 
60.6 
67,7 
87.2 
80.3 
58.5 
64.9 
80.2 
57.6 
59.0 
63.4 
73.5 
64.2 
61.0 
70.4 
87,6 
63.4 
58.8 
66.3 
82.0 
55.6 
56.4 
62.7 
73.7 
59.3 
59.5 
70,5 
87.2 
59.0 
58.3 
65.7 
80.3 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 

Temp (°F) 

115.0 
119.4 
146.8 
143.1 
145.7 
147.2 
141.1 
139.8 
130.8 
127.4 
74.5 
74.6 
87.5 
87.5 
81.2 
77.4 
55,5 
55.4 
61.2 
73.6 
57.4 
58,9 
67.0 
87.1 
57.1 
57.4 
64.3 
78.1 
64.2 
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TABLE A-14 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 2/16/80 

OPERATING HOURS; 

TIME: 16:00 

10465 

THERMOCOUPLE READINGS 

T/C No, 

654 
653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

Temp (°F) 

55.4 
60.3 
71,7 
54.4 
59.1 
66.0 
85,2 
52.8 
56,8 
62.9 
78.1 
56.0 
52.1 
61.5 
71.7 
54.0 
59.5 
68.6 
85.7 
52.8 
57.0 
64.4 
79.8 
52.1 
55.0 
60.8 
71.7 
54.0 
58.2 
68.6 
85,0 
53.2 
56.8 
63.4 
78.1 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 
655 

Temp (°F) 

112.4 
116.8 
143.6 
140,1 
142.7 
144.1 
138.1 
136.9 
127.8 
124,5 
72.6 
72.6 
85.4 
85.6 
78.8 
75.1 
51.8 
54.1 
59.2 
71.8 
53.1 
57,7 
65.2 
85.0 
51,3 
55.9 
62.1 
75,9 
51.9 
51,9 
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TABLE A-15 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 3/15/80 TIME: 16:00 

OPERATING HOURS: 11137 

THERMOCOUPLE READINGS 

T/C No. 

653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

Temp (°F) 

67.2 
76.7 
82.8 
67.4 
73.0 
89,9 
82.8 
65.4 
70.2 
83.4 
62.9 
64.1 
67.6 
76.4 
68.5 
66,3 
74,6 
89.9 
68.2 
64.4 
70.9 
84.9 
60.6 
59.4 
64.7 
75,6 
65.6 
62.8 
72.5 
88.6 
65.6 
61.6 
67.9 
82,4 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 
654 

Temp (°F 

115.9 
120.0 
146.5 
143.5 
145.7 
147.3 
141.4 
140.1 
131.3 
128.9 
77.2 
77.2 
89.5 
89.9 
83.7 
80.4 
61.5 
58.7 
63.5 
75.7 
64.1 

. 62.3 
69.6 
88.6 
65.6 
60.8 
66.7 
80.3 
68.2 
63.6 
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TABLE A-16 

SSC #2 TEST - TEMPERATURE DISTRIBUTION 

DATE: 4/15/80 

OPERATING HOURS: 

T/C No, 

653 
652 
651 
650 
649 
648 
647 
646 
645 
644 
643 
642 
641 
640 
639 
638 
637 
636 
635 
634 
633 
632 
631 
630 
629 
628 
627 
626 
625 
624 
623 
622 
621 
620 

11881 

THERMOCOUPLE 

Temp {°¥) 

77.6 
87.2 
97.0 
77.7 
83.6 
100.8 
96.5 
75.8 
80.8 
93.9 
73.3 
79.4 
78.0 
86,8 
85,5 
77.0 
85.2 
100.6 
85.6 
75.2 
81.4 
95.4 
73.5 
69.5 
75.6 
86.2 
79.5 
73.2 
83.3 
99.4 
79.6 
72.1 
78.7 
92.8 

TIME: 16:00 

READINGS 

T/C No. 

683 
682 
681 
680 
679 
678 
677 
676 
675 
674 
673 
672 
671 
670 
669 
668 
667 
666 
665 
664 
663 
662 
661 
660 
659 
658 
657 
656 
655 
654 

Temp (°F) 

125.9 
129.5 
155.7 
152.3 
154.9 
156.1 
150.5 
149.2 
140,4 
138.0 
88.2 
88.0 
100.5 
100,7 
94.5 
91.2 
75.2 
69.3 
74.5 
86,4 
78.9 
72.9 
80.8 
99.3 
80.5 
71.5 
77.8 
91.0 
83.7 
73:7 
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APPENDIX B 

TAP-A INPUT AND OUTPUT 

This Appendix contains a copy of typical computer printout of the TAP-A 

input data and printouts of the output data for the times listed. The 

nodes are identified and their locations are shown in Figure 27. For an 

explanation of the input data and its formats see Reference 4. 

Temperature Calculations 

Seconds* 

.130E07 

.389E07 

.648E07 

.907E07 

.117E08 

.143E08 

,168E08 

,194E08 

.220E08 

.246E08 

.272E08 

.298E08 

.324E08 

.350E08 

.376E08 

.402E08 

Equivalent Operating Hours 

946 

1668 

2388 

3104 

3835 

4557 

5252 

5974 

6696 

7418 

8140 

8862 

9585 

10307 

11029 

11752 

Date 

1/15/79 

2/14/79 

3/15/79 

4/14/79 

5/14/79 

6/13/79 

7/13/79 

8/12/79 

9/11/79 

10/11/79 

11/10/79 

12/10/79 

1/10/80 

2/9/80 

3/9/80 

4/8/80 

* January 1, 1979 is zero time for printouts of output data. 
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TAP-A INPUT 

I AP—TkjSNSltNT ANaL 'SIb PHURHAM 

btALi-U bTUHAbt CAJK f INAL O t S I t N l.OKH 

SPtClKtOAiIUN3 

imiUAl. FINAL 
n«fc TIME 

O.OUUO bOOOOOOO.OOOO 

BOUNDAMY TEMPtKAfuKt TABLES 

n r i f 
INCHtHENT 

1600,0000 

CUNVtKGE 
cwntKu 

iiOOSO 

PROBLEH 
TYPE 

3 ,0000 

STEPS HFFOWF 
ACCELtPATE 

50 

MAXIMUM NO, 
i tERATlON 

3000 

TABLE TIME 
1 

0 ,00 
UobWOOO.OO 
i<»o^4000,00 
i ? 3 8 1 0 0 0 , 0 0 

lEMP TIME TEMP t ! M t Tt-MP TIME 

< » I , 0 0 1 2 9 6 0 0 0 , 0 0 
7 2 , 0 0 * « * * * « * » « « 
ee,oo«««*«»«»«i» 
b3,oo*«>««**«««* 

4t,00jsaMOoOgOu 
85,00«««««*««*« 
(»6,00««*»**«««« 
b2,00««»**««««« 

as,006*80000,00 

<tg,00««*ft«««««« 
7<t,00«««««««««« 

TEMP TIME 

51,009072000,00 
7fl,00«**«***««* 
39,00«««»«*««*« 
Sk3 nn 

TEMP 

60,00 
78,80 
«ABOO 

MATEHIALS 

201 
DENSITY 

,05<i0 
HEAT CAP, CUNnUCTIVITY 

,1000 ,Sb20E»05 

INTER 

,<;B94 
,28ib 
,08i0 

,1000 
,1000 
,1200 
,1500 
,2000 

,J009E»05 
,iO92E»05 
,23l5E»0S 
.SB^at'OS 

TEMP, HtAT CAP, CONDUCTIVITY TEMP, HEAT CAP, CONDUCTIVITY TEMP, 
100.00 ,1000 .IbaOEwOS S«5,00 ,1000 ,23fe0E»0S 500,00 
bOO.DO ,1000 ,370«t"05 700,00 ,1000 ,«398E«05 800,00 
^00,00 .1000 ,b020E»0S 1000,00 ,1000 .bOSOEoOS il09,OS 

NAU MEAT GENERATION MULTIPLIgH TABLES 
TAUUE ONE TABLE T«0 TIME 

t.OOUO 0,0000 0,0000 
,90«0 0,0000 777b000,0000 
,8160 0,0000 I55b2000,0000 
,7ib0 0,0000 23328000,0000 
.feSOO 0,0000 5110«000.0000 
,blbO 0,0000 388B0O00,0O0o 
,57bO 0,0000 «bb5bOO0,00OU 
.SibO 0,0000 5««32000.0000 
,50«0 0,0000 62208000,0000 

NTfcHNAi. NOuES 
NODE ' 

I 
2 
S 
4 
•3 
b 

7 

a 
9 

10 

n 
It* 
15 
i<* 
i'^ 
la 

n 
l « 
! • * 

di 
(•t 

ee 
a 
2'» 
2 5 
2 b 
27 
2S 
29 
30 
3 ! 
32 
SJ 
3« 
35 
3b 
37 
3S 
39 
40 

m 
<(2 
«tS 

»» 
« 5 

I A T E H I A L 
201 
201 
201 
201 
201 
201 
201 
201 
201 
201 
201 
2U1 
2 J 1 
2 0 ! 
201 
2 u l 
201 
«;ui 
^ U l 
2 g i 
2U1 
2 u l 
2.)1 
2 g i 
201 
201 
201 
201 
201 
201 
22b 
2 2 b 
2 2 b 
22b 
22b 
22b 

go, 
226 
iib 
22b 
2 2 b 
22b 
2 2 b 
22b 
2 2 b 

VOLUMt 
, 9 1 7 3 E * 0 ? 
, 2011fc*01 
, 2 0 U f c * 0 3 
, 2 0 1 1 E * 0 3 
, 2 0 U E * 0 3 
, 2 0 t U * 0 3 
, 2 0 1 1 £ * 0 3 
, 2 0 1 i e * 0 3 
, 2 0 H E + g3 
, 2 ' l U t + O'? 
.27!j2fc + 03 
, o O « 2 6 * u 3 
, t>U32t*U5 
, t>0J2fc tu1 
, b U i , e { - * 0 ? 
, b C i 4 i f * u « 
, o 0 5 ^ t « 0 5 
.ot-iiBt-tQi 

, o ' i i t > t * - U < 
, o l i S 2 t + u < 
, ' J t j r t r t + u ' ! 
. l i i ' J ' s t + Ott 
,iCWj5k*0<l 
^ i 0 O 5 E * 0 S 
, i 0 o 9 E * 0 « 
,lOOSfc*0« 
, 1 0 0 5 E * 0 « 
, 1 0 U 5 E * 0 « 
,1005fc*0« 
. 1 0 0 5 E * 0 « 
, 2 1 9 9 E * 0 2 
. l S i 9 E » 0 S 
, 2 1 9 9 E * 0 3 
, U ' » 5 E * 0 3 
, ! 2 0 7 E * 0 3 
. U 7 2 E . > 0 3 
, g 5 b 8 E * 0 S 
, 2 5 b 8 E * 0 3 
, 2 5 b 8 g * 0 3 
, 2 S b 8 E « 0 3 
,25fa8E*03 
,2SbSE '»03 
. a S b S E ^ O l 
, 2 5 b 8 E * 0 3 
, 2 5 b 8 t * 0 3 

BASE GEN.l 
0 , 

. l a s B f - o ) 
, 1 2 n a f . " 0 l 
, 1 2 « « t - 0 l 
, ! 2 8 B E » 0 1 
, 1 2 8 8 E - 0 1 
, 1 2 8 » E " 0 1 
, 1 2 « 8 E » 0 1 
, i a » » f c - O I 
. 12«8 fc"0 I 

0 . 
. S ^ l « f c - I ) ! 
, 3 S l < l t - 0 l 
. i S t U F » n ) 
,s'i^t^-^>l 
, ^ ' 5 l M ^ - o l 
, i ' i l - 4 f - u l 
. i b i u h - n i 
, 3 S l « ( - 0 l 
, i i l « ^ - o ^ 

0 . 
, o ' 4 a l E - o i 
, 6 i | J l k " 0 l 

ib«i»!E'01 
,b««ie»oi 
, fe««}E»Ol 
, b « « l E - O l 
, b 4 « l E " 0 l 
,b«<»!E»Ol 
,t>lHiit-Ol 

0 , 
0 , 
0 . 
0 , 
0 , 
0 , 
0 , 
0 , 
0 . 
0 , 
0 , 
0 . 
0 , 
0 . 
0 . 

BASE 
0 , 
0 , 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 , 
0 . 
0 . 
0 . 
0 . 
". 
0 , 
0 . 

('. 
u. 
u. 
0 , 
0 . 
^K 
0 . 
0 . 
0 . 
0 , 
0 . 
0 . 
0 , 
0 . 
0 , 
0 . 
0 , 
0 , 
0 , 
0 , 
0 . 
0 , 
0 , 
0 . 
0 . 
0 , 
0 , 
0 , 

GEN,2 TEMPERATURE 
200,00 
200,00 
200,00 
200,00 
200.00 
200,00 
200.00 
200,00 
200,00 
200,00 
200.00 
200,00 
200.00 
200,00 
200,00 
200,00 
200.00 
200.00 
200.00 
200,00 
200,00 
200,00 
200.00 
gooioo 
200.00 
200,00 
200,00 
200,00 
200,00 
200,00 
lbs,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
ibS.OO 
IbS.OO 
IfeS.OO 
165,00 
SbS.OO 
165,00 
165,00 

86 



TAP-A INPUT (Cont'd) 

Hts 
«7 
48 
«t9 
50 
51 
52 
53 
5« 
55 
5b 
•at 
58 
59 
bO 
bl 
62 
t>5 
b« 
65 
06 

6' 
o« 
b>< 
7u 
71 
72 
74 

?<* 
75 
7b 
77 
78 
79 
60 
61 
62 
83 
84 
85 
86 
87 
88 
99 
90 
91 
92 
93 
9a 
95 
9b 
97 
98 
99 
100 
10! 
102 
103 
10« 
105 
106 
107 
108 
109 
110 
IS! 
112 
lii 
1!« 
!I5 
lie 
117 
lift 

ll>< 
!20 
lEil 
1«:2 
l«!i 

12« 
lli"! 

22b , 
226 
226 
22b . , 
226 , 
227 , 
227 , 
227 , 
227 , 
227 , 
227 
22? 
227 , 
227 , 
227 
227 , 
227 
227 , 
227 
227 
227 , 
227 
2£7 , 
2.; 7 

e-ii 
i i l 
ec'7 
ids , 
228 
228 , 
228 
228 
228 
228 , 
228 
228 , 
£28 , 
228 , 
228 , 
228 , 
228 , 
l'2S , 
228 , 
228 , 
228 , 
228 , 
228 
227 , 
227 , 
227 , 
227 , 
227 , 
227 , 
227 
227 , 
227 , 
227 , 
227 
227 
22 7 , 
227 , 
227 , 
227 , 
228 
e£& , 
228 
228 
228 
228 , 
2ef« , 
228 
228 
2î 0 
Ml 
228 
228 
2ei» , 
228 , 
228 
<>2« 

,9«90E»02 
,122bE*0g 
,2356E*02 
,H1«I»02 
,2356£*01 
,2827t*05 
,i«35«E*03 
,b28SE*0l 
,3770E*02 
,be83£*02 
,879fet*02 
,llilfc*03 
,b28lfc«02 
,i246e+03 
,i9^5E*03 
,l51fet*03 
,3l22t*0J 
,3S«;aL*i)S 
,iJ22t*03 
,3522t*y3 
,iJ22t*0« 
,3«22t*03 
,J122fc*yi 
, ̂ 5<i2t + u< 
,i5c!2fc»iii 

,l<'o7ttu1 

,o5ii0t»i''' 
5lS57t + Oii 

,5513E*03 
,««82E*03 
,5089E*0S 

,m&it*oz 
,3t«2E«0a 
,8796E*0a 
,«lb8E*0g 
,l885t*03 
,S27aE*0S 
,it90IE*O3 
jSllggfOS 
,8796E'»03 
,6!b8E«03 
,«S98£»0I 
,1232fc*0« 
,U««£*04 
,5655E*03 
,I583£*0« 
,S«70E*0« 
,b£83E«0i 
,37706*02 
,62636*02 
,8796t*08 
,U3IE*03 
,1571£*01 
,9«25t*01 
,S571E*02 
,2199fc*02 
,2827t*0S 
,16<»9E*0I 
,J7?0E*02 
,S001t*03 
,300«t«OS 
,7Q10E*03 
,7010f*03 
,9u«Bt*0S 
,2mE*oa 
,2l87t*oa 

,1521fc*0« 

,2563t*0« 
,2018fc*0« 

i4«21t*iJ« 
,M'I2JE*0« 
,««2it*oa 

,'.»l2ifc*0a 
,««2?t*a« 

,«'ie'5f*u« 
,'»«eH (••()« 

,««25t*lj« 
ita^^tiOU 

, l<Jl«t)t»0« 
,8b«!t*0« 

0, 
0, 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
a. 
0, 
0. 
0, 
0, 
0, 
0, 
0. 
0. 
'•'. 

". 
0. 
0, 
0, 
0. 

u. 
". 
0. 

<•'« 

0, 
0. 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0, 
0, 
0. 
0, 
0, 
0. 
0. 
0, 
0. 
0, 
0. 
0, 
0. 
0. 
0. 
0. 
Of 
0, 
0. 
0, 
0, 
0, 
0, 
0. 
0, 
0, 
0, 
0, 
0. 
0, 
u. 
0. 
0. 
0. 
0. 

». 
", 
"• 
('. 
0. 
", 
". 
0. 

0, 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0. 
0, 
0, 
0. 
0, 
0. 
0, 

0, 
0. 
0. 
p . 
> ) . 
J . 
0. 
' > . 

0, 
0, 
0. 
o« 
0, 
0. 
0 , 
0, 
0, 
0, 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0. 
0, 
0, 
0, 
0. 
0, 
0. 
Oi 
0, 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 
0. 
0. 
0, 
0, 
0. 
0, 
0. 

|6S,00 
165.00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
SbS.OO 
100,00 
100,00 
100,00 
100,00 
100,00 
100.00 
100,00 
100,00 
100,00 
too,00 
100,00 
100.00 
loo.no 
soo.oo 
100.00 
100^00 
100,00 
100,00 
180,00 
100,00 
100,00 
too,09 
165,00 
165,00 
165,00 
165,00 
165.00 
165,00 
SfeS.OO 
165.00 
165,00 
165,00 
165,00 
165,0© 
865,00 
IfeS.OO 
165,00 
IbS.OO 
i&s.oe 
165,00 
«S,0O 
«S,00 
«5,00 
85,00 
«5,00 
«5,00 
ts.ee 
85.09 
85 .00 
85 ,03 
85 ,00 
85 ,00 
85 ,00 
85 .00 
85 .00 
85 ,00 
85 ,00 
85,00 
85 ,00 
85 .00 
«S,00 
85,00 
8'>,00 
45 ,00 
45 .00 
85 .00 
45 ,00 
45 ,00 

87 



TAP-A INPUT (Cont'd) 

12b 
127 
128 
129 
ISO 
131 
132 
133 
!i8 
135 
136 
!S7 
lia 
ii4 
180 
181 
182 
143 
144 
145 
186 
187 
188 
149 
150 
151 
152 
153 
158 
155 
156 
157 
158 
159 
160 
161 
ib2 
tbS 
164 
165 
ibb 
le7 
loa 
lo4 
1 7J 
171 
172 
171 
178 
ITS 
176 
177 
178 
179 
180 
181 
182 
183 
188 
185 
166 
167 
188 
189 
190 
191 
192 
193 
198 
195 
196 
197 
198 
199 
200 
201 
202 
201 
208 

228 
22S 
228 
228 
228 

ms 
228 

as 
228 
^£9 
228 
228 
228 
22S 
228 
228 
22S 
228 
228 
228 
228 
228 
228 
228 
226 
220 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
i£» 
228 
228 

m 
228 
228 
228 
228 
228 
228 
2^8 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 
£S& 
228 
228 
228 
228 
228 
228 
228 

ess 
226 
220 
228 
228 
228 
228 

,3732t*08 
,8lb8E«0« 
,1838E*05 
,9928£*05 
,29g2t»08 
,b9l7E*08 
.70616*08 
,2670E*O8 
,4S14E*08 
,3555E*08 
,T791E*0« 
,7791E*08 
,7791E»08 
,7791E*0« 
.7791£*08 
,77911*08 
,7791E*08 
,7791E*08 
,7791E*08 
,2970E*Oa 
,S529E*0S 
,6578E*08 
,87501*08 
,1108E*05 
,n48E*05 
,43S8E408 
,7339£*08 
,S779E*08 
,S267t*05 
,12676*05 
,l2b7E*05 
,12B7E*05 
,1267E*05 
,12b7fc*05 
,12676*05 
,12b7t*05 
,iab7t*05 
,4«29t*0« 
,288bt*05 
,l0o9t*05 
,i970t*Ob 
.US7F + 05 
.ilb7fc*0'> 
,42aot*o»> 
, 12a«n.0'i 
,20-47t*05 
.IbaUtUS 
,ihl9t*U'i 
;3bl9E*05 
,3bS9E*0S 
,3bl9E*05 
,SS19E*05 
,3bl9|*05 
,36196*05 
,3619E*05 
,Sbl9£*05 
,S380E*OS 
,7tOSE»OS 
,S0S«E*0S 
,2658£*05 
,6193E*05 
,6818E*05 
,28«E*05 
,8I00E*05 
,3229E*05 
,?077E*0S 
,7077E*OS 
,7077E*05 
,7077E*05 
.7077E*OS 
,T077E*05 
,707fE*05 
,7077E*05 
,7O77E*0S 
,26986*05 
,l309£*Ofe 
,597gE*0S 
,57S0E*06 
,S7?Tfe*07 

0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0. 
0. 
0, 
0, 
0, 
0, 
0. 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0. 
0, 
0, 
0. 
0. 
0, 
0. 
0, 
0, 
0. 
0, 
0, 
0, 
a. 
0. 
0, 
0. 
n. 
0. 
0, 
0. 
0. 
». 
0.. 
0, 
0, 
0. 
0, 
0, 
0, 
0. 
0, 
0. 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
o» 
0. 
0. 
0, 
0, 
0, 
0. 
0. 
0. 
0. 
0, 
0. 
0, 
0. 

0. 
0, 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0. 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0. 
0, 
Oe 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
u. 
0, 
0. 
o» 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0, 
0, 

8S,00 
85,00 
8S,00 
85,00 
8S,00 
85,00 
85,00 
85.00 
8S,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85.00 
85.00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,OS 
85,00 
85,00 
85,00 
45,00 
85,00 
85,00 
85,00 
85,00 
85.00 
85,00 
85,00 
85,00 
85,00 
8S,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
8S.00 



TAP-A INPUT (Cont'd) 

INTfeHNAU ADMITTANCES 
INIEKNAI, 

NOOt 

% 
2 
i 
4 
5 
a 
7 
B 
9 

l» 
It 
12 
u 
1« 
i^ 
io 
17 
lb 
l-̂  
20 
21 
di 
23 
28 
25 
26 
27 
28 
29 
30 
31 
32 
S3 
38 
35 
ie 
37 
38 
J9 
80 
81 
82 
83 
88 
85 
46 
87 
88 
49 
50 
5! 
52 
5i 
54 
55 
5b 

57 

58 

59 

60 

e! 
o2 
bi 

64 
bb 
bb 

Setr BOHDEH 
ADMIT 

»,789fc«-08 
".SSIE-Ui 
»,151E«0S 
o.lSSt-OS 
«>,15J£«.0J 
•,151t»03 
•.151£"0i 
•,15!t»»i 
•»,151fc-0J 
•,152E-«3 
-,2351.-01 
-,47tit-u3 

•,a75t"U4 
",47'jt-oi 
••,«7bk-0i 

-,475t-0J 
••,«75t-0} 

'•,47bt''03 
-.«75f0i 
',879fc»0S 
»,589E»0S 
<»,t23E«02 
»,122£»0e 
«',!22E»02 
«,122E»02 
••,122E»02 
•,!22e»02 
"sigaEwoa 
e,122E«>02 
»,US£«02 
«,630E»02 
»«,!9b£»0S 
»,S77£»0I 
<«,280E».01 
•>,2S2E*00 
•••,3926*00 
»,8591*00 
',8596*00 
®,8596*00 
»,8596*00 
•>,859E*00 
•',059E*OO 
••,859£*00 
<»,8S9E*00 
«,859E*00 
»,329E*00 
»,582E»0! 
»,807E»0l 
'•,79iE»01 
",781E»0! 
»,835E*00 
•,919E*00 
".165£"01 
«,SOOt»0l 
»,836fc»0t 
',U7E*00 
»,830£»0S 

»,b28£»01 

».U2t*0l 

»,S71E*0l 

«,l20t*0l 
'•,2b2t*01 
»,262t*0S 
••.262fc*0l 
",262£*01 
«,2b2E*0! 

NUOg 
£ 
I 
2 
3 
4 
5 
b 

7 
8 
9 
32 
11 
1^ 
1 i 
< u 

1'3 

ll 
17 
lis 

19 
33 
21 
£2 
23 
£8 
25 
26 
27 
28 
29 
1 
U 
21 

3008 
36 
35 
36 
S7 
38 
39 
80 
«! 
82 
81 
'88 
85 

3018 
30 

ao 
10 
52 
51 

3022 
3023 
3028 
3025 

58 

57 

60 
112 
59 

bO 
61 
62 
63 
64 
65 

BQKOEH 
ADMIT 
,175E"0S 
,175P>»05 
,127fc»05 
,127E-05 
,127F»05 
.127E-05 
.127t-05 
,127fc«05 
.127E-05 
.127t-05 
,!b7E»04 
.SPae-iTj 
, iBefC-O') 

, jftdP-Ob 
,iH^^-|>s 
, 4H^f»0'i 

.<'^c•^-•)5 

.ie2S-05 
. .iH2(--05 
,382E»05 
,278E»08 
,674e«0S 
.bSbt'OS 
,6S6fc»05 
,6S6E"05 
,b36E»05 
,bSbE»0S 
,63bE»05 
,b3bfc®0S 
,b3bE»05 
.556fe«0S 
,lb7EB08 
,2T6E«08 
,580E"02 
.SSBEoOS 
,888E»0S 
,319E»03 
,232E»03 
,232E«'03 
,232E»03 
,232E«03 
,2321»03 
,2S2f»03 
.232E-0S 
.232t"03 
,33bE«03 
,508f"01 
,l27f'»08 
,763f»05 
,254E»05 
,J29E»0g 
.S29t»02 
.I38^»01 
,801f«0l 
,669fc«0l 
.937t"01 
,828fc»01 

.828fc»01 

,184F-02 
.b72E»02 
,164E»02 

,i3if-02 
.9a9t"03 
,b91f»03 
,b91f»03 
,b9U»03 

. .691E"0I 

NODE 
3$ 
3 
8 
5 
b 
7 
S 
9 
U) 
50 
12 
15 
14 
IS 
IK 
17 
1« 
19 
20 
89 
22 
23 
28 
25 
26 
27 
28 
29 
30 
80 

3001 
3002 
300S 

S3 
38 
37 
38 
39 
80 
81 
82 
83 
88 
85 
86 

3017 
86 

3019 
3020 
3021 
3005 
3006 

60 
83 
86 
89 
92 

108 

57 

61 

62 
bS 
68 
65 
bb 
67 

BORDER 
ADMIT 
,556e»05 
,12TE»05 
,127e»05 
.!27fc-05 
.t27E«05 
.I27E»0S 
.S27f05 
,127E"05 
.t27e-05 
,254e»05 
,52«£-05 
,5»*^t-05 
.5B,'fe-0'> 
, ̂ B^fe••oh 

, 4i»£'fc-0'> 

, itir't-Ob 

,5rtii--y5 
,3n2E-a5 
,i»2t-05 
,763E»05 
,878E»0S 
,636E«05 
,63bE»05 
.bSbgBOS 
,63b6«0S 
,63feE»0S 
,636£»0S 
.feSbExOS 
,63bt»05 
,127g»08 
,166E»02 
,899E«.0a 
,S3Ui>08 
,i98e»os 
.3S8E«02 
.BHE'.OS 
,232g»03 
,2i2E»0S 
,232E«0S 
,238E»03 
,252E«03 
.2S2E..03 
,232£"0S 
,232e«03 
,33bt«0S 
,327E*00 
.IbSE'Oa 
,776E»01 
,776E-0l 
,776E"01 
,3UE*00 
,8816*00 
,755e«.08 
,227£»'03 
,378£-03 
,529ei»03 
,680£«.0S 

,3b8£"02 

,3lbE«02 

.13ib«02 

,94<>E«03 
,691f03 
,b9|£»03 
,fe9IE«03 
,b91£«03 
,b91E»0S 

NODE 
H 
!2 
13 
18 
15 
16 
17 
!8 
19 
20 
S 
^ 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
18 
IS 
16 
17 
IS 
19 
go 
32 
31 
3i 
35 
52 

3007 
3008 
3009 
3010 
S O U 
3012 
3013 
3018 
30!S 
10 S 6 

87 
88 
87 
88 
89 
59 
IS 
58 
53 
58 
55 
59 

112 

3026 

3027 

3028 
3029 

3030 

3031 
3032 
3033 

BORDER 
ADMIT 1 
,b76£'«08 
,i«se»03 
,l88e»0l 
,isat»03 
,186E«»0J 
.laegwoi 
,l88e»03 
,S88e"03 
,188E«0J 
,188e"03 
,b76F-08 
,148fc-0} 
.148F-05 
,S««F-OS 
,l48r-nj 
,l«»E-03 
,18iSf"01 
,i4»!'«'03 
,148E-03 
8l88E"0S 
,I86E»03 
,319E»03 
,3t9e»03 
,319E«03 
,3l9Et.03 
,S19E«03 
,319F»03 
,S19E»03 
,3S9E»03 
,319e«QS 
,863E-02 
,863E>»0g 
,997g»0g 
,3I8E"02 
,289e*00 
,391E*00 
,8S7E*00 
aSSTEtOO 
,857E*00 
,8S7E*00 
,8571*00 
,®57e*eo 
,8576*00 
,8576*00 
,0576*00 
,lfeSE»S2 
,g08E»8a 
,2O8e«0a 
,IO76»0a 
,897e«03 
,l21E*eQ 
,g89f*00 
,so5e»e2 
,305e»02 
,6556-02 
,99«E«e2 
,1166^02 

,178E»02 

,976fc*0© 

.!51£*01 

,!59E*01 
,2feOE*01 
,260F*01 
.260E*0l 
,260E*Sl 
,260E*0! 

MODE 

as 
22 
?J 
£4 
25 
2b 
27 
28 
29 
SO 
56 
37 
SS 
39 
80 
4! 
82 
83 
88 
«S 

SS 
38 

21 
22 
SS 
28 
2S 
26 
a7 
28 
gt 
30 

89 
iO 

60 

55 
56 
57 
56 

H I 

SI 

52 

118 
115 
116 
117 
118 
119 

BORDFR 
ADMIT NODE 

,t«t.fc-05 
,J19fc.0< 
,?19j--iH 

.ll^F-OS 
,Sl«L-t)3 
,1l9t-04 
,S!9t»0< 
,?19fc"03 
.•!19^»()•l 

.319E»03 
,80TE»>03 
,89SE»03 
,B93E®0S 
,S93E''03 
,893t«'03 
,i93E»0l 
,893E«'03 
,S93E-01 
,893E»03 
,893E-»01 

,997E«>02 
,198E»0! 

,807e«01 
,89SE«-03 
,89SE»0} 
,89lt»01 
.895E».Q3 
,89SE«.03 
,a93fcw0S 
.SflSE^OI 
, 8 9 S E » Q 3 

,S93ei»Q3 

,l07E-02 
,897e-0J 

,1866*00 

,655E»02 
,99«£»02 
.USE-Ol 
ttiSE-^Ol 108 

,!3!E«02 59 

,121E*Q0 58 

,186E*00 lis 

,891fc«»02 
,!95t»0l 
,!95E'.0! 
,195t»01 
,195E»01 
,195£»0! 

ADMIT 

,l%5t^Ql 

,llgE«Ol 

. i i aEto i 

.n3E«0l 

89 



TAP-A INPUT (Cont'd) 

o7 
bb 
69 
70 
71 
72 
?i 
78 
75 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8b 
87 
88 
89 
90 
91 
92 
93 
98 

95 

96 

97 

>*H 
99 

100 

twl 

102 

1U5 
IDX 
lU-) 

lun 

107 
1U« 

109 
H O 
U! 

112 

Hi 
118 
115 
lib 
U 7 
U 8 
119 
120 
121 
122 
123 
128 
125 
126 
127 
128 
129 
tiO 
U l 
132 
U J 
138 
lib 
136 
137 
138 
139 
J 40 

»,262fc*01 
•,262£*0t 
",262£*01 
",2bSE*0S 
".lOOE^OJ 
'•,397£»0S 
".266E"01 
••,29ifc»01 
',197E'.01 
"•,988E»02 
•,S13£»02 
•,S37E«02 
«,328E«>02 
'»,303fc«02 
••,82B£»02 
'•,S02fc"01 
•,95bfc«02 
»,7326-02 
»,875fc»01 
",I68£»01 
»,103E»01 
••,287to01 
•,2Jlfc»01 
-.ISbE^Ol 
".abbE-Ol 
".nSifOl 
".IbbEoQl 
«',503k«.01 

»,888E«>01 

'•,U8t*00 

'•,159£*00 

-,»08fc*00 
•,324E*U0 

-,5i9fc+00 

-,7bbt*00 

••,97St*OU 

-,2'J7t*OI) 
-,bb9L + iJ0 
-,l99fc*i, ) 
",bo4t»0! 

",7b2t-Ol 
'•,9t)dt"0i 

",289£«0S 
",531£..01 
»,563E«01 

»,l8Sfc»01 

",208E»01 
».lb8E«01 
•>,S27E»01 
<»,S28fc»0i 
»,328E'»01 
%S28fc»01 
••,328EB01 

"»,328E»01 
»,328fc»0S 
»»,328E»01 
".S27t«01 
»,180£"01 
•»,6S0E»0l 
"»,215t«0l 
"".SbgE-Ol 
'',899£»0! 
",S02E*00 
«»,S90E«OI 
»,2a2fc«.01 
••,290£.»01 
••,129E»01 
".HlEoOl 
".ISSE^Ol 
',278E«0l 
»,269£»0l 
»,2b9fc»0l 
•,2b9£«ol 
".269E»0l 

66 
67 
66 
69 
70 
71 
72 

3039 
3080 
3081 
3042 

93 
78 
53 
98 
81 
58 
95 
88 
55 
9b 
87 
56 
97 
90 
57 
78 
81 

88 

87 

90 

93 
94 

95 

9b 

97 

lOb 
^ntH 
105 
lob 

U'b 
58 

3052 
109 
110 

58 

112 
U3 
118 

Its 
116 
117 
U S 
119 
S20 
121 
123 
123 
128 

125 
75 
73 
126 

3pS3 
ISO 
131 
1S2 
U 3 
138 
135 
136 
137 
138 
119 

,691E«03 
,691t«03 
.b91fc-0S 
,b91t»03 
,100F«'02 
,122E"02 
,113E"0S 
.238e-0S 
,3febE"03 
,219E»0S 
,732E"08 
,195E»0S 
,520E"08 
,755E-08 
,5B4E"03 
.S56E«05 
,227E«03 
,97S£»03 
.260E»0S 
,378E<.03 
,136E»02 
,J64E"0S 
,529E»0i 
,175F»02 
,8feBt'»0S 
,680E-03 
,195e«>03 
.SSftE^OS 

,973E<»03 

,136E'»02 

.175F-02 

,2«4E-l)b 
,731t-OB 

.122F-Qb 

,i70t-Ub 

,219(--0b 

, ««blr-w2 
.oar-e+oo 
,l«bt-Orf 
.2t'it-i)^ 

.2b7f"Urf 
• ,ibBE"»02 

,J98E"02 
,593E-03 
,8I6E»03 

,178E«02 

,187E'»02 
,1S1E»02 
.933E-03 
,679E»03 
,679E"03 
,679E»03 
,b79E».03 
,679E»03 
,679E"03 
.679E»03 
,679E»'03 
,983E»0S 
,S20E»Og 
,850E»03 
,998E"08 
,160F"03 
,839E»03 
,6SaE"«02 
.191E-02 
,1S8E'»02 
,191E-02 
,259E»02 
,231E->02 
,168E»02 
,S20E»02 
.120E"02 
,120F»02 
.120E-02 

60 
69 
70 
71 
72 
73 
128 
128 
127 
127 
127 
79 
SO 
79 
82 
83 
82 
85 
86 
85 
88 
89 
88 
91 
92 
91 
98 
99 

too 

101 

102 

soaa 
iOBI 

3084 

30B5 

iOUb 

iOHH 
Ifii 
lub 
107 

108 
107 

110 
Ul 
u s 
us 
U 8 

u s 
U 6 
U 7 
U 8 
U 9 
120 
121 
122 
123 
128 
125 
126 
129 
76 
78 

187 
131 
132 
133 
138 
135 
136 
137 
138 
139 
180 
1«1 

,691E»0S 
,691E»03 
,b91E»05 
,100E»02 
,122£»02 
,U3E"03 
.IbOE^OS 
,689£«08 
,998£'»08 
,599E»08 
,200E«08 
,520e"08 
.SbbE'Oa 
,3b6E»08 
,156£«0S 
,UOE"OB 
.UOE-03 
,2b0E»03 
,183£"0S 
,183E"03 
.'SbUE-OS 
,25bt-0S 
,2bbE»03 
,8b8Es03 
,329E»03 
,329£..0i 
,288£»06 
,73lfc-06 

.122E-05 

,170E»05 

.ai9E-05 

.5ibfc-01 
,lolE*00 

,2b«t+00 

,^7bi-*00 

,4rt2t*00 

,enit*oo 
,b^7k-vS 
.f'r'^fO? 
,.'»7fc-u? 

.HOt-fi? 
,190t»02 

,593£=03 
,8S6£»03 
,593E"03 

.S93E»03 

,131E-0a 
,933E«.03 
,679E».0S 
,679E»0S 
,679Ei»03 
.679E«.0S 
,679k«0S 
, 6 7 9 £ B 0 3 
,679E»03 
,fe79E«0S 
,983fc»03 
.120E«0g 
,05OE»O3 
.839E«03 
,599E»08 
,649E»0« 
.TTSE-W 
,I9!£«02 
,138g»02 
,191E»02 
,259t»0g 
,23!E»02 
,!b8t»02 
,t20E»02 
,!2oe»02 
,120E"02 
.120E*02 
.120E-02 

3038 
3035 
^036 
3037 
3038 

sss 
126 
73 
78 
75 
76 
81 
02 
83 
78 
79 
80 
01 
82 
83 
88 
85 
86 
87 
88 
89 

3077 
3078 

3079 

3080 

3081 

3083 
5084 

3045 

9086 

iO«7 

lOri 
50bO 
^Obl 

90 

91 
57 

10b 
107 
58 

113 

60 
61 
62 
61 
6« 
65 
66 
67 
68 
69 
70 
fl 
72 
73 
7? 

127 
128 
109 
U O 
Ul 
112 
U 3 
118 
US 
116 
117 
U S 
U 9 

,a60E*01 
,260£*01 
,260E»01 
,260E*01 
,99SE*00 
,383E"0l 
,S05E..01 
,S61Eo01 
,127E«01 
,653E-02 
,303E»02 
,U2E»0g 
,515E»08 
,292E»0a 
,U2E»02 
.SISEsOg 
,292E»02 
,282E»02 
,677E»0g 
,629E»02 
,367e»0S 
,S0SE«01 
,955E»02 
,891E>.02 
,138E»01 
,120E»Ol 
.1S8E»01 
,80tE«0t 

,669E»01 

,937E»01 

,120E*00 

,535F»0! 
,lblE*00 

,2686*00 

,i7bE*00 

,8B2t*00 

,58aE»02 
.lObe-O! 
,195F*00 
.U«t»01 

,i20E-01 
,235E«»01 

,165Eo0i 
,386E»0t 
,lSSE«.Oi 

.187E-02 

.U3E«0l 

.e9iE»0g 
,195E»01 
,195E»01 
.i9SE»0l 
,195E»01 
,l95E»0i 
,195E«Q1 
,19SE»01 
.195E-01 
,19SE"01 
»78SE»02 
,383E<>08 
,10SE.»01 
,200E<>08 
,350E«0l 
,586E«01 
,579E»e2 
,13SE-0S 
,1«0E»0S 
,396E»02 
,668E»02 
,S26E»02 
, H 5 E - 0 ! 
,USE-Ot 
,U5E«0I 
,U5E»0! 
• USE-Ol 

120 , 1 9 5 t » 0 1 
121 , 1 9 5 E - 0 1 
128 ,195E»01 
123 ,195fc-01 
188 ,785E»02 

78 , 1 6 i e " 0 1 
75 , ! 2 7 E « 0 1 
76 ,653E».02 
77 .103E»O2 

08 
05 
06 
87 
B0 
09 
90 
91 
98 

106 
107 
108 
98 
91 

98 

9S 

96 

99 
98 

99 

100 

101 

104 

,g82E»0g 
,677E»02 
,fe29t»02 
,367E"02 
,10SE«01 
,955E"02 
,891E»08 
,136E»01 
,128E»0l 
, U 8 E " 0 | 
,320E»01 
,297E»01 
,305E«>02 
,305E»02 

,655E«02 

,995E-02 

.133E»0! 

,761E-03 
,7ta!E-05 

.lb8E»0? 

,249E»02 

.353t-02 

.b27E»02 

97 

U O 
92 

130 
131 
IDS 

133 

138 
135 
136 
137 
138 
139 
180 
181 
182 
183 
188 
185 
186 
187 
ISS 
129 
166 
!80 
189 
ISO 
151 
152 
153 
158 
155 
156 
1S7 
158 

,2Jbe-0! 

.38bE-01 
,297t-01 

,579E«.02 
,135E»0! 
,«0OE»O! 

,S96E"08 

,668Eo02 
,526E»02 
, 1 S 5 E B O I 

,U5E»01 
,115£«01 
,115E"01 
,U5E»0! 
,U5E»01 
BUSEOOS 
,llSE"Ot 
,USE«01 
,839E»02 
,226E<>0i 
,972E«02 
,S5OE»01 
,596Et.01 
,863E"01 
,888E»02 
,1S«£-01 
,118l»0! 
,8«7£«02 
,75aE"02 
,S98E»02 
.ISOEx-O! 
.ISOE-O! 
,!S0E"01 
.SSOE-OI 
.130E«01 

95 .fe53E»0l 

96 ,995Et>0l 

97 , 1 3 3 E » 0 l 

106 .235E«01 

100 ,168EB0g 

101 ,289E»02 

102 ,333E™0g 

103 .5S8EO.02 

109 . l b 5 E » 0 1 

U l .«00fc»0l 

112 , U O f » O I 

59 ,67gE..eS 

90 



TAP-A INPUT (Cont'd) 

21. 
20 
2.; 
20i 
201 

•».2o9fc»Ul 
- , 2 o 9 t - 0 1 
•',2b9fc"01 
• , 2 7 5 t " 0 1 
» , I i 2 £ " 0 1 
•• ,bl8£"01 
- , 2 3 0 f 0 l 
" ,225£»01 
®,2bSE»01 
• ,270E»01 
• , IS5E»01 
»»2S9£»0S 
•',S78£»01 
>'.2676»01 
®,2eOE».01 
••,280Ei»01 
»,280£«01 
". i t tOe^Ol 
»,280E"OS 
••,280E»01 
»,260E»OI 
®,289£»0l 
®,lb8fct.0S 
".SSlEs.OJ 
»,2«0£»0S 
»,U7fc*00 
»,8fe5e»08 
' • ,337t«01 
?,S42e»oi 
»,28S£«01 
»,352fc"0l 
»,2816»01 
t.,38fe£»01 
«,325E»01 
«,525£»01 
®,325£«01 
»8325fc"01 
»,S25E»0l 
<»,325E«01 
«,32SE>-0S 
" , 3 5 0 t » 0 l 
«',260e»01 
'>',587E«01 
» ,2a6 l»01 
» ,»8 l£»01 
»',591|.»01 
»,597k«'01 
»,522£»0S 
••,682£»01 
- . b ia t -o i 
••,b9Bt»ul 
» , 5 b 7 f 0 l 
»,55?E"01 
•»,b57£»01 
••,b57t"Ol 
» , 5 b 7 t - 0 ! 
- , b b 7 t - 0 1 
• , b b ? t - 0 1 
••.bObt-Ol 
•• ,47«t»0l 
-.SMMt-Ol 
• , »93 t . "0 l 
-,147t*0(> 
••,2bbt*00 

140 
181 
142 
lai 
144 
185 
l«b 

3058 
188 
189 
150 
151 
152 
151 
158 
155 
156 
157 
158 
159 
160 
tfel 
162 
163 
168 
165 

30SS 
167 
168 
169 
170 
171 
172 
171 
178 
175 
176 
17? 
178 
179 
180 
181 
188 
181 

3U56 
185 
tSb 
187 
188 
189 
S90 
J9l 
192 
193 
198 
195 
196 
197 
I9d 
199 
200 
201 
202 
Sa7b 

.l2Uh-02 142 
,12ilf»U2 1«J 
,l2«t-02 144 
,120f»02 145 
.173i-»02 !«6 
.eue»02 147 
,150f02 129 
.lOaE'Ol 149 
.SUE^Og 150 
,215E"02 15! 
,308f«0g 152 
,821E«02 153 
,i7bE»02 158 
,267E»02 155 
,194E«0I 156 
,S9«E«02 157 
,194E»02 150 
,194Eo02 159 
,|94E»02 160 
,!94E»02 161 
,198E«.02 162 
,194E"02 163 
,2e2E»02 168 
,38Jfc»02 165 
,243fc»02 166 
,126E»02 188 
,296E*0l 168 
.S89fe»0g 169 
,613E»02 170 
,867F«02 171 
,l2Ok»01 172 
,107E«01 173 
,7b3F«02 178 
,55bE»02 175 
,556E»02 176 
.55bF»02 177 
,S56eo'02 178 
,55bei»02 179 
,55bl«»0g 160 
,S56E«0g 181 
,556E»02 182 
,808E"02 163 
,979|»02 188 
,69bE«0^ 166 
.5T9E»01 ibb 
,l78t»01 187 
,120E»01 189 
,170E»01 189 
,235e»01 190 
,210F»0! 191 
,l«9f0l 192 
,in9e«.Di 193 
.I09k«0l 198 
,!09fĉ 01 195 
,109E"01 196 
,!09F»01 197 
,109F»01 198 
.109t«0I !99 
,109F-01 200 
.Ibyt'-fU 2ul 
,l91f-«PJ 2u8 
.ISbfOl 2u5 
, 702f»u^ Ibb 
.299E-U1 2u1 

,!20fy2 120 
,120fc»02 121 
,120E"02 122 
,173fc"02 123 
,2UE«'02 124 
,!50£»02 125 
,7736-03 12b 
,3UE»02 130 
,215E»U2 131 
,308E»02 132 
,lHtt«OS 133 
,S?6fc«>02 118 
,267E»0g IIS 
,19flE«»0g 136 
,19fl6«»0t 157 
,l98t-02 130 
.ISatoOg 139 
,l98E»0g S80 
,198E»0I l«l 
,198Ei.08 |«2 
,S9aE®02 183 
,28gE»02 184 
,383g«»0g 185 
,243E»02 186 
,12bE»02 1«T 
,359E®02 129 
,889e"02 148 
,61SE<»02 149 
,867£'»0g ISO 
,120£»01 151 
,107E»0i 152 
,763E»02 1S$ 
,556E»02 158 
,556E»02 ISS 
,55fee»02 156 
,556E»0a 157 
,556£®02 150 
,556g»02 SS9 
,536E»0I 160 
,556ER02 161 
,e08E»02 162 
,979E»0g 163 
,b96£i»02 168 
,359£»0g IfeS 
,17aE»01 167 
,120e»0l 168 
.170E«01 169 
,235E»01 170 
,210£-01 171 
,!49E-01 172 
,l09e«01 173 
,l09e-OI 178 
,109f0l 175 
.109f01 176 
,109E»01 177 
.lOflE'O! 178 
,109t"01 179 
.l(j9t"tJl ISO 
,t57t»0! 181 
.19ie-0! S«2 
.llofUl 1H3 
.70^t'W2 1H4 
.hbTfê Ol 204 
,73rE-yl 307b 

.Ubfc»01 

.U5fc»0t 
,115E»01 
,1!5E'.01 
,«39E»02 
,22bE-01 
,972E®02 
,886E»02 
.118E»0l 
,lt8E»©l 
,887e«'02 
,7S8E«ag 
,5986^08 
,U0Eti.O| 
BIS0E»©1 
slSOEs-ei 
,i3oe»ot 
,s3oe»0i 
,IJOE«'OI 
,1S0E»01 
sisoe-ei 
.13OE«0I 
,896E®02 
,2S5E-0l 
,UOE<»0| 
,863E»0l 
,815r»02 
,969E»02 
,1OQE<.0S 
,381E»02 
,68gE«0a 
8505E«02 
. U l E o O l 
,111E#01 
, 1 U E « S I 
, 1 U E « 0 1 
, l U g » 0 1 
, U 1 £ » 0 1 
t U l E - O l 
. l U g o O l 
. I t lEwOl 
,822e««02 
sg|TE»©l 
,935E«0g 
, l87E»0g 
.90SE-»e2 
,935E»0a 
eSS56w02 
.SfSE'.Og 

,«nE«.ot 
,io3e»oi 
,10SE«01 
.lOSE^Ol 
,103E»01 
.tOSfcoOl 
.lOSÎ -Ol 
,103F»0| 
,in3E»01 
,I03E»01 
,39Jt«02 
,202F.0t 
,8?0t»02 
.?37F»01 
,152E*P0 

ao 

20 
ao 
to 
105 
ISS 
SOS 
306 
306 
306 
306 
306 
306 
M b 
306 
306 
306 
307 
J07 
307 
307 
J07 

,IJ0fc»01 
,U0fc»01 
.ISSEoOl 
,U0f»01 
,89fee»02 
,255fc»01 
.UOE-Ol 
.815E-08 
,9b<Jfc»0l 
,1006-01 
,381|.»02 
,6826^02 
,505E«'02 
.lUI^Ol 
,uie-ot 
, m i » o i 
. lue^ 'Oi 
s l U E o S l 
slUE»>01 
.UlE-sOl 
. I H E - Q l 
, I U E » 0 1 
, 8 2 2 f 0 a 
,217E-Q1 
,9l5E«.0g 
,657E»01 
, I87E»02 
,90Bt'»02 
,935E"02 
,35S£»02 

,«71E«»02 
,103E«01 
,1036^01 
, !03E«01 
,103E»01 
, 1 0 i E - 0 l 
, l 0 3 t » 0 t 
,l03fc»01 
,10SE»01 
,103E«.01 
, 3 9 l f 0 a 
,202E«Ot 
,8?0E»02 
.887E"0a 
.207E»01 
,21861.01 
,813E«'0g 
.137E«'01 
, i o a E - o i 
,237E"01 
.aSTE'-OI 
. 2 3 7 f - n i 
. 2 J 7 E - 0 ! 
, 237E-0 ! 
,SS7f»nt 
. 2376 .01 
.?576»01 
, 2 J 7 t - 0 ) 
. 9 n ? t " 0 2 
,«6«E»01 
.200E-0 ! 
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TAP-A INPUT (Cont'd) 

INTEHNAU C D N I A C T CUNOUCTANCES 
NODE 

93 

FOHCED 
TABI.E 

94 
95 
96 
97 
98 
99 
100 
101 
102 

TO N U D E » T A B L E 

•»« 1 , 
99 1, 
100 1, 
101 1, 
102 1, 

CONYECTIUN 
Ti .ME -
(TEMP) 

lOQ 

IOC 

iOC 

IOC 

UOOO , 

UOOO , 

p.000 , 

1,000 , 

100,000 , 

93 1, 
98 1, 
95 1, 
96 1, 
97 1, 

NOOE»TA8LI. N00e»TA8|,E Nt)DE»TABLE 

tGAS CUNOUCTJi'lTY 
CUfeFF, 

193E»07 

598E»07 

892E«0b 

136E-05 

i«8E<>07 

TJMt 
(TEMP) 

300,000 

300,000 

300,000 

300,000 

300,000 

8UKFACE TU BOUNDAKY CUNNECTOHS 
NODE 
3001 
3001 
3002 
3002 
3003 
3003 
3008 
3008 
3005 
3U05 
3006 
3006 
3007 
3007 
3008 
3008 
3009 
3009 
3010 
3010 
SOU 
30 U 
3012 
101? 
3013 
3013 
3018 
3018 
3015 
301S 
3016 
3016 
301? 
3017 
3010 
3010 
3019 
3019 
3020 
3020 
3021 
3021 
3022 
3022 
3023 
3021 
3028 
3028 
302S 
3025 

TfcMP 
IbS.OO 
IbS.OO 
165,00 
165,00 
165,00 
lo5,00 
169.00 
lb5,00 
165,00 
IbS.OO 
Ib5,g0 
165,00 
I B S . O O 

165,00 
165,00 
toS.OO 
leb,00 
lob.UO 
Ibb,00 
Ibb,00 
165,UO 
Ibb,00 
Ibb,00 
Ibb,00 

165^00 
lb5,00 
IbS.OO 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
toS,U0 
165,00 
165,00 
165,00 
165,00 
165,00 
IbS.OO 
85,00 
85,00 
83,00 
85,00 
85,00 
85,00 
85,00 
85,00 

NODE 
5022 
5022 
5023 
5023 
5028 
5028 
Su2S 
5025 
502b 
5026 
5027 
5027 
5u26 
5028 
5029 
5029 
5030 
5030 
5031 
5031 
5032 
5032 
5033 

so.P 
5038 
5038 
5035 
5035 
S036 
5036 
S0S7 
5037 
5038 
5038 
S0S9 
5039 
§080 
SO80 
5081 
5081 
S082 
5082 
5001 
5001 
5002 

soog 
5003 
5003 
5008 , 
5008 

TEMP 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
45,00 
85,00 
85,00 
45,00 
85,00 
45,00 
85,00 
85.00 
«5,00 
85,00 
«S,,i0O 
85,00,j 
85,00 
85,00 
85.00 
85,00 
85,00 
85,00 
85,00 
85.00 
85.00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
85,00 
8S,00 
165,00 
165,00 
165,00 
16S,00 
165,00 
165,00 
165,00 
165,00 

UR CONTACT CONDUCTANCE TABLES 
COEFF, TIME 

CTEMP) 

,281Eo07 500,000 

,788£«07 500,000 

,6l6£»06 500,000 

,136E<.05 500,000 

,186e'»07 500,000 

MECHANISM 
RADIATION CUNNECT 
CONODCT, THRU GAP 
MAOIAIIUN CUNNECT 
CONDUCT. THRU fcAP 
HADIATIUN CONNECT 
CONDUCT, THRU GAP 
RADIATION CUNNECT 
CONDUCT, THRU GAP 
R A D I A T I U N CONNECT 
CONDUCT, THRU GAP 
RADIATION CUNNECT 
CONDUCT, THWU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
WAUIATIUN CUNNFCT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONUUCT, THRU GAP 
R A D I A T T U N C U N N F C T 

CUNOUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT^ THRU GAP 
HADIAlIQM CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU SAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU SAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT, THRU S A P 
RADIATION CONNECT 
CONDUCT, THRU SAP 
RADIATION CONNECT 
CONDUCT, THRU SAP 

C 0 £ F F , 

,l89g"07 

,89tE»07 

,738E»06 

,6301*00 

,22g|»0T 

AREA 
12.5668 
12,5668 
37,699! 
37,6991 
62.0310 
62,0316 
80.8807 
80,8807 

301.5900 
301,5900 
865,9566 
865,9566 
321.0606 
321,0686 
703,7120 
703,7120 
703,71?O 
703,7120 
703,7120 
703,7120 
703,7120 
703,7120 
703,7120 
703,7120 
703,7120 
703,7180 
703.7120 
703,7120 
70S.7120 
703,7120 
703,7120 
703,7180 
260,2902 
268,2902 
80,8807 
80,0807 
62,0310 
62,0310 
62,8310 
63,8318 
62,0310 
62,0310 
12,5668 
12,5668 
37,6991 
37,6991 
62,8310 
62,8310 
87,9685 
07.9685 

NOOE»TABtE NOnE" 

TIME COEFF, 
(TEMP) 

700,000 ,SS5E»07 

700,000 ,i03E«06 

700,000 ,S56E»06 

700,000 ,1S6E"05 

700,000 ,2SSE«»07 

FILM COEP 
.gb07E"05 
,5978e«07 
,g607E»0S 
,597aE<»07 
,a607E-.05 
.5978E"07 
,a607E»05 
.S978E-.07 
,2607E»0S 
,8987E»06 
,2fe07E»05 
,8987£»06 
,11B0E"05 
,lS60e«.05 
,1180E»05 
,13b0E»0S 
,U80E«0S 
,1360E«05 
.U806«OS 
.1360£"05 
.U0OE"O5 
,1360E''05 
,1!60E»05 
,1S60E«05 
.U80E»05 
,1360E«0S 
,lie0E»05 
,1360E*05 
.ItSOEoOS 
,1360E»0S 
,li0OEoOS 
,1360E"0S 
,2281E»05 
,1S60E»0S 
,a607E»O5 
,1890Ee07 
,8607E»05 
,1890E»07 
,g6076»05 
,t890Ee07 
,a607E»05 
.1«90E»07 
,194BE«0S 
,5978£"07 
,1988£»05 
,S97aE»07 
,1948E»0S 
,5978E»07 
,1980E»O5 
.9978E»07 

TABLE N0UI 

TIME 
(TEMP) 

900,000 . 

900,000 , 

900.000 , 

900,000 , 

, 900,000 , 

ADMIT 
,3276F«08 
,7S12E»06 
,9g28E»08 
,2253Ei>05 
,1638E«03 
,37S6E»05 
,l065EeOS 
,2881E»05 
,T0fe3F»O3 
,1892E«03 
,1215E»02 
,2305e»0S 
,3788E"0S 
,83b7E»03 
,8302E"03 
,9570E«03 
,8302E»03 
,9570E»03 
,8302E«03 
, 9 5 7 0 E B O S 

,8502F»05 
,9570E"0S 
,8302E»03 
,9570F»03 
,8302g»0S 
,9570E«03 
,8302g»03 
,9S70E»03 
,0SOgE.»O3 
, 9 S 7 0 E B 0 3 

,83O2E>>03 
,9570E»0S 
.felSOEoOS 
,3689E"03 
,1065E«0S 
,6083E<'O6 
,1638E«0S 
,93S9EB0fe 
,t630E«OS 
,9359gBSfe 
,!630E<»O3 
,93'59E«.0fe 
,288SE»08 
.75t2E»06 
,738SE>»08 
,2253E«05 
, 1 2 2 8 E B O S 

,S756E«0S 
,1713E«.OS 
,5250E<»O5 

eTAStl 

COEFF, 

S79E«eT 

inEBOft 

987E«06 

136E«0S 

gfatBOf 

SAP 

6,000000 

6,000000 

6,000000 

6,000000 

.500000 

.500000 

1,500000 

1,500000 

1,500060 

1.500000 

1,500000 

1,500000 

l.SOOOOO 

1.500000 

i.sooeoe 

1,800080 

l.SOOOOO 

3,725090 

S,725000 

s.7«5oeo 

5,725060 

6,000000 

6,000000 

6,000000 

6.000008 
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TAP-A INPUT (Cont'd) 

302& 

302T 
3038 
j u a e 
30S« 
5oa<i 
SQ30 
JUSO 
30it 
iOii 
303a 
3032 
3033 
3033 
303« 
S03« 
30SS 
303S 
3036 
3036 
303? 
30it 
3036 
3038 
3039 
3039 
3040 
50«0 
SOtti 
SO«S 
30^2 
30<»a 
30<»l 
S0«3 
30«a 
30«« 
30«5 
SOUiS 
30«fe 
3016 
384t? 
S9«T 
3040 
30<t8 
3009 
30a9 
30S0 
3050 
soil 
lost 
3oba 
305a 
3053 
SOSS 
SOS« 
30S<» 
3055 
305S 
3056 
SOife 
$05? 
3058 
iOS"* 
iObO 
3061 
30e^ 
iOBS 
J0o« 
3065 
3U6fe 
3 0 B ? 
3Ut>« 
30o9 
3070 

iiSjOO 

•45,00 
« 5 , 0 0 
<t5,O0 
« S , 0 0 
' * 5 , 0 0 
1 5 , 0 0 
« 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
45,UO 
4 5 , 0 0 
4 5 , g o 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 

U S , 0 0 
l a s , 0 0 
tfeS.OO 
165,00 
165 ,00 
185 ,00 
1 * 5 , 0 0 
1 0 5 , 0 0 
l«»5,00 
165,00 
IBS ,00 
i*>5,00 
U 5 , 0 0 
IfeS.OO 
J b 5 , 0 0 
IbSjOO 

4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 © 
4 5 , 0 0 
« 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 . 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
4 5 , 0 0 
45,UO 

4 5 , 0 0 
4'3,<10 
US, ly 
« S , I) 0 
45,OU 
4 5 , 0 0 
<45,UO 

5005 
500S 
5006 
5006 
SOOT 
500? 
500S 
S008 
5009 
5009 
5010 
5010 
SOU 
SOU 
50!« 
SOlg 
5013 
5013 
5014 
5014 
5015 
5015 
5016 
501ii 
50S7 
SOST 
5 0 1 B 
5018 
5019 
S019 

5oeo 
5020 

soai 
5021 
S043 
S044 
S0«3 
S0«4 
5043 
S044 

so«s 
5044 
S0«3 
S0«4 
5003 
50«8 
50«i 
S044 
SO«S 
5044 
5043 
5044 
S0«5 
5040 
504S 
50«fe 
5045 
5046 
5045 
5046 
5045 
5046 
SU48 
504S 
5048 
5048 
Su48 
5048 
5048 
5u4tt 
5u«» 
bo«» 
5u«B 
5048 
5048 
5048 

165,00 
165,00 
IfeS.OO 
165,00 
165,00 
165,00 
IfeS.OO 
165,80 
165,00 
165,00 
165,00 
165,00 
165,00 
S65,O0 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
169,00 
163.00 
165,00 
165,00 
163,00 
165,00 
165,00 
S6S,00 
165,00 
16S,00 
45,00 
«1,00 
45,00 
«1,00 
45,00 
41,00 
«S,00 
«1,00 
«5.00 
<ll,00 
45,00 
41,00 
«S,00 
«1,00 
45,00 
41.00 

• «S,00 
«l,00 
&%,Q0 
«l,00 
«i,00 
«l,00 
«1,00 
«S,00 
«i,00 
«1,00 
41,00 
«i,00 
41,on 
'41,00 
«S,00 
41,00 
«!,00 
41,on 
41,on 
4 i ,i)ri 
41,00 
«J ,00 
41,00 
«1,0<1 
4 1.0(1 
41.VP 

8A0IATI0N CQNNICT 
CONDUCT, TMSU SAP 
S*D!ATI0N CONNECT 
CONDUCT, TM«U GAP 
RADIATION CONNeCT 
CONDUCT, THRU SAI» 
RADIATION CUNNICT 
CONDUCT, THRU GAP 
WAIUATION CUNNI:CT 
CONDUCT, THRU (.AP 
RADIATION CONNECT 
CONDUCT, TH«U SAP 
HADIATION CONNECT 
CONDUCT, THRU 0AP 
RADIATION CONNECT 
CONDUCT, THRU SAP 
RAOIATIUN CUNNECT 
CONDUCT, THMU GAP 
NADIATIUN CONNECT 
CUNOUCT, THRU GAP 
RADIATION CONNfCT 
CONDUCT. THRU GAP 
RADIATION CONNICT 
CONDUCT, THRU 8AP 
HABIAlIDN CONNECT 
CONDUCT, THRU SAf 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNECT 
CONDUCT. THRU GAP 
RADIATION CONNfCT 
CONDUCT, THHU GAP 
RADIATION CONNECT 
CONDUCT, THRU GAP 
RADIATION CONNgCT 
CONSTANT PILM COEF 
RADIATION CONNECT 
CONSTANT FIUM COIF 
RADIATION CONNECT 
CONSTANT PI|,M COEff 
RADIATION CONNECT 
CONSTANT FH.H COEF 
RADIATION CONNECT 
CONSTANT PIC" CO£F 
RADIATION CONNECT 
CONSTANT PIt.M COgP 
RADIATION CONNECT 
CONSTANT ftUH COgP 
RADIATION CONNECT 
CONSTANT PltM COEP 
RADIATION CONNECT 
CONSTANT FIUM COEF 
MAOIATtON CONNECT 
CONSTANT FItH COEF 
RADIATION CONNECT 
CONSTANT FIUM COEF 
RADIATION CONNECT 
CONSTANT FIUH COEF 
RADIATION CONNECT 
CONSTANT FlUM COEF 
RADIATION CONNECT 
CONSTANT FIUM COEF 
RAIIIATTON CUN.JEtT 
RAOIATIUN CONNECT 
RAtllATrilN eONNfCT 
KAHIAT IiJnl CilfJNfCT 
RADIATION cuNNf-cT 
RAOIATIUN CONNECT 
RAIUATIUN CDNNtCT 
•̂ AIJIATIUN CdNUFCl 
KAOIAIIIIN rnnNtcT 
H A O I A T I H N r i i 'Mi i f rT 
hAn i»r j t JN r in- iMtC 
WAOIAIIUN rUWNfCT 
RAUIATl l i i i riJNNf-cT 
^'Al)I«TTU^ T O N N F C I 

3S9,g8aO 
339,1860 
s a a . a o o o 
5g4,g000 
418,8004 
41g.S004 
904,7680 
<»0«,f6S0 
'>0«,T680 
90a,T680 
908,Tfe80 
904,7680 
904,7680 
904,7680 
904,7680 
904,7680 
904,7680 
904,7680 
«0«,7fe80 
904,7680 
904,7680 
904,7680 
904,7680 
904,7680 
344,94£8 
34(1.9«gS 
40,8407 
40,8407 
61,8318 
62,8118 
S7,fe99S 
S7,699S 
12,5664 
It,5664 
tS,S664 
IS,5664 
37,699S 
37,6991 
6g,8318 
63,8318 
87,9641 
87,9645 
US.0972 
US,097a 
65,9734 
65,9734 
150,7963 
ISO,7963 
«o,«gos 
go,4203 
138,8300 
t 3 s , a 3 0 0 
150,7963 
150,7963 
486,946g 
4S6,9465 
791,680? 
791.6807 

£261,9448 
aS6l,9448 
4421,3587 
44^3,3SB7 
1960,3200 
4574,0800 
4717,4400 
1796,9600 
ioas,h944 
.4185,0560 
5lJ<e7,s^oo 
5da7,'>i00 
5^^r,5^oo 
52<i7,sano 
5?^7,5^00 
5^^7,5^00 
5<»ri7.S£00 
sea? ,5200 

, i 7 « S E » e s 
9«947gf.06 
,1781E«05 
,49«7E»0& 
s8813f»0fe 
,1360E«.05 
,e8SBE<»06 
, l 3 6 n i » 0 S 
, 8 8 I 3 E » 0 6 
,1360E<»0S 
,8»13E»0fe 
.ISfeOEoOS 
,6®15E-f06 
,S360g«O5 
,88 |3E®06 
, S 3 6 0 e . 0 f 
,«8ISE>»06 
, l S 6 0 f O S 
,881SE».06 
.SSfeOE^OS 
.881SE»06 
, !S606~0S 
88«13e»06 
.1360EW05 
,g813E«06 
»SlfeOg»OS 
, t948E»SS 
. l 4 9 0 g » S ? 
,1948g«0S 
,l«90E<i.07 
.1948E«©S 
8 l890g«0T 
,1<»«8E«0S 
8 l490E»07 
,195Sg»0S 

, i9a9E«.a f 
,S9SSE«SS 
, s?a9g«os 
,|9SSE»0S 
.|9a9|»0S 
,S95Se«0S 
,19g9E»0S 
,19SSE«SS 
,1989C«0S 
,1955E®0? 
,S«S9g.0S 
slt5SE»0S 
.19g9Ef.0S 
8l95S6»05 
,19i9E«©5 
,146SE»0S 
8!9a9E"0«l 
,17S«E®0§ 
,19g9E®0S 
,t7O«E«08 
8i9g9e«os 
, s 7 o « e « s s 
.S9a96»05 
,S70«E»eS 
el9g9E»0S 
i,i7S4E»0S 
,I9g9ewOS 

,S70«E»0S 
,1704E»05 
, | 7 0 « k o 0 5 
, 1 7 0 « E « 0 5 
, 1 7 0 4 E " 0 5 
, | 7 0 a t " 0 5 
,170a»-»OS 
. 1 T 0 4 E « 0 5 
, 1 7 0 4 6 " 0 5 
.ITOttEoOS 
. ITOSF-O-i 
. ! T 0 4 f c « 0 5 
, l T 0 a E « 0 5 

,6042E»SS 
,lfe79E«i03 
, 9 3 3 4 r i i 0 3 
,a59JF«03 
,3638E»0S 
, 56 I«E«0$ 
.79T4Et.SS 
.li«30F®Oa 
.T974E-03 
. l a s o E ' o a 
,?974eB0S 
.»^3OE«0 l 
, 7 9 7 4 f « 0 S 
• l a i o e - o i 
, 7 9 7 4 e « 0 l 
, ia30EeOg 
,797«E«0S 

,?9 l4E«>0i 
,12JOE«.0a 
,7974E«03 
, ! 2 3 0 E " 8 , ! 
, 7 9 7 4 E . 0 3 
. l a s o c ^ o s 
,B04Og«.ai 
, « 6 9 l t « 0 3 
,T95SE»S8 
,60§3E»S6 
, ! t t 4 E » 0 S 
,9J59EBQfe 
8f3«BE®0® 
,S615E®06 
,a«4®E8>04 
, , ia7gE»86 
, t « S 7 e " 9 4 
8a4a4E».o4 
,7I71E.>Q4 
,Tg7aE«S« 
eSea9r»ss 
,S21SE-0S 
,17g0E«OS 
, I 6 9 7 E . M 
, 2 2 U E « 0 3 
,818ge«0S 
8 U 9 0 E » 0 J 
,1873E«0J 
, a 9 « g E « 0 l 
, 8 9 0 9 | « 0 3 
,J99Je®0« 

' ,S939E«0« 
aaQ19Ei.0I 
,g666e«03 
, IS70E»eS 
,g9S9E»0S 
,8a99E«>03 
,9S93E»03 
,13«9E«02 
,S§g7E»0 i 
,3SS5g»0a 
8«3ME»Qg 
, 7 5 3 « B » 0 I 
, 8 S I 3 E - 0 a 
.J341F«©2 
.7T95E«0g 
,8074E»0g 
.SOfcBE^Og 
,5S62E»0g 
,40b5F»0g 
,8<»09E»0g 
,8909E»02 
,8909E»02 
,R909F'»02 
,89n9F»na 
,8«»09F"Oa 
.8909F' .08 
. 8 9 0 9 f . 0 g 

,SO0SSe 

,500000 

1.500000 

l.SOOSO© 

1,500000 

1,500000 

1,500000 

t,5o@@ao 

1,50000s 

1,500090 

1.50000© 

1,50000® 

1.500000 

S,7il§@@@ 

s ,7asas® 

S.7tS8S® 

5,721000 
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TAP-A INPUT (Cont'd) 

,i7O4E«0S 
,1704E»05 
,170«E»05 
,1704E»05 
,S704t»05 
,i704E"05 
,e4£9E«06 
.e«29E»06 
,8429E»0fe 
,84g9E»06 
,8429E<»06 
,84a9fc"06 
,84£9E«06 
.8«29i«06 
,»429E»06 
,6489E»0fe ' 

,89096-02 
,3397E»02 
,1748E"01 
,7517F<>02 
,2330E«01 
,U69F*00 
,t059E»04 
,3178F»04 
,5296E>»04 
,7414E»0« 
.9533E-04 
,1059F»04 
,3l78E»04 
,5296E"04 
,7414E»04 
,9533E«.04 

3071 
3072 
3073 
3074 
3075 
3076 
3077 
3078 
3079 
3080 
306S 
3082 
3083 
3084 
3065 
3086 
3001 
3002 
3U03 
3004 
3005 
3006 
3007 
30QS 
3009 
3010 
SOU 
3012 
3013 
3014 
sois 
3016 

son 
3018 
3019 
3020 
3021 
3022 
3023 
3024 
3025 
3026 
3027 
3028 
3029 
3030 
3031 
3032 
3033 
3034 
30iS 
3036 
3037 
3038 
3039 
3040 
3041 
3042 
507? 
3078 
3079 
3080 
308! 
3082 
3083 
3084 
3085 
3086 

45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
165,00 
165,00 
i»5.00 
165,00 
ls5,00 
165,00 
165.00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
lo5,00 
165,00 
165,00 
165,00 
45.00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 

5048 
5048 
S048 
5048 
5048 
5048 
5054 
S055 
S056 
5057 
5058 
S049 
5050 
SOSi 
5052 
5053 
5001 
5002 
5003 
5004 
5005 
5006 
5007 
5008 
5009 . 
50SO 
SOU 
S0t2 
S0S3 
5014 
SU15 
50S6 
5017 
5018 
5019 
5020 
5021 
5022 
5023 
5024 
5025 
5026 
5027 
5028 
5029 
5030 
5031 
5032 
5033 
5034 
5035 
5036 
5037 
5038 
5039 
5040 
5041 
5042 
5049 
5050 
5051 
5052 
5053 
5054 
50S5 
S056 
505? 
S0S8 

41,00 
41,00 
4S,00 
41,00 
41,00 
41,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
4S,00 
45,00 
165,00 
165,00 
165,00 
165,00 
S6S,00 
165,00 
165.00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
ieS.oo 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
165,00 
45,00 
45,00 
45,00 
45,00 
45.00 
45,00 
45.00 
45,00 
45.00 
45,00 
45,00 
45.00 
43,00 
»5,oo 
45,00 
45,00 
45.00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45,00 
45.00 
45,00 
45.00 
45,00 
45,00 
45,00 
45,00 

RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNFCT 
S A O I A T I O N CONNICT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
RADIATION CONNECT 
TEMP 
TEMP 
TEWP 
TfcMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 

n»f' 
TEMP 
TgMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TtMP 
TEMP 
TEMP 
TEMP 
TEMP 
tEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEHP 
TEMp 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TEMP 
TE«P 
TEMP 

CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
COitNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNEfTEO 
CONNETTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 
CONNECTED 

5227,5200 
1992,9920 
10259,0080 
4410,7200 
13672,1997 
68611,4000 

12,5664 
37.699$ 
62,8318 
87,9645 
113,0972 
12,5664 
37,6991 
62.8318 
87,9645 
113,0972 
12,5664 
37,6991 
62,6318 
40.840? 
301,5900 
465,9566 
321,0686 
703,7120 
703.7180 
703,7120 
703,7120 
703,7120 
703,7120 
703,7120 
703,7120 
703,7120 
268,2902 
40,8407 
62,8318 
62,8318 
62,8318 
12,5664 
37.6991 
62,6318 
87,9645 
339,2880 
524,2000 
412,8004 
904,7680 
904,7680 
904,7680 
904,7680 
904,7680 
904,7680 
904.7680 
904,7680 
904,7680 
344,9428 
40,840? 
62,8318 
37.6991 
12,5664 
12,5664 
37.6991 
62,8318 
87,9645 
113,0972 
12,5664 
37,6991 
62,8318 
87,9645 
US,0978 

PRINTOUT TIMES 
1296000,003888000,006480000,009072000,00 

VOLUME HEiSHTEO INTERNA!. OR AREA *E1SHTE0 SURFACE AVEH&6E8 
FROM TO FROM TO FROM TO FROM TO FROM TO FBOH TO FROM TO 
CAUCUUATED SPREAD BETnEEN INTERNA!. NODES » 55 

NO, OP ITERATIONS 82, CRICn ,024754 

NO, OF iTgHAlIUNS 68, CRICn ,024187 

NO, U¥ neRAUONS 91, CRIC» ,009167 
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TAP-A INPUT (Cont'd) 

NO. 

NU, 

NO, 

NO, 

NU, 

NO, 

NO. 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

N8, 

NO, 

NO, 

N9, 

NO, 

NO, 

NB, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NU, 

NU, 

NU. 

OF 

OF 

UF 

OF 

u^ 

OF 

o^ 

Of 

ô  

()(-

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

Oh 

Of 

rii-

111-

IIF 

iJF 

ITERATIONS 

ITgWATlUNS 

ITfcRAlIUNS 

I T C W A I I U N S 

irtRATlUNS 

irt««i iiiivs 

Ilt«ATlUN!» 

1 Tt-fA 1 lUlNb 

I I t « A T I U K 3 

1 IL><AIIU(MJ 

jTeWATlUNS 

jTgRATIUNS 

ITERATIONS 

STERATlUNi 

ITIRATIUNS 

ITERATIONS 

STgRATIUNS 

iTgRATlUNS 

ITgRATlUNS 

ST£»ATIUN8 

ITERATIONS 

STERATIUNS 

ITERATIONS 

IT£R*TIUN8 

STgRATjONS 

ITfeRATJUNS 

ITERATIONS 

ITERAIIUNS 

iTtR&TlUNS 

iTtRATIONS 

IT£HAlIUNS 

iTfcRAtlUNS 

iTcRAIIUNS 

Ill-«l«riUNS 

i'tWATlUNS 

5. 

5, 

96, 

60, 

4o, 

35, 

rib, 

!.i, 

li. 

i i i 

i2i 

U« 

u, 

10, 

so, 

10, 

so, 

so, 

10, 

10. 

10, 

t o , 

st"< 

Si, 

SSi 

SS, 

ss, 

Hi 

u, 

10^ 

50, 

U) 

So 

lo 

• o 

. CRIC« 

, CRIC« 

^ CRIC« 

1 C«IC« 

r CRiCi 

< CNIC! 

1 cwrc> 

. rntci 

. r"iic< 

. r,<ici 

. CR1C< 

- CRIO 

• CRICi 

CRIO 

- CRICi 

. CRIC8 

1 CRICi 

CKICS 

i CHIE« 

i CRXCi 

1 ewg" 

, CRIC« 

, CRIC« 

, CRICi 

, CRIC" 

, CHIC< 

, CRIC" 

, CRIC' 

, CRIC 

r CRlCi 

. CwICi 

1 fKIC 

, CRtCi 

. cmci 

, CNIC^ 

> 1,000000 

> 1,000000 

> ,008340 

I ,008835 

> .008044 

I .OO^fJie 

' .ouiio 

' .iVbUll 

> ,(ieJai^ 

' ,<l^'i^'3^ 

> ,030942 

> ,032691 

1 ,03449} 

1 ,036372 

1 ,038302 

1 ,040330 

1 ,036357 

1 ,036825 

1 ,030036 

> .031319 

1 ,025208 

» ,027997 

1 ,019894 

• ,057193 

I ,0S858S 

> ,016066 

> ,017590 

• ,011935 

• ,015407 

» ,01'>S«2 

s .f»lfatt76 

» ,(ll«0i5i 

0 ,0l<4o9 

» ,tilSU«rt 

' ."HDOJ 

• 
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NO, 

NO, 

NO, 

NO. 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NQ. 

NU. 

NO, 

NO. 

NO, 

NO, 

NO, 

NO, 

OF 

OF 

DP 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

OF 

ITERATIONS 

iTfeHATlUNS 

ITfeRATlUNS 

ITERATIONS 

JTgRATIUNS 

ITERATIONS 

lTERATlUt*8 

iTgHATIUNS 

ITERATIONS 

ITERATIONS 

lTe«ATIUN8 

jTfeRATlUNS 

ITgRATlUNS 

ITERATIONS 

ITERATSUNS 

IT£KAT1UNS 

ITfcRAlIUNS 

ITERATIONS 

ITfcHAtlUNS 

ITERATIONS 

ITERAUONS 

STERATIUNS 

10, 

9. 

9, 

9, 

•f, 

9, 

8, 

8« 

8| 

8, 

8, 

7, 

?» 

7, 

7» 

7 t 

6, 

6, 

6, 

6, 

6, 

5, 

CRICs 

CRtCi 

C«IC« 

CRICs 

CRIC4 

CRIC8 

CRIC9 

CR1C4 

CRICs 

CRIC8 

CHICS 

CRICK 

.CRIC* 

CRIC8 

CRIC* 

CHICo 

CRTCB 

CRICa 

CRICs 

CRICB 

CRICs 

C«IC« 

,014928 

,013453 

,015289 

,015121 

,013805 

,013861 

,013616 

,05534? 

,014635 

,012924 

,012417 

,014638 

,013874 

,DS4ses 

,014868 

,018415 

,025073 

,029256 

,03457s 

,041141 

,049192 

.064794 

(Cont'd) 



TAP-A OUTPUT 

TEMPERATURE CALCULATION FOR 946 HOURS 

« « « « « , JsE A tEU STUKAt 

I N f t R N A U TEMPfeNATURfcS 
NUDE 

1 
6 

SS 
16 
2 1 
2 6 
S I 
l 6 
4 1 
4 6 
5 1 
5 6 
6 1 
6 6 
7 1 
76 
SS 
8 6 
«S 
9 e 

SOI 
106 
U S 
SS6 
12S 
S26 
S3S 
J 36 
S4S 
S4fe 
S51 
156 
S 6 I 
166 
S7S 
S76 
SSS 
186 
1 9 1 

IH 

in 

TEMP 
1 0 6 , 6 5 
5 0 0 , 7 5 
1 0 1 , 6 2 
4 3 9 , O S 

9 S , 3 9 
3 0 8 , 8 6 

5 6 , 8 0 
8 6 , S 8 

8 8 4 , 9 0 
9 1 , 0 ? 
5 2 , 0 9 
5 0 , 4 5 
6 6 , 1 5 

S O S , 5 9 
6 5 , 2 9 
4 9 , 3 0 
4 4 , $ 4 
4 9 , 4 4 
4 5 , 4 8 
4 3 , 8 3 
4 1 , ? « 
4 3 , 7 ? 
4 9 , 3 2 
9 0 , 4 6 
9 5 , 2 2 
4 7 , 8 0 
4 4 , 8 S 
7 0 , 5 6 
8 5 , 5 9 
5 0 , 8 0 
4 9 , ? S 
7 3 , 5 0 
6 9 , 2 6 
4 2 , 4 1 
4 9 , 1 3 
6 3 , 0 6 
5 4 , 3 ? 
4 2 , S 3 
« 7 , S ? 
5 0 , 4 9 
« 3 , 9 7 

AT .UOE 

NUU 

t-IwAL ULS>!l.N 

07 8ECII 

Ti 
« 
5 
4 
4 
2 
J 

I 
1 

l.yhw 

Nl 
MF 

0 , 
0 . 
3 . 
6 , 
3 , 
8 . 
0 , 

«. 
». 
e. 
6 , 
0 . 
4 ) 
4 
2 
9 

5 
4 
9 
3 
1 
5 
1 
5 
9 
2 
s 
9 
3 
? 
2 
5 
2 
2 
1 
3 
0 
3 
8 
9 

3 

S 

£9 
22 
2 9 
4 0 
9 9 
16 
75 
2 4 
2 1 
46 
39 
40 
78 
8 3 
30 
4 3 
6 5 
0 1 
57 
8 0 
87 
43 
88 
6 0 
70 
79 
32 

, 3 3 
, 4 0 
, 1 0 
, 3 4 
, 2 0 

, S « t 
, 1 6 
, 5 6 
, 4 1 
, 3 7 
, 1 3 
, 8 4 
, 8 2 
, 0 4 20 

TtMP 

493,28 
498,29 
430,64 

436.22 
299.55 
305,69 
56,70 
S75,85 
S8S,78 
87,37 
50,51 
50,71 

97,24 
102,31 
48,33 
44,16 
49,41 
45,56 
43,90 
41,59 
42,00 
49.63 
55,94 
97,81 
77,87 
42,73 
51,12 
83,75 
78,63 
42,64 
56.56 

75,66 
55.03 

43,33 
55,25 
62,96 
47,16 
44,OS 
49,95 
48.59 

41,96 

N u n t 
4 
9 

14 
19 
2 4 
2 9 
34 
39 
4 4 
49 
54 
59 
6 4 
6 9 
7 4 
79 
8 4 
8 9 
94 
9 9 

1 0 4 
109 
U 4 
119 
1 2 4 
S29 
134 
S39 
S44 
149 
1 5 4 
159 
164 
Sfe9 
S74 
179 
184 
189 
1 9 4 
199 
2 0 4 

T f MP 
4 9 8 , " i f 
« ' 3 d , 5 0 
4 3 6 . t > 3 
4 2 9 , 8 2 
3 0 6 , 0 5 
2 9 8 . 7 1 

5 6 . 6 5 
1 8 2 , S I 
1 7 5 , 0 8 

8 5 . 9 2 
S O . 5 0 
5 1 , 9 8 

1 0 2 . 7 0 
9 6 , 4 6 
4 8 , 7 0 
4 5 , 6 7 
4 4 , 0 9 
4 9 , 4 9 
4 3 , 8 8 
4 1 , 6 1 
4 1 , 8 8 
4 3 . S 8 
6 4 . 3 6 
9 8 . 3 8 
6 3 , 0 2 
4 2 . 6 6 
S 4 , 4 1 
0 5 , 7 4 
6 9 , 2 5 
4 4 . 2 t 
6 3 , 3 0 
7 5 . 0 7 
4 9 , J 8 
4 5 . 4 1 
5 9 . 3 1 
6 1 , 5 6 
4 5 . 0 1 
4 4 , 7 9 
5 0 , 5 5 
4 6 , 7 4 
4 1 . 3 8 

NUDE 
5 
SO 
15 
80 
85 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
89 
90 
95 

too 
105 
H O 
l ! 5 
120 
l ? 5 
130 
SIS 
140 
145 
ISO 
155 
160 
165 
170 
175 
S0O 
185 
190 
19S 
800 

TFMP 
500 .5 J 
4S?,fe7 
438 .53 
396 ,14 
308 ,31 
269 ,77 

5 6 , 4 9 
S 8 4 . I 6 
152.42 

83 .15 
50 .48 
? 6 , i 9 

SOS,00 
8 3 . 2 9 
4 9 , 0 3 
49 ,39 
4 5 , 6 1 
43,8® 
l t j . » 6 
41 ,66 
42,4® 
45,29 
79,30 
9 7 , 6 5 
51.91 
«S,09 
60 ,46 
8 6 , 2 6 
5 8 . 8 8 
47 ,07 
6 9 . 8 8 
73 .18 
4 6 . 2 0 
47 .42 
6 1 , 8 1 
5 8 , 8 3 
4 1 , 5 6 
45 ,75 
5 0 , 7 1 
45.20 

97 



TAP-A OUTPUT 

TEMPERATURE CALCULATIONS FOR 1665 HOURS 

StAttO SlURAUfe CASK FINAL DEhlljN 1,0K«( 

At. TfcMPfeMATURtS AT 
NUDE 

s 
6 
U 
S6 
21 
26 
SS 
36 
«l 
46 
SS 
36 
6S 
66 
Tl 
76 
9S 
86 

n 96 
SOS 
S06 
SSS 
SS6 
SSS 
S26 
SSS 
136 
S4S 
S46 
SSS 
S36 
S6S 
S66 
ITS 
176 
SSS 
iS6 
S9S 
S96 
20S 

TEMP 
S09,92 
492,23 
S03,S8 
431,49 
93,42 

304,53 
59,75 
88,46 
S84,65 
93,£S 
55,44 
S3,92 
69,52 

soe.se 
68,71 
52,69 
48,28 
52,98 
49,49 
48,06 
46,51 
48,05 
52,96 
93,33 
98,06 
51,34 
49,03 
73,94 
88,80 
54,6S 
53,6S 
77,04 
72,87 
45,76 
53,26 
67,00 
38,41 
46,as 
SS,69 
S4,93 
48,42 

,3»9fc*07 
NODE 

2 
7 
12 
1? 
22 
2? 
32 
37 
42 
4? 
52 
57 
62 
6? 
72 
77 
82 
8? 
92 
9? 
102 
SO? 
S12 
817 
122 
827 
S32 
137 
842 
84? 
$58 
857 
162 
86? 
878 
877 
882 
88? 
192 
89? 
202 

SECONDS 
Tt"P 
458,45 
491.69 
396,50 
430,88 
270,33 
303,84 
59,78 
854.52 
883,96 
90,62 
59,46 
53,69 
87.04 
807,43 
56,06 
52,BS 
49,59 
48.20 
53.14 
48,05 
46,60 
49,46 
55,34 
96,42 
92,62 
45,91 
52.83 
82,57 
86,62 
50,73 
56,86 
78.74 
65.86 
46,87 
55,64 
67,35 
54,45 
47,74 
53,29 
54,27 
47,34 

NUDE 
3 
8 
13 
18 
23 
28 
33 
SB 
43 
48 
53 
58 
63 
68 
73 
78 
83 
88 
93 
98 
SOS 
808 
813 
U S 
823 
128 
133 
138 
843 
848 
853 
858 
863 
868 
873 
878 
883 
888 
893 
8 98 
iOS 

TEMP 
484,77 
489,75 
423.16 
428,70 
295,27 
308,37 
59,67 

875,65 
888,53 
89,50 
53,94 
54,18 
99,68 
804,92 
58,79 
48,30 
52.94 
49,54 
48,08 
46,39 
46,70 
53,28 
59,28 
800,62 
88,03 
45,89 
54,80 
86,96 
81,92 
47.25 
60,32 
79,20 
58,87 
47,82 
59,28 
66,90 
58,26 
48,61 
54.39 
53,04 
45,62 

NODE 

20 

Tf MP 
490,01 
484,05 
428.99 
422,40 
301.70 
294,49 
59,63 
181,86 
174,91 
88,02 
53.94 
55,34 
105,28 
99,15 
52,83 
49,60 
48,26 
53.05 
48,07 
46,4t 
46.62 
47,91 
67,64 
SOS.20 
66,53 
45.86 
37.98 
B8,94 
72.71 
48.53 
66,97 
78.61 
53.30 
49,69 
63.28 
65.52 
46,93 
49.33 
54,98 
•51.21 
45.59 

NODE 
5 
SO 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
as 
90 
9S 
100 
109 
U O 
815 
lao 
125 
130 
135 
140 
845 
850 
$55 
860 
165 
170 
175 
180 
185 
190 
19S 
200 

TFMP 
491.79 
450.23 
431,00 
389,71 
303,97 
266,34 
59,51 

884,10 
152,82 
85,28 
53.93 
59,4? 
807.58 
86.27 
52,44 
52.92 
49,57 
48.12 
48.07 
46.43 
47,07 
49,36 
82.35 
800,48 
55,68 
47,58 
63.97 
89,47 
62.55 
51,10 
73,45 
76.74 
50.02 
51,61 
65.75 
62,82 
46,40 
SO,26 
55,15 
49,6? 

98 



TAP-A OUTPUT (Continued) 

TEMPERATURE CALCULATIONS FOR 2388 HOURS 

«««««« atALfcO 6T0R( 

I N T & R N A U TEMPEHATURE! 
NODE TEMP 

8 S12,4< 
6 483,9<i 

U SOB.OC 
16 424,2< 
28 9 e , 6 i 
26 3 0 0 , 5 ! 
38 6 4 , 2 * 
36 9 1 , 8 ! 
41 884,61 
4s 96,2< 
58 &0,8< 
96 5 8 , 6 i 
6J 73 ,71 
66 S88,Oi 
78 « , 8 ^ 
?6 5 7 , 4 i 
8$ 53 ,8^ 
86 57,73 
98 54.S« 
96 S2,91 

808 S l ,4< 
806 52,91 
SSS 5 ? . ? < 
886 *»6,71 
828 80S,25 
826 5 6 , 8 ! 
S38 5 3 , « i 
836 ?7,91 
S48 9 2 , 3 i 
846 59,31 
858 5 8 . S I 
856 80 ,9 ( 
868 ?6.«< 
166 5 0 , 7 i 
878 58 ,0 { 
876 ?S,2( 
888 6 2 , 9 ! 
886 5 8 , 8 ! 
S98 56 ,4) 
896 5 9 , S ' 
208 SS.Si 

iUt C&SK 

i AT ,648fc< 
NUDt 

i k 
1 1 
! l i 
> IS 
i it 
) 21 
1 3 i 
i 31 
' 4 , 
t 41 
) 5< 
1 SI 
1 6 i 
1 61 
> li 
> 71 
> Si 
1 81 
> 9 i 
f 91 
) 80< 
1 801 
5 U i 
I U I 
> 82< 
i 821 
I 8Bi 
t • 831 
! 84, 
) S41 
1 85i 
i SSI 
1 S6i 
i 861 
J 87« 
» 871 
1 S8i 
I 881 
1 S9i 
1 891 
1 £0< 

FINAL. DfcSlbN 

•07 SECONDS 
TtMP 

i 451 ,27 
' 483 ,4? 
! 390.44. 
' 423 ,70 
• 2 6 7 , 4 6 
• 299 ,85 
> 6 4 , 2 1 
' 855 ,52 
! 884 .00 
' 9 3 . 6 6 
I 6 3 , 9 8 
' 58 ,6$ 
! 9 1 , 2 2 
' 810 ,32 
! 6 0 , 6 8 
• 5 7 , 5 4 
• 5 4 , 4 5 
' S i . S I 
1 5 7 , 8 8 
' 5 2 , 9 7 
! 5 8 . 5 8 
' 5 4 , 3 3 
I 6 0 . 0 1 
' 808 .62 
I 96 ,08 
' 5 0 , 6 6 
i S6 ,91 
' 86 ,38 
8 <90.2a 
1 5 5 , 5 1 
J 6 0 . 7 9 
1 8 2 , 6 0 
1 7 0 , 1 6 
f 5 8 , 8 4 
i 6 0 . 2 9 
r 7 8 , 5 9 
1 5 9 , 1 3 
f 5 2 . 8 6 
8 5 8 , 0 1 
r 5 8 , 9 5 
i 52 ,27 

1 ,0KW 

NOPl 
i 
t 

1 ! 
S« 
i i 
St 
3 i 
St 
U! 
Ut 
5 i 
St 
6 i 
6 i 
12 
74 
81 
8t 
9) 
9 t 

803 
SOI 
U J 

as« 
1 2 ; 
12f 
8 3 ; 
8 31 
S4J 
84( 
1 5 i 
851 
1 6 : 
Sfe< 
1 7 ; 

171 
8 8 : 
881 
1 9 ; 
191 
2 0 . 

. T t H P 

1 47b,77 
1 481 .59 
1 4 t 6 , 2 2 
1 421 .58 
1 2 9 8 , 5 4 
t 2 9 7 , 4 5 
I 64 ,17 
» 875.94 
1 881,64 
» 92 .55 
i 5 8 . 6 6 
1 5 8 . 8 8 
1 803 ,04 
1 807,90 
1 5 6 , 5 6 
i 5 3 , 2 1 
1 5 7 . 6 9 
» 5 4 . 4 0 
1 5 2 , 9 9 
1 S i , 3 ? 
1 51 ,67 
i 57 ,95 
1 6 3 , 7 4 
1 101 ,75 
I 8 4 , 8 1 
i 5 0 , 6 4 
S 5 9 , 4 9 
i 9 0 , 5 4 
I 85 ,67 
» 5 2 , 2 0 
i 64 ,88 
) 8 3 , 0 4 
1 6 3 , 4 0 
J 52 ,7S 
1 6 3 , 8 0 
» 7S.S6 
1 56 ,05 
8 53 .58 
1 59 ,0? 
S 57 ,7? 
S 5 0 , 5 9 

NOD 

20 

TFMP 
481.8 
476 
481 
415 
297 
290 
64 
181 
875 
91 
58 
60 
$08 
102 
56 
54 
53 
ST 
52 
51 
%l 
52 
IS 
104 
TO 
50 
62 
92 
76 
53 
71 
82 
58 
54 
67 
69 
53 
S4 
§9 
56 
50 

00 

ODE 
5 

10 
15 
20 
2 5 
30 
35 
4 0 
8S 
5 0 

55 
6 0 
6 5 
70 
7 5 

go 
8 5 
9 0 
9 5 

8 0 0 
805 

u e 
1 1 5 
1 2 0 
125 
1 1 0 

l i s 
8 4 0 
145 
S50 
155 
1 6 0 

165 
1 7 0 
1 7 5 

leo 
S8S 
1 9 0 
S99 
2 0 0 

Tf MP 
483 ,57 
4 4 J . J 4 
423 .81 
383 .89 
299 .98 
263 ,58 

6 4 . 0 1 
184.15 
153.83 

8 8 , 4 0 
58,feS 
6 5 . 9 9 

110.47 
8 9 . 8 8 
5 7 , S 8 
5 7 . 6 1 
54 ,«S 
51 .04 
52.9® 
5 1 . 4 1 
5 2 , 0 1 
5 4 . 2 3 
8 6 . 1 1 

103.60 
60.3S 
5 2 . 5 ! 
6 8 , 3 5 
9 2 . 9 6 
6 6 . 9 5 
5 5 . 9 1 
7 7 . 5 0 
80 .67 
54 ,64 
5 6 , 4 0 
7 0 . 0 9 
61 ,2J 
5 8 , 5 8 
5 5 , SQ 
59,as 
S4.5g 

99 



TAP-A OUTPUT (Continued) 

TEMPERATURE CALCULATIONS FOR 3104 HOURS 

SEAUEO STURAbfc CASH 

INTERNA!. tEMPEMATURfcS AT ,907E + ( 
NODE 

8 
6 
88 
$6 
2S 
26 
58 
36 
48 
46 
58 
56 
68 
66 
78 
76 
88 
86^ 
9S 
96 
SOS 
806 
SSS 
886 
828 
826 
838 
836 
S4S 
$46 
858 
856 
868 
866 
S7S 
S?6 
88$ 
S86 
898 
$96 
20$ 

TEMP 
818,52 
476,33 
812,27 
489.97 
803,26 
299,78 
72.2? 
98,69 
887,73 
802.32 
68,36 
66,9? 
88,«S 
887,46 
80,4? 
65,38 
68,90 
66,80 
62,95 
68,78 
60,43 
68,70 
60,06 
$03,65 
808,08 
64,83 
62,52 
85,5? 
99,3? 
67,35 
66,78 
88,43 
84,59 
58,68 
66,3? 
79,88 
78,04 
60,6t 
64.96 
67,98 
68,88 

NODE 
2 
? 
82 
17 
22 
27 
32 
3? 
42 
4? 
52 
5? 
62 
67 
72 
?? 
82 
87 
92 
97 
802 
807 
812 
81? 
822 
827 
8 32 
S3? 
842 
847 
852 
85? 
862 
86? 
872 
877 
882 
88? 
892 
897 
202 

U N A U PtbtljN 

+07 SECONDS 
TfeMP 
446.89 
477.65 
367,32 
4S9,38 
267,9$ 
299,04 
72,24 
859.71 
$87.07 
99,76 
72,09 
66,94 
98.39 
816.76 
66,6? 
65,49 
63,04 
61,83 
66.25 
61,70 
60,50 
62,93 
68,26 
108,37 
802,91 
58,75 
65,31 
93.60 
97,33 
63,57 
69,02 
90,08 
77,94 
60,66 
68,57 
79,42 
67,33 
68,38 
66,48 
67.36 
60,76 

l.OKW 

NUOt 
3 
8 
li 
88 
23 
28 
33 
38 
43 
48 
53 
58 
63 
68 
73 
78 
83 
88 
93 
98 
103 
808 
813 
888 
823 
128 
833 
1S8 
843 
848 
853 
856 
863 
868 
S?i 
878 
183 
888 
893 
898 
203 

TEMP 
471.35 
475,98 
412,17 
417,32 
291.05 
296,70 
72.20 
879,38 
884,77 
98,66 
67,00 
67,20 
109,77 
814,4$ 
64.55 
68,91 
66.06 
62,99 
61.72 
60.33 
60,59 
66,31 
78.83 
810.41 
92,06 
58,73 
67,76 
97.67 
92,93 
60,99 
72,89 
90.43 
78,38 
68.44 
71.94 
79,00 
64,31 
62,18 
67,49 
66,22 
38,74 

NOD 

20 

TEMP 
476,25 
470.61 
457.62 
411.39 
297.05 
290.23 
72.17 
885.12 
178.55 
97,89 
67.00 
68.2? 
814.79 
$09.0$ 
64.87 
63,05 
68.8? 
66.86 
61,72 
60.35 
60.SS 
68.58 
79,70 
8S0.9S 
78.45 
58.7$ 
70.69 
99,51 
84.30 
62.0? 
79,08 
89.88 
66.14 
63.09 
75.66 
77,75 
62.02 
62.83 
68,04 
64.5$ 
S9.0S 

NUDE 
5 
10 
15 
10 
25 
30 
IS 
40 
45 
50 
55 
60 
65 
70 
75 
60 
85 
90 
95 
100 
$05 
150 
U S 
120 
125 
830 
135 
140 
845 
850 
855 
860 
$65 
$70 
$75 
lao 
185 
890 
198 
200 

TFMP 
477,92 
438.89 
419,51 
380,85 
299,18 
263,99 
72.SO 
$87.25 
857.90 
94,57 
66,99 
72,07 
8S6,91 
96.96 
65,15 
66.04 
63,02 
61,76 
61.71 
60.38 
60,89 
62,83 
93,44 
150.26 
68.35 
61,28 
76.28 
100,00 
74,77 
64,36 
85,15 
88,53 
62.9'5 
64.S5 
77.9'5 
75,18 
60,27 
6S.69 
68,19 
63.06 

100 



TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 3835 HOURS 

««««»« SEAUfcU STUHi 

INTERNA!. TEMPEKATURtS 
NUDE TEMP 

8 $27,6S 
6 475,It 
U 828,6i 
86 488,43 
28 U 2 , 9 ! 
26 308,9i 
38 83,3< 
36 808,4t 
48 S9i8fe« 
46 8 8 8,31 
SS 79.7C 
56 78,3"i 
68 92,33 
66 S2?,SC 
78 91,2 
?6 76,S( 
88 73,63 
86 77,5' 
91 74,6( 
9fe 73,41 
801 72,3t 
806 73,41 
$88 77,53 
U 6 88S,7« 
821 U T , 9 ! 
826 75,3< 
13$ 74,2( 
$16 96,3 
848 809.6 
$46 78,5( 
$58 78,8' 
856 99,0 
868 95,2< 
866 69,8< 
878 77,8 
876 90,0< 
888 82,2 
866 72,4 
89$ 76.5 
896 79,4 
20$ 73,5 

&E CASK FINAU DESIbN 

) AT ,SS7k*08 SErUNDS 
NUOt TI-MP 

> 2 444,60 
I 7 474.6? 
» 82 386.99 
1 17 417,85 
1 Si 271,45 
! 27 301.27 
» 32 83.37 
1 3? 166,81 
t 42 193,00 

47 808,84 
> 52 83.22 
t 57 78.35 
1 62 108.74 
J 67 126,4S 

72 79.83 
t 77 76,65 
1 82 74,68 
» 87 73.58 
> 92 77.69 

97 73,46 
» 802 72,43 
' 10? 74.58 
I $82 79.61 
1 $17 888,33 
1 822 aS3.02 
i 827 69.89 
} 832 76,80 
1 837 104,08 

842 807,63 
i $4? 74,82 
* 852 80,35 
t 817 $00,58 
i 862 S8,88 
! 86? 72,53 
4 872 79,95 
J 877 90,39 
P 182 78,65 
s 18? 73,86 
ii 892 78,0! 
* 19? 78,85 
1 202 72,37 

S.OKx 

NUDE TEMP 
3 468.42 
8 472,88 
13 4S0.91 
18 4SS,84 
2i 293.59 
28 298.99 
33 83.33 
38 185,55 
43 890,76 
48 $07,74 
53 78.42 
58 78.60 
63 a!9,7S 
68 824,84 
73 75,74 
78 73,64 
83 77.52 
88 74.64 
9J 73.47 
98 72,28 
103 72,50 
108 ?7,7fe 
113 83.02 
u e 820,29 
823 SOg.SO 
828 69.88 
833 79,14 
838 807.99 
843 $03,37 
$48 7^,83 
$53 84,08 
858 800.99 
863 82,51 
868 73,89 
$73 83,20 
$78 89.98 
883 75.72 
888 73.91 
$93 78,98 
198 ??,?S 
203 70,09 

««««»« 

NODE 
4 
9 
14 
S9 
24 
29 
34 
39 
4U 
49 
54 
59 
64 
69 
74 
79 
84 
89 
94 
99 
804 
809 
814 
119 
884 
129 
134 
$39 
144 
149 
854 
159 
864 
169 
174 
879 
$84 
889 
$94 
899 
204 

TEMP 
473,16 
467.65 
416.16 
410.09 
299,Jfe 
292.74 
B3,31 
191,12 
184,75 
$06,28 
78,42 
79,61 
124,53 
U8.92 
76,04 
74,68 
73,6S 
77,61 
T3,47 
72.29 
72,43 
73.36 
90,64 
120.60 
89,29 
69,87 
88,95 
809,75 
95,01 
71,77 
90,06 
100,45 
T7.4g 
74,72 
86,78 
88.72 
TJ.40 
74.51 
79,50 
16.09 
70,6l 

NUDfc 
5 
10 
t5 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
7b 
80 
85 
90 
95 
100 
105 
810 
115 
120 
125 
ISO 
815 
1«0 
845 
ISO 
155 
860 
865 
170 
$75 
180 
185 
190 
895 
200 

TEMP 
474.78 
436,87 
4S7,9B 
380,54 
30!,»t 
267,48 
8S.26 
193.84 
164,88 
803.72 
78.4S 
81.24 
186,57 
$07.24 
76,32 
77.50 
74.66 
73,52 
73.47 
72.38 
?2.76 
?«.4» 

103.94 
820,13 
79.48 
73,09 
87.35 
880,22 
88.76 
75.91 
95,87 
98,7S 
74,24 
76.J8 
88,9« 
86.28 
73.18 
75.34 
?9.65 
?4,6B 

101 



TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 4557 HOURS 

SkAUtO STOKAlsE CASK U N A U OfSIbN I,OK* 

INTERNAL TEMPfcMATURtS AT ,S43E*08 SECONDS 
ODE 
$ 
6 
$8 
86 
28 
26 
38 
36 
4$ 
46 
58 
56 
6$ 
66 
78 
76 
88 
86 
98 
96 
80S 
S06 
888 
$$6 
881 
$26 
83$ 
lU 
8«i 
S4«> 

$st 
856 
86$ 
$66 
87$ 
876 
$88 
$86 
$98 
89fe 
20S 

TtMP 
836,36 
478,79 
830,57 
486,64 
822.85 
303,84 
93,94 
887,82 
899,26 
820,20 
90,43 
89,17 
802,65 
836,24 
$08,57 
87,50 
84,58 
88,37 
85,52 
84,4$ 
83,33 
84,42 
86,iS 

823,40 
827,4$ 
So,33 
85,83 
806,54 
889,35 
89,48 
88,94 
809,87 
$05,48 
88,88 
88,65 
$00,48 
92,99 
83,46 
87,40 
90,8? 
84,58 

NUDt 
2 
7 
$2 
$7 
22 
27 
32 
37 
42 
4? 
52 
57 
62 
67 
72 
7? 
82 
87 
92 
9? 
102 

. 807 
882 
887 
822 
827 
832 
837 
842 
847 
852 
$57 
862 
867 
872 
877 
882 
887 
892 
897 
202 

TtMP 
442,23 
471.29 
386.35 
486,08 
274,62 
303.21 
93.92 
$73.54 
$98.64 
$$7,73 
93,81 
89.14 
886,55 
835,58 
90.62 
87,60 
85,59 
84.52 
88.50 
84.48 
83.48 
85.50 
90.35 

$27.78 
$22,66 
88,12 
87,65 
884.02 
887.45 
85.82 
98.08 
880.eS 
99,SS 
83.58 
90,70 
800,7? 
89,4? 
84,83 
88,80 
89.60 
83,48 

NUOt 
3 
8 
13 
18 
23 
28 
33 
38 
43 
48 
53 
58 
63 
68 
73 
78 
83 
88 
93 
98 
103 
$08 
883 
$88 
823 
$28 
833 
838 
843 
$48 
$53 
858 
863 
866 
873 
878 
883 
888 
893 
$98 
203 

TEMP 
465.23 
469,55 
409.37 
4S4,82 
295,82 
308,02 
93,69 

$98.46 
896,4? 
816.64 
89,21 
89,38 
$29,83 
833,40 
86,72 
84,58 
88,33 
8S.55 
84,42 
83,27 
83,48 
68,56 
93.63 
129,67 
882.52 
88,81 
69.90 
817,79 
$83,34 
83,80 
94.69 
818.02 
93.20 
84.87 
93.84 
800.38 
86,65 
84,85 
89,73 
88.55 
88,28 

NODE 
4 
9 
84 
$9 
24 
29 
34 
39 
44 
49 
54 
59 
64 
69 
74 
79 
84 
89 
94 
99 
$04 
$09 
$84 
$89 
824 
829 
834 
839 
844 
$49 
$54 
8 59 
864 
$69 
$74 
$79 
884 
869 
894 
$99 
204 

TFMP 
469,83 
464,48 
454.44 
408,56 
30$,37 
294,99 
93,86 

896.62 
890,66 
SSS.22 
89,21 
90,35 
$33,77 
$28.36 
67.02 
65,60 
84,56 
88,42 
84.42 
63,29 
63,42 
84,31 
808.02 
ISO.$6 
99,75 
88.80 
92,68 
8!9,49 
805.28 
84.72 
800,48 
$10,50 
68,30 
85,64 
97.29 
99.17 
64.44 
65,44 
90,23 
86,96 
88,76 

NUDE 
5 
10 
15 
20 
25 
30 
35 
40 
45 
SO 
55 
60 
65 
70 
75 
80 
85 
90 
95 

800 
105 
U O 
815 
120 
825 
SSO 
835 
840 
8 45 
$50 
155 
860 
865 
870 
S75 
880 
885 
$90 
$95 
200 

TEMP 
471,40 
434.66 
456.20 
380.03 
303.36 
270.72 
93,65 
198.78 
$71.61 
812.7S 
89.20 
93.82 
835,74 
817.09 
87.28 
88.32 
85.57 
84.47 
64.42 
83,SS 
83.73 
65,4! 
US.90 
$29.52 
90,29 
84,05 
97.64 
$19.94 
96.34 
86.79 
$06.09 
808,67 
65.26 
67,2S 
99,48 
96.81 
83,88 
86.23 
90.37 
85.68 
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TAP-A OUTPUT (Continued) 

TEMPERATURE CALCULATIONS FOR 5252 HOURS 

«««*«« SEALED STOKAUE CASK FINAL DESI&N l.OKW 

INTERNAL TIMPEMATUNES AT ,86BE*06 SECONDS 
NODE 

208 

TEMP 
834,45 
461,09 
128,8! 
406,49 
$20,66 
896,04 
93,?6 
186,42 
894,93 
886,52 
69,90 
86,53 
808,47 
833,37 
S0O,89 
67,30 
82,95 
87,65 
84,S4 
82,65 
80,?2 
82,59 
67,50 
828,02 
824,85 
86,02 
83,54 
804,7? 
886.9? 
88,43 
6?,69 
$07,03 
803.52 
68,60 
67,04 
98.37 
98,24 
88,04 
65.89 
87,65 
82,89 

NUDE 
2 
? 
12 
17 
22 
27 
32 
37 
42 
47 
52 
57 
62 
6? 
72 
77 
82 
87 
92 
97 
802 
80? 
882 
887 
822 
827 
832 
$3? 
842 
84? 
SS2 
IS? 
S6S 
S67 
$72 
87? 
882 
$8? 
892 
$9? 
202 

TtMP 
432.60 
460.62 
377.32 
405.96 
267.8S 
295,44 
91,73 
$70,84 
194.33 
816,19 
93.46 
88,46 
886,50 
132,74 
89.68 
87,40 
84,32 
82,62 
67,74 
82,62 
80,82 
84,09 
69.66 
125,20 
$20,32 
88,87 
86,59 
$88.86 
$85.16 
85,42 
69,81 
808,42 
97,fe® 
8 8,05 
89,02 
98,bS 
87,9? 
88.90 
86.53 
67,31 
68,86 

TEMP 
454,81 
458,95 
399,5! 
404.08 
288,32 
293,32 
93,69 
887,42 
892,25 
sss.ss 
68,63 
86,?2 
126,57 
830,65 
66,46 
61,98 
67.61 
84,22 
82,73 
80,58 
80,94 
67,79 
93,02 
127,00 
SlO.feS 
81,84 
86,92 
US,47 
818,23 
88,50 
93,as 
$08,79 
91,85 
62,84 
92,03 
98,2? 
85,35 
82,6? 
87,42 
86.38 
aisS? 

NODE 
4 
9 
S4 
19 
24 
29 
34 
39 
44 
49 
54 
59 
64 
69 
74 
79 
84 
69 
94 
99 
104 
109 
884 
819 
824 
829 
834 
839 
144 
149 
854 
$59 
164 
869 
874 
879 
164 
$89 
$94 
199 
204 

TPMP 
«S9,21 
454,08 
404,19 
398,74 
293,66 
287,5! 
93.65 
19,i,58 
186,66 
11J.88 
88.6! 
89,?9 
131.01 
$25.84 
86,79 
84.14 
82.90 
67,69 
82,7S 
80,60 
80,82 
82.40 
99,61 
127,47 
98.38 
88,79 
91.63 
117.10 
103.54 
82,95 
96,74 
806,30 
87,23 
83,95 
95,33 
97,11 
83,64 
61,2? 
87.90 
84,82 
60,58 

NODE 
S 
SO 
15 
20 
15 
10 
15 
40 
45 
5S 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
$05 
810 
U 5 
120 
Its 
830 
115 
140 
145 
850 
855 
160 
$65 
$70 
175 
HO 
185 
190 
195 
200 

TFMP 
460,72 
425.35 
406.08 
371.27 
295.57 
264,10 
93.53 
194,46 
868,23 
818,45 
88.58 
93,47 
132.86 
815.06 
87,0? 
87,62 
84.26 
62,TO 
62,69 
ao.bs 
61,38 
63,96 
811,9® 
$26.86 
89.35 
81,91 
96.54 
817.52 
95,02 
65,45 
104,09 
106.74 
84.72 
85,63 
97. SS 
94.69 
80,51 
64,05 
68,03 
83.58 
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TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 5974 HOURS 

StALtU STORAUt CASK FINAL D fb l l jN 1.0K> 

INlfcRNAL TEMPt 
NODE 

1 
6 

u 
86 
28 
26 
SS 
36 
48 
46 
58 
56 
68 
66 
78 
7fe 
88 
86 
91 
96 
808 
806 
888 
Ua 
121 
S2s 
$38 
M 6 
848 
146 
151 
8S6 
161 
866 
87$ 
87fii 
868 
886 
$91 
$96 
80S 

• KAtURtS At 
MP TEMP 

$30,53 
449,98 
825,8$ 
395,82 
$!?,3S 
287,5$ 
98,2! 
883,27 
$89,76 
885,40 
87,4? 
66,85 
96,66 
$29,5$ 
97,48 
84,69 
80,79 
85,is 
88,94 
80,58 
78,66 
60,45 
85,86 
887,56 
828,27 
83,6? 
88,36 
808,85 
883,65 
66,03 
85,38 
104,05 
$00,65 
79,34 
84,?« 
95,69 
88,76 
78,96 
82,9? 
85,54 
80,44 

,894E*08 
NUDt 

2 
7 
12 
87 
22 
87 
32 
37 
42 
47 
52 
57 
62 
6? 
72 
77 
82 
87 
92 
9? 
$02 
$07 
$82 
$1? 
822 
827 
$32 
$37 
$48 
847 
852 
85? 
162 
86? 
872 
877 
882 
887 
892 
897 
202 

StCUNOS 
lEMP 
422.29 
449,52 
367,46 
395,30 
260.06 
286,92 
91.18 
165,55 
$89,1? 
Ui.IS 
90.94 
66,09 
$13.88 
$28.90 
87,24 
84,99 
82,10 
80,o7 
85,39 
60,48 
78,78 
61.88 
87.25 
121.61 
116,88 
79,60 
64,28 
108,7 3 
8U.90 
83.09 
67.41 
805,39 
95,00 
78,99 
66,65 
95.96 
65,62 
79.80 
84,27 
85,02 
79,73 20 

TFMP 
443,88 
447,90 
389,03 
393.48 
279,98 
264,86 
98,84 
862,42 
$«7,84 
812.83 
86,24 
86,34 
122,93 
$26,66 
84.$0 
60,82 
85,29 
82,0! 
80,58 
78,55 
78,69 
85.44 
90.49 
823.35 
807.49 
79,57 
86,54 
112.21 
808,80 
79,42 
90,73 
$05,75 
89,36 
60,02 
69,55 
95.59 
83,07 
80.54 
85,83 
84,05 
78,9? 

NODE 
4 

204 

TtMP 
446 .16 
443 .18 
393.77 
388.28 
285 ,19 
2 7 9 . 1 9 

9 1 , U 
187.47 
181 .69 
U 0 . 7 8 

8 6 , 2 3 
87 .37 

127,22 
822.22 

8 4 , 4 ! 
8 2 , 8 2 
80 .75 
85 .34 
80 ,57 
78 ,57 
78 ,78 
80 .27 
97 ,0? 

823,88 
9 5 , 6 6 
7 9 , 5 2 
89 ,16 

813 ,78 
800,66 
8 0 . 7 9 
9 6 . 0 3 

805,2? 
84 ,87 
8 1 , 7 6 
9 2 . 7 4 
9 4 , 4 6 
6 8 , 3 9 
6 1 . 1 2 
8 5 . 5 9 
8 2 , 6 0 
78 ,46 

lUDE 
5 

SO 
S5 
20 
25 
10 
3S 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

800 
805 
880 
815 
820 
825 
830 
8J5 
840 
845 
850 
8 55 
! 6 0 
165 
170 
875 
880 
885 
890 
895 
200 

TEMP 
449 ,62 
415 .39 
395 ,42 
361 ,71 
287 .05 
256 .45 

9 0 . 9 9 
889,30 
863 ,72 . 
808,47 

8 6 , 2 0 
9 0 , 9 3 

829,04 
U l , 7 9 

84 .67 
6 5 . 2 8 
62 .06 
8 0 , 5 6 
60 .54 
7 8 , 6 ! 
7 9 . 3 ! 
8 1 , 7 6 

808.62 
823,22 

8 6 . 9 2 
7 9 . 8 2 
9 3 , 9 0 

814 .89 
92.45 
8 3 , 1 9 

801,20 
803.77 

8 2 . 4 2 
83 ,37 
9 4 , 7 0 
9 2 , 3 2 
78 .48 
8 ! , 8 7 
8 5 . 7 2 
8 8 , 4 0 
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TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 6696 HOURS 

StALtU STORAbt CASK FI^AL DE&IiiN 8.OK* 

INTERNAL L TEMPfeRATURtS A t 
o u t TEMP 

8 8 2 8 , 3 0 
6 4 4 0 . 2 0 

88 8 2 3 , 0 9 
16 3 8 6 , 6 5 
28 I I S . B ? 
2 6 2 8 0 . 6 6 
38 9 0 , 2 9 
3 B 8 8 8 , 7 9 
48 1 8 6 , 2 3 
46 8 1 3 , 9 4 
58 8 6 , 7 2 
56 8 5 , 4 6 
68 9 7 , 6 3 
6 6 $ 2 7 , 6 0 
78 9 6 , 4 8 
76 8 4 , 2 2 
88 8 0 , 4 2 
66 6 4 , 6 5 
98 6 1 , 5 0 
9 6 6 0 , 8 7 

808 7 8 . 5 7 
806 6 0 , S S 
$8$ 8 4 , 5 4 
816 8 8 6 , 0 1 
82$ 8 8 9 . 6 2 
8 2 6 8 3 , 0 7 
$38 6 8 , 0 0 
836 $ 0 0 , 7 9 
8«8 $ 8 2 , 2 6 
846 8 5 , 4 5 
858 6 4 , 8 8 
856 8 0 2 , 9 8 
868 9 9 , 6 7 
866 7 6 , 6 8 
87$ 6 4 . 2 6 
876 9 4 , 9 2 
$68 6 6 , 2 0 
8 8 6 7 6 , 8 6 
89$ 8 2 , 6 6 
896 8 5 , 8 6 
20S 8 0 , 2 0 

. 2 2 0 E < 
NOOt 

i 
1 

8« 
8) 
2c 
i1 
S< 
31 
4( 
41 
%i 
51 
6 , 
61 
?« 
71 
Sf 
61 
9 i 
91 

$01 
$01 

$$• 
881 
$21 
S21 
$3. ' 
$31 
8 4 , 
$41 
$5 i 
151 
$ 6 i 
$61 
$7 i 
171 
$ 6 i 
181 
1 9 , 
891 
2 0 i 

' 0 8 SECONDS 
; TEMP 
i 4 1 3 , 2 4 
' 4 3 9 . 7 S 

3 5 9 , 0 3 
' 3 8 6 , 1 4 
I 2 5 3 , 8 7 
' 2 8 0 , 0 8 
! 9 0 . 8 e 
' 1 6 2 , 5 8 
'. 8 8 5 . 6 6 

1 1 8 . 7 2 
! 9 0 . 0 5 
' 8 5 , 4 0 
! 1 U , 7 2 
' 8 2 7 . 0 0 
I 8 6 . 6 0 
' 8 4 . 3 2 
! 8 1 , 6 1 
' 8 0 , 3 2 
I 8 4 , 7 5 
' 8 0 , 1 5 
i 7 8 . 6 6 
' 8 1 . 4 5 
i 8 6 . 5 3 
' 8 1 9 , 9 4 
! 8 1 5 , 3 5 
' 7 9 . 0 2 
I 6 3 , 7 4 
' 8 0 7 , 4 7 
i 8 1 0 . 5 6 
f 6 2 , 5 3 
! 8 6 . 8 0 
f 8 0 4 , 2 8 
I 9 4 . 1 9 
r 7 8 . 8 7 
I 8 6 , 1 4 
1 9 5 , 1 8 
S 8 5 . 8 3 
F 7 9 , 6 2 
I 8 3 . 9 4 
1 6 4 . 6 7 
i 7 9 , 4 6 

NOD 

20 

TtMP 
434,25 
438,17 
360.01 
384,35 
273,28 
278,07 
90,22 
179,05 
183,67 
810.74 
85,53 
85,64 
181,20 
825,04 
«J,47 
80,44 
84,63 
81.55 
80,22 
78,46 
78.76 
64,79 
89,66 
828,64 
$06,24 
78.99 
85,91 
880,66 
806,87 
79,25 
90.03 
804.63 
66,78 
79,80 
88.96 
94.83 
82,6§ 
80,33 
84,78 
63.73 
78.53 

NOD 

20 

TEMP 
418.42 
433.58 
3»«.64 
379,29 
278.39 
272.53 
90,59 
183.99 
178.34 
109,38 
85,52 
86.63 
125.37 
120.5! 
83,76 
61.64 
80.38 
84,69 
60.2! 
78.4? 
TS.Bfe 
79.98 
96,09 
822,09 
94,78 
78,95 
86.44 
812.39 
99,64 
80.49 
95.89 
104.1? 
84.35 
8!.41 
92.06 
9S,75 
80,96 
80.89 
85.23 
S2.S2 
?8,89 

NODE 
5 

SO 
15 
JO 
2 5 
10 
1 5 
40 
4 5 

so 
5 5 
6 0 
6 5 
70 
7 5 
8 0 
8 8 
90 
9 5 

100 
IDS 
ISO 

us 
8 2 0 
825 
130 
13S 
1 4 0 
145 
ISO 
155 
160 
165 
170 
175 

sao 
885 
1 9 0 
195 
2 0 0 

I f M P 
4 3 9 . 8 5 
4 0 6 . 6 7 
3 8 b , £ S 
S S 3 . 5 7 
2 8 0 , 2 ! 
2 ' 5 0 . 4 S 

9 0 , 0 9 
1 8 5 , 7 9 
SfeO.84 
1 0 7 . 1 1 

8 5 , 4 9 
. 9 0 , 0 4 

1 8 7 , 1 4 
8 1 0 , 3 9 

8 4 , 0 ! 
8 4 . 6 1 
8 1 , 6 0 
8 0 , 2 2 
8 0 , 1 9 
7 8 . 5 S 
7 9 , ! S 
8 1 , 3 5 

1 0 7 , 5 1 
1 2 1 . 5 1 

8 6 . 2 9 
7 9 . 6 0 
9 J . 0 f e 

U 8 , f 9 
9 1 . 6 4 
8 2 . 7 4 

1 0 0 . i ! 

loa.Tt 
«S,9J 
02 .97 
9 J . 9 6 
9 1 , b « 
7 8 . I S 
8 1 , 6 1 
85 .35 
8 1 . ! 5 
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TAP-A OUTPUT(Continued) 

TEMPERATURE CALCULATIONS FOR 7418 HOURS • 

*•«««« SEALED 8T0RASE CASK FINAL 0EST6N l.OKW 

JNTERNAt TEMPERATURES AT .84feE*06 SECONDS 
NUDE 

3 
6 
13 
88 
83 
26 
33 
36 
43 
48 
5S 
SS 
63 
66 
73 
78 
83 
66 
93 
98 

803 
108 
$$3 
888 
823 
$28 
$33 
$38 
843 
848 
153 
858 
163 
868 
873 
878 
8BJ 
!H8 
193 
198 
i03 

TFMP 
4!6.63 
420,70 
361.88 
366,20 
255.59 
260.39 
76.48 
864.28 
868.65 
97,70 
78.46 
78,55 

105,81 
809,63 
70,55 
65.63 
70.5$ 
67.00 
65,S« 
62.78 
65.86 
70.63 
75,68 

806.26 
98.66 
67.25 
78.66 
95.78 
92,06 
63,95 
75.56 
89.68 
74.65 
64,78 
74,86 
79,99 
*8,6S 
f>5.?l 
69,6« 
h«.6» 
k5,«5 

NODE 
4 
9 
14 
89 
24 
29 
34 
39 
44 
49 
54 
59 
64 
69 
74 
79 
64 
89 
94 
99 
104 
109 

U« 
189 
824 
529 
134 
139 
844 
149 
!54 
159 
S64 
869 
174 
179 
184 
)PI9 
t 94 
)99 
?f)4 

TfMP 
4?0.8« 
416,29 
366.40 
368.SS 
260.62 
255.0! 
76.3? 
8«>9.08 
863.68 
96,43 
78,44 
72.59 
809,87 
805.33 
70.65 
67.13 
65,54 
70.55 
65.32 
•,2.73 
63.0? 
64.94 
81.69 

806,70 
80,76 
67.18 
74,21 
97.26 
85.25 
hS.bfe 
60,53 
89,25 
70.56 
66.7? 
77.27 
78.97 
f>7 ,48 

f>5,79 
TO,08 
*>7.3h 

h«,?7 

NODE 
5 
SO 
55 
?0 
15 
30 
35 
«0 

as 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
$00 
SOS 
$50 
US 
S?0 
S25 
ISO 
8 35 

8«0 
845 
SSO 
155 
560 
S6S 
170 
ITS 
IfiO 

SflS 
!90 
S9S 
200 

TfMP 
4?2.g6 
388,78 
367,97 
335.1? 
262,«S 
233.58 
76,56 

170.85 
145.53 
94,27 
71,4! 
76.1? 
188.59 
95.69 
?1.U 
70.50 
67,06 
65.29 
65.29 
62.79 
63.70 
66,71 
92.51 
105.17 
72.65 
54.41 
7S,5S 
97,6? 
77,63 
56.?8 
65,38 
67,6T 
58,7? 
58.35 
79.1? 
75.98 
52.76 
55.5^ 
70.?1 
56.50 

NODE 
2 
7 
82 
1? 
22 
27 
32 
S? 
42 
47 
92 
57 
62 
6? 
78 
7? 
62 
8? 
92 
97 

802 
SOT 
SSS 
$87 
822 
827 
8 32 
8 37 
842 
847 
8S2 
857 
852 
867 
872 
877 
162 
887 
192 
897 
202 

TEMP 
395,55 

422,89 
340,80 
367,89 
235.42 
262.32 
76,45 
S47.87 
$70,76 
98,60 
76.83 
78,30 
96.59 
$$$.49 
72.95 
78.43 
67.$! 
65.44 
70.60 
55,20 
63.0$ 
66,84 
72,44 
804,58 
800,32 
67,30 
69,44 
92,50 
95,55 
59.48 
72.43 
89,33 
79.8! 
53.43 
71.52 
80.3! 
70,89 
54,45 
58.R? 
69.55 
55,16 

NOOg 
1 
6 
U 
16 
il 
26 
31 
36 
«1 
46 
58 
86 
fel 
66 
71 
?6 
81 
86 
91 
96 

$08 
106 
88$ 
$16 
82$ 
826 
13$ 
136 
$48 
846 
158 
856 
168 
166 
171 
175 
188 
866 
S98 
$95 
20$ 

TEMP 
$$3,53 
422,68 
808,52 
366,36 
101,43 
262,86 
76,49 
97,6? 
87$,29 
$00.66 
72,69 
78.S6 
63,2$ 
U2,04 
82,44 
?$,3S 
65,60 
to,53 
66,98 
65.85 
62,68 
65.16 
70.35 
800,60 
S0«,S8 
70,80 
66,29 
86,05 
97,88 
tS,?7 
70,43 
68,06 
85,00 
66.60 
69,69 
80,05 
75,75 
63.49 
67,58 
70,05 
65,47 
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TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 8140 HOURS 

atALfcO SfOhAbE CASK FINAL DESIGN 1 ,UKW 

INTERNAL 1 
NUDt 

1 
t 

1 
i ! 
21 
it 
SI 
3t 
41 
4« 

5 
5« 
61 
6« 
71 
76 
6 ! 
6« 
9 ] 
9 | 

SOI 

sot 
U ! 
81$ 
82 
8 2< 
83 
838 
84 
841 
85 
SSe 
86 
86< 
87 
S7t 
18 
SSI 
S9 
191 
£ 0 

E M P t K A T g w t S AT 
T tMP 

9 6 , o 9 
• 4 0 5 , 5 8 

9 2 , 0 1 
» 3 5 0 . 8 9 

6 5 , 2 0 
, 2 4 4 , 4 4 

6 0 , 3 0 
» 8 1 , 5 6 

8 5 5 , 2 2 
1 8 5 , 2 7 

5 6 , 5 2 
• 5 5 , 2 0 

6 6 , 7 6 
, 9 4 , 6 9 

6 6 , 8 2 
. 5 5 , 2 1 

4 9 , 5 7 
, § 4 , 3 9 

5 0 , 8 5 
, 4 9 , 2 2 

4 6 , 8 ? 
4 9 , 8 4 
5 4 , 2 2 

» 8 i , 8 9 
8 7 , 4 2 

» 5 4 , 0 2 
5 0 , 2 4 

> 6 9 , 5 2 
6 0 , 4 8 

» 5 5 , 6 5 
5 8 , 3 $ 

s 7 1 , 5 8 
6 8 , S S 

> 5 0 , 8 3 
5 3 , 5 6 

> 6 3 , 7 8 
5 7 , 5 6 

1 4 7 , 4 9 
\ S S , 5 3 
1 5 3 , 9 6 
i 4 9 , 4 6 

, 2 7 2 E i 
NUDt 

« 
1 

S< 
81 
2 i 
21 
3 i 
31 
4 l 
41 
5 . 
51 
6< 
61 
71 
71 
8 , 
81 
9 , 
91 

8 0 , 
$01 
$ 8 i 
881 
Si< 
$21 
S3. 
SS 
8 4 , 
141 
85 
85 
86< 
86 
8? 
8 7 ' 
8 6 , 
86 
89 
89 
glit 

• 06 6ECIIf . r)6 
TEMP 

> 3 7 5 . 0 9 
f 4 0 5 , 1 2 
1 3 8 9 . 7 5 
t 3 4 9 , 7 3 
e 2 1 6 . 0 0 
> 2 4 3 . 9 0 
S 5 0 . 2 ? 
f 8 3 1 , 7 1 
5 8 5 4 . 6 9 
f 8 3 . 2 9 
e 5 9 , 9 $ 
' 5 5 , 1 4 
» 7 9 . 6 5 
f 9 « , 3 5 
i 5 6 , 8 1 

5 5 , 3 ! 
1 5 1 . 0 5 
> 4 9 . 4 1 
i 5 4 , 4 6 
f 4 9 . 1 7 
'. 4 7 , 0 8 
t 5 0 , 7 9 
i 5 6 , 2 ? 
t 6 7 , 6 3 
t 8 3 , 4 5 
t 5 1 . 3 2 
! 5 3 , 3 3 
t 7 5 , 6 1 
1 7 8 , 8 3 
f 5 3 . 4 2 
i 1 6 , 2 6 
t 7 2 , 7 6 
: 6 3 . 4 6 
r 4 7 , 4 4 
i 5 5 , 3 5 
f 6 3 , 9 7 
J 5 4 , 7 6 
f 4 8 , 4 4 
i 5 2 . 7 4 
r 5 3 . 4 6 
8 4 9 , 8 ? 

NUDt 
i 
8 

13 
18 

as 
2 8 
33 
38 
43 
4 8 
5 3 
5 8 
6 i 
6 6 
73 
78 
8 3 
88 
9 3 
98 

SOS 
808 
883 
S I S 
823 
828 
833 
838 
843 
848 
8 5 3 
158 
863 
168 
873 
$78 
$ 8 J 

sag 
$ 9 3 
$98 
2 0 3 

TfcMP 
3 9 9 , 5 7 
4 0 3 , 5 5 
3 4 5 . 5 6 
3 4 8 , 0 7 
2 3 7 . 8 6 
2 « S , 9 9 

6 0 . 2 2 
8 4 6 , 1 4 
8 5 2 , 8 ! 

8 2 , 4 3 
5 5 . 2 9 
5 5 . 3 9 
8 8 . 7 8 
9 2 , 5 3 
5 4 , 4 5 
4 9 , 6 0 
5 4 , 3 7 
5 0 , 9 4 
4 9 , 3 2 
4 6 , 7 0 
4 7 , 8 5 
5 4 , 4 9 
5 9 , 3 8 
8 9 . 2 5 
7 5 . 0 3 
5 8 . 2 6 
5 5 . 5 3 
7 9 . 0 3 
7 5 . 4 1 
4 7 . 9 3 
5 9 , 3 1 
7 3 . 1 0 
5 6 , 4 6 
4 8 , 7 ? 
5 6 . 0 4 
5 3 . 6 5 
5 2 , S ? 
4 9 . 1 9 
5 3 . 5 5 
5 2 , 6 8 
4 9 , 8 8 

NOD 

20 

TFMP 
40J.8B 
198.98 
346.25 
342.97 
242.2S 
236,64 
50.17 
153.08 
847.66 
68.$8 
55.27 
56,42 
92.75 
6«,33 
54.74 
58.07 
49.51 
54.42 
49,30 
46,72 
47,02 
46.92 
65.29 
89.69 
64,45 
51,20 
58,01 
80.49 
56,74 
49.53 
54.14 
72,68 
54,48 
50,67 
60,96 
52,66 
SI,46 
49.7? 
53.99 
51.32 
48,30 

NUDE 

5 
10 
15 
8 0 

as 
10 
35 
40 
45 
5 0 
5 5 
6 0 
6 5 
70 
75 
60 

as 
9 0 
9 5 

1 0 0 
105 
U O 
U S 
1 2 0 
125 
ISO 
135 
140 
145 
ISO 
155 
1 6 0 
165 
8 7 0 
875 
1 8 0 
165 
1 9 0 
195 
2 0 0 

TFMP 
4 0 5 . 1 8 
3 5 8 . 7 S 
S 4 9 . 8 ! 
3 1 4 , 5 0 
2 4 3 , 9 9 
2 1 5 . 1 7 

5 9 , 9 6 
1 5 4 . 7 a 
1 3 0 . 5 6 

7 9 . 0 3 
5 5 . 2 4 
5 9 . 6 9 
9 « , 4 « 
7 8 . 9 6 
5 5 , 0 0 
S 4 , 3 T 
5 1 , 0 0 
4 9 . 2 7 
4 9 , 2 7 
4 6 , ? 6 
4 7 , 6 9 
5 0 , 6 6 
7 5 , 8 9 
8 9 , ! ? 
S 6 , 5 2 
4S .4@ 
6 2 . 3 2 
8 0 , 6 6 
6 1 , 3 8 
5 2 . 2 0 
6 6 . 8 6 
7 1 . 3 3 
5 2 , 6 7 
5 2 , 2 7 
6 2 . 7 9 
5 0 . 7 2 
4 6 . 7 9 
5 0 , 4 9 
5 4 . U 
5 0 , 2 6 
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TAP-A OUTPUT (Continued) 

TEMPERATURE CALCULATIONS FOR 8862 HOURS 

«««•«« SEALLU STURAUE CASK FINAL DE&IGN !,0K« 

INTERNAL IE 
NOet 

1 
6 
88 
86 
28 
26 
38 
36 
48 
46 
58 
56 
6$ 
66 

n 
76 

as 
66 
98 
9» 
80S 
80e 
181 
186 
828 
826 
$38 
8S6 
84$ 
846 
158 
856 
$61 
166 
l?l 
176 
$68 
166 
891 
896 
208 

iMPfcKATUHES AT 
TfcMP 
89,88 

393,79 
65,47 

338,62 
76,93 

234,78 
54,49 
75,47 

147.94 
78,99 
50,93 
49,70 
60,64 
66,86 
S9,87 
46,62 
44,76 
48,94 
45,83 
44,50 
42,68 
44,44 
48,80 
t7,«? 
60.63 
47,S4 
45,28 
63,52 
74.07 
49,59 
«6,9S 
65,58 
62, SO 
«3,79 
48,38 
56,06 
S8,94 
43,00 
46,67 
49,01 

,296E*06 
NODE 

2 
7 
82 
8? 
22 
2? 
32 
3? 
42 
47 
52 
57 
62 

6? 

?2 
7? 
82 
8? 
92 
97 
102 
10? 
882 
187 
822 
12? 
8 32 
837 
842 
84? 
852 
IS? 
862 
857 
872 

S7r 

$82 
$87 
$92 
197 
203 

SECONDS 

TEMP 

36^,82 
393.28 
307.79 
338,06 
208,75 
234.24 
54,46 
124,76 
$47,41 
77.02 
54,83 
49,65 
73,53 

67.51 

50,69 

«8,71 

45.99 

44.65 

49,02 

44,47 

«2,?9 
45.76 
50,70 
68,80 
7o,92 
44.06 
47,98 
69.54 
72,50 
47,02 
50,75 
66,72 
57,50 
43,08 
SO.01 
58,33 
49.84 
43,78 
47,84 
48,S3 
43,64 

Nonfc 
3 
8 

S i 
88 
2 3 
2 8 
S i 
38 
4 3 
4 8 
S i 
5 6 
6 3 
6 8 
7 3 
76 
6 3 
6 8 
9 3 
9 8 

803 
808 
H i 
U 8 
123 
828 
833 
8 3 8 
843 
8 4 8 
853 
858 
8 6 3 
866 
873 
S78 
883 
886 
$ 9 3 
898 
2 0 3 

T tMP 
3 6 6 , 6 0 
3 9 1 . 4 ? 
3 3 1 , $ 6 
3 3 6 . 1 3 
2 2 7 , 6 2 
2 3 2 , 3 3 

5 4 , 4 1 
8 4 0 , 9 6 
8 4 5 . 5 3 

7 6 , 8 5 
4 9 , 7 6 
4 9 , 6 6 
8 2 , 2 2 
6 5 , 8 1 
4 7 , 9 3 
4 4 , 6 0 
4 8 , 9 2 
4 S , 9 0 
4 4 , 5 8 
4 2 , 5 5 
4 2 . 9 0 
4 9 , O S 
S 3 , 6 5 
6 2 , 6 8 
6 8 , 6 3 
4 4 , 0 3 
5 0 . 0 2 
7 2 . 7 6 
6 9 , 8 3 
4 3 . 4 3 
5 3 . 6 9 
6 7 , 0 5 
5 2 , 5 2 
4 4 , 0 0 
5 2 , 5 9 
S 8 , 0 0 
4 6 , 6 9 
4 4 , 4 6 
4 8 , 6 3 
4 7 , 6 6 
4 3 , 3 6 

NQDt 
4 
9 

84 
89 
2 4 
2 9 
3 4 
39 
44 
4 9 
54 
5 9 
6 4 
6 9 
74 
7 9 
S4 
6 9 
9 4 
9 9 

8 0 4 
8 0 9 
8 8 4 
8 1 9 
$ 2 4 
829 
8 3 4 
8 3 9 
8 4 4 
849 
8 5 4 
8S9 
8 6 4 
869 
874 
879 
8 8 4 
889 
8 9 4 
8 9 9 
2 0 4 

TEMP 
3 9 1 . 7 3 
3 8 6 , 8 4 
3 3 6 , 4 0 
3 3 0 , 5 0 
2 3 2 , 6 0 
2 2 7 . O S 

5 4 . 3 7 
$ 4 5 . 8 0 
$ 4 0 , 4 1 

7 4 . 8 8 
4 9 , 7 5 
5 0 , 8 4 
8 6 , 0 6 
8 8 . 6 6 
4 6 , $ 9 
4 6 , 0 8 
4 4 , 7 3 
4 8 , 9 ? 
4 4 . 5 6 
4 2 , S ? 
4 2 , 7 9 
4 4 . 2 6 
5 9 . 4 0 
8 3 . 0 9 
5 6 , 2 4 
4 3 , 9 9 
5 2 , 3 7 
7 4 , 8 7 
6 2 , S S 
4 4 , 7 4 
5 6 , 3 6 
6 6 , 6 2 
4 6 , 5 4 
4 5 . 6 2 
5 5 , 4 3 
5 7 , 0 8 
4 5 , 4 4 
4 5 , 0 0 
4 9 , 0 5 
4 6 , 3 6 
« 2 , ? 2 

NODE 
5 

to 
SS 
2 0 
2 5 
30 
35 
40 

4 5 
SO 
5 5 
6 0 
6 5 
7 0 
7 5 
8 0 
8 5 
9 0 
9 5 

100 
105 
U O 
855 
8 2 0 
125 
1 3 0 
835 
140 
845 
8 5 0 
SSS 
8 6 0 
8 5 5 
8 7 0 

in 
8 8 0 

• 8 8 5 
8 9 0 
8 9 5 
2 0 0 

TEMP 
3 9 3 , 3 8 
3 5 6 , 5 7 
3 3 8 . 5 8 
3 0 2 . 5 6 
2 3 4 . 3 S 
2 0 6 . 0 3 

5 4 , 1 8 
8 4 7 , S g 
8 2 3 , S S 

7 2 . 7 ! 
4 9 , 7 3 
5 4 , 1 2 
6 7 , ? l 
7 2 , 4 4 
4 6 , 4 3 
4 6 , 9 1 
4 5 , 9 9 
4 4 . S 4 
4 4 . S 4 
4 2 . 6 ! 
4 3 , 3 2 
4 S . 6 5 
6 9 , 6 8 
6 2 , S 7 
S O . 4 0 
4 3 . 8 3 
5 6 . 5 4 
7 4 , 5 5 
5 5 . 2 8 
4 5 . 9 5 
6 2 . 9 5 
6 3 , 2 6 
4 6 , 4 0 
4 7 , O S 
5 7 , 1 9 
5 5 . 0 8 
4 2 , 5 ! 
4 5 , 6 6 
4 9 , 8 7 
4 5 . 2 6 
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TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 9585 HOURS 

StALtU sru 

INTERNAL 
NOD 

8 
8 
g 
Ss 
3 
36 
4 
4< 
5 
S# 
6 
66 
? 
7 
6 
8 
9 
9 
10 
$06 
U 
8$ 
12 
126 
IS 
$36 
14 
84 
IS 
8S6 
16 
166 
17 
87 
$8 
$66 
89 
896 
20 

EMPfcKA 
T 

3 

3 

2 

b t CASK 

AT , i 2 4 e < 
NUD( 

t 

1 
Si 
SI 
2 i 
21 
3< 
SI 
4< 
41 
5< 
SI 
6 i 
61 
Td 
?1 
S< 
61 
9 i 
91 

$ 0 . 
801 
8$< 
811 
82< 
821 
8 5. 
I l l 
8 « i 
841 
8S. 
8S1 
8 6 i 
86 
8 7 . 
1?" 
8 8 , 
86 
1 9 . 
$9-
2 0 . 

F I N A L D E S t l . N 

(•OS StCUNOg 
T tMP 

8 3 5 2 , 0 5 
3 8 1 . 7 5 

8 2 9 7 . S ! 
3 2 7 , 1 6 

: 2 0 1 , 3 2 
2 2 6 , 3 3 

i 5 0 , 9 S 
U 9 , 7 7 

! 1 4 2 , 0 8 
7 3 , 2 3 

! 5 0 , 6 3 
4 6 , 3 0 

! 6 9 , 5 0 
6 3 , 2 0 

! 4 7 , 3 0 
4 5 , 3 2 

I 4 2 , 7 7 
4 1 , S O 

! 4 5 , 6 6 
' 4 1 , 3 3 
i 3 9 . 7 4 

4 2 . 5 7 
t 4 7 , 3 2 
r ? f e , 8 ? 
i 7 2 , 6 0 
f 4 0 , 7 5 
t 4 4 , 6 9 
t 6 5 , 7 3 
1 6 6 , 5 3 
1 4 3 , 5 9 
8 4 7 , 3 9 
' 6 2 , 9 2 
J 5 3 , 9 5 
' 3 9 , 9 5 
i 4 6 , 7 0 
f S 4 , 7 8 
i 4 5 , 8 5 
t 4 0 , 6 9 
t 4 4 , 6 3 
f 4 5 . 3 0 
8 4 0 , 6 9 

l .OKW 

NUDE 
3 
8 

13 
I S 
23 
28 
S3 
38 
4 1 
48 
5 1 
5 6 
6 3 
56 
7 3 
78 
8 3 
6 6 
9 3 
98 

803 
106 
U I 
818 
S 2 i 
826 
833 
838 
143 
848 
S 5 i 
8S8 
8 a i 
168 
873 
878 
183 
888 
193 
898 
2 0 3 

T tMP 
3 7 5 , 4 1 
3 7 9 , 9 8 
3 2 0 . 3 9 
3 2 5 , 2 5 
2 1 9 , 8 3 
2 2 4 , 4 6 

5 0 , 9 0 
1 3 5 , 7 0 
1 4 0 , 8 7 

7 2 , 3 8 
4 6 , 4 0 
4 6 , 5 1 
7 7 , 9 S 
8 1 , 4 4 
4 4 , S ? 
4 1 , 6 4 
4 5 , 5 9 
4 2 , 6 9 
4 1 , 4 3 
3 9 , 5 ! 
3 9 , 8 5 
4 5 . 7 2 
5 0 . 8 6 
7 8 , 4 ! 
6 4 , 7 4 
4 0 , 7 2 
4 6 , 6 ? 
5 8 , 7 7 
6 5 , 2 4 
4 0 , 3 S 
5 0 . 2 5 
6 3 , 2 4 
4 9 , 0 9 
4 0 , 8 9 
4 9 , 2 0 
5 4 . 4 7 
4 3 . 6 3 
4 8 . 3 4 
4 5 , 3 9 
4 4 , 4 5 
4 0 , 1 2 

NOD TEMP 
J80.2S 
174,77 
325,52 
SS9,7J 
224,78 
219,24 
50,86 
140,43 
835,IS 
71,14 
46,39 
47.44 
81,71 
?7,40 
44.62 
42,79 
41,5? 
45.64 
41.41 
39.51 
39,?S 
41.IS 
55.77 
78,81 
S4,56 
40,66 
46,9S 
70,IS 
58,84 
48,59 
S4.79 
62,62 
45.21 
42.44 
51.97 
53.SO 
42.89 
48.66 
45,88 
43.18 
39,57 

NUDE 
S 

10 
15 
20 
2S 
30 
J 5 
4 0 
«S 
5 0 
5 5 
60 
5S 
7 0 
7 5 
SO 
0 5 
90 
95 

800 
SOS 
U O 
S I S 
120 
125 
8 3 0 
I I S 
840 
8 4 5 
SSO 
855 
1 5 0 
S65 
1 7 0 
175 

lao 
1 8 5 
1 9 0 
195 
2 0 0 

TEMP 
J » l , 
3 4 6 , 
3 2 7 . 
2 9 2 . 
2 2 6 . 
1 9 8 , 

5 0 , 
1 4 2 , 
1 1 8 , 

6 6 , 
4 5 , 
5 0 , 

as. 
6 8 , 
4 5 , 
4 5 . 
«2. 
4 1 , 
« i . 
3 9 , 
4 0 . 
4 2 . 
6 5 . 
7 6 . 
4 ? . 
4 0 . 
S I , 
T O , 
5 8 , 
4 3 , 
5 9 , 
6 1 , 
« 1 . 
4 1 . 
5 3 . 
5 1 , 
3 9 , 
4 2 . 
«S, 
4 2 , 
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TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 10307 HOURS 

«««»»« StALtU STUKAUt CASK 

INTERNAL lEMPtKATURES AT .iSOE 
NUDt 

8 
6 
SS 
86 
28 
26 
38 
36 
41 
46 
51 
56 
68 
66 
TS 
76 
6$ 
86 
98 
96 
SOS 
806 
888 
886 
828 
8 26 
838 
136 
14$ 
l«fe 
151 
lU 
86$ 
166 
%y% 
$76 
$81 
166 
198 
$96 
208 

TEMP ' NUO 
90,09 

376,08 
66,82 8 

324,93 8 
60,88 2 

227,36 2 
S6.88 S 
76,96 3 
145,78 4 
60,36 4 
Si,98 5 
52,88 S 
63,44 6 
69,59 6 
62,69 ? 
58.43 ? 
49,27 8 
52,26 S 
50,08 9 
49,84 9 
46,26 80 
49,84 SO 
52,24 88 
79.48 88 
62,68 82 
50,55 82 
49,70 83 
66,3S 83 
76.48 S4 
53,08 84 
52,69 85 
66,46 SS 
55,5? 8* 
46,43 86 
52.45 8? 
68,71 87 
55,60 88 
46.37 88 
58,49 89 
53,70 89 
49,89 20 

FINAL OtSISN 

•08 SECONDS 
fc TtMP 
2 348.69 
7 377.60 
2 295.60 
? 324,40 
2 202.54 
7 226,64 
2 56,79 
7 823,63 
2 8«5.27 
7 78,42 
2 55,62 
7 52,8? 
2 75,64 
7 89,0? 
2 53,98 
7 51,51 
2 50,07 
7 49,23 
2 S2.36 
7 49,14 
2 46,34 
? 49,99 
S 53,83 
7 82,95 
2 78,95 
? 46,44 
2 58.68 
7 72,89 
2 74,92 
? 50,86 
2 54.3? 
7 59,58 
2 60,79 
7 48.42 
2 54,05 
7 68,94 
2 53.07 
? 46,90 
2 52,60 
? 53.25 
2 46,30 

l.OKW 

NUO 

20 

NODE NODE 
S 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
6S 
70 
7S 
80 
85 
90 
9S 

100 
805 
U O 
U S 
120 
125 
130 
135 
840 
845 
850 
SSS 
860 
865 
870 
875 
880 
885 
890 
895 
200 

TFMP 
377,70 
342,69 
324,55 
290,74 
226,95 
200,05 
56,55 
845,38 
822,46 
74,15 
52,89 
56,63 
89,58 
74,52 
58.27 
52,25 
50,05 
49,58 
49.15 
48,25 
46,59 
49,92 
72,05 
64,34 
53,72 
48,85 
59,54 
75,87 
58,4? 
58,00 
55.03 
68.23 
49,73 
58,35 
60,65 
56.63 
48,85 
50,57 
53,85 
50,07 
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TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 11029 HOURS 

SEALtD STUhAbt CASK 

N&L TEMPtKATUKfcS AT 
NUDE 

8 
6 

88 
86 
28 
26 
38 
36 
48 

«fe 
SS 
Sfe 
68 
66 
71 
76 
68 
66 
98 
96 

801 
806 
U S 
$86 
l i t 
8 l 6 
$38 
8S6 
84$ 
146 
SSS 
IS6 
868 
$66 
8?S 
876 
888 
866 
$91 
196 
201 

TEMP 
9 3 , 9 2 

372 ,76 
9 0 . 1 0 

320 ,89 
8 4 , 2 9 

2 2 6 , 5 1 
6 8 , 8 3 
8 8 , 2 3 

$47 ,61 
6 4 , 5 0 
5 9 , 0 2 
5 8 , 0 2 
6 6 , 3 0 
93 ,67 
6 7 , 7 3 
5 7 , 0 4 
5 4 , 3 9 
57 ,4$ 
5 5 , 8 6 
54,2S 
53,S8 
S4,gS 
5 7 , 4 0 
6 3 , 8 6 
S?,00 
56 ,87 
5 4 , 8 5 
7 8 , 8 5 
8 0 , 9 2 
58,48 
5 7 , 8 6 
? i , S 9 
7 0 , 4 4 
5 2 , 4 0 
57 ,68 
6 6 , 6 2 
60 .9S 
5 1 , 4 9 
5 6 , 5 9 
5 8 , 7 4 
5 4 , 4 5 

, i 7 a E * 
NODE 

2 
7 

12 
17 
iS 
27 
32 
37 
42 
47 
52 
S? 
62 
6? 
71 
7? 
62 
87 
92 
97 

802 
SO? 
U 2 
887 
Hi 
827 
SS2 
837 
842 
847 
852 
8S7 
862 
$6? 
872 
877 
862 
$87 
S92 
897 
202 

FINAL DESIfaN 

08 SECONDS 
TEMP 
344.27 
172,29 
292.55 
320,39 
202.53 
226,02 
61,88 
825.20 
847,82 
62,62 
6 8,65 
SS.OS 
80,85 
93,1? 
59.35 
57,S2 
55,22 
54,14 
97.52 
54.25 
53,37 
55,84 
58.96 
87,24 
61,4! 
52,47 
S6,86 
?»,»2 
79.48 
55,78 
59,50 
74,31 
65,64 
53,5$ 
59,8? 
66,85 
88,34 
54,05 
57,56 
58,30 
53.69 

l.OKW 

NODE 
3 
6 
S3 
!6 
23 
26 
33 
36 
43 
48 
SS 
58 
63 
56 
73 
78 
61 
88 
93 
98 
801 
$08 
813 
118 
823 
828 
133 
838 
8«i 
846 
$53 
858 
$63 
869 
873 
878 
883 
888 
891 
898 
201 

IfMP 
356,27 
370,61 
313,98 
358,58 
2$9,65 
224,2S 
51,78 
141,13 
845.37 
81,77 
58,04 
58,20 
88,18 
91,5! 
56,45 
54,40 
57,38 
55,19 
54,26 
53,23 
S3,41 
57,56 
61,SO 
88,70 
75,80 
52,45 
S8,8l 
79,70 
?6,36 
53,75 
52.23 
74,61 
58.23 
54.09 
61,55 
55.5S 
§6,23 
54,62 
58,39 
S7,50 
52,38 

NODE 
4 
9 
14 
89 
24 
29 
34 
19 
44 
49 
54 
59 
64 
69 
74 
79 
84 
89 
94 
99 
104 
809 
854 
889 
824 
$29 
834 
119 
$44 
149 
854 
8 59 
154 
869 
874 
|T9 
184 
189 
$94 
199 
204 

TFMP 
370,83 
355,68 
JSS.Sg 
S!J,38 
224,49 
2S9,W 
61.76 
845,60 
S«0,6$ 
80.56 
58.04 
56,95 
91,75 
87,70 
56,66 
55.23 
S4,J7 
57,46 
54,26 
S3,2S 
S3,J? 
54,17 
67,05 
89,08 
56,28 
52,44 
50,59 
81.01 
70.13 
S4.S4 
55.38 
74.2S 
57,54 
55.29 
54.1? 
55.64 
94.64 
5S,08 
S8.77 
S6.29 
52.50 

NODE 
5 
SO 
55 
20 
25 
10 
SS 
40 
45 
SO 
SS 
60 
55 
70 
75 
80 
65 
90 
95 
SOD 
SOS 
110 
U S 
820 
S2S 
ISO 
135 
840 
8«S 
ISO 
855 
$50 
165 
S70 
178 
180 
185 
190 
895 
200 

TEMP 
373,3« 
338,15 
320.48 
287,69 
225.12 
200,83 
51.69 
147.25 
825,12 
78.50 
96,03 
58,67 
93.2? 
79.25 
55.68 
57,J7 
S5,2t 
54,89 
54,26 
53.27 
53,65 
55.06 
75,6S 
88,60 
S9,S0 
51,96 
64.63 
81,36 
53,65 
56,89 
70,84 
72,99 
5S,32 
56.54 
55,80 
53.85 
S3,22 
5S,69 
58.86 
55,2? 
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TAP-A OUTPUT (Cont inued) 

TEMPERATURE CALCULATIONS FOR 11752 HOURS 

SEALtO sTUi^Atit CASK FINAL DtSIUN l.OKW 

INTERNAL TtMPfcHAlURfcS AT .40at*08 SECUNDS 
NUO& 

S 
6 
88 
86 
28 
26 
38 
36 
48 
46 
SS 
S6 
61 
66 
78 
75 
88 
8e 
9| 
96 
80$ 
$06 
88$ 
$$6 
$28 
826 
SS8 
836 
14$ 
$46 
158 
156 
86$ 
166 
171 
l?6 
168 
886 
19$ 
$96 
20$ 

TtMP 
108,03 
378,49 
97,32 
320,9? 
98,68 

229,25 
70,82 
66,70 
852,55 
98,37 
67,4S 
66,58 
76,48 
800,96 
75,a« 
65.88 
6$,85 
65,92 
63,63 
63.03 
62,26 
63,03 
65,90 
98,49 
94,4? 
64,27 
6i,S4 
79,86 
88,5? 
66,59 
66,3a 
68,8$ 
78,40 
60,38 
56.80 
?4,77 
69,23 
62,38 
65,22 
67,27 
63,OS 

NODE 
2 
7 
12 
S? 
22 
2? 
32 
37 
42 
4? 
S2 
57 
62 
67 
?8 
77 
82 
87 
92 
9? 
$02 
107 
182 
U? 
122 
827 
8 52 
S3? 
$42 
847 
852 
$5? 
862 
86? 
$78 
877 
882 
88? 
892 
89? 
202 

TtMP 
343,94 
371.03 
293.6? 
320,4? 
206.8 6 
228.75 
70,80 
831,96 
852.06 
89.50 
69.96 
66,49 
87,9! 
800,4? 
67,50 
6S.S8 
61,88 
53,8$ 
66,02 
53.03 
62,30 
63.68 
67,39 
94.73 
90,97 
60,37 
65,36 
84.53 
87,87 
63.91 
67.89 
82,89 
73,90 
62,36 
67,60 
74,99 
65.5? 
62,68 
66,24 
66,84 
62,2S 

NUDt 
J 
8 
13 
S8 
23 
28 
33 
38 
43 
48 
53 
58 
53 
66 
73 
78 
83 
86 
93 
98 
803 
108 
813 
888 
823 
828 
$33 
838 
843 
848 
853 
8 58 
863 
868 
873 
876 
$83 
888 
893 
896 
203 

TEMP 
365.24 
369,39 
314,31 
318,78 
222,64 
227,02 
70,08 
846.38 
850,35 
88,55 
56,53 
65,6? 
95,68 
98,85 
54,55 
63,85 
55,89 
63,85 
55,04 
52,20 
52,35 
66,05 
59,62 
96.83 
83.55 
50,36 
57,04 
67,42 
84,84 
62,58 
70,52 
82,48 
59.40 
62.83 
59,89 
74,70 
64,56 
63,33 
56.94 
66,06 
60,54 

NODE 
4 
9 
84 
89 
24 
29 
34 
39 
44 
49 
54 
59 
54 
69 
74 
79 
64 
89 
94 
99 
804 
8 09 
$84 
889 
824 
829 
8S4 
8S9 
$44 
849 
854 
S59 
$64 
859 
874 
879 
$84 
$89 
894 
899 
204 

TFMP 
359,53 
354,59 
358,9? 
313,56 
227,29 
222.25 
70,06 
850.65 
845,75 
87.44 
65.52 
57,39 
99.8 2 
95.14 
54.76 
63.89 
63,14 
55.96 
63,04 
62.28 
62.3! 
62.96 
75.19 
95,50 
74.24 
60.36 
59.03 
88.66 
76,24 
53.24 
74,73 
82.10 
55,78 
53,90 
72,42 
73,80 
62.98 
53.77 
67.3! 
54,88 
50.9? 

NQDt 
5 
50 
55 
20 
25 
30 
35 
40 
45 
50 
55 
50 
6S 
70 
75 
80 
8S 
90 
95 
800 
805 
SSO 
815 
820 
825 
810 
815 
540 
S4S 
SSO 
155 
$60 
155 
870 
875 
880 
18S 
890 
S95 
200 

TPMP 
371.13 
337.79 
320.58 
288,94 
228,66 
203.64 
70,01 
158.1? 
830.74 
85,43 
55.52 
59,99 
800,38 
66,90 
64.96 
6s,sa 
53,8? 
53,0? 
53.03 
52.22 
62,55 
53,75 
84,51 
95,02 
57.2S 
62.77 
72,64 
89,0! 
78,71 
64,74 
78,84 
80.89 
63,50 
65,08 
73,98 
?2,07 
52,82 
54,3S 
57.4! 
63.SS 
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APPENDIX C 

THERMAL CONDUCTIVITY OF CONCRETE EVALUATIONS 

Calculational methods were used to determine and confirm the thermal conduct

ivity of the concrete as a result of test data to be used in the thermal 

model. Tne methods used are as follows: 

Transient Line Source Method 

During the initial heatup transient of the casK, hourly temperature data was 

recorded. Tne incremental temperature change with time may be used in the 

following equation: (Reference CI) 

Where: 

Q = Heat supplied per unit length and time, 8tu/hr-ft 

r = Temperature, °F 

t = Time, hrs. 

The use of this expression requires a knowledge of both the heat input and the 

time-temperature values to determine the thermal conductivity. The heat output 

from the canister is not constant along its length. Using the test data, 

incremental calculations for radiation, conduction and convection between the 

canister and liner indicated that at the canister midplane (El. 128"), Q = 1.22 

Q . Figure 12 was used to estimate the total decay power (1.13 kW) at the 

time of the transient. The canister length (167 Inches) was used to obtain the 

heat output per unit length at the midplane. The conductivity calculated for a 

time interval between 101 hours and 199 hours of operation using temperature 

data at a radius of 23 inches in Quadrant 1 at elevation 128 inches was 

k = 1.50 Btu/hr-ft-°F. 

113 



Periodical Change of Surface Temperature 

Hourly temperature data was recorded during March 25 to March 28, 1980. The 

thermal lag time oetween two radii due to the daily solar cycle may be used in 

the following equation to evaluate the concrete thermal conductivity: 

(Reference C2) 

k = .5 n Cp p 

Where: 

k = Thermal conductivity, Btu/hr-ft-'F 

n = Frequency of the thermal cycle, ir/12 radians per hour 

Cp = Specific heat, .21 Btu/lb-°F 
3 

p = Density of concrete, 144 lbs/ft 

r = Radial position (i"2~'̂ l̂  "^ 1.083 ft. 
t = Lag time between the two radii, 6.50 hrs. 

The average phase lag (maximum to maximum and minimum to minimum) between radii 

50 and 37 Inches for 4 quadrants and 3 elevations was 6.50 hours. This phase 

lag is detectable in Figure 21. The resulting conductivity was calculated to 

be 1.60 Btu/nr-ft-°F. 

Temperature Drop Between Radii 9 and 23 Inches (See Figures 22 and 25) on July 
24, 1979 and January 30. 1980 

The following equations were used to determine the concrete thermal conduc

tivity for an axial incremental length at the cask midplane: (Reference C3) 

q = aA^ F^2 ^^l"^ " 2̂̂ )̂ ^ ^ ^ ^^1 " h^' ^̂ "̂ "'" 

^ = 0.0317 (Gr) ^'^^ 

K = 2Tr 1(T2 - T3) '"F^ 

( ^ 

(1) 

(2) 

(3) 
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Where: 

a Stefan-Boltzman's constant, 0.1714 x 10"^ Btu/nr-ft^-^R^ 

Fi2 = Shape factor for concentric cylinders 

A = Surface area. Ft 

T = Absolute temperature, °R 

U = Overall heat transfer coefficient, Btu/hr-ft -°F 

b = Radial clearance between canister and liner, ft. 

k = Thermal conductivity, Btu/hr-ft-^F 

Gr = Grashof number 

1 = Length, Ft. 

r = Radius, Ft. 

1 = Canister property 

2 = Liner property 

3 = Concrete property 

m = Average property 

q = Assembly power level, Btu/hr. "̂  

Equation (1) provides the radiation, conduction and convection heat transfer 

between the canister and liner. Equation (2) provides the overall heat 

transfer coefficient for an enclosed vertical air space. Equation (3) then 

provides the concrete thermal conductivity required for the heat transfer 

obtained in Equation (1). 

The decay power obtained from Figure 12 and calculated thermal conductivity for 

the two dates are: 

Date kW k 

July 24, 1979 ,85 1.63 

January 30, 1980 .72 1.56 
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Integration Between Two Constant Isotherms on July 24, 1979 and January 30, 
1980 (See Figures 23 and 26) ' 

Numerical integration for volume and mean surface area between two constant 
temperature lines can be used in the following equation: 

q = - Y" k (T^ - Tg), Btu/hr 

Where: 
q = Assembly power level 
A = Average area of the isothermal volume 
V = Volume between two constant temperature lines 
T = Temperature 
k = Thermal conductivity 

This equation is developed from: 

A k (T, - Tp) 
q = _ 

where the average thickness (x) or distance between two isothermal lines is 
obtained from V/A. 

The decay power obtained from Figure 12, assumed axial end losses, isothermal 
temperatures and calculated thermal conductivity for the two dates are: 

Date kW 
July 24, 1980 .85 
January 30, 1980 .72 

Axial 
Loss 
3% 

3% 

Isothermal 
Temperatures 
110°F to 105°F 
70°F to 65°F 

l< 
1.63 
1.57 

Comparison of Concrete Thermal Conductivities 

The following table provides a summary of the thermal conductivities calculated 
using the various calculational methods. 
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Calculational Method Thermal Conductivity 

Holmes and Narver (Table 5) 1.23/1.37 

Transient Line Source 1.5 

Periodical Change 1.6 

Conduction In Concrete 1.63/1.56 

Integration Between two Constant 1.63/1.57 
Isotherms 
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