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SUMMARY 

Significant understanding of the thermal hydraulic characteristics for 

handling FFTF fuel [1] has been gained from extensive tests using an in

strumented, electrically heated, prototypic fuel test article [2]. The 

tests were performed to assess the temperature distributions in FFTF fuel 

as they are handled in transfer pots, as bare assemblies and in partial 

fuel pin arrays. 

The detailed thermal mapping needed for handling FFTF fuel in storage 

locations, in and out of the reactor, ,and during transfers in handling 

machines has been obtained for fuel in stagnant sodium and stagnant 

atmospheres of argon and helium. Tests also include the thermal assessment 

of fuel under conditions of forced cooling with argon [3]. 

The fuel cladding handling thermal limit for preserving reactor test in

formation is 426.7°C (800°F) and in certain instances a local value of 

537.9°C (1000°F) is allowed for short periods of time. The cladding in-

tegrity'thermal limit for FFTF fuel is 871.1°C (1600°F). 

Fuel with a maximum decay heat of 10 kW can be transferred in a sodium 

filled transfer pot which has been externally conditioned for a high sur

face emissivity to meet a data preservation thermal limit of 426.7°C 

(800°F). The decay heat limit for handling fuel in stagnant argon is less 

than 1 kW, if data is to be preserved, and forced cooling of a 5 kW decay 

heat assembly with argon requires a flow of at least .023 CMS (49 SCR-I). 

Results from the electrical tests of prototypic fuel assembly and pin 

arrays have identified thermal/hydraulic margins of conservatism and have• 

allowed for the meaningful design of fuel handling equipment. Analytical 

thermal models show favorable agreement with the test results and are now 

serving as useful tools in the examination of all aspects associated with 

fuel handling operations. 
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The handling of FFTF fuel during initial transfer operations from the 

reactor vessel [1] is carried out using sodium filled core component pots. 

Subsequent handling of fuel may involve either interim and extended 

storage in sodium or in gas media of argon and nitrogen during interim 

examination and fuel evaluation, respectively. Figures 1-a and 1-b illus

trate a number of principal fuel transfer stations. Numerous other com

ponents are employed to handle fuel between stations which accommodate 

sodium filled pots or with the fuel in gas media of argon and nitrogen. 

Initially when the fuel is in sodium, heat is effectively dissipated by 

natrual circulation and conduction, whereas with the gas media, heat must 

be dissipated by forced cooling. Alternatively, after a period of time 

when the decay heat of fuel has diminished, the gas may be stagnant as in 

the case of an array of fuel pins in a shipping container such as the 

T-3 Cask (Figure 1-b). 

The FFTF fuel assembly is a hexagonal stainless steel duct, 11.6 cm 

(4.575 in) across flats, containing 217 fueled pins of 0.584 cm (.23 in) 

diamater and each pin is wire wrapped with 0.142 cm (0.056 in) diameter 

wire. The wire encircles the pin once every 30.5 cm (12 in). The lower 

region of the assembly contains a shield orifice block which serves a dual 

function of neutron shielding and metering of sodium coolant. The over

all length of the assembly is 365.8 cm (144 in). Figure 2 is an illustra

tion of the FFTF Driver Fuel Assembly and includes the Core Component Pot. 

Figure 3 shows the typical decay heating of an FFTF fuel assembly as its 

heating level diminishes following reactor shutdown. The normal refueling 

procedure is to remove fuel which has resided in in-vessel storage (ad

jacent to the core) for one cycle, i.e., during 102 days of reactor full 

power operation. When it is removed the decay heat of an average fuel 

assembly has diminished to a value of about 2-3 kW. However, fuel 

handling equipment has been designed to accommodate the transfer of a 

driver fuel assembly directly from the reactor within the 28 day refueling 

period iimiediately following its irradiation, i.e., 10 days when the 

maximum decay heat assembly has diminished to about 10 kW. This level of 
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heating can be accommodated within the thermal limits which have been 

adopted for FFTF fuel pin cladding, also described in Figure 2. 

Significant understanding of thermal hydraulic characteristics for handling 

FFTF fuel has been gained from extensive tests using an instrumented, elec- -

— tically heated, prototypic fuel test article [2]. The tests were per-

— formed to assess the temperature distributions in FFTF fuel as it is — 

— handled in transfer pots as well as out of pots during disassembly for 

— examination. The detailed thermal mapping needed for handling fuel in 

storage locations, in the reactor, and during transfers in handling 

machines has been obtained for fuel in stagnant sodium and stagnant atmo

spheres of argon and helium. Subsequent tests [3] using the same test 

article included conditions of forced cooling with argon. 

^ other related tests of pin bundle arrays similarly instrumented and heated 

electrically [5] have provided thermal design information for storage of 

pins and offsite transfer as in shipping casks. Figure 4 describes these 

different test arrangements. 

Typical temperatures measured in the fuel test article in sodium with 

12 kW of electrical heat are shown in Figure 5. Comparisons with calcu

lated values obtained using the TAP-A computer program [4] show reasonable 

agreement with the test data, indicating a peak clad temperature at the 

center of the pin bundle of under 649°C (1200°F). The nearly uniform 

axial temperature distribution which extends from the bottom of the heated 

region to the top of the sodium is evidence of enhanced heat dissipation 

resulting from a significant internal natural circulation which is 

typically observed with fuel in sodium. 

The 12 kW test condition represents an extreme since the peak temperature 

- exceeds the data preservation limit. For the transfer of fuel having a 

-- high value of decay heat, the choice of pot would be one which has been 

coated to provide a high surface emissivity. Figure 6 is based on infor

mation from the electrical tests relating pot temperatures and fuel decay 

heat. The indicated peak temperature of the pot (with high surface 

emissivity) containing a 10 kW decay heat fuel assembly is 404°C (760°F). 
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The corresponding fuel center pin cladding temperature is 443°C (830°F) 

which is within the acceptable margin for fuel data preservation. 

The allowable maximum decay heating value for the transfer of fuel in less 

effective heat transfer media than sodium, e.g., argon, is much lower. 

- Figure 7 illustrates typical temperatures measured in stagnant argon 

— obtained from a test article having a heating value of 1 kW indicating a 

— peak clad temperature of 649°C (1200°F). The calculated peak center pin 

— cladding temperature for handling fuel out of the pot (1.4 kW) in argon 

- - is 593°C (1100°F). With nitrogen the corresponding peak pin temperature 

is 521°C (970°F). Figure 8 shows the sensitivity of cladding temperature 

with decay heat illustrating the limitation on heating value for transfer

ring fuel in stagnant gas media. 

Similar testing of an electrically heated pin array in support of the T-3 

shipping cask [5] has provided useful information in the design of related 

equipment for shipment as well as storage of fuel pins. Figure 9 shows 

peak cladding temperature versus electrical heating obtained from a test 

article simulating an array of 40 FFTF fuel pins which was tested in 

stagnant argon. 

Corresponding peak cladding temperatures for a 19 pin array were calculated 

based on information obtained from the tests of the 40 pin bundle. The 

higher temperatures indicated for the 19 pin array reflects a condition of 

relatively higher thermal resistance associated with a higher heating in 

individual pins when compared on an equal kW basis. 

-Some adjustment is required in relating electrical heating to total decay 

heat for sparcely bundled pins. This adjustment is necessary to account 

for the significant amount of decay energy that is deposited outside of 

- the pin bundle. The estimated amounts of decay energy transferred beyond 

- the 19 pin and 40 pin arrays are 45% and 33%, respectively. Thus, using 

the information of pin temperature versus electrical heat in Figure 9, and 

for the criterion of data preservation, i.e., 427°C (800°F) peak cladding 

temperature, the allowable bundle decay heating limits with 19 pin and 40 

pin arrays are 727 watts and 704 watts, respecively. 
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Forced argon cooling tests of the electrically heated 217 pin full scale 

simulated FFTF fuel assembly were performed at selected stable conditions 

of flow ranging up to .063 CMS (135 SCFM) and electrical heating levels 

from 1.4 kW to 10 kW. Additional tests were also performed recording the 

- thermal response of the test article to suddenly imposed flow perturbations. 

— Detailed temperature distributions were obtained from thermocouples con-

— tained within the wire wrap throughout the pin bundle at numerous axial 

— a n d radial locations. Thermocouples were similarly mounted to the outside -

surfaces of the hexagonal duct at corresponding axial instrumented loca

tions of the pin bundle. Internal instrumentation at the inlet and outlet -

of the pin bundle recorded argon coolant temperatures and pressure drop. 

All tests were performed with the external surfaces insulated to minimize 

the heat losses. The results obtained in each case exhibit peak tempera

tures measured in the center of the pin bundle as noteably higher than 

temperatures of the duct. This variation of radial temperatures is due 

in part to, thermal radiation, but mostly to preferential flow in the outer 

row of pins at the interface between the pins and the duct. The flow cells 

in this region have a lower hydraulic resistance (axial direction), but 

also are forced to accommodate radial flow from the central region of the 

' bundle due to swirling induced by the wire wrap. The speculation of sig

nificant swirl is supported by calculations using a thermal hydraulic 

model which accounted for the radial out-flow and which shows reasonable 

agreement with measured temperatures. Figure 10 is typical of temperatures 

measured in the central region of the bundle and compares similar tem

peratures which were calculated for the test conditions of 5 kW electrical 

heating and .023 CMS (49 SCFM) argon flow. The sheathed thermocouples 

which form the wire wraps are in poor thermal contact with the pins and 

therefore most often read the local coolant temperature except in the re

gion of the assembly where the enclosed thermocouple junction is located 

precisely between two pins. Thus in the test of 5 kW and .023 CMS 

(49 SCFM) argon flow, a peak cladding temperature of 405°C (760°F) is 

calculated based on an indicated maximum measured temperature in the wire 
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of 332°C (630°F). Figure 11 is a summary of parametric test information 

for forced argon cooling relating peak center pin cladding temperatures to 

coolant inlet and the ratio of flow divided by kW heating. 

The measured coolant pressure drop of 5.52kPa (0.8 psi) with 5 kW electri-

— cal heat and .023 CMS (49 SCFM) argon flow, reflects the additional hydrau-

— lie resistance of instrument lead routing in the test article which is not -

— typical of FFTF fuel. The corresponding pressure drop calculated for the 

— m o s t heavily orificed fuel assembly would be about 3.45 kPa (0.5 psi) at 

these same conditions. Figure 12 shows pressure drop information obtained 

for the fuel test article with argon coolant over the range of conditions 

tested compared with corresponding calculated values as predicted for an 

FFTF assembly. 
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Figure 1-a Fast Flux Test Facility Principal Fuel Handling Stations 



T-3 SHIPPING CASK 
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Figure 1-b T-3 Fuel Pins Shipping Cask 



FFTF DRIVER FUEL ASSEMBLY 
FLAT TO FLAT OF DUCT 
11.62cm (4.575-in.) 
LENGTH 365.8cm (144-in.) 

WEAR PAD 

DUCT 

217 pins .584 cm (.23-in) DIA. 
WIRE WRAP .142 cm (.056-in) DIA. 
91.44 cm (36-in) HEATED REGION 
237.24 cm (93.4-in) AND 237.74 cm 
(93.6-in) LENGTH PINS 

PISTON RING 

CORE COMPONENT POT 
LENGTH-383.5 cm (I5l-in) 

HEDL niO-»7J 

Figure 2 FFTF Driver Fuel Assembly and Core Component Pot for Transferring Fuel 
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Figure 3 FFTF Fuel Assembly Decay Heating and Handling Thermal Allowables 
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Figure 4 Simulated Fuel Electrically Heated Test Arrangements 
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Figure 6 Core Component Pot Surface Temperatures Transferring Fuel in Cooled CLEM 



FFTF FUEL ELECTRICAL TEST TEMPERATURES IN 
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Figure 5 Electrical Test Fuel Cladding Temperatures in Sodium. P = 12.01 kW 
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FFTF FUEL ELECTRICAL TEST TEMPERATURES IN 
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Figure 7 Electr ical Test Fuel Cladding Temperatures in Stagnant Argon P = 1.016 kW 
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MEASURED PEAK CLADDING TEMPERATURE 
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Figure 8 Measured Peak Cladding Temperature versus Heating for FFTF Fuel in 
Stagnant Argon 
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FUEL PIN TEMPERATURES IN T-3 CASK 
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Figure 9 Fuel Pin Peak Cladding Temperatures in T-3 Shipping Cask 
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ELECTRICAL TEST 217 PIN SIMULATED FFTF 
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Figure 10 Electrical Test 217 Pin Simulated FFTF Fuel Assembly with Forced 

Argon Cooling 
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ELECTRICAL TEST 217 PIN SIMULATED FFTF FUEL ASS'Y 
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gure 11 Electrical Test Center Bundle Maximum Measured Wire Wrap Temperatures 



ELECTRICAL TEST 217 PIN SIMULATED FFTF FUEL ASST 
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Figure 12 Simulated FFTF Fuel Assembly Argon Coolant Pressure Drop 
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