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ABSTRACT 

Tests with a water cooled calorimeter in the SMokE 
Reduction Facility (SMERF) at Sandia National 
Laboratories demonstrate that the facility is operational 
and ready for thermal regulatory testing of containers for 
radioactive materials. The facility is briefly described, and 
initial test results summarized. 

I. INTRODUCTION 

SMERF is a new indoor fire testing facility at Sandia 
intended for the thermal qualification of radioactive 
material packages that must meet regulations such as the 
Title 10, Code of Federal Regulations, Part 71' 
(10CFR71) and similar International Atomic Energy 
Agency Safety Series 62. SMERF has a 3 m x 3 m pool 
for JP-4 fueled fires centered in the floor of a roughly 
cubical test chamber that is about 6 m on each side. A 
sketch of the facility is shown in Figure 1. The facility 
permits testing of packages with a 1.5 to 2 m maximum 
dimension. The walls of the chamber are water cooled to 
provide an appropriate boundary condition for radiative 
heat loss from the flames; this provides part of the control 
of the temperature in the flames. Air flow into the 
chamber is controlled by four variable speed fans. Control 
of the facility and data acquisition are handled by computer 
based systems with a total capacity of 140 channels of 
thermocouples and high level signals. Instrumentation or 
visual access to the test unit can be provided from a tunnel 
under the pool floor. Observation ports in the walls of 
the facility provide viewing of the test unit for real time 
or flash radiography or for optical instrumentation. The 
facility includes a passive after burner to minimize the 
smoke plume produced from the fire in order to meet local 
air quality requirements. A more complete description of 
the facility is provided in Reference 3. 

H. DESCRIPTION OF THE CALORIMETER 

During qualification testing of the facility, an actively 
cooled calorimeter assembly and other fire diagnostics 
were used to characterize the fire and compare the facility 
performance to the regulatory requirements. The tests 
were conducted with the use of a 1 m square, actively 
cooled calorimeter, consisting of twenty 0.1 m x 0.5 m 
water cooled copper plates. A sketch of the calorimeter is 
shown in Figure 2. Additional fire instrumentation 
included intrinsic thermocouples for calorimeter surface 
temperature measurements, velocity probes for gas flow 
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Figure 1. Sketch of SMERF Facility 
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Figure 2. Sketch of Calorimeter 

measurements, directional flame thermometers for flame 
temperature and emissive power estimates, and 
thermocouples. The actively cooled calorimeter is a quasi-
steady state device and thus allows monitoring of the 
consistency of the heat source as well as easy 
identification of any fire transients or long term-trends in 
the fire environment. For the test series reported here, me 
calorimeter face was placed in the vertical configuration 
shown in Figure 2 near the center of the pool. A more 
detailed description of the calorimeter is available in 
Reference 4. 

temperatures measured with intrinsic thermocouples for 
the first test. The temperature pattern was determined by 
fitting a polynomial surface to the data from 18 intrinsic 
thermocouples located at various points on the calorimeter 
face. The temperature pattern obtained matches the heat 
flux pattern with peak temperatures occurring near the 
bottom of the calorimeter. 

For the surface temperatures of about 300°C measured 
during the first and third test, 10CFR71 implies a surface 

m. TEST RESULTS 

The calorimeter tests demonstrated that the heat fluxes 
produced by the SMERF fires can meet or exceed the heat 
flux requirements specified in the regulations. Depending 
on the facility configuration, heat fluxes of 60 to 
150 kW/m2 were measured with the actively cooled 
calorimeter (see Figure 3). For the first and third tests in 
the series, heat fluxes near 70 kW/m2 were measured 
based on the flow rate and temperature rise of the water. 
For all tests, a region of higher heat flux occurred near the 
bottom of the calorimeter. For the second test, rolls of 
concrete reinforcing mesh were used as flow diffusers in 
the test chamber. The increased mixing induced by the 
diffusers led to the increased heat fluxes of up to 
150 kW/m2 shown in Figure 3. 

Corresponding calorimeter surface temperatures varied over 
a range of about 300°C for the first and third tests to 
500°C for the second test. Figure 4 shows the 
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measured during first three calorimeter tests 
in SMERF. 



Figure 4. Surface temperatures 9 minutes after ignition 
for first calorimeter test. 

heat flux of 50 to 55 kW/m2. This indicates that the 
facility is suitable for regulatory tests since the measured 
value of about 70 kW/m 2 exceeds the required regulatory 
value by 15 to 20 kW/m2. 

Measured flow velocities above the fire varied with the fan 
speed and facility configuration, but they were typically 
2.5 m/s, with a fan-induced predominantly horizontal 
direction across the face of the calorimeter. Measured 
flame temperatures from thermocouples and directional 
flame thermometers varied over a range from 800°C to 
1100°C, and were thus comparable to flame temperatures 
measured in open pool fires. 

IV. CONCLUSIONS 

The fully operational SMERF facility promises several 
advantages over open pool fires normally used for 
regulatory testing. First, weather conditions, especially 
wind, are not a factor in testing. This avoids potential 
testing delays and ensuing project delays. Fire conditions 
are also very reproducible so design comparisons and 
choices are more easily made. Because availability is not 
limited by weather conditions or other factors, costs are 
also lower than for comparable tests in open pool fires. 

The tests described here demonstrate that the SMERF 
facility is capable of generating surface temperature versus 
heat flux profiles that meet or exceed the requirements of 
10CFR71 or Safety Series 6. Now operational, the 
facility offers testing in a true fire test environment at 
costs comparable to those of radiant heat facilities or 
furnace tests. 
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