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FIRE PROTECTION AT THE FAST FLUX TEST FACILITY 

(A SODIUM-COOLED FAST REACTOR) 

The Hanford Engineering Development Laboratory (HEDL) is operated for the Depart

ment of Energy (DOE) by Westinghouse Hanford Company - a subsidiary of Westing

house Electric Corporation. The HEDL complex consists of 60 buildings totaling 

nearly one million square feet of laboratory and office space. These facilities, 

located near Richland, Washington, at the southern end of DOE's 570 square mile 

Hanford Reservation, provide for a broad range of research, engineering and test 

capabilities. The Laboratory is the national center for the development of fast 

breeder reactor technology, and has responsibility for the design, construction 

and operation of the Fast Flux Test Facility (FFTF), a 400 megawatt sodium cooled 

reactor. The FFTF is the primary test bed for fast breeder reactor fuels, mat

erials and components. Breeder reactors generate power and at the same time 

produce more fuel than is consumed during reactor operation. This facility when 

operational in late 1980, will be the most sophisticated and powerful test reactor 

in the world. 

Fast flux refers to the speed of neutrons in the reactor core during the fission 

process. In a breeder, neutrons are not moderated, or slowed down, as they are 

in conventional water cooled reactors. (Such neutrons are traveling at more than 

30 million miles per hour, versus 5,000 to 10,000 miles per hour in conventional 

nuclear power plants.) This fast neutron energy enables advanced reactors to 

"breed" or produce fissile material efficiently through the impact of neutrons on 

fertile uranium or thorium. In conventional nuclear power reactors, water is used 

as the coolant. In fast breeders, sodium is used for several reasons: 

' It has excellent heat conductivity characteristics 

• It is a liquid, at standard pressure, between 208°F and 1,616°F, thus 

pressurized piping is not required to prevent boiling 



' Sodium is transpc(rent to the fast neutrons whereas water would moderate 

or slow down the neutons 

For purposes of this presentation, fire protection at the FFTF is subdivided 

into two catagories; protection for non-sodium areas and protection for areas 

containing sodium. Fire protection systems and philosophies for non-sodium 

areas at the FFTF are yery similar to those used at convention power plants 

being constructed throughout the country. They follow, essentially, the NRC 

rules and guidelines and ANSI 59.4 "Generic Requirements for Light Water Nuclear 

Power Plant Fire Protection." The FFTF with its support facilities have their 

own water system comprised of a looped 8" & 10" underground distribution system, 

three 1500 GPM fire pumps and three ground level storage tanks totaling 736,000 

gallons with 420,000 reserved for fire protection. Fire hydrants are enclosed 

with hose houses outfitted for use by the Emergency Response Team (ERT). 

The ERT is comprised of approximately 70 volunteers from the five shifts of operations 

personnel. Qualification as an ERT member involves successfully completing in-

depth training in hose evolutions, fire fighting, first aid and search and res

cue. Annual re-qualification is required of team members. This involves 40 hours 

of classroom lectures and practical exercises. In addition approximately 5 un

announced drills per week are staged. We have a high degree of confidence in 

the ERT's ability to respond promptly to any site emergency and to take necessary 

first aid action prior to the arrival of the fire department, (response time 

of approximately 10 minutes). 

Fixed fire protection systems include: 

• Ionization type smoke detectors throughout the plant (A total of 838 smoke 

detectors) with the exception of certain high radiation areas where rate 

compensated heat detectors are used. In certain areas smoke detectors 

are complemented with infra-red flame detectors. 
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• Standard wet-pipe spinkler systems in areas where there is a potential 

for significant combustible loading (including numerous cable trays). 

' Pre-action sprinkler systems in the reactor control room and cable 

spreading rooms. 

* A deluge system over an organic coolant pumping station and piping. 

' A closed head pressure proportioning AFFF systan In the lower level of 

reactor containment protecting organic piping. This system utilizes 

an 1800 gallon pressure tank and 100 gallon bladder tank. 

' Hal on systems in the computer room and two ADP rooms. 

* Hose stations throughout the plant for ERT use. 

All fire protection systems are tied in to one of eight Area Local Control Panels 

(ALCP's). These ALCP's, sound alarms, trip coded transmissions to the fire de

partment, annuniciate alarms by zone, and perform auxiliary functions, such as 

HVAC system control, smoke damper closures, and deluge valve tripping. All fire 

and trouble alarms are remotely annuniciated in the reactor control room. 

Fire protection concepts for sodium areas at the FFTF are considerably different 

from those used for the protection of non-sodium systems and areas. Conventional 

methods of fire suppression cannot be employed since sodium reacts ii4olentljrwith 

water, halogenated hydrocarbons, CO2 and many other materials, including ordinary 

structural concrete. 

The FFTF will operate with about 240,000 gallons of sodium. The liquid sodium 

in the primary sodium system will enter the reactor core at 680 degrees F and 

leave the core at approximately 1000°F. The heat is then transferred to the 

secondary sodium system for air cooling by large heat exchangers. Six pumps 

(three in the primary system and three in the secondary system) continually 

recirculate the sodium. Each pump has a capacity of 14,500 GPM. 
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Since sodium is such a reactive element, its piping and containment systems are 

designed with a high degree of integrity. The auto-ignition of sodium in air 

has been observed as low as 239°F; a fire is, therefore, considered eminent 

should a system leak occur in an air atmosphere. The primary system, i.e., the 

sodium system circulating through the reactor core, has the added fire protection 

complication that the sodium may be highly radioactive from the isotope Na^**. 

Although this isotope decays rapidly (half life of 15 hours) when the reactor is 

shut down, it may be a matter of days before personnel can enter areas containing 

primary sodium. For this reason the fire protection design basis for primary 

sodium areas is that sodium fires will be precluded; not just suppressed or con

trolled. Primary sodium cells are therefore inerted with nitrogen during reactor 

operation. The oxygen concentration in the cell atmosphere is monitored and kept 

in the range of .6% - 2% O2 with an automatic nitrogen "feed and bleed" system. 

The primary cells are also steel lined. This serves a dual purpose; it prevents 

sodium contact with the concrete, and it contributes to the tightness of the 

enclosure. 

The design of fire protection for secondary sodium systems and areas was consider

ably more challenging. The size and number of secondary sodium areas involved 

and the fact that routine personnel access is required to many of the areas 

ruled out full time inert atmospheres as a fire protection design feature. How

ever, the congested conditions in many of these cells and the copius quantities 

of heavy dense smoke emitted by burning sodium also ruled out reliance on manual 

of 

fire fighting tactics. A number concepts for sodium fire suppression/control 

were proposed. In order to proof test these theoretical concepts in true-to-

life configurations a large scale sodium fire test facility was constructed at 

one of the decommissioned Hanford reactor sites. Four large scale tests were 

conducted for the purpose of verifying sodiuin fire protection schemes planned 

0) 
for secondary cells. These tests v;ere conducted byJ^i^T Robert Hilliard, 
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an expert in the field of sodium fire technology. In test Fl the 

sodium was spilled onto a 4 inch thick reinforced concrete pan. The results 

showed that large sodium spills onto a concrete surface cause extensive damage 

to the concrete and result in significant hydrogen formation. The H2 concen

tration in the cell atmosphere reached 25%. The test also graphically showed that 

oxygen can reenter a semi-leaklight enclosure at a much greater rate than can be 

accounted for by cooling. This was shown to be due to convective flow of out

side air induced by the chimney effect. All the sodium reacted in this case with 

the concrete/sodium reaction accounting for half of the total. The chief reaction 

products were H2, Na20 and Na2Si03. Two changes were made for F2; the concrete 

was eliminated and a nitrogen flooding system was installed. The nitrogen 

flooding system was designed to introduce gaseous N2 into the cell near the ceiling 

at the low rate of only one cell volume per hour. The flooding system was intended, 

not to smother the fire, per se, but rather to exclude additional O2 from entering 

the cell by maintaining a slight positive pressure on the cell. The N2 system 

was activated manually at 15 minutes into the test and continued until the sodium 

pool temperature decreased to 392°F. In test F2 the fire was effectively con

trolled. Only 100 pounds of sodium reacted (13% of spill mass). Only .5% of the 

spill mass was released as aerosol and there was no significant H2 formation. 

Test F4 used the same conditions as test F2 except that instead of an open catch 

pan, a covered sump concept was used. The sodium was spilled on a flat steel 

cover plate which drained to a steel lined concrete sump below through 1 inch 

holes in the cover plate. This arrangement was very effective in controlling 

the sodium fire. The bulk of the sodium (97.6%) drained through the holes into 

the sump and only 1.3% of sodium entering the sump reacted. Although the steel 

liner prevented sodium/concrete interaction, the heat drove approximately 18 

pounds of water fr̂ om the concrete. No H2 was formed however, as the coverplate 

prevented 
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entry of the water vapor into the sump. All the sodium (= 20 pounds) remaining 

on the cover plate was complete reacted. Smoke release was less than .02% of 

spill mass. The final test, F5, involved a much larger spill (2300 gfldoSR?) and 

eliminated the sump cover plate. As in previous tests, nitrogen flooding was 
c 

comineniTed at 15 minutes into the test (15 minutes being an estimate of reactor 

operator response time) and continued until pool temperature decreased to 392°F. 

Observations and conclusions from test F5, briefly stated, are as follows: 

* Space isolation with nitrogen flooding is an effective method for con

trolling large sodium fires. 

• Only about 6% of the spill mass was reacted (132 pounds). About 24 

pounds reacted with the water released from the concrete and the balance 

with 02 in the atmosphere. 

' Approximately 100 pounds of water was released from the concrete interface. 

' H2 concentration was essentially zero during the initial 10 minute 

period (while O2 exceeded 5%). It reached a maximum of 3.7% when the 

O2 dropped down to .5%. Both H2 and O2 concentrations increased when the 

N2 flood was terminated but never reached a flammable range. 

• This test also graphically showed the need for pressure relief venting. 

Significant pressure bumps were noted when the sodium was spilled. 

These tests were extremely valuable in proof testing FFTF secondary sodium fire 

protection design. As a result of these tests essentially all secondary sodium 

areas are lined with steel catch pans and have capability for N2 flooding. Catch 

pans are designed to contain the maximum credible sodium spill in that cell. 

Pans are installed in such a manner so as to prevent sodium from running down 

between the concrete and catch pan. Each cell of significant size has nitrogen 

flooding capability. Nine nitrogen patch panels are located throughout the plant. 

At these stations the operator can direct nitrogen to the cell or area involved. 
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In some areas, such as the secondciry sodium pump towers, these fire protection 

features are supplemented with a perforated plate covered sump of the type 

tested in F4, 

A major problem in applying these concepts to actual plant design is the dif

ficulty in achieving leak tightness to the extent necessary for positive proof 

of space isolation (assurance of excluding oxygen). These test difficulties 

are being overcome however and upon completion of the acceptance test programs, 

we will have a plant with fixed fire protection systems developed, designed and 

proof tested for their specific application in the FFTF along with emergency 

response forces highly trained in every plant emergency. 

l\e^(j8/\/h'<j>_ 
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