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A PROGRAM FOR PERSONNEL PROTECTION FROM OXYGEN DEFICIENCY IN A FAST BREEDER 

REACTOR TEST FACILITY 

Good afternoon ladies and gentlemen. It is a pleasure to be with you and 

participate in the conference. Before we get into our discussion of oxygen 

deficient atmospheres at the Fast Flux Test Facility, referred to as FFTF, 

I'd like to give you just a brief background on the Company I represent. 

The Hanford Engineering Development Laboratory (slide 1), HEDL (slide 2) is 

located in southeastern Washington State on the Department of Energy's 570 

square mile Hanford reservation. HEDL is operated by Westinghouse-Hanford 

Company. The complex consists of 60 buildings totaling nearly one million 

square feet of laboratory and office space which includes the FFTF. These 

facilities provide for a broad range of research, engineering and test 

capabilities. 

HEDL is a key laboratory of the development of fast breeder reactor technology. 

Breeder reactors generate power and at the same time produce more fuel than is ' 
238 

consumed by the conversion of U to plutonium. The primary mission of the 

Laboratory is to construct and operate the FFTF for irradiation test of fuels 

and materials in the fast breeder reactor research and development effort in the 

United States. In addition, the Laboratory carries a lead role in breeder fuels 

and materials research. As you can see, our Laboratory plays an important role 

in our country's future energy development plans. 

(slide 3) As I stated, our prime project is the Fast Flux Test Facility, referred 

to as the FFTF (slide 4 ) , which is a sodium cooled fast breeder nuclear reactor 

designed specifically for irradiation testing of fuels and materials for advanced 

nuclear power plants - fast breeder reactors. The FFTF is located 13 miles 

north of Richland. 

There are approximately 750 people assigned to the FFTF site. The composition 

of this group is scientists, engineering, reactor operations personnel and various 

support personnel. Because of the uniqueness of the reactor, it is frequently 

visited by representatives of other companies and countries. 
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(slide 5) The greatest personnel hazard at FFTF is the one presented by 

an unplanned oxygen deficient atmosphere. People in many fields of endeavor 

have died from accidental exposure to oxygen deficiency. Such accidents 

happen far too often causing fatalities that could have been avoided with 

the proper training and safety procedures (slide 6). Shown are some 

examples of the recent headlines resulting from this type of accident. 

We are very proud of our safety record for all accident types (slide 7). 

Since the start of construction in 1970 through 1979 our record is as 

follows: 

Fatalities - 0 

Disabling Injuries - 1 

And none of these have involved oxygen deficiency. This time period 

includes more than 20 million manhours worked. As the operation of the 

FFTF becomes a reality, it will become increasingly important that this high 

standard of safety performance is maintained. 

To refresh your memory, I want to review some basic information about 

oxygen deficiency (slide 8). For our purposes, an oxygen deficient atmosphere 

is defined as any atmosphere having less than 19.5% oxygen, (slide 9) 

Normal air has about 21% oxygen, 78% nitrogen and 1% other gases. Nitrogen, / 

COo and noble gases, such as helium, argon and neon, are some of the gases 

that can cause oxygen deficiency and are classified as simple asphyxiants. 

Gases of this type have no specific toxic effect, but keep oxygen from 

reaching the lungs. The effect of simple asphyxiant gases is proportional 

to the extent to which they replace the amount of oxygen in the air 

which is breathed. 

Man has a remarkable ability to adjust himself to his surroundings. The 

human body constantly makes adjustments for changes in external temperatures, 

for varying amounts of physical activity, for postural changes in relation 

to gravity, for changing energy requirements and adjustments against the 

inroads of toxic agents and disease. Take away his oxygen, though, and man 

dies in approximately four to eight minutes (slide 10). . 
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(slide 11) The first signs of oxygen deficiency are rapid respiration 

and air hunger (slide 12) diminished mental alertness and (slide 13) 

impaired muscular coordination, (slide 14) Later, judgment is faulty and 

all sensations are depressed (slide 15) Emotional instability often 

results and fatigue occurs rapidly. As asphyxia progresses, there may be 

nausea, (slide 16) then loss of consciousness (slide 17) and finally 

convulsions, deep coma and death. This may sound as though you have time 

to realize what is happening and make a hasty exit. Not so. If the 

atmosphere is severely deficient, you will collapse within a few breaths 

and will not get out unless you are properly rescued within four to 

eight minutes. 

The environment at the FFTF is such that the potential for exposing personnel 

to an unplanned oxygen deficient atmosphere is ever present (slide 18). 

The FFTF is cooled by approximately 200,000 gallons of liquid sodium at 

a flow rate of 43,500 ft^/min through the core. Since sodium is a very 

reactive metal, special precautions must be taken in its handling and transport 

(slide 19). An inert cover qas, argon, is used to maintain the purity of the sodi 

as well as provide an environment which will not support combustion. 

Various cells throughout the FFTF where large amounts of sodium piping is 

found are inerted with nitrogen (slide 20). The total volume of 

space below the operating deck is approximately (slide 21) 900,000 ft 

and 250,000ft^ or 28% of this space will be inerted. The cell 

atmosphere is slightly positive, 1.25 wg or 0.45 psi. Cells are designed 

to have a maximum leak (slide 22) rate of 1.3 ft /min outward. The minimum 

air changes for normal personnel work areas is 1.5 air changes per hour. 

Thus the outward leakage should not be of any consequence. 

As can be seen, the ingredients for unplanned oxygen deficient 

atmospheres are present. In addition to the 250,000 (slide 23) cubic 

feet of nitrogen in the inerted cells, an additional 6 million cubic ft. 

of nitrogen and argon is stored in dewars - to be used as make up gases 

and for fire suppression and/or prevention. Arqon and nitrogen aren't the 

only gases present which ran contribute to oxyqen deficiency. We also 

have numerous woldinq opercitions beinq cerfoniied, whicli involve large 

quantities of acetylene and MAPPS oases. 
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With such a great potential for oxygen deficiency it was imperative that 

a comprehensive oxygen deficiency program be established, (slide 24) 

As previously stated, an oxygen deficient atmosphere is defined as an 

atmosphere containing less than 19.5% oxygen (slide 25). To establish 

the program we used four steps; a) a detailed assessment of each cell 

and/or area by management; b) identification and procurement of oxygen 

monitoring equipment; c) training of all employes on oxygen deficient 

atmosphere hazards, and; d) establishing an audit program to assure that 

steps a) through c) are implemented on a continuous basis. 

A team of three professional (slide 26) personnel representing Operations, 

Safety and Industrial Hygiene made the initial surveys to establish the 

basic requirements. The survey was to determine which cells were to be 

monitored and to establish entry requirements for each individual cell. 

It was determined that some cells should be monitored only on a temporary 

basis while others are to' be monitored continuously. 

To assure the effectiveness of the Oxygen Deficiency Program, it was 

necessary to establish procedures (slide 27). One such procedure is 

Administrative Procedure A-18, "Protection of Personnel from Oxygen 

Deficient Atmospheres." Its purpose is to ensure the safety of personnel 

entering oxygen deficient or potentially oxygen deficient spaces. It 

also provides the requirements and guidelines for administrative control 

of the entry into such spaces. Using the rules and guidelines set forth in 

A-18 and the information obtained by the management survey, cell entry 

requirements were established (slide 28) and posted by each cell entrance. 

Examples of these entry requirements are: 

Installed Ventilation Running 

Additional Ventilation Required 

Permanent Op Monitor 

Personnel O2 Monitor 

Buddy System 

The sign (slide 29) which delineates the cell entry requirements shows all 

possible hazards within the cell, e.g.; electrical shock, radiation, 

noise and inert gas, etc. Should the cell entry requirements change, the sign 
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can be easily modified. 

The oxygen monitoring equipment at FFTF is of two types; (slide 30) 

area monitors and personnel monitors (slide 31). An entire area, especially 

those continuously occupied, may be monitored by two or more area monitors. 

Each instrument may have as many as four sensors located strategically 

throughout the area. These instruments may be permanently or temporarily 

mounted (slide 32). Each instrument has an audible alarm (slide 33). If 

the instrument is located in a high noise area, a visual alarm is also 

added. There are over 100 of these instruments in use at the facility. 

Various cells, due to their configuration, cannot be adequately monitored 

by the large area monitors - thus the need exists for individualized 

personnel monitoring (slide 34). For individualized monitoring we have 

personnel O2 monitors. There are approximately 200 of these in service. 

Because of the number of persons using the personnel monitors it was 

necessary to have one that was durable and simple to operate (slide 35). 

All monitoring instruments are of the fail safe type, i.e.; instrument 

failure results in an alarm. 

If the cell entry requirements are such that a personnel oxygen monitor 

is required, (slide 26) then a five minute escape pack is also required. 

The packs are checked each time they are issued to assure they are in 

good repair. The pack is used in emergency escape situations only, and 

donned after an oxygen monitor has indicated that the environment is oxygen 

deficient (slide 37). 

In order to assure the reliability of the monitoring equipment, a preven

tative maintenance program was established. Watchstanders,. reactor operators, 

make a visual inspection of the area monitors each eight hour shift and 

routine maintenance is performed weekly by Instrument Technicians. The 

probes or sensors are replaced every six months as recommended by the 

manufacturer. Each instrument is checked to verify that the audible and 

visual alarms are operable and that they activate at 19.5% O2. Also, the 

alternate DC power supply is checked. 
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The small personnel type monitors are checked by the issuing clerk prior 

to their being issued. These monitors are required to be calibrated ewery 

two months. 

Every (slide 30) employe whose work discipline will take them inside tfie 

FFTF must complete a 2-1/2 to 3 hour training course on oxygen deficient 

atmospheres. The training consists of a discussion of what an oxygen 

deficient atmosphere is and its effects on the human body (slide 39). 

In addition, two films are shown. One is "Two Breaths To...", an award 

winning film. It received the highest award from the National Safety 

Council. We shall view this film later. The second film, "How to Cope 

With Op Deficient Atmospheres in the 400 Area" deals specifically with 

FFTF. All monitoring equipment, signs, and other relevant materials 

are shown and thoroughly explained. At the conclusion of the training 

session, a plant tour is given (slide 40). Each person who has attended 

is issued a yellow or red square to wear on their badqe. Without this 

identifying mark a person entering FFTF must be escorted. 

During the first year of its existence, the oxygen deficiency program 

was audited monthly by the safety staff. Now it is audited quarterly. 

In addition to these quarterly audits, spot checks are frequently made. 

We feel that with the oxygen deficiency program that we have at the FFTF, 

the probability of someone accidentally entering or being unable to escape 

from an oxygen deficient atmosphere is very low. However, since we are 

dealing with human lives such a situation must be planned for (slide 42). 

For handling such an emergency we have the Emergency Response Team (ERT). 

The objective of the ERT is to provide prompt first aid/or rescue assistance 

until the Fire Department arrives. The Fire Department is located approx

imately 9 - 1 2 minutes away. The ERT is a group of highly trained persons, 

primarily reactor operators. They are throughly familiar with the plant 

and all its systems (slide 43). They are proficient in the use of self-

contained breathing apparatus, first aid, fire suppression, rescue 

techniques, and other emerqency related activities. They are constantly 
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being drilled and trained. Traning records are kept on each individual 

to assure that their training is current. There are a minimum of six 

ERT members located inside the plant at all times (-sl iUy 4^). The ERT 

can be easily contacted by calling the control room on any of the in-house 

phones located throughout the plant. 

Two unplanned oxygen deficient atmospheres have occurred at FFTF. They 

both resulted from human error, but caused no harm to personnel, 

thanks to the effectiveness of the oxygen deficiency program. 

The oxygen deficiency program that we have in effect at FFTF has proven 

highly successful. We feel that the effectiveness of this program as well as 

the total safety program is due to the commitment of 

management. This commitment becomes apparent when the amount of effort, 

both financial and manpower necessary to maintain such a program, is 

considered. 

We will now view the award winning film, "Two Breath To..." that is 

used in the training of personnel on Op deficiency at FFTF. At it's 

conclusion, I will answer any questions that you might have. 



Slide 1 
"Hanford Engineering Development Laboratory" HEDL 

Slide 2 
Hanford Site Pictures 

Slide 3 
Fast Flux Test Fac i l i ty FFTF 

Slide 4 
Picture of FFTF 

Slide 5 
Oxygen Deficient Atmosphere 

Slide 6 
Slide showing headlines of disaster involving Op deficiencies. 

Slide 7 
Ti t le slides 
Safety records 1970-1979 
Fatal i t ies - 0 
Lost Work Day Cases - TBD 
Disabling Injuries - 1 

Slide 8 
Less than 19.5% oxygen 

Slide 9 
Normal Air 
21% oxygen 
78% nitrogen 
1% other gases 

Slide 10 
4 - 8 minutes without Op 

Slide 11 
Rapid respiration 

Slide 12 
Diminished metal alertness 

Slide 13 
Impaired muscular coordination 

Slide 14 
Faulty judgement 
Depressed sensations 



Slide 15 
Emotional instability 
Rapid fatigue 

Slide 16 
Nausea 
Loss of consciousness 

Slide 17 
Convulsions 
Deep coma 
Death 

Slide 18 
200,000 gal sodium 
43,500 ftVmin 

Slide 19 
Argon 

Slide 20 
Ni trogen 

Slide 21 
900,000 ft^ 
250,000 ft^ 
or 28% inerted 

Slide 22 
Positive pressure 1.3 f t ^ outward 

Slide 23 
6 million ft^argon/nitrogen stored 

Slide 24 
Repeat slide 8 

Slide 25 
Establishing Op Deficiency Program 
a) Management Assessment ' 
b) Identification/procurement of monitoring equipment 
c) Personnel training 
d) Audit program 

Slide 26 
Manager of FFTF Health and Safety 

Operations Support 
(Industrial Hygienist) 



Slide 27 
Administrative Procedure A-18 
"Protection of Personnel From Oxygen Deficient Atmospheres" 

Slide 28 
Cell Entry Requirements (Actual sign) 
Installed ventilation running 
Additional ventilation required 
Permanent Op monitor 
Personnel Op monitor 
Buddy system 

Slide 29 
Show top half of cell entry sign picture 
Shock-radiation-noise-inert gas picture 

Slide 30 
Area monitors 
Personnel monitors 

Slide 31 
Gas Tech 1620 picture 
(with four probes) 

Slide 32 
Split slide (picture) 
Permanent/temp mounted monitors 

Slide 33 
Picture of remote alarm (light red) 

Slide 34 
Picture of Ox-80/Edmont Wilson 

Slide 35 
All monitors fail safe 

Slide 36 
Picture of five minute air pack 

Slide 37 
Preventative maintenance 
Twice per eight hour shift 
Weekly 
Semi annually (Probe change) 

Slide 38 
Oxygen deficiency training 
2.5 - 3 hours 
Two films 



Slide 39 
"Two Breaths To..." 
National Safety Council Award 
"How to Cope with Oxygen Deficient Atmospheres in the 400 Area" 

Slide 40 
Picture of badge with green dot 

?rw«k4i 
Picture>j<,gscort signs 

Slide 42 
Emergency Response Team (ERT) picture 

Slide 43 
Trained in 
SCBA 
First aid 
Fire suppression 
Rescue techniques 
Other emergency activities 

^Hd£ 45 
PaxpRb«j^ picture 


