
LIBRARY 
USE ONLY 

' "NUCLEAR POWEn FOR THE FUTURE" 

Dr. Bertram Wolfe 
Manager, SEFOR Engineering & Development 

Advanced Products Opera.tion 
General Electric Company 

San Jose, California 

Teacher's Recognition Dinner for Sedwick Cowity 
Science & ~lathematics Teachers 

Sponsored by Kansas Gas & Electric Company and 
The Wichita Professiona,l Engineering Society 

Wichita Downtown Kiwanis Club 

WSU Student Chapter of IEEE 

February 17, 1966 

February 18, 1966 

February 18, 1966 

L f-



"NUCLEAR POWER FOR THE YU'l'lJRE" 

Let me express my pleasure at visiting Wichita, and more particularly, my 

pleasure at this op:portW1ity to discuss with you the Southwest Experimental 

Fast Oxide Reactor Project - the SEFO.R Project. This project will result in the 

construction and operation of a nuclear reactor, which will be located a.bout 

20 miles southwest of Fayetteville, Arkansas, and about 200 miles southeast of 

Wichita. Construction work is now under way. The reactor and the o.ssociuted 

fa.cilit:J.es are estimated to cost about 12-1/2 million dollars. These costs 

•,1ill be borne by the Southwest l,tomic Ene1·gy Associates, a group of 17 investor­

owned electrical utilities operating in the southwest portion of the United 

States; the Karlsruhe Nuclear Laboratory of West Germany.: the European Atomic 

Energy Community - EURATOM, and the General Electric Company. In addition, 

the United States Atomic Energy Commission is supporting the research nnd 

development program connected with the SEli'OR :pro,ject., and this is estimaterl to 

cost ap])roxima.tely 12-1/2 million dollars too. The pro,ject is intended to produce 

nne :::_:iroduct - k."lowledge. Fro:-:i. the size of the investment involved and the wide 

base.of support, I think you may gather that the Y..nowledge we hope to gain 1s 

important. In my talk today, I would like to convey to :you some of the ree.sons 

vhy 'We believe that the SEFOR project is important nnd significant, and also to 

give you some of the details of the project. Also, at the end of nry talk, I 

would like to touch briefly on the subject of Nuclear Radiation and Nuclear Safoty. 
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The SEFOR project is expected to play a major role in our search for a source 

of ele~trical power which will fulfill our needs for the foreseeable future. 

At thi.s time, almost all of our power needs are supplied from fossil fuel sources, 

that is, oil, coal, wood, and so on. These fossil sources are stores of energy 

built up for millions of years by the action of sunlight_on vegetation. In 

es~,ence, we are now using _the energy of the sun which has impinged on our planet 

in the past. However, in this century our appetite for power has increased so 

greatly that we are now able to see the point where this store of fossil fuel will 

approach the point of depletion. You have all read about the surplus of oil and 

know that there ere many coal mines not yet working to full capacity, or even shut 

down, so that plainly when I speak of the future in this context, I am not talking 

about next week or next year, or even the next 10 years. 

The situaticn is perhaps best illustrated by the first slide, which represents 

d&ta taken from the 1962 Atomic Energy Commission report to the President. The 

curve shown in this slide represents the consumption of fossil fuel resources. 

The vertical bar to the right of the graph repreoents an estimate of the total 

fossil fuel resources available. Both curves refer only to the United States. 

~e unit of energy used is the "Q" vhich is e. billion billion British thermal 

18 1mits or 10 Btu. This is a very larg_e unit of energy and for perspective, I 

should tell you that the average cons~ption in this country today is about l/20th 

of e. 11Q11 per year. However., our consumption of energy is increasing e.t such a 

rapid rate that as you can see from the slide, in about 100 yea.ra we will approach 

the point where we will have depleted our total store of fossil energy reserves. 

You will recognize, of course, that the figures in the slide are projections and, 

of course, are subject to large errors. Our reserves of fossil fuel might be · 





larger than that indicated er~ 'the slid0 ar,d ou~- c\):1S1 trr,ption l~ss ttill'. that 

projc·cted, or- perhaps mc,n'. Tot- important pQin~ however, is that ::1ur fossil 

re~erves a.re limited and that_ o.i.r c-onsur.1ption of power is increasing at such a 
I 

rate that one must at least reco[;Dize the possiM.lity that in the next century 

we may d~plete our fossil fuel resources. Although the slide refers to the 

situation in the l'.ni ted States, the World situation i.s even less favorable with 

regard to long--term power requirements. Tne United States has a disproportionately 

large share of the World's fossil energy reserves in proportion to its population. 

Today, nu~lear power is the prime candidate to supply our long-term energy needs. 

Indeed, the Atomic Energy Commission has indicated that its major role is to develop 

nuc~eer power to the point where concern over future energy sources can be relieved. 

I would like, at this point, to di.scuss some fundamentals of nuclear power 

production. 

The second slide schematically illustrates a nuclear chain reaction. A neutron 

striking the nucleus of a uranium 235 atom causes it to split, or fission. The 

two halves of the split U-235 nucleus, because they are highly charged, repel 

each other and move apart at a high speed. This speed is eventually converted 

into heat of the surrounding medium and this heat, in turn, is used in the 

sim9lest process to boil water. The resulting steam is then used to drive a 

turbine generator, which produces electricity. Thus, a nuclear power plant is 

similar to a power plant fueled by coal. In the one case, the heat used to boil 

water is produced by the burning of coal. In the other case, the heat 1s produced 

by the fissioning of U-235: 

Turning back to the slide again, Ye note that when the U-235 nucleus splits, there 
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are given off additiona1 neutrons. In the illustration, 3 neutrons are given 

off wber; the_ first _nucleus splits. Some of these neutrons will leak away from 

the region ·containing TJ-235, some of them will hit other materlals which do not 

f" . -lSSlOn. In the il1us-..:.ra.tion, one of the three neutrons hits another U-235 

nucleus ani causes it to &plit or fission. From the second fissioned U-235 

nuc1eus: 2 neutrons are emitted, and one of these hits another U-235 atom. 

You may already see how a nuclear reactor operates: Between two and three neutrons 

are emitted in a U-235 fission. If we put enough U-235 in a glven region so that 

on the average one of the neutrons given off in a U-235 fission will strike 

another U-235 nucleus before it leaks away from the region or hits a nonfission­

ing atom, we will have a self-sustaining nuclear chain reaction. You may also 

infer from this slide the manner in which a nuclear chain reactiqn can be controlled. 

To turn off the reactor, one merely breaks the chain. This is done by mixing 

some nonfissionable material in with the uranium so that on the average leas than 

one of the neutrons produced in a fission will strike another U-235 nucleus. 'Illus, 

if we started with 100 fissions occurrring in a second, during the next generation 

there might be 50 and then 25 and then 12 and then 6 and so on until the number of 

fissions occurrring per second, or the power level of the reactor had decreased 

to a very low level. Similarly, if one wished to increase the power level of the 

reactor, he would take away some of this parasiti.c material so that more than one 

neutron from a fission struck another U-235 nucleus. In this case then, if one 

started with 100 fissions per second, in the next generation there might be 200 

and then 400 and then 800 and so on, until the power level reached the desired 

VRLUe. Then the nonfissionable material would be put back so that the power level 

stayed c~:ms tant. 
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Now that you know how to design and operate a nuclear reactor, you can see that 

the fundamentals are quite simple. The ma.jor requirement is a supply of 

fissionable· material which gives off r.iore than one neutron each time a nucleus 

fissions. Uranium is the only naturally occurrinr, material which has this 

prop~rty. More precisely, ura"liun1 235 is the only naturally occurring material 

'With this property. Uranium is composed of 2 isotopes; uranium 238 and uranium 235. 
\ 

These two different isotopes look and act alike from a material standpoint. If 

I handed you a piece of each, you could not tell the difference. Even a chemical 

analy;;is -would not differentiate between them. But on the nuclear level they behave 

quite differently. Slide 3 shows that the propo~tion of U-235, the fissionable 

isotope1 is very small in the naturally occurring uranium. Only ,7% or 7/lOths 

of a pound out of every 100 lbs. of uranium consists of the fissi.onable u-235. 

Thi? remaining 99_. 3 lbs. is the nonfissionable u-238. 

New, if we are considering the fissioning of uranium as our alternate soUl~ce of 

energy for the future·, let us .look at the supply of uranium. The fourth slide, 

which is also taken from the 1962 AEC report to the President, shows the availability 

of our nuclear reserves ln terms of that energy unit I described before - the "Q''. 

There are two columns shown. In the first column, only the energy from the U-235 

is shown. In the second column is shown the total eners;y which would be avail-

able if not only the U-235 were able to fission but also the u-238. Since there 

is approxinately 140 times as much u-238 as U-235, the figures in the second 

column are upproxi!-:lately 140 times as large as those in the first column. The 

present cost of 1.l.I'a~iu.~ is approximately $5 to 010 per pound. At this price and 

uslnr, only tr.,:: U-235, one' can see from the slide that the addition to our energy 

resources ls r.~;t. very sreat ( r e'.:.cr.il]er that there are about 30 Q in our .fissil fuel 

r-:•s!'rves). 1!0·,1cvC'r, .:. f we 1.'ere ab.le to utilize tl:e u-238, we would ereatly expand 
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our nuclear fuel resources, and furthermore: since we would be extractinB 140 
.... 

times as much energy from the material whi.ch was mined, we could afford to pay a 

greatly increased price for this material. Thus, if we could find a wa:y to 
I 

utilize the u-238, we could increase our nuclear fuel supply to the point where 

concern over future power needs would be relieved. The SEFOR project is a major 

step in the development of a reactor which will let us achieve these objectives. 

The next slide shows the way in which the nonfissionable U-238 ca.n be turned into 

~ fissionable material. When a neutron strikes a U-238 nucleus, the U-238 does 

not f:1.ssion. Instead, it is converted into still another isotope of uraniUJ'.d -

uranium 239. The uranium 239, in turn, conver~s itself into another material, 

neptunium 239, which in turn converts itself, via another nuclear reaction, to 

plutonium 239. Plutonium 239 is fissionable. Without going into the details of 

these transformations, the important thing to remember is that when a neutron is 

captured by U-238, the uranium 238 is converted to the fissionable plutoniUF:1 239. 

This fact allows us to speculate on the construction of a new type of reactor which 

produces more fissionable material than it uses during operation. Such a reactor 

is called a breeder reactor, and its fundamental method of operation is illustrated 

on the next slide. 

At the top is shown the same chain reac~ion illustrated before. However, in this 

case, I have indicated that in addition to U-235, there is also U-238 in the core, 

and that some of the neutrons produced in the fission of U-235 ore captured by the 

U-238 nuclei, and in turn, convert the U-238 to plutoni1Jm 239. If we do some 

acco:1ntine on the chain reaction shovn at the top, ve see that we have destroyed 

3 U-235 nuclei arid have produced 2 new plutonium 239 nuclei. In technical terms, 

we would have a breeding ratio of 2/3, and because we are producing fissionable 
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plutonium to replace some of the UH:·<i up U·-235; we wou1-d extend our nuclear 

reso1.irces to some extent. 

In the chain reaction Hlustrated iE the lower P<}Tt of the siide, we show a 

reactor which is fueled by plutonium 239. Plutonium has the characteristic that 

when it is fissioned it gives up rr.ore u~utron8 than does u-235. Thus, there is a 

higher probability that some of the extra neutrons produced can be captured in 

U-238 and thus produce -9.dditional plutonium. 239. Tne lower part of the slide 

illustrates this possibility. Performi.ng our accounting procedure on this chain 

reaction., one sees that we have destroyed 3 plutonium 239 nuclei by fission, but 

we ha.v~ produced 4 new plutoniUJ!l 239 nuclei, so that our breeding ratio is now 

greater than 1.. Breeder reactors operating on this type of cycle are theoretically 

capable of converting all of our uranium 238 into plutonium 239. As they operate 

and produce pcwer., they convert u-238 to Pu-239 and they end up with more 

plutonium 239 than they initially st'3.rted with; thus the term "Breeders". To 

a.void confusion: I should emphasize that although we end up with more fissionable 

material than we start with., we are not producing sorr,1C;tM.ng from nothing. We are 

merely convertine our nonfissi.onable u-238 into the fissionable Pu-239. To sum 

up then, the breeder reactor provides a means to turn all of our U-238 into 

flssionable plutonium,, and thus extend 0 1.IT energy resources to the point where. we 

can relieve concern about energy n':'eds for the future. 

Some of you may hav~ lost interest after I pointed out that our enerc;y crisis 

would not manifest it;;elf until i::om~ tiJne in t:.he next century. Perha.ps some of 

you will t,~ retirE.>d by that time. However_, yoi..1. may be interested in the fact that 
. 

the breedE". r".-," t -::-:· rins tli~= poTJ~n-t. i-::. ~ for produc ir:.g power at ve.ry low cost. Indeed 
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tasi& of e:::or.:orr.i.cs. The SEF'OF r•:?actor is a pr0toty:re of a 'breeder reactor 

"Which appears capab~e of prcdu.c::.ng low-cost power and thus, could be used in 

'the m-·ar f:J.ture for economic ri:-asons while at the srune time greatly expending 

o•..i.r nucl-?ar fuel resou.rc<?s for th':?' iut:.rre. 

With this somewhat atstract des~r:i.ption of the basic goals beMnd the SEFOR 

\ 

project, let me turn now to a d-es•:r iption of some of the hardware which goes into 

a nu.clear rea~tor, and in particular, into the SEFOR reactor. The next slide 

il.i.ustratee th':! form of fuel which f-:-,rms the basic constituent of a nuclear 

reactor. The fu':!11 equivalent to coai in a fossil plant, is in the form of a 

mixture of uranium a.nd plutonium oxide. This is a ceramic material which is 

presf.ed and fired into small pellets, cylindrical in shape as illustre.ted at the 

top ~f the slide. The art.is t has taken some li.berties; in particular, the fuel 

pellets ar~ in actuality blo.ck. T"ney have the feel of unglazed ceramic tile or 

pot.tery. For the SEE OR reactor, the pe'.ilets will be about an inch in diameter; 

for other react.ors they may °t':' 1/4 or .ll/2 inch 1n dimension. The pellets are 

loaded into 3. sta:i.r.l~ss steel tube, vhic.h is we.lded shut at the top o.nd the 

bottom, and this tube c.o:;.taining the fuel pellets is called a fuel rod. In the 

past1 breeder re&ctors have had fuel rods which contained the uranium and 

plutoni.u.m in a metaJ. . .li-:- form rather than in the ceramic form. These metallic 

fuel rode;; had a very sl:.ort li.fe in e. re_a.ctor because they would distort under 

nuclea .. open-1.tlor... Eecau::;e of -+:he care required tc produce fuel rods., they are 

quite expensive. and 6.3 u result of the relatively short lifetime of the metallic 

fuel., the e:rmorr.!-.:s of tne meta~.lic br<?eders is poor. The cerami~ fuel, on the 

"";)thE-: hr:.no. f,how1= prn'Tii.F:' of exi:.rem2:.y _long .i.ife under r.uclear operation, and 

fw:lP:3 wi +.h t.h:i .~ ·:,::r mr,J c f'w:' l ar,i or,~ cf its ll'ajor goals is to demonstrate that 
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s 1.1ch a reactor "1i th ceramic fuel wL .. l nave the des.irable operating character--

istics which we predict for it, 

The fuel rods illustrat:=d on this slide are r.,r;,',1 grouped into bundles to ea.se the 

handling prob1em. A bundle is sncw:1 on the next slide. It consists of an 

assemblage of fuel rods held together by mechanical fittings. A number of these 
\ 

fuel bundles are r.ow grouped tog,2ther t.0 form the rce.ctor core. As shown on the 

next slide; the reactor core is placed inside of a reactor vessel1 arranged so 

that COQlant flow,!:' intrJ the reactor vessel, through the reactor core, and out of 

the vessel. The entire purpose of the reactor core is to heat the coolant; the 

energy of heat in the coolant is, in turn, used eventually to produce steam and 

drive 3. turbine generator. Also shown on this slide are a number of control rods. 

Th~se vork in the manner which I indicated before. Control rods usually contain 

Boron. :Boron has a great affini-cy for neu.trons, When the control rods are 

placed in the core1 neutrons are absorbed by the Boron and the neutrons which 

are so absorbed crumot strike fissionabl~ atoms and continue the chain reaction. 

Tne next slide shows schematically the simplest type of nuclear power reactor. 

This is the boiling water reactor. As shown, water enters the reactor vessel 

at the bottom and flows through the reactore core. As it flows through the core, 

it is heated and bolls. The resultine stea."Tl goes to a turbine generator which 

produces electricity. Steam is then condensed and flows back to the reactor 

vessel as water. This type of reactor, the boiling water res.ctor, is now being 

produced by the GE>nera.l EJ.e·::tric Com1,any; and in many parts of the country, 

produces p,')wer more cheaply than fossil fuel power plants. 

As you 1'..:-,0w, ws.ter is composed of 1:wo a.toms of hy:lrogen and one a.tom of orygen. 

In the boiling wu1,er rea~tor 1 th':' neutrons produced in t.he fission, which travel 
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very fa.st, stri.K.e the hydrogen nuclei in the water and ':l.rf:' siow'?d down as a. 

result. The hydrogen nu:::lei w~igh about the &arne as the neutrons, and one may 

think of :this slowing-down process as a series of collisions siJ.ilar to those that 

occur on a billa.rd table. Wh~r. the cue ball strikes another bi:ilard ball head-on, 

the cue ball stops, or is grea.t~y siowed down, wh':!reas the other bcll is speeded 

up as a result of the collision. In the boiling water reactor, enough of these 

collisions take place &o t.ha.t by the time a neutron causes a fission, it has 

essentially lost all of the speed it initially had. This type of reactor is 

called a slow, or therma::., reactor because the neutrons when they cause fission 

are travelling at low f:'peeds or velocities characteristic of the norm.e.l thermal 

agitation of. the core materials. To achieve an efficient breeder reactor, we 

wish to avoid this slowing down or therrnalization. Thia is accomplished by 

eliminating light nuclei, such ae hydrogen, in the reactor core. When a neutron 

strikes a heavy nuclei, one m.e.y liken the situation to that of a billo.rd ball 

striking e. bowling ball. In this case, the billo.rd ball bounces off the bowling 
d 

ball and changes direction, but does not appreciably reduce its speed. These 

fast neutrons, when they fi.nally cause a fission, result in more neutrons being 

emitted in the fission than would be the case for a slow or thermal neutron. A 

greater number of fission neutrons can result in a greater conversion of the 

u-238 into plutonium 239, and thus a higher breeding ratio. The breeders which 

utilize the fast neutrons to cause fission a.re called "Fast Breeder Reactors." 

The prime candidate for the coolant for these fast breeder reactors is molten 

sodium. 
0 Sodium is a. metal which melts at a little bit over 200 F. In its molten· 

state, it hasn silvery appeo.ran•::e and looks very much like mercury. It has very - . 
good heat transport and heat conductivity properties, which is what makes it 

desirable as a reactor coolant. The next slide shows sch€matically how a fast 

bre~der react::-,r looks. The liquid sodi.um flows into the reactor vessel and up 





through the reactor core where it is heated. It then flows out nf the reactor 

core and into a heat exchanger, and then back into the reactor vessel. In the 

heat exchanger, an additional stream of sodiur.i flows past the sodium which was 

heated in the core and in this process, cools the sodium from the core while it 

itself is heated. This secondary sodium, in turn, flows into a steam generator 

where it heats ve.ter o.nd causes it to boil. The resulting steam is then used to 
\ 

drive a turbine cencrator. 

The reason for this intermediate heat excha.ncer is as follovs: 'l'he sodium wh:i ch 

flows throueh the core is made radioactive; however, the sodium in the secondary 

system is not radioactive. Thus, the intermediate heat exchane;er transfers the 

heat but not the radioactivity. In the event that there were a leak in the stea~ 

generator, the water would react with the nonradioactive sodium. If major damage 

resulted it would be in a nonradioactj_ve part of the system and repairs would be 

facilitated. 

The next few slides are more specific to the SEF0R reactor desit71. As I 

mentioned before, the output from SEF0R is not electricity, but knowledge. The 

next slide represents the heat production and disposal system of SEF0R. SEF0R 

will i::senerat about 20 million watts of heat. This power is produced in the 

reactor core and manifests itself by he~ting the sodium enterine the reactor 

vessel from about 700° to 820°F. This sodium travels to the intermediate heat 

exchanr;er where it transfers the heat to the secondary sodi~. system. The 

secondary sodiur.J., in turn, travels ton forced-air heat exchanger where it tra~rs 

_i. ts bent tQ the air, which flows throuch the heat exchoncer. Thus, from SEF0R we 

will c;et both knowlcdce and. hot air. There is not supposed to be any connecticn 

bet.ween these two prcYlucts. 
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The next slide shows an elevation of the reactor building, which contains the 

reactor core and reactor vessel, and all of the radioactive materials. The 

reactor buildinE:; is about 50 ft. in diameter and 115 ft. high. This building 

is cylindrical in shape and is constructed of steel so that it is, in effect, a 

hermetically-sealed building. The reactor vessel., :i.ts as_sociated piping, and the 

intermediate heat exchanger, all of which contain radioactive sodj.um and other 
\ 

radioactive materials, are contained within steel linecl reinforced concrete cells 

which are within the reactor building. These cells have walls about stx feet 

thick which reduce the radioactivity levels so that personnel can work outside 

of them. 

'.I'he next slide shows the reactor vessel in more detail. Sodium flows through the 

inlet nozzle at the top of the vessel; down along the inner surface of the vessel; 

up through the reactor core, which is contained within e. metallic shroud; up 

through shielding material, which is above the core; over the top of the shroud; 

and finally down and out through the outlet nozzle, which is also 1ocated in the 

upper region of the vessel. The over-all length of the vessel is about 15 ft., 

and its diameter in the upper region is about 6 ft. In the lower vessel region, 

opposite the core, the diameter is about 35 in. The reason for this odd shape 

of the vessel is that we place nickel reflectors in the region opposite the 

reactor core and outside of the vessel. These reflectors reflect neutrons., which 

leak out of the vessel_, back into the core. We control SEFOR by raising and lowering 

these reflector pieces. When the reflectors e.re opposite the core, neutrons which 

would leak out are bounced back into the core and can participate further in 

the chain reaction. When the reflectors ere lowered, these neutrons leak out 

and no longer participate. 
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As I mentioned before, the secondary sodium which leaves the heat exchanger 

is nonradioactive. In SEFOR, this sodium is broucht through the reactor 
I 

containment building, and is brought to the operations building, which is a 

reinforced concrete structure. The next slide shows a plan view of this 

operations building. In it are contained the control room, from -which all 

operations of the reactor and facility are monitored and controlled. It also 

contains equipment for the secondary sodium systems, electrical power supplies, 

and office space. Immediately outside of the operations building are the forced, 

air heat exchangers, which exhaust the heat to the atmosphere. 

/m over-all view of the whole facility is shown in the next slide, which shows 

the reactor building, the operations building, the forced-air heat exchangers, 

and an additional building which is used for -warehousing and additional office 

space. The next slide shows an artist's conception of the SEFOR facility. 'l'he 

SEFOR site is one of the most attractive of any reactor site in this country, and 

we hope that the finished facility will be in keeping with this. 

Here are some nontechnical points that may be of interest to you. We expect to 

complete construction and start operation of the reactor some time during the 

latter part of 1967. As I mentioned before, the estimated cost of the facility 

is about 12-1/2 r.iillion dollars. Duri·ng the peak of the construction o.cti vi ties, 

there will be about 160 people working at the site. As much as possible) we 

intend that these shall be paople fror,1 the southwest. In this rer;ard, I mie.,'-lt 

note that the structural work at the site, amo1.L~tins to some 1.5 million dollars 

of construction work is being perforrted by the Martin K. Eby Cor.ipany 1 ·.rh1ch is 

a Wichita-based concern. After operat:i.on of the reactor st.arts, th!' f-il.cility \.1.;.ll 

be manned by a permanent crew of about 3C people; aLrn_;.t half :if these are •·Yy1i:cte8. 

to be recrui tea from the local area, and the ather h•.ilf, who wil1. be '..,ecl~r: ~ i:2.' 
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experts, will be long-term General Electric employees, stationed permanently 

at the site. In addi t:i.on, we expect that several of our colleagues from the 

Karlsruhe Laboratory of West Germany, and f:rom EURATOM, will also be assigned 

to the site. There may, in addition, be one or more~ representatives in 

permanent residence. We also expect that there will be a succession of visits 

to the SEFOR site by high-level technical experts from this country and abroad, 

and by government officials. 

Finally, I should :point out that interest :tn nuclear energy is such that our 

Big Rock Point nuclear pla.nt in Michigan, is the second la.reest tourist e,ttra.ction 

in the State. It is not improbable that the SE:B'OR fac:i.li ty will also attract a 

considerable number of tourists, and I understand the.t the Southwest AtO'mic 

Enerczy Associates oxe now ma1~1.ng pla."lo to accommodo.to them. 

A word now about the operating prorrram E."t SEFOR. Our. initial plrui.s call for e. 

three-year experimental program, ,1i th emphasis on gn:!.ning o. thorough unci.erstond1ng 

of one of the important se.fety features of this type of reactor. SEFOR is being 

designed with a ltJ.l"ge negative Doppler coefficient. The Doppler coefficient 

operates in this way. When the fuel is heated, the Doppler coefficient acts so 

as to caue-e r~eutrons to be ebsorbcd in nonfissionablc m.e.teria.l, and thus tends 

to shut down the react.or. L.7. the event, therefore., "that there were e. m..'tlfunction 

cf the reactor. system such that its power was U."'lintentiona.lly increased, the 

fuel would heat u:p) the Doppler effect would co:ne into play and the power level 

of the reactor would then be reduced. The Doppler effect is thus as inherent 

safety mechanism. 

He: will perforr.:. a nwn'oer o:f -'.:.ests designed to check ~ur calculations -cf the way 

in which the Doppler effect will work. One of these series of tests wilJ inv•:'.: <; s 
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:purposely 1ncrea£1ng the power of the reactor and observing the way in which 

the Dopple·r effect shuts 1 t down. If you were at the site when these tests 

were performed, what would you observe? I a~ afraid you would find it very dull. 

You would hear and see nothing unusual. However, in the control room you would 

find a number of physicists and engineers intently examining meters, strip 

charts, and oscillescopes. It is the de.ta from these instruments which will 

represent the real output from the SEFOR pro,ject. 'I'his data wi11 be collected 

and ana.1:yzed over a period of weeks e.nd months both at the .SEFOR site and at our 

facilHieG in San Jose, California where additional physicists a.nd other technical 

personnel a.re located, Much of the data analysis will involve the use of lo.rge 

computers. 

I do not have a picture of the SEFOR control room, since we have not yet 

completed its design. i!owever, the next slide shows the control room at one 

of our nuclear power plants. The SEFOR control room will look similar, although 

it will be smaller. It too will have a high density of instrumentation. I show 

this slide because my colleagues in the public relations area tell me that the 

nuclear industry has done a poor job in expl'aining our business to the public. 

We have shown so many pictures of technicians in "Space Suits" with strange 

looking equipment that people have the impression that reactor control is 

difficult and that the operator stands tensely watching a control meter, ready 

to run when the meter moves a tenth of an inch off dead center. The reverse is 

true. A reactor is a complex piece of machinery that does require trained 

personnel t.o keep it in good running condi.tion. However, -::ontrol of the reactor 

is relatively simple. The reactor operator does keep the needles on the meters 

at their desired positions. To do this generally requires thc.t he push the 

but.tons which move the control rods about every ,,en or twenty minutes. 
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This discussion brings me to the .last topic - safety. On any concrete ba.sis 

of measurement, the nuclear industry has a safety record in which we can all 

take pri:de. For example, I have some statistics for the years 1960-1962, 

which examine the record with respect to 125,000 people involved in AF.,C 

contract work. In these years, there were 2.0 lost-time accidents per million 

m.an hours work in the nuclear industry. This comi:a,res to an average in all 

industries of 6.5 lost-time accidents per million man hours. As a matter of 

fact, i.n 1960-1962 the nuclear industry was fifth in terms of safety, behind 

the communications industry .vi th 1 lost-time in.jury per million man hours, the 

electrical equipment industry with L6, the aircraft manufacturing indu.stry 

with 1.6, and the automobile industry with 1.9 lost-time injuries per million 

man hours. 'l'he sixth industry, the chemical industry had 3.h, the highway 

construction industry had 3:i_. and the oil well drillins industry /2 injuries 

per million mtin hours. 

Now, of the injuries which did occur in the nuclear industry, most involved 

people falling off ladders or having sbnilar mishaps. Only 35 out of a total 

of 6,500 lost-time injuries in AF£ plants and laboratories from 1943 to 1960 

vere associated with overexposure to radiation. In other words, whereas one's 

chance of sustaining an injury of any kind in an atomic energy plant is only 

about one-third of that in industry as a vhole, the chance of sustaining a 

radiation injury is less then 1/500 that of sustaining an injury in the average 

industry. To this one might add that in no case has a member of the general 

public received a radiation injury as a result of peaceful uses of atomic energy. 

As in a.11 indust:ries 1 fatal accidents have occurred in atomic energy work. With 

no intenti~n cf minimizing thts tre.e;ic loss of life, it is nevertheless proper 

to exa.~ine the record in the light of experience in other industries. Again 
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drawing on statistics for Af_;c contractors, we find that there have been far 

fewer fatal accidents in U.S. nuclear installations than in industry as a 

whole, and those due to radiation have been rare. The average for all industry 
I 

from 1950 to 1959 was 25 deaths per year per 100,000 employees. In the atomic 

energy industry, the comparable figure from 1951 to 1960 was 9.3. The figure 

for deaths caused by radi.ation is o.4 per yeur per 100,000 employees. Stati.ng 

this another way, there have been 7 deaths from radiation since the start of 

the nuclear program, over 20 years ago, to the present time (1966). 

The above statistics indicate that the procedures and controls in the atomic 

energy industry are effective. Part of these controls involve careful analysis 

and review of reactor designs and proposed operating procedures before the 

actual construction of the plant starts. In the case of SEF0R, we have had 

extensive reviews by technical teams within the General Electric Company, and 

these will continue as the design progre,.sses and construction takes place. For 

the past yea:r, we have undergone a series of reviews with the Division of Reactor 

Licensing of the Atomj_c Energy Commission, and with the Advisory Connnittee of 

Reactor Safeguards, two government bodies whose function it is to assure that 

reactor design and operation will not represent a public hazard. The next slide 

shows the documentation provided to these bodies and perhaps indicates the 

thoroughness of these examinations. In a 100-page document, the Division of 

Reactor Licensing published their review of the SEF0R plant and concluded, in 

effect, that SEF0R will not constitute a hazard to public health. In June of 

1965, a public hearing was held in Fayetteville before another AEC board consist­

ing of a lawyer and two technical. experts to review the proposed project before 

construction was permitted to proceed. This board also found that there were 

no unresolved safety questions. Finally, I mi.ght note that after completion of 
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construction but 'before operation of the reactor is permit.ted, a gim.i1ar set 

of forrr.al revjcw:: will ta.~-:? plc.ce. · 

I think I can sta~c, without contradiction, that no other industry goes through 

the effort th~t we do to produce a safe product, and the statistics given 

above indicate that our efforts are successful. 

In closlng:- I will touci1 on one other area beu:1...,ing on sa.fety. T.nis is the 

release of radioactive rna.teritl to.the atmospr.cr~ as the result of nuclear 

plf.L.'Tt operation. Although· it is, in pl-inciplc, possible to operate a plant so 

that U1t::r(! is no :telce.se of radioa.ct!.vity, .in 0.ctuality it is im:pre.ctica.l. 

Nucleex plants, 1n general, do release re.dioactiYity under controlled conditions. 

Is. this con-trolled radioa.c;tive release conta."lrl.nating our atmosphere? One he.s to 

go.in some pcrspectiYc to answer this ques~i.;ion • 

• A.s the nmri; slide indicates_, there arc some ltinds of contamine.tion you just can't 

eliminate. People arc not gene:>.4 a.lly aware that they ru.·e living in a sea of 

radiation produced from natural sources. That they are is illustrated in the 

next slide. The un.i t of radiation :i.s called the rzm, U...'1d the figu.res given in 

this slide are in one-thouse-'ldth of a rem, 01· j_n mill:i.-rems. .As you can see, 

the average :tndivic.ual recelves about 180 milli-rcm per yeo.r due to naturally 

occurring re.dioacti. vi ty. Nobody really knows ·whc:t. the effects of this nature.lly 

occurring ro.dia.tion arc. The generally accepted view 1.s that unnecessary 

exposure to radiation should be avoided. However, perspective again must b'e 

used. No responsible 'individual would advccu.t<) the.t we evacuate Denver, 

Colorado, because the natural dose is about 50 mill:l-rem hig..'ller there tha...'1 at 

locations ut lower altitudes. Similarly, no one sdyocutes elimination of jet 

planes o.lthoug1.1 a cross-country tri:p by ,jet gives one c. dose from cosmic rays of 
·, 





.. -19-

about one milli-rem. Actually, a person really concerned a.bout exposures 

of this magnitude should refrain from eating beans, since they contain a 

relatively hig..11 concentration of potassium, which contains a radioactive 

isotope, pota.ssimn 40, Similarly, he should not build a house out of stone 

or concrete block, nor should he enter a tiled bathroom, 

1'he point of this discussion is that we have na:tura..lly occurring radiation 

,rhich forms a base upon which to evaluate the effects of release from nuclear 

plants. On the la:3t line of the slide ls indicated the estimated dose one 

would have received if he lived continuously at the site boundary of the 

Dresden Nuclear Power Station in Illinois, during 1962. The average over the 

past six years is between one and two mill-rem per year - about vhat one 

receives on a cross-country jet trip. 'l'his figure, incidentally, is calculated; 

it is too small in comparison with the natural background to mes.sure. 

Controlled release from nuclear plants is regulated by the U. S. Government. 

Nuclear plan.ts are not permitted to release radioactive materials which would 

represent a hazard to the public. None of them do. Neither will SE:B'OR. 

Ladies 0.."1d gentlemen, this con.eludes my formal rema.rlrn. I hope I've been able 

to convey some of the reasons for ou.:._. enthusiasm over SEFOR. It is rare that· 

one has the opportunity to work on a project with both practical short-term 

economic goals, and importB.J.,t long-term implications i'or the future welfare 

of our country. 

I should ment:i.on also our pleasure und ap})rec:i.ativeness at the fin,:: treatment 

we have received in your section of the country. :For our part, we expect to 

reci1)rocatc by being a 0ood neighbor. He thir..k that those ,rho co.n visit the 
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site will enjoy meeting the people we'll be sending to Fayetteville. And, 

we hope to accomplish something at SEFOR that the utilities and people of the 

southwest will be proud of. 



SKY (cosmic rays) 

GROUND ( 1~ time) 
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50 

1 1 

34 

25 

50 

TOTAL Mrem/year 177 

100 in Reno; 2 in jet flight 

200 in France 

Depends upon material _s 
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High in beans 

Dental x-ray 1000 
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Kansas Geological Survey 
Open-file Report 

Disclaimer 

The Kansas Geological Survey does not guarantee this document to be free from 
errors or inaccuracies and disclaims any responsibility or liability for 
interpretations based on data used in the production of this document or decisions 
based thereon. This report is intended to make results of research available at the 
earliest possible date, but is not intended to constitute final or formal publication. 
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