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"NUCLEAR POWER FOR THE FUTURE"

!

Let he express my pleasure ét visiting Wichita, and more particularly, my
pleasure at this opéortunity to discuss with you the Southwest Experimentsal

Fast Oxide Reactor Project -~ the SEFOR Project. This project will result in the
construction and operation of a nuclear reactor, which will be located about

20 miles southwest of Fayetteville, Arkensas, and about'QOO miles southeast of
Wichita. Construction work is now under way. The reactor and the associucted
facilities are estimated to cost about 12-1/2 million dollars. These costs

will be borne by the Southwest Atomic Fnergy Asscclates, a group of 17 investor=-
owned electrical utilities operating in the southwest portion of the United
Stetes; the Karlsruhe Nuclear Laboratory of West Germany; the European Atomic
Fnergy Community - EURATOM, and the Genersal Electric Company. In addition,

the United States Atomic Energy Commission is supporting the research sand
cevelopment program connected with the SEFOR pfoject, and this is estimated to
cost approximately 12-1/2 million dollars too. The project is intended to produce
one product - knowledge. TFron the size of the investment involved and the wide
base of support, I think you may gather that the knowledge we hope to gain is
importent. In my telk today, I would like to convey to you some of the reesons
vhy we belleve ﬁhat the SEFOR project is important and significant, and also to
give you some of the details of theiproject, Alsc, at the end of my talk, I

would like to touch briefly on the subject of Nuclear Radlation and Nuclear Safety.



-P-

The SEFOR project is expected to play a major role in our search for a source

of electrical pover which will fulfill our needs for the foreseeable future.

At this time, almost &1l of our power needs are supplied from fossil fuel sources,
that 1is, o0il, coal, wood, and so on. These fos;il sources are stores of energy
built up for millions of years by the action of sunlight on vegetation. 1In
essence, 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 vhere 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

esbout next week or next yeer, or even the next 10 years.

The situaticn is perhaps best illustrated by the first slide, which represents
daeta 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 greph represents an estimete of the total
fossil fuel resources availeble. Both curves refer only to the United States.

The unit of energy used is the "Q" which 16 & billion billion British thermal
units or 1018 Btu. This is a very large unit of energy and for perspective, I
ghould tell you that the average consumption in this country today isbabdﬁt l/EOth
of e "¢" per year. However, our consumption of energy is increasing at such a
rapid rate that es you can see from the slide, in about 100 years we will approach
the poini where we will have aepleted our totel store of fossil energy reserves,
?ou will recogn;ze,‘of céurée, fﬁat the figures in the slide are projections and,

of course, are subject to 1arge‘errors. Our reserveé of fossil fuel might be
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ldrgér than ﬁhat indicated on the slidc-and our consumption less than that
projected, or perhaps more. The 1lmportiant péini however;, is that our fossil
reserves are limi.te;:d and that our conswn_ption of power is increasing at such a
rate that one must at least recognize the stsigility that in the next century
we may deplete our fossil fuel resources. Although the s}ide refers to the
situation in the United States., the World situation is even less favorable with

regaerd to long-term power requirements. Tne United States has & disproportionately

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

Today, nuctlear 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
nuciegr power to the point where concern over future energy sources can be relieved.
I would like, at this point, to discuss 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 ceuses 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 end thils heat, in turn, is used in the
simplest process to boil water. The resulting steam is then used to drive a
turbine generator, which produces electricity. Thus; a nuclear powver plant is
similar to a power'plant fueled by coal. In the one case, the heat used to boil
vater is produced by the burning of coal. In the other case, the heat is produced

by the fissioning of U-235.

Turning back to the slidé again, ve note that when the U-235 nucleus splits, there

e e g e+
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are given off additional neutrons. In the illustration, 3 neutrons are glven

off wher the first nucleus splits. Some of these neutrons will leak away from

the region containing U-235, some of them will hit other materials which do not
'

fission. 1In the iliuswration, one of the three neutrons hits another U-235

nucleus and causes it to split or fission. From the second fissioned U-235

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

You mayv aslready see hov a nuclear reactor operates: Between two and three neutrons
are emitted i1n a U~235 fission. If we put enough U-235 in aAgiven region so that
on the average one of the neutrons given off in a U-235 fissicn will strike

another U-~235 nucleus before it leaks away from the regicn or hits & 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 reaction can be controlled.
To turn off the reactor, one merely breaks the chain. This is done by mixing

some nonfissionable materisl in with the uranium so that on the average less than
one of the neutrons produced'in a Tission will strike another U-235 nucleus. Thus,
if we started with 100 fisslons 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 seéond, or the power level of the reactor had decreased

to & very low level. Similarly, if one wished to increzse the powver level of the
reactor, he would take away somes of this parasitic materisl so that more éhan one
neuiron 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 deslred
vaius. Then the nonfissionable material woﬁld be put back so that the power level

stayed constant.
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Now that you know how to design and operate a nuclear resctor, you can see that

the fundamentals are quite simple. The major requirement is a supply of
fissionablesmateriai which gives off more than one neutron each time a nucleus
fissions. Uranium is the only nsturally occurriég material which has this

propz=rty. More precisely, uranium 235 is the only natural;y occurring material
vith\this property. Uranium is composed of 2 isotopes; uranium 238 and uranium 235.
These two different isotopes lock and act alike from s material standpoint. If

I handed ycu a piece of each, ycu could not tell the difference. Even a chemical
enalysis would not differentiate between them. But on the nuélear level the& behave
guite diffefently. Siide 3 shows that the proportion of U-235, the fissionable
isotoée, 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 fissionable U-235.

Tne remaining 99.3 lbs. is the nonfissionable U-238.

~ New, if we are considering the fissioning of uranium as our alternate source 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 in terms of that energy unit I described before - the "Q".
There are two columns shown. In the'first colan, only the energy from the U-235
is shown. In the second column is shown the total energy which would be avail-
eble if not oniy the U-235 were able tp fission but also the U-238. Since'there
is approximately 140 times as much U-238 as U-235, the figures in the second
column are appro*imately 1L0 times as large as those in the first column. The
present cést of uranium is approximaﬁely $5 to 3510 per pound. At this price and
ﬁsing only the U-239, one'can see from the slide thaﬁ the sddition to our energy
reserces is not;vsry‘great (remeﬁber”that there are about 30 Q in our fissil fuel

reserves). lowever, if we were able to utilize the (i-238, we would greatly expand
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our nuclear fuel resources, and furthermore, since we would be extracting 140
times as much energy fromnzhe material which was mined; we could afford to pay a
greatly incre;sed pri;e for this material. Thus, if we could find a way to
utilize the U-238, we could increase our nuclear fﬁel supply to the point where
concern over future power needs would be relieved. The SEFOR project is a major

step in the development of & reactor which will Jet us achieve these objectives.

The next slide shows the way in which the nonfissionable U-238 can be turned into
& fissionable material. VWhen a neutron strikes a U-238 nucleus, the U-238 does
not fission. Instead, 1t is converted into still another isotope of wraniun -
uranium}239. The urenium 239, in turn, converts itself into another material,
neptuniuvm 239, vhich in turn converts itself, via enother nuclear reaction, to
plutonium 239. Plutonium 239 is fissionable. Without going into the details of
these transférmations, the important thing to remember is that when a neutron is
captured by U-238, the uranium 238 is converted to the fissionable plutonium 239.
This fact allows us to speculate on the conséruction of & new type of reactor which
produces more fissioneble material than it uses duiing operation. Such a reactor

is cslled @ breeder reactor, and its fundamental method of operation is 111lustrated

on the next slide.

At the top is shown the same chain reaction illustrated before. However, in this
caée, 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 are captured by the
U-238 nuclei, and in turn, convert the U-238 to plutonium 239. If we do some
accounting on the chain reaction shovn at thé top, we-see that we have destroyed

3 U-235 nuclei and have produéed 2 new plutonium 239 nuclei; In technical terms,

we would have a breeding ratio of 2/3, and because ve are producing fissionable
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plutonium to repliace some of the used up U-235, we would extend our nuclesr

resources to some extent.

In the chaih reaction illustréted ir the lower part of the slide, we shov a
reactor which is-fueled by plutonium 239. Plutonium has the characteristic that
vhen it 1is fissioned it gives up more neutrons than does U~-235., Thus, there is a
“higher probability that some of the extra neutrons produced can be cgptured in
U-238 and thus produce additional piutonium 239. The lower part of the slide
1llustrates this possibility. Performing our accounting procedure on this chain
reaction, one sees that we have destroyed 3 plutonium 239 nuclei by fission, but
we have produced L new plutonium 239 nuclei, so that our breeding ratlo 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 pewer. they convert U-238 to Pu~239 and they end up with more
plutonium 239 than they initially started with; thus the term "Breeders". To
avoid confusion, I should emphasize that although we end up with more fissionsble
material than we start with, we are not producing something from nothing. We are
merely converting our nonfissionsbie 1I-238 into the fissionable Pu-239. To sum
up then, thé breeder reactor provides a means to turn all of our U-238 into
fissionable plutonium, and thus extend our energy resowrces to the point vhere ve

can relieve concern gbout energy needs for the future.

oome of you may héve lost interest after I pointed out that our energy crisis

would not manifest itself until som= time in the next century- Perhsps some of
you will te restired by that time. Howaver. you may bé interested in the fact that
the breeder renninr hag the poteqpill for producing power at very low cost. Indeed

if {t 18 t5 “eo wide-spread uee in this century, it must be Jjustified on the
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tasis of economics. The SEFOR r=actor is a prototype of s treeder reactor
which appears capable of prcduzcing low-cost power snd thus, could be used in
the near future for economic reasons vwhile at the same time greatly expending

our nuclzar fuel resourceg for the Tuture. '

With this somewhat ststract description of the basic goais behind the SEFOR
prdject, let me turn now tc a description of some of the hardﬁare which goes into
& nuciear reactor, and in particular, into the SEFCOR reactor. The next slide
1iiustrates the form of fuel which forms the basic constituent of a nuclear
reactor. The fuel, equivalent to coali in a fossil plent; 1is in the form of a
nixture of uranium and plutonium oxide. This is & ceremic materisl which is
pressed and fired into small pellets, cylindrical in shape as 1llustrated at the
top of the siide. The artist has taken zome liberties; in particuler, the fuel
pellets are in actuality black. They have the feel of unglazed ceramic tile or
pottery. For the SEFOﬁ reactor, the peilets will be about an inch in dienmeter;
for other reactors they may te 1/4% or 1/2 inch in dimension. The pellets are
ioaded inio =z stainlzss steel tube, vhich is welded shut at the top and the
bottom, end this tubte containing the fuel pellets is called a fuel rod., In the
past, dbresder resctors have had fuel rods which contained the uranium and
plutonium in a metallic form rather than in the ceramic form. These metallic

~ fuel rods had a very skort iife in & reactor because they would distort under
ﬁuclear operatior. Recause of the care required tc produce fuel rods, they are
quite expensive,<and &3 a reeult of the relatively short lifetime of the metallic
fuel, the economics of tne mets!lliic breeders is poor. The ceramic fuel, on the

2ther hand. shows promiss of extremely long iife under nuclear operation, and

v v

thius shows potential for producing iow-cost power. The SEFOR reactor will be

fuzled wivh this “eramc fuel and on2 of its major goals is to demonstrate that
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such a resactor with ceramic fuel wiil nave the desirable operating character-

istics which we predict for it.

The fuei rods illustratad on this slide are now grouped into btundles to esse the
handling prob;em. A bundle is sncwn on the next siide. It consists of an
assemblage cf fuel rods heia together by mechanical fiftings, A number of these
f}uel bundles sre nov groupsd together to form the resctor core. As shown on the
next sliide; the reactor core is placed inside of a reactor vessel, arranged so
that coolant flows into the reactor vessel, through the reactor core; and out of
the vessel. The entire purpose of the reactor core is to heat the coolant; tﬁé
energy of heat in the ccolant is, in turn, used eventually to produce steam and
drive a turbine generator. Aliso shown on this slide are a number of control rods.
These work in the manner which I indicated before. Control rods usually contain
Boron. Boron has a great affinity for neutrons. When the control rods are
Placed in the core; neutrons are abscrbed by the Boron and the neutrons which

are so absorbed cennot strike fissionabl® stoms and continue the chain reaction.

The next slide shows schematically the simplest type of nuclear power reactor.
This is ihe boiling vater reactor. As shown, water enters the reactor vessel

at the bottom and flows through the reactore core. As it flows through the ccre,
it is heated and boils. The resultiqg steam goes tc a turbine generator wvhich
produces electricity. Steam is then condensed and flows back to the reactor
vessel as weter. This type of reactor, the boiling water reactor, is now being
produced by the General Electric Company, and in many parts of the country,

produces power more cheaply than [ossil fuel power plants.

-

As you know, water is composed of two atoms of hydrogen and one atom of oxygen.

In the bdiling'waner reastor, the neutrons produced in the fission, which travel
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very fast, strike the hydrogen nuciei in the water and are slowed down as a
result. The hydrogen nuclei welgh about the same as the neutrons, and one may
think of ;ﬁis slo&ing~down process as & series of collisions silllar to those that
occur on a billard table. Wher the cue ball stirikes another biilard ball head-on,
the cue ball stops, or is great.y siowed down, vhereas the other hell 1s speeded
up as & result of the colliision. In the boiling water féactqr, enough of these
collisions teke place so thet by the time & neutron causes a fission, it has
essentially lost all of the speed it initially had. This type of reactor is
called & slow, or thermal, reactor because the neutrons when they cause fiésioq_‘
are travelling at low speeds or velocitles characteristic of the normel thermsal
agiﬁation of the core materiels. To achieve an efficient breeder reactor, ve
wish to avold this slowing down or thermﬁlization. This is accomplished by
eliminating light nuclei, such as hydrogen, in the reactor core. When & neutron
strikes a heavy nuclei, one may liken the situation to that of a billard ball |
striking e bowling ball. 1In this case, the billard ball bounces off the bowling
ball and changes direction, but does not ;ppreciably reduce its speed. These
fast neutrons, when they finally ceuse & fission, result in more neutrons being
emitted in the fiesion than would be the case for a slow or thermal neutron. A
greater number of fission neutrons can result in & 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 are called "Fast Breeder Reactors.”

The prime candidate for the coolent for these fast breeder reactors is molten
sodium. Sodium is a metal ﬁhich melts at & littile bit over 200°F. In its molten
'state, it hasa silvery qppearancefand looks very much like mercury. It has very
good heat transport and heat conductivity properties, which is what makes 1t
desiréble,as a reactor coolant. The neit sliae shows Schematically how a fast

breeder reactar looks. The liquid sodium flows into the reactor vessel and up
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thfough the reactor core where it is heated. It'theh flows out of the reactor
core and into a heat exchanger, and then back into the reactor‘vessel. In the
heat éxchanger, an additional stream of sodium f}ows past the sodium which was
heated in the coreiand in this process, cools the sodium from the core while it
itself is.heated. This secondary sodium, in turn, flows into a steam generator
wherg 1t heats weter and causes it to boil. The resulting steam is then used to

drive a turbine generator.

The reason for this intermediate heét exchanger is as follows: The sodium which
flows through the core is made radioactive; however, the sodium in the secondary
system is not radioactive. Thus, the intermediate heat exchanger transfers the
heat but not the radioactivity. In the event that there were a leak in the steam
generator, the water would react with the nonradicactive sodium. If major damage
résulted it would be in a nonredioactive part of the system and repairs would be

facilitated.

The next few slides are more specific to the SEFOR reactor design. As I

nentioned before, the output from SEFOR is not electricity, but knowledge. The
next slide represents the heat.production and disposal system of SEFOR. SEFOR

will generat about 20 million watts of heat. This power is produced in the

reactor core and manifests itself by heating the sodium entering the reactor

vessel from about 700o to 820°F. This sodium travels to the intermediate heat
exchanger where it transfers the.heat to the secondary sodium system. The

secondary sodium, in turn, travels to o forced-alr heat exchanger where it traggl!rs
its heet to the air, which flows throdch the heat exchanger. Thus, from SEFOR we
will gét both knowlcdge_and.hot air. There is not supposed to be any connecticn

bewween these two products.
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The next sligde éhows an elevation of the reactor buillding, which containé the
reactor core and reactor vessel, and all of the radioactive materials. The
reactor building is about 50 ft. in diameter and 115 ft. high. This bullding

is eylindrical in shape and is constructed of séeel so that it is, in effect, a
hermetically-sealed building. The reactor vessel, its associsted piping, and the
int§rmediate heat exchanger, all of which contain radioactive sodium and other
fadioactive materials, are contained within steel lined reinforced concrete cells
vhich are within the reactor building. These cells have walls about slx feet

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

of themn.

The next slide shows the reactor vessel in more detsil. BSodium 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 a metallic shroud; up
through shielding material, which is above the core; over the top of the shroud;
and finally down and out through the outle£ nozzle, which 1s also located in the
upper region of the vessel. The over-all 1ength.of the vessel 1s about 15 ft.,
end its diameter in the upper reglon 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 regicn opposite the
reactor core and outside of the vessel. These reflectors reflect neutrons,which
leak out of the vessel,back into the co%e. We control SEFOR by raising and lowering
these reflector pieces. When the reflectors are opposite the core, neutrons which
would leek out are bounced back into the core and can participate further In

the chain reaction. When.the reflectors sre 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 nonradi&active.d In SEFOR, this sodium is brought through the reactor
containment building, and is brought to the ope}ations building, which is a
reinforced concrete structure. The next slide shows & 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 exhesust the heat to the atmosphere.

An over-all view of the whole facillity is shown in the next slide, which shows
the reactor building, the operations building, the forced-ailr heat exchangers,
end an additional building which is used for warehousing and additional office
space. The next slide shows en ertist's conception of the SEFCR facility. The

SEFQOR 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 coﬁstruction and start operation of the reactor some time during the
latter part of 1967. As I mentioned before, the estimated cost of the faciliiy

is about 12-1/2 million dollars. During the peak of the construction activities,
there will be about 160 people working at the site. As much as possible, we
intend that these shall be pzople from the southwest. In this regard, I might
note thaet the structural work at t?e site, smounting to some 1.5 miilion dollars
of cdnstruction work is being‘performed by the Martin K. Eby Company, which is

a Wichita-based concern. After operation of the reactor starts, the facility will
be manned by a permanenf crevw of about 3C people; about halfl of thgse are evpecled

to be recruited from the locel area, and the other half, who willi be lechnica!
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~experts, will be long-term General Electric employees, stationed permanently
at.the site. In addition, ve expect that several of our colleagues from the
Karlsruﬁe Laboratory of Weét Germany, and from EURATOM, will also be assigned
to the site. There may, in addition, be one or more AEC representatives in
rermanent residence. We also expect that there will be a successlon of visits
to the SEFOR site by high-level technilcal experts from this>country and abroad,

and by government officials.

Finally, I should point out that interest in nuclear energy i1s such that our

Big Rock Point nuclear plent in Michigen, is the second l&rgeét tourist ettraction
in the State. It is not improbsble that the SEFOR facility will also attract e
considerable number of tourists, end I understend thet the Southwest Atomic

Energy Associates are now making plans to accommodate them.

A word now sbout the opersting progrem &t SEFOR. Cur Initial plsns cell for e
three-year experimentsal proéram, vith emphasls on gaining o thorough wnderstanding
of one of the important safety feantures of this type of reactor. SEFCR is being
designed‘with e lerge negative Doppler coefficlent. The Doppler coefficient
operates in this way. Vhen the fuel is heated, the Doppler coefficlent scts so

a8 to causge nreutrons to be gbscrbed in nonfissionablic meterial, and thus tends

to shut down the reactor. 1In the event, therefore, that there were & malfunction
cf the reactor. system such that its power was unintentionally increased, the

fuel would heat up, the Doppler effect would come into play and the pover level
of the reactor wculd then be reduced. The Doppler effect is thus as inherent

safety mechanism.

P

We will perform a number of tects designed te check cur caleulations cof the way

in which the Doppler effect will work. One of these series of tests will inwzivs
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purposely increacing the power of the reactor and observing the way in which

the Doppler effect shuts it down. If you were at the site when these tests

vere performed, vhat would you observe? I am afraid you would find it very dull.
You would hear and see nothing unusual. However, in the control room you would
find s number of physicists and engineers intently examining meters, strip

cﬁarts, and oscillescopeé. It i8 the deta from these instruments which will
represent the real output from the SEFCR project. This data will be collected
and analyzed over a period of weeks and months both at the SEFOR site end at our
facilities in San Jose, Cslifornia where edditional physicists and other technical
‘peréonnel are located. Much of the data enalysis will involve the use of large

computers.

I do not have & picture of the SEFOR céntrol room, since we have not yet
completed its design. However, the next slide shows the control room at one

of our nuclear pover 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 colleégues in the public relations area tell me that the
nucliear industry hes done & poor job in explaining 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 resctor 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 treined
personnel to Keep it in good running condition. However, control of the reactor
is relatively simple. &he reactor operator does keep the needles on the meters
at their desired positions. To do this generally requireé thet he push the

buttons which move the control rods aboul every ten or twenty minutes.
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This discussion brings me to the last topic - éafety, On any concrete beasis
of'measurgment, the‘nuclear industry has a safety record in which we can all
take pride. For example, I have somé statistics for the years 1960-1962,
which examine the record with respect to 125,600 people involved in AEC
contract work. In these years, there were 2.0 lost-time accidents per million
man hours work in the nuclear industry. This éompares to an average in all
industries of 6.5 lost-time accidents per million man hours. As a matter of
fact, in 1960-1962 the nuclear industry was fifth in terms of safety, behind
the communications industry with 1 lost-time injury per million man hours, the-
‘electrical equipment industry with 1.6, the aircraft manufacturing industry
with 1.6, and the asutomobile industry with 1.9 lost-time injuries per million
man hours. The sixth industry, the chemical industry had 3.4, the highway
construction industry hea 22, and the oil well drilling industry £ Injuries
per million msan hours.

Now, of the injuries which did occur in the nuclear industry, most involved
people fglling off ladders or having similar ﬁishaps, Only 35 out of & total
of 6,500 lost-time injuries in AEC plants and laboratories from 1943 to 1960
were‘associated with overexposure to radiation. In other words, whereas one's
chance of sustsining an injufy of any kind in an atomic energy plant is only
aboﬁt one-third of that in industry as a whole, the chance of sustainihg 8
radiation injury is less than 1/500'£hat of sustaining sn 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 all industries, fatal accidents have occurred in atomic energy work. With
no intention of minimizing this tragic loss of 1ife, it is nevertheless proper

to éxamine the record in the light of experience in other industries. Again
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drawing on statistics for AEC contractors, we find that there have been far
feﬁer fatal accidents in U. S. nuclear installations than in industry as a
vhole, énd those due to radiation have been rare. 'The average for all industry
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 radistion is O.4 per year per 100,000 employees. Stating
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 indicete thset the procedures and controls in the atomic
energy industry sre effective. Part of these controls involve careful analysis
end review of reactor designs and proposed operating procedures before the
actual construction of the plant starts. In the case of SEFOR, we have had
extensive reviews by technical teams within the General Electric Company, and
these will continue as the design progresses and construction takes place. For
the past year, we have undergone a series of reviews with the Division of Reactor
~Licensing of the Atomic Energy Commission, and with the Advisory Committee of
ReactorVSafeguards, two government bodies whose function it is to assure that
reactor design and operation will not represent a public haszard. The next slide
showé the documentation provided to these bodies and perhsps indicates the
thoroughness of these examinations. In a 100-page documeni, the Division of
Reactor Licensing published their review cf the SEFOR plant and concluded, in
effect, that SEFOR will not cénstitute a hazard to public health. In June of
1965, & public hearing vas held in Fayetteville before another AEC board consist-
ing of a lawyer and two technigéi experts to review the proposed project before
construction was pérmitted to proceed. This board also found that there were

no unresélved safety Questions. Finally, I might note that after completion of
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construction but before operation of the reactor is permitted, o similar set

of fermal reviews will take place.

I think I can state, without contradiction, that no other industry goes through
the effort thaet we do to produce a safe prodﬁct, and the statistics gilven

above indicate that our effortis are successful.

.In closing, I will touca on one other area bearing on safely. This is the
release of radicactive materisl to the atmosphera as the result of nuclear

plant operation. Although i% is, in.principlc, possible to operate a plant so
thet there is no relesse of radloactivity, in actuality it is impractical.
Nucleexr plents, in general, do release radiocactivity under controlled conditions.

Is this controllzd radioactive release contaminating our atmesphere? One has to

goin some perspechtive to answer this question.

As the next slide indiceates, there are some kinds of contamination you just can't
eliminate. People sre not generally aware thalt they are living in a sea of
radiation produced from natural sources. That they ere is illustrated in the
next slide. Tke unit cf radiaticn is called the rem, and the figures given in
this slide ﬁre in one~thousendth of & rem, c¢r in milli-rems. As you can sece,
the average individual receives about 180 milli-rem per year due to naturally
occurring redicactivity. MNobody re#lly knows what the effects of this naturelly
occurring radistion are. The gene:ally accepted view is that unnecessary
exposure tc radiastion should be avoided. (Howevcr, perspective agaln must Ve
used. No responsible individual would advccate that we evacuate Denver,
‘Colorado, because the natural dose is about 50 milli-rem higher there then at
locations at lower altitudes. Similarly, no one sdvocates elimination of Jet

1Y

planes slthough a cross-country trip by Jet gives ocne e dose frem cosmic rays of
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gbout one milli-rem. Actually, a person really concerned about exposures
of this magnitude should refrain from eating beans, since they contain a
relatively high coﬂcentration of potassium, which contains a radiocactive
isotope, potassium L40. Similarly, he should not build a house out of stone

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

The point of this discussion is that we have natureally occurring radiation
vhich forms & base upon which to evaluate the effects of release from nuclear
plants. On the last line of the slide is 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
vast six years is between one and two mill-rem per year - about what one
receives on a cross-country Jjet trip. ’This figure, incidentally; is calculated;

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

Controlled release from nuclear plants is regulated by the U. S. Government.
Nuclear plants are not permitted 1o release radiocactive materilals which would

represent a hazard to the public. None of them do. Neither will SEFOR.

Ledies and gentlemen, this concludes my formal remarks. I hope I've been eable
to convey some of the reasons for our enthusiasm over SEFOR. It is rare that
one has the opportunity to work on a project with both practical short-term
ccononice goalé, and important long-term implications for the future welfare

of our couniry.

I should mention also our plessure and appreciativeness at the fine treatment

>

)

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

reciprocate by being a good neighbor. Ve think that those vho cen visit the
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site will enjoy meeting the people we'll be sending to Fayetteville. Aﬁd,
we hope to accomplish something at SEFOR that the utilities and people of the

southwest will be proud of.



SKY«(cosmic rays)
GROUND (% time)
"BUILDINGS (% time)
AIR (radon) ’
foop

TV- WATCH DIALS
X-RAY DIAGNOSIS

TOTAl’ ;M‘rem/year

100 in Reno; 2 in jet flight
200 in France

Depends upon materials

Low on west coast

High in beans

Derntal x-ray 1000







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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