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NUCLEAR ENERCY:
BENEFITS VERSUS RISK

Critics who dwell on the risks

to the public from nuclear-power plants
should compare these risks with the
present hazards that would be eliminated.

Walter H. Jordan

JusT A FEW YEAPS AGO almost every-
one looked forward tu the coming age
of nuclear energy as a boon to man-
Lind.  Of conrse the coal interests have
dovays been less than enthusiastie, but
that was to he expected.  Recently,
however, many porsons have under-
tahen the role of professional ernitics,
wmed by some conservationists.

I feel particularly betrayed in this
mstanee, for T have long comsidered
myself a4 comservationist,  Certainly
one of my shongest motives i pro-
moting  nuclear encrgy has  alwavs
Iwen the conserving of our valuable
s veplaceable fossil fuels, coal, oil
andd s, Because this can be accom-
plished e, at the same time, the pol.
mtom of wur atmesphere reduced, 1
felt o sense ol nghitronsiess i pro-
moting noclear cnergy But  these
vty sav e all these fine 'n'm flls
st e not worth the rsk. 1 strongly
disangren I Delieve that wore lives
ve aheady been saved by the ad-
veut of nuclear energy than will be
Wt s o comserpence of 1t i the next
tndied v,

A swarn ol controveny over the
weowing onclear teclmology appears to
I ddens ful\mu It were jost an o
Casteri ! ook o st le, T wondd he ine
Ualintae
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hearing De held at which individuals
may intervene.  In some cases these
hearings huve been so drawn out that
the power company has withdrawn its
application rather than face the con-
trned  publicity. A power plant
planned for construction at  Bodega
Bay, Calif. has been abandoned.  The
opposition was concerned mainly with
the natural beauty of the proposed
site, but the issue of carthquake dam-
age was the deciding factor.  New
York State Electric & Gas Co has de-
cided to postpome indefinitely the
project to build a nuclear-power plint
at Ihaca,  In thas instance the inter-
venors protested the possible theymal
pullution to Cayuga Lake.

Llecivical pmeer, polluted air

First, let me swminarize sume of e
benelits, T do this quickly because
there really as not wneh argument
abont this pmt.  The real reason that
power reactors are heing instaled in
so sy places in the US (some S0
miclearspower plats have been or-
dered; 15 are in operition) s o save
Moy, Althomgh constrnetion costs
of a onclear plant are higher than
those for o fossil-fueled plant, the up-
eratint cosds are mich hass,  As o cone-
R TLHRITH S the cost ol electieite will b
fess e ot womh! Jave Deen with
foomsel-Line ! ;):.vln(\,

The demm! Toe obtiicity has o

twed  olonbdied  swtlan e puid ten
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vears, and another doubling is pro-
jeeted for the nest decade. Part of
this 1ise is caused by the population
werease, but for the most part it re-
tleats a lugher standard  of living.
When T came to Oak Ridge National
Laborateny some 20 years ago, air
conditioning was a rarity, Now the
swmer  danand  for  electricity  in
some regions exceeds the winter de-
mand.  Although nuclear energy is
hegmning to supply some of the ever
mereasing demand for power, the fos-
sil fuels (coal, oil and gas) are being
bured at an ever increasing rate.
Moreover our reserves are very linut-
ed.  Whether the commercial supply
of them will be exhausted in 50 years
or 200 years i1s not certam=but the
ume is short compared with the al-
ready brief span of man’s existence on
this planet, or with the hundreds of
mullions of years that it took to form
those deposits of coal and oil. Our
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With Qak Ridge National Laboratory
since 1946, Waiter H. Jordan was ap-
pointed assistant director in 1961, Af-
ter receiving nis PnD from Cai Tech, he
taught at the Unwersity of South Da-
kota and workeg at the radiation labora-

tory, MIT. He is now a part time pro-
fessor at the University of Tennessee.
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Nowd suvome e ] oo o sivarle
baayrer, vnnsd asansd YR |c‘.un0, waehe s
Pl Boans soesen Ouk Baedyre, lomsdiedbs o
o Il‘ e s \ll“.“ l'\"i"\ We vl
el every day. o additon o the sel
Poar, Uhomisanaeds ol tons ol carbums dioss
whe are enntied by Bull Bun per day,
{1 has heen observed that the carlume-
dionide  concentration i the  atmoe-
sphere s mereasing a abeat 27% per
decade, a change that may have impli-
cations for long-term effects on cli-
mate.) No longer is the air clean and
pure in the Temnessce  Valley=or
i New York, or in Los Angeles, or -
deed in wost of the US. Our cyes
may bum, and pine trees drop their
necdles.

Unfavorable atmospheric conditions
can be so bad that many people sicken
and die as they did in Donora, Pa., in
1948 (43¢ of the population became
ill, 20 deaths attuibuted to smog), or
m  London, Englind, in December
1952, when the excess fatalities were
estimated at 3500.'  (There was a
time in English history, around 1300,
when King Edward 1 decided to take
steps toward reducing pollution, e
made it a crime punishable by death
to bum coal.)

It is imperative that we take steps
to reduce this outpouring of noxious
gases either by removing them from
the smokestacks, thereby increasing
the cost of electricity, or by installing
nuclear-power  plants.  Coal-fired
power plants are not the only contrib-
utors to the air pollution of the coun-
try: Automobiles and trucks also rep-
resent a major source, as does the
heating of homes and buildings. To
reduce tius pollution caused by com-
bustion, a general conversion to elec-
tricity wili have to ensue. Homes
must be heated electrically and au-
tomobiles and trains driven electrical-
ly, which will triple the demand for
electricity, a challenge that can only
be met economically with nuclear-
power plauts.

Nuclear power offers a virtually
inexhaustible supply of cheap electric-
ity. Moreover, it offers a chance to
clean up the atmosphere. But there
is, in addition, a third major benefit—
the myriad uses of radioisotopes.
These isotopes, produced so copiously
in every nucicar-power plant (and in-
deed representing the chief danger in
their operation), have alrcady prove~
to be a great boon to mankind. Al
though production reactors have been

e edaed wmmee wl the Tes g ]lu-‘.,.-
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Fedwates of the benelits ol thess 1y, |
topes b andustey e ol e inder of 3
STO00 ynllion a yeur,  Mauy sajor 1
dustiies use vadinisolopes 1o gauge the
thickness of shaet steel in a rolling mil
the level of a licpiud i a tank or
tlow of oil through a pipcline
measured  with  radivisotopes. s {
topes are aiso used for well logging
m the exploration for oil. A slow
leak in a water main or a gZus lae
cun be found with an isotopic tracer
The gamma rays from Co™ are use]
for “x raying” welds and are used in 3
chemical plant to produce new plas.
tics. The dramatic uses of radioiso.
topes in agriculture, biology and med.
cine have caught everyone's attenticn

e I P —

Daily hazards

I could easily lecture for many houn ‘
about the benefits of nuclear energy
However, there are also risks. Thos |
radioactive isotopes that are so usefy |
when properly prepared also represen ,
a major hazard. The possibility, ng |
matter how remote, of spreading mi
lions of curies of radioactvity over the |
countryside is not a pleasant one v |
contemplate. The critics present ; *
gloomy picture. How likely is suct |
an accident? Before discussing tha !
question, let us recall some risks tha
we all encounter in everyday lifet:
(see Table 1).

To get a feeling for the numbers in- |
volved, consider the probability tha |
an average member of the population
will die during the next hour due u!
disease, such as hcart failure and can |
cer. The figure is about one in a mi
lion, or probability P = 193¢ hour"

It appears that people are willing
accept a risk of about that same mn‘
nitude provided it is voluntary and t
benefits are personal and real. Fa
example, the risk of being killed whik |
nding in a car is about 10-¢ per hou |
of exposure, about one-tenth of whs|
it was a generation ago. There hav
indeed bLeen significant advances ¢
autcmobile safety. The risk of ridin:.
i a commercial airplane is now abo
10-® per hour, which means that &
travel is some ten times safer tha
auto travel on a mileage basis becaw
planes travel so much farther in :
Lour. Air travel in private planes is.

much more dangercus undertaks
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CIGUARDS IN A NUCLEARPOWER REACTOR. The fuel cladding, the reactor vessel and the

damment vessel are the (three major barricrs that provent the escape of fission products.

dities i these fhidits are some 20
WS per o of exposere, 2
s MONe Lisay Lhan commercial air
el And yet many people willing-
e the risk of their own free will,
a0 fmposes the visk upon itlem
dathe other aowd, of tie Hisk i im-
b apon a persen ostich as an aire
e fulling on a busy stieet, or the
coions of gas mains i a4 uity,) he
cmsist that the probability of death
rweh Jess than the aormal disease
cioate, He wall ive below o dam,
o 15 eomvineedd that the clunce of
dam coblaps s s very remote (per-
AN per lunir o exposite ;o
LCPE Iy glnﬂ! reasen {beuefit) for
S ive with the exposiee to a
1 hat nat 2et0, hazard.  Tle may
test of w chieraical plant or a nuclear-
o Slation s onit near his home=
2esting (st it be buiit in another
den=iut if le iy convinced that
rk s sl B will et meowe, A
Cose s, ay We have  assunied,
wilang less than 10" per hour of
Jsure or 10 Y per year.  [n other
A f Le iy convineed that o major
‘siropiio will happen only about

once in every 10 000 years, he will fecl
that the risk is acceptably small, Wil
Los Aungeles and San Francisco he
spared a major earthquake for that
long? Less than 50 years ago 150 000
prople were killed in Japan as a result
of an carthquake,

Nuclear risks ...

Only by expenence can we demon-
strate that the nsk of hiving near a nu-
clear plant is smadl. The sitwation s
indeed vemarkably similar to the bud-
ding viectiie-power industry m the lat-
ter part of the Lst centwiy.  There
vas a gieat deal of opposition (o the
mbiosdaction of  clectiiaty  ate the
howe. The crities pointed  out that
clectriony was dungerous, that people
waonld be viectrocuted, that fnnocent
civkdien wonld stick thew fingers o
clectiie sockets aud die o lowtible
deativ and diat wires would become
averheated wnd Duin down the homes.,
Of counse they were sight. A thou-
sand people in the US are aceidentally
cleetrocuied every year,  Marcover, it
has been estimated that 169 of the

tires wie electrical in origin and 1200

Amencans st theic ives last year i
these fires.  However, there aie 200
million people m the US, so the il
vidual's chance of bemg killed s
small, about 10 * per howr of expo-
swe. Thas s well below the “accept-
able™ wisk of 10 % and the benefits
of clectricity are so apparent o every-
one that vo one wants to tum back the
\'z”(k.

Let us now tom to the risks of oper-
ating  nuclear-power  plants.  These
cane currentiv be classified 2s:

® Thermal pollation of the nivers

aned Jakes, also known as thermal ef-

Teets,

® Low-evel release of ndivactivie

ty o the wir wal ground waters

Ciised oy the Bt O talion ol

Ludlear-power  wd o reprocessing

piants.

*The accitental reivase of luge

anonts of radioactivity

To by oanidd s bast stenn is the visk
bzt tie st coneern, bat the ent-
ey {Chanmeey Stae calls them “nucie-
ar hypochondiiaes™) Lave been equally
voaiferous aboul the Lirst two iteins.

Thermal poilation is uot a vew phe-

O ey, i -



Disagreement in New _.rk City

The controversy surrounding nuclear
power erupted at a 4 March public
nearing in New York City, where the
city council 18 considering a law that
would ban nuclear reactors and a
resolytion that would urge the Atomic
Energy Commission to deny an op-
erating permit for Columbia Univer-
sity’'s research reactor. The move to
ban reactors, whose main SpoNsor Is
Theodore Weiss (D-3rd Council Dis-
trict), 1s being challenged by a more
maoderate bl introduced by Bertram
Geifand (D 8th Councii District) that
would require a city license for all
reactors, after AEC approval

He'd befcre the council's Commit-
tee on Environmental Protection and
General Welfare, the arguments
pivoted on two issues. the validity
of AEC sa'ety standards, especially
“permise ble’’ radiation levels, and the
city's junisdiction over nuciear-power
plants and reactors.

Gelfand favors city licensing be.
cause . . . controls shou'd be a little
closer to the people affected than the
AEC is in Washington. But banning
all reactors s an extreme answer, |t
preciudes not only the use of nuclear
energy, but the exam:nation of it for
educational purposes. It could repre-
sent as great a danger to the well
being of the people as an over pro-
iferation of these devices. Yet local
control is important, and url'ess
scientists and the:r organizations can
accept this control, they will stimulate
local opposition and will encourage a
spectrum of people to exploit the
issue and create unjustified hysteria
that wiil prevent technological prog-
ress

The emphasis on 'ocal control was
strengthened by Elise Jerard, who
represented the Independent Phi Beta
Kappa Environmental Study Group.
the Citizens' Rights Committee and
the Commitice on Environmental Con-
tamination: ~The US Congress in
1959 celiberately de'eted a preemp.
tion statement that wouid have give?d
the AEC sole contro! over radioactive
hazards ‘in violation of the rights of
states to safeguard citizens and their
enviranment' This right must be also
recognizggl on the local level. The
AEC mus! cease to act as an author:
tarian seif-regulating principality be-
fore it cads us to rraversible disas
ter.” Local control, she contended, is
neecded to cope with . . the blind
momentum of industry abetted by
the AEC and the Conpressional Joint
Commttee on Atomic Energy, which
wi!l place 12 large reactors on Long
Island Sound.”

Joseph Di Nunno, AEC special as-
sistant to the Ceneral Manaper for
Covirconmental Affaws, attempted to
coovinge the eonunittoe of the ARC's
romsoryative position an nehan sitine
b e Lo by bielores P Dlongrres,
Jounst Caotisnt ton Atonne

sl on

Energy In 1967, he said, . . . the
AEC pointed out that urban siting re.
quired further important advances in
reactor-plant design . and that
until additional research and develop-
ment resuits were obtained and more
experienced gained . . . the AEC
planned to maintain a conservative
approach in evaluating plant safety
and in establishing a balance be-
tween compensating  engineenng
safety features and population den
sity. ARthough this does not ruie out
the possibility that power reactors
may one day be authorized for metro-
poiitan centers, as a practical matter
they have not been authorized either
in New York City or in any other loca-
tion having » _uivalent population den-
sities.”

Di Nunno then made the distinc:
tion between the AEC’'s policy on nu-
clear-power plants and research reac-
tors. The research reactors, he says,

. . have been constructed in many
diferent locations including metro-
politan @sreas because neither their
normal effluents nor the potential ef.

fects of equipment ‘ailure are suf-
ficient to justify isolation on safety
grounds. Also, extensive, favorable
experience has provided much con-
fidence that they can be used sa'ely.
About 100 such reactors have ac-
cumulated some 750 reactor years
operating time without causing any
instance of radiation exposure beyond
the established safety limits to mem-
bers of the public.”

The validity cf these safety limits
for rzdiation were severely questioned
during the hearing. Di Nunno as-
sured the committee that the AEC
. . . has obtained tive‘advice of the
best scientific talent available in the
world in establisiung maximal values

fne reimvwes of routine radicactive
etfinents from reactors,”
The stronpest chuallemer of A C's

standards was John W. Gofman, of
the Biomedical Diwision, Lawrence
Radiation Lahoratory, Livermore:
“Exposure of the US population to
federaily allowable rac:ation dosage
would 'ead to . . . 32000 extra cases
of cancer and leukemia annually . .,
Tnese numbers mean an extra can.
cer for every ten that occur naturally,
The existing safety limits are a |oke
on the unsuspecting public The
most potent enemy of atomic ensrgy
i$ not truth, hut it /s 3 false optimism
and an ostrich-like approach of re
fusal to examine the underlying risks
in a reasonable fashion. Every bit of
scientific evidence we have examiney
shows that no foundation at all exists
for a 'safe’ threshold.”

Gofman's testimony was refuted
by Victor Bond, associate director
of Biomedical Sciences and Chemis.
try, Brookhaven Nationa! Laboratory,
who said: *“‘The public has no way of
knowing that Gofman's numbers have
virtually no relation to reality now or
in the foreseeable future. To obtain
these numbers, he assumes that
everyone in the US is exposed to the
maximum of the exposure imits. The
actual exposure of the public from
industrial sources, for now and the
foreseeable future, is estimated ‘o be
an extremely small percentage of what
he assumes. In additic.i, his numbers
are pure'y hypothetical We have had
a great deal of experence with racda
tion since 1895 and iiteraily hundr. s
of thousands of persons have been
exposed; yet there s not a single
case cf serious injury or death docu:
mented tc have resulted from doses
and dose rate commensurate with
the federa! standards.”

This shirp division within the sci-
entific community, says Weiss, who
sponsored the bill *~ Jan reactors,
“. . . Indicater that there shou'4A pe
8 brucus: consensus.” He is also
‘. . . impressed and persuaded by
the number of scientists who have
worked for the AEC on radiation and
are opposed to building nuclear reac-
tors in urban centers.”” “The AEC™
he says "'should be leading the fight
to ban nuclear reactors in urban cen-
ters, but if it coes not then it is our
obligation . . . The AEC would !ke
us to Delieve that all scient:fic bodies
are behind them, which 1s not true an
makes me think that the AEC is not
leveling with us.”

W. W. Havens, Jr, head of the ¢
vision of nuclear science and engineer
ing at Columbia, defended his research
reactor with his statement . , . if |
could afford it, | would rather heat my
home with a TRIGA reactor than with
the oil burner that | now have be
cause the TRIGA is much safer.” The
hearing closed after about 12 hours
of debate, amnd the council was to vote
on the question at o ciosed meetas]
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namenon, nor is it confined to nucle:
power plants.  Many industrial plants
senerate a large amount of heat, and
s much less expensive to dump the
waste heat into a river than to release
it o the atmosphere. The nvers that
fhow through Pittshargh, for example,
are raised i temperature by 20 o 30
deg This has had an adverse effect
an the tsh and Das i general npset
e coulugy Foderal stadaids e
kol el Giabone et by th status
i et by airalihe Sy Jegisdbion is
v pending in Comaress,  Those rey
wlations should apply to any plant, he
it nuclear, fossil-fucled or chemical,
Nuclear plants  should  conform no
more or no less than any other type.
it is true that a nuclear electric plamt
dumpes more heat into a stream than a
fimalfueled  plant of corresponding
dlectric-power output.  But it does not
make sense to raise a stonn of protest
aver a nuclear plant of 500 MW elec.
tie capacity while a 1000 MW elee-
e fossil-fueled plint escapes almaost
mneticed. New  York  State  has
passed  legislation  requiring  nuciear
plants to make an environmental-eval-
wation report, which is uut required
for conventional plants,

It 15 net surprising that a nuclea
poswer plint that generates millions of
cunies of radioactivity may discharge a
very sinall amount of radivactivity into
the atmosplicre or waste stream.  The
ol argriment has to do with defin-
g a Sl amonnt” of radioactivity,
The nuclear crities insist thas it should
e sero for aovmchear plant, whereas
they recognize that a coal plnt does
emit some radioactivity from the small
amount of nranium and ity daughter
products in the coal,

Merl Eisenbud  and  Hemry G,
Petrow* have noted that although the
amont of radioactvity from a large
ol hurning power plant is less than |

i per vear of Ka®?® and Ra*%,
s release is the equivalent of consid-
erably greater amounts of 1" and
K which are the principal atmo-
sherie effluents from a nuclear-power
plnt. i either case the radiation
Gae to the nearhy population is very
sl enmpared o the natnral back.
ereame] of r;nhu;\cll\'l‘.y.

v fram radiation effects

Aty wee know e more abont
e o Boety of vaediition on the b
bouly 11iam wes ol abwant e offects of
Vbl pedtitants that o
Mo e b et anemnds o e o

e bestlie il the wolea wee dyind.

Mundreds of mi!lons of dollars have
been spent by the Awmie Energy
Commission  in biological  researcl
armed at estabiishing not only the of.
feets of radiation on man but also on
the environment, so we can he certain
that the eculogical effects will e nmne
nal. This coneern is almost without
precedent,  Certamly the antonmolle
wleray has wot expendis]  mach
ey om the effects of sinog on the
opmibstivns, v 1l bebise i thiatiy vm
bt caneer or the clwamical idnstry
o the cffects of DDT on the ecolog-
cal evele.  One of the nuclear critics'
favorite expressions is that there is
enough radioactivity in a reactor to ir
radiate everyone m the US with a Je-
thal dose, There is also enough insec-
ticide manufactured to poison every
US citizen; moreover, the insecticides
are meant t> be widely distrilyored,
yet the radivactivity is carefully con-
fined.

As a result of the tremendous re-
search effort on the eife  of radia-
tion, the Federal Radiation Council
has developed a set of radiation-pro-
tection guides. The levels that have
been set, even for workers in the nu-
clear industry, are meant to he at least
an order of magnitude lwlow that
where physical effects on the individ-
ual would be observed. (This is in
contrast ‘o the ozoue level in Los An-
eles, wiich is set just barely below
the level where eye irritation will be
noticed. )

If workers in the nuclear industry
were to get the maximal level of §
rem per year, there probably would be
a small inerease in the observed num-
ber of deaths caused by leukemia ater
a number of years.  Bat the additional
risk of death by leukemia to each per-
son so exposed would bLe less thun
10 % per hour of exposure, less than
the normal occupational hazards.®
Actually, it is rare for anyone to get 5
rem during a year, and most of us get
much Jess.  Although 5 rem is considl-
ered to be a comservative figure
(mueh less, for example, than radiolo-
gists wed to take) it is thought that
an additional factor of 30 reduction
should he made when considering the
dosage Jevell to the population at
Lige.  Hence the protection guides
Tt the amount of activity to such a
ow level that the muerad popolation
will recvive vo more on g toection of
doreme per o vear,  Byvervone  receives
s thingt ke teuthe of @ pem e
veur ol adation levane ol e

vy o watueal velivactivity e the

hoand air=evervone, that s, st
taose who live i certam Tighe Yoyl ya
diation wreas, like Tudia, where they
receive eight times as mneh,

When one addids to this i vaediatogs
from wedical x rays (estimated to be
another 0.1 rem to the average mem-
her of the popalation), it is apparent
that the amount conteibuted by nocle-
an power iy simall i companson. | da
it hesitate to take several om of %
Poaya wlgu il 1 psas bl hin Hiastinla i
trenbiend ol ddicenas Tlene 8w vy
real cvunple=the  benelits L o
weighing the risks.  Or the other
hand, 1 am opposed 1o taking even
medical x rays needlesslv,  Some of
the older machines for dental x ravs
sprayed the whele: bady; the wse of a
Olter and con e praduce  better
pictures with fess radiation,  Xeray ma-
chines i Lospitals have also Dheen
greatly improved; good, clear, lung
radiograms can be obtained with »
dose of ane-tenth to one-hamdredtly of
arem rather than with the several rems
vequired  with poor  equipment  and
procedures,

Recent measurements Ly the Du-
reau of Radiological Ilealth, Depan.
ment of Health, Education and Wel-
fare, lave shown that the Dresden
Nuclear Power Station, L, has con-
tributed o negligible amount of radio-
activity o its environs, something loss
than 19 of the natural radivactive
background and orders of magmitude
below permissible limits,  But despute
the conservatism in setting the federal
racliation-protection guides, the Minne-
sotu Pollution Control Agency, 1espon-
sible for water purity, has recently
protested the granting of a license to
operate areactor, unless the operator
guarantees to maintaun a level of ac-
tivity release that is a factor of 100
helow the values recommended by the
Federal Radiation Cowncil.  If the
utility is not grunted a license to con-
struct o nuclear-power station, povwer
demands will have to be met by addd-
ing fossil fue! stations with all the
stack effluents Al in the name of
“safety.” 1 believe it is demonstrable
that the hazard from the preseatly reg-
nlated  amommt  of radioactivity  re-
leased i nonnal operation of
niclear-power  station iy el o
Han that from the pollutants emirted
by the opevation of a4 fossil-fieded sta-

Safegnardy

Hosvever, the sk of selionnne o Live

amwmnt ol aetivity  madvertently s



quite another matter. The hypot!
cal conceruences of such an aeer ¢
were the subyect of o mueh publicrzed
Brooklaven National Laboratorny e
part sgiic en Ve ago., The wnthens
assutned the worst possible eombunas
tion of circunstances, They guve no
credit for contamment in estimating
that half of the fission products would
hecome aithore; they assumed that
the acedent would ocenr dunng an
atmospherie nversion and  low-wind
velocity, and thus the fission products
would be carried straight toward a
population center with very little dilu-
tion or mixing. Under these cata-
strophic, but unlikely, circumstances
up to 3000 pevple could be killed, as-
suming evacuation was not possible,
The possibility that such a nujor ca-
tastrophe will uccur is, I believe, ex-
cvedingly remote.  However, the oe-
currence of several smaller events is
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PEACH BOTTOM ATOMIC POWER
Station, Unit 1, located in Penneylvania.

certainly within the realm of possibil-
ity; there surely is some risk.  Never-
theless, it is the stated mission of the
nuclear industry and the regulating
agency to make the possibility of such
an accident exceedingly remote. How
do we go ahout it?

First, the fission products are con-
tained in fuel elements that would
melt only if cooling were to fail.  See-
ond, the fue! elements are contaned
within a pramary coolant chreuit that
wndergoes the most thorough series of
tests aned inspections that any presuie
vessel has ever heen sulyected  to,
Then the whole winks s contained
within a Lo steel or conerete come
tainment vessel  Pinally, there is an
exction anea sarronnding the power
|||;lll( .md N 'uwvl)upnl.nmn o ot
sdee o e, Thas S sl in
vomvaebeaabde alibtieme of e ki
Bin e D |nnu|m 1o budonss they seaechy
M e MAY it e

Py HODAY

A8 Well as intro-
eviTuation Can

the puge ahdn (i
duee & delsy 30 G
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For the radioacty
to oscape, the ti
melt, the primary vesse! must Dt
and the contaimrent vessel must ful,
Even of all these fuilures oceurred, it
appears that probubly no more than
5. of the fission products would be-
come airborne=rather thwn the 50,
assumed in the Biookhaven report.
Even so, the release of 5% of the ra.
dinactive products under untavorabls
atmospherie conditions would be seri-
ous. And we can see ways that it
might happen. [luwever, bear in
mind that, when a mechanism for an
event can be postulated, the design
can be modified to m ke that particu-
lar mode of oceurrence most unlikely.
iy true that fate has o way of Ligur-
ing out another path to an micident
that was not foreseen, Pt the de-
signers and builders of nuclear-power
plants have exercised sophisticated in-
genuity and have spent large sums of

fission products

elements st

money *o make the plaunts as sale as
they know how,

There have been accidents and re-
leases frum experimental  reactors.®
The releases have beea small by com-
parison with the hypothetical Brook.
haven incident, .od no membee of
the public has been injured.  The
graphite moderator of a large reuctor
in Windscale, Fuglind, caught fire,
causing some fuel elements to el
and bum. A considerable amount of
radiviodine was spread over the coun.
tryside, thereby comamanating mi'k
supplies and crops.  That reactor was
not in a continment vessel  (all
nuciear-electric stations in the US  re
contained ), so peihaps 2%¢ of the fis-
sion products did escape. No power
reactor in the US has been similarly
involved. There were some fuel ele-
ments melted in the Fermi reactor,
Lut neither the pamary nur the secou-
dary contamment was viclated.

A small experimental anny reactos
18§1.:1)  reivased considerable
amount of radivactivity to the bhuld.
ing where it wus operated, but only a
relatively simall amount of activity, an
estimated 80 curies of 177 escaped
from the bhuilding and precipitated on
the dewert.  The proplets of doum
fave heavily draiatized thow reaetor
imcidents, peindig out that it can fap-
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fan ooceur, as ot Windsewie or S

d ovet no one outside the reactur
mulding received a toleranee dose of
raeliatum,

The mportant  question sull e
may, Hlave we saeveeded e edue
mg the risk 1o o tolerable level, that w,
sor vthing less than one clanee m ten
ronmsandd that a reactor will have a e
vions accident inany year?  When we
have one handied neclearpower st
tions i operation, which is not oo far
i the futare, an accident onge every
Lodied  vears might  be expected.
Al if a handred people were to be
killed, such as now happens in a major
aitline disaster, it is a lower calculable
pisk than that taken by many facets of
US sdustry today, and a smali price
to pay for the benefits,

Hlave we sneceeded in redacing the
hazirds to such a low level? There is
no way to prove it. We have accemi
lated, so far, some 100 reactor years of
accident-free operation of commercial
pclear eloctric power stations in the
US. That is o long way frone 10 000,
so it does not tell us much,

The only way we will know what
e odds really are is by continuing to
accumulate experience i operating
renctors.  There is some risk, but it is
surely worth it. 1 am impatient with
those who cry "wolf” when there is so
much to be achieved. On the other
wndd, it is a mistake to use the head:
ithe-sind approach and say it can
pever happen 1o us.  Scientists and
the public should be prepared to face
the possibility of a waclear incident
st as we expect major earthquakes
Uit will exact a large toll in property
and lives. Only a fow people advo-
cate abandoning the West Coast. 1
Lope only a few advocate abandoning
nuclear power, which promises so
much for mankind,

This work was sponsored by the Atomic
Fuergy Commission under contract with
the Union Carlude Corporation,
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€ 4 MATHEMATICS. B.A, Vanderbiit, 42, M A, 49, Ph.D (math), 53. lastr
math, Vanderbut, 46-81, assoc. prof, Woilord Col, 51-53; MEM STAFF,
LOS ALAMOE SCL LAB, 53- Sig C, US.A, 42-48. Math, Soc. Math. Asn.
Lattices of subgroups. Address 130 Mashattan, Los Alamos, N Mex 27544,

JORDAN, DR WADE HAMPTON), JR, b. Edenton, N C, June 1, 12, m. 54,
c. 5. ELECTROCHEMISTRY, PHYSICAL CHEMISTRY A B, E.Carolina
Col, 54, Virginia, 53; John M. Morehead scholar, North Carolina, $4.56,
Nat_ Sci. Found. fel, Texas, 58.50, Robert A Welach Found. grant, 62.33,
Ph.D.(chem), 84. Chemist, Liggett & Myers Tobaces Co. $4.55, Ethyl Corp,
58, Tracor, Inc, $8.60, sr. chemist, 80-62, RES. CHEMIST, E.I. DU PONT
DE NEMOURS & CO, 63. William A Felsing award, Texas, 57; mem,
Franklin inst, Pa. Chem. Soc, Eiectrochem. Soc, Faraday Soc. Electro.
deposition; electrode kinetics, OTganic eiectrochemustry; corrosion, surface
chemistry; reaction kinetics Address: E.I @y Pont de Nemours & Co, Inc,

P.O. Box 525, Wilmington, Del. 19899,

JORDAN, PROF. WIALTER) E(DWARD), b. Winston-Salem, N.C, Jan 27, 98,
CHEMISTRY. B.S, Wake Forest Col, 17, A M, 18. M 3. N.C. State Col, 28.
Chemist, Viscose Co, 18; E.1 du Pont de Nemours & Co, 18 instr CHEM,
N.C. STATE, 19-21, asst. prd. 21-25, from assoc. prof to EMER. ASSOC.
PROF, 25. U 8A, 13-19. Chemical kinetics: ultraviolet lignt. fluorescence.
Addn" : J,!.lo?' of Chemistry, North Carolina State University, Raieigh,

JORDAN, DR. WALTER E[WIN), b Ashtabula, Ohio, Apr 17, 09; m 27 LR
PHYSICS. B A, Col of Woneter. 32. Ph D {phyaice), Oho State, 37 Res.
physicist, E.1. DU PONT DE NEMOURS & CO, N.J, 37.49, tech. supr. ex-
piosives depe, Del, 4C-42 rea physicist, Mannhattan proj, (1l & Wash, 43.
45, chie! supvr, Hanford eng. works, 43-46, res. supvr, rayon dept, N Y, 48-
30, RES MGR. TEXTILE FIBERS, 30- Chem. Soc. Phys Soc  Smaneiess
powder comtmuatica, atomic pile behavior text.ie (iber engineering, polymer
englneering processes low velitage nuciear disintegrations. Address: Tex-

tile Fiders Dept, E1 du Pont de Nemours & Co, Wilmington, Dei. 19898,

JORDAN, OR. WALTER® HUARRLSON), b. Whiteral) Mont, Apr. 22, 08 m. 34;
€ 1. PHYSKIS. A.B, Omiahoma, 30, M.§, 31 Pr.D paysics), Caltf. Lnst.
Tech, 34. Asst. paysics, Calll, last Teca, 31-34, assoc prof, South
34-41; res. assoc, Mass. Inst. Tech, 4148, phvsicist, OAK RIDGE NAT.
ll:l. 48.55, ASST. DR, 59- Fel. Phys. Soc lel. Nuciear Soc. Nur irp

umenia.ion and energy. Address: Cmx Ru National Lab, P.o. sax
Owk Ridge, Tenn. J'.‘lal.m ret ~

JORDAN. WEELEY A(LBAIGHT), b.
¢ I. CHEMISTRY. B.A, N.Cent Cai,

Falls, Wis. Apr. 10, 08, m. 8);
. Oio State, 3i-32 Chemist



WINTIH . WINTE I

Rt State. M. 04 lndust, rew, 34290 from res. assoc. (o axat, head chem,
dept, rew, laba, Con. Motors Corp, 1707, RETINED. Anachem award, 83,
Chem Sow Dnnt. Chem, Azalytieal chemintey ; alloys . petroleum products;
OFyanic Raliw ens . internal combustion engines . gas analysia; specirophos
lomeiry, poiaror ranhy  cleciroanalysia. Address: 10764 Lincoin, Huntington
Woaoda, Mich, 48070,

WINTER, PROF RIOLF) GIERARD), b. Dusseldor!, Germany, June 10, 1%;
nat; m. 31 ¢ 3. NUCLEAR PHYSICS. B S, Carnegie Inst. Tech, 48, M.8,
S1. D Sc, 5. Asst. PHYSICS, Cainegie Inst. Tech, 48.51; instr, Western
Reserve, $1.52, asat. prof, 52.54: Pa. State, 34.80, assoc. prof, 80.84,
PROF, COL. WILLIAM & MARY, 64., CHMN DEPT, 8. Vis. physicist &
lectr, Carnegle Inal. Tech, 55.58. Oxlord, 81.63. Wisconsin, summer, 83,
Indust conmult. Fel Phys. Soc. Deta decay. particle accelerators; mclear
reactions. Address: Dept. of Physics, College of William & Mary, Wiiliame.
burg, Va. 33185

WINTER. DR. RUDOLPH E(RNST! K(ARL) b. Vienna. Austria, Nov.27 33 U S,
citizen. m. 64, ¢ 2. OHGANIC CHEMISTRY. A.B, Coiumbia, 57, M.A, Hopkine,
SC. PhD.(org. chem) 84, Nat. Insts. Health fel. chem, Kc risruhe Tech, 62.83;
Harvard, §).84; ASST. PROUP. ORG. CHEM, POLYTECH. INST BROOKLYN,
84 Am. Chem. Soc. Brit. Chem. Soc. Chemistry of naturally nu_uru"
substances. rspeciaily terpenes and sesn P o na .
mal reactions; small ring ds; lour od Address: Dept.
of Chemistry, Polytechnic Institute of Broakiyn, 333 Jay 3t, Brookiyn, N.Y.
1

WINTER PROF STEPHEN SAMUEL), b Vienna, Austria, Feb. 37, 28- U §.
citizen: m. $1. c. 3 SCIENCE EDUCATION. B.S, Albright Col, 48; Ph.D.
(phys chem) Columbia, 53 Res chemist, Atlas Powder Co, $2-53: asst.
prof. chem, Northeastern, $3.58; chem & ed, Minnesota, $8-81. assoc. prof,
ED STATE UMIV N Y CUFFALO, 81-84, PROF, 83- Nat. Sci. Pound. sci.
faculty fel, Marvard, 57.58, consult Proj. Physics, 84-; consuil. & hon
assuc. prof, Paraguay, 85, U S A 4847 AA/ " Chem. Soc: Sci Teachers
Asn. Asn. fles. Sci Teaching. Measurement of outcomes of science astrue.
tion effectivencss of multl-modal teaching. Address: 3 Wickham Dr, Wu.
Hamsville N Y 14221

WINTER, DR THOMAS G(REELEY). b Los Angeles, Calll, Apr. 21, 27;
m 8l ¢ 3 PMYSICS B S, Stanford, 49; M.8, Catholic Untv, 81, Ph.D.
(physicsl, 63 Appl engr, Wesunghouse Elec. Corp, 49-52; self empioyed,
52.36 proj. engr. U.S. Dept. Defense, 56-59, ASST. PROF PHYSICS, OKLA.
STATE, 6). Grant, U.S. Army Res. O -Durham, 64-87, U.S.NR, 4340
AAAS. Acoustical Soc, Asn. Physics Teachers; inst. Elec. & Electronics
Eng. Ultrasunic ansorption and dispersion in Address: Dept. of
Physics Oklahoma Rate University, Riliwater, Okla. 74074,

WINTER, DR WI(ILLIAM) 1, b Pittsburgh, Pa, Dec. 30, |7 m 42 c 2
PATHOLOGY D.S, Pittsburgh, 38, M.D, 42. Fel. neuropath, Toromto, 48.
49 asst patholngist, Armed Forces Inst. Path, 50.53: agat prof. PATH,
SCH. MED. MIANMI (FLAJ, 53.58, ASSOC. PROF, %. Privaie practice
Asst pathologist, Yer. Admin. Hosp, Coral Gables, Fla, 53.56, consult. s6.;
assoc pathologist, Hialeah Hosp & Doctors Hosp, Coral Gables, 58.. dir.
labs, N Miami Gen Mosp. coneult neuropath. & Dade County Med. Exam.
Med.C, US A, 44.48 Pl'el. AT:N Clin. Path; fel. Col. Am. Path; fel. N.¥
Acad. Sci. Int. Acad. Path. Traumatic new T he . Ade
dresa 5801 W 77 Terr, S. Miami, Fla W _——

WINTER DR WILLIAM K(ENNETH). b Manitownc, Wis, Apr 26, 28 m 9,
€ I PHYSICS N A Wisconsin, 50, M S, Kans State ~ol, 52, PAD.
(physicsl, 56 RES PHYSICIST, PHILLIPS PETROL. CO, 56- U SA
AAAS Molecular spectroscopy, fluid flow hrough porous media  Address:
Research Center, Phillips Petroleum Co, Bartiesville, Okla. 74003

WINTERBENG. DR FRIEDWARDT, b. Berlin, Germany. June 12, 29 THEO.
RETICAL PHYSICS M.S, Frankfurt. 53. PA D (nuciear physics), Gaety "
3% Group leader theoret physics, Res. Reactor, Hamburg, Germany,

39 asst prol. plasma physics & relativity. Case, 59.83 ASSOC. PROY.

PHYSICS, NEVADA, 6. Cmn. mem. Int. Union Geod. & Geophys, 64, Sum.-

mers, vis. prof, Stuttgam Tech 64.66. Phys. Soc; hon. mem. 8rm

Rockel Soc  Neutron physics. muclear rocket reactors; plasma phywics;

magnetohwirodynamics. general relativity, sateilites; macroparticle.

;t:rlonr:w': Diophysice. Address: Dept. of Physics. University of Nevada,
eno, Nev 89507

WINTERBOTTOM. DR R(OBERT), b. New York, N.Y, Feb. 10, 18, m. 43;
¢ 2. ORGANIC CHEMISTRY. D.S. N Y. Univ, 37, PA D (chem), 40
iFader pharmaceut chem. Sterling Winthrop Res
ANTIBIOTIC & STEROID PROCESS DEVELOP, LEDERLE LABS, AV
CYANAMID CO. 43- Chem. Soc. Process of aatiblc .« ani
sieroid manulacture. methods of isolating aatural products. Address:
Lederie Labs, Pearl River, N.Y. 10965

WINTERBOTTOM, DR. W L, b, Pittaburgh, Pa. Sept 27, 30: m. 51, ¢. 4.
METALLURGY B Sc, Drexe! lnet, 58. PA D (metlil), net. Tech,
63 RES SCIENTIST, 5C1. LAB, FORD MOTOR CO, 63 USMC, 5054,
S/ Sgt. Ing: Min, Metall & Petrol Eng  Surface physics evaporation of
solids. vapor-soiid interactions; and | Address:
16360 Powers Rd. Farmingwon, Mich. 48024

WINTERFELD. THOMAS, b Berita, Germany, Sept. 21, 23, m. 93, ¢. ).
OCEANOGRAPHY B85S, C!{ Col. New York, 49: Northwestern, 49-51
Geologist, UL Geol Surv, $1.54 OCEANOGR, U 3. NAVY QCEANOG. OFF,
54.61, NAT OCEANOG. DATA CENTER, §1- Dev data
ment ard data appiication systems W oc
descriptive oceanography  Address:
Washiagton, D C. 20390

WINTERKORN, PROY. HANS FRIRDRICH, b. Masnbeim
08, nat, m. 40: ¢. 3. PAYTSICAL CHEMISTRY. . chem ),
Hewdeibarg, 1 lﬂw.-.l‘&lh.l-.ﬂ-.n-n;

inst, 40-43; HEAD DI .

rea. chemint & cogr, Mate ey, Degs, Mo, 3132, vin anal. peol chem M.
aourl, 32-33, ren. anane. soila, 33.40, ren annnc. peol soil meeh .42,
asmoc. prof. CIVIL ENG, 4243, PRINCETON, 41.55, PROF . 5., DRt SOIL
IMYSICS LAD, 43. Mem, Hwy. Res. Dd, Nat. Acad. Sci-Nat. ites Cuun,
33, chmn, ph . i n aoila emt, 38.67  Ollicer's Cross,
Order of Merit, Germany, 57 Conault. with US.A, USN, U SA F. Ciwvil
Aeronaut Admin. NASA Soc Civil Fng; Soil S¢i Soc. Road Bullders Asa;

Union. German Road fles Soc: Int. Soc. Soul Sci. Properties of
water in collowdal systems, especiaily by elactro.osmosin and thermo.
oamosis. eiectric effect in thermo-os wosis, macromeritic systems. soll
stabilization. Address: Dept of Civil Engineering, £-432 Engineering
Quadrangie, Princeton University, Princeton, N J. 08540

WINTERMOYER, DR. JOHN PAUL, b Hedgeaville, W Va, Nov 18, 13 m 45,
¢. 4 APPLIED CHEMISTRY B.3, Maryiand, 38, M 5, 40, Py D (soil chem),
41, Rer. aset. soil chem, Maryiand, 38.43; assoc. anai chemist east exp.
ota, U.S. Bur. Mines, 42.48. res. chamist, navai ord. lad, U.S. DEPT NAVY,
48-52, ord. engr, res. & develop. div, ammunition & explosive br, 52.60,
Supvy. tech. ergr missile ord dis, 60.85 SUPVY RES. ENGR, ARMA.
MENT DIV, NAVAL AIR SYSTS COMMAND, 66. Chem. Soc, Ord Asn.
Pyretechnic and chemiluminescent chemistry, chemical-biological warfare;
CARridge actusted devices Address: 3614 Rustan 8, Berwyn Heights, Coi.
lege Park, Md. 20740.

WINTERNITZ, DR. TROMAS W, b. Baltima== Md, Nov. 14, 13. m. 41 ¢. 3.
COMMUNICATIONS ENGINEEKING, ELECTROMAGNETICS. B.S, Chicago,
38; M.S, Harvard 40, Ph.D (electromagnetics theary), 48, Test engr, Wem,
Elec. Co, lil, 40-42; engr, Bell Tel. Labe, NJ, 42.4%, fel. elecironics, Har.
vard, 45.48; mem. stall, supvr. & depl. head, BELL TEL. LABS. 44 .47 DM,
KWAJALEIN RADAR FLELD STA, 87. lnst. Aeronaut. & Astroraut. last
Clec. & Electronics Eng. Military systems and electronics. radar and digs -
tal computers. Address: Bell Telephone Labs, Whippany Rd, Whippany, NJ,
o8,

WINTERNITZ, DR. WILLIAM WELCH, b. New Haven, Conn, June 21, 20
m. 49; c. ). MEDICINE. A.B, Dartmouth Col, 42; M.D. Hopkins. 45 From
insir. © aset. prof. med. & physiol, Yale, 52-59 assc:. prof. MED, COL
MED, KENTUCKY, 59-86, PROF & DIR. CLIN. RES. CENTFR, 66. L S A
48-48, Capl. AAAS: Endocrine Soc; Am. Med. Asn. Fedn. Clin Res Diahe.
les Asn. Endocrine regul of me i Adgdress: 1215 Eldemere,

WINTERRINGER, DR. GLEN S(PELMAN), b. Arcola, ill, O L. §, 08. PLANT
TAXONOMY. A.B, IU. Col, 39; A.M, Illinois, 30, Ph.U (hot), 49. Teacher,
?. sch, [1, 30-41; aset. curator BOT, ILL. STATE MUS, 49.5%6, CURATOR,

- U.S.A. 42.45. Soc. Plant Taxon. Taxonomy of vascular plants, partic-
ularly of Dlinois and adioining states. Address: [llinois Sta’s Museum,
Springfieid, 1. 82706,

WINTERS, DR. C(HARLES) E(RNEST). b. Pratt, Kane July 1S, 16, m. 41,
c. 4. CHEMICAL ENGINEERING. B.S, Kans. State Ccl, 37, S M Mass,
Inst. Tech, 39, Sc.D.(chem. eng), 43. Chem engr. Mallinckroat Chem
Works, Mo, 40-43; prin. engr, Manhattan Dist, U.S. Atomie Energy Cmn,
43-47; suct. chief tech. div, Oak Ridge Nat. Lab, Cardide & Carteon Chem.
Co, 47.49, dept. head, eng. res & develop. tech div, 49.51. dir exp. en,
div, 51.57, aset. res. dir, 53.55 asst. lab. dir, Union Carbide Nuriear o,
53.81; res. dir. PARMA RES. LAB, UNION CARBIDE CORP. 62.66, MGR.
FUEL CELL DEPT, ELECTRONICS DIV, 6. Mem. atomic salety &

u g bd, U.S. Atomic Energy Cma. Chem. Soc; lel. Nuclear Soc: Inst,
Chem. Eng. Blectrochemical and nuciear engineering. Address: Union
Carbide Corp, Parma Technical Center, P.0. Box 81 6, Cleveland, Ohio
“io

WINTERS, DONALL CIHARLES), b. Nassau, N.Y, June 2, 20. m 46. c. §
ELECTRICAL ENGINEERING. B.S, Rensselaer Polytech, 42. M.S. North.
eastern 58 Design engr, Electrons, lnc, 45-47, Raytheon Mig Co. 47.52,
electronica scientist, U.S. AIR FORCE CAMBRIDGE RES. LABS, 52.%7
CHIEF SPEC. PROJS. SECT, COMPUT & MATH SCI. LAB 57. SigC. &
USAAF 42.45 Simulation, instrumentation and techniques for extracting
tnformation from corrupted data. electronic and logical techniques In data
processors, learning machines and partern recognizers. bionics Address:
Electronics Research Directorate, U S Air Force Cambriage Research
Center, Laurence G. Hanscom Field, Bea'ord, Mass. 01730

WINTERS, DR. EARL D,b. Rio Grande, Ohio, Aug 28, 37, m. 60:c. 1| PHYS.
ICAL CHEMISTRY B A, Ohio Wesleyan, 59: Nat Insts Health fel Mass
Inst. Tech, 62-64, PH D 8 chem) 65. MEM TECH STAFF, BELL
TEL. LABS, INC, 85. Chem. Sac. Electrochem. Soc Electroplaters Soc
Electronic absorption and luminescence specira of organic molecules
tlectrodeposition of metals. Address Box 98 RD 1. Macungie Pa 18062

WINTERS, DR. EDWARD P(HILLIP), b. Chicago, OI, Sept. 17, 26: m. %6. ¢ 3.
PHARMACY. B.S, Oltnois, 51, M.S, 5. Am. Found. Pharmaceut Ed. lel. &
PA.D. 'm), Florida, $9. Asst. pharm, Diinots, 51-59, instr, 55-58. Flor-
ida, 36-59; aset. prof, Ferris Inst, 59-80: mem. res. stall pharmaceut. de-
velop, ABBOTT LABS, 60.63. MGR. INT. NEW PROD. DEVELOP, 3.
US.A.AF 44-48 Sqt. Chem. Soc: Pharmaceut. Asn Pharmaceutical
Chemistry. international pharmaceutical research and development. Ad-
dress: Ahbott Labs, North Chicago, 01. §0004.

WINTERS, DR. ERIC, b. Chicagn. M1, May 29, 04: m. 43. ¢. 3 AGRONOMY
B.S, Ditnote, 37, M.S, 30, Ph D (soils), 38 Asst. agron, Dlncie, 27.34
assoc, 35.38. instr. soils, Wisconsin, )8 assoc prol. agron, TENNESSEE,
38-39, prol. 39.55, ASSOC. DIR. EXP. STA, 55., head dept. agron, univ,
48.35. Cluef sotls & lertilizer res. 5r, div. of Agr. relations. Tenn. Valey
Authority, 51.83; collab, U.5. Dept Agr. Soil Sci. Soc.(pres, 53). Soil sur.
vey and soil unullﬁuh:. CTOp response (o fertilization, testing soils lor
sutrient availabiiity. ress: Agricultural Experiment Station, University
of Tennesses, Knaxville, Tenn. 37918,

WINTERS. DR. HAROLD 7, 5. Renton, Wash, May 19, 33. m. 36. ¢. 3. PHYS-
IC3. B3, Whitworth Col.(Wash), 3, Ph.D.(hywics), Washingion State, §3.

v




