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The present invention relates to the subject of neu-
tronics, an paniclarly to & suiably cocied low
referred nea-

graphite i the form of lattice structures,
inveation specifically relates to a neatronic reactor where-
in a fisionable material such as the U5 content of
naturel uranium i arranged i 2 veutzon sloving matersl
or moderator of deuterium in some suitable

1 deateriue oxkde, (D10), commony Known 5 hesvy
water. As a result of the chain reaction, and when
Ut is present s for example in natural uraniue, trans-
uranic clement 9459, known a3 plutonium, Is

S ot b sioadble and b valuable when, added
to natural uranium for use in a chain reacting system,
because It enrichcs the natural uranium with fssionable
material in the system s as to reduce the overall critical
size; that is, that size above which the system must be
built ia ondee to effet st suaining pesteon, chaia
reaction, and below which the system is normally
wlf-sustaini

Natural uranium conteins both uranium isotopes
and U in the ratio of 1 1o 139, The U is the isotope
fissionable by slow neatrons, as will be presently ex-
plained.

‘The slow neatron chain reaction system, operating by
virtue of nuclear fission produced by absorption of ther-
mal neutrons n uranium is accompanied by the cjection
of secondary fat neutrons iberated in 4 ursaium body
as the result of fissions of the U isotope.
portion fast neutrons are absorbed dhe.cdy by
the #sotope U to produce what is termed fast fission
of the auclei of this isotope with the resulting production
of & few new fast noutrons.  All of these fast neutrons
leave the uranium bodics and difuse through the system;
that is, through the heavy water and the urenium, Some

collisions with auclei of the heavy water and uranium,
lose energy at each colsion and are thereby slowed down,
“Ihis slowing down process occurs during a diffusion proc-
css whercby the neutrons travel in random paths through
the heavy water and the uranium bodies, colli
Ximﬁ with nuclni of the heavy water and the uranium.
me of the neutrons thus may reach a velocity corre-
tpundml toa ﬂmns H}ull:d resonance energy of ura-
niom.  Those neutrons reaching that velocity and con-
tacting & ursnium body while at that eneegy, or those
which are slowed to that energy while intide a branium
body, are absorbed in the aucled of the isotope UP* with-
out producing fission, This absorption is known as res-
onance absorption. As will be explained presently, this
resonance absarpfion of neu{fons CONSIuEs 00e produc-
tive source ot 942, though, in reality, all res-
ozance absorption of neutzons constifutes a loss of neu
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trons o the neutronic resction, sincs the resonance neu-
trons absorbed might otherwite be made available t0
produce new fissions, provided of course that in slowing
doum to thermal caergies the particular neutron was not
absorbed in U at thermal cacrgles. This thermal ab-
sorption of neatrons by U constitutes the other pro-
dustive source for te element 945,

Neutrons ¢scaping resonance absorption i uranium
<ontinue 1o diffuse ia the moderator and the uranivm, and
continue to Jose encrgy vatl they finally reach thermal
energy, when they are in 1 ibrium with their
surroundings. The neutrons thus slowed to thermal en-
ergy may continue o diffusz in the moderator in random
paths, but without losing further energy. Some of these
thermal neutrons escape from the system and acc lost. A
yery small proportion of the neatrons while thus diffusing

al velocity are absorved by the beavy water.
Gihery are ahsorbes by impuritics in the slowing materi
and the uranium. Al of these absorptions coastitute
tosses of neutrons to the peutronic reaction.

bodies are sbsorbed cither in the nuclei of the isotope
U®* to produce fission or in the isotope USH leading to

_ the production of 9439,
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0 fission occurs in the U the reaction
which takes place may be represented h'y the following:
92055 |-neutron-» A--B--about 2 neutrons (average) -
where “A" represcots “light” fission fragments having
atomic masses runging from 33 to 99 inclusive and
atomic numbers from 34 to 45 un:num, for example,
B, Kr, Rb, S, Y, Zt, Cb, Mo, M, Ro, and RE; a0d °B
represents “heavy gments having o
misses ranging from 127 (o 141 inclusive, and atomic
numbers from 51 to 60 mrluum tm oxaaple, Sb,
Te, I, Xe, Cs, Ba, La, Ce, P
“The elements resulting from nulms appear in gen-
eral to be unstable and radicactive, with half-lives vary-
ing in length in sccardance with the element formed.
absomption of thermal or resonance neutrons by
the U isotope gives rise to the conversion of U™ to
= wmcn ultimately -lmyx lo trapsuranie. element
949, “The reaction is as fc
. [plus‘s)ﬁ'nlvnn.nnlxm—mly
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The new fast nevtrons Mullm; from the fissions in
the isotope U pass through the same peutronic cycle
as just described, there being a certain yrwcmm that
will produce fast fission, some that will be

:lum reaction, and n(bnn Ihm ulll reach thermal cwrly
and be absorbed in th

Deutertum has dn exvemcly | Jow newron sbaocpton
characteristic for thermal peutrons; i, ¢., al aeutrons
can diffuse in the deuterium wvlh (ehnvn)y hlde danger
of being absorbed by deutcrium nuclel. For this reason
heavy water is an ideal moderator.

Of course, any neutron absorbing Impurities in the
heavy water will increase the probability of purasitic cap-
ture by such impurities,

By aranging the uranium in bodies o masses o mi
able shape and size and selecting the correct volums
of uranium to heavy water, and, further, by itubly i

(i. &, the percentage of neutrons escaping) by making the
active portion Of the system sufficiently large in size, it is
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NUCLEAR NAVY — Uncle Sam’s first atomic submarines are shown at opposite
moorings. The world’s first sub operating on nuclear energy is the USS Nautilus at
right and the second atomic craft is the USS Seawolf in the foreground, both using
equipment built at Phillipsburg. More A-powered subs will join them soon as fore-
runners of what eventually will be a nuclear navy.

—Navy photo







Inside afastreactor
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SOURCE: GE HITACHI
Diagram showing how a fast reactor would work.
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Knolls Atomic Power Laboratory




oard USS Seawolf, September 1957
|

68560 President Eisenhower dines with crewmen on b



Technical Manual

ELECTROMAGNETIC PUMPS
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WELCOME HOME — Band-carrving boat, horns,
th rens and fire hmwc spouling accompanied atomic sub-

I - I 'SEAWOLF’ GETS ROUSING WELCOME

marine Seawolf inlo New London, Conn. harbor Mon-
day. Sub had been submerged 60 full days for new record.

A-Sub Surfaces After

NEW LONDON. Conn (AP) —
The atomie submarine Seawoll
surfaced Monday after a record
two months beneath the sca and
came home in glory.

The Nautilus, America's first

first 1o congratulate the Seawolf
on her record of remaining sub-
merged 60 full days.

The Seawolf broke wafer on the

alomic submarine, was among the.

cdge of the deep Atlantic, aboul
40 miles from this. her home porl.
Then she moved in on the surface
and lied up alongside her pier.
Military, stale and other high of.
ficials awaited her arrival. But the
erew of the Seawolf had eyes only
for wives, many of whom lifted
children on high for a first glimpse
of their fathers in two imonths.
Among those on hand to greel

60 Days Underwater

Capt. Richard B. Laning and his
Scawolf crew after their historic
trip was Rear Adm. H. G. Rick-
over, “father of :he atomic sub-
Marine.”

At a news conference, Laning es-
timated the {ime which an atomic
stb can remain under the surface
at half again or once again as
long as the 60-day-mark set by the
Seawalf,
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Soviet Alfa Class
Pb-Bi Cooled Reactor Submarine
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