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MANHATTAY DISTRICT EISTORY
BOCE I - GENERAL
VOLUMT 4 - AUXILIARY ACTIVITIES
CHAPTER 12 - ACTIVITIES OF

THEL HATIONAL BURXSU OF STANDARDS

1, General, Undoubtedly the most spectacular work undertaken by the
Hetionsl Bureau of Btandarde was that for the atomic bomd project, The
large scope of the project during ite development and engineering pheses,
ag well as the necesesary secrecy &ssociated with the program, tends to
obgcure the initisl and eritical two years during vhich the major progranm
was formulated and much baeic research vas performed, It wag in that
perlod that the National Bureau of Standerds played & key role in the
project, for shortly efter the initiel phese vas completsd, the Menhattan
District wag esteblished and the gigantic development and engineering

of the weapon dbegran,

Hovever, stomic projsct activity by the Bursau did not terminate
with the esteblishument of the Munhatten District. Bureau of Standards
experience, lﬁi‘f and facility resources, gained through years of re-
search in atomic and sub-atomic physics, particularly ir the field of
nsturally radioeactive subetances, served to & great extent in solving
many probleme throughout all phages of the project. 1t i3, therefore,
the purpose of thie chepter to recount briefly the outstanding atomic
bomd project contributions which were mede by the National Bureeu of

Standards up to the terminntior of the Mamhattan Dietrict on 31 December
1946,
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2. {Initiatlion of the Project, The Hational Bureau of Standards began

ite work on the atomic bomd project in October 1939 when President
Roosevelt appointed its Director, Lymsn J, Briges, as cheirman of an
Advisory Committee on Uranium to investigate the posesibility of utiliz-
fng the atomic fiseion in warfare, At that time 4t wag not kmown which
of the isotopes of uranium vas subject to fission when bombarded with
slov neutrons, or how many neutrons vere smitted in the fission precess,
The possibility of establishing a chaln resction remsined to be demon-
strated, Little vas known about the chemisiry and metellurgy of uran-
fun, Physicel methods for separating the fsotopes of uranium had yet %o
be developed.

Action soward the solution of such problems was undertaken by the
comnittee with the enthusiasstic cooperation ef leading scientists in the
respective fields, The wranium comnittce recognised the future possi~
bilities of uranium fission as a source of pover, dut, early, decided to
concentrate ite activities on the development of an atomic bomb, The
basic information gained in the initial study could later be applied in
the development ¢f atomic pover,

Oving $o the secrecy imposed on the project, the wmtrmx;t of
nscessary funds became & prodlem in itself. The experiments begun in
1939 were financed by & transfer of $6,000 from the Ordnence Department
of she Army and the Burssu of Ordnance of the Navy, That money was used
to purchase materials for experiments, by Dr, Z, Fermil at Columbdia
University, to determine the suitadility of graphite as & moderstor to
slow down fast neutrons. In 1940, through the cooperation snd enthusi-

astic support of Reer Admiral H., G, Bowen, Director of the Naval Research
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Laboratory, funde to the extent of $100,000 were made available to the
project et a time when they were most urgently needed,

These funds were used mainly for the etudy of different methods of
separeting the isotopes, Among them vas the method of thermal diffusion
proposed by P, H, Abelson, who demonstrated itc possibilities in his
laﬁ?tory at the Netional Bureau of Standards, carried 1t successfully
throuzh the pilet plant stage et the Naval Research Laboratory, and
finally saw it culminate in an operating installation at Oak Ridge,
Tennessee, Work was also started at Columbie University by J., R. Dunning
on the separation of the uranium isotopes by gaseous diffusion throuvgh
a porous membrene, vhich, likewise, eventually led to the construction
and operation of an enormous diffusion plant at Oak Ridge., The develop-
ment of a centrifuzal method for separating the isotopes wes undertaken
by J. ¥, Beamg at the University of Virginia, That method was cearried
through the pilot plant stage, with highly satisfactory ylelds, but was not
finally selected as a production method,

In June, 1940, President Roosevelt established the National Defense
Research Committee under the é&irection of Dr. Vannevar Bush and made the
Ursnium Committee a section of NDRC, This was a happy sclution to the
predlem of securing the neceasary funds for a secret project, as it vas
recogniged at the outset that the NDRC would be engaged in highly con-
fidential work, At that time the Uranium (5-1) Section vas reorganiszed
ag follows: L. J. Brigegs (chairman), G, B, Pegram (vice-chairmsmn), H, C.
Urey, J. W, Beams, ¥, A, Tuve, R, Gunn, and G, Breit, Additionsl support

wag given by the FDRC to the investigations slready under way, snd new

work was undertaken,
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¥hen the anodic cleaning and the plating were condnctod- in different
baths, film formetion during exposure to the air while transferring frem
the cleaning to the plating bath frequently prevented satisfuctory ad=
hesion of the plating. A procedure was developed for cleaning anodicelly
and plating in the same dath, avoiding exposure of the wire to the air
and resulting in = satisfactorily adherent plating, After drmving to
the depgired diameter, pickling in a 60 m;-ho Hy0 mixture removed the
copper coating,
(3) Other metallurgicsl research included: the determination
of the solubility of oxygen in molten and solid uranium; determination
of oxygen in urenium by veaouun fusion; oxidation of uranium in air at
temperatures up to 500° 0} bright ammeeling of urenium; and metallography
of uranium,

?f, Physical and Mechanical Preperties of Uranium, Much of the
infornation'!.n the literature on the properties of uranium vas inaccurate
because it represented the properties of the impure metal previously
availeble and mot those of the relatively pure metal prodused dy methods
developed recently.

Temperatures for the meltimg point of uranium given ir the litera-
Sure vary from 1300 to 1850° C, the latter temperature being given in
most handbooks, Rerly melting experiments at the Buresu shoved the
melting point to de much lover than the reported v:lues, The metal avail-
eble i{n 1942 melted in the range 1075 to 1125° C. Precise melting
point determinations vere later made by the Heat and Power Division on
four specimens of uranium produced late in 1943, One wag melted in

beryllia, one in thoria, and two in graphite., 7The best value for the
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the observations vere four concave-grating spectrographes and o large
quartz-priemn spectrograph, together with auxiliary apparatus such as
Febry~Perot interferometers and Lumner-Gehrcke plates,

4 geparation was affected of the lines emitted by neutral uranium
stoms from those emitted by fons., A list of mors than 9,000 lines with
acourate vave leagths, vave-numbers, and sstimated intensitiss, for £he
region 3,000A=11, O000A, vere compiled &s descriptive of the spectrum of
the aeutral atom. A partiel analysis of this spectrue vaa made dy the
classifieation of adout 2,000 lines &s combinations bLetwsen 18 low and
metastable odd energy levels with more than 280 higher even levels, On
the dzeis of welle-resolved Zeeman effects several of the low lgvela were
identified «s components of 95, 5!. 7K, and TX terms arising in the electron
configurations £34s2 and 2342 o The spectrum of uranium vas interpreted
as that of s rare-earth elements analogous to that of neocdymium, uranium
being designated as the third member ;t a second group of rare~sarths
beginning with thorium, Xagy ionigation in the electric arc and in mag-
netic flelds, and the short=wave limi¢ of the odserved spsodrun indicated
that the ionization potential of uranium atoms s approximately four volts.

h, Concentration of Isotopes. Two of the miscellaneous investi-
gations of the process of uranium isotopic separation originated at the
Hational Bureau of Standards., These vere the electromigration and the
molecular distillation methods. While some degree of separation was
attained by the latter method, nevertheless, both methods proved in the
mein to be unsatisfactory for the purpose intended, OGeneral accounts of
the Hational Bureau of Standards and other organisationzl activities for

the electromigration und the molecular distillation separation methods
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gtable design while the circuit for the 333 peak wiae reviged end re-
insuleted. Vhile these changes materially enhanced the stability and
sensitivity of the instrument, the actual recording of dste was still
cunbersome since it wes impossible for one observer to read the deflections
for both peaks at the same $ime, In addition to reading the meters, the
operator weg required %o operate the voltage scanning diels by hand te
yrlng into focus the mags peaks,

In order to simplify the operation of the mass spectrometsr as well
as %0 incresse the accuracy of observation, an automatic volsage sveep
and recording mechanism were designed, The recorder was assembled from
parts of commercial Browvn instruments, The scanning circuit was & modi~-
fication of that used on the Oonsolidated muss spectrometer, in that the
sccelerating voltage wag changed by alloving the potential on & con-
denser to decay through a high resistence, Vhen the potential had changed
over the roquired range, a relay arrangerent allowed the condenser to be
recharged and the procesc repeated, In erder to eliminate 21l manunl re-
sording of dats during a run, a control was placed in the ienising circuit
vhich permitied the operator $o keep the 333 isoSope beem as e constant
valus, This rocorder not only vastly simplified the operaticn of the
mass spectrometer but alss increased the precision and shortensd the
time of analysis, It wag later widely used at Oek Ridge in recording
the progressive changes in concentration in the greet production plantsg,

J. Radloactivity Measurements. In the early part ef the dcvelop;
mont of the atomic bomb it vus neceesary to have & method of testing
various procedures for separating the isotopes of uranium, In parti-

culer, it was deszireble to be adle to maske meapurements wvhich would
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reveal to what extent the percentage of uranium 235 hed been incressed
in & sample by the partlcular treatment in question, and to detect small
increasrcs in this percentuge, This permitted the efficacy of various
proposals for this 1sotoplic enrichment to be tested st the eerly stuges
snd thus permit & gelection of the best, with ¢ minimum loss of time,

A method was developed in the Radloactivity esection, bsased on the
rete of emirsion of alphe particles from the sample of uranium, using the
alpha particles from the uranium 234 igotope as an indicator. Since the
percentsage of enrichment for the 235 and 234 isotopes depend on their
messes relative to the mags of the third, the 238 iesotope, any treatment.
which enriches 235 vill slgo increase the amount of 23U in a simple rztio
of the masses, Howsver, in the natural sample there gre just as many
alphe perticles from 238 as from 234 because the 234 1s produced from
238 and the process has been going on in nature 2 gufficient time for
the amounts of each to reach a steady value, If the relstive amount eof
274 ig increased, and with 1t the relative amount of 235, there will de
more alpha particles per gram per second from the enriched sample than
from a2 natural untreated sample, This method was made sufficiently
accurate to detect a change of 1/10 pereent in the enrichment, To do
thie et leest 1,000,000 alphe particlee must be counted reliadbly and
accurately from each sample,

Fquipment to do thie work wae developed and constructed in the
rediocctivity cection end numeroue semples were tested for verious
leboratories, which alded greatly in selecting suitsble methods of en-
richment, In psrticulsar, the measuremente msade &t the NBS were very

helpful to Dr, /belsgon of the Nevel Recearch Laboretory in the develop-
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ment of his process for isotoplc seperstion,

Ag & by=-product of the work in counting elphs perticles from
uranium, the radiosctlivity laboratory prepared many carefully weighed
gsrples of uranium deposited in sccuretely formed digks on platinum,

These szamples constitute relisble eources of bete~rays which can dbe
used ac stenderds in the csllbretion of beta-rzy counters. Eets of
thege etezndourde were furnished varioue ladborstories engesged in radio-
active vwork in connection with the war,

In connection with radieactive war-work, it became desiradble to
have many Geiger-!{uller counters available which had the thinnest possible
eluninun walls, =0 that they could be used to measure beta-rays, FPrevious
methods of producinz such countere were slov and expensive, The readio-
activity esection developed & method of copper plating thin aluminum
toothpaste tubes so that fittings could be attached to them by ordinary
roft solder to convert them into Gelger-Muller tube counters, The
oreration wos very simple and cheap so that several countere could de
made in the time previously required to meke one, with & corresponding
reduction in cost, These toothpasts tubes mlso had the minimum thick~
ness required for evacumtion and filling without collapsing the tube,

For the identificstion and estimation of radiozctive isotopes which
enit elphe rays, it is desirsble to have a counting equiprment which will
separate the purticles of the same range characteristic of each isotope
and count them separctely., An slectronic circult weg developed which
would register the pulse produced by the amplificution of the ionization
resulting from & single alphz purticle of given range, All other pulses

were rejected by this pirticulsr circult, By arranging = sufficlent







ci cenziderzble v.lue tc tic~, eince vithout it they vould heve heel-
teted to engrge civillans to ap;ly radium lumlnous compounds ead expose
thiem tc the well knovn < agers of radium polsoning, As ¢ result the
hezerds hsve been reduced to o few crsee of tempor:ry over-exposure,

The procurement of :rze quantitles of ur:nium ore by the Government
required tnat the radium in the ore be determined ac¢ vell us the uranium,
in wrriving &t & vilue for the ore, For ex:mple, &£ ton of high grade
uraniun ore might contain og much as $2,000 worth of redium, In eddition,
the messurement of the rasdium gives an indirect check on the emount of
uranium eincc there is & definits retlo betwesn the redium and uranium
in n:tural ores,

The seme gener:zl equipment used for meaguring breath samples wes
&£lgo used to meessure redilum 4z uranium crec, The chief difference in
the procedure lg that, for measurement of redium, the ore szmple 1is
dissolvel :nd tke radon uccumulzted in the colution over ¢ definite
time, The rtdon is then trensferred to the counting chember wherc the
elpha particles are counted, From this procedure the amount cf radon 4s
determined, Froz the zmount of redon and the time during which 1t wase
eccumiluated the cmount of radiur in the sample can be computed,

Severel thousznd such messurements vwere mede, As © pert of the
program, comprretive matrurerients vere ricde with other laboratories
which carried out deternin: tione for viricus contracters., 4s @ result
1t wie founc :iet the vilues obtzined by the Burezu wer~ both rcre eon-
sieteat ithin themeelvis snd necrer the everege viluers of ell other
tederetories, This resulted in the selectlon of the Burewu ag » referee

in caee of dipegrecnent of rmensurrnments wade elpevhere,






