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4. Acosleraters

24.1, It doce rates in excess of 2.6 rarema/hr may be
Incurred fn accessible regions oulside the shie dmg, or in

the sbsence of shislding at sny accessible locatlon, such
replons ghall ha clearly mmaf

249, Any accessible vegion inside or outside sl{ielding

whemadoaera{emexmof’mmrmﬁm exists shall

be segregated by marked barriers that impede uninten-
tional access. Such aveas shall be pmv:dea clem: vigual
indjeation whether the aceslerator is

M.S 1If the ingtallation is pmvida& with a shield segre-
sg secessible locations, and if g dose rate in
T mrems/hr ean be received insxde the shield, addihonal
ng_shall he made for audible mdicahon that may
exther inberm:t‘emt or continuous, lastmg for ob least
& 10-second period prior to turning on the beam,
24.4. I exit £rom the shiald canuot be eﬂet:ted without
oﬁonofdoomoroﬂmrshnﬂarimpedimenﬁ.pmﬂ
shall be rande that:
8. Such doors are interlocked with the ameleratox eon-

frols in guch s way that neutron tetion 48 tmpossible
with the door open. i

b. The doors can boe opened from the inside of the
enclosure,

¢, At least one clearly marked crash button is pmvided
inside the endosure {o suspend accelerator opers

such o way as to make neutron netion nnposnihre It
shall be posshhle to readily one such button from

any mtinsidatheeniosm within & seconds
of thgoaudibla ; of uset

24.5. Atanyinw'tlﬁtwnwhere dose rates In axcess of
100 mrems work weck may be recelved outside the
s!uelding, 1taha11beﬁm du!:y of the radiation protection

to ingura that & constant check is mada that persons
donotreoeivedosesin ofthepexmissibleievels(see
sections 211, 21.2). “Petm %)t gemtm experi-
menbers, visi %ors, and mdividuals Eloy In maintensnca
or other dutd directly maching ggem
fion. Such ecl{s shall include a daily assessment
operations of the sccelersior,

25, Reactors

25,1, (n startin amac&urto:theﬂrsttimathe
efficlonny of the thidlding shall bo cheeked sinatdly. Bvery

B¢

with signs that indaeate

focessible region showld he surveyed for re
ap r(-azpria.he adauahnmt.s should be made in the shi';iﬁing
g Becanse It Is posgihla for rediation leaks Yo develop,
e e e o T perforohio
Ve 104 e g ar i rations,
25.3. Becatse on of & veactor radiation Jevels {n-
erease strongly, sn audible warning system shall be in-
stalled to insure that all personnel in the vicinity of the
reactor are made aware that startup is planned, Personnel
st be able to communicate with the resctor operator with-
in a period of time that is lesstimn the warning perfod,
254, Tn the vicinity of the renetor, continuous vigial
indieation aball be provided to nform personnel whether
fhe rmtvr ia in opara

pmced\uess!m“ govern the changes of |

alue!di - shn!l inciude conaultahm with the tadis-

on off
Upon«ﬁmtremovalofa shielding block, or fxst
testing of a beam trap placed behind o movable shutter,
shall he perfocmed §o sanens the existing radia-

267, If dose rates in excess of 2.5 mrems/hr can be
incvrred in sccessible lmtions. stich ’2&""’ shall be
clear marked with signa that indiea!

‘b'le regmn whera 2 dote in axcess of
7.5 mrem%r

be segrogated by marked barriers
that impede unmtentiona! 200088,

26.9. Beﬁc:u::;i ciknly the event 3& ?ﬂaeeider;tmiltpmga be
evacuste u Yo
mmm aplanshaltbe eviged for
evacuation, Res e peraons shall be designea:
available at all times fcr 148 execution. AY personnel nurm
ally in the environs shall be made aware of the plan.

26. Surveys at Adcelerators and Reactors

26 1 Dnrins tune-np and initial operations, surv
the gamma- & ul)d neutron-radintion dose rate at
aecessible locations ootside the shiclding shall be performed
as Boon as radiation mtensities in execess of 2.5 wrems/hr
are likely to ba produced.

26.2. Prior to routine opserﬂtion, every gocelorator or yo-
actor shall be stwveys shall be rapested
whengver operating oondittona are changed In auch a
way that the nentron or gamma hazerd may changs, In th
absence of any smch changes, survays shall be made at

87



=

[

m o ————————————

least cnee & yeor. In Ingtaliations where Hould ahlelds are
%myloygg, & Murvey shall ba performed at least once every

283, At insteltations wheve Jquid shislds sre employ

apedal cantiong shall bo talen fo inmreﬁmt the hq:da
edat:thed%ttedlwd.

28.4. Whenpemnnelmme& hdosemﬁesmex-
cean of 80 mremsjhr,

o3 perdonal monitoring shall
ba performed tnless mliable eatimahea of the dose reteived
can, be obtained by other means.

27, Health
271, Brior & f
MMO amploymsnt, pmmz

working moro
navtron doges s!sall hswa 8 med i)
giartion It shau!d be reeogniz t the examinati is

eted tovard ﬂamminuﬁe normﬂ umeﬁ

!rmdiatim" eondition of the worker, and
B Eoooad with dinto mmﬁhtm
W on 4
s!ml! include # complets hlood coun
and platalet Ievela clottlng

orontial W.B.C, 2 examiation shall im:lnde 3

determingtion of visien

and without e, dilation
?f puplls and axaminstion of the Jentyey wim shit

corneal microscope). Routine examinationy aa shove
Yo done tmos & youx, venlews move frequent; exsrinekions are
Indizated by readings of monitoring fnetruments.

28, Overexpoturs

28 axposuve hm excess of the Ifmjt
shall reeﬁiig the hnmedh‘he nthentian of the radlaﬂon

tactlon officer and the
gléanhe!mtitutedto

mopth shall ha deemed tn have guffered an overexpogtire
suiﬂa%nently grave to requive axecution of the steps set foi’d:

2858, Comldemh]aeﬂortshsﬂbemadeﬁodeﬁmﬂne a
dose received, the and

character of the 'l‘ha Ieml rep;:emn‘(,ntwoi of
instiiution shail be not:ﬁad of the amoumt of exposure,

88

extent of the present m}ury, and the pmbabie outeome, A
cornpetent panel, includl Tar with radis-
tion risk sud tnjury, a mdiaﬁon proteetion
offfieer, snd 2 ie'apom ¥, ¢halt veview the
medica} and dedda on tbe advhabﬂiw of rangwed
exsminations, shall fnvestigate the rmona for the
oversxposure and undertake al] remsonable efforts o pre-

Appendix 1.  Depth Daose

ﬁv%mmmmmmm netrol dosng ﬂ:tlﬂg
¢ ha aye Kot ave
Howaver, resultsha been reported from Po-Be and Po-B
sourees, In ﬁme ingtanoes, the neutron dose I at 2
depth X, in nfthedwei.nttheaurfaeeofs
phantomaitmbedatatﬂstnncel)immthemm.eanbe
expressed aa

=5y Er @

L are paramat mnharacbwiaﬁeo!ﬁaemoe
angd the size of the tasue equivalont phantom, as folloves:

Sovtor Paotrn | L | Bateesnt

o

o v f e I R T
Smi is3 11-88 1

S A0 T b BN A ST Sl o0

vg_elpth gurves have heen computed by
m neutrouanar 'I’!meurvas ghown
a

ﬁgarm an infindte igh of tlesne-equl
ﬁ M ck, irradinhed by & fuvad hean of
1 neutronfon? entaring ner-
e ot e oty
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These curves were obtained by computing newtron his-
tories in an umbiased manner and averaging the absorbed
dose delivered from & sample of such histories. The mini-
wum sample size for a given neutvon energy was 4,000
such hisfories, In computing these historles, tissue was
considered to consist of hqurogwn and one heavier clement,
The percentage by weight of thiy heavier element was
taken as the gum of the d;:grcantage weights of all body
constituents other than hydrogen, and the eross section for
thiy elament was a composite of the cross section of these
elements, Al scattering was considered to be isotropic in
the center of mass system of ecordinates and the only e
actions considered wore eclastic scattering, the (n,p) reac-
tion with nitrogen, and the (ny) reaction with gen,
The energy of the recoil atoms and of the protons produced
b{ the (n,p) reaction was considered as absorbed at the
stte and fhe absorbed ene;%was tabulated and averaged
over each centimeber of depth {0 obtain the dose curves,

Handbook 59 of this series has prescribed the RBE
88 a function of specific ionization, The specific ioniza.
tion_sg a function of particle enerf%y has been given
by Livingston and Bethe [8] and for the heavier ele.
ments of grmmpal interest hete has been approximated

and Snyder gé[ The latter reference gives
EBE ag a function of m_gfarhcle energy as a8
the biol dose deliv by a cle of given
enerﬁ ese curves were approximately by polynomials,
and the biclogical data were computed for eaci hﬁﬁc}e
duced by the neutrons in the comse of their ries.
y-rays produced were followed also usix:ig the Monte Carlo
or sampling method, and their absorbed dose (=~RBE dosa)
computed for each centimeter of depth.

" The points given on the graphg are the computed
ond the smootﬂ phs

points,

curve indicates the general trend. In some

cases where the penetration was small, few or no events
oceurred in some intervals and the curves were not con-
tinued where the deta did not seem significant. F)ﬁ'e 14
gives the RBE (==RBE doze/absorbed dose& 28 & function
of energy and 4 The flux to deliver a dose of 0.8 rem
in 40 hours or of 0.1 rem in 40 hours has heen computed
and is shown in figure 18. The ratios of maximum dose
for the 80-cm slsh to first collision dose for both absorbed
dose and for RBE dose are shown in 15, The low
values at 1 Mev and 0.44 Mev are not eutively due to
statigtical fluctuations but are largely due to the resonance
peeks in the oxygen cross-section curve. As a check on
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this, the polnts at 1.2 Mev and at 0.5 Mev were compnted,
and thig confivmed that the actual curve will reflect much
of the detalled structure of the cross-section curves. How-
ever, the accuracy of the present study would not warrant

For th o %tron amnun}:.mvotged it?yds der \ i}

or thermsl neutrons an earlier g n
Indicated a sha:;rp peak in the absorb&vdose dgte bogthg
{n,p) reaction. The present ealenlations averaged out this
paaﬁ. Figuve 12 shows the peak as well as the average com-
guted in the present study. In computing the thermal vatue

or fignre 18 the peak value was used.

The reflection of thermal neutrons incldent on a Jar
glab of tissue is approxima’oel{nso percent, Hence the read-
Bemmel mookrgn dasmmetey Shos b pormiosy hurpotes of

-nou 08 0 COXT! secordi
«€., the reading should be divided by 1.8 hefore the hazard

|
i(s evaluatod according to the data presented here)

Appendix 2, Flux Detectors
and Their Calibration

Az the methods of flux measurement ave different for
the vaxious emexgy ranges, even though the principles n-
volved are about the same, they will be considered accord-
ing to neutron energy. Flux measurement of thermal neu-
trons has received mosh offort because it ig basic to mbst
flux measurements in the other energy classifications,

A, Thermal Neutrons

One approach to the absolufe measurement of thermal
newtron flux i3 closely relatod to source calibratiom, be-
cause it is posa:Wuoe & flux with g standard source
that s known as aceurately as the emisgion rade
of the source. The thermal finx is produced in a “standard
pile,” which is merely a large block of graphite in which
the zource, usually Be source, iz placed. The fast
neutvrobs emitted from the source are moderated in the

phite and produce & certain spatial distribution of slow-
ﬁ;—down density, ¢, When thin foils of indiwm, wrappad
in cadmium, are activated at various places in the stapd.
ard pile, the activation is proportionsl to the neutron fiux
at the resonance energy of indium, 1,44 ev, henea fo the !
at 1,44 ev. The absolute g values are obialned in texms o%
the source strength @ hecsuse the integral of g over ths
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volume of the stendard pile, aysmming negligible capture
and. no escape of resonance nevtyons %rom e pile, must
equal Q. Once the slowing down density g is knswn in the
standerd pile it is a simple matter to compute the thermal
fhax from ¢, for it is necessary to know onlg the Jifetime
of the neutrons in graphite, easily obtained from the scat-
tering constants of cavhon.

The standard pile flux, while reasonably well known,
is quite low, and activations infense enough for accurate
foll counting can be obtained omly with foils that are so
thick that an apprecisble change in the flux at a given
point results from the neutron absorption of the foil, The
flux perturhation does not affect the determination of an
unknown flox relative to thak in the standard pile if the
ynknown flux ig also in graphite and if the foil geometry
ig identical, for in that cage both fluxes will be equally
ggxturbed. iiowever, a correciion for the perturbation must

made when fluxes in open beams are (0 be Mmeasured
relative 1o the standard pile, for instance, and for this
geometry the correction Jeaves an error of several percent.

A second method of absolufe measurement of neutron
fux is by means of the reaction rate of an element whose
cross section s known, for

reactions/secnuvNo, (6)

where N is the number of atoms of reaction crozs-section
o in the flux no. The absorption crogs section of boron, for
example, which i3 essentially fhe (él,a) reaction, ag the
(n.p)_snd (ny) are neglgible, has been accurately deter-
mined from the total cross section. The “hest value” of
the boron absorption cross section, from the AEC compila-
tion, i3 750 barng at 2,200 em/sec, acenrate to_about 1
percent. The number of (n,») reactions teking place in 2
certain amonnt of borom, located in & particular neutron
flux, then gives the flux in terms of the reaction rate. Again,
28 for the standard pile, ihe rate of (n,«) veactions in
boron depends on the neutron density,
velocity, becatse horon is strietly 1/2. There are several
other elements for which the absorption crogs section can be
accurately determined from the total cross section by sub-
on of geattering, for instance gold o indivan, These
elements differ from n as flux standards becauge their
absorption is a regult of radioactive capture rather than the
(n,2) process, and jn addition they ave not strictly 1/v.
The on rate in a known amount of boron located in
a neutron flux can be measured by a BF,-flled proportional
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counter or pulse-counting fon chamber, if one can be gure
of & ove-o-one correspondence between disintegralions
and counfd, The counting rate corresponding to complete
detection of the disintegrations in jonization chambers has
been obtained with an accuracy of ahout 2 percent. To; this
error must be added the uncer{'aigg in the boron ¢ross
section, so the final acey is probably about the same as
that of the standard pile flux. The sbeolute disistegration
rate in boron hasg not been used in determination of
neutron flux to better than & percent, although the accuracy
could definitely be incrveased,

The simplest method of relative flux measurement id by
.means of sctivation of a 1/v material in the form of a thin
foil. Mungsnese, for instance, i8 a good material for rele-
Hive detexmination of high flux becanse it hag a convenient
half life (2.6 hours), and 8 cross section (12 b) that is
ano’ go that excessively thin foils .are not neces.
sary. A thin foll of manganese activated in any thermal
flux, and in a standard fux, will give the former fux
{again, actual density times 2,200 em/sec) correctly, re-
gardless of the physical arrangement of the neutron flux,
T Daain, oo B ety angnins chstriburion. e
wam, or any ar ution. Be-
cause the foil ig thin, there is no flux depresgion caused by
its presence nor any self-protection of the foil itself. The
activation of a thin foil not depend on the divection
of mentron travel throvgh the foil, is shown in
activation formuls above, where flax is just the peufron

density muitiplied by the velocity, with no divectional effects
involved, ’

B. Intermediate Neutrons

There has been no extensive work on fux meastrements
for intermediate neutrons, primasrily because there has
been Hitle need for accurate flux values in thig energ
range. For the purpose of neutron research, in whi
primarily cross sections have been measured, only
relative flux measurements, used in transmission measnrs-
ments, are yequired. The infermediate neutrons in bolk
matter, as in shiclds or in tlssue, ave soon slowed to
thermsl, especially in li;fht' cloments, and spend most of
their Hfetime as thermal neutrons. vse of the rapid
moderation, and the strong *self-protection” that reduces
interaction in bulk material, intermediate neutrous ave
much less important than fast or thermel newtrons.
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. Fast and Relativistic Neutrons

Becatse fast neutrons represent such a wide energy
range, over which detector respopse varies widely, accurate
flux. measurement I8 extremely diffioult. For these neutrons
the simplest method of flux measurement is by comparigon
with the flux emitted by a standard neutron source, usually
s Ra-Be souree.” For this com on the standard source
is not uzed in the standard pile but is placed in the center
of a large room, and the flux of fast neutrons ai s certain
distance from the source is caleulated from geometrical
congiderations, This flux is thus established with egsentially
the sccuracy of the source cstibretion, about © percent
ustzlly. The unkmown flux is then compared with this
s%ndax:d ﬂ“ﬂ:ﬂw some type ofdiléﬁector that wilt ﬂr]lgtut:le
affected grea any energy difference hetween .
known and the standard flux. Unfortunately, most fast
neutron detectors are not enevgy-independent. The long
counter is specifically designed for flux comparison, how-
ever, and can be tsed in region 0.1 to $ Mev,
in which its sensitivity varies by less than & percent.

Fast nevirons, in contrast to those of lower energy, can
be detected by means of the recoil protons they produce,
snd in ciple these protons can be used for flux messure-
ment. It is difficult, however, to measure the recoll protons
quaatitatively, for example, In an jonization chamber, and
thus obtain the absolute flux incident on the recoil counter,
In practice an accuracy of about 10 percent can be reached
by this method. Tn & similax manmer, an absolute fux can be
measured by connting recoil protons in a photographic
amuision, but again meagurements better tham 10 percent
sre very difficult. )

Activation. of foils of kmown cross section, which is so
usefal for thermal flux messurement, is much more difieult
to apply o fast nentrons, primarily because of the wide
energy range of fast neutrons, In buik material, moderation
produces an energy spread, and a foil that has & cross
section iag rapidly with en does not; give 2 readily
interpretabge resuit, Use of 1d reactions as (nm
{nw), (0,2n), and ﬂ’) cgn give approximate informa
on the fiux value in different energy reglons, depending on
the reaction thresholds. Table 4 gives occasionally em-
ployed reactions and their thresholds.

In the vevtvon flux front » sendard sturce or in wieamiring

its
Y <t the Tonk nur‘ltmmbo
akrength u&nﬂﬂmuz:xu :m?m “w\;“ s
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Appendix 3. Reaction Employed in
Neutron Production

Tahleﬁsmmarizeapertinantdaeaonmwtionsutﬂized
n neutron production. Both cross sections and neufron
yield are a function of bombarding voltage, which is given
m Mev in parenthesea, at other bo mg energies éor-

ndin valuey may be quite different,
ormation In the last two columms is quahtatwe
andisfnrmsheﬁasaroum de.

or further information pee references [11 to 163.

Appendix 4. Practical Use of
Radiation Instruments

For health protection in the vicinity of a neutron source.
gxammmts are needed of the ad on hazard from d
nautrons, tetmediaﬁeneutrom ermal neutrons,
gamms. rays. A brief discnssion of fondamentals will a{;
g;wn hexe, For further inforrastion the resder is referred

asnavsﬁlrel review articles [17, 18, 197, and to the rezfev-
ences below.

A, Instruments

1, Fast w&mwmzdra@msﬁcu«wrm (1ozmmso
Mev). As most tissve damnge by fast nentrons is pmbabh'

0

due to ionization from recoil protons, the fast-nentron dose
in rads is us asgessed with an ionization chamber or
counter filled with a hydrogen-rich, gas. Fast nevtrons may
be distinguished from gamma rays by (a) use of two
m?a cha.mbmd 1 o:éc:;enszﬂg toto oth neutrons land
ys, and the ¢ sensitive to gamma rays slone
or having a known residual neutron sensitivity (the differ-
encs in reading permits evaluation of the nautron dose),
and (b) use of a proportional counter which is biased to
discriminate nst small pulses doe to oam TAYS,
les of the ionivation-chamber me! ave tissue-
eq ent chambers [187 and CH,-C and CH-C pairs of
s()i] Proportzoml countor instruments reading
fast-neutron ose ineluds the polyethylene-sthylens propor-
tional counter [207] and the count-rate dosimeter Ez:tﬁ"
w}mlyatbylene»ethylene ional counter may be
used with | circuit in which the pulves produced
by heavy, particles are weighted according to pulse height
and a count results that is pmportional {0 dose. ‘This is
dometimes called the ulse an integrating dosimeter,
This instrument is n naml, but requlres gomewhat
compleated electronic clreui The coun ra dosimeter,
however, i direeﬁonal. ‘Both pulse-opew—
ated instruments, ususally cann ye% at sources
that produce radiation in vexry short burats for reesons that
are given ahove ( 10.9 ) A, seintiliation-counter version of
the count-rate dosim in which an attempt has been
Eaa.%e to eliminate dmect{oml Ty , has been reported
Other fast-neutron smﬁg instruments have been widebr
used, for exmnple, the “Hornyak button” [28]. Ca
Sueh instruments onotingeneralreaddose,andthem-
fore knowladge of netfron spectrum is to use

More detailed information sabout Ffast-neutron hazards
way he obtained from instruments that measnre the fast-

neutron specfrum, and from instruments that measure the
1:&"1‘ distribution of the ionization due to neuiron recoils.
Approximate measurements of neutron energy distyjbu.
tions may he tsde by activation of fast-neutron threshold
detectors [24, 25 26]. More accurate dei:ennmtion of

nenfron e made b

Tecoil tz%uhgil 2 clou(iﬂ eﬂmnml ber or photagraphic

emulsion , unter spectrometer
. Information about T Jistribution and the dose

obtained from the Hssue-equivalent wall, spherical pro-
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portionsl counter , 80}, or by calculation. fé tha
messured neutron flux and energy distribution {817,

2. Intermediate neutrons (0.5 ev 1o 10 kev), Int f
ate-energy neutron flux s usually not important for health
protection because the biological effect per neutron s small
compared to that for fast neufrons, and the intermediate

neutrons are quickly moderated in the h

’ wnan body to
become slow or thermal. The usual instrument for flux
measurements iS & boron counter in a moderator, guch as
the “long counter” 82, 88] or certain survey instruments

847, The long counter is also usefol Sor fast-neutron and
ermal-nentron flux measurement, ‘

8, Thermal neutrons. Thermal-peutron fux may:be de-
termined by abuolute messurement of the induced: radio-
activity in_any one of several elements [25, 857, Boron-
walled ionization chambers or counters may be calibrated
by4means Gam‘r)afu foil actévaﬁon. dose be ured

. wya. Gamma-rs may meag in
carbon-wallod chambers which often have on]g a: slight
regponge to neutrons (which must be corrected for). RBe~
cayge the interaction of neutrons with tissus can produce
gamms ﬂr;ga, l?ag:cise dMWwﬂ the dose requires
approp me. Commonly us YRy Survey
meters and cﬁ)slmebem cannot be used wﬁen 1:1§ hers
of neutrons are present, as they possess considerable bhut
unlmown neufron sensitivity, ,

B. Personmel moniloring, Area monitoring of nevtrons
%%md mmanbeent msta%]t:;iog ﬂis especially im ﬁatd for

neutrons, because often neither gamma-ray

nor pocket dogiraeters give suffieient Information to ‘evﬁﬁ
ate the dose, Fast-neutron nuclepr-track fitm hadges [36]
are usefnl in case of accident and, although rather niensi-
tive, are of some value in the permissible dose range.
Hlow neutrons may be adequalely monitored by a cadminm-
covered emnlsion In a4 gamma-ray film badge or by boron-
lned pockel chambers,

B. Calibration

With most neutron-monitoring instruments it is essantial
that the instrument be ealibrated frequently in a kpown
neutron flux. Bxtremely large errors are possible with
many commercial instruments umnless properly calibrated.
A convenient method for calibration is the use of a portable
radioactive neutron source, A pr. standard source of
a Ty ma{y ba calibrated for {otal neutron emission
rate by submission to the National Burean of Standards.

4

&

Radioactive neutron sources may also be calibrated for
dose ate at a fixed distance using a fast neytron dosimeter
calibrated with an interna) alpha auurceﬂ\;%] or calibrated
with monoenergetic neutrons. Enown thermal fluxes for
calibration may be obiained using the calibrated standard
source in a graphite “standard pile” EB"IJ, or by use of a
AT PR o Fogh Bvt Yot K
which ‘may then a e, thermal-neutron
flux suehyas the National Buresu of Standards standard
thermal-neutron density [881.

Appendix 5. Neutron-Capture Gamma Rays

Table ¢ summerizes gamma-ray energies encountered in
nenfron caphme.

Appendix 6. Shielding Caleulations and Data

The same fundamental safety factors that were described
ESJ for garwms rays apply to neuirons: (a) Distance
O e e O T B sovoral Typas of
by shielding or other ma . 8
ngutron so%rces differ considerably, they will be ireated

separstely.,
Reactors’

The neutrons from reactors come from (a) the fisgion
prooe:s {prompt neutrons) and (b) radioactive nuclides
produced in fission (delayed neutrons). -

Promwpt Nentrons from Fission

Prompt neutrons from flssion are produced st all ener-
#ies up fo about 17 Mav, distributed as shown in fignre 16,
More accurate fignres are given in table 7. The attenuation

ocess consists egrgdau of wlligi%n% {n ﬂ\:rhzch &thﬁ

en d fon 13 accomplished or the neutron is
ely d% 80 that its tota} escape path iz gignificantly
increased. Following degradation, many success
B e e o e abunibod ot L acengy. Bocates
in, gggeral grﬂ;)ss sections dscrease with inereasing energy,
¥ Noter The shielting of ted suhfsct beyond the msope of

reactors is & complica
the treatment given here will give apswere th
d:mmss'? d%’.mum. w“d will b sdequste for eaibmating the 3-9# of small changes

%
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varaus neuiTon oNergy.
the neutrons roduced at hxgher have tha bhest
chance of pex this &

bution in which the wer energles
shields the neutrons mduced at
likely to penetrate, ak may have had a collision
near the oater shield s and henee emerge at lower

ensrgy,

lified calculation of attenuation is made on the
haﬁs%?%e neoutrony at abhout § Mev. Some allowance is
necessary for the neutrons that have eollided but siill es-
cape, & factor nsually called the buildup factor. is

tsken account of by & compeusating factor cbiained by
b}
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Tante 7. The U fission speotrum of prompt neutrons®
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counting all neutrons a8 if they were in the nsrgy’
gmupmﬁ‘his simplifies the calenlation, is reasonably agen-

rate, and I8 conservative for shields that contain reagonable

quantities of moderating- material, Examples of such ma-

terinls are the water-bearing concretes %‘ﬁhoﬁﬁi ordinary

ooncre barytes concrete, magnesium oxy: concrete,
, magonite, moist earths, ete. Other materials

78 '

. OW from the fomuu of B. E. Watt, rg: Rev. 8'(. ms';. um,a Sen

0.6 A

oz

-~ 0.08

M
g0 >

aat

008 P vomenTy

vodz

il L] ] 5 e 20 a0 ([:]] ROG oo 00
Ay AYOREWEIOHT
qum i F'ieston newiron aitenuation coefioierim;.
T wrogh i divided by Jeanity) versma
(Assronople vide .

which are not moderators (laxge atomic weight, A>16),

such as iron, lead, etc., can be counted as well, provided

they are followed with moderating maberial on the outside.
emoval Crass Sections: Removal cross gections are the

cross sections to be nsed in caleulating the attenustion of

fast neutrons. The microscopic xemoval eross section (o)

is roughly three-quarters of the total cross section af 8

Mev, an exception being hydvogen, for which the fraction
is somy
The macroscopic “removal cross section is given by
5m08R00 (), (6)

odersting mu are relatively u-.mpnrem. w low-
troru. whi m 08 capiuye gal
wmmm:thamoauanz ;thm smmmlmmbesh a
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A
where

o=mietoseopic removal cross section (barns),

p—=densily (g/em?),

A=ptomic weight. . -
It will be noted that x./p is a quantity dependent only on
the mieroscopic nuclearp properties, Tlﬁsp?g a smoothly
varying function of the atomic weight, which is given in
filgure 17. From this curve the removal.cross section can
be obtained for any element. . :

The macroscopic removal cross section for s mstarial of

a% eleglents is obtained by simple summation over its
constituents : .

N zl‘l mmundm(%)lpl‘!-(%)ﬂ Fﬁ+- LYY (7)
where A
(%’-),ﬁvﬂue from figure 17 for element 1 of:

compound, (cm'/g), ete. ,
pr=—density of element 1 (g/em?®), ete,

E’ﬁ‘;”i‘g}f 09 Find 3, for CaC0y; density == 2511, molectlar weight

Bemant | 4 ° Zels  } (Brpdae
#lom’
Ot 4008 | A8y patt=sonr | oone2 | oo2e
G 1201 —%]%%5- % 2711==0825 | 0510 | 0166
Ol 26 ) BXI8 griimragg | 040 | 068
Total,

0.0062

Er, 0“00.-“30.0962 m""

Examples of removal crogs-section caleulations for com-
mon shield materials are given below. Table & shows the
pertinent stops for b and ordi coneretes, staxting
with elemental assays shown in the second columnas, In table
9 the results are summarized for several common materials,

The core of the reactor is defined to be the volume in
which the flssions fake place, and the shield is the material
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Material ~crtoe Sectian _ length
ot Tom
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ext(:ier:&al to it tilfed:lgijglﬁ refloctor, pressure shell, if any,
urse roper.
e dose external to the hield is now ealeulated to be

o PF a5, 8
D (rems/hr) mb AX 1072 (8)
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where
pe~power density in core (watis/cms3),
Z—=macroscopic removal cross section of core
material, calculated as shove (em?).
T=ghield thickness (em).
I VErage macroscopic removal cross section
for shield (em-1),
‘“‘{1/1') [(ng) s'i"(zra’)i"‘l“zt)i"}" .ol
(2:2) ==product of macroscopic remioval cross sec-
lt;;n 2. and thickness # for the ith shield
o E

B.AX10%=("7.55¢10% fisslon neutrons per Joute)x (Y4,
geometrical factor) (7,000 neutrons/
eom’/gec per rem/hr). )

Fuageometric factor taking account of the core
shape, as follows:

-mal for a large flat core surface adjacent to
shield, '

' ==/ (T4-@) for a spherical core of radiug a.

=[a/(T}{e) 1% for a cylinder of radivs o,
measurement at midplane, :

Yor small cores of whatever shape the formula for a

m of egual volume may be used, provided the maximum

ameter (e, corner to corner) 6y fulfills the following
criterion.: . :
8T

d'm<—z':. 9)

Deluyed Noutrons

Delayed neutrons are produced from certain radioactive
nuclides among the fission produets. The half lives, ener-
gles, and ylelds of the dominant emitters (groups) are
given in fable 10. They are not important by comparison
With the prompt fission neutrons, but for cases in which
the fission products are removed from the resctor to regions
outside its shield shortly after bein‘i produced they may
be very important. Examples of such removal are experi-
mental fuel loops and pneumatic sample handlers in which
e o Daco i tho gam Pl real tisfactory shiclds

‘or vad neutrong the o ¥ sa i¢
are hydrogenous materisls, and the effectiveness” depends
only on the hydrogen thickness of the shield. Because ithe
nheutrons are of t00 low energy for inelastic scattering, ele-
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Taste 10. Delayed neutrons from fieslon produsts
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ments other than hydrogen are ralatively ineffective and
are ignored. For convenience the removal eross section of
hy%]rfegen for each energy I8 also given In table 10,

doge due to the delayed reutrons is just the sum
of the contributions from several emitbera:

D (Q!’-ll_D 1+D I+D &+‘D i+q + .y (10)

hore 1, 2, 8, ate, refer to the different groups of delayed
geutroné. The contribution from one emg:gr js caleulated
as follows: .
-
D, (rems/hr)mSBE, (1)
where

R—=distance from center of delayed mneutron
souree to place where D, I8 to be deter-
mined.

T=—shicld thickness (em).

E,n-=ave(r'ag-e1 )ma.croseopic removal cross section
e
ﬂ,;g’d[(czt.m;) g—d(rzmm) P A 3 -
b ~sproduct o ogen Yemoval cross section
(Bt} =D and thickness tgoe? the ith shield Iayer.
gi=—dose, rems/hy, per unit neutron flux (neu-
trons/em*/zec) for the delayed neuw
of group 1, table 9.

S=gourca neutrons/sec,” of neutrons

from group 1.

For the common case of & uraniuhl-beaﬁng liquid (or
wire) loop circulating into and out of & reactor, the source,
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8, is Just the rate of neutron relesse outside the reactor
shield ‘(but of eourse inside the special loop shield). Thet,
after wany cycles, for group there is an expression of
the following form: .

fi, (1-e4) {eMt)) (1—¢2t) y
S:w-f Mtl (1__ e-’ﬁ") k] (12)

3

wheve
f=finsion rate, fasion/sec (total). :

Y==yield, noutrons produced in group 1 per ﬁ&sion,

Apwdecay constant, sec, for group 1, ) (

te=time eath loop particle spends in the neutron. field
per cyde.

fynutime each ) cle spends on the  out

through the . ;
t~time each loop cle spends in the exterior:

of tho loop, Feom whedh 1 radiaten o TR
Tr=cyele time,

Radioactive Neutron Sources

The dose rate from s radioactive neutron source
enleulated somewhat ?iiffer v?’.rom tgg.t fromiséﬁbsgrt

antly
sonrvees, Owhng to the small intensiti ilable, relat
i sieds nxo neodd nd o the st st
a very g contyibution L]
take account of this, & buildup factor is used. For Pp-Bg

and Po-B sources with water or parsfiin ghiclds at least 20
cm thick, the value of this bufldup factor is gppr tely

oxima
6, For thege common situations, the following formula
the dose rate: ! gives

D (reme/r) 21T, (18)
where
Sw-source strength (neutrons/sec). ‘

R=xdistance from source to t for which the dose
rate is to be calcula L

B=dbulldup factor, «~b.

. ge=dogse per unit flux for neutrcns of the somree
energy (rems/hr per neutvon/cmt/zec).
Zpq=macroscopic removal ¢rogs section for the given
source and shield, obtained from table 8 where
posaible, or calenlated using nine-tenths of the
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- photons and (2) the t

hydrogen cross gection for dhields and sources
not included therson,

T-=ghield thitkness (em). ' "
Accelerators

Accelerators which yield neutyons can be shielded accord- -
ing to formulas which have been developed for reactors.
For neutron energles up to 80 Mev the removal cross sec.

tiong can be to be about three-quarters of the total
croas section,

~ Appendix 7, Neutron Protection Near
High-Erergy Electron Acceleratora

Becauge there are tmany of hig;h~enerfy electron
accelerators and because inafallations vary widely, it is not
practicable to give general rules for neutron gg)taction
which would be valid for all cases. However, two chief

.08y be pointed out that govern the neutron shield-
ing problem. These factors are (1) the energy of the
of shiel material used, The
primary sources of n near & high-ene electron
acceleretor are the machine itself and the point where the
beam strikes the waijl [4'%].

Neutron production. To liberate a neutron from the nu~
cleus requires that the absorbed photon energy exceed the
binding en of the particle in the nucleus Eof the order
of 8 to 18 Mev, mostly about 10 Mev). Therefore elactron
accelerators of energy below 10 Mev will usually have very
smaji or-no neutron ds, Common oneutron,
threshold energies and information on meutron yields for
various elements are given in Handbook 65 of geries.

For electron aceglerators of energies much then,
photonentron threshold emergies, the yield of neutrons
photons incident on lead may be approximsted mfn, y
4B Y0 AW, where Yo= the number of neutrons
duced and W, is the total incident photon emer ia,
number of aghotons times photon energles) in Bev. The
vielda Y varies a3 tho sguare root of the
i ¥ Sy 7. T g o pepic o b
written ¥V, o0, o The ng have Gl
order. of 20 Mev. The peutrons are produced with a wide
distribution in energy, the uverage for lead shout 2
to 8 Mev, and for carbon about § Mev [40] photon

8b
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Scientists Find Device to P%rotect.liadi

‘Remote Laboratory is Used
l {for Research Activities
l With Valuable Metal,

By James N. Miller.

! N A remote Washington laboratory
I} the other day two sclentists, »
o1 man snd s woman, unwrapped m
' A4 enommous orate.  Armed with
hammess, they worked with feverish
[mm. so that within hmsit so howr

thelr job was done,

Whersupsiyg'he gentiemna turned

b' 4! °
mtrt:enérnagyml.}y.nmu A uNw'e

ad something worth while here.”

And so they had, ‘The crate, which
they now examined with unconcealed
pride, contained thelr own “hraln
child,” a truly marvelous new device,
the ohly one of ita kind in the world,
which enables ressarch workers to
test radium, the most dangeraus matal
known, without the slightest danger of
thele being unduly exposed to the
death-dealibg gamme kays,

Tha two sclentists, Dr, L. B, Qurtlss
and Constance L. Torrey of the United
States Buresu of Stendards, after a
year's research, developed the idea
for the revolutionary machine toward
the close of 1935 snd detalled a Mew
York manufacturer to bulld the sctual
apparatiis, .

Maost of the coramercial radfum prep-
arations how being teated for “purity,”
with the aid of the new device, and
others alga developed within recent
monthg, ate the so-called “radlum
needles” and tubes, widely used In
therageutla work by the medical pro-
fosslon, They may contain as Hitle

{as one, ar a8 high g 100, mitligrams
1ot radium, and often wre only an
eigth of an inch 7y and one-thisty-

second of an ne  \ dimmeter,
wassticat agenvy wilt

FPJ’ QUE »
tuy & & i s0 of these Ny
“needles.” Tr., WAy have shoub the
sams slza and sppearance, and it 48
necessary to have an identifying num-
]her cut an each indlvidual needle, 5o
‘ they can be told apart. In such case
the medical sgemey w3l séhd the
' needles to the Buresu of Standards,
;het;umn this procedure will be fol.
wed:

# d-ah u-ddlues e

1m :“Workers From D&tﬁ-

i -

D

5 feet away from the “needle)
manipulates a “long-distanca” stylus,
which carves the number, If the
stylus moves a half tach, the nute
ber will be only one-one-hundredth’

of an inch in helght. '

The huveay sclentists have alto per-i
tected a projection machine for read-
{ng these numbers from a sle dis-
tance of § feat away Irom the test
specimen,  The average therapeutic
worker cAn use a magmiying gtars for.
this purpose without personal danger.:
because he mignt have occasion Lo
identify the numbers on his radium
needies only two or three times a year.
whereas many times In a swngle day
the Federal experts must do 5o,

Since always, by means of (hese pro-!
fective devices and numerous otiers,
the bureau scientists are able o matn-
{ain » distance of 10 wiches to 5 feel
away from the dangerous #lament
shav aure studving, there i3 veey Hitle

Engfaving microscopic numbers on a radivm prepa-
ratio;n for identification by medical agencies.
operator (B. W. Brown) sitting in perfect safety, 5 feet
from the radium, manipulates a stylus, the only machine
of its kind in the world, which has just been developed by
Bureau of Standards scientists uiter years of rescarch.

The

cally the%,aclentlsu are givent & thore
ough physicat examnotion. \

HALL we now make An Imaginety
visit to the bureau's radlum tests
ing laboratories and examine for our-
selves some of the most interesting of
the new .safery gadgets? ALl righe,
let's go.
The laboratorfes are on the third
floor of Uje enst bnlding fn the heatt
of the excluslve residence section of

upper Connecticut asenue, You enter |

room J17, B small ofes, and are privie
loged lo 'mect the ln'l'ernnllonally

nas .‘ﬂndled about 10 times as much
radhih ay ol the lute Mme, Curle,
whr discovered the preclous element.

st of all, Dr, Curtlss cxplains cer-
tam elementary but highly interesting
ficts about the metat, which i# aboit

aad sells an the commereial market for
§:0,000 a gram.

“How big {8 s gram? About the size
af & tiny tube less than an cighth of
an neh gaqnare,

‘Redium Is & flercely active sub-
st.nce, which emits thwee kinds of
ravs, slphs‘n}ys. an rays and gamma

- ——San ¥ hhale Al

1,000 Simes worth its weighe i gold ]

.:.
which carmy, & positive charge. They
are expelled] from the radium atoms at

speeds of i) order of 10,000 miles &
seeond,

#Beta rays ‘ure negative electrons,
expelled at much, higher speeds closely
approaching the 3\'eloclty of Ught—
184,000 mlles 8 sedand. Becouse they
are lighler then alpha jartieles, they
ran penetrate material thraugh which
alpha rays cannab pass,

«Chamma ravs are stmilae In nature
to auchnary haht, but haive & Wwave
tenzth very mauch shorter and conse-
gquently are more penetra 1ng. As o
stysking example from our owielest
picgram, one or Lwo mailigrams of
falily pure radium. taclosed o a
jeatien fube, with walle Vel thick,
are sbie to discharge rapldly a gold
teal olectroscope held ar.ywhere ear it,

»Radium prepacatlo s are also seife
Tuminots and possess £.o extraordinary
wantan At hrineing  abodb chemlcal

£y °°P



pealing Rays

ingenious Method Employed

)

axtremely marked physiclogical efa
Rects, destroying  tissues when the
racu:atinns_ act upan them too long or
too intensively. Fortunately for med-
§eal sclence, the radiations slso destroy
disease cells of certain types as well
23 normal tissue. This Js hotably the
case in cancers, other malignan’
tumors end 3~ certaln non-maly v
tumoers.”

sclentists? Bear in mind, frst of all
merelal adium I3 in the form of &

to Keep Element Beyond
Possible Danger.,

T i€ purity in radfum, and how
does it ecancerd the bureal

tDr. Curtiss explains), that all com~

radium ssitand » vadiym galt, in trs,
iz in the form of & radium bromide,
chioride or sulphate. Stnictly speak-
ing, there is no such thing oa the

Tket as “pure radim.” However,

nited Statas is accompanted by 2
certificate, issued by the Bureau of
Standards, SLRUNE the precise amount
of radistion it gives ofl. Oddly enough
the certificate never atales whether
or not there sctuaily )8 any Tadmm
present! .

Peactically all the radium used In|
this ¢ountry and elsewhere in thet
world is prepared by the Radjum.
Belge Co. in Brussels. ‘There radaum
is purified in the final stages by &

a3z Kknown as “fractional distilla~
tlon,” which vemoves gll foreign mat~
ter otner than the bromide or chorlde
ocourring with the radium in nature

1. ~The.official judgmemmbthe uread

goiantists, after almost countiess tests
of sample radium in thew japoratories,
ix this: Ordinarily, if & redium =t is
29 per cent radium Yromide or chlo-
zide, 1t 15 considered of & {air gegree
of purity. It is & sale generallzation.
Dr. Curtiss says, that practically all
the so~cailed radivm on the American
commercial market is around 9¢ pes
cent radium salt, Bear in mind, how-
ever, that the radioactive properties
o! & piece of radium, that is 10 say,
the atrength of its gamma Fays, are
entirely independent of the particular
chemical combination of radum with:
pther elementd.

Strictly spesking, then, what the
Buresu of Standards experts are called

upen to dn daily, s3 their most ime
LContmued 02 Elghtn Pagel

Radium

tContinved From First Page.)

portent iob, s not o determine the
“purity” of o sagaple place of radium
£alt, Bub to discover exactly what its
gamme Iay strengin is.  This

and then the scientist, peesing in pet-
fect selety ab the sample
tance of about 10 fest, snaps n awiten
that turns on an eectrie cusTat
which charges the gold ieaf, and 83
the radiation, produced by the gamms
rays of the radium, EOss whaough the
instrument i which the gokd lenf is
hung, it mskes the air & eonductor

and slowly dlscharges e electricity

ont the gold leal.

Since the Jeal was held i an Wh-
night position by the élcetne charge,
1t will begin to Jall as e charge leaks
off, The rate of 1l 1s proportionate
to the strengih of the EaIUDG tadia~
tion.  This, as we hinted eatiier, &
the buresu's major test ler rediham
rpurity.”

1A NOTHER novel device, used for &
somewhat similar purposs, is the
wemanation electroscope.’ Actually it
is so sensitive ihet it enahies the
sclentist to fneasurs one-thousand-
milionth of & gram of Fadius gasl
#rhls gpparatus is oecasionally used
to do special Jobs for medical sgencies.
For instapnce, 0 measure the exact

\
|

amonunt of “radon,” or radiure. Thelr
sn e own micrwcop}c that it

}

3

15 ETUITEIY Sidvampsevy =< e
paked eye,  But under the ordioary

& plece of radium selt
the buresw’s ROMIMA-TIY electyoscope.

JAVANG shown yeu ol these de-
vines, Dr, Curtlss pow taket yoid
hudiding

Dr. Curtiss opens up the 10-kon
radium asfe. Bt says % s the oply
Knd i the entire worl

arranged so that the xientist 5 ex
esed to the rays {rom one compart
mrent st a fame only, and even the
weil within the safely range.

1In front of each slide is & Jead bloc
= inches thick. When it the Ml
mclosedtnesclenﬂsthnszmchu
of protective lead between himse
and all the radium in the safe, eve
after ne opens the outside dootr, *
rhe radium itself iz kept in‘sne

_ wooden cases lined throughout wit

nel? en tneh of lead. ‘The wood
used becmuse 1t protects the han
agalust the dangerols secoRdary
theta” TEYS.

This sale, by the way, is not the of
vop ysed by the speclalists. IV §3°%
Jargest of three, and f peoessary ood

-¥Houss 50 prems of Tedium. Howew
the maximum mm‘kggt__f
gide was 7 grams.

The smailest safe i iIn the cent
room, or main office, &f the e
technicians, 1t iy shout 3 feet by
feet by 2. Ordinarily it contains alx
200 milligrams, or two-tenths of
gram. This safe s not lead iin

but contains lead plates for screen

rays.

The third, or medlum-sized safe,
tept in an adijoining office. It
Yined throughout with an inch

‘Indmdstmsentmmnsm

amsporiing & sample
radium irom one TOOm 1O
other jhe Federsl research wot
simply takes it out of the ssfe ¥
& pair of giant tweazers 50 bullt 1
giwiys the hands are kept 10 in¢
sway from the dangerous elem
Next he places i fnside 2 quear-k
ing wooden container which at !
glanee Tesambles an  average
violin. The Ud is eastly snappéd
and the radium can be carmed &l
sn1 perfect safety until ready for 1

ing.
The length and dismeter of & €
mezeial radium preparation ate Im
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meMsumma af
b radipm from one Toom to sR-
othertha?edaralzesearchwerm

zway frum the dangervus element,
Next he pilaces it Joside 3 queer-ook~
ing wooden contalner which at fsst
glance resembles an AVErpge EiZe
vinlin. The Ud is easily snspped on
amlthgradiummbemahcuh
4n peviect selfety until ready for tests

ing.

The length and diameer ¢f & com-
merelal raditun preparaiion sre meas-
ured 83 follows: First the vurean
sclentist, with the sid of his “aalety
4weesers” drops the fest melal into
& uny, notch-shaped troush. Wherse
uwnhemtnmthemﬁmm.m
the opposita side of the Wil and

ot g 7w D . Nk P REra R

; ' ‘ PN
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kes hit reading by peering at theltrunks of srees, which in some remote native Indians ave employed alomgin 1328 W{% grams wery’
cimen, thoough an enormaus “pro~) geological age soaked up the erigingl | with other workmen. o©One day not jabout §4,000,00018 . Y
tor.® As the name suggests, twater contamning the radium-maybe | long age s certain redskin waiked upl A possible reason fov the,
Jects an enjofged image ob a grade | malons of vears agno, ‘'These treejio his boss foreman and cpnaUncsd {wdium “bootn™ might have bee
od sereen and i3 such {eshion| hrunks petrified, that 15, turned into | he was eextain there was another 1arge {the working of the carnotite pi
t the length and diamster cun be|rock, thersby Rermanenuy’ inclosing | pitehblende deposit ou the shote of 1€ |in Colarado had hit its pui
% immediately. For aiways the]ther radium conlent. iake about 5 mile and a half from the { Moregver, _shers . Wos. & - Wi
aratus is Kept {p perfect focus. L any, peautiful zock ..samples of main-quarry then-being Worked: """~ “Tmarket for the metsl, for up
‘apen--da--tte - Pedersl " Speciklists [ (Hese anciens tree trunks are fo be| «wnat makes you so sure?’ asked jtime there Rad been very Lt
¢ to purchsse special glass vials|Jfound o DU Curtiss’ office. The Bu-{the bass. refined in the entire worlki,
nher coma_ineu in which to keep{reau of Standands 1= particularly proud necause,” sald the Indian, iy | stopped within three or I
T test yadium end for this Tes. (of owning several such, hrawalh red uicthe | over there as it doss |because 1t was found that

. They keep most of {t in the(in shade, which strikingty show the ;’:’“ » same conld never really yauk se
xirier in which it arrives and n!grain of the original woad in 2 beau= o, . tompetition with pitchblen
v Instence the containet bas|uful, petnfied form. ] Naturally the boss didnt take hiS | o000 of radivm.
d satisfactory in ability to resist| Dr. Curtiss, for purpdses of com- | Yely seripusly. However, a couple ol 5
powerful gamma radiations. Mostiparison, showed sampies of carnotite days later he casually walked over the| ~Recently the buresn exper!
o Origha, containers, by the way,|and pitchblende. The laiter s 23810 the place described by the red- | what is believed to be the larg
not made of glass, @s Secms mim\.ﬁy jer black, which no doubt ac- skin. scraped off a layer of snow. and, mercisl Tadiuin preparation ¢

!

r

/& genera} potion. Instesd. they're | counts for sts mame, 10 Bis surprise and delight, found that ; This was & ha't gram of
Metipnm, chiefly becawse s a Lt them bath,” he wrged, “and the pase fest Was correct. Sure easugh, ; 77 ——
- o vamr b Im wareesmewe wmsd TN shane vou semething interssting.* ‘here_ was an additional deposit of

“
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‘. Two Buréaw of ‘Standards scientists are’ L. L. Stockmann, who works with Dr. Curtiss,

2 dwgking ready here for the test of anothey radjo~ - is festing the rgdiometeorograph here with o

. metegrograph, g device attached fo pardchule wave meter before attaching it to'the parachute

-.and “balloon and seni into the skies to radioc  and the balloon. The inflated dag usublly

-pack sgrals giving the pressure, temperature - breaks several hours after it soars aqway from
-and humidity of the upper afr. Dr. L. V. Astin the roof of the West Building on the Bureai of,

. of the bureaw's electrical division (left) and Dr. Standards grounds. The instrument is thex
LI F.-Curtiss, ead of the radivm division, are parachuted to the ground. The bureau often

. tytng the mouth of & ¢lant balloon, preparatory gets thém back. The radiometeorogragh con- .

| - 4o, peginding the test. The balioon carries the  tfains two radio tubes, o minigture dry cell bat-

L qristrument @S Rhigh as 30,000 or 50800 feet—0 tery and devices which record and send the

: e 11 Tités Righ. The test was conducted for the weather signgls which, in turn, are recorded o,

- Weagher Bureau, - . o chronograph in Dr. Astin’s yoof radio room.

TR L b .o T istar Steff Photos. ;’
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T U.5. DEPARTMENT OF CONMERCE
NATIONAL BURECAU OF STANDARDS

Memorandum - - .

Mr. Robert 8, Walleigh

- ¢ hAssotiated Director Adnlnistration DATE: Mareh 22, 1968
. Through: Dr. Wayne W. Meinke . ’
Chairman, Radiation Safety Comalttee In teply referro: 500,02

Abrsham Schwebel
Chief, Health Physics Section

‘BOM

L]

JECT:  Release-of bulldings at Yan less Street after decontamipation

From the early 1920%s ¢ill 1952, the Radiocactivity Laboratory was
located in the East Building (Buildiag #2). All radium samples- used
in this country for medical purposes during this period were measured
In this bullding.' Since the technology of seallng radicactive sources
was then In the process of davelopmeni, therd were numerous teaking
sources recelved for anslysis. As a result, a number of rooms in the
East Bullding betame contaminated with radium~226. When the radium
laboratory was moved to {ts new quarters Ia a specially constructed
lzboratory In 1952, ail the wood_benches, Floors and other equipment’
In these rooms were removed as radicactive waste znd new floors and
baseboards were Installied in a number of rooms., Since 1952 these rooms
were used as nen-radloactive laboratories and offlces., At this time,
‘ it should be pointed out, there were no health physicists at the
‘Bureau and this work of decontamination was supervised by the physicists
" In charge of the radium laboratory. :

When' the move was made to Galthersburg, it was recalled that the attic
In the East Bulldlng had been used as a laboratory and for storage areas.
Room 507 had been cleaned, painted and new floors put down sometime i
- after 1852.. The walls, though they showed no removable contamination,
were found to be radicactive in spots to the extent of ~d me/hr..
There were a number of spots on the floor which gave y=ray readings
of <) mr/hr. The doors to this room ware sealed and "Cautjon - - .
Radloactive Materiai” {CRM) signs placed om the door. In rooms 518 _ _
and 519 numerous samples of radjoluminescent paint were found as was a
large asmount of contaminaved equipment which had been stored there
years ago. All this material was removed as radicactive waste. A
number of dry smears were made throughout the attlc but no removable
contamination was found, No attempt was made to decontgminate '\
rooms 518, 519 or 520 but the doors were sealed with CRM tape and

CRM signs were posted, . .
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$ince none of the areas in the East Bul iding were-controiled areas a2nd
since they had been used for other purptses since 1952, no Further
surveys were made in the East Building. The bulldings were subsegquently’
rurned over te GSA who in turn leased them to the Bistrict of Columbla.
At tnis polnt a D.C, radiclogical wonitoring tcam found the LR signs

and made a swurvey. They fourd that the attic had a large number of. spots
which indicated O contamination to the sxtent of 100,000~1,000,000
counts/minute. These were fixed and could not be removed by dry smears.
They also found @ few small arcas In the hallways that contained over
100,000 & counts/minute. The question of who was 1o clean this mess
arose. HMr., Forton Kelly very kindly supplied three Iaborers for a period
of two weeks and a clean up was begun. v

The flrst order of business was to determ%ng the zzzan content of ¢he
2ir. 1f there were &xcessive EmOunts Sf 25pa in the buildings then
there should be an elevation of the Rn and its daughter products.
Air samples taken_outsida the bulldling and In the varlous rooms
found contominated. The 22Rn and daughter products were found to be
approximatelg 2 x 10710 uTi/ml of alr in the outside alr and from

2 ~ 8x 1070 pci/mi Inslde the building. The International Commission
on Radiclogical Prgggct!on has recormendad a maximum penmisgéble .
concentration for fn and Jis daughter products of 3 x 10 ¥ pCi/mi
for the pﬂpgéation at large, Thz ICRP recommends & level of no more
than 1 x 10 ° uCi/ml of air for people who live In the environs of &
olant which gives rise to these radioactive materials, and a level of
3 x 107 uci/ml of air for workeiizin a plant where such materials are
generated., On the basls of the fa the buildlng air was certainiy

. safe from + radiological contaminatien. In no case was any long jived
@ activity found In the alr ssmples which were taken by means of
Stoplex air samplers and analyzed 2ccording to the method of 0r. John
Harley of the Health and Safety Lab, New York Dperations Office of the
Atomlc Energy Commission, '

A}l floors were scrubbed with liquid detergents using wire brushes.
Where necessary, painy remover was used, The levels were brought down
to below 5,000 € counts/minute. At thls point the floors were painted
with a ieﬁ?opigment paint. The lead pigment was used to dilute the
isowoplic Pb. After painting, no ¢ contamination could be detected
except in one ar two small areas. These areas were repainted. Alj
the walls were vacuum cleaned and all contaminated equipment was
removaed as radioactive waste.
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't viae then decided to check all the rooms in which radium had at one
time been handied., Hot Spots reading as high 25 20 mr/hr gamma L.
radiation were found in rooms L18, 3164, 316 and 317. Further surveys
revealed local contamination in oIher rooms, not used for radium

vwork, as well as extensive contaminztion of the fourth floor hat lway
snd, even more Surprising, extensive contamination of the ballway in
front of the fourth Floor lecture room. Ho contamination was found

in the lccture room Itsel?. Investigation revealed that one of the
physlcises measuring radium had periodically vented the radium ampouyles

"through the window of room 418, The windows next to the jecture hall

were usually kept open fop ventilation in the spring and summer, so
that the alr exhausted ©ut one window swept back Into the hal lway

through others,

To remove the conismination in room 418, the floor, floer moldings,
exhaust dust cover, windows, doorvay frames and doors had to be .
removed. The air ducr was vacuuned and painted. On the thlrd fioor
the ficors in rooms 3¥6A, 316 and 317 and & partition between 3I6A and
316 had to be removed, A 3~inch thick concrete floor had to ‘be removed
from all three rooms since It was highly contaminated. Fortunately, -
the permanent concrete sub~{loor was not contaminated so that no
Structural demo!!ftion was necessary. The floor eldings, some of the
window framing and doors had to be removed.

Slace the hallway floors ware contaminated, an outslda contractor was
hired to driil Vp parts of the floor with a Jack hammer, Some of the
Floor on the fourth floor, especially the one in front of the jecture
hall, had to be removed, Approximately 3 inches of concrete were-
reroved, In the attic 3 sections of floor ware removed with a jack

hammer and replaced with Sakrete mix.,

After all the rough work had been done, and all rooms and hallways
vacuumed with special absolute Fiitered vacuum cleaners, a_10-man -
Janltorial force came in to wash down all the FlooFs and hallways in

the bul lding,

After the clean Up, 2 recheck was made of the 222311 and daughter ~1]
products. The radon content in 2ir outside the bdullding was 8.3 x 10
wli/mi of air while 1t varied from 1.5 - 4 x 10~10 vCI/ml of alr in

the building. This is well below the maximum permissible concentration
in an unrestricted environment. In ne case was any jong lived radio-
active contamination found. A}l Smears were down to background after -
7Z hours Indicating that al) the & activity was due to radon and

thoron and thelr daughter products. Approximately 200 dry smears were"
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taken over 100 cm aress. A}) smears read less than 10 & counts/ -
minute which |5 the fevel permitted at RS, )

Tables and charts summacizing our findings are attached,

7o the best of our knowledge, all the buildings in the downtown complex
are now free of radicactive contamination. This is not to state that
therc may not he a small spot here and there that has escaped our
detection, but we can unequivocally state that there is absoluiely no
radiation hazard of any sort.

Four weeks were spent in deconteminating the bullding. This omounted
to approximately 1630 man hours, 505 contributed by the Health Physlcs
Scction, 25% by Plant Division courtesy of lr, Morton Kelly, and 25%
by GSA, Approximately 10U 56-gallon drums ware £11led with radicactive
waste. Approximately $1500 was spent for supplies such as drums which
cost $750. ln adéition, 3 large number of resplrators, coveralls,
shoes, painy, towels, eit., vere consumed,. The Health Physics Sectlion
has absorbed the cosi of the decontamination as far as supplies ang
equipment are concerned,

Attachments



B AHE Y Gt ATR g et s b by - - -
R i H. o 3 i Y - B e T . e

Alr Samplos for 222Rn

Date Taken _ Bofore Clecan-Up . Buring LleanUp _ After Cigan-lp

, Outdoor ~ Fast Bldg, . .  2-33-68 1,2 x 10710
2~28-68 A - 1,0 x 10~!10
2~28-68 P 1,3 x 10~)0 0
3~19-68 8.3 x to~!! 8.3 x 107
2. Room 518 and 549 2~16-68 2.0 x 10710 o
2~27-68 1.5 x 107}
3. Room 522 2-16-68 2,3 x 10710
2-27-68 1.5 x 10”19
3-19-68 t.6 x 10-10
4. Room 507 2-16~068 3.8 x lﬁ“’o
2-19-68 3.2 x 10710 i
2-23-68 2.2 x 107)0
2-23-68 1.5 x 10
2-23-68 h.3 x 19710 -10
2-27-68. Room seated overnight - no ventilation 6,2 x 10 1g
' 3-19-68 _ b1 x 10
5. Room 418 2-23-68 3,8 x )p~10 10
2-23-68 7.% x 107 -1
2-27-68 : 1.6 x 10710
3-19~68 1.5 x 10
6. Room 403 2-28-68 2,8 x 10710 . |
- 3-19-68 2.4 x 10710
7. Room 316A 2-27-68 3.6 x IO"}D 0
. 3-19-58 -10. 2.5 x 107!
8. Room 314 ' 2-27-68 3.3 x 10 0
A 3-19-68 2.5 x 107
9. Room 317 2-28-68 3.6 x 10710




Before Decontamination

No contamination 2500 ¢/m & was datected in Rooms 500, 501, 505,
505, 508, 509, 510, 512, 516, 517, and the Filtoer Room, .

Room 502

£30,000 </m on wood shelving
< 2,000 c/m ledge over door
< 5,000 c/m concrete floor

Room 503

12,000 c/m wood shelving

< 1,500 c/a ledge ovar door

< 1,800 ¢/m wood frams for room partition
< 2,500 ¢/m floor

Room 504
)
'€ 4,000 ¢/m spots on wood shelving
1,500 ¢/m floor-

Room 507

< 20,000 ¢/m steel beams
£250,000 cfm concrete ceiling by skylight
5,000-150,000 c/m brick ssction of left wall
>500,000 c/m spots on lower section left brick wall
5-20 mr/hr contact spots on concrete celling
< L0 mr/hr contect 4 spots on floor in room

Room 518

£ 500 ¢/m walls
< 1,500 ¢/m ledge over door
< 79508 C/m fiopr

Room 519

< 22,000 ¢c/m wond shelving
= 500 c/m walls
< 3,000 c/m ficor

Roon 520

< 48,000 c/m wood shelving

< 28,000 ¢/m ledge over door

< 38,800 ¢/m floor

< 7,500 ¢/m wood frame betwean rooms
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12,

Room 521
< 3,500 c/m spots on wood shelving
s 12,000 ¢/m floor
Room 522
120,000 ¢/m Inside ventilation duct
<200,000 c/m floor around 2ir ducy
< 50,000 ¢/m other floor arca
< 35,000 o/m ledge over coor
< 60,000 c/m section wal) behind alr duct
< 75,000 c/m wood shelving
£ 12,000 wood frame for room partitlen
Steps lzading to roof
< 70,000 c/m
L]
Roof

LY

% 10,000 c/m gravel on roof near skylight
$350,000 c/m fan vent

<150,000 c/m skylight

>500,000 ¢/m fan

< 5 mr/Rr contact fan vent and skylight
< 15 mr/hr contact fan



Before Decontamination

Fourth Floor

Room 4LD3

= 20,000 c/m air duct
x 30,000 c/m 2nd 1.0 mr/hr contact windows and Frames

< 5,000 ¢/ and 1.5 mr/hr contact wall molding .
Room 418
< 60,000 o/m and YO mr/hr contact windows and frames
-2=& mr/hr contact on waH molding .
- 150,000 c/m alr duet
Room 410
< 10,000 cofm to left door 6 Ft° area
. 2 mr/hr contact spot floor by door to Room 411
Room %11
G.8 mr/hr contact floor area by room entrance ™2 fr%
Audltorium Lobby Area

< 30,000 ¢/m and 0.5~8 mr/hr windows and frames
-s 12,000 ¢/m marhle room moldtng
=< 15,000 ¢/m rug
< 60,800 ¢/m major portion of terrazzo floor
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Room 3154

< 20,000
s 20,000

Room 3is
< 15,000
Room 3164

= 75,000
< 20,000
= 75,000
s 5

Room 316

= 8,060

=
< 80,000

< s
Room 317

= 6,500
<
< 32,000
=< 3

¢

BetTore Becontam? natian

Third Floor

c/a baseboard
@ wood flogp

<f/m eleven Spots on floor

c/m and <20 mrihe contacr floor
¢/m and <20 mr/hr window and frame

¢/m basabgard
mr/hr contact all wallboards and door frame

¢/m and <10 ar/br window and frame
wr/hr conraer all waliboards and door frame

</ m baseboarg
mrAhr contact Tlogr

c/m and =5 mr/br window and frame

3 wmr/hr contece all walliboards and door frame

c/m baseboard
or/hy contace floor

s,

e pr



After decontemlnstion no goman-ray readings could be detected anywhere
with the cxception of Room 507. la Room 507 there was 2 hot area on one
wall reading 1.5 mr/hr and over an area of spproximately 5 feet readings
of approximately 0.2-B.5 mr/hr ecapn be found., Since this Is on bearing
valls no attempt was made to decontaminate by removal of brick, The
areas were painted with 2 coats of. Jead paint. On the opening for the
skylight the concrerg reads up to 0.2 mr/hr in several small areas
{aparoximately 10 in?). The overail readings In-the room are 2Ppros-
trately equal to normal background of about 0,01 me/hr, Tuwo hundred
dry smears taken In the various roows gave counts of less than 10 0o
counts/minute. :

Since the acceptable limits set were 2500 fixed & counts maxlmm and
1000 average and 0.2 mr/hr maximun gamma and .05 mr/hr aversge gamma
readings, -we have more than met the standards we set,

A ]



Topies to:

W, W, Ma2inke :
Chairman, Radiation Safety Committes

Philip Smith -
GSA Bulidings Manzger

Reom %10, Sullding &

8200 Connectizut Avenus, §LY.
Waszhington, bD. £, 20003 -

Harshall Little

Chief, Radiological Health Division
Department of Public Health
Goverament of the Distriet of Columdbia
801 Horth Capitol Strest

Yashington, 2. C. 20002

Jotm V. Brink .
thie?, Bureav of Publlc Health Englacering
Cepartsent or Publlic Health

Govarment of the Blstrict of Columbla

Washington, D. £, 2000}

£lavds Rowe
Health Physics Saxction
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