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Ill. INTRODUCTION 

The object of thh thesis- was to determine the A41 concentr-.a:tioli;I$ 

at di.fte~nt loeatioris in the v.P.l;. physics building during tie.actor 

opeJ:>at.ion undev no~l con<iit!cms. From these values a linear 

Enrtt>apolatic>n was made ·to $stimate the eono-entra.tions f¢1xi bighe~ 

The V.P.I. nuclear reactor is desi_gned for a maximum operating 

power-- of l.O kw. · Howewr>, with· a: few alta:vations this' nactol" can 

be coow:r>ted for- higher tH.'oNev operation. Inexieased poweti' involves. 

an inoNase in the po~ential reaoto:c hazards. and 'a O~fUl EIMtUnin~io~ : ·_. 

of all components ·and operat.ing conditions is necessariy. One of thta . . i - .. 

mol'E! lmpot:'tant 'considevat.f.0ns is the amoUilt of radioactive aligon (A41l 

zieleased to 'the· surroundings. · 

A41 is the product of the following n•Y )Nilaction, 

The natuMl atmosphere consists of "' 1% 1 by vol~, A 40• AJtgonaut-

type reac'tol'!s have an open region between the to~ ~l~s\U'$S and the 

top of the core iiegioo which, is exposed to a re~atiwly high neutron 

flux. Since the !'eaetor is not sealed, the activated air f-ro• this 

area may leak into the reaeto~ room and into adjaeent a~eas. 

Due to the low conoentr:a~i~s of A41 present a veriy sensitive , 

detection system is required, ~d a counting area wheN the background· 



radiation is independent of reactor op<~ration. 

The principle p:l:'oblem ancountet>ed in this investigation was 

the calibration of the counting syste.m. Once the system was calibrated 

the ai:v sampling teahnique was fast and straight forward.. Howevei•, 

the .activity of some of the samples was so low that lerng counting 

times were required. 



In the past few yeal'S the need :fol!! a!tt monit<>l"ing systems has 

increased because of t:he increasing numbfl;t" of reactors going into 

operation.... There have been .relatively few reports publSl-sbed concern• 

lng this subject... A41 , a product of the (n 11y) waot!Qn between the 

J.40 in the e.tmospbel'fa and a neu.tron 11 deeays with the emission cf 

•l.20 Mev 6-paPticle and a l •. 29 Mev y ... r>ay.. Some dete¢or systems 

a:rie based on detection of the ~-particle while others u:t!ll~e the 

y~r:-;11.y •· 

Judd(l) used a gamma scintillation epeotl'OmeteP to detect the 

y-pays from A41, and the gaseous fission products xenon and kt>ypton, 

Four different aizes of NaI crystals we:pe tested and. because, of the 

estima'ted geomett>y factor and photopeak efficiencies• the 3u n an 
proved to be the best oh:oice for counting A41• The oallbziation of 

his counting system was based on equ.!lib11ation of a gas sample in 

a standard gas counting chamber used ~out!nely on nuclea~ propelled 

naval cpaft and a one-gallon polyethylene gas .sampling bottle. Also · 

used wex>e calculated efficiencies for ey Undrieal :vadiat.i.on deteat0rs 
. (2) from Meath et al · • He used a 0 batch0 gas sampling method in wb!ch .· 

the ·sample was eolleeted .in a bottle and t~en to the counting &Na 

and analyzed-. The detection limit of this system was .. 5 K io-8 uo/m.l 

for A41 corresponding to a ocunt vate cf -10 cpmo 

Gba.tak(ll), used a halogen•quenched G ... M counter to deteet the 

.. le20 Mov beta particle given off by decaying A'+l,, The G-M counter 
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was mounted in a ventilation d1::1ct and connected to a counting rate 

meter to give the activity of the air being e~pelled from the reactor 

system., Fo:t> the pa.rticulav counter and geometry us~d, a counting 

rate of 9110 cpm corresponded to a concentration of approximately 

2 x 10-6 uc/ml A41 with an overall accuX>aay of 10%.., His calibration 

was based on tbe activation of a cylinder of l"ure ar>gon which was 

then transfel:'red to a previously evacuated cylinder containing a 

G-M cot.mter to be caH.:trrated. 

The air monitoring system used aboal'.'d nuclear powered shipsCl3) 

utilizes a "batch0 sampling ~ethod which has a G-M tube ·as the 

detecting eletnent. A 100 cm3 gas collection chamber fitted with 

two stop-coclcs 11 a detachable flush-bulb and filter for the particula:te 

activity is used to obtain the ai:t:> samples. Several compressions 

and Peleases of the flush-l:rulb circulates the air to be sampled 

through the collection ehamber>e The chamber is then taken to the 

countintt room to determine the A41 concent:l"ation of the alr Sall'.lpled. 

P:t:"ohlems involved in calibrating cylindrical :radiation detectors 

are examined in some detail by Heath ( 3 )" He suggests the convenient 

(auantity: "photo•efficie:ncy•t o:v "peak-to-total ratio0 for determining; 

the counting efficbnay of cylindrical radiation deteetora such as 

Nal(1'l). The peek ... to-total :t'atio ls defined as tl1e fvaction of the 

totaJ. e'1~mta which fall in the pboto ... electrie p&ak. 

The maximum permissible concentrations o:f 1/H f oJ:> 40 hours in 

any seven consecutive days is 2 )( 10-o pc/ml for a restricted a:vea 
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and 4 '-' lo""B ua/ml in en unvesttiicted. area.Cl:;o. A restricted area 

is defined as any area,acooss to which is controlled by an authol:'ized 

pe:cson., Such small concentr•ationts suggest the need for high senai-

ti vi ties and long cou."'lting times. 
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v. '.l:'HEORY 

A. Ac'J:ivation Analy;»Js 

When a sample is exposed to a netttrron flux, t>adioactive atoms 

radioactive atoms proesent at time t• and the production rate is P 11 

th~n the i~ate or change o:f the number of :r>adioaeti ve atoms is 

p i:: Naa ¢i 

cl NI 
- ==- p - A.N' d. t' 

H i::: total nu:rribe:t- o.f atoms (P/+O) in the samt•le 

oa :: neutron activation ciress-section 

+ -=- neutt'on flux in neutr>ons/cm2-see 

I.f one assumes that no radioactive atoms ave present ba:fore 

(l) 

exposu!J'.'le, then integ?>ation of eaqua:tion (1) yields tbe aotivity, A0 , 

p:resent afte:ri' an exposuxie time, te; 

A0 =absolute activity.at the end of the exposuve 11 in 

dis.integr>ations pe:P second (dps} 
... A,t 

(l ... ia. e) = build ... up te;rm to account for decay durin$~ 

(2) 

If the exposure tinie is long compared with the half-life of tbEi 

:vadioactive isotope the build-up term becomes unity and A0 approaches the 
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(3). 

= (4) 

Since the sample cannot be counted at the same titne it is removed 

A -
(S) 

The total number of counts, C, obser•ted in the counting time 11 t 0 c 

after waiting a ·time, tw 11 before counting:, is matbematic~lly 

equivalent to integrating ths activity O\fer the tb1e, t = tw to 

(6) 



(S) 

in 'td.'me tr c 
tw n waitbg tim~ 

te = expost1re time 

If the .sample is cot:mted ·for a period of tinJe · lon.f.i, in eem1'>arison 

when th.a eoW'.:lting t.bae is much less than the hnlf-life (t0 << '1'112> 
of tbe sa!t!ple• the am;;;»~mt of decay durlng tbe ct\m:rting time is 

R 

D- e-Ate J e.- ~iw 
(9) 

where ~ is tllEt col"~et~d aounting lNll:t$ ebtained .by d1vidiftg OOt'~ected 
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~ •. AbsQ.~ut~ Co~tina tffi.cie~oz · 

The detect.ion eff ioienoy of a solid phosphor (Mal) m~y be 

oaleulated with a high degree 9f preelsion if one knows the cross .. 

sections of NaI. for l•t'ays of a given enevgy and SoU11ee-detectexi 

geometry. Vego1"B, MaHden and Meatn(2) have made caleula:t.ions for 

point and disk scurcee located on the cent~al axis eif a cylindx-ieal 

detector. When the det~ctor effieiency for a pavticulazo detecto~ 

· ad source-deteetol? geomett'1 !$, known the emission rate f:l!:iom the · · 

aou!'oe. can }le. caleUlated from the data cbitained on tbe $C.lntillat1Q~ 

spectrometer. If 'the spectrum due to baokg!lound t>adia.tioo is sub-

tNeted from the 'total spe~tt"um then integration undell!' the NSW.tant. 

pube height distribution will yi•ld the total numbEn1 of photons 

If :a~· m;ulticlumn.el pule~ . . 

h&iiht analyzer- is usea:. then the integration can be obtained by 

simply adding t:he. individual channel coxrtvibutions .. 

In many cues it is more convenient to relate the source 

stMngtb to tbe numbel:' of events undeJ> tbe phot....,,..peak by intlii'oducing 

the quantity; the ••peak ... toJ..total ratifll'' OX" "photo•efficieney". The· 

area undev the photo•paak is defi.ned in te~ of a. $ymmetPieal 

''gaussian•• shape, fit to the high energy side of the peak• ·aLS shown 

in Figuroe l.. 'this fPact:ion . ii'• is the l'atio of the numbe~ of events 

undel' the peak to the total number in the speottium. With th.ls 

convention the aission tiate of a single g&mma•:i:oay ia given by: 

(10) 

E. a.. p 
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where 

N = the number of events registered under the photo-p 

peak per unit time* ( cpm) 

~ ::: absolute detection efficiency 

a = oorrectiori faotori fo:r;t self absovption (source 9 absorber, etc.) 

counted on a g.anuna scint.:Ul.a:tion spe¢triorne'tet>, and NP. events per 

unit time registered undet> the photopeak t then equation ( 10) can bf: 

A 
Note that equation (.H) is for a pa:t:>ticularo detector" source ... 

detector geometry and radionuclide, . Then i:;s is. the probability 

that a photon lllmi tt<lHtl will undergo a photo-electX"io intera.'Ction,, 

rate unde:r the photopeak the li!lmisslon ?late can be dete~mined. 

In order to relate the count.ing efficiency of one bottle to 

(ll) 

that of anotheri bottle 1 where l::ioth contain the same oom:::enti-ation 

o.f radioactive matevial, say 1141• the following expression is used: 

e, (12) 
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N = counting r-ate under photopeak p 

e = counting efficiency 

N()rm~l air consists of approximately 1% by volume Ai+o. If A40 

c$)ptures a neutron~ l"adioactiw A4l is fovmeci in the following 

reaction; 

·~" A4l t 'V ,.,. lan ' 

.. reacto:vs 4tilizing beam ports 1 pneumatic tu.bes 11 and eta. 

A4l decays with a half!"" life of llO minutes in the following 

i.29 Hev 
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VI. EXl?ER!MENT 

The apparatus used in this experiment eonsisted of a gamma.-

scintillation spectrometer find polyethylene bottles. Two small 

bottles (525 ml) oontaining normal air were i:rrllldiated in a known 

neutron flux(l.ti:) and used as calibration souX>ces. A one gallon 

bottle with a well sealed in the bottom was used to colleat the air 

aecording to pulse height by a Sl2-eh.annel analyzer. Components 

making up the spectrometer are shown in Figure 2 1i and a1~ as follows: 

, (l) A 3" x 3" cylindrical Na!(Tl) crystilll was used 1!o 

detect the 1.29 Mt11v Y-l:'ay emitted by A41• The choice of the size 

crystal to be used was determined by similtn." measurements made by 

Judcl(l) and H~ath et al (a) who found the 3'' x S" crystal most sui:t ... 

able fo?' detection of A41• With the c)?ystal mounted on a Dt.iMont 

6363 photomultiplier tu'be• 6% resolution for the cs137 photopeak 

was obtained,, 'l'he signal from the pbt.:'.ltotube ls fed direH,rtl:y into 

a aathode :followet' which shapes the pulses and matches the impedance 

of the signal to that of the tt>ansmisaion cable. 

( 2) A Nuclear Data 512 ... channel pulse height: analyze~ w.as 

used to amplify• sovt and store the pulses f:t?om. the detectoll'. It 

because of the ext:i:>a tb1e involved in typing the full 512 channels. 
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FIGURE 2. SPECTROMETER COMPONENTS 
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(3) A Bamer model NlfOl high voltttge :i;:nt>wer supply provided 

a >\liteady pos.i:tive voltag$ foll' the pbototube (?SO V). 

i • . · Satnpl~!lg 

?he aiv sampling bottle w~s a lMl+:J g.al.lfln pelyet.hylene j&P with 

a well sealed i~ t'he bottom la.rge enou~~h t0 f i.t ov&r the sn ~ Stt Ma:t(Tl) 

CPy$tal. The cylind:r>iaal well ~pprolitimately 3 3/4° )Ji s 8/4° Will maee 

f't't)m a pol'tion of a quart polyethylene bottle. The w&lls ef the 

wetll we?"e appvox!mately the same thickness as the atandari bottle 

( ... 0.040 in). 

Th@ sampling proeedUtte was e~tl'emerbly 1'api4 and striaS.ght fG~ward 11 

'fhe a.tv sam;pling bottlQc w.aus f !lled with watl!t'l" befo~e e.ntllJ~ing the 

altiea to be sampled. By pouving the water fl'Om the bottle, the he>ttle 

11as filled with ab .. X>epresentati.V$ of that area. The bottle w~s then 

t:aken to the spl!c'trcme:te·r to be counted. figuPe a shoW"$ the ail' 

sampling bottle in e.ounting. position ed an end 't"iew of a. second 

sampltng bot:t le. 

After each sample was et()tmitiad, the umplbig bottle wa.s then. 

rinsed with oX"d!nally wate~ to remo:ve any traces of' thee pMvious 

acti.vity. 

Measure.ments w~re made to determin0 the amount of wate:v th~'t 

adsorbed ont~ the walls fiif the bot'tle ch.1l'in1 sampling and th~ results 

showed that leGs than 0.1% of th.e volwn11 <:sf the bottle wa.e taken up 

by the :i."emain:lng 'Water. So no ¢o1"l'ection was made fov this. 
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FIGURE 3. AIR SAMPLING BOTTLE IN COUNTING POSITION 
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c. Results 

l. Calibration Constarrt: for Standard llottle ........................................ ____ .... ~ •i;lll;lli• . =-- ' 

After ir:E'adiation 11 the polyethylene bottle to be used as the 

bottles were irradiated simultaneously and the active ail:' was flushed 

f~om one~ By subtracting the activity due to the bottle its~lf • 

the counting ?'ate under the A~l photo-peak due to the Atf.l alone 

that ... 5% o.f the aati vity under the photo-peak wa.6 due to the 

activated polyethylene. 

'I'he two bottles were exposed to a flux of l,.28 ~ 1011 n/cm2 sec(l.1~) 

for SO minutes in the central stringer of the reactox>. The source 

strength, A~, at time zero after exposure was calculated by using 

equation (2) and. found to he 

Af'tei- it-ttadiation the calibratio11 sample was taken to the s;amma-

scintillation spectrometer to be counted. The standard bottle was 

plaeed directly on top of the crystal for;i a one minute count and 

then the second bottle was counted for the same tbie to subtl?act 
'•. 

,.the a:q;tivity due to the activated bottle. From the counting rate 

under the photo-peak correspondir1g to the le29 Mev Y•ray emitted, 

and the above calculated souroe strength, a calibra:tlon constant, 
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Clbtadned by combining equations (5) and (ll) and is w:Pitten in the 

following fot>m• 

A' - :A"tw 
o e 

. (13) 

two bottles did not receive the. same amount of indu~ed activity 

when irradiated. Tbe Nsults of two iden:t:ici!i.l eaposuws in which 

the two bottles were alternated showed that the t-at.io of the two 

activities 'Was 1.osa. whe:rie bottle ill reeeive.d the most aot!vity. 

Hence• tbe values list~d in Table l •ust be multiplied by l.066 to 

nomaliu both sets c.f data to the sam.e souvoe strength. A final 

2. Determir1ation'. !.!. Absolute C!?~ntin.a: Sffi(lienoz 

After the caU.btiation constant few the stand.at'd b.ottle was 

calculated, this value bad to be related to an absolute detecto:r 

efficiency f.or the sou):'Ce-detectcr geom•tt"Y to be ui.aiutained by 

the one-gallon a!~s.ampling bottle. The absolute oa.libratl.on was 

bastll!d on the equil!b:r-a.t1oo of a gas sample in the stan.dard bottle 

and the one gallon aiv sampling bottle. Ai» pumped from the core 

region of the tteaato~ served as a sot.Wee of A41 and was eivculated 

through the bottles until equal distribution was reached. '1'.he 
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TABLE 1 

CALIBRATION CONSTANT FOR STANDARD BarTLE 

(Bottle 2) 

Set ~ e- 'Atw Np x io-s A~ x 10-7 ~Sz 

(min) (cpm) (dpm) x 102 

1 181 0 .. 31956 3.613 9.448 ~ 0.092 1.200 

3 189 0.30420 3.449 1.200 

4 210 0.26634 3.093 1.233 

6 220 0.25000 2.863 1.249 

8 240 0.22050 2.520 1.213 

10 360 0.10352 1.231 1.262 

11 375 0.09419 1.125 1.258 

12 385 0.08844 1.060 L273 
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TABIE 2 

CALIBRATION CONSTANT FOR STANDARD BDrTLE 

(Bottle 1) 

e- A.tw ' Set tw NP x 10-4 A0 x 10-7 E:.s2 

(min) (cpm) (dpm) x 102 

6 450 0 .. 0592 7.328 9.448 .:!:. 0.092 1 .. 314 

7 460 <? .. 0551 6 .. 887i"; 

j 
1.327 

' 

9 470 0 .. 0523 6.463 1.312 

10 475 0.0501 6.270 1.330 
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uniformity of distvibution~ The :r>atio («) of the activity of the 

using the following equation: 

N. Po..s (14) 

Nps = Counting l"ate under photo•peak fo.r:i the starid.at'd 

bottle 

The results of this oaleulation are listed in Table a, and the average 

value was found to be 

counting efficiency is given by the comi:d.natlon of equations (12) 

and (14): 

(15) 

V = Volume of standar•d :bottle ( 525 Inl) 
$ 

V = Volume o.f air sampling bottle ( 3600 ml) as 
and WB2 calculate~ 'to be, 
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TABLE 3 

RATIO OF ACTIVITY IN Am SAMPLING BOI'TLE TO STANDARD BOTTLE 

Set Bottle tw e-A.tw NP x 10-4 NPo x 10-'f. Ct 

(min) (cpm) (cpm) 

5 s o.ooo 1.000 5.591 5.591 
6 AS 3.375 0.979 34.785 35. 531 6.355 

7 AS o.ooo 1.000 32.603 32.603 

8 s 2.500 0.984 5.017 5.097 6.396 

Recharged the Bottles 

10 s o.ooo 1.000 6.723 6.723 

11 AS 2.625 0.984 41.657 42.352 6.300 

12 AS o.ooo 1.000 38.904 38.904 

13 s 2.334 0.985 6.070 6.160 6.316 

Recharged the Bottles 

15 s o.ooo 1.000 6.580 6.580 

16 AS 2.625 0.984 40.920 41.601 6.322 

17 AS o.ooo 1.000 39.212 39.212 

18 s 2.709 0.983 6.036 6.140 6.383 

Note: S refers to the standard bottle 

AS refers to the air sampling bottle 
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Ct = . 0.01218 t Oli000063 

3,. /p1aly~~ !f.. J\i:P.S~eles 
The var-!ation in A4l cm1cent,,at!on with Nacto:t" power was 

detemined for sa'V'eral diffeNnt: locations in the physics l:ruilding. 

The re.actor was operated at 4• 7"' and lO kw unde:r not'm&l OJ:!&%'ating 

conditions. Air samples we:t>e taken in the :reaeto:v l'Oom periodically 

to detem!ne approxi~ately when A~l reaehed seculax- equil!b:viw1h 

J:"iguve q, illustrates the exponential build-~p fof1 diffevent powel' 

levels. The solid curves arie based on theoretical values. 

AfteX' the ti..41 had. wacbed equilibrium, ait' samplf!ls fvom othe~ 

rooms were taken and analyzed. All of the samples weN allowed 

to decay toX> the same length of time befON oount!n~h Because some 

of the sam~les contained very small 1amounts of the radioactive i•• 
a long oounting time was rieqW:.Md to 1i.ve the statistical aceuz.a.cy 

of foutt ·minutes and a eound:ng time of 40 · minutes was maintained 

for all saw.pl.es Iii Since SO'ftle of the seples wetie very week it was 

neeessaX'Y to subtract: two nwmers veey neEWlY tbe same llft&gnitude 

te detemine the A~1 eontt'ibution. · Po~ this reason W!'J long 

backpO\lnd counts wo~e taken before ~aoh reao:to~ run in wder to 

Nduoe the stat.istical Gt'X'Or in the background to a minimum. The 

total c~cted ntnnbet> of events xiecorded. under the photo-peak 

duf'ing the 40 minute cound.ng time was 1). The ccm:entration of 
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£i. '{ s (~. 2 2. x to'°) 
(16) 

where Ae .is defined by equation (8)., Rew:viting this expression 

using equation ( 8) and setting C = !l£1!, the concentration is then 

defined by, 

(17) 

Sino.e all .param1:.1rte~s are held constant: except RP, a new facrt:ot> 11 f, 

can he defined: 

f I 

When the e.ppi:iopriate paramete:rs we:t>e insu'Jrited and the necessary 

calcula:tiol1S we:t1e made this fiacto:v was dete:rimined to be 

Hence, 

(18) 

The results of the calculations are :J?ecorded in Tables 4i:i S, 6 5 7, 

and s~ Note that all er.t>oP due to statd.stioal va:t>iations are re .. 
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TABLE 4 

AIR SAMPIES FROM REACTCR ROOM 

(Restricted Area) 

Power Time R r x 1010 
p 

(kw) (min) (counts) 

10 110 4172!,55 2.98 

10 223 6300t68 

10 330 6602±68 

10 482 7292!67 

10 600 7118;!67 

7 330 4162±56 

7 482 4659±58 

7 600 4569±58 

7 930 4976±60 

4 330 2736±50 

4 482 2825:!;50 

4 600 3016±51 

4 936 2963±51 

10* 330 54±40 
10..)(- 486 87±99 

BDL = Below Detection Limit 
time = time after reactor reached power 

~ core purge experiment 

Concentration 

x lcf> · (Jlc/ml) 

1.244!0.017 

l.878;t0.020 

l.969;t0.020 

2.173±0.020 

2.122±0.020 

1.240±0.017 

1.389±0.018 

1.362±0.018 

1.484±0.019 

o.815±0.015 

o.842±0.015 

o.899±0.015 

o.883±0.015 

BDL 

BDL 

Per Cent 

of M.P.C. 

62.2 

93.6 

98.5 

108.7 

106.1 

62.0 

69.5 

68.1 

74.2 

40.8 

42.1 

44.9 

44.2 
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TABIE 5 

AIR SAMPIES FROM REACTOO CONTROL ROOM 

(Restricted Area) 

Power Time RP r x io' 0 Concentration Per Cent 

(kw) (min) (counts) x 106 (.uc/ml) of M.P.C. 

10 660 1580;!:43 2.98 0.471!0.013 23.6 

10 866 1510!43 0.451!0. 013 22.6 

7 660 1842±46 o. 549±0.014 27.5 

7 880 750±40 0.224±0.012 11.2 

4 660 562±36 o.168to.010 8.4 

4 985 568±36 0.169±0.010 8.4 

TABIE 6 

AIR SAMPLES FROM ACCELERATOR LABORATOOY 

(Unrestricted Area) 

Power Time RP f x 1010 Concentration Per Cent 

(kw) (min) (counts) x 108 (.uc/ml) of M.P.c. 

10 755 247!37 2.98 7 .364±1.103 184.1 

7 755 395!38 11.780±1.133 294.5 

7 990 158!36 4. 710±1.073 117.8 

4 760 147!37 4.383;!:1.103 109.6 

4 1039 66;1;35 l.967;tl.103 49.2 



Power Ti.me 

(kw) (min) 

10 915 

10 964 

7 705 

4 710 

10~ 758 

- 32 -

TABLE 7 

AIR SAMPIES FROM AUDITCEIUM** 

(Unrestricted Area) 

~ t x 1010 Concentration 

(counts) x 108 (.uc/ml) 

256±37 2.98 7 .631±1.10.3 

81±36 2.414!1. 073 

1!35 BDL 

9!35 BDL 

365!99 10.88:1:2.98 

" Core Purge Experiment 

Power 

(kw) 

10 

7 

7 

4 

Time 

(min) 

$15 

1012 

805 

1045 

876 

TABIE 8 

AIR SAMPLES FROM CLASS ROOM (Rm 204) ** 
(Unrestricted Area) 

~ t x 1010 Concentration 

(counts) x 108 (.ua/ml) 

'.'.86±37 2.98 2. 593:1:1.073 

439!38 13.087±1.113 

127±.37 3.786±1.103 

- 8±35 BDL 

.... 1±35 BDL 

Per Cent 

ot M.P.c. 
184.0 . 

60.4 

272.0 

Per Cent 

ot M.P.c. 

64.S 

327.2 

94.7 

·> .. 

*" The air intake for the auditorium and the windows in Room 204 are 
located downwind from the exhaust vent of the reactor room. The 
worst conditions were simulated by closing all doors, operating the 
ventilation system in the auditorium and opening windows in Room 204. 



The max!1num peNiasi.ble c;0i1cttmtr>ations (M,.P.,Ci!) fo):I continuous 

exposttt>a to A41 for ?jO houi"s in any seven oonseoud.v~ days ~re 

2 x lo ... G uc/ml fo~ a r~stricted a:i:>isa and 4 x lO""a uc/ml for an 

un:rastt~.ict~d e!X1'(:1la,. Since the :rie~otor room and :reactor contr<J>l x-eom 

are classified as rest:victed areas,, the firist value is used. in 

calculating the pe:t"' cent M.r,,,c., fol!' the J.:ocations.. 'l'he latter 

value is used fol" all otheli' a?1eas sampled., The vax•lation of pef! 

cent M.P,.c .. with ?."eactor p<*er> for thxiee all:'eas san1pl.ed is shown 

in f'igu:t."'es 5 » 6 .~ and 7., 

liw:"btg the firist f~w hou~s o.f the '1 kw t>caoto~ run it WljS 

n&licessary fol? the ~actor roam doolt" to :b~ opened and elcsed 

f:l:'eq,ue11tl.y"' Figure 5 illustlr'eteis how the ooneentt>ation in the 

t>aactot> room is deoreased by QPening and closing the doot'• 

Figu't'eS & end 1 illustrate how the A 41 aoncentriat.ton is inoraiased 

!n the cont:vol room and ·the iadjaeent AeceleX>.atori t<S!boratGey by 

this same $ffect. 

'l'he one high value: obtained fe.:t:t the accelerator laboi"atory 

dttring the It kw l"un (l!iitn be (!~p.l.~1itl$d by the fact that an auxiliat7 

~om ail' eondi:doneli' i~as on d'llt'ing tb.ia xitm.. This air condi. tione:il' 

pulls ,air tn f:t'em the hal.l..,·~u~y directly aot1'0ss fP001 tha i>eaetor 

voom and hence• the~ was an al:mot"mal fl.ow- rate of aiv into this 

voomQ, This condition did not p.revail du:roin.g other :nuns.,, 
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tt. £<>~ P.,,tWge ~xzterimen-t;, 

under the pl?esent operating oondi td.ons ii' at full power the A41 

concentrations at>e ve:l:'y close to the 1naniuium pe:omissi:Ole for a 

40 hour week>:> Htu1ce, if the maximum opa:t>ating power level is in ... 

oriea:S~d by a faotov of l.O then some system ma.y h0 requit!$d to 

:i::emow the activat~d air ft>om the building.. One rnethod is to p~ge 

the co1"'61. '.r'egion and dischat>ge the air.> th~ough a veritilation s'tack. 

t:o the surrounding atmosphe~ .. 

A run was conducted in which the air .f»om the cove vegion was 

pumped from the top centval aaoess port and discharged through the 

V$nti1ation window., The ail" pumping system is shown in Figure a. 
The centvi.fugal pump (United ~lower Co., .fl model 13,...pJ had a· capacity 

of appt-oximtely 2500 ft3/min. 

The results of tbis !'tln wel'e not antiX?ely aatisfa.etoey because 

of unusual fluctuations in the background radl.atlcth It wu 

necessa:ry to use 40 tninute background tteadiniS to ~ppro:dm&te the 

true hackgl"ound at any time. This she:rte1' ba.ckgx.-ound period 

increased th~ Olt."ll"Ot' in the f'ln~l I>eaults. Neve:r>theless, it was 

shown that the A4l coneent:r•atb1n was deerea1!Hld by a factor- greater 

than 10 by pu:t>g!ng the core., Beaause the ooncen:t:iNations in other 

locations werie ver;vy U$i1lli' the det-actien lim.it of th.Iii equipment no 

definite evidence w-as found of a ehans;e in eonoe:ntrat!oo for those 

at'liiia& • Tl1e wsul ts are tabulated in 'fables 4 .;md. 1. 
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FIGURE 8. PHOTOGRAPH Of AIR PUMPING SYSTEM USED TO 
PURGE THE CORE 
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s. Detaction Limit 

a counting system which will have ¢1. Vi.U.'Y low deteetioo lim:i:t. The 

detectl<m limlt will d~~pend upon a number of factors including; 

( l) Counte?J> effic.:tency, ( 2) Abundan(l!e of the isotorJe in the sample, 

the deteetion limit was determined by the nmuber of counts 

under the plu:ito-peak during the c.ountlnt~ tii:ne. A coneentratiai:1 

of tt )t 10""8 ( i1c/ml) cox-l?esponded to •135 counts w1de:r;i tbe photo-

Estimate of Conce.ntl1'a:t:ions at 100. kw 
.. -..... l'l'li ............... ' - '~-~~ 

100 kw operation.. 'l'h;esa values aria then related to the limited 

follows .. 

From :Fi[5tUNS 2 and 3 the ma&imum com.Jent:ra:tion tci be expected 

in the reacto1" room dul'ing 100 kw operation would be ... 25 ~ 10'""6 ._.e/ml. 
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. ·.· .. · ..... 6 .. 21 .. s ::< io- · µc/ml. 

for a fraction of this time. Table lO shows the pex- cent of maximum 

concentration in the voom fw different exposure periods. The 

of the equipment that ~ unifov.n cru.rve could nat he obtained for 

the A41.build ... up in these atieas" Hence, the estimates~ based 

on a factor of 10 inci"ease <l!VQ·f' th~ ma:dnium value ... 13 x icr·8 uc/ml, 

fC!t' lO kw. 

From th$ ro.a~mum concentrations for the t"eaoto:t1 room and. the 

second floor classroom given abovep the A4l concentrations W(}uld 

at 100 kw for a period o.f two hours. This would not be too much 
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TABLE 9 

MAXIMUM PERMISSIBLE CONCENTRATIONS FCR Dll'FERENT EXPOSURE PERIODS 

Exposure M.P.c. for a M.P.c. for an 
Period Restricted Area Unrestricted Area· 
(hr/wk) (.uc,lml) {,uc/ml) 

40 2 x 10 - 6 4 x 10 -s 

s x 10 - 6 
_8 

10 16 x 10 

5 16 x 10 - 6 .32 x 10 - 8 

4 20 x 10 - 6 40 x 10 - 8 

2 40 x 10 - 6 80x10-8 

1 so x 10 - 6 16o x 10 - 8 

TABLE 10 

PER CENI' <F MAXIMUM CONCENTRATION (M.C.) FOR Dll'FERENT EXPOSURE PERIODS 

Exposure Period 
(hr) 

1 

2 

4 

5 

41 . Note i The above tables apply to A only. 

Per Cent of M.C. 

.32 

53 

78 

85 
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The previous estimates do not take into account purging the 

core region. If the core is pwged and the aiv discha.rg~d through 

a ventilatiou stack outside the building, then an impr>ovetnent by 

a factoP of at least l.O should be expected., 



of :t:'adieact.iw tn'.'gon that is released to t.he surroundings of the 

V.P .. I. t'>hysics building dut>ing reactor operatiorh The l?eSUlts were 

related to the maximum permissible conce1:rtrations of A41 fol' 

co1·rti.nuous exposw:>e in any eeV'en consecutive days., 

!n some loc.trtions undel' full power opeX>ation the A41 con .. 

centrat:ions exceed.Qd tha maMimum per<mitted vt111uss f.el!' 4o hoUPS of 

:fol:' such an aNa.. lk:1weVelt>,, it ~Jae possible to <::he.ck sueh are&s 

f. ' .. . . . . . .·· "' ,.41 or> e)tcess1ve concentrat1ons o:i:' n .. 

'l'he results of th~J cel:'e pul'ge e~per•im~nt showl'l'id that the A 41 
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Tbus • one conol\.ld$!s th~t • if the: ,ait'I is puped ff'om tbe rieact:w 

ooJ;te :riegicn dw:>ing epe:Pation at highet' power levels• iand disc:hal'lgad 

through an e"ha.ust stack outside the physi.cs building t the hazard 

due to At+l would be safely contt'olled. 
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A gamma scintillation spectr•oroetel:' was ~iesembled. and calib1•ated 

in a low ba.okgvound radiation a.l'ea to anal.yze air samples.. Air 

samples were taken from di.f ferent locations in the physics building 

during reacrto:F operation to determine tbe concent:t-ations of Atll 

released to the SUJ')I"ounding~ of th\'$ buildi.ng; duI>in~ tieactov operationo 

The samples were colleetad in a one gallon polyethylene bottle with 

a 3 3/t~n x 3 S/4'' cylind:x:-ieql well sealed in the bottom,. 'l'he air 

samples wtn•e taken to the counting area and the sampling bottle 

placed en the detector', a 3u ~ 3" cylindrioa.l Na1'.('l'l) crystal which 

fitted into the well. The pulses from the detector weI>e fed te a 

multi-channel analyzere From the number of pulses per unit time 

under the photo .. peak ,~ the col,lc:entration of A41 for' each looa.tioo 

was determined., 

Samples were analyzed fo1~ 4·" 7" and 10 kw fl"om which a lineal:' 

extrapolation was made to est!tnate the concentrations of A41 in 

these locations if higher powet> opet"ation is authorized,. 
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