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IIL. INTRODUCTION

The'ubject‘wf this thesis was to detefmin@ the A cencantvaﬁimn$i_
at diffevent locations in the V.P.I. physics building during reactor
operation undey normal conditionss From these values a linear
QXtrépolatien was made to estimate the concentrations for higher
power operation.

The V.P.I. nuclear veactor is designed for a maximum opevating
power of 10 kw. However, with a few altevations this reactor can
be converted for higher power operation. Increased power involves :; 
an increase in the potential raamtor hazards and a dareful'examihati¢ﬁ ’ 
of all components and opevating conditions is necessary. One of the
mafa’impoﬁtant‘uoﬁsiﬁgﬁatidna is the amount of radiocactive avgon (Aquf_
released to the surroundings. |

A is the produet of the following n~Y veaction,

o Y% n - AT y;
The natural atmosphere consists of ~ 1%, by volumﬁ,<Auo. Argonaute
type reactors have an open region between the top closures and the
top of the core region ﬁhich is exposed to & relatively high n@utréni
- flux, Sinece the raactay-is not sealed, the activated air from this
area may leak into the reactor room and into adjacent areas.
Due teo the low amncentpati@ns‘éf At present a very sensitive

detection system is required, and a counting area where the background



rvadiation is inﬁependant of reactor operation,
The principle problem encountered in this investigation was
the calibration of the counting sysfem. Once the system was calibréﬁeﬁ
the air sawpling technique was fast'and straight forward. However,
the activity of some of the sampléﬁ was so low that long counting

times were reguired.



IVe REVIEW OF LITERATURE

In the past few years the need for aiy monitoring systems has
increased because of the increasing pumber of reactors going inte

cperation. There have been relatively few veports published concern-

Al

ing this subject.. , @ product of the (n,y) reaction between the

40

f-b

4"Y in the atmosphere and a neutron, decays with the emission of
éxwza Hev Beparticle and a 1.29 Mev y-ray. Some detector systems
are based on detection of the B-partiele while cothers utilize the |
%ﬁray@

Judd(l> used a gamma scintillatien gpectrometer t@rﬁeteai the
y=pays frcm‘ﬂul@ and the gaseous fission products xenon and krypton.
Four different sizes of Nal crystals wepe tested and because of the
estimated geometry factor and photopeak efficiencies, the 3" x 3" |

%1 The calibration of

proved to be the best choice for counting A
his counting system was based on equilibration of a gas sample in

a standard gas counting chamber used routinely on nuclear propelled
naval craft and a cone-gallon polyethylene gas sampling bottle, Also.
used were calculated efficiencies for eylindrical radiation d@tectpré'*
from Heath et alcg)a He used a "pbatech" gas sampling method in whiéb
the sample was collscted in(a.bﬁttle and taken to the counting area
and analyzaﬂa The ﬁataatien limit of this aystem was ~5 x 10-8 po/ml

for AQL

corresponding ta a count yate of ~10 cpm.
Ghaﬁak(ll), used a halogen-quenched G-¥ counter to detect the

~1.20 Hev beta particle given off by decaying A1, The G-l counter



was mounted in a ventilation duet and comnected to a counting rate
meter to give the activity of the alr being expelled from the reactor
system. For the particular counter and geametry used, a counting
rate of 970 cpm corrvesponded to a concentration of approximately

2 % 1078 pe/ml A% with an overall accuracy of 10%. His calibration
was based on the activation of a cylinder of pure arpon which was
then transferred to a previously evacuéted eylinder containing a

G«M counter to be calibrated.

The alr monitoring system used aboard nuclear powered ships(la)
utilizes a Ybateh" sampling method which has a G-l tube as the
deteéting element. A 100 em® gas collection chamber fitted with
two stop-cocks, a detachable flush~bulb and filter for the particulate
activity is used to cbtain the alr semples., Several compressions
and releases of the flush-bulb circulates the air to be sampled
through the collectien‘chamber. The chamber is then taken to the |

counting room to determine the Al

concentration of the alr sampled.

Problems inveolved in calibrating cylindrical radiation detectors
are examined in some detail by Heath(a). 'He suggests the convenieﬁt
quantity: “photo-efficiency" or “peak-to-total ratio” for determining
the counting efficiency of cylindrical radiation detectors such as
NaX{Tl). The peak~to-total ratio iz defined as the fraction of the
total events which fall invthe photo~electric peak.

The maximum parmiasibl@ concentrations of A"l For 40 hours in

any seven consecutive days is 2 x 10"6 pe/ml for a restricted area



and & x 108 pe/ml in an unrestricted areall?), A restricted avea
is defined as any area,access to which is controlled by an authorized
person. Such small concentrations suggest the need for high sensi-

tivitles and leng counting times.
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Vs THEORY

A, Activation Apalysis

When a sample is exposed to a neutron flux, radicactive atoms
- will be produced by the capture of neutrons. If there ave N°
radicactive atoms present at time t' and the production rate is P,

then the rate of change of the number of radicactive atoms is

AN : | |
where, ) = decay constant for the induced activity ( ul)
P = KOy ¢

N = total number of atoms (A"C) in the sample

&
H

a = neutron activation cross-section
¢ = neutron flux in1neutron$/cm2~see
If one assumes that no radioactive atoms are present before
ex§osure,‘then iat@géﬂtioﬂ of equation (1) yields the activity, By

present after an exposuve time, t,3
Ay = AN = N a;qb[/fe ?] o (2)

Ao = absolute activity at the end of the exposure, in
' disintegrationa pey second (dps) |
(1~ adata) z‘build»up’tarm to account for decay ﬁuring
_ exposure
If the exposure time is‘lang compared with the half;lif@'af the

radioactive isotope the build-up term becomes unity and A, approaches thé



saturation activity, &8:

e ‘ AS = Na ¢ - (38)
Rearranging the saturated activity,

Ao

[/~ e“hie]

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

As = (%)

from the neutron flux a term must be added to account for the
exponential decay during the walting time., Hence, the source

strength, A, at any time, t, after exposure, is given by

The total number of counts, C, observed in the counting time, t_,
after waiting a time, t_, before counting, is mathematically

equivalent to integrating the activity over the time, t = t to

Tt = tw + t@*
fw+ tC tw—{-tc
¢ =] Adt = A'oe dt
tw Lw

. } ¢
-ﬁ_?-e_.ltw [l— e—~A c

a =
' A

Rewriting this expression in terms of saturated activity;

¢ = _g\_g [ _e,ue] e-ltw[l 3 e—kfc] (M

(6)
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. A C
As = - (8)

(/~ e‘zt‘:] e MW[/ - e"/hL‘J

- € = number of counts, corrected for background vecorded

where,

Cin time

b, = walting time

t, &‘@@anfimg time

ty = améesmwa time
‘Zf'the sample ie Qﬁﬁﬁﬁﬁﬁ'ﬁﬁr a peried of tiwe long in compavison
with its half-life tﬁ@ﬁftha relation between the nusber of counts
ﬁ&éérvsd and the sauraa strength is givaﬂ by Bge 8. In the case
when ‘the s@umting tim@ is mueh less than the half-life (t << El/@’
of th@ sample, tﬂe amount of decay during the counting time is’
negligibl@”and'ﬁhe~laaﬁ equation can be simpiified:

1 ~
[/ -e-ﬂfe]~ o-Atw

where R is the corrected counting rate obtained by dividing corrected

number of counts by the counting time.



B, Absolute Counting Efficiency

The detection efficiency of a solid phosphor (Mal) may be
calculated with a high degree of precision if one knows the cross-
sections of Nal, for y-rvays era‘given energy and source~detector
geometrys Vegors, Harsden and Heath(?) have made calculations for
point ané disk sources located on the central axis of a cylindrical
detector, When the detector efficiency for & pavticular detector

“and source~detector geometry is known the emission rate from the
source can be calculated from the data cbtained on the saintillétieq o
spectrometer, If the spectrum due to background radiation is subf:

" tracted from the total spectrum then integration under the resultaﬁ£ 

pulse height distribution will yield the total number of photons

from the sample dﬂfé@ted by the crystal. If .a multichannel pulse h

height analyzer is uﬁﬂd; then the integration can belabﬁained by
simply adding the individual chaonel eantpibutiqnsu

In many cases it is more convenient to relate the source
strength te the number‘éf events under the ﬁhctoﬂpéak by intvodueimg' Qt
the guantity; the "peak-tototal ratio” or Yphoto-efficiency". Th@ 7”'
area under the photo-peak is defined in terms of a éymmatwical
"saussian" shape, fit to the high energy side of the peak, as shown
in Figureblo This fraction P, is the ratic of the number of events
under the peak to the total number in the spectrum. With this

convention the emission vate of a single gammpa-vray is given by:

N = (10)
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“ 15 =

whers
N, = the number of gamma rays emitted per unit time, (dpm)
K§ = the number of events registered under the photo-

ﬁeak per unit time, Ce@m)

B ‘a paakmtwwt@tal ratio for the gamticular &&ﬂtﬁ?&«
£ = abawluta ﬁeteetlon effiai&ncy
a = gorrection f&ﬁtov for self abgor@txon (source, absorber, ete,)

If one cﬁnﬁmdars a stanﬁard source haviug a digxmtegratian rate ﬁ
counted on a ganma aaintiliatmum speatm@materg and ﬂ§ avan%s pep
unit time regxatered un&er th@ photapeak, thun aqmatien (18) can h&

written to give the counting efficiency:

Es = : (11)

iote that gq&&;ian (il) is f@b:a‘particulap detector, source=
 dateetﬁf geomatyy anﬁ radianualide¢. ?beﬁ €, is thé probahiliiy
that‘a photon @mitt@é willbﬁnﬂerga‘a photo-electric intéwa@ﬁi@na
Hence, if a sample of thg éﬂma'ﬁéterﬂél is counted gn&er the same
can&itiogﬁ as the Qaiibvatien ssuwé&, then Ey’knowing the aaﬁmﬁing
rate §n&evAthe phatmgaak tha‘@migsian‘rat@ aéﬁ be d@tammin@é.

| In Qrdeé to melate the e@unting @ffieiency éf pne bettle to
that of anether bottle, wb&r@ bcth eantmxn the same cencwntrafion

af radicactive material, say & l, the following expmeﬁsian is used: ;

Ve, Vi e, : o a2)

M,



where,
V = volume of the bottle
&P = counting rate under photopeak
e = counting efficiency

and subscripts indicate the bottle number,

C, %ctivatimn_gf;wgi

Hormal air consists of a@pmoximateiy 1% by volume 40, 1g a%0
captures a neutron, radiocactive A%l i formed in the following
~reactions

a0 4 gt s

4l
18" o 18

Y

The velease of A*l is generally a problem arcund research
.peactors ytilizing beam ports, pneumatic tubes, and etc.

A d@ﬁays“with a half~life of 110 minutes in the following

scheme ,

g %) , = (99%)

1.29 Mev
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VI. EXPERIMENT

A, Apparatus

The apparatus used im'thi& experiment consisted of a gamma=-
seintillation spectrometer and polyethylene bottles., Two small
bottles (525 ml) wcntaining normal air were irvadiated in a known
neutron flux(1q) and used as callbration sources. A one gallon
bottle with a well sealed in the héttam was used to aalleét‘the air
ﬁﬁﬁplﬁﬁt

Ful&es»fwom the detegtor weve aﬁplifiaﬂ, sorted and stored
according to pulse height by a 512-channel analyzer. Components
making up the spectrometer ave shown in FPigure 2, and are as fallows:

(1) a3 x 3¢ eylinﬂmiaél.ﬁai(?l) ceystal was used to

detect the 1,29 Mev y-ray emitted by &%1

. The cholce of the size
crystal to be used was determined by similar measurements made by
3udd?) ana tieath et a1‘®) uho found the 8" x 3" crystal most suit-

li‘

able for detectien of ﬁ“ With the crystal mounted on a Dulont

6363 photomultiplier tube, 6% resolution for the 63137

photopeak
was cbtained. The signal from the phototube is fed divectly intev
a cathode follower which shapes the pulses and matches the impedaneaf' f7
of the signal to thaﬁ of the tyansmission cable. |

(2) A Nuclear Data 512-channel pulse height &n&lymeﬁ was
used to amplify, sort and store the pulses from the detectov. It.lblu‘
was wmove convenlent to use only 258 channels for all measurements

because of the extra time involved in typing the full 512 channels.



FIGURE 2. SPECTROMETER COMPONENTS
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(3 ﬂ E&mnar model N4OL high voltage power supply provided.

a steady yaaitiva voltage for the phototube (750 V).

| The air samplxng bottle was a one gallon p@lyethylaﬁe jar with
a well sealed in the battam large enough to Fit over the 3% x 3" ﬁaZ(?l)
erystal, The ayiinﬁriaal well approximately 3 3/4" xu 3 3/4" was m@aa
from a portion of a Qu@ﬁ@ polyethylene bottle., The walls of the B
well weve approximately the same thickness as the standard bottle
© (=0,040 in), | |

The sampling procedure wa3<aﬁxnemsly rvapid and straight fﬂwwaréq;
The air sampling bottle was filled with water before entering the '
area to be sampled. ﬁy pouring the water frow the bottle, the batﬁié 
was filled with air representative of that area. The bottle was &hea:
tékEﬂ.%@»tha ﬁpaatwémaﬁar to be #munﬁed. Figuwa_a shows the alr
sampling bottle in counting position and an end view of a second
gampling bottle,

After each sample was counted, the sampling bottle was then “
rinsed wiﬁh mvéinaﬁy water to remove any traces of the previous
activity,

| Heasurements were made to ﬂata&min& the amount of water that |
adsorbed @ntg the walls of the bottle during sampling and the results
showed that less than 0.1% of the volume of the bottle was taken up

by the remaining water, Sc no correction was made for this,



L

FIGURE 3. AIR SAMPLING BOTTLE IN COUNTING POSITION



Ce Results

1. Calibration Constant for Standard Bottle

After ivrradiation, the polyethylene bottle to be used as the
calibration source became slightly activated. Hence, two identical
bottles were irradiated simultanesously and the active air was flushed
from one. By subtrécting the activity due to the bottle itsélf,
the counting rate under the ANl phote-peak due to the A%l alene
was determined, It was found for shopt exposure periods (30 min)
that ~5% of the activity under the photo~peak was due to the

activated polyathylene.

11 (14)

The two bottles were exposed te a flux of 1,28 x 10 n/cm sec
for 30 minutes in the central stringer of the reactor. The source
strength, ﬁé, at time zereo after exposupe was calculated by using

equatioﬁ (2) and found to be
Al = 9,448 * 0,092 x 107 dpm,

After irvadiation the calibration sémple was taken to tﬁe ganma-
scintillation specfromeﬁer to be counted. The standard bottle was
placed directly on top of the crystal for a one minute count and
then the seéend bottle was ecounted for the same time to subtract
wthewgékivi£§ldua to the activated bottle. From the counting rate
under the photo-peak corresponding to the i¢29 Hev vy-ray emitted,
and the above calculated source strength, a calibration constant,

Egs for the standard bottle was determined. This conétant, €gs iS5
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obtained by combining egquations (5) and (1l1) and is written in the
following form,

,
&, = , r = Y ¥}
. A e— w

[

The vresults of the caleculations are recorded in Tables 1 and 2. The
two bottles did not receive the same amount of in&ueed activity
when irvadiazted., The results of two identical exposuves in whiech
the two bottles were alteynated showed that the ratio of the two
activities was 1.066, where bottle #1 received the most activity.
Hence, the values listed in Table 1 must be multiplied by 1.066 to
normalize both sets of data to the same source strength. A final

value for the calibration constant was obtained to be,

g, = 0.01318 * 0,00018

2. Determination of Absolute Counting Efficiency

After the éalibmatian constant for the standard bottle was
calculated, this value had to be related to an absolute detector
efficiency for the source-detector geometry to be maintained by
the one-gallon air-sampling bottle. The absolute calibration was
based on the equilibration of a gas sample in the standard bottle
and the one gallon air sampling bottle. Alr pumped from the core

1 and was civculated

region of the reactor served as a souvce of AQ
through the bottles until equal distribution was reached. The

bottles were then counted for one minute intervals and the number
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TABIE 1

CALIBRATION CONSTANT FCOR STANDARD BOITIE

(Bottle 2)

Set t,, e- AW Ny x 105 Al x 1077 &,
(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
L 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 1,262
11 375 0.09419 1.125 1.258
12 385 0.08844 1,060 v 1.273
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TABIE 2

CALIBRATION CONSTANT FOR STANDARD BOTTLE

- (Bottle 1)
Set te e AW N x10%  A)x 107 <,
(min) (epm) (dpm) x 10°
3 450 0.0592 7.328 9.448 *+ 0.092 131‘*
7 460 0.0551  6.887 1.327
9 40 0.0523  6.463 1.312
10 k75 0.0501 6,270 1.330




of events per wnit time under the photo-peak for each bottle was
determined, This procedure was repeated several times to insuve
unifo@mity of distributimna The ratio (@) of the activity of the
air aampliﬁg bottle to that of the standard bottle was calculated
:uéing the following equation:

N,
o« = _Fas | (14)

Np,

£3

wh@réy'
: ﬁ?ag = Counting prate under photo~peak for the air sampling
~ bottle '
N.g = Counting rate under photo-peak for the standard
bottle
The results afﬁthis'caléniatimn'awe iiste& in Table 3, and the averagé

value was found to be
@ = 6.345 & 0,05
Th&~relatiomship between the calibration constant and the absolute

counting effiaiemef ig given by the combination of eqguations (12)

and (14):

g, = « V5 Eg (15)

as
wheye »

VS' = Volume of standard bottle (525 ml)

Vég m ?6lume of alr sampling bottle (3600 ml)

and was calculated to be,
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TABLE 3

RATIO OF ACTIVITY IN AIR SAMPLING BOTTLE TO STANDARD BOTTLE

ah

AS refers to the air sampling bottle

Set Bottle ty o= AW N x 107 Ny x 07 a
(min) (cpm) (cpm)
5 S 0.000 1.000 5.591 5.591
6 AS 3.375  0.979  34.785  35.531  6.355
7 AS 0.000 1,000 32,603 32,603
8 S 2.500 0.984 5,017 5.097  6.396
Recharged the Bottles
10 S 10.000 1,000 6.723 6.723
1 AS 2,625  0.984  41.657  42.352  6.300
12 AS 0.000 1,000 38.904  38.904
13 S 2.334 0.985 6.070 6,160 6,316
Recharged the Bottles
15 s 0.000 1.000 6.580 6.580
16 AS 2.625  0.98,  40.920  41.601  6.322
L AS 0.000 1,000  39.212 39,212
18 S 2,709 0.983 6.036 6,140  6.383
‘Néte;- S refers to the standard bottle
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6 = 0,01218 ® 0,000063

34 Analysis ggyAiraﬁamEles

The véwigtion’im &*L concentration with reactor power was
determined for several different locations in thé physics bullding.
Tha raacﬁér ﬁa@ ép@raieﬁ at 4%, 7, and 19‘kw‘umdar normal sgawaéing
eqddifiangp Alp éamplés ware‘tak@n‘in the reactor room @emia&ically
to‘d@ﬁeﬁmina appr@ximately when A%l reached'seeulav equilibvium;
Figuﬁa 4 iliuatraéaa tﬁa ex?an@aﬁialvbuild4uy fow‘éiffemant pﬁwér
levels. The solid curves are based on theoretical value&Q

Aftey the AQl

had raachad‘é%uiiibrium,-miﬁ samples from other
rooms werve taken and analysed. All of the samples were allowed

to decay for the same length'af time béfove e@unéing9' Because some
of the samples contained very small amounts of the radicactive gas,
a long counting time was required to give the statistical accuracy
needed, To make the necessary corvections uniform, a waiting time
of Four mimut@s-and a counting time of 40 minutes was maintained

‘ fév’all samples. Since some of the samples were vepy weak it was
necessary to subtract two numbers very nearly the seme magnitude

to determine the ﬁwi

contribution, For this reason vary long
background counts were taken before each reactor pun in order teo
veduce the statistical error in the background to a minimuma The
total corrected number of events recorded under the photo-peak

during the 40 minute counting time was Rp. The concentration of
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A% in the air samples was calculated utilizing the following

ewpression,
C = AS

° (16)
g V. (2.22 x16°)

where Ay is defined by equation (8). Rewriting this expression
using equation (8) and setting C = Rys the concentration is then
defined by,

_ R,
& = A Re (17

['— e’ﬁ“] e‘k"w[qv@s z2.22 y fo‘_]

8ince all parameteys are held constant except Rp, a new factor, £,

can be defined:

fﬁ

= |
[/_ e ic] e Atw [Ef\/a.s 222 16%]

When the apprepriate parameters were inserted and the necessary

(18)

caleulations wevre made this Ffactor was determined to be
F = 2,98 % 0,01 x 20-10
Hence,

Co, = 298 ¢ 0,01 x 3,0"10.&? (pe/ml)

The results of the calculations are recorded in Tables 4, 5, 6, 7,
and 8, Note that all evror dus to statistical variations are re=

ported in terms of the standard deviation,
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TABLE 4
AIR SAMPL_ES FROM REACTOR ROOM
(Restricted Area)

Power Time R, £ x 10'° Concentration  Per Cent
(kw) (min)  (counts) x 10° * (ue/ml) of M.P.C,
10 110 4172¢55 2,98 1.244+0,017 62,2
10 223 630068 1.878+0,020 93.6
10 330 6602168 1.969+0.020 98,5
10 W82 7292167 2.173£0.,020 108,7
10 600  7118+67 2,122+0,020 106,1
7 330 4162¢56 1.240£0,017 62,0
7 482 465958 1.389:0,018 69.5
7 600 4569258 1.362+0,018 68,1
7 930 4976260 1.484£0,019 h.2
L 330 2736150 | 0.815£0,015 40.8
4 482 2825450 0.842£0,015 42,1
A 600  3016#51 0.899:0,015 44.9
L 936 2963:51 0.883+0,015 Lhy 2
10* 330 5440 BDL
107% 486 87+99 v BDL

'BDL = Below Detection Limit
time = time after reactor reached power
* core purge experiment
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TABIE 5
AIR SAMPLES FROM REACTOR CONTROL ROOM

(Restricted Area)

Power  Time R, f x 10'° Concentration  Per Cent
() (min) (counts) x 10° (uc/ml)  of M.P.C.
10 660 1580#43 2,98 0.471+0,013 23.6
10 866 1510443 0.451+0,013 22.6
7 660 184246 0.549+0,014 27.5
7 880 75040 0.224+0,012 11.2
A 660 562+36 0.168+0,010 8.4
4 985 568436 \ 0.169+0,010 8.4
TABIE 6

AIR SAMPIES FROM ACCELERATOR LABORATCRY

(Unrestricted Area)

Power  Time Ry f x 10'° Concentration  Per Cent
(xw) (min) (counts) x 10° (uc/ml) of M,P,C.
10 755 247437 2.98 7.364£1.103  184.1
7 755 395438 ‘ 11,780£1,133 29,5
7 990 158436 4,710£1,073 117.8
A 760 147437 4.383+1,103 109.6
4 1039 66135 r 1,967+1.103 49.2
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TABLE 7
AIR SAMPLES FROM AUDITORIUM#*%*

(Unrestricted Area)

Power  Time R, £ x 10'° Concentration  Per Cent
(Yw) (min) (counts) x 10® (uc/m1) of M,P.C.
10 915 256437 2.98 7.631£1.103 84,0
10 9%k 8136 2.4141,073 604
7 705 1#35 BDL o
4 710 9435 | BDL |
10 758 365+99 \ 10,884¢2,98 272,0

% Core Purge Experiment '
TABLE 8

AIR SAMPLES FROM CLASS ROOM (Rm 20%) ##

(Unrestricted Area)

Power  Time R, £ x 10'° Concentration  Per Cent
(lw)  (min) (counts) x 10° (ue/ml)  of M.P.C.
10:0 815 186£37 2,98 2,593£1,073 64,8
10 1012 439#38 13,087£1,113 327.2
7 805 127237 3.786£1,103 a7
7 1045 - 8435 - BDL
" 876 - 1135 V) . BL

%% 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.
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The maximum permissible concentrations (M.P.C,) for continuous
exposure to A" for 40 hours in any seven consecutive days arve
2 x 10™% pyo/ml for a vestricted avea and 4 x 10~% pe/ml for en
urestricted area, Since the reactor voom and raaat@r‘acntrel roon
~ave classified as restricted areas, the first value is used in
caleulating the per cent ¥.P.C. for the locations, The latter
value is used fopr all other arcas sémpl@dp The variation of per
cent M.P,Ce with reaateé pmwéw for three aveas samgléﬁ is shown
in Figures 5, 6, and 7. |

During the first few hours of the 7 kw reactor run it was
necessary for the veactor voom dooy to be opened and closed
frequently., Figure 5 illustrates how the concentration in the
reactor room is decreased by opening and closing the door.

1 concentration iz increased

Figures 6 and 7 illustrate how the AB
in the control voom and the adjacent Accelerator Laboratory by
ﬁhislﬁame effect,

The one high value obtalned for the accelerator laboratory
during the 4 kw run can be explained by the fact that an auxiliary
-~ voom alp aaﬁ&iii@nev-was on during this runs This air conditioner
pulls air in from the halle-way directly across from the veactor
room and hence, there was an abnormal flow rate of air into this

room. This condition did not prevail during other vuns.
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4o Core Purge Experiment

Under the present éyerating conditions, at full power the N
concentrations are very close to the maximum permissible for a
4G hour week. Hence, 1f the maximum operating power level is ine

oreased by a factor of 10 then some system may be requived to
remove the activated air from the building. One method is te puvge
the core vegion and discharge the aly through a ventilation stack.
When the air leaves the stack it is quickly diluted and dispersed
to the surrounding atmosphere.

4 runbwas'eanduatea in which the air from the core region was
pumped from the top central access port and discharged through the
ventilation window, The air pumping system is shown ig Figure 8.
The centrifugal pump (United Blower Co., model 8-P) had a capaeity
of approximately 2500 ft3/min.‘

The vesults of this prun were not entirely satisfactory because
of unusual fluctuationsg in the hackgraund radiation. It was
necessary to use 40 minute background readings to éppr@ximaﬁa the
true background at any'timei This shorter background period
increased the error in the final rasﬁlﬁs. ﬁaverfheiﬁss, it was
shown that the A*l concentration was decreased by a factor greater
than 10 by purging the core. DBecause the concentrations in other
locations were very near the detection limit of fhe equipment no
definite evidence was found of a change in concentration Ffor those

aveas. The results are tabulated in Tables 4 and 7.



FIGURE 8, PHOTOGRAPH OF AIR PUMPING SYSTEM USED TO
PURGE THE CORE
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Se Betegtign Limit

The main purpose of sn experiment of this type is to produce
a counting system which will have a very low detection limit. The
detection limit will depend upon a number of factors including: |
(1) Counter efficiency, (2) Abundance of the isotope in the sample,
and (3) Portion of the spectrum utilized,

The detection limit was determined by the number of counts
“under the photo-peak during the counting time. A concentration
of 4 x lG“ﬂi(uc/ml) corresponded to ~135 counts under the photo-

peska

8., Estimate gi Concentrations at 100 ?ﬁ"ﬁ

Estimates are made for the reactor room and a second floor
classroom (room 204) only, since these two areas had the highest
concentration in a restricted area and an unrestricted avea
vespectively., The meximum measured concentrations ave extrapolated
linearly to estimste the maximum concentrvation to be expected for
100 kw opewation. These valueé are then related to the limited
opevating time for this reactor, A table of maximum permissible
concentrations (M,P.C) for different continuous exposuve periods
follows. | | |

From Figuves 2 and 3 the maximum concentration to be expected
in the reactor reoom during 100 kw operation would he :25 x 107 vc[ml.

However, after five hours of operation the concentration will have



reached only 85% of the maximum value, i.e., a concentration of
21,3 % 108 yc/ml. From this last value and Table 9 the Al
concentration in the veactor room would be below M.P.C. if the
reactor weve opevated continuously at 100 kw for a period of four
héuvs. fn operating ?erigd of ~10 hours is requivred for the con-
centration to reach its maximum value and most experiments ave

for a fraction of this time. Table 10 shows the per cent of maximum
concentration in the room for diffevent exposure periods. The
vresults of the unresiricted aveas were so near the detection limit . 
of the equipment that a uniform curve could not be cbtained for

the A“lv

build-up in thaae aveass Hence, the estimates are based
on a faatevvﬁf 10 ineréase over the maximum value ~13 x 10~8 ue/ml,
for 10 kw,

From the maximum concentrations for the reactor room and the
3eeoﬁd floor classroom given above, the Al concentrations would
be below maximum tolevances if the reactor were opeyated continuously
at 100 kw for a period of two hourss This would not be too much
of a restraint since the limitations of the license would permit
on the average, ocne hour per week at 100 kw, per year. However,
if the 100 kw operation were restricted to times when the class-
vooms ebove and other laboratories adjacent to the reactor room
were not being used then lenger periods of operation could be

safely scheduled,
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TABIE 9
MAXIMUM PERMISSIBLE CONCENTRATIONS FOR DIFFERENT EXPOSURE PERIODS

Exposure M,P.C, for a M,P,C, for an
Period Restricted Area Unrestricted Area’
(hr fwk) (mc/ml) (ue/ml)
-0 2x10 76 Lx10 °
10 gx10 ° x0T
5 6x10 ° 32 x 10 ~8
L 20 x 10 ~° 40 x 10 "8
2 40 x 10 ~8 80 x 10 =8
1 80 x 10 ~° 160 x 10 8
TABIE 10

PER CENT OF MAXIMUM CONCENTRATION (M.C,) FOR DIFFERENT EXPOSURE PERIODS

Exposure Period Per Cent of M.C,

(hr)
1 32
2 53
A | 78
5 85

Note: ' The above tables apply to A“‘ only.
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The previcus estimates do not taeke inte account purging the
core region. If the core is purged and the air dischavged through
a ventilatien stack ocutside the building, then an improvement by

a factor of at least 10 should be expected.
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VII., SUMMARY AND CONCLUBIONS

The §uﬁg033 of this investigation was to determine the amount
of Wadi@amtiva argon that is released t0 tha surroundings of the
V.PeI, physics building during reactor opevation. The results weve
related to the maximun permissible concentrations of a¥d fopr
continuous exposure in any seven consecutive days.

In some l@eﬁtiﬁﬁﬂinn@aw.full power operation the atl con~
centrations éxae@da&_ﬁﬁa maxinum permitted valuéa’fmr 40 hours of
continuous operation. Sinee approximately 10 hours of eoperation
is necessary for the a@gon build~up to reach its maximum and on
the average most veactor experiments are for only a fraction of
this amount of time, the radiation exposures are nominal. Reaeéar ‘
operation is also limitéﬁ to 5000 ku-hrs pér yeay by the terms of
the license and consequently the annual pemmitte& axp@éureﬁ w@uié_,u
not be reached,

Detailed information on uﬁr@striat&d areas could not be
obtalined because the detection limit was approximately the M.P.C,
for such an avea. However, it was possible to check such areas

for excessive concentrationg of ﬁulo

. The results of the cove purge experiment showed that the At
- concentration in the vedctor voom itself was decreased by a factor

greatey than 10.
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Thus, one concludes that, if the air is pumped from the reactor
core region during operation at higher power levels, and discharged

through an exhaust stack outside the physies building, the hazard
‘ 1

due to Ag would be safely controlled.
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ABSTRACT

A gamma scintillation spectrometer was assembled and calibrated
in a low baakgr@énﬁ radiation arvea to analyzZe air samples. Ailp
samples were taken fram differvent locations in the physics building
during reactopr epevaéicn to determine the concentrations of At
released to the surroundings of the building during veactor operation.
The samples weve collected in a one gallon polyethylene bottle with
a3 3/%“ x 3 3/uv cylindricalkwell sealed in the bottom. The air
samples were taken to the counting arvea and the sampling bottle
placed on the detector, a 3% x 3% gylindrical NaI{Tl) crystal which
Fitted iﬁtaythé’wellg The pulses Ffrom the.datecter were fed to a
multi-channel analyzer. From the number of pulses per unit time

. . i
under the photo-peak, the concentration of a*t

for each location
was determined.
Samples were analyzed for 4, 7, and 10 kw from which a linear

extrapolation was made to estimate the concentrations of A%l ip

these locations if higher power opervation is authorized.
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