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DECLSHSSIFIED

During recent operations at the IET, samples of the stack gases were
taken for analysis in an attempt to learn something of the nature of the
material being discharged to the atmosphere--in particular, whether the
jodine fraction was in the gaseous or particulate phase. During the latter
phases of the IET operations, field samples were also collected,

This report will give the analytical results obtained on the samples and
will also describe the sampling device used in obtaining the samples. No
attempt will be made to draw final conclusions from the results reported herein
since this investigation will be considered exploratory only,

Sampling Device., The sampling train consisted of two A-inch millipore
filters and two scrubber traps connected in series to a high volume motoair
pump, (See Figure 1.) The millipore filters with their back-up papers
were mounted in series in a modified 4-inch Staplex high-volume eir-sampling
head, The scrubber trap consisted of a 4-liter bottle fitted with a rubber
stopper containing a stainless steel inlet and outlet tube., A coil of
perforated tygon tubing sealed at one end was attached to the lower end of
the inlet tube to disperse the incoming gas. The scrubber traps were
connected to the sampling head and to each other with short lemgths of tygon
tubing, The last scrubber in the t rain was connected to the motoair pump with
ordinary garden hose,

The scrubbing solution was prepared by dissolving 4 g of Nh200§{ Ltg of

Na2szgz,5320, and 25 mg of Nal per liter of distilled water. Apfpro ely
1500 of this solution was used in the first scrubber and 1000 ml in the
second scrubber,

The first millipore filter was used to collect particulates, and the
second millipore was used to check the collection efficiency of the first
filter, The first scrubber was used to trap gaseous iodine and the second
scrubber was used to check the collection efficlency of the first scrubber
for iodine,

The results of the experiments indicate the efficiency of the first milli.
pore filter for particulates and the first scrubber for gaseous iodine is better
than 95%.

ling, Stack samples were taken by General Electric personnel and sent
to the Analysis Branch of the Health and Safety Division. The scrubbing
gsolution was transferred from the traps to pyrex bottles before being sent to
the laboratory. The millipore filters and back-up papers were carefully trans-
ferred from the collecting head to covered glass petri dishes for shipment to
the laboratory, All samples were received at the laboratory in good condition,

Sampling data was furnished the laboratory on part of the samples. Follow-
ing is a list of the samples, the sampling data furnished with each, and a brief
description of the appearance of the first millipore filter,

Experiment A. Sample taken 1930-2045 hours, 5/22/56. Sampling rate
approximately 1.8 cubic feet per minute, First filter
black in appearance. Engines operating partly on
chemical fuel,

-la-
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Experiment B, (Sample not active enough for analysis when received.)

C. Sample taken 1920-2120 hour, 5/31/56, Reactor operating
at approximately 85% full power, First filter white in
appearance,

D, Sample taken 6/7/56., First filter brown in appearance.

E. Sample taken 6/12/56. Sempling was of short duration
and smoke bombs were used during sampling period, First
filter was black in appearance.

Field samples for analysis were taken by the Site Survey Branch of the
Health and Safety Division and sent to the laboratory. Following is a list of
the samples and the sampling data furnished with each:

Experiment S-A, Sample taken 1920-2335 hours, 6/5/56 at highway 28,

S-B, Sample taken 1320-2020 hours, 6/6/56 at the IET stock
fence,

S-C. Sample taken 1328-2040 hours, 6/6/56 at highway 28,

S-D, Sample taken 13C0-2015 hours, 6/7/56 at IET stock
fence,

S-E, Sample taken 2130-2200 hours, 6/12/56 at highway 28.

S-F, Sample taken 1330-2215 hours, é/12/56 at the IET stock
fence,

S-G, Semple taken 1415-2056 hours, 6/13/56 at the IET stock
fence,

S-H. Sample taken 2120-2210 hours, 6/13/56 at highway 28.

S-I, Semple taken 1500, 6/14/56, to C350, 6/15/56 at the
IET stock fence,

Analysis of Samples. In order to obtain a&s much information as possible
each sample was divided into several parts and each part was treated separately.
A 20,5-mm disc was cut from the center of the first millipore filter for beta
decay of the raw sample, and the remainder of the filter was divided in half,
One-~half of the filter was placed in a plastic tube and counted in the welltype
gamma scintillation counter to determine the gamma activity of the raw sample,
A gamme decey curve and a gamma spectrum were run on this half, The second
half of the filter paper was oxidized with a stOA-CrOB mixture and the iodine
fraction separated by solvent extraction, using accepted radiochemical tech-
niques. The iodine fraction was divided into two portions——(1) 1 ml for beta
counting, and (2) 4 ml for gamma counting. A4 beta decay curve, a gamma decay
curve, and a gamma spectrum were obtained on the iodine fraction.

The second millipore filter was treated in the same manner except that no
gamma spectra were obtained, Also, when the activity on the second millipore
filter was low the entire filter was useiii*‘ iodine extraction,
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The first scrubber solution was treated with H,0, and evaporated to
100-m1 volume, The solution was then divided into ? portions--(1) 5 ml for
gamma counting, (2) 1 ml for raw bete counting, and (3) 94 ml for iodine sepa-
ration., A beta dec2y curve, a gamma decay curve, and & gamma spectrum were
obtained on the raw solution and on the separated iodine fraction,

The second scrubber solution was treated in the same manner except that
no gamma spectra were obtained,

The back-up papers behind the first and second millipore filters were oxi-
dized and the iodine fraction separated, Usually the entire paper was used for
this purpose,

The above scheme, with the exception of the back-up paper treatment, is
shown in outline form in Figure 2. In general, the outlined scheme was
followed but on some of the earlier samples certain of the steps were omitted,
This will be evident in the table of results,

The samples with activity too high to allow accurate counting on the size
fractions indicated in the outline were divided into smaller portions, However,
all results were calculated back to total sample size and are reported in counts
per minute for total sample.

For each type of activity, determinations were carried out at essentially
the same geometry so that the results on the lodine activities may be compared
directly in counts per minute, A well-type scintillation counter using a
thallium-activated sodium iodide crystal and an end-window G, M, tube were used
for gamma and beta, respectively. Since the response of the thallium-activated
sodium iodide crystal is energy dependent and the energy distribution of the
rawv sample on the first millipore filter differs from that of iodine, the raw
gamma activity of the first millipore filter cannot be compared to that of the
rest of the samples,

Results on Stack Samples, The distribution of gamma activity in the IET
stack samples is given in Table I, In & given experiment all counts presented
in the table were made a2t the same time * 30 minutes and no correction for decay
has been made, The date and hour given in the first column of each of the
tables represents the date and hour that the count was made, The distribution
of beta activity in the IET stack samples is given in Table II, The results
presented in these two tables show that the collection efficiencies of the
first millipore filter and the first scrubber solution are better than 95%
for particulate and gaseous materials respectively,

Table III gives the distribution of iodine, activity in the IET stack
samples, Beased upon the assumption that iodine found on the first millipore
filter was particulate and that iodine found in the first scrubber solution
vas gaseous, the ratio given in the last column of Table III represents the
ratio of gaseous to particulate iodine at the face of the filter, Note that
the iodine found in the second millipore filter, both back-up papers, and the
second scrubber solution are not included in this calculated ratio., Since the
iodine data was incomplete on some of the above samples, this data was excluded
in the calculated ratio on all experiments, Examination of Table I; experiment
D, indicates that if the above iodine were included in the calculations it
should probably be included as gaseous lodine, and only would change the ratio
by eprroximetely 10%. Note that in each sample following the first millipore
filter the ratio of extracted iodine actiiity to raw activity is approximately
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the same as the ratio of extracted iodine activity to raw activity in the first
scrubber solutiom, indicating that the materizl is probably very similar, It
should be pointed out here that work in progress since this data was taken
jndicates the iodine recovery from the scrubber solution may have been slightly

low due to incomplete extraction,

The ratio of ilodine activity to total activity is given in Table IV for
both beta and gamme activities, The gemma ratio is included here to show the
excellent agreement with the beta ratio for these partlcular experiments,
However, since the gamma count made with a thallium-activated sodium iodide
crystal is energy dependent, the gamma ratio cannot be trusted to give an
indicetion of the percentage of icdine activity in the total sample, In
contrast the beta ratio does give a fair indication of the percentage of
iodine activity in the sample.

Decay curves and gamma sSpectra on ldentical fractions of the four experi-
ments showed no detectable differences, Therefore the curves obtained on the
various fractions of experiment C have been chosen to represent all four
experiments, Additional identification work was performed on portions of the
#1 millipore filter from experiment D and the curves obtained in this work are
also presented, :

Figures 3, 4, 52 and 5b are gamma and beta decay curves and represent the
rav particulate activity from the first millipore filter, the extracted iodine
activity from the first millipore filter, the raw activity from the first
scrubber solution, and the extracted iodine activity from the first scrubber
solution, respectively, The samples for the gamma decay curves were kept in
stoppered tubes so that the front end of the decay curves are influenced by
the build-up of Xenon daughters, This probably accounts for the difference
in the gemma and beta decay curves on the same material, The gamma decay
curvef3§f the iodine fractions have been resolved into the half-lives of I133
and I+t

Gamma spectra of the raw millipore filter #1 taken at intervals after the
sample was received are shown in Figures 6a, 6b, 6éc, and 6d, Comparison of
these four curves shows the decay of the Il§3 (half-life 21 hours) with time,
The I132(half life 2.4 hours) however, showe no decay over a period of three
days. This suggests the presence of Tellurium 132, the precursor of I132; on
the filter paper and this was later confirmed. The 0,33 Mev gamma peak;, shown
on these curves and which nearly covers up the 1131peak, was not identified,

Figure 7 shows the gamma spectrum of the chromic acid oxidation mixture of
the millipore filter #1 of experiment D after the iodine fraction was extracted.
Unfortunately, a similar curve on experiment C was not obtained., So although
this curve is not directly comparable to the curves given in Figures 62, £b, 6¢, and
6d, it is included here to indicate the gamma energies left after the iodine was
removed from the millipore filter #.

Figure 8 gives the gamma spectra of the iodine fraction extracted from the
millipois filter #1, Three isotopes of iodine can be identified from this curve--

The gamma sSpectrum of the raw scrubber solution #1 is shcwm in Figure 9.

=l
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Gamma spectra of the extracted iodine fraction from scrubber solution #1
taken at intervals after separation are given in Figures 10a, 10b, 10c, and 10d.
The growth and decay of the Xenon daughters of iodine may be observed in these
curves, The samples were in stoppered tubes so that the Xenon could not escape.
The decay of the I133 isotope nay also be observed in these curves, Note the
absence of any indication of 13 . In the absence of the parent Te132, the 1132
originally trepped in the scrubber would be ggne before the sample was received
at the laboratory, since the half-life of 1’2 15 only 2.4 hours,

Both the #1 millipore filter and the #1 scrubber solution were checked for
the presence of tellurium. After the original iodine extraction the samples
vere set aside for approximately 20 hours to allow I132 to grow into equilibrium
with Tel32, Then the iodine was again separated by extraction, and decay curves
were abtained, The decay curves are given in Figure 14, From the curves it
can readily be seen that there was tellurium on the first millipore filter but
none in the first scrubber solution, The activity removed from the first scrubber
solution during the second extraction is apparently some iodine left behind by
the first extraction,

In order to establish the identity of the isotope giving rise to the 0,23
Mev gamma peak observed in the gamma spectrum of the raw #1 millipore filter,
a portion of the #1 millipore filter from experiment D was wet ashed with nitrie
and sulfuric acids and & tellurium separation made on the residue. Figures lla
and 11b give the gamma spectra of the tellurium fraction at two different inter-
vals after separation. The growth of I132 into equilibrium with the Tel32 may
be noted from these curves, Curve 1llb was takep after equilibrium was reached,
The difference in the amplitude of the iodine and tellurium peaks is due to the
difference in the absorption coefficient of the Nal crystal for the different
gamma energies, The energy dependence of the Nal crystal must be considered in
attempting any quantitative interpretations from gamma spectra,

A gemma spectrum of the filtrate remaining after tellurium separation on
millipore filter #1 is given in Figure 12. This curve indicates that one or
more isotopes with gamma energies of approximately 0.14 and 0.32 Mev remain to
be identified. An estimate of 50 to 80 hour half-life for the isotope with the
0.14 Mev gamma energy was made from the gamma spectra of the raw #1 millipore
filter. This suggested that the 0,14 Mev gamma energy might be due to Te99,
the daughter of &7-hour Mo79, Accordingly another portion of the raw #1 milli-
pore filter paper was wet-ashed, tellurium removed, and a molybdenum separation
made on the residue., A beta absorption curve was run on the molybdenum fraction
and is presented in Figure 15, Gamma absorption Spectra of the filtrate from
the molybdenum separation are given in Figures 13a and 13b, The half-life est-
imated from the change in amplitude of the 0.1, Mev peak is in the neighborhood
of 6 hours, the half-life of Te99,

The 0,33 Mav peak shown on the curve was not identified because the sample
was exhausted before identificetion could be completed.

Results on Field Samples:

The distribution of gamma activity in the field samples is glven in Table V,
The date and hour given in the first column of the table is the time at which
the samples were counted,

5
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Table VI gives the distribution of lodine activity in the field samples,
The ratio given in the last column of the table represents the ratio of gaseous
to particulate iodine if the assumption is made that the iodine on the filter
paper was particulate and that in the solution was gaseous at the face of the
filter paper.

The ratio of iodine gamma activity to total gemma activity in the fleld
samples is given in Table VII, This ratio is based only on the activity
found on the first millipore filter and in the first scrubber solution,

No gamma spectra or decay curves were obtained on the field samples
because of insufficlent activity,

Summary of Results:

(1) The iodine activity in the IET stack appeared to be predominantly in
the gaseous phase with the exception of experiment E in which smoke bombs were
introduced into the stack during the sampling period., In fact; there appears
to be some correlation between the iodine trapped as particulate on the first
millipore filter and the amount of carbon deposited on the filter paper.

(2) The ratio of gaseous iodine to particulate iodine in the field samples
is just reversed from that in the stack samples, This might be expected due
to particulate fall-out and simultaneous diffusion of the gaseous cloud, Under
certain conditions this could lead to essentially a sample of particulate fall-
out while most of the gaseous cloud by-passed the sampling apparatus.

(3) Based strictly on the beta counting results, 30 to 50% of the activity
in the IET stack samples during the operation was lodine. Although gamma count-
ing results appear to verify the percentage figures for this set of experiments
this seems to be fortuitous since the gamma counting technique used was energy
dependent.

The only figures available for percentage of iodine activity in the field

samples were based on gamma counting. These figures, given in Table VII, are
questionable since the gamma counting was energy dependent,

./

1181271 w—



ARAR AR
11148 etaaed (103 vowc&hoo -® '
- ~
[}
oLtz |08 ~ 9 4 [OTSTA 15xE |9%x oog‘€z UL £ 0€5T
0096 | 000°4 0 Yoz Joov‘o2E o70‘9 | 0949 000°06L° T poofozzal 9s/7v/
d
i quoufxadx
0t 7 | 09L T# JoEfL £ Joo7iTz 4 | OLE & OB £ cre 7 (0% & | 0S7F |OLTZ ogs‘c 7 |ooLis Z, 0501
00051t | coo‘s7T poo‘or? vlooo‘oL6’s| 009°L9 | 000‘zL oo7‘gy | 00799 000¢00T SO\mn 000 2dc | 0000 m\* om\&\
pﬂm.ﬁuw&
62tz |0Z7 4 E.o 08°‘€ £ 87 2 09 % (49 4 e & | 0S€‘T £ 0T
ooo&« oo0’o7 mm thootoztet| oodor 00<* €T ox’ez 000LL | 000‘0s8| i 95/T/
0
queurgaed
8t £~ wﬁ 8l & 8l£ Ay 68 s.. (174
mmr\. % ove ove 0ET‘T 00T‘L 94/,
\/
»:mﬁ«.aw%
u/> w/3 —wjo u/s u/o u/5 pejuno
90vXXd _Nm eIy Nm_ 490I1XY u/o peapg|  w/o weLixd u/o 49819XY w/o amoy
1 5 1 ney er| nwy I any ¢fl  mwy | pue @3
uogngos uognyos Jeded Jeded xeded Jaded QUOWE I3
JeqqnuIos Uz Jeqqnaos 481 dn-xouq puz oxody (TIW PUZ dn-joeq 38T e1od P TTTW 35T

I 919V1

STIJIVS NOVIS IAI NI XIIAILOV VIO J40 +OIINAIYISId



\ o
" R
3
L4
. '
- )
Tueds ordues Tetyred JoJ po1o8eaIpd == ® ‘
0XF 0 lF |ousB ¥ Quo‘SCF 03¢t ¥ . 0oL'TF| 00337 007t
owfoe | wiete? 00ut0sLf T | 00utuus’s o’ se 000¢ U7 0w’ vuL‘e 95/ Y
v : d
' - ua. | Iedx
)% F 006 £ losctts | 0SE2 3 ST E ocvy  pro} . oel
ootor  |oostot  |oo0tseY 00U 00§ 0uE‘s . 0066 7¢ puoete” 95/ 1
-] . 2
huoufIad:
w/o w/o w/o w/o u/d w/?
N \ < !,
A /2 Padid w/o | A0udi w/o | A9 w/o | ¥R mﬁ SERRLYLC Km
21 ‘1 ARy er|  Aw e g L 1
. . ’ paianc
uo [ [08 uopp[os xaded Jodod Jodad andnd anoy
Joqqitads pPug Joqqnads 381 dn-yoBq pug ) sxodpLTIU PYC dn-y%o8q 3ST eaodpriry ¥WI k pus @’
. Ut [ J0c

I3l nodd s IddVs

4ovis L ALIALIOV Vst

11 918Vl

Jo NoLIndfuisIia

.o



TAEIE III

NISTRIBTTIC CF I, ACTTUTTY T STACY SATH 'S TRCM IET.
.

t heb '

I in lst I, in 1st I? in solutio
&« e ———————————————
Pete and . Txperiment § millirere scrubber I, on paper
poper solution
heur Yo. c/m c/n ratio
£ /24/56 : :
1720 A 7,1C0 15,400 2.1€
‘ .,
€/1/5€ c 77,000 1,230,000 13.L
2120
€10 /5€ D 252,000 L ,LLC,00C 12,6
1050
€/1./56 E 1,790,000 204,000 ©0,1€
1520 ’
\ ~
)  TALIE IV
DATIC CF IZ ACTIVITY TO TbTAI ACTTUITY T oTRT TTACY SANFITS
! ) N
' Tctal activity [Total sctivity]l Total I.
Trte and fxreriment Raw I, ertrect | ropaTactIvid
. heur Yo, C/:ﬂ « c/m otal ac vy
€/1/5€ C-cerra 2,070,000 1,107,700 . 0,53
130 '
C-beta £32,070 456,500 0,55
€/12 /56 Dogamma | 13,470,000 /782,000 0,26
1720
1400 T~beta 5,200,000 1 ,806,70C 0.36
€/1L/56 B-gzmra €,540,000 2,084,000 0.32
1520

.
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LICTRTHTTON OF CAT A ACTIVITY U OFTAD SATFLS,
cyperimeny 1lst millipore 1st back-up 2né nillipcre 1st scrubber
o, raper paper paper sclution
- 1. Raw I,
Tate ard Raw I Raw I Raw £ c /m' f
heur c/m Txtract c/m Extract ¢/n Txtract Extrzct
c/m c/m c/m ¢/m
c-h .
€6/t | w 179 46
1730 C 12 312
F-B ] ! + * . .
¢.'s/5€ 14,010 340 c0
1700 20 226 : 212
c-C g
¢/ /56 Yo stémificant getivity
1237
S-D o sifnificant Tctivity
c-F '
€/12/5€ 270 Yo signifficant activity
093¢ 32 . '
S-F :
€/12/56 |  L,400 | 1,72 €25 3£0 140 110 830 530
1550 3.8 *32 toe ¢ E A 122 $120 418
{ r-G .
€ /15 /¢ 2,3C0 LLL, 220
1500 *a¢ +22 T1,
c-H
€12 /7€ 230 Yo sigificent actifity .
1m0 ke : -
1 .
¢ /15/56 | 2,660 | 1,210 220 700 520
120 * .4 +30 , +: #1:0 it
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TiBlE VI

4
-y

TITTRIBIT

t OF 1, ACTTVITY I7 FTELD SAMFIES

¢ I, in 1st I, in 1st I. in solution
Tete nillipore scrucker ;
and Experirent No.! naper sclution I, on papar
hcur c/m c/m 2 )
ratio
€/13/5¢ S-F 1,220 520 C.43
1520 +0.03
¢ N5/56 s-C ' I 220 " 0.50
15c0 ' T0.06
6/15/56 i 1,310 520 0,40
1570 : A +0,03

TABLE VII

RATIC CF I2 ACTIVITY 70 TCTAL ACTIVITY I FILD OATIIS

Tote Total Activity| Totel hctivity Total I
and Fxperiment ‘lc, |Raw I, Extract
hanr c/m cym "o Tetal Act_‘vvityJ
i Retio
€17 /56 SF 5,730 1,750 0.3
1250 +130 *37 tr,02
¢ /15 /5€ i ¢ L,360 1,63 Cu42
1500 + 128 * % 40,03
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Figure 13b
Volybdenum separation--Millipore

Camma Spectrum on Filtrate from
Filter #1
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