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ABSTRACT

The Three Mile Island Unit-ZHIeactor building atmosphere was sampled
prior to the reactor building purée. Samples of the containment atmosphere
were obtained using specialized sampling equipment instalied through pene-
tration R-826 at the 358-foot (109-meter) level of the TMI-2 reactor build-
ing. T1he samples were subsequently analyzed for radionuclide concentration
and for gaseous molecular components (02, N2, etc.) by two independent
laboratories at the Idahc National Engineering lLaboratory (INEL). The sam-
pling prccedures, analysis methods, and results are summarized in this
report.

The concentration of 85Kr present was found to be 1.02 * 0.05 uCi'cm3
at STP or 0.88 * 0.04 uCi/cm3 at TMI-2 reactor building conditions. Samples

of suspended particulate contained UOSr, ]J7Cs, and ]34Cs at levels of
-10 -10 .. 3 -10 -10 . 3
1.9 x 10 £ 0.3 x 10 wCi/sm™, 8.4 x 10 £+ 0.9 x 10 uCi/cm™,
-10 14

£ 0.1 x 10710 uCi/cm3, respectively. Tritium and ' °C
54 0.8x 10°° uCi/emS and 3.5 x 1077
* 0.9 x 10"7 uCi/cm3. Measured concentrations or detection limits for

and 1.3 x 10
activity levels were 4.7 x 10~

these and 26 other radionuclides are reported. Additionally, the relative

concentrations of the stable gaseous components, dctermined by mass spectro-

metry, are reported.
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CHARACTERIZATION OF THE THREE MILE ISLAND UNIT-2--REACTOR BUILDING
ATMOSPHERE PRIOR TO THE REACTOR BUILDING PURGE*

o. %. Hartwell and J. W. Mandler
EG&G Idaho, Inc.

S. W. Duce and B. G. Motes

Exxon Nuclear Idaho Co., Inc.
I. INTRODUCTION

During the period from April 29, 1980, to May 2, 1980, the atmosphere
of the Three Mile Island (TMI) Unit-2 Reactor Building (RB) was sampled and
s'ibsequently analyzed to provide characterization prior to the containment
purge. Samples were obtained via a sampling probe installed throuah pene-
tration R-626 at the 353-ft (109-m) level of the RB. Specialized sampling
equipinent, developed for the NRC Source Term Project, was used to ubtain

129I (

samples for the determination of poth total and iodine species),

]46, 3H, 85Kr, and radionuclide activity or suspended particulates, and
for molecular analysis of the atmospheric gaseous components. Analyses were
perforimed by two different analytica: laboratories at tne Idaho National

Engineering Laboratory (INEL).

This work was initiated to provide data request:d by the TMI Examina-
tion Task 2.1 Planning Group relating to fission-proguct transport ana depo-
sition and environments characterization.] As the work progressed, an
ancillary objective of providing data for a comprehensive evaluation or the
source term for the TMI-2 RB purge aeveloped.

* Work supported by the U.S. Department of Energy under DOE Contract
No. DE-AC07-761D01570.



IT. SAMPLING

1. Equipment

Samples were obtained using specialized sampling equipment installed
at tne R-626 penetration at tne 358-ft (109-m) level of the TMI Unit-2 RB.
Tne R-626 penetration is equipped with a glove box incorportating a douvle
gate-valve-protected passthroug= to the RB interior. The sampling equipment
consisted of a 4.6-m by 0.64-cm diameter stainless steel sampling probe, a
2.4 liter/sec rotary vane sampling pump, flow and pressure/vacuum measure-

ment equipment, and a variety of sampling devices. A moiSture dropout trap
was placed between the sampling probe and the sample imedia to protect the
media from moisture condensation; however, no liquid collectea in the mois-
ture dropout during any of the sampling operations. All sample lines from
tne sampling probe inlet to the inlet of tne last sample device were stain-
less steel. Fiqure 1 presents a schematic of the sampling configuration
used. Note that sample gas was Jrawn directly from containment ani exhausted
into the glove box.

Tne sampling devices amployed have been used extensively at nuclear
power plants by INEL scientists on the NRC Source Term iMeasurement Program.
Tne sample devices are shown schematically in Figures 2 through 4 and are

discussed individually in the following sections.

1.1 lodine Samplers

Two types of iodine samplers were employed: one for collection of a
total iodine sample and another for determination of the iodine chemical
species. Both samnle devices dare composed of five separate aluminum cups
containing the desired sampling medium. The cups are 0-ring sealed, and a
stack of five are assembled for use in a sampling tower. In both the total
iodine and the iodine species sampiers, the first sample cup contains three
(3) high efficiency particulate activity (HEPA) filters to remove particulate

radionuclides.



Three Mile Island Unit-2 Reactor Building
Sampling Station
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Figure 1. Three Mile Island Unit-2 Reactor Building R-626 Sampling Station
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Total lodine and lodine Species Samples
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Figure 2. Sampler Tower Schematic, Snowing Setup for Total lodine, lodine
Species, and Particulate Sampling



14¢C and 3H Sampler
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Figure 4. Whole Gas Sampler Schematic



The total iodine samplers consisted of the three HEPA filters followed

by two triethylenediamine (TEDA) impreanated charcoal absorption beds. The

remaining two cups in the sampler tower were empty (blank) cups.

The iodine species samplers use a variety of sampling media arranged
to optimize the selective adsorption of particulate iodine, elemental iodine
L
sampler stage contains three (3) HEPA filters. The second stage is a cad-
mium iodide (CdIZ) on Chromosorb (60/80 mesh) absorption bed for collec-
tion of elementai iodine (12). Stage 3 ccatains 4-iodophenol (IPH) on
alumina (30/60 mesh) for hypoiodous acid (HOI) collection. Thne following

), hypoiodous acid (HOI}, and organic (e.q., CH3I) jodine. The first

stage is a 20/40 mesh silver zeolite (AgX) adsorption bed that collects the
remaining organic iodines. The final sampler stage is a backup bed of TEDA-

impregnated charcoal to ensure total sample collection.

1.2 Carbon-14 and Tritium

]4C-3H sampler, shown schematically in Figure 3, is a sampler

14
C02) and

unoxidized (HT, hydrocarbon, etc.) species. The sampler consists of two

The

package developed to ensure collection of both oxidized (HTO,

silica gel (SG) columns, two molecular sieve (MS) columns, a heated platinum/
palladium catalyst, and twu flow control orifices. The inlet stream first
passes through a silica gel column that removes water (HZO and HT0). The
sample stream is then split and one-half passes directly through 2 mole-
cular sieve column that collects COZ. The other half of the sample stream
passes through the heated catalyst bed where unoxidized hydrocarobons, etc.,
are oxidized and the generated water and CO2 are trapped in the remaining
silica gel and molecular sieve towers, respectively. Tests on the catalyst
oxidizing efficiency have been performed at the fixed sampler flow rate cof

200 cm3/minute. Oxidation was complete and collection was quantitative.2

1.3 Whole Gas Samples

Samples of the RB atmosphere were collected in standard 150 cm3

stainless steei gas sample bombs equipped with needle valves for sample



isolation. During sampling, the whole gas sample bombs were flushed with

more than 20 volume changes of RB air prior to sample isolation.

1.4 Particulate Radionuclide Samples

Samples of particulate material were collected on the package of three
HEPA filters that form the entrance stage of the total iodine and iodine
species samplers. Additionally, three series of particulate samples were
collected by configuring the iodine sampling towers with 2> stack of three
HEPA filters as the inlet stage, with blank cups as the backup media.

2. Methodology

With the containment isolation valves closed, the required sampling
equipment was installed in the giove box at penetration R-626. The glove
box was then sealed, pressure tested, and opened to the Unit-2 RB, following
the approved GPU procedure for insertion of itews through penetration R-616.
The 4.6-m stainless stee! sampling probe was inserted through the penetra-
tion and made up inside the glove box to the sampling components (see
Figura 1). The distance from the glove box to the inner containment wall
is an estimated 3.0 m, and thus the probe tip extended about 1.5 m into the
RB. The RB air pressure was subatmospheric, and the differential pressure
gauge installed on the R-626 glove box measured a nominal differential of
29.9 mm of Hg.

The samples obtained are cataloged in Table 1. Note that all sample
volumes have been corrected to standard temperature and pressure (760 mm Hg
and 273°K). Sampler flow rates for particulate filter, total iodine, and
iodine species samples were 0.12 liter/sec, and sampling proceeded for two
hours. A total flow rate of 170 cm3/min was used for the ]4C-3H sam-

plers, and the sampling duration was four hours.



TABLE 7.

THKEE MILE ISLANG UNIT-2 REACTOR BJILDING ATMOSPHERE SAMPLES

Sample [dentification

Particulate rilter #2
Particulate Filter #3
Particulate Filter #4

Total Todine #1
Total lodine #2
Total lodine #:
Total loadine #4

[odine Species #1
[ouine Species #¢

4¢3 7]
14c 34 52
whole Gas =1
Whole Gas %2

Ahole Gas #2
Wnole Gas #4

Date

05/01/80
05/01/80
05/02/30

04/29/80
05/01/&0
05/01/80
05.,/01/80

05/02/80
05/02/80

05/01/80
05/01/80
04/28/80
04/29/80

04/29/80
04/29/80

Time

Sample Volume

{Standard cm”)

2002
1910
1145

1420
1616
1519
1757

1246
1348

1416
1757
1145

1430
1430
1430
1430

2110
2000
1243

1520
1516
1621

1855

1345
1448

1621
2048
1448

1500
1500
1500

1500

401,300
314,850
393,470

342,500
342,700
405,790
386,570

--a
350,280

--C

135. 1
120.1
121.4
114.1

a. Due to insurficient sampler compoients, the CDIp and TPH s3ampler cups
of the lodine Species #1 sample were usea as backup beds for the #3 partic-

tulate filter sample.

Conseguently, the total flow through the lodine

Species #1 sampler media cups were, respectively, 367,800 stan%ard cm3
for che HEPA filter and the AgX meaia, and 682,700 standard cm® for the
Cdly ang IPH. In the calculations of activity per cm?, the respective

volumes were applied.

b. Total sample flow through
catalytic oxidizer was 44,400
C-3H sampler compounents was

4

the silica ael adsorber upstream from the
standard cm3; total fiow through the other
27,700 standard cm3.

c. Total sample flow through the silica gel adsorber upstream from the
catalytic oxidizer was 19,000 standard cm?; total flow through the otner
1d¢ 34 component was 9,500 standard cm3.




[I1. ANALYSIS PROCEDURES
1. General

A1l sample analyses were performed at the INEL by EG&G Idaho, Inc., and
Exxon Nuclear Idako Co., Inc., (ENICO). The analytical facilities of tnese
two companies are separate and independent. and each maintains a completely
independent quality assurance and standards pregram. In the following dis-
cussions, the EG&G and ENICO laboratories will be referred to as Lab A and
Lab B, respectively. As far as practicable, analyses were duplicated in the
two company facilities. Practical <onsiderations precluuded complete dupli-
cation. Lab B does not maintain a gamma spectrometer calibrated for gas
sample bombs, and therefore, the determination of the radionuclide content
of the whole gas samples obtained was performed solely by Lab A. Conversely,
Lab A maintains a very limited capability for destructive radiochemizal
analyses, and so the assays of the ]4C—3H samples, and the analyses of
the particulate filters for beta-only radionuclides, transuranics, and
uranium were performed solely by Lab B. Gamma spectral measurements and
gross beta and alpha counting on the particulate filters as well as analyses

for]29

[ in the total iodine cartridges were performed by both labora-
tories. Rather than performing duplicate analyses on ident-ical samples,
analytical duplication was, in most cases, effected by dividing tne samples
obtaineu between the two laboratories. Table 2 details the assignments of

the RB atmosphere samples and the analyses performed.

The four whole gas samples were actuaily split for analysis. The gas
transfers were performed by Lab B. Prior to any gas transfer operations,
the stainless steel sample bombs were counted in the same position on a
gamma spectrometer. The relative counting rates in the 514-keV gamma peak
of 85Kr measured on the four sample bombs were compared as an initial
check on sample integrity. The measured count rates were examined for sta-
tistically significant differences that might irdicate if a sample cylinder
had leaked or was otherwise compromised. No such differences were detected.
After this initial integrity check, a sample bomb was mounted on a cali-
brated gas transfer rack that incorporated a manifold, a calibrated stain-
less steel archive bomb, a calibrated glass counting bomb, and the required
pump and pressure/vacuum gauges. The system was evacuated, system pressure
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TABLE 2. ASSIGNMENT OF SAMPLES FOR ANALYSIS

Lan B Lab A
Particulate Filters Particulate Filters
#1 Todine Species Gamma Spectrometry =1 futal lodine Gamma Spectrometry
#2 Todine Species Gross beta (dissolved) 7/ PF Grouss beta (direct)
#2 Total lodine Gross alpha (dissolved 75 PF Gruss dlpna (direct)
#3 Total lodine 1291 (direct count) 54 PF
#4 Total ludine Radiochemistry for

55Fe, 63N, 895p sy,
91y, 235y, Z38y, <38py,

239/240p,,
Ve ang Tritium
#1 14c/3H Liguid Scintillation
#2 14C/3H for 3H anu l4¢
Cnarcual Cartridges Charcoal Certridges
#3 Total lodine 1291 (uirect count) #1 Total luuine 19 (neutron
aCtivatiun)
#4 Total lodine 129(/127] (neutron activation) #¢ Total luuine
Iodine Species
#1 loudine Species 1291 (direct count)

#¢2 loaine Species
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TABLE 2. (continued)

Lab A

l.ab B
Particulate Filters
Whole Gasd
#1 Whole Gas Mass Spectrometry

#2 Wnole Gas
#3 Whole Gas

#4 Whole Gas

Particulate Filters

wWhole Gas@

#] wrole Gas
#2 Wnole Gas
#3 Whole Gas

#4 Whole Gas

Gamma Spectrometry

a. Whole gas samples were split by quantitative gas transfer techniques (see text).




measured, and the sample contents expanded into the gas transfer apparatus.
Tne resulting system pressure was recorded and the bombs valved off. This
procedure was then repeated for all four whole gas samples. The counting
bommbs were transferred to Lab A for gamma spectrometric analyses. The
archive bombs were stored. The remaining contents of the original sample
bombs were analyzed by mass spectrometry. After analysis of the original
sample bomb contents, thes= sample bombs were volume calibrated, and the
contents and pressures of ail of tne sample, archive, and counting bombs

determined. The results of tnese determinations are shown in Tabie 3.

TABLE 3. VOLUMES, PRESSJRES, AND STANDARD CUBIC CENTIMETERS OF THE
COUN ING, ARCHIVE, AND ORIGINAL SAMPLE CONTAINERS

1Al
»o.tme Pressure Standard cm’
Counting Bombs (em™) (mm Hg at 24°C) of Sample

Ceunting Bomb #1] 349.5 133 77.4
Counting Boemb 42 358.4 160 69.4
Counting Bomb #’ 357.0 163 70.4
Counting Bomb #4 381.2 146 67.3
Archive Bomb #1 81.4 183 18.0
Archive Bomb #2 83.4 166 16.1
Archive Bomb #3 81.0 163 16.0
Archive Bomb #4 86.6 146 15.3
Original Bomb #1 152.1 7354 135. 14
Original Bomb #2 151.6 655 120.1
Original Bomb #3 150.6 667 121.4
Original Bomb #4 151.1 624 114.1

a. The pressures and standard cubic centimeters listed represent the
original pressures and standard cubic centimeters.

2. lLab A Analytical Procedures

2.1 Gamma Spectrometry

Gamma spectrometry measurements on the particulate filters and on the
whole gas counting bombs were performed by Lab A using equipment installed

in a mobile gamma-ray acquisition and analysis system.3 This system,
which was developed for use on the NRC Source Term Measurements Program,

12



incorporates two independent lithium-drifted-germanium [Ge(Li)] spectrometer
systems. FEach Ge(Li) aetector is equipped with special high-count-rate
electronics with pulser-based gain compensation developed at the INEL. Ladta
acquisition tasks are performed by a Data General NOVA 1200 minicomputer.
The acquired spectral data are transmitted to a Data General Eclipse $/230
system for data analysis. The gamma spectral analysis routines used are
pasically those of GAUSS VI,4

plant monitoring.

modif ied and optimized for nuclear power

Since the mobile system is routinely used for nuclear power plant moni-
toring, the detectors have been calibrated for a variety of sample types
at various source-to-detecter distances. Among these are the particulate

filters and gas counting bombs used in the TMI work.

The particulate filters were counted by insertion in a manila envelope,
which in turn was placed in a special sample holaer positioned in front of
the Ge(Li) detector. Efficiency curves at various source-to-detector dis-
tances have been determined by repetitive counting of standard sources. The
sources were prepared by depositing National Bureau of Standards (NBS) Stan-
dard Refererce Materials on the particulate filter matrix and were then
counted in the same source holder at the desired source-to-detector dis-
tances. The efficiency curves thus determined have an estimated overall
error of less than *5%.

Gas counting bombs were counted by placing them in a specially designed
sample holder and positioning at the desired source-to-detector distance.
Calipbration of this geometry has been performed by a special gas calibration
techm‘que.5 In this technique, small quantities of a volatile radionuclide-
bearing organic liquid with a high activity/cm3 are encapsulated in small
quartz bulbs. The activity content of each glass bulb is determined by
counting as a point source at a source-to-detector distance of more than
10 cm from a Ge(Li) detector calibrated with reference to NBS point source
standards. After the total activity content of a quartz bulb has been
determined, the bulb is placed in an evacuated gas counting bomb and shat-
tered. The volatile contents expand quantitatively to fill the gas counting
bomb, providing a gas standard that can be counted for accurate efficiency

13



curve determinations. Tne overall error in efficiency curves determined oy
this method is estimatea to be *10%, and arises primarily from variations

in the aimensions of the vendor-supplied counting bombs.

Sample count results were software corrected for ambient background,
random summing, and sample volume. Isotopes were identified by computer
reference to an isotope library, and quantitative results or minimum detect -

able levels were calculated in uCi/cm3.
2.2 Gross Beta

Gross beta activities on the particulate filters were determined by
direct counting on a calibratcd end-window beta proportional counter. The
90
Sry

deposited on stainless steel planchets. The sample count results were not

proportional counter had been previously calibrated by counting

corrected for filter matrix attenuation or for differences in backscattering

between the filters and the standard sources.

2.3 Gross Alpha

Gross alpha activities on the particulate filters were measured
directly by counting on a 2n alpha scintillation detector. Each filter
was placed on a special sample pedestal, collection side up, and covered
with a ZnS-coated plastic wafer, which in turn was covered by a thin mylar
sheet. The sample stack was then locked together by means of a locking
ring and placed on the face of a photomultiplier tube in a light-tight box.
Alpha particles impacting the ZnS screen cause scintillations that are
detected by the photomultiplier tube and counted by the NIM electronics
attached. The detection efficiency is 50%. Sample count results were not

corrected for filter matrix attenuation.

2.4 Determination of lodine-129 by Neutron Activation Analysis (NAA)

The determination of ]291 by NAA is based on the reaction

130

129 )130

I(v,q I,

with determination of the induced I activity by gamma spectroscopy.
To provide analyses with the required sensitivity, a radiochemical separa-

tion of iodine from the charcoal sample matrix and its contaminants was

14



employed. The separation procedures used by both analytical laboratories
take advantage of the water solubility of the TEDA that serves as the pri-
mary collection media for atmospheric iodine. However, the Lab A and Lab B
procedures differ somewhat in methodoloy.

In Lab A, the charcoal samples were disassembled and the contents of
each cartridge blended. Each sample consists of a primary cartridge and a
backup cartridge. These were analyzed separately. Thus, the two total
iodine samples to be analyzed resulted in four samples of blended charcoal.
A weighted aliquot (approximately 5 grams) of each charcoal sample was
placed in a polyethylene capsule for irradiation. A blank capsule was pre-
pared by placing 5 grams of unexposed charcoai in a Similar polyethylene
capsule. A standard containing a known activity NBS ]291 and a known

]271)

quantity of potassium ioaide (for was prepared by pipetting standard

solutions into 5 grams of blank charcoal in a polyethylere capsule.

The samples, standards, and blank were irradiated in the Coupled Fast
Reactivity Measurement Facility (CFRMF). The CFRMF is a reactor facility
designed for precise reactivity measurements and provides a fine facility
for NAA. Two well-characterized irradiation ports are available, and both
were used in this work. The CFRMF reactor incorporates a servo-controlled
power system that controls the irradiation flux precisely at a preselected
level. Thus, flux monitor standards are not required for NAA in the CFRMF.

Prior to the irradiations for ]291 determination, one sample capsule,
the blank, and the standard were irradiated for 20 minutes in a flux of
5.5 x ]0]] n°cm'2's']. The irradiated capsules were counted by
gamma spectrometry and the quantity of ]271 in each material determined

by usual NAA mathods. These results allowed a later direct determination

of the recovery efficiency of the separation procedure for ]291. After

this irradiation, the capsules were allowed to decay for 24 hours before
further irradiations.

129

A1l capsules were then analyzed for [ content in the following

manner. Each capsule was irradiated to a total fluence of about 3 x 1015
n'cm'2 in the CFRMF. The irradiated charcoal samples were returned to

the chemical laboratory, cooled for one hour (to allow complete buildup of

15



]301 f rom 130

mI gecay), and then washed to remove the activatea icdine.

The wash liquid was a hot aqueous sclution containing potassium iodide as
carrier and sodium sulfite as a reductant. Tneé charcoal was washed twice
in a batch mnde and then slurried to a column. The column was washed with
approximately 100 columia voluines of the hot wash solution, and ali: the wash
ef fluent passed through a Dowex-1 ion exchange column to trap I . The
column was then washed with water to remove completely the raaionuclidic

24Na). The radioiodine was then washed from the

contaminants (notably
Dowex column witn a solution of sodium hypochlorite, and the effluent was
placed in a plastic bottle for which the Ge(Li) spectrometers are cali-

brated. The solutions were counted on calibrated Ge(Li) spectrometers and

130

the quantity of I determined from tne gamma lines at 518 keV, 536 keV,

668 keV, and 739 keV. On the wash solutions from samples that had their

]271 content determined earlier, the activity of ]281 (443 keV) was
noted.

The quantity of !291 per wash solution was determined from the
1nduced ]301 activity by standard activation analysis calculations. A
cumulative yield cross section of 24 barns, which includes both the direct
yield of ]301 and the contribution from ]30ml’ was used. The known

irradiation fluxes for the two irradiation ports at CFRMF were used directly.

The calculated values were corrected for sample aliquoting, for tha esti-

129

mated chemical yield, and for the sampled air volume, and [ concentra-

tions were calculated in uCi/cm3. No ]291 was detected in the backup

cartridges. The reported values are from the primary cartridges only.

The principal unknown in this method is the recovery efficiency of the

separation procedure. Recoveries of ]271 were measured directly on the

127

sample and the blank on :hich I was measured directly. Tre ratio cf

tne values for ]271 determined by direct activation and counting to those

127I

recovery efficiencies of 101% and 117% were obtained for the blank and the

determined through the separation procedure was established, and

sample, respectively. lodine-129 recovery from the standard was 95.5%; how-
ever, this excellent recovery may partially reflect the method of standard

1A



synthesis (direct pipetting). Based on :hese results anc the results of

131

further testing performed on I-laden TEDA charcoal cartridges, a recov-

129

ery efficiency of 100 * 30% was chosen for use in the I calculations.

3. Lab 0 Analytical Procedures

3.1 Gamma Spectrometry

Gamma spectrometry measurements were performed on the particulate fil-
ters assigned to Lay B for analysis. The particulate filters were prepared
for analysis by pelletizing in a hydraulic press to ensure a precise count-
ing geometry. This procedure is applicable to filters of several types and
sizes, obviating the need for a separate detector efficiency curve for each
filter configuration. Each filter was compressed to a uniform size at about
10,000 psi in a polyethylene vial, and the vial and pelletized filters were
removed fiom the press apparatus and capped. The filter was then gamma
counted.

Gamma spectrometry measurements were performed using a Data General
NOVA-1200-based Ge(Li) spectrometer. The pelletized filters were placed at
a calibrated source-to-detector distance and counted for a selected live
time. The analysis software incorpnrates peak ared determinations and iso-
tope identification, and reports quantitative results by reference to detec-
tor efficiency curves. Calibrations have been performed using NBS standard
reference materials fixed in appropriate configurations.

3.2 Gross Aipha, Gross Beta, Beta-Only Radionuclides, anu Uranium and

Plutonium Analytical Procedures

The referenced analyses were performed on solutions obtained by com-
plete dissolution of each particulate filter and division of the dissolu-
tion solution into three aliquots for analysis. On aliquot was analyzed
for gross alpha and gross beta activity, one for both uranium and plutonium,
and the last aliquot for beta-only radicnuclides. The particulate filters

were dissolved by initial fume-downs with HNO,-HF followed by fume-downs

3

with H2304—HN03. The result was a clear solution with no undissolved

residue.

17



Gross peta ana gross alpha determinations were pertormed on the gesig-
nated solution aliquots by evaporating the solution onto stainless stee!
planchets ana counting on 3 calibrates end -windguw proportional counter.
Gross beta results in qu/crn3 of samplec air were reportea using a

137 : . . . :
3 Cs counting efficiency, tne aliquoting volume ratios, and the total

volume of sampled air. Gross alpha results were calcuiated using 3 533U
counting efficiency.
) ‘ , o A . 539 90
For determination oif tne beta-emitting radionuclides (~°Sr, Sr,

54 9]Y

Fe, 63N1, gnd ), a sequential separation and analycsis sequence

wa: usea. Known quantities of staetie tracers were added to the aissolution

aliyuots. Tne designates semple aiiquot was boilea tc remove wolatile ele-

ments. Next, the sample was aivided into two parts, one for the 89’905r
53,,. O A -

analyses and the other for b3N1, Y, and 5Fe analyses. The stron-

tium was first precipitateac as the sulfate. It was further cleaned up by
precipitation as strontium nitrate, which separates it from most other
cations. The radiostrontium yieid was determined froum the weight of strontium

sulfate. For the determination of goY, the yttrium-Y0 daughter was allowed

90,

to grow-in and was then separated and counted. The ““Sr content was cal-

culated from the 90Y value. The strontium sulfate, which contains both

90 895r, was counted to determine total radiostrontium content.

. ; Q .
The difference between the total radiostrontium and the OSr determined

from the 90Y was the SgSr.

Sr and

[ron, yttrium, and nickel were gathered along with other cations by
precipitating their hydroxides. Iron was separated trom all other cations
using a C1~ anion exchange column. [ron-55 was determined by counting in
a liquid scintillation counter. The yield of iron was determined spectro-

pnotometrically using the orthophenanthroline complex of iron.

Nickel was separated from yttrium by precipitating yttrium hydroxide
using ammenia, wnich formns a suluble complex with nickel. It was cleaned
up by precipitation with dimethylglyoxime and extracting into chloroform.
Nickel-63 was determined by liquid scintillation counting. The yield of
nickel was determined spectrophotometrically using the dimethylglyoxime

complex of nickel.
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Yttrium was cleaned up by extraction into di-(2-ethylhexy!) phospheric
acid. VYttrium-91 was determined by counting yttrium oxalate in a gas pro-
portional counter. The chemical yield was determined by weighing the

yttrium oxalate.

Plutonium and uranium anlyses on the filter dissolution solutions were
performed oy procedures developed at the INEL.6’7 These procedures use a
BaSO4 carrier precipitation for the initial separation of uranium and
transuranic elements from the filter solutions. The carrier precipitates
are dissolved, and uranium and plutonium are separated by liquid-liquid
extraction. Tne uranium and plutonium fractions are electroplated and
counted on an alpha spectrometry system. Chemical yields are determined by

. 3
the addition of 236Pu and 2‘3U for tracer recovery measurements.

3.3 Carbon-14

Carbon-14-bearing CO, was removed from the molecular sieve (MS) sam-

pling towers using a gas iransfer apparatus and procedure. An MS tower was
positioned in the transfer apparatus, and the trapped CO2 was removed by
heating the tower to 350° for four hours. Gases and volatiles evolved dur-
ing the bake-out process were carried through liquid nitrogen-cooled spiral
traps by a dry helium purge. Carbon dioxide was retained in the spiral
traps After the bake-out step, the trapped CO2 was quantitatively trans-
ferred to a volume-calibrated bulb. The CO2 was allowed to exrand into

the known system volume, and the system pressure was measured manometri-
cally. The known CO2 volume was then absorbed in ethanolamine, and the

]4C carbamate product was incorporated into an aqueous liquid scirtilla-
tion gel cocktail. The vial was wiped clean and counted in a liquid scin-
tillation counter which had previously been calibrated using known stan-

dards. Quench correction was by the external standard method.
3.4 Tritium

The tritium content of the silica gel towers was determined by direct
counting in a liquic scintillation counter of an aliquot of the silica gel
medium. The sample towers were dismantled, and the silica gel contents
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from a sampler unit were decanted into a beaker. Wnile monitoring the total
weight gain from pick-up of atmospheric water, the silica gel was blended
and three aliquots removed for liquid scintillation counting. The aliquots
were mixed directiy with an aqueous liquid scintillant cockteil and counted
in a precalibrated liquid scintillation counter. Quench correction was
effecteu via the external standard ratio method.

3.5 Determination of Todine-129 by Direct Counting

]291 and

27[ performed on the charcoal total iodine cartridges, Lab B analyzed the

: In addition to the neutron activation analysis (NAA) for
total iodine samples and the iodine species cartridges by direct counting
on a low-energy photon spectrometer (LEPS). Direct counting was required
on the iodine species media since the media components (Cdlz, IPH. etc.)
do not lend themselves to NAA. Direct counts on the charcoal cartridges
were performed as an adjunct to NAA.

The LEPS consists of a planar germanium gamma-ray detector with a thin
entrance window, and the electronics and the multichannel analyzer required
to configure a spectrometer system. Particulate filters from the iodine
species samplers were pelletized and counted on the detector face. The
CdIZ, [PH, AgX, and charcoal media were transferred from the sample car-
tridges to counting vials, blended, and counted on the detector face. Typ-
ical counting times were 60,000 sec. The spectra were analyzed for the
xenon x-rays and the 39.5 keV gamma ray associated with the decay of ]291.
The count rates obtained were quantified by replicate counting of standards
prepared by blending measured aliquots of Ng3S ]291 standard reference

material with the approrriate sampler media.

3.6 Determination of lodine-129 and lodine-127 by Neutron Activation
Analysis (NAA)

The analytical scheme for NAA of ]291 and ]271 on charcoal is based

on the activation of ]291 and 1?71 to ];OI and 128
Iodine-127 was determined directly by irradiation of the charcoal media in
128

I, respectively.

the CFRMF reactor and gamma counting of [. The charcoal media was then
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washed to remove the iodine and the wash effluent passed through a Bio Rad
AG1-X8 resin. The iodine is removed onto the ion exchange column. The ion
exchange resin was then irradiated in the CFRMF and the amount of ]271
retained on the ion ex:hange column determined. From these two NAA results,
the chemical yield of the iodine recovery technique was directly determined.
After couling, the ion exchange resins were reirradiated for six hours in
the higher flux environment of the Advanced Test Reactor (ATR). A cobalt
flux monitor wire was included with each sample in arder to quantify the
total neutron fluence. The irradiated ion-exchange resin samples were
allowed to cool for at least 7 hours, and then gamma spectra were obtained

130

to determine the I content. Detector calibrations for tie resin column

geometry were affected by irradiation and counting of ]271 and ]291

standards loaded onto similar columns. The ]271 and ]291 sample con-

tents were then determined by usual NAA calculation methods.
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[V. RESULTS

Tables 4 through 10 present the results of the analyses pu~formed by
Lab B. Lab A analytical results are presented in Tables 11 through 13.
A1l radionuclide concentrations are presented in microcuries per cubic cen-
timeter at standard temperature and pressure (760 mm of Hg and 273°K). In
these and all following tables, read 5.3 * 1.4(-7) as 5.2 x 10_7
-7
+ 1.4 x 10 ".

Unless otherwise noted, the quoted uncertainties are one sigma errors
estimated by propagation of the statistical net counting error, the esti-
mated error in the detector calibration, and a *10% uncertainty in the
sampler flow rate. Where radiochemical analyses, sample aliquoting, or iso-
tope separation techniques are employed, the uncertainties introduced by
these operations are included in the overall error propagation if these
uncertainties are large enough to affect the quoted error by 10% or more.
These cases are footnoted.

Lab A and Lab B use different methods of calculating and reporting
"less-than values" for nuclides that are below the minimum detectable level
of a measurement technique. Lab B tests the net response obtained versus
the estimated standard deviation of the net (o). If the net is less than
o, a less-than value is reported as <o. Lab A tests the net response
versus twice the standard deviation of the net (20). If the net (R) is

less than 20 then a "less-than value" calculated as <R + 20 is reported.
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TABLE 4. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES:
LAB B (carbon-14 and tritium)

#1 #1

Sampler Identification ]4C 3H ]4C 3H
Sampler Comporent Molecular Silica

Sieve Gel
Sample Data 5/1/80 5/1/80
Sample Time 1416-1621 1416-1621

1756-2048 1756-2048
Sample Volume (cm3) 44,400 44,400
Concentration (uCi/cm3)
3H --d 4.2 +1.0(-5)
]aC 5.2 ¢ ].4(-7)b --d

a. Not analyzed for radionuclide.

b. Read 5.2 % 1.4(-7) as 5.2 x 10-7 £ 1.4 x 10-7.

#2

14C 3H

Molecular
Sieve

5/2/80

1145-1448

19,032

3.0 + 0.8(-7)

Silica
Gel

5/2/8u

1145-1148

19,032

6.0 + 1.8(-5)
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TABLE 5.

THREE MILE ISLAND UNIT-2 REACTUR BUILDING ATMOSPHERE SAMPLES:

LAB B (particuletes)

Iodine [odine Total Total Total
Sampler Identification Species-1 Species-2 [udine-¢ l[odine-3 lodine-4
Sampler Component Paritculate Particulate Particulate Particulate Rqrticulate

Filter Filter Filter Filter Filter

Sample Date 5/2/80 5/2/80 5/1/80 £/1/80 5/1/80
Sample Time 13438-1448 1246-1345 1416-1516 1519-1621 1757-1855
Sample Volume (cm) 350,280 367,800 392, 700 405, 790 386,570
Concentration (uCi/cm3)
134 1.4 +0.1(-10) 3.2 £0.4(-10) 1.1 £0.1(-10) 9.8 £ 1.0(-11) 1.6 = 0.2(-10)
137¢s 9.0 + 0.9(-10) 1.3 £ 0.1(-9) 6.8 £ U.7(-10) 5.8 £ 0.6(-10) 1.0 £ 0.7(-9)
580 <9.1(-12) 2.4 £ 0.5(-11) <3.4(-12, <§.0(-12) <6.1(-12)
60¢co <2.5(-12) 5.4 £ 0.7(-11)  <5.0(-12) 2.7 + 0.8(-12)  <2.5(-12)
110magq <6.1(-11) 4.6 £ 0.6(-11)  <6.5(-12) <7.7(-12) <5.5(-12)
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TABLE 6. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES:

and beta-only emitters)

LAB B (gross alpha, gross beta,

Sampler Identification

[odine
Species-1

[odine
Species-2

Total
[odine-¢

Total
[odine-3

Total
lodine-4

Sampler Component

Sample Date

Sample Time

Sample Volume (cm3)

Concentration (uCi/cm3)

Gross alpha

Gross beta
55Fe

63N3

895r

905y

9y

Paritculate
Filter

5/2/80
1348-1448

350,280

Particulate
Filter

5/2/80
1246-1345

367,800

<5(-11)
1.6 +0.2(-9)
<6(-11)
<2(-11)

2.5

1+

0.8(-10)

I+

2.9 £ 0.3(-10)

<4(-11)

Particulate
Filter

5/1/80
i416-1516

392,700

Particulate
Filter

5/1/380
1519-1621

405,790

<hH(-11)
7.3 £ 0.9(-10)

Particulate
Filter

5/1/80
1757-185%

380,570

<7(-11)
2.8 £ 0.3(-10)

<3(-11)
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TABLE 7. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES:

LA B (uranium and plutonium)

Sampler Identification

Sampler Component

Sample Date

Sample Time

Sample Vo lume (cm3)

Concentration (uCi/cm3)

235
238
238Pu

239/240p,,

[odine

Species-1

Paritculate
Filter

5/2/30
1348-1448

350,280

<7.0(-13)
<4.0(-11)
<8.0(-12)
<2.0(-12)

lodine

Species-2

Particulate
Filter

5/2/80
1246-1345%

367,800

<7.0(-11)
<2.0(-11)
<9.0(-12)

<2.0(-12)

Total

[odine-2

Particulate
Filter

571780
1416-1516
392,700
<1.0(-17)
<2.0(=11)
<8.0(-17)

<2.0(-12)

Total

1odine-3

Particulate
Filter

5/1/80
1519-10621

405, 790

<1.0(-12)
<7.0(-13)
<7.0(-12)

<z.0(-12)

Total
lodine-4

Particulate
Filter

5/1/80
1 757-1855

386,570

<1.0(-1¢)
<4.0(=11)
<8.0(-12)

<2.0(-12)
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TABLE 3.

THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES: LAB B (mass spectrometry)

Relative Concentration

a.

b.

c.

d.

Neon: ncne over background (<100 ppm).

Sulfur Dioxide (SOp):

Krypton: none detected (<100 ppm).

Carbon tonoxide (CO):

(Mole %)

Sample I.D. Organics as CH

Nurmper H2 He N2 02 Ar COZ Xe Equivalents

] 0.70 0.06 83.50 14.60 0.98 0.075 0.009 0.0Oob

2 0.89 0.07 83.40 14.00 0.98 0. 105 0.009 0.071

3 0.93 0.07 83.90 14.00 0.98 0.095 0.009 0.V69

4 0.92 0.07 83.80 14.00 0.99 0.073 0.008 0.070
NCTE: Other Gas Analyses

none detected (<100 ppm).

none detected (<500 ppm).




TABLE 9. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES:
LAB B (total iodine-127 and iodine-129)

Sampler Identification

Sampler Component
Sampler Date
Sample Time

Sample Volume (cm®)

Concentration (uCi/Cm3)

#3 Total
[odine

#4 Total
[odine

1297 (direct count)
1291 (NAA)a

Concentration (ug/cm3)

]27Ib

Charcoal
5/1/80
1519-1621

405,790

Charcoal
5/1/80
1757-1855

386,570

8.6

I+

2.2(-11)

/.4

I+

0.9(-11)

<1.4(-4)

a. (uoted uncertainties include the estimated contricution from the

recovery procedure.

b. Iodine 127 results were below the minimum detectable level due to high

blank concentrations.
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LAB B (iodine-129 species)

TABLE 10. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES:
[odine [odine
Sampler Identificaticn Species~-1 Species-?
Sampler Component Paritculate Cdl,
Filter (Elemental Ip)
Sample Date 5/2/80 5/2/80
Sample Time 1348-1448 1348-1448
Sample Volume (cm3) 350,280 350,280

Concentration (uCi/cm3)

1291 (direct count) <5(-11)

1.2 £ 0.5(-11)

Percentage of Detected Activity 19 = 9%

#2 lodine #2 lodine
Sampler Identification Species Species
Sampler Component Paritculate Cdly

Filter (Elemental 1)
Sample Date 5/2/80 5/2/80
Sample Time 1246-1345 1246-1345
Sample Volume (cm3) 367,800 367,800

Concentration (uCi/cm3)

1291 (direct count) <5(-11)

Percentage of Detected Activity

<1.0(-11)

Total

Iodine-4

Total

5/2/30
1345-1448

350,280

6.2 * 1.4(-11)

#¢ lodine
species

Total Total
lodine-2 [odine-3
IPH AgX & Charcoal

(HOT) (Organic 1)
5/¢/80 5/2/80
1348-1448 1348-1448
350,280 350,280
1.0 £ 0.4(-11) 4.0 £ 1.3(-11)
16 + 7% b5 t 26%
#2 lodine #2 lodine
Species Species
IPH AgX & Charcoal
(HOT) (Organic 1)
5/2/80 5/2/80
1246-1345 1246-1345
367,800 367,800

<1.2(-11)

2.9 £ 1.0(-11)

100%

Total

5/2/8U
1246-1345

367,800

2.9 = 1.0(-11,
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TABLE 11. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES: LAB A (krypton-85)

Sample Identificaticn #1 #2 #3 #4
Sample Type Whole Gas Whole Gas Whole Gas Whole Gas
Sample Date 4/29/80 4/29/80 4/29/80 4/29/80
Sample Time 1430-1500 1430-1500 t430-1500 1430-1500
Sample Volume (cm3)a 77.4 59.4 70.4 67,3

Concentration (uCi/cm3)P

85¢ - 0.98 = 0.10 1.07 £ 0.1 1.02 £ 0.11 1.00 + 0.1]

a. Listed volumes are cubic centimeters of sample at stanuardotemperature adn pressure contained in the
sample counting bomb. Nominal sample bomb volumes were 150 cm?9,

0. Quoted errors include the contribution from a *5% uncertainty in the sample volume, in audition tu the
statistical net counting error and the detector calibration error.




TABLE 12. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES:

LAS A (particulate rauionucliaes)

Sample Identification

Sample Type

Sample Date
Sample Time
Sample Volume

Concentration (uCi/cm3)

134¢.
137¢s

Sicr
54Mn
59Fe
57Cn
58(o
60(q
957,
103py

]OGRh

#1 Total lodine

Particulate
Filter

4/29/80
1420-1520
342,500

1.3

I+

0.2(-10)

6.6 £ 0.3(-10)

<6E-10
1.6 £ 0.8(-11)
<5E-11
<1E-11
2.4 £ 1.1(-17)
<3E-11
<5E-11
<4t-11]

<2E-11

#z PF

Particulate
Filter

5/1/80
2002-2110

461,300

2.3+ 0.3(-10)

1.3

I+

0.2(-9)

<3t-10
1.2 £ 0.6(-11)
<lE-10
<1E-11
<1E-11
<4E-11
<?E-11
<:E-11

<1E-10

#3 PF

Particulate
Filter

5/1/80
1910-2000

314,850

2.4 £ 0.3(-10)

1.2 £ 0.1(-9)

<3E-10
<3t-11
<1-10
<lE-11
<2-t-11
<5E-11
<3E-11
<4E-11

<IE-1

#4 PF

Particulate
Filter

5/1/80
1145-124%

393,470

1.6 £ 0.2(-10)

9.6 + 1.1(-10)

<4E-10
<ct-11
<3E-11
<?f-11
<2E-1
<4E-11
<4E-11
<GE-1

<1t-10
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TABLE 12. (continued)

Concentration (uCi/cm3) (continued)

110mag
1245,
1255,
12976

]A]Ce
]44Ce

152z,
154,
155y
Gross beta (direct)

Gross alpha (direct)

<2E-11
<1E-11
<3E-11
<4E-10

4.8 + 1.2(-10)
<4E-11

<PE-11
<1E-10
<?E-11
<4E-10
<1E-10
<1E-10
<6E-11
<2E-11
<3E-11
8.2 +2.0(-10)
<E-11

<ZE-11
<Zt-10
<Hb-11
4.5 + 1.9(-10)
<yE-11
<yb-11
<4E-11
<YE-11
<5E-11
8.8 + 2.1(-10)
<ZB-11




TABLE 13. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAMPLES:
LAB A (iodine-129)

Sample Identification #1 Total lodine #2 Total Iodine
Samp'e Type Charcoal Charcoal

Sample Date 4/29/80 5/1/80

Sample Time 1420-1520 1416-1516
Sample Volume (cm3) 342,500 392,700

Concentration (uCi/cm3)a

1291 9.9 *+ 3..(-11) 7.8 = 2.6(-11)

a. Quoted uncertainties include the estimated contribution from the
recovery procedure.
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V. DISCUSSION

1. Whole Gas Analyses

An errcr-weighted average (l/c2 weighting) of the four values for
5

[
J

Kr concentration obtained yields a result of 1.02 * 0.05 uCi/cm3

(o

Kr. The volume units are cubic centimeters at standard temperature and
pressure (760 mm Hg and 0°C). Samples drawn by other investigator58 have
not been corrected to Standard temperature and pressure (STP). At the time
¢f this sampling effort, the containment building pressure was 716 mm of Hy
ang containment temperature was 299°K. Using these values and the measurea
sample volumes presented in Table 3, v 85Kr concentration measurements
were corrected to actual containment conaitivns. The result is an average
SSKP concentration of 0.88 £ 0.04 uCi/cm3 at the existing RB conditions.
The utility-cccepted value faor the prepurge 85Kr concentration in the
TAI-2 RB 1s 0.80 £ 0.02 uCi/cc at reactor building conditions.8 This

value is 1n agreement with the results reported nerein.

The mass spectrometric results reported in Table 8 indicate an atmos-
pnere derleted in oxygen and hign in nitrogen, helium, hydrogen, xenon, and
carbon dioxide. Normal mole percentages of 02, NZ,-ge, H2, Xe, ?gd
€O, in the atmosphere are 20.95%, 78.09%, 5.20 x 10 %, 5.0 x 10 %,

8 x 10°% and 0.03%, respectively.’

It is interesting to note the detection of organic (hydrocarbon) con-
stituents in the sampled air. The mass spectrometric analyses did not
determine the organic species present but only reported total organics as
CHL,+ equivalents. Hydrocarbons were detected in all four samples at an
average level of 0.069% CH4 equivalents. Initial sampling plans included
direct sampling for organic hydrocarbons by adsorption onto charcoal tubes.
These samples were not taken due to practical considerations concerning the
sampiing time required. Lacking this information on specific hydrocarbons
present, one can only speculate concerning the origin of the organic materi-
als noted in the whole gas analyses. Some possibilities are volatile com-
ponents of pump or lubricating oils, off-gasing of epoxy paints or plastics,
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or possibly some combustion products produced by the charring of plastics,
rubber, or epoxy materials during the hydrogen ignition that occurred dur-
ing the March 28, 1979, incident. Other explanations must consider the pos-
sibility that organic materials were introduced by the sampling methodology.
The stainless steel probe may have had machining 0il on its interior. The
water drop-out was sealed with silicone caulk which evolves solvent fumes
and acetic acid during its curing process.

2. Particulate Radionuclides

The measurements of gamma-active particulate radionuclides (Tables 5
and 12) exhibit certain characteristics that highlight the inherent varia-
bility of particulate sampling and the nature of low-level gamna-ray spec-
trometry. The only gamma-active radionuclides detected on all filters were
134CS and 137

are consistent, with no statistical outliers. The error-weighted average
134 137

Cs. Tne pooled results from both lavs for these isotopes

concentrations determined for Cs and Cs, respectively, are 1.32 * 0.1(-10)

uCi/cm3 and 8.4 * 0.9(-10) uCi/cm3. Certain other radionuclides were
Jetected occasionally on certain filters. Note the Lab B results obtained on

the Jodine Species #2 particulate filter. This filter showed relatively high
activity levels of IMCs and 137

58C0, 6OC0, and HOmA

Cs along with abnormally high levels of
g--nuclides not normally detected on similar fil-

ters. This is probably due to the collection of an isolated "hot" particle
on this sample filter Results on the other particulate filters include iso-
54Mn, 58Co, 60 129m

results are consistent with the lessthan values reported and may be due to

lated positive resul.s for Co, and Te. These

statistical variations in the calculated net response.

The radiochemical results for the beta emitters (Table 6) show consis-

£ 90

tent detection o Sr only. Strontium-89 was detected on three of the

five filters analyzed. Note that although all results are statistically con-

9OSr and 89Sr were found

sistent, the highest values determined for both
on the Jodine Species #2 filter. This is the same filter that gave a high
response for the gamma-emitting radionuclides. The error-weighted average
905 concentration determined is 1.9 * 0.3(-10) uCi/cm3. Calcula-

tion of an average 895r value is complicated by the mixture of positive
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("detected") results and less-than values. An error-weighted average of
the positive results only yields a concentration of 8.7 * 4.3(-11)

uCi/cm3. An alternative method of calculation is to include the less-
than values in the weighted average. In this mode, it is probably most
appropriate to use an uncertainty equal to the entered value. This method
of calculation yields an average (1/02 weighted) of 7.3 * 2.6(-11) uCi/cm3.
This value is probably a better estimate of the 895r concentration.

89

The theoretical activity ratio of ~“Sr to 90

Sr has been calculated
from the estimatad core inventories determined by the computer program
ORIGEN,]O’]] and the known decay constants and sampling date. The theo-
retical racio thus determined is 0.41. The sample results reported herein,
using the 698r value of 7.3 * 2.6(-11) wuCi/cc, yield a 898r/905r
reactivity ratio of 0.38 * 0.15.

The particulate Tilters were also analyzed specifically for 55Fe,
63N1, 9]Y 235U, 238Pu, and 239/240P

were detected.

u. None of these nuclides

b

3. lodine

The pooied results obtained by both laboratories for ]291 on the
total iodine samplers were tested for statistical outliers, and none were
found. An error-weighted average (l/o2 we, ~ting) of the individual
results yields a value of 6.6 * 0.5(-11) uCi/cmq ]291. While the ]291
content of the TMI Unit-2 RB atmosphere has not previously been measured,

the expected concentration has been estimated from the ORIGEN calculated
]311/129

ments.]2 The estimated concentration thus determined was 6.7(-11) uCi/cm3.

. . 131 .
[ core inventory ratios and measured I concentration measure-

The estimated concentration is in excellent agreement with our measured
value. Attempts to quantify the concentration of stable ]271 failed due

to a high ]271 content of the TEDA-charcoal media.

The iodine species sample results indicate that the predominant radio-
iodine species is tne organic form. This is consistent with the behavior

of "aged" radioiodine noted in studies at other nuclear power plants and

the measurements of Cline et a].]2 at T™MI.
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4. Tritijum and Carbon-14

Concentrations of 3H and 14

C in the TMI-2 RB atmosphere were deter-
mined to be 4.7 * 0.8(-5) uCi/cm> and 3.5 * 0.9(-7) uCi/cm®, respectively.
These results are an error-weighted (1/02 weighting) average of results

3H-MC samples obtained. These radionuclides have

on the two sets of
not previously been measured using equipment that samples both oxidized and

unoxidized species.

5. Results Correlation

The raaionuclide concentrations determined during this sampling progranm
are presented in Table 14. The following methodology was used in calculat-
ing the final concentration values. In cases where a given radionuclide was
detected in all samples analyzed, the individual results were tested for
statistical outliers using a standard gap-over-range test. No outliers were
detected in any of this work. The final concentrations were then determined
by averaging the individual values with a weighted average program using
]/o2 weighting. Measurement uncertainties were propagated through the
averaging routine, and both the internal and external error on the averages
were calculated. The quoted error is the larger of the two error compo-
nents. For cases in which the analytical measurements resulted in some
“positive" results and some "less-than values," the same weighted average
program was used. The less-than values were considered to be "positive"
results with a relative standard deviation of 100%. Error propagation was
performed in the same manner as before. These cases are footnoted in
Table 14. When all analytical measurements resulted in less-than values,
the result of the most sensitive measurement (the smallest less-than value)

was accepted as the upper concentration limit.

The average results determined per cubic centimeter at standard tem-
perature and pressure (STP) were converted to the actual reactor building

conditions of 716 mm of Hg and 299°K using the ideal gas law. The resul-
tant concentrations in uCi/cm3 of actual reactor building free volume

are presented in Table 14 along with the estimated reactor building atmos-
pheric inventory at the time of our measurements. A free building volume

of 5.58 x 1010 cm3 was used for these estimates.8
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TABLE 14. RADIONUCLIDE CONTENT IN THE TMI UNIT-2 REACTOR BUILDING
ATMOSPHERE
April 29 - May 2, 1980

3 Estimatedc
uCi/cm™ of Reactor Building
[sotope uCi/cm3 at STP Building Volume Inventory (uCi)
3y 4.7 + 0.8(-5) 4.0 + 0.7(-5) 2.2 + 0.4(6)
14 3.5 + 0.9(-7) 3.0 + 0.8(-7) 1.7 + 0.5(4)
Sley <6 E-10 <5 E-10 <3 E+]
58un 2+ 2(-1) 2+ 2(-11) 1 £1(0)
59Fe <5 E-11 <4 E-11 <3 E+0
59re <3 E-11 <3 E-11 <2 E+0
57Co <1 E-11 <9 E-12 <5 E-1
58¢, 1.0 £ 0.3(-11)8 9 + 3(-12) 5+ 2(-1)
60co 3+ 2(-12)a 3 £ 2(-12) 2 +1(-1)
635 <2 E-11 <2 £E-11 <1 E+0
85k 1.02 + 0.05(0) 8.8 + 0.4(-1) 4.9 + 0.2(10)
895 7 + 3(-11)a 6 + 3(-11) 3+ 1(0)
90y . 1.9 + 0.3(-10) 1.6 + 0.3(-10) 9 + 2(0)
9ly <3 E-11 <3 E-11 <2 E+0
957 <2 E-11 <2 E-11 <1 E+0
103py, <4 E-11 <4 E-11 <2 E+0
106R 1, <1 E-10 <9 E-11 <5 E+0
110mp g 1.6 + 0.6(-11)b 1.4 £ 0.5(-11) 8 + 3(-1)
1245y, <1 E-10 <9 E-11 <5 E+0
1255 <2 E-10 <2 E-10 <] E+1
129mT o 4 + 2(-10)2 3+ 2(-10) 2 +1(+1)
1291 6.6 £ 0.5(-11) 5.7 + 0.4(-11) 3.2 + 0.2(0)
134¢4 1.3 £ 0.1(-10) 1.1 +0.1(-10) 6.1 + 0.6(0)
137¢s 8.4 + 0.9(-10) 7.2 +0.8(-10) 4.0 + 0.4(+1)
141ce <6 E-11 <5 E-1) <3 E+0
144cq <9 E-11 <8 E-11 <5 E+0
152, <3 E-11 <3 E-11 <2 E+0
154¢, <2 E-1 <2 E-1 <1 E+0
155¢, <3 E-11 <3 E-11 <2 E+0
235 <7 E-13 <6 E-13 <4 E-2
238y <7 E-13 <6 E-13 <4 E-2
¢38py <7 E-12 <6 E-12 <4 E-
239/240p, <2 E-12 <2 E-12 <1 E-1

a. Calculated from a mixture of positive resutls and less-than values.

b. The only positive value found for ]]OmAg was on the "hot" filter

Iodine Species #2.

Eight other analyses were negative.

has been calculated using the methodology discussed.
for the overall containment average is probably <6 E-12 uCi/cm3.

c. Building inventory was estimated by multip]
tion times a building free volume of 5.58 x 1¢!

The value presented
A more realistic value

éing the measured concentra-
cm3
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