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AI3~ TRACT 

The Three Mile Island Unit-2 reactor building atmosphere was sampled 
" '-

prior to the reactor building purge. Samples of the containment atmosphere 

were obtained using specialized sampling equipment instal~ed through pene

tration R-b26 at the 358-foot (lOg-meter) level of the TMI-2 reactor build

ing. ~he samples were subsequently analyzed for radionuclide concentration 

and for gaseous molecular component.s (02, N2, etc.) by two independent 

laboratories at the Idaho National Engineering Laboratory (INEL). The sam

pling prc.cedures, analysis methods, a~ld results are summarized in tnis 

report. 

TIle concentration of 8\r present was found to be 1.02 ± 0.05 ~Ci 'cm 3 

at STP or 0.88 ± 0.04 ~Ci/cm3 at TMI-2 reactor building conditions. Samples 

f d '1 . d 90S 13 7C 1 34C 1 1 f o suspen ed partlcu are contalne ~, s, and s at eve s 0 

1.9 x 10- 10 ± 0.3 x 10- 10 llei/sm 3, 8.4 x 10- 10 ± 0.9 x 10- 10 \.lei/cm3, 

I ? 1 0 - 1 CJ 0 1 1 0 - 1 0 C' / 3 . 1 TO. 1 4C and .J x ±. x \.l 1 crn , respectlve y. ntlUin and 

activity levels viere 4.7 x 10- 5 ± 0.8 x 10-5 \.lCi/cm 3 and 3.5 x 10- 7 

- 7 3 
1: 0.9 x 10 IlCi/cm. Measured concentrations or detection limits for 

ttlese and 26 oUler radionLlclides are reported. Additionally, ttle relative 

concentr(ltions of the stablp gaseous components, determined by mass spectro

mptry, are reporteO. 

i i 
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CHARACTERIZATION OF THE THREE MILE ISLAND UNIT-2--REACTOR BUILDING 

ATMOSPHERE PRIOR TO THE REACTOR BUILDING PUKGE* 

0. ~. Hartwell and J. W. Mandler 

EG&G Idaho, Inc. 

s. w. Duce and B. G. Motes 

Exxon Nucleat' Idaho Co., Inc. 

I. INTRODUCTION 

During the perioci from April 29, 1980, to ~1ay 2, 1980, the atmosphere 

of the Three Mile Island (TMI) Unit-2 Reactor Building (RB) was sampled and 

s'Jbsequent ly analyzed to provide characterization print' to the containment 

purge. Sarnples were obtained via a sampling probe installed throu(]h nenp

tration R-626 at the 358-ft (109-m) level of the RI). Specialized sampling 

equipment, developed for ttle NRC Source Tenn Project, was used to ubtain 

samples for the determination of 1291 (Doth total and iodine species), 
14, 3H 85K '1',1" . 1 C, , r, and radlonuc lue actlvlty or suspended partlcu ates, and 

for molecular analYSis of the atmospheric gaseous components. Analyses were 

performed by two different ana lyt ica ~ I aboratories at tne Idaho Nat iona I 

Engineering Laboratory (INEL). 

Th i s work was i ni t i ateC1 to provide data requestt:d by the HlI Exami na

tion Task 2.1 Planning Group relating to fission-proouct transport and depo

sition and environments charncterization. 1 As the wOl'k progressed, an 

ancillary objective of providing data for a comprehensive evaluation OT the 

source tenn for the TMI-2 RB purge aeveloped. 

* Work supported by the U.S. Department of Energy under DOE Contract 
No. DE-AC07-76IDOI570. 



II. SAMPLING 

1. Equipment 

Samples were oGtained using specialized sampling equipment installed 

at the R-626 penetration at the 358-ft (lOg-m) level of the TMI Unit-2 RB. 

Tne R-626 penetration is equipped with a glove box incorportating a doulJle 

gate-valve-protected passthr0ug~ to the RB interior. The sampling equip~ent 

consisted of a 4.6-m by O.64-cm diameter stainless steel sampling proDe, a 

2.4 liter/sec rotary vane sampling pump, flow and pressure/vacuum measure

'Ili~nt equipment, and a vari':>ty of samplinq devices. A moisture dropout trap 

wa s pI acecl bet,-,'een the samp 1 i n9 prObe and tile samp Ie ;ne'j i a to protec t the 

media from mOlsture conuensation; hOivever, no liquid collectea in tile mois

ture Jropout during any of the sampling operations. All sample lines from 

Ule sampling prObe inlp.t to the inlet of tne last saillple device ~'iere stain

less steel. Fiqure 1 presents a sctleillatic of tIle sampling configlJration 

use(L Note that sample gas was Lrawn directly from containment anJ exhausted 

into the glove box. 

T'l€ sampling devices employed have been used extensively at nuclear 

po,'Jer plants by INEL scientists 011 tile NRC Source Tenll i~easurement Program. 

Tne sample devices are shown schematically in Figures 2 through 4 and are 

discussed individually in the following sections. 

I. 1 Iodine Samplers 

Two types of iodine samplers were employed: one for collection of a 

total iodiGe sample and another f8f determinatlon of the iodine chemical 

species. Both samnle devices dre composed of five separate aluminum cups 

containing the desired samplin~ medium. The cu~s are a-ring sealed, and a 

staCK of five are assembled for use in a sampling tower. In both the total 

iodine and the iodi'le species samp1ers, the first sample cup contains three 

(3) high efficiency particuldte activity (HEPA) filters to remove particulate 

radionuclides. 

2 



Three Mile Island Unit-2 Reactor Building 
Sampling Station 
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Total Iodine and Iodine Species Samples 
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Species, anJ Particulate Sampling 
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Figure 3. Carbon-14 and Tritium Sample Schematic 

Blee~ air 

Inlet~-- W hole gas bomb ....... ~Exhaust 

INEL-J-1266 
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The total iodine samplers consisted of the three HEPA filters followed 

by two triethylenediamint: (TEDA) impreonated charcoal absorption beds. The 

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

The iodi~e species samplers use a variety of sampling media arranged 

to optimizf the selective adsorptiGn of particulate iodine, elemental iodine 

(1 2), hYIJJiodouS acid (HOI), and organic (e.g., CHjI) iodine. The first 

sampler stage contains three (3) HEPA filters. The second stage is a cad

mium iodide (CdI 2) on Chromosorb (60/80 mesh) absorption hed for col lec

ticH1 of elemental iodine (12)' Stage 3 cG:ltai:1s 4-iodophenol (1PH) on 

alumilld (30/6U inesh) for hypoiodous acid (HOI) collection. The following 

stage is a 20/40 ~€Sh silver zeolite (AgX) adsorptioll 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 

The l4 C_3 H sampler, shown schematically in Figure 3, is a SJmpler 

package developed to ensure collection of both oxidized (HTO, 14C02 ) and 

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

silica gel (SG) columns, two molecular sieve (MS) columns, a heated platinum/ 

palladium cat~lyst, and twa flow control orifices. The inlet stream first 

passes through a silica gel column that removes water (HZO and HTO). The 

sample stream is then split and one-half passes directly through ~ mole

cular sieve column that collects CO
2

, The other half of the sample stream 

passes through the heated catalyst bed where unoxiJized hydrocarbons, etc., 

are oxidized and the generated water and CO Z 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 of 

ZOO cm3/minute. Oxidation was complete and collection was quantitative. Z 

1.3 Whole Gas Samples 

Samples of the RB atmosphere were collected in standard 150 cm 3 

stainless steel gas sample bombS equipped with needle valves for sample 



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

more tt"\an 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 glove 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 itE:,,:~ t.hrough penetrat.ion 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 

F~9ur2 1). The distance from the glove ~ox 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 salllp les obta-; ned are cata loged in Tab 12 1. tlJote that all samp 1e 

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 14C_3H sam

plers, and the sampling duration was four hours. 
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TA~LE I. THREE MILE ISLANG UhIT -2 REACTOR BJILDING ATr~OSPHERE SAMPLES 

Sample Volume 

Sample Identification Date T' 
I lrlle (Standard 

Paniculate F i 1 te r 1f2 05/01/80 2002 21 10 461,300 
Particulate F i lte r #3 05/01/80 1910 2000 314,850 
Particulate Filter #4 05/02/30 1145 1243 31)3,470 

Tot 11 Iodine #1 04/29/80 1420 1520 342, sao 
Total I od i 12 1T2 05/01/80 1616 1516 j92,700 
Total Iodine It:; 05/01/80 1519 1621 405,790 
Total Ioaine #4 0",,'01/80 1757 1355 386,570 

Io:iine ~pecies Itl 0:,/0(130 1246 1345 __ a 

Iouine Species ItL 05/02/30 1348 1448 350,280 

14C _3 H pI 05/01/80 1416 1621 __ D 

1757 2048 
1L1C_3H ff2 05/01/80 1145 1448 __ c 

i'ihole Ga s rl 04/2Q/80 1430 'i ~OO 135. I 
Who 1 e Gas .12 04/29/80 1430 1 SOO 120. 1 
tihole Gas Ul 

tt~ 04/29/80 1430 1 r.:()(1 
JuV 12 I . 4 

WtlO Ie Gas 1T4 OJ/29/80 1430 1500 114. 1 

2. Due to insufficient samplet- cornpolents, the CUI2 and rPH sJlllpler cups 
of the Iodine Species ~l sample were usea as bac~up beds for the #3 partic
ulate filter sampl~. Consequently, the total flow tllrough the Iodine 
Species #1 sampler media cups were, respectively, 367,800 standard clll3 
for che HEPA filter and tile AgX meaia, and 682,700 standard cm 3 for the 
CdI2 and IPH. In the calculations of activity per cm 3, tile respective 
volumes were applied. 

b. Total sample flow through the silica ael adsorber upstream from the 
catalytic oxidizer was 44,400 standard cm3; total fiow through the other 
14C_3H sampler components was 22,200 standara cm 3. 

c. Total salllple flo ... ! through the silica jel adsot'ber upstream from the 
catalytic oxidizer was 19,000 standard em ; total flow through the otner 
14C_3H component was 9,500 standard cm 3. -

cm J 
) 



III. ANALYSIS PROCEDURES 

1. Genera 1 

All sample analyses were performed at the INEL by EG&G Idaho, Inc., and 

Exxon Nuclear Idaho Co., Inc., (ENICO). The analytical facilities of tnese 

two companies at'e separate and independent. and each maintains a completely 

independent quality assurance and standards program. 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 ~racticable, analyses were duplicated in the 

two company facilities. Practical r:onsiderations ;:>reclulled 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 radiochemi:al 

analyses, and so the assays of t:le 14C_3 H 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 129 1 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 the samples 

obtaine~ between the two laboratories. Table 2 details the assignments of 

the RB atmosphere samples and the analyses performed. 

The four whole gas samples were actually split for analYSis. The gas 

transfers were performed by Lab B. Prior to any gas transfer operations, 

the stainless steel sumple bombs were counted in the same position on a 

gamma spectrometer. The relative counting rates in the 514-keV gamma peak 

of 85 Kr 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 i~dicate 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 

9 



TABLE 2. ASSIGNMENT OF SAMPLES FOR ANALYSIS 

Lan B 

Partlculate Filters Particulate Filters 

#1 IocJine Species Gamma Spectrometry r::l ruta 1 I ori i nl! 

#2 Iodine Species Gruss beta (dissolved) fir PF 

#2 Total IocJine Gross al pl1rl (d i 550 I Vt-:'ej if.) PF 

#3 Totdl Iodine ligl (cJirecL count) ff4 PF 

#4 Total Iudine k(jdiocheillistr~ tor 
5SFe 63Nl 0 jr qOSr 

1 'r'"\r. "( '238 ' Y Y 2~JU i38U Pu , , , , 
?3~n40pu 

o 
14c (jnu TrlLiulfi 

#1 14C/3H Liquiu Scintl11ation 

#2 14 C/3H for 3H MIU l~~C 

Cnorcual Cdrtriugts CharCUiJ 1 Cdrtr~t:':: 

# j Tot d 1 I ocJ oj n e I e~ r (ll i reet COIJllt) til TutcJl I(Jlllr)l: 

#4 Total Iodine 129[/1271 (nt::utruf, activJtion) He Tuta I Iuuirle 

Iodine Species 

#1 IocJine Species 12Yr (direct count) 

#2 Ioaine Species 

Ldt) A 

GJ'llirla Sf-iec t rornet ry 

Gruss beta (cJlrect) 

Grus~> d Ipllo (ulrect) 

le'Jl (Jleutru rl 
activatiun) 



TABLE 2. (continued) 

Particulate Filters 

Whole Gasa 

l .. ab B 

#1 Whole Gas Mass ~pectrometry 

#2 Whole Gas 

#3 Whole Gas 

#4 Whole Gas 

Particulate Filters 

Whole Gasa 

Lab A 

#1 wl'ole Gas Gamilla Spectrolnetry 

#2 Wno 1 e Ga s 

#3 Whole GdS 

#4 Whole Gas 

a. Whole gas samp·les were split by quantitative gas transfer techniqlJes (~ee text). 



measured, and the sample contents expanded into the gas transfer apparatus. 

Tnp resulting system ~ressure was recorded and the bombs valved off. This 

procedure was then repeated for all four whole gas samples. The counting 

bombs were transferred to Lab A for gamma spectrometric analyses. TIle 

archive bombS were stored. The remaining contents of the original sawple 

bombs were analyzed by ma~;s spectrometry. After analysis of the original 

~ample bomb contents, thes~ sample bombs were volume cali~rated, and the 

contents and pressures of till ('f tile sample, archive, and counting bombs 

detprmined. The results of trlese determinations are shown in Table 3. 

TA8LE 3. VOLUMES, ~RESSJRE~, AND STANDARD CUBIC CENTIMETERS OF THE 
COUN· lNG, ARCHIVE, AND ORIGINAL SAMPLE CONTA!NER~ 

Vo j IJIlle 
Pressure Standard cm 

( J, Counting Bombs ~-)- (mOl Hg at 24°C) ot Sample 

Counting Bomb #1 349.5 183 77 .4 
Counting Bomb #2 35B.4 160 69.4 
Cou'lting Bomb #.; 357.0 163 70.4 
Counting Bomb #4 381.2 146 67.3 

Arctlive Bomb #1 81. 4 183 18.0 
Archive f30lllb #2 83.4 16G 16. 1 
Archive Bornb #3 81. 0 163 16.0 
,I1xch i ve Bomb #Il 86.6 146 15.3 

Original Bomb #1 152. 1 735a 135.1 a 
Ol-iginal 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 
originJl pressures and standard cubic centimeters. 

2. Lab A Analytical Pro .... edures 

2. 1 Gamma Spectrometry 

Gamma spectrometry measurements on tpe particulate fi lters 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 
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incor~arates two independent lithium-drifted-germanium [Ge(Li)] spectrometer 

systems. Each Ge(Li) detector is equipped with special high-count-rate 
electronics with pulser-based gain compensation developed at the INEL. Cdta 

acquisition tasks are performed by a Data General NOVA 1200 minicomputer. 

The acquired spectral data are transmitted to a Data General Eclipse 5/230 

system for data analysis. The gamma spectral analysis routines used are 

Dasically those of GAUSS VI,4 modified and optimized for nuclear power 

plant monitoring. 

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-detector distances. funong these are the particulate 

filters and ~as counting bombs used in the TMI work. 

The particulate fllters were counted by insertion in a m~nila envelope, 

which in turn was placed in a special sample holaer positioned in front of 

the Ge(Li) detector. Efficiency curves at various sourc~-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 Refere~ce 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. 

Calioration of this geometry has been performed by a special gas calibration 

technique. 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 
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curve determinations. The 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 amoient background, 

random sumrn~ng, and sample volume. Isotopes I'Jere identified by computer 

reference to an isotope library, and quantita~ive results or minimum detect

able levels were calculated in \lei/cm 3. 

?'.2 Gross Beta 

Gross beta activities on the particulate filters \"JeY'e determined by 

direct counting on d calibrated end-window beta proportional counter. The 

proportional counter had been previously calibrated by counting 90SrY 

deposited on stainless steel planchets. The Slmple count results were nut 

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 Determinatiun of Iodine-129 by Neutron Activation hnalysis (NAA) 

The determination of 1291 by NAA is based on the reaction 129I (v,q) 13°1, 

with determination of the induced 13°1 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 
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employed. The separation procedures used by both analytical laboratories 
take advantage of the water solubility of the TEDA th~t serves as the pri

mary collection media for atmospheric iodine. However, the Lab A and Lao 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 

pldced in a polyethylene capsule for irradiation. A blank capsule was pre

pared by placing 5 grams of unexposed charcoal in a similar polyethylene 

capsule. A standard containing a known activity NBS 1291 and a known 

t Ot f 0 0 o. (f 127 1) d bOt' d d quan 1 y 0 potass1um 10010e or was prepare y p1pe t1ng stan ar 

solutions into 5 grrms of blank charcoal in a polyethyler.e 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 Doth 

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 129 1 determination, one sample capsule, 

the blank, and the standard were irradiated for 20 minutes in a flux of 
11 -2-1 5.5 x 10 n·cm ·s . The irradiated capsules were counted by 

gamma spectrometry and the quantity of 1271 in each material determined 

by usual NAA m2thods. These results allowed a later direct determination 

of the recovery efficiency of the separation procedure for 1291• After 

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

further irradiations. 

All capsules were then analyzed for 1291 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 hou)' (to allow complete buildup of 
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130 r f 130m r ) th d .. rOIn 8ecay , and en washe to remove the actlvatea iodlne. 

The wash liquid was a hot aqueous sclution containing potassium iodide a~ 

cart'ier and sodium sulfite as a reductant. ThE: charcoal WJS \vdshed twice 

in a batch mnde and then slurried to a column. The column was washed with 

approximately 100 colulll:1 volL:ines of the hot wash solution, and all the wash 

effluent passed thrl)ug h a Dowex-l ion exchange column to trap r-. The 

col~llln was then washed with water to remove completely the raaionuclidic 

contaminants (notably 24 Na ). The radioiodine was tllen \'Jashed from ttle 

Dowex column witn a solution of sodium hJPochlorite, and the effluent was 

placed in a plastic bottle fo:, which the Ge(Li) spectrometers are cali

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

the quantity of 130! determined frol!l the garm!la lines at 518 keV, 536 keV, 

668 keV, and 739 keV. On the wash solutions from samples that had th~ir 

127r content determined earlier, the ~ctivity of 1281 (443 keV) was 

noted. 

Th t . f 129 r 1 . . f e quan lty 0 per wash so ut10n was determ1ned rom the 
. d d 130 I .. d d . t . 1· 1 1 . 1n uce actlv1ty by stan ar act1va 10n ana yS1S cacu atlons. A 

cumulative yield cross section of 24 barns, which includes both the direct 
. 1 f 130r d h . b t· f 130mr d Th k Y1e d 0 an t e contr1 u 10n rom , was use. e nown 

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

The calculated values were corrected for sample aliquoting, for th2 esti

mated chemical yield, and for the sampled air volume, and 129r concentra

tions were calculated in ~Ci/cm3. No 129r 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 127r were measured directly on the 

1 . 127r . 1 T . f sample and the bank on Vh1Ch was measured d1rect y. he rat10 0 

tne values for l27 r determined by direct activation and counting to those 

determined through the separation procedure was established, and 1271 

recovery effiriencies of 101% and ~17% were obtained for the blank and the 

sample, respectively. 1odine-129 recovery from the standard was 95.5%; how

ever, this excellent recovery may partially reflect the method of standard 
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synthesis (direct pipetting). Based on chese results an~ the results of 

further testing perfonned on 1311_laden TEDA charcoal cartridges, a recov

ery efficiency of 100 ± 30% was chosen for use in the 1291 calculations. 

3. Lab G Analytical Procedures 

3.1 Gamma Spectrometry 

Gamma spectrometry measurements were performed on the particulate fil

ters assigned to La? B for analysis. The particulate filters were prepared 

for dnalysis 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 configur~tion. 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 L'om the press apparatus and capped. The f i Her 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 incorporates peak areJ determinations and iso

tope identification, and reports quantitative results by reference to detec

tor efficiency curves. Calibrations have been performed ~sing NBS standard 

reference materials fixed in appropriate configurations. 

3.2 Gross Alpha, 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 radionuclides. The particulate filters 

were dissolved by initial fume-downs with HN0 3-HF followed by fume-downs 
with H2S04-HN0 3. The result was a clear solution with no undissolved 

residue. 
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Gross beta ana gross alpha determinations were per-fanned on the desig

nated solution aliquots by evaporating the solution onto stainless steel 

planchets ana counting on a calibfatea end-winoow pr-opor-tionJl counter. 

Gr-oss beta results in llCl/crn3 of sallipleo air ... ere reportea using a 

137(s counting efficiency, tne ~liquoting volume ratios, and tne total 

volume of sampled air. Gross alpha results lliere calculated lIsing .3 233 U 

clJuntinrl efficiency. 

F .. .. d . 1 . d ( 395 90S or determ1nat10n at the betJ-e~lttlng ra lonuc 1 es r, r, 
5 JF 6 3N . 91 Y . 1 . d l' e, 1, and ), a sequentld separatlOn an ana y~lS sequence 

wa: used. Known quantities of staoie tracers were added to the aissolution 

ali 4 uots. TIle designated Scmple aliquot \Vas boileo to remove 'Jolatile ele-
89 90 ments. Next, the sample was aivided into two parts, one for the ' Sr 

63 nl ~5 
analyses and the other for ~i, y, and' Fe analyses. The stron-

tium was first precip1tateG as the sulfate. It was further cleaned up by 

precipitation as strontiuJII nitrate, wniCh separates it from most ottler 

cations. The rdLiiostrontium yieid I'las determined fr-ullI the llieight of str-ontium 

sulfate. For the determination of gOy, the yttrium-':JO daughtel- was allowed 
. ddT 90 - 1 to grow-1n anJ was then separate and counte. he ~r content was ca -

culated from the 90y value. The strontium s~lfate, which contains both 

9°51' and 89 Sr , was counted to determine total radiostrontium content. 

T f f I ·· d 9°S d . d he di erence between the tota rad10stront1um an the I' etermlne 

from the gOy was the 8YSr. 

Iron, yttrium, and nickel were gathered along with other cations by 

precipitating their hydroxides. Iron was separated from all other cations 

using a Cl anion exchange column. Iron-55 was determined by counting in 

a liquid scintillation counter. The yield of iron ~Jas determined spectro

photometrically using the orthophenanthroline complex of iron. 

Nickel was separated from yttrium by preCipitating yttrium hydroxide 

using ammonia, wnich fonns a suluDle complex with niCkel. It was cleaned 

up by precipitation with dimethylglyoxime and extracting into chloroform. 

Nickel-63 was det~'rlTiined 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-(Z-ethylhexyl) phosphoric 

acid. Yttrium-9l was determined by cou'lting yttl'ium 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 

BaS04 carrie~ 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 

extracti0n. The uranium and plutonium fractions are electroplated and 

counted on an alpha spectrometry system. Chemical yields are determined by 

d ·· f 236p d 233U f the ad 1 t 1 In 0 u an or tracer recovery measurements. 

3.3 Carbon-14 

Carbon-14-bearing CO
2 

was removed from the molecular sieve (MS) sam

pling towers using a gas transfer apparatus and procedure. An MS tower was 

positioned in the transfer apparatus, and the trapped CO~ was removed by 
L 

heating the tower to 350 0 for four hours. Gase5 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 CO 2 was allowed to ex~and into 

the known system volume, and the system pressure was measured manometri

cally. The known CO2 volume was then absorbed in ethanolamine, and the 

l4C carbamate product was incorporated into an aqueous liquid s~intllla
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 Trit i urn 

The tritium content of the silica g~l towers was determined by direct 

counting in a liquid 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. Wtlile 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 directly ~ith an aqueous liquid scintillant cockttil and counted 

in a precalibrated liquid scintillation counter. Quench correction was 

effecte~ via the external standard ratio method. 

3.5 Determination of Iodine-129 by Direct Counting 

In addition to the neutron activation analysis (NAA) for 1291 and 

1271 performed on the charcoal total iodine cartridges, Lab B analyzed the 

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 (CdI 2, 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 germanlum 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 

CdI 0 , IPH, AgX, and charcoal media were transferred from the sample car-
L 

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 1291. 

The count rates obtained were quantified by replicate counting of standards 

prepared by blending measured aliquots of NBS 129I standard reference 

material with the approrriate sampler media. 

3.6 Determination of Iodine-129 and Iodine-127 by Neutron Activation 

Analysis (NAA) 

The analytical scheme for NAA of 1291 and 1271 on charcoal is based 

t · t· f 1291 d 127I t 130I d 128I . 1 on the ac lva 10n 0 an 0 an , respect1ve y. 
Iodine-127 was determined directly by irradiation of the charcoal media in 

d t . f 128 1 Th h 1 d the CFRMF reactor an gamma coun 1n9 0 . e c arcoa me ia 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 1271 

retained on the ion ex:hange column determined. From these two NAA results, 

the chemical yield of the iodine recov~ry technique was directly determined. 

After couling, the ion exchange resins wer~ 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 nrder 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 

to determine the 13°1 content. Detector calibrations for tl2 resin colunin 

geometry were affected by irradiation and counting of 1271 and 1291 
127 129 standards loaded onto similar columns. The 1 and 1 sample con-

tents were then determined by usual NAA calc~lation methods. 
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IV. RESULTS 

Tables 4 through 10 present the results of the analyses pL~formed by 

Lab B. Lab A analytical results are presented in Tables 11 through 13. 

All radionuclide concentrations 

timeter at standard temperature 
these and all following tables, 

-7 ±1.4xlO. 

are presented in microcuries per cubic cen

and pressure (760 mm of Hg and 273°K). In 
-7 read 5.3 ± 1.4{-7) as 5.2 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 

sailipler 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 Jffect 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 (a). If the net is less than 

0, a less-than value is reported as <0. 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) 

Sampler Identification 

Sampler Component 

Sample Data 

Sample Time 

Sample Volume (em3) 

Coneentrution (~Ci/em3) 
3 
H 

14 
C 

#1 
14C 3H 

~10 1 ec u 1 a r 
S i e VP. 

5/1/80 

1416-1621 
1756-2048 

44,400 

__ a 

b 
5.2 ± 1.4(-7) 

a. Not analyzed for radionuclide. 

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

#1 
14C 3H 

Silica 
Gel 

5/1/80 

1416-1621 
1756-2048 

44,400 

4.2 ± 1.0(-5) 
__ d 

#2 #2 
14C 3H 14C JH 

Molecular Silica 
Sieve Ge 1 

5/2/80 S/2/8LJ 

114S-1448 1145-1148 

19,032 19,03L 

__ a 
6.0 ± 1.6(-5) 

3.0 ± 0.8(-7) __ a 



TABLE 5. THREE MILE ISLAND UNIT-2 REACTUR GUILOING ATMOSPHERE SAMPLE~: LA~ 8 (particulates) 

Iodine Iodine Tota 1 Total Totdl 
Sampler Identification Species--I Species-2 Iudine-c: Iodine-3 IOdine-4 

Sampler Component Paritcu1ate Particulate Particulate Particulate Particulate 
Filter F i Iter Filter Fi lter Filter 

Sample Date 5/2/80 5/2/80 S/1/80 S/l /80 :i/l/30 

Sample Timt: 1348-1448 1246-1345 -14 1 G- 1:) 1 () lS19-1b21 liS7-1oS5 

Sample Volume (cm3 ) 3S0,280 367,800 3:J2,70(J 405,7S10 3B6,570 
N 

Concentration (~Ci/cm31 ~ 

134Cs 1.4 ± 0.1(-10) 3.2 ± O.t1(-10) 1.1 ± 0.1(-10) SI.B ± 1.0(-11) 1.6 ± 0.2(-lCJ) 

137Cs 9.0 ± 0.9(-10) 1.3 ± 0.1(-9) 6.g ± U.7(-10) S.8 ± 0.6(-10) 1.0 ± 0.'(-9) 

58Co <9.1{-12) 2.4 ± 0.5(-l"i) <3.4(-12, <8.0(-12) <6.1(-12) 

60Co <2.5(-12) 5.4 ± 0.7(-11) <5.0(-12) 2.7 ± 0.8(--12) <2.S(-12) 

110mAg <6. 1 ( - 11 ) 4.6 ± 0.6(-11) <6.5(-12) <7.7(-12) <S.5(-U) 
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TABLE 6. THREE MILE ISLAND UNIT-2 REACTOR BUILDING ATMOSPHERE SAf.1PLES: LAB B (gross a1pt1a, gross beta, 
and beta-only emitters) 

Sampler Identification 

Sampler Component 

Sample Date 

Sample Time 

Sample Volume (cm3) 

Concentration (~Ci/cm3) 

G ross a 'I pha 

Gross beta 

55Fe 

63Ni 

8SlS r 

90S r 

9ly 

Iodine 
Species-l 

Paritaulate 
Filter 

5/2/80 

1348-1448 

350,280 

Iodine 
Species-2 

Particulate 
Filter 

5/2/00 

1246-1345 

367,800 

Total 
Iodine-~ 

Particulate 
F i I te r 

S/1/80 

141 b- 1516 

392,700 

Total 
Iodine-3 

r)articulate 
Filter 

5/1/80 

ISI9-16~1 

405,790 

Total 
Iodirlt;-4 

Pdrticulate 
Filter 

S/1/80 

17S/-1(3S~, 

JEJ,b,570 

<5(-11) <5(-11) <S(-II) <S(-11) <G(-II) 

1.2 ± 0.1(-9) 1.6 ± 0.2(-9) 9 ± 1(-10) 7.3 ± 0.9(-10) 1.6 ± 0.2(-~) 

<7(-'11) <6(-11) <6(-11) <6(-11) <S(-II) 

<3(-11) <2(-11) <2(-11) «(-11) <~(-11) 

1.2 ± 0.8(-10) 2.5 ± 0.8(-10) <4(-11) 6 ± 3(-11) <7(-11) 

2.6 ± 0.5(-10) 2.9 ± 0.3(-10) 1.7 ± 0.~(-10) 1.2 ± 0.2(-10) ~.O ± 0.3(-10) 

<4(-11) <4(-11) <8(-11) <3(-11) <3(-11) 



TABLE 7. THREE MILE ISLAND lJNIT-c REACTOR 8UILDING ATMOSPHERF. SA[·1PLES: U\b l3 (uranium and plutonium) 

Iodine Iodine Total Totdl Total 
Saillpler Identification ~ecies-l S~ecits-c IodinE:-? louine-3 IOdine-4 

Sampler Corn~onent Paritculate Particulate PArticulAte Particulate Particulate 
Filter Fi lter Fi lter F i lte r Filter 

Sample Date C:,/2/30 ':>/2/80 S 11/00 5/1/()O 5/1/80 

Sample Time 1348- 1448 1246-134':, 1416-1516 IJ1~-1621 1757-18~S 

Sample Volume (cm3) 3S0,280 367,800 3~2, 700 405,790 386,S70 
N 

Concentration (~Ci/cm31 0"1 

235U <7.0(-13) <? O( - "11 ) <l.O(-lf) <I .0 ( - 12 ) <1.0(-1~) 

238U <4.0(-11) <2.0(-11) <2.0(-11) <7.0(-13) <4.0(-11) 

238pu <8.0(-12) <g.O(-12) <8.0(-1?) <7.0(-12) <8.0(-12) 

239/240pu <2.0(-12) <?,.0(-12) <?0(-12) <~.0(-12) <2.0(-12) 
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TA~LE 3. THREE MILE I5LAND UNIT-2 REACTOR BUILDING ATMOSPHEkE SAMPLES: LAB 8 (mass spectrometry) 

S amp 1 e 1. O. 
N urnDe r 

2 

3 

4 

H2 

O. 70 

0.89 

0.93 

0.92 

NOTE: Other Gas Analyses 

He N2 

0.06 83.50 

0.07 83.90 

0.07 83.90 

0.07 83.80 

a. Neon: ncne over background «100 ppm). 

Relative Concentration 
(Mole %) 

O2 Ar CO
2 

14.60 0.98 0.075 

14.00 0.98 O. 10':> 

14.00 0.98 0.095 

14.00 0.99 0.073 

b. Sulfur Dioxide (S02): none detected «100 pprn). 

c. Krypton: none detected «100 ppm). 

d. Carbon r,onoxide (CO): none detected «500 ppm). 

Xe 
Organics as CH4 --Iguivdlents 

0.009 O.OOb 

0.OU9 0.071 

0.009 U.lJ69 

0.008 0.070 



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 

SamlJle Time 

)ample Vo~lume (cm3 ) 

Concentration (~Ci/cm3) 

129[ (direct count) 

1291 (NAA) a 

Concent rat i on (~g/ crn 3) 

127 [ b 

#3 Total 
Iodine 

Charcoa 1 

5/1/80 

1519-1621 

405,790 

6 ± 2(-11} 

5.7 ± 0.7(-11) 

<1.3{-4) 

#4 Total 
Iodine 

Charcoal 

5/1 /80 

1757-1855 

386,570 

8.6 ± 2.2(-11} 

7.4 ± 0.9(-11) 

<1.4(-4) 

a. Quoted uncertainties include the estimated contriDution from the 
recovery procedure. 

b. Iodine 127 results were below the minimum detectable level d~e to high 
blank concentrations. 
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TABLE 10. THREE MILE ISLAND UNIT-2 REACTUR BUILDING ATMOSPHERE SAMPLES: LAB 8 (iodine-129 species) 

Iodine 
Sampler Identification Species-l 

Sampler Component Paritculate 
Filter 

Sample Date 5/2/80 

Sample Time 1348-1448 

Sample Volume (crn3) 3S0,280 

Concentration (~Ci/cm3) 

129 1 (direct count) <5(-11) 

Percentage of Detected Activity 

Sampler Identification 

Sampler Component 

Sample Date 

Sample Time 

Sample Volume (cm3) 

Concentration (~Ci/cm3) 

1291 (direct count) 

#2 Iodine 
Species 

Paritculate 
Filter 

5/2/80 

1246-1345 

367,800 

<:'(-11) 

Percentage of Detected Activity 

Iodine 
Species-2 

Cd I { 
(E 1 ement a 1 12) 

5/2/80 

1348-1448 

3JO,t.8U 

1.2 ± 0.5(-11) 

19 ± 9% 

#2 lod i ne 
Species 

CdI2 
(Elemental 12) 

5/2/80 

1246-1345 

367,800 

<1.0(-11) 

Total 
lodine-2 

IPH 
( HO 1 ) 

5/2/80 

1:548-1448 

350,~80 

Total 
lodine-3 

AgX IS, Charcoal 
(0 rgan i c I) 

5/2/80 

1348-1448 

3~0,28() 

1.0 ± 0.4(-11) 4.0 ± 1.3(-11) 

16 + 7% 

#2 Iodine 
Species 

IPH 
( HO I) 

5/2/80 

1246-1345 

367,800 

<1.2(-11) 

b 5 ± 26% 

#2 Iodine 
Species 

AgX & Charcoal 
(Orga n i c I) 

5/2/80 

1246- 134~ 

367,800 

2.9 ± 1.0(-11) 

1 00% 

Total 
lodine-4 

Total 

~/2/80 

134b-1448 

350,;::oU 

6.2 ± 1.4(-11) 

#2 IOdine 
Species 

Total 

~/2/8U 

1246-1345 

36/,800 

2.9 ± "l.O(-l1} 
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TABLE 11. THREE fV1ILE ISL.AND UNIT-2 REACTOR 13UILDING An~(JSPHERE SAf'.lPLES: LAB A (krypton-85) 

Sample Identificat~on 

Sample Type 

Sample Date 

Sample Time 

Sample Volume (cm3)a 

Concentration (~Ci/cm31b 

85Kr 

#1 

Whole Gas 

4/29/80 

1430-1500 

77.4 

0.98 ± 0.10 

#2 

vJho 1 e Ga s 

4/29/80 

1430-1500 

69.4 

1.07 ± 0.11 

#3 

Whole Gas 

4/29/8U 

!430-ISOU 

70.4 

1 .03 ± O. 11 

#4 

Whole GdS 

4/29/80 

1430-1~00 

67.3 

1.00 ± 0.11 

a. Listed volumes are cubic centimeters of sample at stanuard temperature adn pressure contained in the 
sample counting bomb. Nominal sample bomb volumes were 150 cm 3. 

o. 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: LAG A (~articulate rduionucliaes) 

Sample Identification #1 Total Iodine #2 PF #3 PF *4 PF 

Sample Type Particulate Particulate Pdrticulate Particulate 
Filter Filter Fi lter Fi Iter 

Sanlple Date 4/29/80 S/I/80 S/I/dO 5/1/80 

Sample Time 1420-1520 ;:OO2-?110 1910-?000 1145-124j 

Sample Vulume 342,500 461,30n 314,bSU 393,470 

Concentration (~Ci/cm31 

134Cs 1.3 ± 0.2(-10) ?3 ± 0.3(-10) ?4 ± lL3(-IU) 1.6 ± 0.2(-10) 

w 137Cs 6.6 ± 0.8(-lU) 1.3 ± 0.2(-9) 1.L ± 0.1(-9) 9.6 ± 1.1(-10) 

5lCr <6E-l0 <3E-l0 <3E - 10 <4E-l0 

54Mn 1.6 ± 0.8(-n) 1.3 ± 0.6(-11) <31:: -11 <iE -1 1 

59Fe <5E-ll <IE-lO <1-10 <3E -11 

57Co <lE-l1 <IE-II <IE-11 <i[ - 11 

58Co 2.4 ± 1.1(-11) < 1 E - 1 1 <2-E-l1 <2E -11 

6OCo <3E-l1 <4E -11 <5E - 11 <4E -11 

95Z r < 5E - 11 <2E -11 <jE-ll <4E-l1 

103Ru <4E - 11 < ;[ - 11 <4E - 11 <4E -11 

106Rh <2E -11 <IE-lO <IE-1O <IE-lO 



TABLE 12. (continued) 

Concentration (~Ci/cm3) (continued) 

110mAg <2E -1 1 <'E-11 <lE-11 < 1 E - 11 

124Sb <IE-11 <IE-l0 <2[-10 <IE-1O 

125Sb <3E -11 <?E -11 <I)E - 1 I <~ E -11 

129Te <4E-10 <4E-l0 4.1) ± 1.9(-10) 4 . .3 ± 1.3(-10) 

141Ce <6[-11 <lE-lO <t)E-ll < IE -11 

w 144C~ <IE-lO <IE-l0 <9E-ll <~E -11 N 

152Eu <3E -11 <6E-l1 <4 E - II <JE -11 

154Eu <3E-l1 <{E -11 <I:;IE-l1 <2E-11 

155Eu <5E -11 <3E -11 <SE - 1 I <4E-11 

Gross beta (direct) 4.8 ± 1.2(-10) 8.2 ± ?O(-10) 8.8 ± ?1(-10) 7.8 ± 1.9(-10) 

Gross alpha (direct) <4E - 11 <~E - 1 1 <2E-11 <2E - 11 



TABLE 13. THREE r·lILE ISLAND ur~lT-2 REACTOR BUILDING ATMOSPHERE SAMPLES: 
LAB A (iodine-1L9) 

Sample Identifica1.ion 

S~mp'e Type 

Sample Date 

Sample Time 

~~ amp 1 E Volume (cm3) 

Concentration ( uC i /CI113) a ----
129r 

If I To tal I od i ne 

Charcoal 

4/29/80 

1420-1520 

342,500 

9.9 ± 3.d-ll) 

#2 Total Iodine 

Chai'coal 

5/1/80 

1416-1516 

392,700 

7.8' 2.6(-11} 

d. Quoted uncertainties include the estimated contribut~on from the 
recovery procedure. 
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V. DISCUSSION 

1. Whole Gas Analyses 

An error-weighted average (l/oZ weighting) of the four values for 
35 3 Kr concentration obtained yields a res01t of 1.02 ± 0.05 ~Ci/cm 
Qh 
~Jf':r. The volume units dre cubic centi;lIeters at standard temperatul'e and 

pressure (760 mm Hg aJ1U DOC). Samples Jrawn by other investigators 8 11ave 

nl)t Deen corrected to standard temperature and pr'essure (STP). At the time 

uf th1S sampling effoY't, the containment DuiLiing pressure was 716 mm of Hy 

anu containlnent te:llpel'~tut't~ "'las Z99°K. Using these values and the measureD 
35 . sample volurnes presented in Table 3, :":c Kr concentratlOn measuren1ents 

\-Iere corrected to actual containment conoitions. The result is an average 

35~:t, concentration of 0.88 ± 0.04 \lCi/cln3 at the existinq RB conditions. 

The utilitY-6ccepted value for the prepurge 85Kr concentration in the 
(' 

T~I-2 Rb 1S O.SO ± O.OZ \lCi/cc at reactor building conditions. u This 

value is 1n agreement with the results reported herein. 

The mass spectrometric results reported in Table 8 indicate an atmos

pnere der_leted in oxygen and hiyn in nitrogen, helium, hydrogen, xenon, and 

carbon dioxide. Normal mole percentages of 0Z' N2, He, 

CO~ in the atmosphere are ZO.95%, 78.09%, 5.24 x 10-4%, 
n ,. 10 - bo, , d 0 0 '"J'" t . 1 9 o x ~ on . J~, respec lve y. 

HZ' Xe, and 
-5 5.0 x 10 %, 

It is interesting to note the detection of organic (hydrocarbon) con

stituents in the sampled air. The mass spectrometric analyses did not 

detennine the organic species present but only reported total organics as 

CH" equivalents. Hydrocarbons were detected in all four samples at an 
'+ 

average level of 0.069% CH4 equivalents. Init1al sampling plans included 

direct sampling for organic hydrocarbons by adsorption onto charcoal tubes. 

These samples were not taken due to practical considerations concerning the 

sampling 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 rndterials during the hydrogen ignit ion that occJrred 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 oil 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 pal"ticulate radionuclides (Tables 5 

and 12) exhibit certain characteristics that highlight the inherent varia

bility of particulate sampling and the nature of low-level gaoliTla-ray spec

trometry. The only gamma-active radionuclides detected on all filters were 

134Cs and 137Cs . Tne pooled results from both laDS for these isotopes 

are consistent, with no statistical 
. d . d f 134C concentratlons etermlne or s 

\lCi/cm3 and 8.4 ± 0.9(-10) IlCi/cm3. 

outliers. The error-weighted average 
137 and Cs, respectively, are 1.32 ± 0.1(-10) 

Certain other radionuclides were 

Jetected occasionally on certain filters. 

the Iodine Species #2 partic~late filter. 

Note the Lab B results obtained on 

This filter showed relatively high 

with abnormally high levels of 114 137 activity levels of Cs and Cs along 
58 60 110m . Co, Co, and Ag--nuclldes 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-

1 d . t . 1 f 54M 58C 60C d 129mT T ate pOSl lve resu JS or n, 0, 0, an e. hese 

results are consistl~nt with the lessthan values reported and may be due to 

statistical variations in the calculated net response. 

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

tent detection of 90Sr only. Strontium-89 was detected on three of the 

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

sistent, the highest values determined for both 90Sr and 89Sr were found 

on the Iodine Species #2 filter. This is the same filter that gave a high 

response for the gamma-emitt i ng rad i onuc 1 ides. The error-weighted average 
90Sr concentration determined is 1.9 ± 0.3(-10) IlCi/cm 3. Calcula-

tion of an average 89Sr 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 o~ly yields a concentration of 8.7 ± 4.3(-11} 

~Ci/cm3. An alternative method of calculation is to include the 1ess

than values 1n 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 (1/0 2 weighted) of 7.3 ± 2.6(-11} ~Ci/cm3. 
This value is probably a better estimate of the 89Sr concentration. 

The theoretical activity ratio of 89Sr to 90Sr has been calculated 

f rom the es t imat~d core i nventori es detenni ned by the computer program 

ORIGEN,lO,ll and the known decay const~nts and sampling date. The theo

retical racio thus determined is 0.41. The sample results reported herein, 

using the 59Sr value of 7.3 ± 2.6(-11} ~Ci/cc, yield a 8YSr/90Sr 

reactivity ratio of 0.38 ± 0.15. 

The particulate filters were also analyzed specifically for ~5Fe, 
63Ni , 91 y , 235U, 238pu , and 239/240pu . None of these nuclides 

were detected. 

3. Iodine 

The pooled results obtained by both laboratories for 1291 on the 

total iodine samplers were tested for statistical outliers, and none were 

found. An error-weighted average (1/0 2 we,_ ting) of the individual 

results yields a value of 6.6 ± 0.5(-11) ~Ci/cm" 1291. While the 1291 

content of the TMI Unit-2 RB atmosphere has not previously been measured, 

the expected concentration has been estimated from the ORIGEN calculated 
131 1291 . . d 131

1 
. 1/ core 1nventory rat10s an measured concentrat10n measure-

12 3 ments. The estimated concentration thus determined was 6.7(-11) ~Ci/cm . 

The estimated concentration is in excellent agreement with our measured 

value. Attempts to quantify the concentration of stable 1271 failed due 

to a high 1271 content of the TEDA-charcoa1 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 al.
12 

at TM!. 
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4. Tritium and Carbon-14 

Concentrations of 3H and l4C in the TMI-2 RB atmosphere were deter

mined to be 4.7 ± 0.8(-5) ~Ci/cm3 and 3.5 ± 0.9(-7) ~Ci/cm3, respectively. 

These results are an error-weighted (1/0 2 weighting) average of results 

on the two sets of 3H_14 C samples obtained. These radionuclides have 

not previously been measured using equipment that samples both oxidized and 

unoxidized species. 

5. Results Correlation 

The raaionuclide concentrations determined during this sampling program 

are presented in Table 14. The following methodology was used in calculat

ing the final concentration values. In cases where a given radionuclide ~as 

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 

1/02 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 ~Ci/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 

10 ') 8 
of 5.58 x 10 cm~ was used for these estimates. 
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TABLE 14. RADIONUCLIDE CONTENT IN THE TMI UNIT-2 REACTOR BUILDING 
ATMOSPHERE 
April 29 - May 2, 1980 

~Ci/cm3 at STP 

4.7 ± 0.8(-5) 
3.5 ± 0.9(-7) 
<6 E-IO 
2 ± 2(-11) 
<5 E-ll 
<3 E-Il 
<I E-Il 
1.0 ± O.3(-11)d 
3 ± 2(-12)a 
<2 E-11 
1.02 ± 0.05(0) 
7 ± 3(-II)a 
1.9 ± 0.3(-10) 
<3 E-l1 
<2 E-11 
<4 E-II 
<I E-IO 
1.6 ± 0.6(-11)b 
<I E-l0 
<2 E-IO 
4 ± 2(-10)a 
6.6 ± 0.5(-11) 
1.3 ± 0.1(-10) 
8.4 ± 0.9(-10) 
<6 E -11 
<9 E-Il 
<3 E-11 
<2 E-ll 
<3 E-l1 
<7 E-13 
<7 E-13 
<7 E-12 
<2 E-12 

~Ci/cm3 of 
Building Volume 

4.0 ± 0.7(-5) 
3.0 ± 0.8(-7) 
<5 E - 10 
2 ± 2(-11) 
<4 E-ll 
<3 E - 11 
<9 E-12 
9 ± 3(-12) 
3 ± 2(-12) 
<2 E -11 
8.8 ± 0.4(-1) 
6 ± 3(-11) 
1.6 ± 0.3(-10) 
<3 E-ll 
<2 E-11 
<4 E - 11 
<9 E - 11 
1.4 ± 0.5(-11) 
<9 E-ll 
<2 E-10 
3±2(-1O) 
5.7 ± 0.4(-11) 
1.1 ± 0.1(-10) 
7.2 ± 0.8(-10) 
<5 E - 11 
<8 E-ll 
<3 E-ll 
<2 E-11 
<3 E-11 
<6 E-13 
<6 E-13 
<6 E-12 
<2 E-12 

Estimated C 

Reactor Building 
Inventory (~Ci) 

2.2 ± 0.4(6) 
1.7 ± 0.5(4) 
<3 E + 1 
1 ± 1(0) 
<3 E+O 
<2 E+O 
<5 E-l 
5 ± 2(-1) 
2 ± 1(-1) 
<1 E+O 
4.9 ± 0.2(10) 
3 ± 1(0) 
9 ± 2(0) 
<2 E+O 
<1 E +0 
<2 E+O 
<5 E+O 
8 ± 3(-1) 
<5 E+O 
<1 E + 1 
2 ± 1(+1) 
3.2 ± 0.2(0) 
6.1 ± 0.6(0) 
4.0 ± 0.4(+1) 
<3 E+O 
<5 E+O 
<2 E+O 
<1 E+O 
<2 E+O 
<4 E-2 
<4 E-2 
<4 E-l 
<1 E-l 

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

b. The only positive value found for llOmAg was on the "hot" filter 
Iodine Species #2. Eight other analyses were negative. T~e value presented 
has been calculated using the methodology discussed. A more realistic value 
for the overall containment average is probably <6 E-12 ~Ci/cm3. 

c. Building inventory was estimated by multiPloing the measured concentra
tion times a building free volume of 5.58 x le l cm3. 
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