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This report contains procedures for gaseous tritium and carbon-14
sampling and analysis for the Source Term Measurement Project being
performed by idaho National Engineering Laboratory for the Nuclear
Regqulatory Commission. This work is being conducted for the Office of
Nuclear Regulatory Research in support of requirements of the Effluent

Treatment System Branch of the Office of Nuclear Reactor Regulation.

This project is designed to obtain generic source tewm information
at operating light water reactors to update the parameter: used in NR(
calculational models (GALE codes). Detailed procedures aind methods used
for collection and analysis of gaseous tritium and carbon-14 are presented.
This provides a reference base to supplement a series of ~eports to be
issued by the Source Term Measurements Project which will ~resent duata
obtained from measurements in specific nuclear power stations. Reference

to appropriate parts of these procedures will be made as required.
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T

he long term dose commitment due to the release of 14C to the

environment 1s significant. Limited data are available on the quantity

of 14 being released from ‘g(}'.t water reactc and the data wt 1Ch are
ince data

available are based on short duration grab es (Ku 74), !

n the release of activity from nuclear pover plants are sometimes used
w 75) to estimate population radiatior exposures, it would be desirable
De able to monitor the release over appreciable time spans, thus

mnimzing the effect of unusual conditions which produce unrepresentative

short term concentrations. Also, implementation of the NR philosophy of

¢ 1 ¢ < cmn 1 '] r 15! ] A ~ n ~ 1 0] -
a Iow as 15 reasonably achievable in the nuclear power industry requires
the knowledge of the levels of activity being released over time

spans under a wide range of operating conditions.

The measurement of & is difficuit because it decays with the
of Tow energy be particles 'E”‘ = 150 keV) without accompanying
. max, . .
gamma radiation. Counting of low a:tlvtéy *C samples has involved
combustion of the sample to and using the CO, (or converting it to
methane or benzene) as the fill gas in a gas proportional counter. Thic

technique has been applied to environmental samples (Dr 65), but the
omplexity of the sample treatment and expense of low level counting
facilities have resulted in the development of other techniques for use

in **C monitoring. Air bubbled through systems containing lithium,

esium, or barium hydroxide may be used to collect C0,. The resulting
arbonate precipitate may be counted as a suspension using liquid 5~1?n111w
lation counting (Mo 70, Mo 71), or acidified and the released 2 reacted

» )

with ethanol: liquid scintillation cocktail (Ca 72). Gases
containing ¢ compounds other than CO; may be passed through a heated

cat !’v! 1€ gl12e and the "'(.'(s\J?)""i CO» coll ected (Go 75).

chnique which would allow samy ling for extended
operator attention, and the problem associated
radioactive liquid samples from the
solid adsorbents
orbents are
in the gas
t‘ he

camnl e
s l’ s

\auilreme




may be adsorbed on a desiccant (Au 72), trapped 1r
or collected cryogenically (Sh 75) Differentiation De
HTO may be achieved by passing part of the dried air stream

a heated catalytic oxidizer, then collecting the water formed

combustion of the HT (Br /3) The HTO can be added directiy to the
scintillation cocktail (0s 70). Detailed discussions OF ™ counting

” | n ] / D 97
technigues are contained 1in several review articles (bu /¢ Kh /3).

The sampling device describec below is therefore cap e of monitorin
34 and !4C in air streams and is capable of se ting the fully
ized forms (HTO and CO,) from oxidizable forms. e device makes use
istina technology and combines proven metnods to meet the present

rements.

AND MONITORING FOI

but most of the present atmospheric inventory of ~° s the result of

testing fusion weapons. Tritium concentrations in the environment vary

somewhat with nearly all of it present

HTO/H20 for water vapor is about 8 x 10 ° Bu 74). Consequently, the
- .

concentration of 3 as water vapor is on the order of 10 pCi/cm 2 of

v

he molecular ratio

air. ome 3H is released to the environment from nuclear power plants

’

but much more is released during fuel reprocessing a 68).

Carbon-14 is produced by the LUN( ) 14 eac on in the upper
itmosphere, with the I4C primarily pre 1t as COq or to 1952, the
14C in the biosphere was n/g carbor 1ich corresponds to
i/em? of air assuming a CO» concentration of 315 ppm by volume.
The atmospheric testing of nuclear weapons has i1ncreased somewliat the
ambient level of atmosy 14¢ since 1952 (Dr 65) In 1ight water
reactors, !4C is produced neutron reactions with nitrogen and oxygen
primary coolant | The 14C may be present in an oxidizable

oxidized form

air monitoring
been as extens 1y performed
'H as a liquid fluent. Tritiun
lear facilities are des
facility at
;"‘(}’ir.(_’f‘r f
concentration detected
-t

ranged fron to }

study of the *“C release from the heavy wat
the Savannah River Plant has been recently p
light water power reactors have been studie d

phnase concentration of 3H and 14 (Ma

1

0f these nuclides at light ate reactors

]

LS
’

Tritium is produced in the upper atmospher 0S R interactions




mples the levels ranged

as several pCi/cm?® of sample. Tt najor fraction of 4C detected

the form of COz from BWR's a Hy from PWR's. Similarly,a

f several PWR reactors (K &) indicated that more than 80% of

ous 4“C was present as CH, or C-H 25¢ studies at both the
and PWR's were based on 11 les tak over a rejatively

span.

The sampling system, designed to operate unattended for periods up

two weeks, draws air through a series of adsorbents which collect the
. The adsorbents are returned to the laboratory for EJV)d]y‘\’|F¥-
system allows differentiation betweern 3H and 14C present in their

v Py :

ly oxidized forms (H LUz) or as the other compounds (HT, CO

L) y’ ) ’

and

ydrocarbons) which are oxidizable. The sampling system requires no
services other than AC power, and is light, compact, and easy to use.
ther radioactive gases present in the sampled atmosphere may be
discriminated against during sample collection and/or during sample

The sampling system is diagrammed in Figure 1 and shown in | 1qure
inlet air may be derived from stacks or duct through sampling bru
awn in directly from the atmosphere. The air passes through a
culate filter, then through a silica gel column which adsorbs H.
HTO). he air stream then is t, with half going through a °
ular sieve column, and half through a catalytic oxidizer. The
cular sieve adsorbs COp, CO, and 1ight hydrocarbons, and the
' e species containing °H and 14C
and **CO,, which are then sequentially adsorbed on silica
molecular sieve columns. A unique feature of the sampling
pparatus 15 the use of critical flow orifices to requlate the rate of
w through both sections of the sampler. These orifices are made
ich draneter discs of 0.008-inch stainless steel, with
approximately 0.00¢ iches in diameter. The holes are
ifices tested t«

‘ates around 80 cm?/min are obtained

oxidizer cau all oxidizabl

find pairs with
{
orr 1s maintained on the pump side
eliminates the need for rotometers
15iIngly, there has

s 7




After the desired amount Of nas been ‘ocessed through the
sampler (usually abc - n® in 0-week period), the acsorbents are
returned to the labor / for analysis JS | e silica gel 1s
transferred to plastic bottie nd the columns ed in the field,
while the molecular sieve columns are sealed and returned intact.

cate analysis of aligquots of ¢ ] taken from the plastic

a six-month period showed T tritium exchange is not a

Analyses of the molecular sieve columns are performed using the

.ystem diagrammed in Figure 3 and shown in Figure 4, The cylinder 1§
heated in a tube furnace for about 4 hours at 35 °C with a dry He purge
in order to remove the adsorbed CO,. Exit gases from the cylinder pass
through an ice-cooled trap to remove any water vapor, and then through
the spiral traps at liquid nitrogen temperature 1n whicr the CO2 18

ondensed. The CO. then is expanded into a bult of calibrated volume and

?t'.iniwuuni-(w-ﬁiu?vd, thus allowing calculation of the amount of
1lected. A portion of the sample (usually about 150 cm?® at
transferred to a glass scintillation vial whict 1S
uum line and which contains 3 m1 of ethanolamine.
into the ethanolamine is indicated by the system pressure drop,
only a few minutes. The vial is then removed from the vacuum
and the sample prepared for counting by adding 7 ml of methanol
m! of scintillation cocktail (Insta-gel from Packard Instrument
ompany). The molecular sieve column 1is cooled, filled with He, sealed,
and then is ready for reuse. Since molecules other than CO: (light
A

hydrocarbons, CO, NH3, oxides of nitrogen and sulfur) may be adsorbed

n the molecular sieve exposed in the sampler to the unheated air, MS-1,
some impurities may be present with the CO. collected during the bake-out

cTD

procedure.

other molecules does not cause problems because
during movement of the CO; from the first
volume. The CO, is moved by CryogenicC pumping,
is placed around the part of the pparatus
wishes the > to be condensed and the initial
is allowed to warm. Prior to starting the
le vacuum line is evacuated to less than one
isplated from the system ther gases o

the same 1te as the 2, and if significant quantities of

\
ther cies are present, a residual pressure I 1 0 n the system

-

1fter the bulk of the » has condensed. his gas is pumped out of the
systen Two successive steps are V‘éu‘iu‘|r€|"\‘ to move the /":: from the first
spiral trap to the calibrated volume. In edach step some decontaminatior
from other species cCan occur, 1 addition, the final transfer into tne
' vial depends on the chemical reaction of the gaseous (0, witl
lamine in the via Other species do not react and therefore

counted by cedure.




the movement f ' [ in the

of the desired gas may be pumped away along ither spec
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prooftesting of the desian concept has been a m ished in

ways. Initially, air was introduced into the ) 'r and the
very cal-ulated om the volume of C0O, recovered & an assumed
) 2
oncentration of : n LCOz. Numerous rurs gave r than 90

ery and indicated the e sample collection and ana) S CONnce
adequate to meet the needs of the monitor system.
were ther troduced into the sampler to test the oxidizer.
ty o )2 recovered from the MS-2 adsorber indicated complete
thane. Other gaseous hydrocarbons were not tested
most difficult of the hydrocarbons to oxidize

tive tracers of HTO and ‘%C0, were introduced into the

with ambiert air for periods ranging from two days to

U

‘he recove of 3H averaged 98 + 10% d of

rv
the error is one sigma. Laboratory studies

or tritiated hydrocarbons. Previous investi-
oven the efficiency of noble metal catalysts for
air, although some difficulty was encountered in
y sma amounts of HTO from the adsorption bed.
cataly: 1S operated at high temperature and the H

remove om adsorbent bed, put counted in situ.

:
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of the sampling system requires the presence of
he sample stream to oxidize any reduced species
used 1s a catalytic one and although vastly over-

le situation, it does not have any inherent

1

absence of oxygen. The system will not operate
present or 1s not present in sufficient
usefulness in certain situations in light
1Q. An '.:‘)"1"7{:‘;(,‘ W\;u‘.('] DE in PWR'
ontain high concentrations
se of the
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