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U.S. TEAMNWUWREMENTSDURING THE JUNE 1987 EXPERIMENTAL HT RELEASE
AT THE CHALK RIVER NUCLEAR LABOPA~RIES,

ONTARIO,

Roland A. Jrrlbert
Los Alamos National Laboratory

LoS Al?AMOS, NM 87532
(505) 667-0434

mmRAcr

In June 190-/, an experiment was pcrfn[mml
at the Chalk River Nuclear Laboratories in
Ontario, Canada, to study the oxic!atirm of lf’1’
in the environment. ‘rhe experiment involvecl a
30-minute release of 1(KJ Ci of I!’l’ to the atmos-.
phere at an elevation of one meter. The lllW1l’1’
;~t~o~ ~ff shown to slowly increase :l~wnwinf]

rrt 50 meters to almost 10 at 400
meters) as conversion of 1~ takes place. F()L
!;~veral days after the re,lecase, Ii’K) COl]CenkI.cl

lions in the atmosphere remnined clcvatnd.
Freeze-tlric(l waker ftiom veqetat,inll silmples Wlas
found to he very low in lf’lYl ilunediatoly att.c[
tlw release suggesting a very low direct u}jtnkc
Of 1~ in nir hy vegetation. The tritiat.rul
water concentration increased dllrilvJ the fiis~
~li~y, l~akinq du~ing the second (lay (iil~)(lt
IIoo-.IjoI) ~x:ifil of w~t~[- at GO rectors f~om Il]p
::(~llr~e) Rnd (Iccrcasing by th~ L?IMI of tll(! Srwmd
dny, ‘h organically bound t.ritium [:(]llt.ilmvl
1,0 acmmunulatc (III I incj tile ~wriod follvwill(j
l~xpw:lle (alxn]t. 10 lti’i./qm (Ily wri(lht nt ‘JO
llN?te[G aftt!l two !I,lys),

Ink EXPERIMFW

CANADA

Charles E. Murphy
Savannah River Laboratory

Aiken, SC 29008
(803) 725-5224

axis. Most of the field was covered with grass
and moss with occasional Grmll, Lrecs. Al thr?
end of the field farthest from the pnint [~f
releil Se, the surface soil had been rlm)vrd

leaving an ar-~ with very little vegr?tation.
The field was surrounded by a st.an(l of mixed
conifer and hardwood trees (Fig. l).
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WaLCL-LJLUJUAeL-Ly~ aLL s~LeKLj were

signed and built by the Los Alamos National
ooratory (w) especially for this experi -
?t . Each sampler consisted of three small
oblers in series (for m) followed by a
ated catalyst, three more bubblers (for trr),
flovneter and pump (Fig. 2). The bubblers
re 20–ML low-background-glass liquid scintil-
Lion vials filled with 10 w of water. The
Lalysk cartridge consisted of a copper tube
lled initially with brass chips followed by a
scious metal catalyst heated to 400DC.
llowing the catalyst, cooling coil and }1’r
bblers were a flowmeter and an air pump. The
Dbler flow rate of 1.0 Lpn -S checked after
ch sampling run. The catalyst heaters were
rned on by plugging them into a local power
tlet at least 30 minutes before the sampling
3an, The sampling during the release was
ntrolled by starting and stopping the pumps
notely through cables. Only the first two
3 vials were uGed for the ~ c]etermination
order to ellminate the possibility of adding

ckstrenming tritium from the catalyst. For

e HT determination, the total tritium col-
cted during the release was determiner by
fling all the Lritium collected in Lhe H’1’

21s during the sampling runs including the
a runs aft.cr the end of the releasn. Ill
flition, the rrmiining t,ritium tral~ped on ttlc
talyst ancl associated plumbing was l~ached
t at Los Aliunos and added to the t.ritium
llected in the vials. The solldlility of the

in the 11’11)bubblers limited the lllu/tf’I’ rat-in
~$ could he determilwxl to a minimum of ahwt.

TI1l-ce VW, samplers wcuc ]Jlaccvl rlose
gcthl?r : t. 50 metel-s (Iownwin(! (lore ~.hc SIXIL(OP

ar tlm rwntar linn, ‘l~lL-pe mole, also close

qek.her, wre Ioiat,rrl at q6 meters an(l the
Imlininy twu at 101 n\Ft.fir:; (Iowr)will(l an(l In

‘1 Ills, 111,11,1,111,,

I \P, ,l Ild al,,,

;,
1,:1 :
II

,,

II. ~’. !;k,~t,.11 IIf IAldl, 111,111 ,111 C,,IIIqIII,I ,

merers apart. “L’ne reason ror bunching the
samplers at 50 and 96 meters was to attempt. to
get a time profile of the tlit.iurn air CC~IICITIl
tration during the release.

Air sampling by the Savannah Rivt?L” IAx3L”:I
tory (SRL) was c]r)llL?with two lilK1/HT sam[)lors
(Fig. 3) basecl on the Oslu[ld-Masonz(l(:siql]
ncdifiecl for higl~ volume sampling. ‘III(-! Sy!; tf!ln
consists of a pump which draws 59 liters of ail
per minute through two collection cylindcl-s
each filled with 350 grams of Davison 4A
molecular sieve. Ilydrogen carrier gas i:; aclchIIl
to the sampled air stream (150 cc/rein) lmfor~
the air enters the first cylincler, which con
tains uncoated molecular sieve for t.r:lp}~in(J tllI
11’lv. The second cylinder contains pallwlilm.
ccwered molecular sieve for I{’l’. llle ~>i!llil(lilllll

catalyzes the oxidation nf ]ly(lrogen ( il][.l(l[lill(l
Ill’) to water, which is [x)llcctcd on tl:II :;irvl, .
l’hc sarnple~s were run fc)r a period of (IIIP h(l{ll .

At the end of a samplinq ~wliocl the IIIIIII}J W,IS

stopped, t,h@ collection cylinders WeLP rr,movtvi

and fiealed, and fL-esh collection cylill(l,~ls w~hI,l

installed on the samplers. ‘1’he USC(I nR~14~[wl(\[
sieve was transferre(l ill the field tn IllN:,:;
jars which were scalccl for lat.cr liilmIat(JLy
nn(nlysis, ‘~i]Q t,wr) SiLllllllf*l”S UC1O? ]OCat,l?(i lll!ilL

tllC cclltcrlilm ilt 1131 m ,111(I !’30 m fr{jm t)),?
rPloasc poin[.

111.:!;1II :1’:;



1’ABLE 1. Results of L4NL
● .

-—. . . . . . .. . . --- .

Location[ ‘ )
X,Y,Z (m)

.- . —. .

50.5,3.5,0.9
50.5,3.5,0.9
50.5,3.5,0.9
96,2.0,0.9
96,2.0,0.9
96,2.0,0.9
103,--10,1.0
103, n,l.o

50.5,3.5,0.9
50.s,3.5,0,9
!io.5,3.’i,o.9
96,2.0,0.9
96,2.0,0.9
96,2,0,0.9
Inl,lo,l.o
IIll,ft, l.11

!io,(i,?,5,0.9
!+(J.\,.l.!i,o,4
bo.b,!, r,o.ol

()/; ,:.0,0.{)

91},2,0,0.4

96,;?.0,(-).09
lnl, 10,1.()
1} 11,11,1.()

1110,11),().)!;
4[)0, {(), ().’1

Iflf), ii), (), ”:’1
4(10, 11),1),’,

In(l, n), (). :’i

4(10, {(1,().11

and SRI, air sampling during and after the release.

Sampling l’ime’2)
11 + (hr:min)

.. . . .

H+(O:l to 0:10.6)
H+(O:1O.6 to 0:20.1)
11+(0:20.1 to 0:29.6)
1{+(0:2 to 0:11.6)
11+(0:1106 to ():~1.])
11-}(0:21.1 t.o 0:30.8)
11+(0:2 to 0:32)
11+(0:2 to 0:32)

11+(1:50 to 2:50)
11+(1:s0 t.o 2:!;0)
tlt(i!:50 to 3:s0)
11}(1 :50 to 2:58)
11+(1:50 t.o 2:50)
11+(2:50 to 3:50)
1[+(1:50 to 2:50)
11+(1:50 to 2:5[1)

1[1(1(1:()’1 If) 1’) :4(1)
111, 10:]1) 1,) 111:4L)

[Wrl
13q/m3

3. 0E+06
3. 2E+06
1.7E+06
1. 3E+05
5. 7E+05
5. 6E+05
5.lE+04
6.5E+04

2mlll(1[)l
~;. fl”)ll[)l

[m]
Bq/m

------- .-———..—

1 ,6E+02
1.1E+02
5.9E+01
1. 1E+02
3.8E+01
9. OE+O1
2. 5E+01
0.5E+01

2.61?+c12
2m4K+02
2.0E+02
0.3 E+(11
‘).OE+O1
1.0E+02
1.4E!01
4.OE+O1

2.91’’+O2
3,(iEbo2
fi,fjfttr):?
“).4K1OI
(),OK+O1
1.l17+oi?
2,4F101
1.111;401

[,.z~l;ino
4 411EIO0

,?. fl(l Ellll
4, UOE101°

[1.;?1,17100”
!. I:?KI(I()

[}{’IYl]/[l{T]

——-

5.2E-05
3.5E-05
3.4E-05
0.7E-0~
6.7E-05
l.OE-0~
4.91?-o,l
1.3E-.0.l

.
—
-.
-.
..
.

.

I ,041; 101
I,lll:t(ll

] I“)E [~.1
11.()()1: 04

{,l’1 1,: (1 I
‘i, J}lj Ill



‘ TABLE 2, Tritium activity in vegetation samples.

.------- .—.-.—. . . . . . .. .. .. . . . . . . . .

Location Sampling Samplinq F[l-.f?
of Sample Date l’imc( ‘ ) 11’[11

X,y (in) No., Day (} IOUIS) I!. ~”L

50,10 6,10 -6.03 2.25 FA(J1
50,10 6,10 0.60 1,7: il103
50,10 6,11 1-1.6”7 3.00E+04
50,10 6,11 23.”1”1 1,03F,I-04
50,10 6,19 :n6..l’l ;!.52E+03

100,0 6,10 --1.13 2.5211}01
100,0 6,10 o.!i”) 2,12F:+02
lno,o fi,ll l“1. :{”1 2,13L:+0.{
lno,o 6,11 :!3.44 I,22K+O:I

4f30,-l!i 6,10 --1.:1:1 6.90R}01
400,-15 G,lti 0.50 ~).”)()~lo~

400,-15 6,11 1“/.1”1 5.60E+02
400,..-15 6,11 23..31 1.70E+02

CO,() 6,10 (;.q “J 6.72EI(-)1
1;() , () ti,lo () . (iii ,1.~lbl;lol
11[),() 1;,1] 1“/.’>”] 1 ,!)01’:,0,1
:;(),1) 6,11 ){ml;(, 1. {!1;104
‘ill , () 6,19 1no .1 “1 .! . IIEIO.I

Oli’1’
‘1’ri( ium

n(~.’1,

. .

3.91E+O:?

4.64174+02
2,0-lETO.I
3.0017101
1.1.31?I0.3

1,?(), ,1,) (;,10 /.01 11. ”I)N)OI

1110, .40 (,,10 ().61 I .,])K+():?

II](; , 40 h,ll 1/.41 I ,(; (,)1~, () \

1110, .40 6,11
,, .,
4,. , ‘i!l ~1.(lul;)();?

,1) p,lil!;~ll,l,l ! :,!111111)(1(>f l!.lf~,l!;l~ lrlrin (FIN’) , 10 ,111111~ 1’1[1”).

1’ -.

I ,,
,, I ,,

, .,,

,,,

● ’.

,,, .

Fill, 4, !,~lllll,l.l! 11111 fll,l~ 11’1~1 .It 1111 ,’,’

111’!1 !lll,’ 1”:. Al ,1 ,Ii,.’,ll 111”1111111’ ltl,l “.,’!11 1111’”-

11.1111 .!; l,llt I Ill, 11,11 t III*I 1111111,,t ,.. 11111,II’ ,, (1.’, ’11’! ~,1

‘I’!ll )1!. ,’ I(II 1111’.lt 11!11 (if !,!11111111”.. J



(lnly a~ the 50 meter s;. te were the concen-
ations of organically bo~u~rl t.~itiurn high
C)Ugh LO k (kkeC&hlt? CIb(JVe backgrmln(l Llsillg

K techniques. The 013T concentration ill the
ganic material is highe~ than that founcl in
e ~)lant free-water. This may reflec(-. the
.stnLy of tritium releases in the area. It is
so Possil>le that this is another dcmonst~a-
on of higher tritiurn of combustion than
ee–water tritium under natuL”al environmental
,mditirm.5. ‘rhc organically bound triLium
l(:L-e.3serl clurillg the first two days afteL- the
lense (Fig. !3). Organically houncl tritiurn is
ill increasing after the vegetation IIIID has
q~ln to (Iccrcase. Organically l)rIund t~itiurn
is a m(]ch S1OWCL tllrnov(>l: than 11’10 in tt~e
IqPt.al.~()[1 free.wa~cl.”. Tt is likely t.l)at most
‘ Itlc (MW Lrit.ilm] is the result of photosyn-
N?t i(: fixatil)l) of Li iii[m] f[om [11P I)lallt ]1’10.
II~rCI(IL-C it. is Imt suL-l)rising Ll]at by the
1(:1)11(1wf?Pk , thn cnn(v!l)Lrat:ion of n~gani(:iilly
)111)(ILuit.iurn Ilils (loc:l”eds;~rl c:onsideL”al]ly. ‘1’IW
Icl-mse r(ln Iw Cx})laine(l t>y the Lr(m5port. of
uN? of ttl~ ]iItM?ll!(] (:rjlll~xlllll(k t’{> C)t]ll?L’ paLt.S Of
)(, [)lilnt. il]l(l tll~ (Iillll inn (If tl’l~! lal WllT”l plilllt-

lloli(~l wittl il(Iw qr(wtll whi(ll i:; Ilot iIs I]i(jllly
II WII?(,I t)(, (:allsl? 01” ttlf? (Ioclt’a:;illq 11’iY) tlult(!llt.

- (h? vf!qr!tatir,[l.

Ill. ‘1, (11.1.llll! I I II 11111! ,!llll.llt !!1 ,.,I,II,LII 1!!:1

1.11 !,!,
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field experiments involving soils that soil
bacteria play an important role in clevatinq
the concentration of ~ in the area of an Ir,I
release. In spite of ttle u;lcertaintiFs in tl]e
lllKl data presented here, the[e appears Lo }E
little doubt that the numbers are valicl within
Z) facto~ of 2 or 3 at the most-.

Figure 6 shows the ~elationship of 11’~cnn
centration in air measured by SRL during the
release and HIT) concentration in the vcget.atioll
five hours after the release, ‘rhti sl(:pes of
the concentrations (on log-log paper) aL-e
nearly identical to those expected if soil Ill’
oxidation is proportional t.o air 11’~r-otl.-
celltrntion. This adds CCNficlen(:e tn tl)c ~iite

of clecrcase in IIT measuv~ hy the ai~ monitors.
In(li[ectly it also acids (rerlence to the
asscL”tion LhaL convel~iun in AiL- of 11’1’ d(vmlwin(i
of t-l]e release is occ(lrLing at. a slow rat(c.
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