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ABSTRACT
This program is the ldaho National Engineering these studies have been performed in .
Laboratory (INEL) component of a joint collaboratyon with LLNL stnce the beginning of
collaborative effort with Lawrence Livermore FY-91, Our LLNL colleagues are studying
Halional Laboratory (LLNL). The purpose of this chlorinated solvents such as CCL, and 1CE usiny
effort is to demonstrate a viable process for acceleralor generathd radiation,
breaking down hazardous halogenated organic Octachlorobiphenyl has also been frradiated with
wasles Lo simpler, non-hazavdous wasle using aceelerators at LLNL to compare decomposition
hl(_”\ enevqgy iou‘z‘nn radiation, The THUL otlort efticiencies for d”f('l“‘.‘n(. ‘)'\Ut()[‘ (‘HQI(_HQS.

focuses on the use of spent reactor fuel gamma
radialion sowrces to decompose complex wastes
such as PCBs. At LLNL, halogenated solvents
such as carbon tetrachloride and
trichloroethylene are being studied using
acceleralor radiation sources.

Mhe INLL irradiation experiments concentrated on
a single PCB congener so that a Viwited set of
decomposilion reactions could be studied. The
congener 2,2°,3,37,4,57,6,6'- octachlorobipheny)
was examined following exposure to various gamma
doses al the Advanced test Reactor (AIR) spent
fuel pool,  The decomposition rates and products
in several solvenls are wiscussed,

[HTRODUCT LON

Work al INEL during 1988-1989 demonstrated
that many compounds were susceptible to
decomposition by exposure to gamma-rays at the
ATR spent fuel pool.  Among the compounds
studied were chloroform, carbon tetrachloride,
UDT, Vindane and commerclal Arocolor wixtures.
Aroctor 1221 peaks were shuwn to nearly
disappear when analyzed by gas chromatography
following a 50 kGy irradiation.

GC/ZHS methods were Lhen used during 1990-199) to
identity decomposilion preducts of the PCB
2,2',3,3",4.5",6,6" -octachlovobiphenyl whoen
exposcd Lo kilogray doses,  Study of a single
cangener vather than commereial Arclor wmictures
is preferred because of the complexity ol
Aroclor GC/MS chromatograms. A highly
chlorinated congener was selectod as a
"worsl-possible-case” candidate for treatment,
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The LLNL conlact for these experiments s
Dr. Steve Matthews, Lawrence Livermore National
Laboratory, P. 0. Box 803, Mail Codz L.-629,
Livermore, CA 94550,

RUS'ILTS

the congener 2,2°,3,3',4,5,6,6'-
octachlorabiphenyl was subjected to {rrvadiations
of varying Tength {n tsopropano! to evaluate the
effect of the total abrorbed dose on PCH
decomposition,  Trradiations at five differont
doses weve analyzod and the rvesultant PCB
conventration was plotted versus dose, Ihis
plot, shown in Figurc 1, shows a steady decrease
Inoctachlorobiphenyl concentration with dose to
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100 kGy, Uctachlorobisheny) e ampas o
products detectable by this wethod we, o less
chtorinated PCB congeners vepresenting products
of a dechlorination reaction, Decompostt ion
product dn-growlh curves show maxima al spocific
doses folbowed by decreastng concentratfon witlh
dose, dindicaling that the decomposition products
are also susceplible Lo gamma radiolysis,

Upon mass balance analysis of the vartous
PCB cengencers in these curves 1L can be seen
that production of total dechlorination products
is nanstoichiomelric, Ninety-seven percent of
the octachlorobiphenyl was decomposed at 100 kGy
yet the appearance of dechlorination congeners
accounts for only 12% of the missing PCB. At
100 kGy 85% of total P(Bs was decomposed to
compounds not deleclable by the method. The
uncertainty of these measurements fs +20%.
Figure | dramatically shows the mass deficit
whoen octachlorobiphenyl and dechlorination
product congener concentrations are compared,

Inan effort Lo determine the fate of Lhe
missing decomposition product mass a scries of
irradiated octachnlovobiphenyl solutions were
subject to Volatile Organics Analysis (VOA).
This analysis is designed to detect and gquantify
decomposilion products with masses Loo tow to bo
seen by the GC/MS PCB protocol, Humerous
reaction products appeared in these analyses,
all of which can be lraced to the interaction of
radiation with the solvents. thus, at present,
Lhe missing mass has not yet been identified
Future experiments are planned to search for
compounds not amenable to gas chromatography
using an LC/HS technigue,  The GEMS analysoes
have ruled out thousands of chlorocarbon
decomposition products.

Several experiments have been done to
explore the mechanism of the decomposition
reaction.  Many previous authors have postulated
free radical chain dectilorinations at gray to
decagray doses, (123 However, at the Kilogray
doses used in our experiments this is probably
not the case. We have measured G values on the
order of 0,025 for octachlorobiphenyl
decomposilion, versus G values as much as fiye
ovders of magnitude higher for tow dosae studioy,
Qur Tow G values do nol appear Lo be a
disadvantaye; significant decomposition is
possible with easily achievable doses.  our ¢
values show no dependency on dose rate or
radiation quality (energy or type). 1his is
PHustrated in Higure 2 which shows
octachlorebiphenyd decomposition versus dose for
somplos irvadiated will) spent fued al INEL and
wilh 9 Moy bremas brahung al LINL .

the addition of solvatoed electyon
scavengers, such as carbon tetrachloride to a
solution of octachlorobiphenyl Suppresses the
decorpociUion yoact fon, This ds shown in Pigin e
I dhe presonce of 1.OH COT, shibftod Uhe G
value ol the velachlorobipheny] decomposition
reaction from 0,026 to 0.000000.  1his is an
indication that solvatoed eleclrons are an
fmportant pavt of the decomposilion mechanism.
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of the carbon tetrachloride.
CCl, decomposition was approximately
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In the tutwre, durther evporiments ta
axamine Lhe veaction mechanism are planned,
Drvadiations will be porformed to determine i
the G ovatue is velated Lo solvent dietec by ic
constaol and ofecbron afbinity of the Pagged
analytos I addition, the seareh for mecing
decomposition products will continue,
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