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GEOCHEMICAL SENSITIVITY ANALYSIS: 1I. IDENRTIFICATION CP
CONDITIONS WI{ERE RADIOELEMENT SPECIATION MUST BE CONSIDERED IN
HLW REPOSITORY RISK ASSESSMENTS. XK. L. ERICKSON, M. D. SIEGEL,
‘Sandia National Laboratories, Albuquerque, NM 87185.*

" The purpose of this work is to identify physicochemical
conditions where chemical speciation of radioelements must be
considered in HLW repository rigk assessmentse. Previous
agsegsments of the compliance of hypothetical high-level waste
repositories [1] with the EPA Standard 40CFR191 used
distribution coefficlients (Kg values) to calculate the
retardation factors for radicnuclides. Such expressions are
strictly valid when only one species is present in solution anad
when the partitioning of radionuclides between solid and fluiad
is reversible, independent of radionuclide concentration, and
rapid relative to the radionuclide travel times.

Kg values obtained by batch methods describe the "average"
sorption behavior of all species of a radionuclide that are
present in solution. When several species are present, it is
likely that at least one complex will migrate at a rate faster
than that predicted by the measured Kg value. The use of
these Kq values in performance assessment calculatione could
cause underestimations of radionuclide discharges and disgquise
poseible violations of the EPA Standard. 1In this paper a
methodology to assess the impact of changes in radionuclide
gspeciation on EPA compliance assessments is developed.

In general, transport of radionuclides involved in any number
of homogeneous and heterogereous cherical reactions is
described by equations of the form

rate net rate of net rate of
of - influx by + influx by
accumulation convection dispersion
rate of rate of
- radioactive + radiocactivey i}
decay production
net rate of net rate of
+ production - + production
by heterogeneous by homogeneous
reactions reactions

where a separate equation is written for each spaclius of each
radionuclide.

The first five terms on the right hand side of the above
expression are normally included in solute transport mocdels.
The fifth term ig generally used to represent reversible
first-order sorption reactions (adsorption and ion exchange).



'similar terme also could be used to calculate upper bounds on
...  radionuclide discharge when colloid retention and 1treversible
: ~'aorption must be considered. '

The last term in the above exptession zepzesents teactions
between dissolved constituents. These may include changes in’
radionuclide speciation, precipitation by .homogeneous
nucleation and colloid formation. For the purpose of
~calculating upper bounds to radlienuclide discharge, these
reactions can be represented by expressions of the form

net rate of
production by - :E: knCi {2}
homogeneous

reactions : n

where ky is the rate constant for the mtR reaction involving the

ith gpecies of the radionuclide and Cj is the species concentra-
tion.

The EPA Standard 40CFR191 regulates the integrated discharge of
radionuclides from a HLW repository to the accessible environment.
Critical combinations of values of geochemical and hydrologic
parameters which violate the EPA Standard can be identified in the
following manner:
(1) terms for both homogeneous and heterogeneous reactions are .
incorporated into the radionuclide transport equations:
(2) the equations are solved and the integrated discharge is
calculated for the 10,000 year regulatory period;
(3) the discharges of all chemical species of a radionuclide
are summed and the resultant expression is set equal to
the EPA radionuclide release limit W,

W= f(Ry.R3....k «eeeCi....C3, 3
LRy ey e tai

where Rj, Rj., etc. are the retardation factors for the
chemical species: kié' etc. are the reaction rate
constants for speciation reactions: Cj., Cj. etc. are
the initial concentrations of the chemicai gpecies in the
engineered facility, Q is the annual volumetric flux of
water through the engineered facility:; and ts is the
ground-water travel time from the engineered faczlity to
the accessible environment:

(4) equation (3) is solved numerically to determine combinations
of the parameters which cause violations of the EPA Standard.

The results can be presented as curves such as those in Figure 1,
In this figure, critical combinations of the values of retardation
factors for two species of a radionuclide and the rate constant of

their interconversion are plotted for a specific source term and
ground-water travel time.



" 'In a previous paper [2) this grocedure wag applied to the digcharge
" .of a long-lived radionuclide (ty,2 > 2x108 yr) in a
- geenarlo in which radloactive proiluction was negligible. The
“ . conversion of an immobile chemical speciegs A to a mobile species B
... by irreversible reaction during transport was considered. . In this
< . second paper, the analyses are extended to elements such asg
.. uranium, plutonium, americium and curium. For such nuclides,
terms for radioactive decay and production must be included in the
transport equations. <Critical combinations of parameter.values
which lead to violations of the EPA Standard are identified. for
each radionuclide. Furthermore, based on these critical v
combinations, radionuclide-specific criteria are developed for
designing laboratory and field experiments which will yleld
definitive resulte in cases where chemical speciation must be
considered in HLW risk assessment studies. These results can be
applied to each radionuclide on a site-specific basis and can be
used by the NRC and DOE to prioritize the information that is
needed to assure compliance of real repository sites with the EPA
Standard.
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Figure 1. Combinations of values of reaction rate constant k
- and retardation factor Rg of species B of a
radionuclide which lead co discharge equal to ‘an EPA
release limit. Curves for two values of retardation
factor Rp of species A are shown. Points below
the curves indicate violation of EPA Standa:d.-



A POPULATION BALANCE MODEL FOR RADIOCOLLOID TRANSPORT. - 'H. E.

ij:Li KUTTALL, HNuttall and Assocfates, Inc., Albuquerque, 87122; M., D,

SIEGEL and E. J. ©BONANO, Sandia National Laboratories,
Albuquerque, 87185.*

Colloid migration can potentially provide a pathway for the rapid
release of radfonuclides. For this reason, the quantitative
assessment of radfoactive collofd transport in the risk analysis
of nuclear waste repositories is of current interest and of sig-
nificant importance. h R

There are many recent papers on the geological disposal of waste
and repository assessment but they do not quantitatively address
the impact of colloid formation and transport. Since 1979 the
question of colloid formation and migration has become a topic of
major interest in the scientific community. To date several
experimental studies have shown the presence of radioactive
colloids under waste disposal conditions [1,2,3]. The fimpact of
colloidal transport on repository assessment has not been addres-
sed because the exfisting mathematical models developed to model
geologic waste disposal cannot treat this problem. = Additional
theory and equations are required. As presented in this paper,
the population balance equations and submodels can be added to
the existing radionuclide transport theory and codes to mathema-
tically dascribe colloid formation and migration. Through the
correct use of the population balance equations coupled with the
existing theory, problems of colloid formation and migration can
be assessed quantitatively. The well-established theory of the
population balance can be applied to the difficult radioactive
colloid problem with the same success as 1t has been used to
treat many physical and biological particulate problems over the
past 20 years [4]. : '

In this paper, the population balance approach is applied to two
repository scenarios and descriptive mathematical models are
developed. These scenarios do not represent a specific reposi-
tory or site but rather are used to derive a quantitative des-
cription of colloid transport and release.

The first scenaric represents a near field problem in which the
backfill surrounding a single canister fails, water penetrates
the canister and radioactive colloids are released through the
fractured backfill 1into the surrounding geological formation.
Ground water then carries the colloids away from the engineered
barrier. It fs assumed that the dissolved species are in high
enough concentrations to precipitate into additional colloids.
Adsorption of dissolved species on natural ground-water colloids
also occurs., This scenario s inftiated during the thermal



period and leads to the far field transport of colloids. The

‘second scenario represents a far field problem in which dissolved

nuclides have migrated beyond the repository. The radfonuclides

~ are available to bond with natural ground-water colloids and be

~ transported through the fractured/porous geological formation.
" Collofds from the canister and/or natural collofds which have
. adsorbed radionuclides may-also be present. The descriptive
.- equations for each scenario are derived and the important terms
discussed fn detafl. Model parameters and validation are also
addressed. ‘ ) ‘

This paper shows that a comprehensive model for colloid migration
can be highly coupled, requiring the simultaneous solution of the
coupled-set of transport equations. It should involve a system of
equations and submodels which describe the complex physical and
chemical tehavior of the colloids. Through the use of simplify-
ing assumptions, however, it should be possible to develop
reasonable models which will allow us to assess the importance of
radioactive colloids to nuclear waste disposal.
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