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Abstract—Migration of contaminants through the complex subsurface at the |daho National Engineering and En-
vironmental Laboratory’s Subsurface Disposal Area was simulated for an ongoing Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) assessment. A previously existing model for simulating flow
and transport through the vadose zone for this site was updated to incorporate information obtained fromrecent
characterization activities. Given the complexity of the subsurface at this site, the simulation results were ac-
knowledged to be uncertain. Rather than attempt parametric approaches to quantify uncertainty, it was recog-
nized that conceptual uncertainty involving the controlling processes was likely dominant. So, the effort focused
on modeling different scenarios to evaluate the impact of the conceptual uncertainty.

I. INTRODUCTION

As part of an ongoing CERCLA evaluation, the mi-
gration of contaminants through the hydrologically com
plex subsurface at the Idaho National Engineering and
Environmental Laboratory’s (INEEL’S) Subsurface Dis-
posal Area (SDA) was simulated using TETRAD.! A
previously existing model for simulating flow and trans-
port through the vadose zone beneath the SDA? was up-
dated to incorporate additional information obtained from
recent characterization activities. This model used an
equivalent porous continuum approach to represent
movement of water and contaminants in the subsurface.
Full calibration of the model, which depends on both cali-
bration of the source release model and on suitable moni-
toring data sets, was deferred to 2004. The source release
modeling was simulated external to the flow and transport
modeling and has its own suite of uncertainty issues,
which are not addressed in this paper. Data from an ex-
panded local monitoring network, which includes a newly
installed set of monitoring points within and near the bur-
ied waste, will be used to calibrate the models. Therefore,
the current flow and transport model is based on best
judgment and is used to estimate future groundwater con-
centrations to eval uate risks to hypothetical receptors.

Uncertainty in the three-dimensional flow and trans-
port simulation results derives from both parametric and
from conceptual sources. Parametric uncertainty results
from the hydrologic and transport properties that are -
signed based on measured or interpreted properties. Con-
ceptual uncertainty results from processes or influences in
the real system that are not simulated in the model. Be-
cause conceptual uncertainty involving the controlling

processes was likely dominant,® various scenarios were
used to assess the possible inmpacts of the conceptual un-
certainties.

1. OVERVIEW OF SITE GEOLOGY AND BASE
MODEL DEVELOPMENT

The SDA is 180 meters above the regional Snake
River Plain Aquifer. The vadose zone beneath the SDA is
composed primarily of fractured basalts. Thick layers of
fractured basalt are interspersed with thin, mostly con-
tinuous, sedimentary interbeds that were deposited
through aeolian and fluvial processes during periods of
volcanic quiescence.

The vadose one model was created with a three-
dimensional domain. A conformable gridding approach
matched vertical gridding interfaces to kriged lithologic
contacts® (see Fig. 1). Multiple concentric refined zones
were used to discretize the model to match varying levels
of available lithologic detail. The outline of the SDA is
shown at the top of each domain. Infiltration at land sur-
face within the SDA was treated as spatially variable and
was considered to be controlled by topography and degree
of soil disturbance. Three constant rates representing
areas with high, medium, and low annual infiltration rates
were assigned, as shown in Fig. 2. The equivalent aver-
age infiltration calculated from these spatially variable
rates is 8.5 cm/year. These spatialy varying estimates
were based on inverse modeling to site-specific calibrated
thermal neutron monitoring in a network of neutron ac-
cess tubes® A uniform low infiltration rate of 1 cmiyr
annually was assigned outside the SDA. Hydrologic
properties for sedimentary interbeds were spatially vari-



able and were kriged based on interbed samples that were Big Lost River water discharged to the spreading ar-

hydrologically characterized® An influence within the eas approximately 1 km away was included. This model

vadose zone from was used to simulate dissolved-phase transport for a suite
of contaminants of potential concern.
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Fig. 1. Conformable grid for base domain (A) and concentrically refined domains (B and C). Surficial sediments are shown in
yellow, interbeds in green, and fractured basalt in blue.
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Fig. 2. Spatially varying infiltration rates assigned inside the SDA.

I11. CONCEPTUAL UNCERTAINTY
SIMULATION RESULTS

Conceptual uncertainties relating to the flow and
transport modeling addressed for this paper were spatial
variability in infiltration, movement of contaminants via
facilitated transport, and variably saturated fracture hy-
draulic properties. Eachisdiscussedinturn.

I11.A. Infiltration rates

To compare the effect of infiltration rates assigned at
the surface, an alternate approach was used to assign infil-
tration rates. Rather than three spatially variable rates, a
single equivalent infiltration rate of 8.5 cm/year was &s-
signed. Fig. 3 shows maximum simulated U-238 aquifer
concentrations with the base spatially variable infiltration
and with the equivalent uniform infiltration. The concen-
tration with the uniform infiltration rate is approximately
half an order of magnitude higher than that with the spa-
tially varying infiltration rate, indicating the importance
of the amount of water going through the waste zones.

[11.B. Facilitated Transport

Infrequent, sporadic, low-level detections of actinides
in the aquifer near the SDA have led to the hypothesis
that facilitated transport, possibly by actinides associated
with colloids, is occurring. Column studies with SDA
interbed samples also have shown a very small mobile
fraction for plutonium isotopes® A series of simulations
were performed to evaluate the effects of fractional

amounts of the plutonium in the buried waste becoming
mobile annually. The assigned fractions were 1x 10°,
1x 10% and 1x 102 In the subsurface model, a low
sediment partition coefficient of 0.1 ml/g was assigned to
represent the mobile fraction to allow for comparison to
observed interbed sediment concentrations. Fig. 4 shows
the simulation results for the base and range of mobile
fraction results. In each mobile fraction case, the Pu-239
concentration rapidly rises. Comparisons of the simulated
concentrations to concentrations detected in the aquifer
and in the interbeds show that none of the simulated ro-
bile fraction results are plausible.

I11.C. Variably Saturated Fracture Flow
Moisture Characteristic Curve

The simulations include a fractured-basalt, which is
conceptualized as a high-permeability low-porosity con-
tinuum. The constitutive relations describing moisture
content, matric potential, and hydraulic conductivity for
the base simulations are described by a Corey-type curve.
The parameters for this Corey-type curve were defined
through inverse modeling to a wetting front advance from
the Large Scale Infiltration Test conducted in 1994 at the
INEEL.” Subsequent tensiometer monitoring at one loca-
tion inside the SDA was used to test the appropriateness
of this moisture characteristic curve (MCC) that has been
used for the fractured basalt. Two alternative descrip-
tions, one using a differently parameterized Corey curve
and one using a van Genuchten curve, were used to de-
scribe water movement in the fractured basalt.
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Fig. 3. Spatially variable versus uniform infiltration: effect on simulated aquifer U-238 concentration.
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Fig. 4. Simulated aguifer Pu-239 concentrations for base and mobile fraction simulations.



Fig. 5 shows a well construction diagram for a loca-
tion inside the SDA that has nested tensiometers that re-
corded the movement of three successive wetting fronts to
depth in 1999. Also shown in the figure is a one-
dimensional simulation grid that was used to represent
this site. Fig. 6 compares observed and simulated matric
potentials with three wetting events imposed at land sur-
face. The series of wetting fronts @n be seen passing
down through the profile during the late winter and early
spring of 1999. The intermediate depth (9.4 m) was
within a very thin local interbed. The simulated results
using a van Genuchten MCC mimic the data reasonably

Well 76-5

Well construction
and tensiometer

well, with the combined effect of multiple wetting fronts
showing progressively wetter conditions over time. The
last plot in Fig. 3 shows simulated water fluxes out the
bottom of the domain using the van Genuchten MCC
curve, the base case Corey MCC curve, and the alterna-
tive Corey MCC curve. The Corey curves show faster
and more complete advances of the wetting front through
the simulation domain. The base Corey curve shows
nearly the fastest simulated wetting front movement
through the domain, demonstrating that a conservative
approach was used to simulate water movement in the
fractured basalt portion of the vadose zone simulations.

placement ! ;
Lithology o Simulation grid
— - hrkh 0
% Sadament backi I ELE
; -." i | Surficial sedirment
| Undisturbed sedirmenl Han
| (loam) I il
& ?!:I i B
_ Sediment filled fRBHRA Fraotured basail
Besal rirhohuye .,1.Eﬂ 6.7 m
; Sedementany gi : -}ﬂ 1
~ Sadmentarny £ i 9.4 m merbed
[ irberbed {loam) el it jl'i Lot
Rubble zone #. i 11 11.68m
e i
-'E "1"".?': i
g '1 Fractured
£ |1s E 15 - Easalt
-§_
: Harizartal Trachee =
a | Basat with sedimert [ TE3m
- = Legend ,
BENTONITE
L 5AMND
:_:! th| MATIVE FILL
Sedirmend in
Lo Med fractures 264m

-30

3 SMII‘!"-E“EEI'!,I'
irterbed [Inam)

Mt basalt E e a;{'i

298 m

JNdm

Fig. 5. Construction and simulation grid for Well 76-5.



Well 76-5 Matric Potentials
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Fig. 6. Observed and simulated matric potentials for awell inside the SDA and simulated fluxes with different moisture

characteristic curves.
V. CONCLUS ONSAND DISCUSSON

A model was refined to simulate flow and transport
of contaminants as part of a CERCLA site assessment for
the Subsurface Disposal Area (SDA) at the INEEL. Con-
ceptual uncertainties for the model were assessed by im

plementing conceptual variations such as different infil-
tration rates at the surface, facilitated transport, and dif-
ferent methods to describe hydraulic properties of vari-
able saturated fractured basalts constituting the majority
of the subsurface. The fluxes out the bottom of the va-
dose zone model were input into an aquifer model to es-



timate aquifer concentrations. The estimated aquifer con-
centrations were used to evaluate human health risks for a
potential future receptor as part of the CERCLA process.
The sensitivity of the results to the conceptual variations
has been used to guide additional characterization activi-
ties at the SDA. Of the sensitivities discussed in this pa-
per, the primary sensitivity has been the amount of water
that actually infiltrates through the waste, thereby mobi-
lizing contaminants.

Improvements in modeling for the SDA will derive
primarily from calibration to monitoring data within the
pits and in the deeper vadose zone. As representativeness
is established, uncertainty regarding conceptual errors
will be lessened and more emphasis on quantification of
the parametric uncertainty can then be accomplished.
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