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Introduction

The Waste Isolation Pilot Plant (WIPP) is a U.S. Department of Energy (DOE) research and
development facility for the underground disposal of transuranic waste in southeastern New
Mexico. The WIPP repository is located 655 m below the land surface in the lower portion of
the Salado Formation, which is comprised of beds of pure and impure halite with thin interbeds
of anhydrite and related clay seams. The regional dip of the Salado Formation is approximately
1° southeast in the vicinity of the repository. The proposed waste storage area has eight waste
disposal panels, each of which will contain seven rooms (Figure 1). The repository is designed
to follow a single stratigraphic horizon. Due to the dip, the north end of the repository will be
about 10 meters higher than the south end.

Waste that is emplaced in the disposal rooms will generate gas due to microbial degradation,
anoxic corrosion, and radiolysis. Brine inflow to the rooms from the surrounding Salado
Formation may significantly influence the gas generation rate and the total amount of gas
generated. The salt surrounding the repository will creep in response to the excavation, reducing
the room volume. Gas generation in the room may increase the pressure sufficiently to drive
brine and gas into the surrounding Salado Formation. Migration of gas and brine in the Salado
is an important factor in evaluating the performance of the repository.

The studies summarized in this paper have.been performed to evaluate brine and gas flow
processes in the WIPP disposal system and to identify some of.the important processes. These
studies are done in support of, but are not part of, the formal Performance Assessment PA)
effort. Because of probabilistic and system-scale requirements, the PA effort uses the Sandia-
developed BRAGFLO (BRine And Gas FLOw).code for multiphase flow calculations.

Repository Modeling Studies

Our studies to date have generally been limited to two-dimensional modeling of a single room,
although some three-dimensional modeling has been performed and more is planned. Early
studies of brine inflow and gas migration used the ECLIPSE code. While this code was
adequate for early analyses, TOUGH2 was selected for current use due to the availability of the
source code and its use on the Yucca Mountain Project. -

Most early studies of the response of the repository assumed a constant volume room (Webb,
1992a) for simplicity. However, time-dependent creep closure and pressure-induced re-inflation
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of the repository could have a significant impact on repository performance. Attempts to model
salt creep and repository closure through the flow of a highly-viscous fluid (salt) were performed
using ECLIPSE (Davies et al., 1992). As the transition was made to TOUGH2, similar
modifications were made resulting in a special air-water-oil equation of state, EOS8, in which
the flow of the oil phase simulates salt creep as given by Freeze, et al. (these proceedings). -

While this approach was an improvement over a constant room volume calculation, questions
about the applicability of the approach in general have led to the development of PHENIX,
which crudely couples TOUGH2 and a rock mechanics code, SANTOS (Stone, ‘in’ preparation).
The PHENIX code simply passes appropriate parameters between TOUGH2 and SANTOS every
few time steps. While this coupling is crude, it is an improvement over the EOS8 module.

A number of other studies have been performed to evaluate assumptions made in the
development of the Performance Assessment (PA) model. Due to computational constraints
related to the large number of Monte Carlo simulations and the need to model the repository -
geosphere system, PA uses a highly simplified repository and Salado Formation model. For
example, due to the relatively small dip of the formation (~ 1°), a horizontal configuration has
been assumed. In addition, the number of stratigraphic layers represented in the Salado
Formation is limited. The PA model is also a hybrid 2D/3D model assuming radial symmetry.
The room/panel/repository model is extremely simplified even though waste properties such as
permeability vary orders of magnitude. These and other assumptions have been or are planned
to be evaluated using more detailed TOUGH2 modeling.

The regional dip of the Salado, even though only about 1°, has the potential to significantly alter
some of the two-phase flow behavior. If a horizontal configuration is assumed, only cocurrent
two-phase flow is likely. If the configuration is not horizontal, countercurrent two-phase flow
is possible. In the case of the WIPP repository, the inclusion of this 1° dip may increase brine
inflow by about 50 percent due to counterflow in the anhydrite interbeds. In addition, due to
buoyancy forces, gas migration distances may be dramatically increased when dip is included
as shown by Webb and Larson (these proceedings).

There are about 40 distinctive stratigraphic layers within 10 meters vertically of the repository,
consisting of units of anhydrite, argillaceous halite, polyhalitic halite, and pure halite. The
present PA model lumps two of the anhydrite layers together, and represents all the non-
anhydrite layers by a single composite impure halite material. The difference in the layering
detail is shown in Figure 2, where LAY and PAL refer to the detailed and PA schemes,

respectively. A room model using both layering schemes has been examined by Christian-Frear
and Webb (in review) to evaluate the performance differences between the two representations.

Figure 3 compares a variety of cases with the two layering schemes. For any one variation,
such as the base case or interbed fracture, the results are similar. Differences in repository
pressurization and brine inflow due to the two layering schemes are quite small, while gas
migration distances show a moderate influence of the layering detail. Based on these results,
explicit representation of the individual layers is probably not warranted in the PA model,
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especially when repository pressure and brine inflow are the main performance measures. If gas
migration distance is the main issue, additional stratigraphic layering detail may be necessary.

Additional studies planned include development of a full three-dimensional model of the
repository. The TOUGH?2 integrated finite difference method offers significant advantages over
standard finite difference meshes in that detail in certain regions can be included without altering
the entire model domain. For example, one of the panels may be broken up into -separate
rooms, while the other pamels use a Iumped representation. Unlike the traditional finite
difference approach, this added detail will not affect other parts of the mesh. =~

Fracturing of the anhydrite interbeds may occur if the repository pressure approaches lithostatic.
Development of a dual permeability and/or dual porosity model of fractured interbeds is another
planned activity. The dual continuum capability of TOUGH2 will be used to evaluate the
simplified porous medium representation currently used by PA.

Finally, development of a detailed model of a room is planned. Each room will contain waste
with widely varying porosity and permeability. If the repository pressurizes, gas and brine will
tend to move out of the repository and into the interbeds. Due to the variation of physical
properties and the stratigraphic dip, significant nonuniform behavior is possible, and large
regions of brine may be left behind that may continue to generate gas. A detailed room model
is planned to address heterogeneity issues in the room.

Salado Data Interpretation Studies

In addition to the modeling studies described above, TOUGH2 has been used as a data
interpretation and sensitivity analysis tool. Brine inflow is an important parameter for the
WIPP. As part of the evaluation of brine inflow data into open boreholes, Webb (1992b) and
Christian-Frear (1993) performed one- and two-dimensional sensitivity studies considering such
factors as dissolved gas exsolution, free gas, multipie boreholes, the effect of a room on brine
inflow to a borehole, and stratigraphic layering. Brine inflow data are also being collected in
Room Q, a large 9.5-ft diameter 300-ft long circular room which has been sealed off in order
to collect brine inflow data. Interpretation of the brine inflow and surrounding pore pressure
data with TOUGH2 and ITOUGH is planned.

As part of the Salado testing program, packed-off sections of boreholes are tested to evaluate
formation parameters in different units at various distances from the repository. Some threshold
pressure tests were conducted in a packed-off borehole to try to estimate the threshold pressure
of an anhydrite layer. These data were interpreted using TOUGH?2 to evaluate different sets of
two-phase characteristic curves.

Non-Salado Studies

In some WIPP human intrusion scenarios, brine from pressurized brine reservoirs in the Castile
Formation below the Salado is assumed to flow into the repository through a borehole, and
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repository fluids (gas and brine) are released into the overlying Culebra Formation. Currently,
flow in the Culebra has only been analyzed as a variable density brine, neglecting the effect of
the gas. To address this concern, an air-water-brine equation of state, EOS7, was developed in
which the brine and water were miscible. EOS7 was tested by comparison to the variable
density brine analysis done with SWIFT II as summarized by Christian-Frear and Webb (1995).
Extension to brine and gas flow in the Culebra is possible in the near future.

Conclusions

TOUGH?2 has been shown to be a powerful and versatile multiphase analysis tool for the WIPP,
useful for repository modeling, data interpretation, and PA model evaluation. It has shown
where PA model simplifications have significant impact on the results, such as in ignoring dip,
and has indicated where existing PA models are sufficient, such as in the stratigraphic layering
detail. Additional studies evaluating other features of the PA model are planned.
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Figure 1 Underground configuration of the Waste Isolation Pilot Plant. .
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Figure 2a. A partial representation of the LAY model Figure 2b. A partial representation of the PAL model
mesh near the disposal room with the location of mesh near the disposal room with the location
the modeled anhydrite beds. of the modeled anhydrite beds.

AR I S



T T ‘ L) R ¥ l L 4 LY L} l T & LY
A‘T Basoe Case -
e o Nt .
= — e g VA T o
2 e iy
g ._,‘ﬂ‘.._......,_.,uedf_ﬁcuo
a'-: P o
@ TAY PAL A
a ~——BasoCase | ~—e—BasoCaso | 4
E = = == Anisotropic = =@ ==Anisotropic <
8 ~memsecnn Bod Fracture | ...ia... Bod Fracture | +
& —— eGP — m~ =VGIP -
=—-~e<=VaporLimited } ——ty=~=VaporLimited | 1
—— -Halitak~0 ]l .
PRI R R PR
4,000 6,000 8,000 10,000
Time (year)
3a. Repository pressure.
T T T Y T Y T T T T T 120
140,000 L T AV AT ]
— gnaso Case g Baso Caso o
120,000} ==« = = = Anisotropic =@ = = Anisctropic - =
- “=wwee: BodFractite | —eedboe BodFracture | 4 105
z 3 T Vaporlinited | — Ve tmied| ] D
~ < a—msee== Vapor g+ == Vapor d o
100,000~ J——
g - ’\\\ Halio k~0 Jeo §
= 50,000} ] Vspor Liniiod ] &
[+:] g .92\' 2
c ! N, -60 @
= - (W o <
a 60,000f N 1 <
e C e, 4 €
<] j ~N . ~40 3
2 40,000 . - 3% o o
- 40 R AT RS Bod Fractroznesrneg Z b Tthey et oo oes! R
[ = o
Z 20000 Base C: * ﬁhml!.---_!'zn Ea
ol B e T o e e et
I3 2 L. 1 3 '3 s [] P s 1 1 2 2 s 1 L 1 1 0
0 2,000 4,000 6.000 8,000 10,000
Time (year)
3b. Brine inflow into the repository
g ¥Wr—r———r—r—p—7—"—TT—" 171 ]
= CAY PAL N
« -
& 3.000~] ——pasoCase —e—Baso Case -
s === Anisotroplc =« ¢ = =Anisotroplc PR A
< BedPFrao(ure ascfemsa Eét,lp Fracture o - 3
s 2500 —_——- — g - -— =, (0028 ) -
£ —sses Limkted | ——=V¥-s=Vapor Umited == ] R
E B - A sportimied == 3
2 2000 — S
g =7 3
€ 100 - 5
s ! rﬂ.-«""""--—"“” Bod Fractxe -
ry ]
2 10 A 3
s K 4 3
z !
- 500 " PY Baso Case
1] -
‘ popnpnpnpmpeeeng 2 LD L LD T tadeda i iRt
: S RS anC A n e o R S e e S S T
0 2,000 8,000 10,000

4,000 6,000
Time (year)

3c. Gas migration distance.

Figure 3. Effect of stratigraphic layering detail.
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