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BACKGROUND

The existence and size of a Castile Brine Pocket below the WIPP repository is
uncertain. Brine pockets have been found in the northem Delaware Basin but there is
little information on their size. The producibility of brine from these pockets is believed
to be related to the interconnectedness of a fracture system. Analysis of WIPP-12 data
have led to estimates for the areal extent of several hundred meters (drainage radius as
small as 230 m - dimension smaller than the WIPP waste-area footprint) to several
kilometers (drainage radius as large as 19,000 m - dimension larger than the land
withdrawal boundary). DOE does not consider the 19 km radius brine pocket a realistic
size, never the less it is included for comparison to other sizes. Because of the
interconnectedness of the fracture system, the thickness of the brine pocket has been
estimated to be from 7 m to 24 m with a maximum possible of 133.6 m (recent estimate
based upon the total thickness of the Castile formation and NOT considered in the 1996
CCA calculations).

Each time a well penetrates the brine pocket, the pressure in the surrounding drainage
area depletes. This pressure depletion will extend to those portions of the brine pocket
which are interconnected. Passive Institutional Controls shield a region of the Castile
from exploratory drilling directly under the waste paneis. The 1996 CCA calculations
assume that the Castile Brine Pocket under the waste panels is weakly interconnected
hydraulically (with vertical and areal extents similar to the lower estimates from WIPP-
12, i.e. total brine volume between 32,000 and 160,000 m’ {Larson & Freeze, 1996]),
and is not much affected by penetrations occuring outside the waste-area footprint.
Therefore, the pressure undemeath the waste panels in the brine pocket is assumed to
not deplete until penetrated by a borehole drilled within the panel area. if the brine
pocket has an extensive fracture system (and hence is strongly interconnected), the
area beneath the waste panels can be depleted by penetrations outside the waste-area
footprint. i :

This study looks at the consequences of assuming that the brine pocket is hydraulically
interconnected such that borehole penetration depletion impacts are felt throughout a
larger drainage area. The total brine volume which migrates from the Castile Brine
Pocket to the Culebra aquifer with depletion impacts (large drainage area) is compared
against the brine volume migration without depletion (small drainage area).
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THEORETICAL CONSIDERATIONS

For the 1996 CCA calculations, an abnormally pressured Castite Brine Pocket is
assumed (i.e. the brine pocket pressure exceeds the anticipated hydrostatic pressure).
The brine pocket is assumed to be bounded (i.e. of limited thickness and areal extent)
rather than infinite acting (such as the Culebra aquifer). Consistent with DOE regulatory
criteria regarding the rate of future drilling activity, it is assumed that 47 boreholes will
be drilled per square kilometer over the next 10,000 years (or 0.47/100 yrs/km®). Each
penetration of the abnormally pressured brine pocket will result in flows according to the
following time horizons:

1) Time of intrusion to 72 hours - brine flows from the brine pocket, past the Culebra
all the way to the surface during active drilling through an open borehole (assuming
steady-state flow conditions). A computation to determine the length of time during
which steady-state is valid (i.e. infinite acting period when the pressure sink caused by
flow into the borehole has reached the extent of the drainage area) as computed by the
following [Lee, 1982]:

1< ¢ﬂc:AtDA

P [Equation 1]

t Time (for a bounded cylindrical system is infinite acting) (sec)

¢ Porosity (fraction)

u = Viscosity (Pa-sec)

¢, = Total compressibility (Pa”)

A = Drainage area (defined as the land withdrawal boundary area/avg. no. of '
bozr)eholeslzoo years where 19.5 boreholes is taken as the average in 200 years)
m .

tpy = I(Z)imensionless time (which for a bounded cylindrical system = 0.10, [Les, 1982])

k = Brine pocket permeability (m”) |

The solution to Equation 1 is approximately 7 hours. Aithough the steady-state flow
assumption is valid only within 7 hours after penetration, a flow period of 72 hours was
used. This is consistent with the 1996 CCA blowout time period to obtain direct brine
releases from the WIPP repository. For the purposes of this investigation, pressure
depletion during the 72 hour open flow period was not taken into account.
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During the 72 hour flow period, flowrate is computed from the foliowing (see
nomenclature section for definition of variables):

]

ky,h
0, ={—F—22——=<HP, ~ Pun = PLo1rce) [Equation 2]
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2) 72 hours to 200 years - no brine flows from the brine pocket since the 1996 CCA
calculations assume a 200 year time period immediately following intrusion during
which the borehole is plugged at the Rustler and Castile formations. '

3) From 200 years to 1200 years - cement plugs are no longer active. Flow occurs
between the Castile Brine Pocket and the Culebra aquifer via “silty sand” abandoned
boreholes with median permeabilities of 3.16E-13 m’.

4) 1200 years to 10000 years - median abandoned borehoie permeabiities are
reduced one order of magnitude (3.16E-14 m®) due to salt creep.
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Abandoned Borehole Connection Between Castile Brine Pocket and Culebra
Aquifer

Consider the flow rate necessary to achieve flow from the Castile Brine Pocket to the
Culebra Aquifer through an abandoned borehole as depicted in Figure 1:
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Figure 1: Representation of assumed
flow path for Castile Brine Pocket to Culebra Aquifer
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NOMENCLATURE

Define the following variables by:

"

Flowrate (m*/sec)

Permeability (m®)

Thickness (m)

Brine viscosity (Pa-sec)

Brine density (kg/m®)

Acceleration due to gravity (m/sec®)
Borehole length {m)

Radius (m)

Cross sectional area (m®)

Pressure (Pa)

Average pressure between r, and r, (Pa)
Compressibility (Pa™)

Porosity {fraction)

Bulk volume (m®)

Brine volume producted between time 1 and 2 (m’)

%cﬂﬁ W e YR D RSSO
([ T TR I T |

Define the following subscripts by:

cul = Culebra

bh = Borehole

bp = Brine pocket

e = Extemal drainage per borehole (brine pocket area divided by number of
boreholes) )

w = Wellbore

wf = Abandoned wellbore flowing

atm = Atmospheric

b = Rock bulk

f = Pore volume

br = Brine

r = Total

R = Castile Brine Pockst or Culebra Aquifer

1,2 = Time 1, time 2
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Refer to Figure 1, assuming steady-state flow is positive between the Castile Brine
Pocket and the Culebra Aquifer, the following Darcy Law equations are used to obtain
the flowrates out of the brine pocket (Q,), through the borehole (Q,) and into the
aquifer (Q,), based upon the pressures, rock and fluid properties and brine
pocket/abandoned borehole/aquifer geometries:

]

Qew =3 Kl *(P..f,,, —P::nl) [Equation 3]

FEaE

k,A,|P, —P, —pgL
0, =[ M “’( %;LL cl )} [Equation 4]
k, h
0, =1 ___’-'.'P_*P__ .(p» P %) ‘ {Equation 5)
rw

The flowrates through each of these systems are assumed to be equal (i.e. no fluid
leaves the system), therefore:

0, =0 = Cu [Equation 6] .

This results in four equations (Equaiions 3-6) and two unknowns (P,,, and P,) which
can be algebraically solved for Q,, as follows:

r 1

]»(P..-m-m

Koy,
e |-os
rw

Q, = —— - [Equation 7]
Al
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 (FOP Q. L Y | B —= + >
T, kh k, A
p[ln[ ) 0.5 i e
r, L )
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Equation 7 is the steady-state solution for flow through the brine pocket/abandoned
borehole/aquifer system. To account for bounded brine pocket/aquifer sizes, pressure
drawdown can be estimated by redefining the brine pocket and aquifer pressures over
a series of discrete time intervals by the following:

The pore volume compressibility (c,) as a function of rock bulk compressibility (c,) may
be defined by:

Cy

c,—¢

The total compressibility (c,) is the sum of the brine compressibility (c,) and pore volume
compressibility (c) as follows:

[Equation 8]

¢, =¢C tcy

[Equation 9]

The bulk volume of the bounded brine pocket is a function of the volume of brine
removed, average pressure drop, compressibility and porosity as follows:

ANI.!

(R-B).¢

Equation 10 can be used to solve for the average pressure at the end of a given time
interval by:

Ve =Azh= [Equation 10]

AN, ,
Vec, @

B =F-

[Equation 11]

METHODOLOGY AND RESULTS

Since the size of the brine pocket is unknown, comparisons were made for various
areal size and thickness as shown in the following table (consistent with interpreted
results from WIPP-12 data [Larson & Freeze, 1996]):

Table 1 - Constant Brine Volumes by Varying Thickness and Areal Extent

Thickness (m) | Areal Extent 1 (m’) | Areal Extent 2 (m®) | Areal Extent 3 (m’)
133.6 6.0E+07 3.0E+06 3.0E+04
66.8 12.0E407 6.0E+06 6.0E+04
24.0 33.4E+07 16.7E+06 16.7E+04

For the Culebra aquifer, the areal extent was assumed to be 100 times the LWB for all
cases (4144 km?). All other properties were median values obtained from the 1996
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CCA database. The combination of three thicknesses and three areas for the Castile

Brine Pocket resulted in 9 cases for comparison. Initial brine pocket pressure was
assumed to be 12.7 E+07 Pa for all cases.

Table 2 shows an example spreadsheet calculation assuming an area of 6.0 E+07 m"2
and 133.8 m brine pocket thickness.

Table 2 - Example Spreadsheet Calculation
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Figure 2 is a semilog plot comparing the number of borehole penetrations for different
brine pocket areal sizes based upon the DOE criterion of 0.47/100 year/km® drilling
rate. The same number of penetrations apply to each respective areal size regardiess
of thickness.

Figure 2

Comparison of Drilling Penetrations to Castile Brine Pocket for Different Areas
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Figure 3 is a semilog plot comparing the amount of Castile brine volume which can be
released. This was determined by subtracting the cumulative brine released at a given
time from the total cumulative brine released at 10,000 years. The 24 m thickness
cases again demonstrate faster depletion than the corresponding 133.6 m thickness
cases of equivalent area. For a given thickness, the differences in remaining available
flow is caused by differences in the number of depletion boreholes which is a function
of the area.

Figure 3

Comparison of Remaining Castile Brine Available for Flow
(Initial Pbp = 127 MPa, 72 hour open flow period)
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CONCLUSIONS

The 1996 CCA calculations varied the brine pocket volume from 32,000 m*’to 160,000
m’. From Figure 3, the only cases which show more brine available for fiow for an
extended period of time (~2000 to ~7000 years) are the maximum area cases. DOE
does not consider the 19 km radius brine pocket to be a realistic estimate of the areal
extent, rather an artifact of the unreasonably low rock compressibility (5X10™ pa”) used
for that estimate. In addition, the DOE does not include the depressurization or volume
reduction to the brine pocket that would result in numerous borehole penetrations that
would statistically “miss® a WIPP panel but penetrate the brine pocket, prior to the first
“E1” borehole through a panel. In the CCA calculations for E1 scenarios, the DOE
assumes brine pockets of 32,000 m’ to 160,000 m* pore volume at virgin (undepleted)
pressures in determining potential releases to the accessible environment, which
bounds the range of consequences associated with penetrating a larger but partially
depleted brine pocket.
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