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INTERPRETATIONS OF SINGLE-WELL HYDRAULIC TESTS
CONDUCTED AT AND NEAR
THE WASTE ISOLATION PILOT PLANT (WIPP) SITE,
1983-1987

Richard L. Beauheim
Earth Sciences Division
Sandia National Laboratories

ABSTRACT

Both single-well and muiltiple-well hydraulic tests have been performed in wells at and near
the WIPP site as part of the site hydrogeologic-characterization program. The single-well
tests conducted from 1983 to 1987 in 23 wells are the subject of this report. The stratigraphic
horizons tested include the upper Castile Formation; the Salado Formation; the unnamed,
Culebra, Tamarisk, Magenta, and Forty-niner Members of the Rustler Formation; the Dewey
Lake Red Beds; and Cenozoic alluvium. Tests were also performed to assess the integrity of
a borehole plug isolating a pressurized brine reservoir in the Anhydrite 1ll unit of the Castile
Formation. The types of tests performed included drillstem tests (DST's), rising-head slug
tests, falling-head slug tests, pulse tests, and pumping tests.

The Castile and Salado testing was performed at well WIPP-12 to try to define the source of
high pressures measured at the WIPP-12 wellhead between 1980 and 1985. The tests of the
plug above the Castile brine reservoir indicated that the plug may transmit pressure, but if so
the apparent surface pressure from the underlying brine reservoir is significantly lower than
the pressure measured at the wellhead. The remainder of the upper Castile did not show a
pressure response differentiable from that of the plug. All attempts at testing the Salado in
WIPP-12 using a straddle-packer DST tool failed because of an inability to locate good packer
seats. Four attempts to test large sections of the Salado using a single-packer DST tool and
a bridge plug were successful. All zones tested showed pressure buildups, but none



showed a clear trend to positive surface pressures. The results of the WIPP-12 testing
indicate that the source of the observed high pressures is within the Salado Formation rather
than within the upper Castile Formation, and that this source must have a very low flow
capacity and can only create high pressures in a well shut in over a period of days to weeks.

DST's performed on the lower siltstone portion of the unnamed lower member of the Rustler
Formation at H-16 indicated a transmissivity for the siltstone of about 2.4 x 10-4 ft2/day. The
formation pressure of the siltstone is higher than that of the overlying Culebra at H-16
(compensated for the elevation difference), indicating the potential for vertical leakage
upward into the Culebra. However, the top of the tested interval is separated from the
Culebra by over 50 ft of claystone, halite, and gypsum.

The Culebra Dolomite Member of the Rustler Formation was tested in 22 wells. In 12 of these
wells (H-4c, H-12, WIPP-12, WIPP-18, WIPP-19, WIPP-21, WIPP-22, WIPP-30, P-15, P-17,
ERDA-9, and Cabin Baby-1), falling-head slug tests were the only tests performed. Both
falling-head and rising-head slug tests were performed in H-1, and only a rising-head slug
test was performed in P-18. DST’s were performed in conjunction with rising-head slug tests
in wells H-14, H-15, H-16, H-17, and H-18. At all of these wells except H-18, the indicated
transmissivities were 1 ft2/day or less and single- porosity models fit the data well. At H-18,
the Culebra has a transmissivity of about 2 ft2/day. The apparent single-porosity behavior of
the Culebra at H-18 may be due to the small spatial scale of the tests rather than to the
intrinsic nature of the Culebra at that location. Pumping tests were performed in the other 3
Culebra wells. The Culebra appears to behave hydraulically like a double-porosity medium at
wells H-8b and DOE-1, where transmissivites are 8.2 and 11 ft?/day, respectively. The
Culebra transmissivity is highest, 43 ft?/day, at the Engle well. No double-porosity behavior
was apparent in the Engle drawdown data, but the observed single-porosity behavior may be
related more to wellbore and near-wellbore conditions than to the true nature of the Culebra
at that location.

The claystone portion of the Tamarisk Member of the Rustler Formation was tested in wells
H-14 and H-16. At H-14, the pressure in the claystone failed to stabilize in three days of shut-
in testing, leading to the conclusion that the transmissivity of the claystone is too low to
measure in tests performed on the time scale of days. Similar behavior at H-16 led to the
abandonment of testing at that location as well.

The Magenta Dolomite Member of the Rustler Formation was tested in wells H-14 and H-16.
At H-14, examination of the pressure response during DST’s revealed that the Magenta had
taken on a significant overpressure skin during drilling and Tamarisk-testing activities.
Overpressure-skin effects were less pronounced during the drillstem and rising-head slug
tests performed on the Magenta at H-16. The transmissivity of the Magenta at H-14 is about
5.5 x 10-? ft?/day, while at H-16 it is about 2.7 x 10-2 ftz/day. The static formation pressures

calculated for the Magenta at H-14 and H-16 are higher than those of the other Rustler
members.

The Forty-niner Member of the Rustler Formation was tested in wells H-14 and H-16. Two
portions of the Forty-niner were tested at H-14: the medial claystone and the upper
anhydrite. DST’s and a rising-head slug test were performed on the claystone, indicating



a transmissivity of about 7 x 10-2 ft2/day. A buildup test of the Forty-niner anhydrite revealed a
transmissivity too low to measure on a time scale of days. A pulse test, DST's, and a rising-
head slug test of the Forty-niner clay at H-16 indicated a transmissivity of about 5.3 x 10-?
ft2/day. Formation pressures estimated for the Forty-niner at H-14 and H-16 are lower than
those calculated for the Magenta (compensated for the elevation differences), indicating that
water cannot be moving downwards from the Forty-niner to the Magenta at these locations.

The lower portion of the Dewey Lake Red Beds, tested only at well H-14, has a transmissivity
lower than could be measured in a few days’ time. No information was obtained pertaining to
the presence or absence of a water table in the Dewey Lake Red Beds at H-14.

The hydraulic properties of Cenozoic alluvium were investigated in a pumping test performed
at the Carper well. The alluvium appears to be under water-table conditions at that location.
An estimated 120 ft of alluvium were tested, with an estimated transmissivity of 55 ft?/day.

The database on the transmissivity of the Culebra dolomite has increased considerably since
1983. At that time, values of Culebra transmissivity were reported from 20 locations. This
report and other recent reports have added values from 18 new locations, and have
significantly revised the estimated transmissivities reported for several of the original 20
locations. In general, locations where the Culebra is fractured, exhibits double-porosity
hydraulic behavior, and has a transmissivity greater than 1 {t2/day are usually, but not always,
correlated with the absence of halite in the unnamed member beneath the Culebra. This
observation has led to a hypothesis that the dissolution of halite from the unnamed member
causes subsidence and fracturing of the Culebra. This hypothesis is incomplete, however,
because relatively high transmissivities have been measured at DOE-1 and H-11 where halite
is still present beneath the Culebra, and low transmissivity has been measured at WIPP-30
where halite is absent beneath the Culebra.

Recent measurements of the hydraulic heads of the Rustler members confirm earlier
observations that over most of the WIPP site, vertical hydraulic gradients within the Rustler
are upward from the unnamed lower member to the Culebra, and downward from the
Magenta to the Culebra. New data on hydraulic heads of the Forty-niner claystone show that
present hydraulic gradients are upwards from the Magenta to the Forty-niner, effectively
preventing precipitation at the surface at the WIPP site from recharging the Magenta or
deeper Rustler members.
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INTERPRETATIONS OF SINGLE-WELL HYDRAULIC TESTS
CONDUCTED AT AND NEAR THE WASTE ISOLATION
PILOT PLANT (WIPP) SITE, 1983-1987

1. INTRODUCTION

This report presents the results of single-well
hydraulic tests performed in 23 wells in the vicinity of
the Waste Isolation Pilot Plant (WIPP) site in
southeastern New Mexico (Figure 1-1) between 1983
and 1987. The WIPP is a U.S. Department of Energy
research and development facility designed to
demonstrate safe disposal of transuranic radioactive
wastes resulting from the nation’s defense programs.
The WIPP facility will lie in bedded halite in the lower
Salado Formation. The tests reported herein were
conducted in the Salado Formation, in the underlying
Castile Formation, and in the overlying Rustler
Formation, Dewey Lake Red Beds, and Cenozoic
alluvium. These tests were performed under the
technical direction of Sandia National Laboratories,
Albuquerque, New Mexico.

Most of the tests discussed in this report were
performed in the Culebra Dolomite Member of the

Rustler Formation. The Culebra was tested at wells
H-1, H-4c, H-8b, H-12, H-14, H-15, H-16, H-17, H-18,
WIPP-12, WIPP-18, WIPP-19, WIPP-21, WIPP-22,
WIPP-30, P-15, P-17, P-18, ERDA-9, Cabin Baby-1,
DOE-1, and Engle. The Forty-niner, Magenta, and
Tamarisk Members of the Rustler were tested in H-14
and H-16. The unnamed lower member of the
Rustler Formation was tested in H-16. The Dewey
Lake Red Beds were tested in well H-14. Alluvium of
Cenozoic age was tested in the Carper well. The
Castile and Salado Formations were tested in WIPP-
12. With the exception of additional testing
performed at DOE-2 that has been previously
reported by Beauheim (1986), this report discusses
all single-well testing initiated by Sandia and its
subcontractors at the WIPP site from 1983 through
1987.
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2. SITE HYDROGEOLOGY

The WIPP site is located in the northern part of the
Delaware Basin in southeastern New Mexico. WIPP-
site geologic investigations have concentrated on
the upper seven formations typically found in that
part of the Delaware Basin. These are, in ascending
order, the Bell Canyon Formation, the Castile
Formation, the Salado Formation, the Rustler
Formation, the Dewey Lake Red Beds, the Dockum
Group, and the Gatuna Formation (Figure 2-1). All of
these formations are of Permian age, except for the
Dockum Group, which is of Triassic age, and the
Gatuna, which is a Quaternary deposit. Of these
formations, the Bell Canyon and the Rustler contain
the most-transmissive, regionally continuous
saturated intervals.
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Figure 2-1. WIPP-Area Stratigraphic

Column

The Castile Formation at the WIPP site is composed
of five informal members (in ascending order):
Anhydrite I, Halite 1, Anhydrite I, Halite II, and
Anhydrite Ill. Apart from isolated brine reservoirs

sometimes found in fractured portions of the upper
Castile anhydrites (Popielak et al., 1983), little is
known about Castile hydrology because of the
extremely low permeabilities of the unfractured
anhydrite and halite units {Mercer, 1987).

The Salado Formation is approximately 2000 ft thick
at the WIPP site, and is composed largely of halite,
with minor amounts of interspersed clay and
polyhalite. The Salado also contains interbeds of
anhydrite, polyhalite, clay, sylvite, and langbeinite.
Jones et al. (1960) labeled several of the anhydrite
and/or polyhalite interbeds that are traceable over
most of the Delaware Basin "Marker Beds" and
numbered them from 101 to 145, increasing
downward. The WIPP facility horizon lies between
Marker Beds 138 and 139. Because of the extremely
low permeability of halite, few hydraulic tests have
been attempted in the Salado, and little is known
about Salado hydrology (Mercer, 1987}).

At the locations where the Rustler Formation was
tested, its top lies from 231 {P-15) to 692 #t (H-15)
below ground surface, and its bottom lies from 542
{P-15) to 1088 ft (P-18) deep. At these locations, the
Rustler consists of five mappable members (in
ascending order): the unnamed lower member, the
Culebra Dolomite Member, the Tamarisk Member,
the Magenta Dolomite Member, and the Forty-niner
Member. The unnamed lower member is composed
of a layered sequence of clayey siltstone, anhydrite,
and halite (absent on the western side of the WIPP
site) ranging from 95 (WIPP-30) to 150 ft (P-18) thick.
The Culebra is a light olive-gray, fine-grained, vuggy,
silty dolomite, 21 (WIPP-18) to 29 ft (P-18) thick. The
Tamarisk Member is composed of two anhydrite
and/or gypsum units with a silty-claystone interbed
which contains halite along the southern and central
portions of the eastern boundary of the WIPP site.
The Tamarisk has a total thickness of 84 (WIPP-19,
ERDA-9, DOE-1) to 179 ft (P-18). The Magenta
Dolomite Member consists of a silty, gypsiferous,
laminated dolomite, 22 (H-8b) to 27 ft (P-15) thick.
The Forty-niner Member consists of two
anhydrite/gypsum units separated by a silty
claystone interbed which contains halite east of the
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WIPP site. The aggregate thickness of the Forty-
niner varies between §5 (DOE-1) and 76 ft (P-18).

All of the Rustler members are believed to be
saturated. The Culebra dolomite is the most
transmissive member, and is considered to be the
most important potential groundwater-transport
pathway for radionuclides which may escape from
the WIPP facility to reach the accessible
environment. Hence, the vast majority of hydrologic
tests performed at the WIPP site have examined the
hydraulic properties of the Culebra. The Magenta
dolomite is generally considered to be the second-
most transmissive Rustler member, and has been
tested at numerous locations by the U.S. Geological
Survey (Mercer, 1983). Magenta hydraulic heads are
generally higher than those of the Culebra. The
other members of the Rustler are believed to have
low permeabilities; few hydraulic tests have
beenperformed on them and little is known about
their hydraulic properties.

The Dewey Lake Red Beds consist of siltstone with
claystone and sandstone interbeds. Numerous
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bedding-plane breaks and fractures at various angles
to the bedding are filled with secondary selenite. A
well H-14, the Dewey Lake Red Beds are 320 ft thick,
lying from 40 to 360 ft below ground surface.
Continuous zones of saturation have not been
observed within the Dewey Lake where it overlies the
underground WIPP facility, although some minor,
possibly perched, moist zones have been noted
(Mercer, 1983). The Dewey Lake does provide small
quantities of water to wells south and southwest of
the WIPP site (Mercer, 1983).

Cenozoic alluvium forms aquifers in much of the
Delaware Basin, particularly in northern Texas. The
alluvium consists of fluvial deposits, caliche, gypsite,
conglomerates, aeolian sands, terrace deposits, and
playa deposits (Richey et al., 1985). The alluvium is
thickest in depressions caused by dissolution of the
Salado. In southeastern Eddy County, the alluvium
occurs past the erosional limit of the Dewey Lake
Red Beds, and rests on an erosional/dissolution
surface that moves progressively downsection from
east to west from the Rustler to the Castile
(Bachman, 1984).



3. TEST WELLS

Most of the wells discussed in this report were drilled
from 1974 to 1987 for a variety of purposes. Many of
them have been recompleted one or more times
since the original drilling. Some of the wells are, or
were, open holes through the strata tested, while
others are cased and perforated to the tested
intervals. The following sections contain brief
histories of the wells, along with descriptions of their
configurations at the times of testing. Unless
otherwise indicated, all depths listed below are
referenced to ground surface.

3.1 H-1

Well H-1 was drilled in May and June 1976 as the first
hydrologic test hole for the Rustler Formation at the
WIPP site. After drilling, selected coring, and open-
hole testing, the well was reamed to a diameter of
9.875 inches to a total depth of 856 ft (Mercer and
Orr, 1979). Seven-inch casing was installed and
cemented from 848 f to the surface, and a cement
plug was left in the casing at a depth of 831 ft. Three
sections of the casing were subsequently perforated
using jet shots: the Rustler/Salado contact zone
between 803 and 827 ft; the interval between 675
and 703 ft, including the Culebra from 676 to 699 fi;
and the interval between 562 and 590 ft, including
the Magenta from 563 to 589 ft. Following testing in
1977, a retrievable bridge plug was set in the casing
at about 790 ft, and a production-injection packer
(PIP) was set on 2.375-inch tubing at about 651 ft.
This configuration allowed monitoring of the Culebra
water level through the 2.375-inch tubing, and
monitoring of the Magenta water level in the annulus
between the well casing and the tubing. The PIP was
replaced with a similar PIP in July 1987 set from
645.0 to 649.4 ft on 2.375-inch tubing. The Culebra
interval was developed by bailing on August 27,
September 1, and September 15, 1987 in preparation
for slug testing (Stensrud et al., 1988). A small-
diameter minipacker was set in the tubing
temporarily at about 600 ft for use in the slug testing.
The configuration of H-1 at the time of the 1987
testing is shown in Figure 3-1.
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Figure 3-1. Well Configuration for H-1

Slug Tests

3.2 H-4c

Well H-4c was originally drilled in April and May 1978
to serve as a Rustler-Salado contact monitoring well.
A 7.875-inch hole was drilled and reamed to a depth
of 609.5 ft, and 5.5-inch casing was cemented from
that depth to the surface. A 4.75-inch hole was then
cored to a total depth of 661 ft, about 35 ft into the
Salado Formation (Mercer et al., 1981). In February
1981, a retrievable bridge plug was set in the casing
at a depth of about 530 ft. The depth interval from
494 to 520 ft was then shot-perforated to provide
access to the Culebra. Mercer et al. (1981) report the
Culebra at H-4c¢ as lying between 490 and 516 ft
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deep. The gamma-ray log used to guide the
perforation shows the Culebra from 489 to 515 ft
deep, which indicates that the upper 4 to 5 ft of the
Culebra are apparently not perforated at H-4c. For
slug testing, a PIP was temporarily set in the casing
from 479.2 to 483.6 ft deep on 2.375-inch tubing.
Figure 3-2 shows the configuration of H-4c¢ during the
1986 slug test.

3334.04 1t DAS

E ITRAILER
2.375-inch TUBING

3333451

’-I

5.5-inch, 15.5 Ib/#t

WELL CASING
| ANNULUS TRANSDUCER
Hr"“”c" PDCR 10/D
a74.70 18 1 TEST-INTERVAL TRANSDUCER
AT9.2 41—, DRUCK PDCR 10/D
7.875-inch
REAMED BOREHOLE —!
8361 BASKI PACKER
1 CASING PERFORATIONS
g 494-520 ft
490 1t

CULEBRA DOLOMITE
516 .

saon BRIDGE PLUG

ALL DEPTHS BELOW GROUND SURFACE NOT TO SCALE

Figure 3-2. Well Configuration for H-1 Slug Tests

3.3 H-8b

Well H-8b was drilled in August 1979 by the USGS as
one of 3 wells in the H-8 borehole complex
{Figure 3-3). The hole was drilled and reamed to a
diameter of 9.75 inches down to 575 #, and 7-inch
casing was set and cemented from 574 ft to the
surface. A 6.125-inch hole was then c¢ored to a total
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depth of 624 ft. The Culebra at H-8 lies from 588 to
614 ft below land surface (Wells and Drellack, 1982).
The open interval in H-8b includes, therefore, the
lower 13 ft of the Tamarisk Member, which consists
of anhydrite and gypsum, the entire Culebra
dolomite, and the upper 10 ft of the unnamed lower
member of the Rustler, which consists of mudstone
and gypsum. Only the Culebra portion of this interval
is believed to have significant permeability. For
testing in 1985, a pump was installed in the well
below a packer set from §57.7 to 561.9 ft on 1.5-inch
galvanized pipe. The configuration of the well at the
time of the December 1985 pumping test is shown in
Figure 3-4.

H-8a (MAGENTA)

H-8b (CULEBRA)

H-8¢c (RUSTLER-SALADO)

Figure 3-3. Plan View of the Wells at the

H-8 Hydropad

3.4 H-12

Well H-12 was drilled in October 1983 to provide
hydrologic and stratigraphic data southeast of the
WIPP site. The hole was cored and reamed to a
diameter of 7.875 inches to a depth of 820 ft, and
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5.5-inch casing was cemented from that depth to the
surface (HydroGeaChem, 1985}. The hole was then
deepened to 1001 ft, 21 ft into the Salado Formation,
by coring and reaming to a diameter of 4.75 inches.
The bottom of the hole was plugged back with
cement to a depth of 890 ft. As a result, the well is
open to the lower 3 ft of the Tamarisk from 820 to
823 ft, the Culebra from 823 to 850 ft, and the
unnamed lower member of the Rustler from 850 to
890 ft. The well was developed by bailing on July 10,
13, 15, and 17, 1987 in preparation for slug testing
(Stensrud et al., 1988). A PIP on 2.375-inch tubing
was set in the well casing from 810.3 to 814.7 ft from
August to September 1987 to aid in testing. In
addition, a minipacker was set in the tubing at about
484 ft. The configuration of H-12 at the time of
testing is shown in Figure 3-5.
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3.5 H-14

H-14 was drilled in October 1986 to provide a
Culebra monitoring well in the southwest quadrant of
the WIPP site where no other Culebra wells existed
{see Figure 1-1). A 7.875-inch hole was drilled and
reamed to a depth of 533 ft, stopping about 12 ft
above the Culebra. After the Tamarisk, Magenta,
Forty-niner, and Dewey Lake Red Beds were tested,
5.5-inch casing was set and cemented from 532 ft to
the surface. A 4.5-inch hole was then cored to 574 ft.
Following Culebra tests, the hole was reamed to
4.75 inches, and deepened to the final depth of
589 ft. Stratigraphic depths of the formation
encountered and the final as-built configuration of H-
14 are shown in Figure 3-6.
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3.6 H-15

H-15 was drilled in November 1986 to provide a
Culebra monitoring well in the east-central portion of
the WIPP site where no other Culebra wells existed
(see Figure 1-1). A 7.875-inch hole was drilled to a
depth of 854 ft, about 7 ft above the top of the
Culebra, and 5.5-inch casing was set and cemented
from 853 ft to the surface. The hole was then cored
and reamed through the Culebra to about 891 ft to a
diameter of 4.75 inches. Following tests of the
Culebra, the hole was deepened at a diameter of
4.75 inches to its final depth of 900 ft. Stratigraphic
depths of the formations encountered and the final
as-built configuration of the well are shown in
Figure 3-7.
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Figure 3-7. As-Built Configuration for Well H-15

3.7 H-16

H-16 was drilled in July and August 1987 to provide a
location to monitor the hydraulic responses of the
members of the Rustler during construction of the
WIPP Air-Intake Shaft. A hole was rotary-drilied and
reamed to a diameter of 9.625 inches to a depth of
470 ft, and 7-inch casing was installed and cemented
in place from the surface to a depth of 469 ft. The
hole was deepened in five steps to its final total
depth of 850.9 ft. Each member of the Rustler was
successively cored and reamed to a 4.75-inch
diameter. Drillstem, slug, and/or pulse tests were
performed on each member before the next member
was cored. After all testing was finished, the hole



was reamed to a final diameter of 6.125 inches. The
well was completed by installing a 5-packer system
that isolates each of the Rustler members and allows
monitoring of fluid pressure in each member.
Stratigraphic depths of the formations encountered
and the 5-packer completion of the well are shown in
Figure 3-8.

3.8 H-17

Well H-17 was drilled from September to November
1987 to investigate an area south of the WIPP site
that was believed, on the basis of computer
modeling (Haug et al., 1987) and surface
geophysical surveys (Bartel, in preparation}, to have
high transmissivity in the Culebra. A 7.875-inch hole
was drilled to a depth of about 510 ft, just below the
tap of the Rustler Formation. The hole was then
cored to a depth of 693 ft, about 13 ft above the top
of the Culebra. After reaming to 9.625 inches, 7-inch
casing was set and cemented from 692 ft to the
surface. The hole was then cored and reamed
through the Culebra to about 735 ft to a diameter of
4.75 inches. Following testing of the Culebra, the
hole was cored to 870.3 ft for stratigraphic
information, reamed to 6.125 inches for geophysical
logging, and then plugged back to 773 ft with
cement. Stratigraphic depths of the formations
encountered and the final as-built configuration of
the well are shown in Figure 3-9.

3.9 H-18

Well H-18 was drilled in October and November 1987
to investigate an area in the northwest portion of the
WIPP site where large changes in Culebra
transmissivity and water quality occur. A 9.625-inch
hole was cored and reamed to a depth of 674 ft,
about 15 ft above the top of the Culebra, and 7-inch
casing was set and cemented from 673 ft to the
surface. The hole was then cored and reamed
through the Culebra to about 714 ft to a diameter of
4.75 inches. Following testing of the Culebra, the
hole was cored to 830.5 ft for stratigraphic
information, reamed to 6.125 inches for geophysical
logging, and then plugged back to 766 {t with
cement. Stratigraphic depths of the formations

encountered and the final as-built configuration of
the well are shown in Figure 3-10.

3.10 WIPP-12

Drilling began at WIPP-12 in November 1978. The
hole was drilled and reamed to a diameter of
12.25 inches to a depth of about 1003 ft, and
9.625-inch casing was set and cemented from 1002 ft
to the surface. The hole was then cored and reamed
to a diameter of 7.875 inches to a total depth of about
2774 ft, approximately 48 ft into the Castile Formation
{Sandia and D’Appolonia, 1982). As the borehole
was being deepened in 1981, a pressurized brine
reservoir was encountered at a depth of about 3017 ft
in the lower portion of the Anhydrite lII unit of the
Castile (Popielak et al., 1983). The hole was
deepened at a diameter of 7.875 inches to about
3107 ft, from which point the diameter was reduced
to 6 inches for the balance of the hole down to the
total depth of 3927.5 ft in the upper part of the
Anhydrite I unit of the Castile (Black, 1982). In June
1983, the upper part of the wellbore was isolated
from the brine reservoir by setting a bridge plug in
the hole from 3000 to 3005 ft deep, putting 27 ft of
sand on top of the bridge plug, and putting a 189-ft
cement plug on top of the sand (D’Appolonia, 1983).
Key stratigraphic horizons and the well configuration
at the time of the August-September 1985 testing are
shown in Figure 3-11.

On October 12, 1985, a retrievable bridge plug was
set in the WIPP-12 casing between the depths of
984.0 and 989.4 ff. Two days later, gamma-ray
logging was performed which indicated that the
Culebra interval extended from 815 to 840 ft below
ground surface, and that interval was then shot-
perforated. All stratigraphic contacts shown on this
log are approximately 5 #t deeper than those reported
by Sandia and D’Appolonia (1982). This discrepancy
may be due to the 1978 and 1985 logging surveys
having used different datums to "zero" their depth
counters. Inasmuch as the 1985 gamma-ray log and
the perforation were run off the same depth counter
and used the same datum, the correct Culebra
interval should have been perforated.
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WIPP-12 was pumped briefly on May 1, 1986 to
develop the perforations and to provide information
useful in designing a testing program (Saulnier et al.,
1987). The well yielded very little water, indicating
low transmissivity and/or a poor hydraulic connection
between the well and the formation. In an effort to
improve the effectiveness of the casing perforations
in connecting the well with the formation, the well
was acidized on May 21, 1986. About 50 gallons of a
20% hydrochloric-acid solution were injected into the
perforations under a surface pressure of 300 to
500 psig over 95 minutes. Because the acid solution
was not readily injected, 500 gallons of the acid
solution were placed at and above the Culebra
perforations, and further well-development work was
deferred.

The spent acid solution and other welibore fluids
were bailed from WIPP-12 on August 27 and 28,
1987. After the fiuid level recovered, a pump was set
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Figure 3-10. As-Built Gonfiguration for Well H-18

in the well and all fluids were pumped from the well
on 3 occasions in October and November 1987. The
pump was then removed, and the well was bailed
again on December 8, 1987. The fluid removed on
this occasion was used to inflate a PIP set in the well
casing on 2.375-inch tubing from 794.4 to 796.0 ft on
December 16, 1987. A small-diameter minipacker
was set in the tubing from 601.0 to 602.8 #f. The PIP,
tubing, and minipacker were removed from the well
at the conclusion of testing. The configuration of
WIPP-12 during the 1987 Culebra slug tests is shown
in Figure 3-12,

3.11 WIPP-18

WIPP-18, WIPP-19, WIPP-21, and WIPP-22 were
originally drilled in 1978 in the north-central portion
of the WIPP site to investigate the structure of near-
surface formations after preliminary interpretations of
seismic-survey data indicated the potential existence
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Castile and Salado Testing

of a fault in that vicinity (Sandia and USGS, 1980a).
WIPP-18 was drilled to a total depth of 1060 ft, 132 ft
into the Salado Formation, and no evidence of a fault
was found. WIPP-18 was abandoned in an open-hole
condition filled with brine mud until October 1985,
when the hole was recompleted to serve as a
Culebra observation well. To this end, the hole was
reamed to a diameter of 7.875 inches, and 5.5-inch
casing was installed and cemented from the surface
to a depth of 1050 ft. The Culebra interval was then
shot-perforated from 784 to 806 ft deep, based on
gamma-ray logging performed to locate the Culebra.
Sandia and USGS (1980a) report the Culebra at
WIPP-18 as being from 787 to 808 ft deep. The
discrepancy in depths was probably caused by the
1978 and 1985 logging surveys using different
datums to zero the tools. From May 10 to 14, 1986,
WIPP-18 was developed by pumping and surging
(Saulnier et al., 1987). For slug testing, a PIP was
temporarily set in the well casing on 2.375-inch
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Culebra Slug Tests

tubing from 769.7 to 774.0 ft. The configuration of
the well at the time of testing is shown in Figure 3-13.

3.12 WIPP-19

WIPP-19 was drilled as part of the same program as
WIPP-18 in 1978 (Sandia and USGS, 1980b). The
hole was continuously cored to a total depth of
1038.2 ft, 143.2 ft into the Salado Formation.
WIPP-19 was then abandoned in an open-hole
condition filled with brine mud until October 1985,
when the hole was recompleted to serve as a
Culebra observation well. The borehole was reamed
to a diameter of 7.875 inches, and 5.5-inch casing
was installed and cemented from the surface to a
depth of 1036.6 ft. The Culebra interval was then
shot-perforated from 754 to 780 ft deep, based on
gamma-ray logging performed to locate the Culebra.
Sandia and USGS (1980b), by comparison, report the
Culebra as being 756 to 779 ft deep. From May 28 to



3458.76 1t

| pas
TRAILER

3456.41 1t

= 2.375-inch TUBING

5.5-inch, 15.5 Ib/ft

WELL CASING
ANNULUS TRANSDUCER
A DRUCK PDCR 10/D
764.17 1t TEST-INTERVAL TRANSDUCER
769.67 ft DRUCK PDCR 10/D
774.02 1t BASKI PACKER
7.875-inch
REAMED BOREHOLE
CASING PERFORATIONS
784-806 tt
787 11
CULEBRA DOLOMITE
808 ft.
1050 1t «——CEMENT

ALL DEPTHS BELOW GROUND SURFACE NOT TO SCALE

Figure 3-13. Well Configuration for WIPP-18 Slug Test

29, 1986, the well was developed by pumping and
surging (Saulnier et al., 1987). For slug testing, a PIP
was temporarily set in the well casing from 737.5 to
741.8 ft on 2.375-inch tubing. The configuration of
the well at the time of testing is shown in Figure 3-14.

3.13 WIPP-21

WIPP-21 was drilled as part of the same program as
WIPP-18 and WIPP-19 in 1978 (Sandia and USGS,
1980c). The hole was driiled to a total depth of
1046 ft, 178 ft into the Salado Formation. WIPP-21
was then abandoned in an open-hole condition filled
with brine mud until October 1985, when the hole
was recompleted to serve as a Culebra observation
well. The borehole was reamed to a diameter of
7.875 inches, and 5.5-inch casing was installed and
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Figure 3-14. Well Configuration for WIPP-19 Slug Test

cemented from the surface to a depth of 1013.7 ft.
The Culebra interval was then shot-perforated from
727 to 751 ft deep, based on gamma-ray logging
performed to locate the Culebra. Sandia and USGS
(1980c) report the Culebra lies 2 ft lower, from 729 to
753 ft deep, probably because of difference in the
datums from which depths were measured. From
June 28 to July 1, 1986, the well was developed by
pumping and surging (Saulnier et al., 1987). For slug
testing, a PIP was temporarily set in the well casing
from 705.9 to 711.8 ft on 2.375-inch tubing. The
configuration of the well at the time of testing is
shown in Figure 3-15.
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Figure 3-15. Well Configuration for WIPP-21 Slug Test

3.14 WIPP-22

WIPP-22 was drilled as part of the same program as
WIPP-18, WIPP-19, and WIPP-21 in 1978 (Sandia and
USGS, 1980d). The hole was drilled to a total depth
of 1448 ft, 565 ft into the Salado Formation. WIPP-22
was then abandoned in an open-hole condition filled
with brine mud until October 1985, when the hole
was recompleted to serve as a Culebra observation
well. The borehole was reamed to a diameter of
7.875 inches, and 5.5-inch casing was installed and
cemented from the surface to a depth of 949.8 ft.
The Culebra interval was then shot-perforated from
748 to 770 ft deep, based on gamma-ray logging
performed to locate the Culebra. Sandia and USGS
(1980d) report the Culebra 6 ft higher, from 742 to
764 ft deep. The source of the 6-ft discrepancy
between the 1978 and 1985 surveys is unknown.
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The depth discrepancy may be due to one of the two
surveys having incorrectly "zeroed" a depth counter.
Inasmuch as the 1985 survey and the subsequent
perforation were run using the same depth counter
and the same datum, the correct interval was
probably perforated, whatever its true absolute
depth. From June 11 to 17, 1986, WIPP-22 was
developed by pumping and surging (Saulnier et al.,
1987). For slug testing, a PIP was temporarily set in
the well casing from 738.1 to 742.5 ft on 2.375-inch
tubing. The configuration of the well at the time of
testing is shown in Figure 3-16.
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Figure 3-16. Well Configuration for WIPP-22 Slug Test

3.15 WIPP-30

Well WIPP-30 was drilled in September 1978 as one
of six wells drilled to evaluate dissolution of near-
surface rocks in and adjacent to Nash Draw (Sandia
and USGS, 1980). WIPP-30 was cored and reamed to



a diameter of 8.75 inches to a depth of 246 ft, and
then deepened to 913 ft by coring and reaming to a
diameter of 7.875 inches. Casing (5.5-inch} was
installed and cemented from 912 ft to the surface. In
March, July, and September 1980, three sections of
the casing were perforated: the Rustler/Salado
contact zone from 731 to 753 ft; the interval from 631
to 654 ft which includes the Culebra from 631 to
653 ft; and the interval from 510 to 540 ft which
includes the Magenta from 513 to 537 ft (Seward,
1982). Retrievable bridge plugs were set at depths
of 688.5 and 590.7 ft in September 1980. In August
1983, the upper bridge plug was replaced with a PIP
set on 2.375-inch tubing at a depth of 570 # to allow
monitoring of the Culebra water level through the
tubing, and the Magenta water level through the
annulus between the casing and tubing.

In October 1987, the PIP was removed and the
casing was reperforated between the depths of 629
and 655 ft to improve the hydraulic connection
between the Culebra and the well. In November
1987, the well was bailed once and pumped 4 times
(with both the Culebra and Magenta open to the well)
to develop the perforations. On December 8, 1987,
the well was pumped a final time to provide water for
use in the subsequent slug tests, and a PIP was set
from 613.1 to 617.5 ft in the well on 2.375-inch
tubing. A minipacker was installed in the tubing from
599.4 to 601.1 ft, and was removed after testing was
completed. The configuration of WIPP-30 at the time
of testing is shown in Figure 3-17.

3.16 P-15

Well P-15 was drilled in October 1976 as part of a
21-well evaluation program to investigate the potash
resources in the Salado Formation at the proposed
location of the WIPP site (Jones, 1978). P-15 was
drilled and reamed to a diameter of 7.875 inches to a
depth of 637 ft, and 4.5-inch casing was installed and
cemented from 635 ft to the surface. The hole was
deepened by coring at a 4-inch diameter to 1465 ft,
and the bottom of the hole was plugged back to
620 ft with cement {(Mercer and Orr, 1979). In
January and April 1977, two sections of the casing
were perforated: the Rustler/Salado contact zone
from 532 to 556 ft deep; and the interval from 410 to
438 ft which includes the Culebra from 413 to 435 ft.
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Figure 3-17. Well Configuration for WIPP-30

Slug Tests

A PIP was set in the casing at a depth of 512 ft on
2.375-inch tubing to allow monitoring of
Rustler/Salado and Culebra water levels. The PIP
was determined to be leaking in May 1985, and was
replaced on June 6, 1985 with a retrievable bridge
plug set from 441 to 447 ft deep.

P-15 was developed by bailing on March 27, April 7,
16, and 21, 1987 in preparation for slug testing
{Stensrud et al., 1988). A PIP on 2.375-inch tubing
was set in the well casing temporarily from 389.6 to
383.9 ft in May 1987 to aid in the testing. The
configuration of P-15 at the time of testing is shown
in Figure 3-18.

3.17 P-17

P-17 was drilled in October 1976 as part of the
potash-resource evaluation program at the proposed
location for the WIPP site (Jones, 1978). The hole
was first rotary drilled at a diameter of 7.875-inches to
a depth of 755 ft, approximately 40 ft into the Salado
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Figure 3-18. Well Configuration for P-15 Slug Tests

Formation. Casing (4.5-inch diameter) was then set
and cemented from 741 ft to the surface, and the
hole was deepened at a 4-inch diameter to a total
depth of 1660 ft. After coring was completed, the
hole was plugged back to a depth of 731 ft with
cement. In January and April 1977, two sections of
the casing were perforated: the Rustler/Salado
contact zone between 702 and 726 ft; and the
interval from 558 to 586 ft, which includes the entire
Culebra from 558 to 583 ft (Mercer and Orr, 1979). A
PIP was set in the casing at 683 ft on 2.375-inch
tubing to allow monitoring of Rustler/Salado and
Culebra water levels. In March 1983, the PIP was
replaced with a retrievable bridge plug set from 674
to 679 ft. For testing in 1986, a PIP was temporarily
set in the casing from 532.3 to 536.6 ft deep on
2.375-inch tubing. The configuration of the well at
the time of testing is shown in Figure 3-19.
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Figure 3-19. Well Configuration for P-17 Slug Tests

3.18 P-18

Well P-18 was drilled in October and November 1976
as part of the potash-resource evaluation program at
the proposed WIPP site (Jones, 1978). The hole was
drilled and reamed to a depth of 1139 ft at a diameter
of 7.875 inches, and 4.5-inch casing was cemented
from 1138 ft to the surface. The hole was then drilled
and cored at a 4-inch diameter to a depth of 1998 ft,
and plugged back to 1125 ft with cement. In January
and April 1977, two sections of the casing were
perforated: the Rustler/Salado contact zone between
1076 and 1100 ft; and the interval from 912 to 940 ft,
which includes most of the Culebra which lies
between 909 and 938 ft (Mercer and Orr, 1979). In
May 1977, a PIP was set on 2.375-inch tubing at a
depth of 1061 ft to allow monitoring of Rustler/Salado
and Culebra water levels. In early 1983, the PIP was
removed and a bridge plug was set from 997 to



1002 ft deep to allow testing of the Culebra. Testing
consisted of a pressure-pulse test and a slug test,
both of which indicated very low transmissivity, but
were otherwise inconclusive.

On June 12, 1987, the P-18 casing was reperforated
from 909 to 938 ft to improve the hydraulic
connection between the Culebra and the well. On
June 16, 1987, a PIP was set in the well from 895.9 to
899.2 ft deep on 2.375-inch tubing, and all fluid was
bailed from the tubing. The tubing was bailed again
on August 26, 1987, after the fluid level in the tubing
had recovered. A minipacker was then installed in
the tubing from 780.4 to 782.2 ft for use in
subsequent testing. The configuration of the well at
the time of testing is shown in Figure 3-20.
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Figure 3-20. Well Configuration for P-18 Slug Test

3.19 ERDA-9

ERDA-9 was the first exploratory borehole for the
proposed WIPP. It was drilled between April and
June 1976 to provide stratigraphic and structural

information on the Permian evaporites, as well as to
provide core samples for further testing. When the
bottom of the 15-inch hole was 1078 ft deep,
10.75-inch casing was installed and cemented from
the surface to a depth of 1033 ft, approximately 185 ft
into the Salado Formation. After the hole was drilled
to its final total depth of about 2877 ft at a diameter of
9.875 inches, it was completed by installing 7-inch
casing from the surface to a depth of 2871 ft, and
cementing only the lower 343 ft of that casing in
place (Sandia and USGS, 1983). The hole was then
left filled with a diesel-fuel-based drilling mud.

ERDA-9 remained in this configuration until October
1986, when it was recompleted as a Culebra
observation well. During the recompletion, the upper
980 ft of the 7-inch casing were cut off from the lower
section and removed from the hole. A retrievable
bridge plug was then set in the 10.75-inch casing
from 758.9 to 760.6 ft deep, and the Culebra interval
between 705.5 and 728.5 ft deep, as determined
from a gamma-ray log, was shot-perforated using 4
shots/ft. Sandia and USGS (1983) reported the
Culebra 1.5 ft higher, probably indicating that the two
geophysical surveys did not use the same datum.
From October 27 to November 14, 1986, ERDA-9 was
developed by pumping and surging. Additional
recompletion and development information is
contained in Stensrud et al. (1987). For slug testing,
a PIP was temporarily set in the well casing from
672.7 to 674.5 ft on 2.375-inch tubing, and a
minipacker was set in the tubing from 641.0 to
642.8 ft. The configuration of the well at the time of
testing is shown in Figure 3-21.

3.20 Cabin Baby-1

Cabin Baby-1 was drilled by a private company in
1974 and 1975 to explore the potential for natural-gas
production from the upper Bell Canyon Formation.
The borehole was cased from the surface to about
650 ft deep with 13.375-inch casing. The U.S.
Department of Energy assumed control over the well
after it was found to be a "dry hole." The hole was
reentered and deepened in 1983 to a depth of about
4291 {t at a diameter of 9.875 inches to allow
hydrologic testing of sandstone units in the upper
Bell Canyon {(Beauheim et al., 1983). Following
those tests, a PIP was set at the base of the Castile
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Figure 3-21.  Well Configuration for ERDA-9
Slug Tests

Formation. Tubing attached to the PIP provided
access for Bell Canyon hydraulic-head
measurements, while the annulus between the
tubing and the borehole wall was open to the Castile
and Salado Formations.

In September 1986, Cabin Baby-1 was recompleted
as a Culebra observation well. The PIP at the base of
the Castile was replaced by a retrievable bridge plug,
and another retrievable bridge plug was set in the
well casing from about 585.4 to 588.4 ft deep. The
casing was perforated between the depths of 503
and 529 ft, which coincides with the Culebra interval
identified from a gamma-ray log run immediately
before perforation (all Cabin Baby-1 stratigraphic
depths above the Salado reported in Beauheim et al.
(1983) are incorrect). Following the recompletion,
the well was developed between September 23 and
October 3, 1986 by repeatedly pumping most of the
water from the well and allowing the water level to
recover. Additional recompletion and well-
development information is contained in Stensrud et
al. (1987). To facilitate the 1987 slug testing, a PIP
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was temporarily set in the well casing from 492.2 to
494.8 ft deep on 2.375-inch tubing, and a minipacker
was set in the tubing from 459.6 to 460.1 ft deep.
The configuration of Cabin Baby-1 at the time of
testing is shown in Figure 3-22.
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Figure 3-22, Well Configuration for Cabin Baby-1
Slug Tests

3.21 DOE-1

DOE-1 was drilled in July 1982 to investigate a
structural anomaly in the Castile Formation inferred
from seismic-reflection surveys. The well was drilled
at a 14.75-inch diameter to a depth of 1122.5 ft, and
10.75-inch casing was set and cemented from about
1118 ft to the surface. A 7.875-inch hole was then
drilled to a total depth of about 4057 ft (Freeland,
1982). In March 1983, a retrievable bridge plug was
set in the casing at a depth of about 858 ft, and an
interval encompassing the Culebra from 820 to 843 ft
deep was shot-perforated using 4 shots/ft
(HydroGeoChem, 1985). The well was developed



between March 30 and April 29, 1983, by bailing and
pumping using a pump jack. The configuration of
DOE-1 at the time of the 1983 pumping test is shown
in Figure 3-23.
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Figure 3-23.  Well Configuration for DOE-1

Pumping Test
3.22 Engle

The Engle well is a livestock-watering well equipped
with a windmill. Little is known about the history of
the Engle well. The following information was
obtained from unpublished geophysical logs run in
the Engle well by the USGS in November 1983. The
well has a total depth of about 683 ft, and is cased
with 7-inch casing from about 648 ft to the surface.
The Culebra lies from 659 to 681 ft deep. The open
hale through the Culebra appears to have been
drilled to a 7-inch diameter, although a caliper log
indicates that it has washed out or caved to an
average diameter of about 7.4 inches. The
configuration of the well during the November 1983
pumping test is shown in Figure 3-24.
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Figure 3-24.  Well Configuration for Engle

Pumping Test
3.23 Carper

The Carper well is an oil test hole converted to a
livestock-watering well equipped with a windmill.
The well is in the northwest quarter of Section 7,
Township 25 South, Range 30 East, in the Poker
Lake area described by Borns and Shaffer (1985),
among others. Cooper and Glanzman (1971)
reported that the well was cased to 250 ft, and
plugged at a depth of 385.6 ft. Recent
measurements indicate that the casing has a
5.5-inch outside diameter. The production zone is
reported by Cooper and Glanzman (1971) as being
undifferentiated Quaternary and Tertiary deposits.
Richey et al. {(1985) refer to these deposits as
Cenozoic alluvium. In March 1959, the depth to
water was 263.3 ft. The static water level before the
February 1984 pumping test was about 262.8 ft below
ground surface. Figure 3-25 shows the configuration
of the Carper well during the February 1984 pumping
test.
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4. TEST METHODS

A variety of testing methods were employed for
single-well tests at the WIPP site because of the wide
range of permeabilities encountered and because of
the different types of well completions. Drillstem
tests (DST's), rising-head slug tests, falling-head slug
tests, pressure-pulse tests, and pumping tests were
all employed in the course of these investigations.
Generalized procedures for each type of test are
presented below. The techniques used to interpret
the data from these tests are discussed in detail in
Appendix A.

4.1 Drillstem Tests

DST's are generally performed shortly after a well
has been drilled and before the well has been
completed, when all of the units penetrated are still
accessible for testing and little is known about their
hydraulic properties. DST’s (and slug and pressure-
pulse tests) require a packer assembly mounted at
the bottom of a tubing string in the hole which
isolates the interval to be tested. For a test of the
lower portion of the hole, a single packer may be
used. To test a discrete zone in a hole, a straddle-
packer arrangement is required. Other necessary
equipment includes a shut-in tool to isolate the test
interval from the tubing, pressure transducers to
measure fluid pressures above, between, and below
the packers, and a data-acquisition system.

The first step in a DST is to select the interval to be
tested and establish the appropriate packer
separation. Next, the packer assembly, including
transducers, is installed in the hole at the desired
depth, and the packers are inflated. The test interval
is then shut-in (isolated from the tubing above), and
the fluid in the tubing above the tool is removed by
swabbing while the pressure in the test interval
stabilizes.

The actual DST begins with opening the shut-in tool,
which allows the fluid in the isolated interval to enter
the tubing. Due to the large pressure differential
normally existing between the evacuated tubing and
the isolated interval, water under the initial stabilized
formation pressure flows towards the borehole and

up the tubing string. This is the first flow period (FFL;
see Figure 4-1). This period begins with a drop in
pressure from pre-test conditions (shut-in tool
closed) to a pressure corresponding to the weight of
the water remaining in the tubing (after swabbing)
above the transducer. As water rises up the tubing
string, the pressure exerted downward on the
isolated interval increases, reducing the pressure
differential and thus the flow rate.

When the flow rate has decreased by no more than
about fifty percent from its initial value, the shut-in
tool is closed, stopping the flow of water up the
tubing. This is the beginning of the first pressure
buildup period (FBU). The fluid pressure in the test
interval, which was increasing relatively slowly during
the FFL, builds up toward the pre-test formation
pressure more quickly after the interval is once again
isolated. Initially, the fluid pressure builds up rapidly
because of the differential between the pressure in
the test interval at the end of the FFL and that in the
surrounding formation. As this pressure differential
decreases, the rate of pressure buildup decreases.
On an arithmetic plot of fluid pressure versus time,
the slope of the data curve decreases with time and
the curve becomes asymptotic to the static formation
pressure (Figure 4-1). The longer the first buildup
period, the more definitive the data become for
estimating formation hydraulic parameters, and
conditions become more ideal for the start of the
second flow period. In practical terms, the FBU
should generally last at least four times as long as
the FFL. In very low permeability formations, an FBU
duration more than ten times as long as the FFL. may
be necessary to provide adequate data for analysis.

Following the FBU, the shut-in tool is reopened to
initiate the second flow period (SFL). The water level
in the tubing will not have changed since the end of
the FFL, so a pressure differential will remain
between the test interval and the tubing. If the
remaining pressure differential is less than desired,
the tubing can be swabbed again before beginning
the SFL. The SFL typically lasts somewhat longer
than the FFL, but again the flow rate is only allowed
to decrease by no more than about fifty percent. At
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Figure 4-1. Components of a DrillStem Test and Slug Test

the conclusion of the SFL, the shut-in tool is closed
and the second buildup period (SBU) begins. Like
the FBU, the SBU continues until the pressure-
vs.-time data curve becomes asymptotic to the static
formation pressure. As with the FBU, the data
become more definitive the longer the SBU
continues, and conditions improve for the next phase
of testing. These four periods, the FFL, FBU, SFL,
and SBU, generally constitute a complete DST cycle.
On occasion, however, DST's may include additional
flow and buildup periods.

DST flow rates are calculated rather than measured
directly. The calculations are based on observed
pressure changes over time caused by fluid filling
the tubing, the known or estimated specific gravity of
the fluid, and the size of the tubing. Because
buildup-test analysis relies on the preceding flow
rate(s) being approximately constant, the actual rates
during DST flow periods must be converted to one or
more equivalent constant rates. This is done by
dividing the total flow period into shorter time periods
encompassing less flow-rate variation, and
calculating the average rate over each time period.
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DST's were performed at well H-14 in the lower
Dewey Lake Red Beds and in the Forty-niner,
Magenta, and Culebra Members of the Rustler
Formation; in the Culebra at well H-15; in the Forty-
niner, Magenta, Culebra, and unnamed lower
members of the Rustler at well H-16; in the Culebra
at well H-17; in the Culebra at well H-18; and in the
upper Castile Formation and Salado Formation at
well WIPP-12,

4.2 Rising-Head Slug Tests

Rising-head slug tests are most easily performed
following DST's, whiie the DST tool is still in the hole.
Following the second buildup of the DST, and while
the shut-in tool is still closed, the fluid is swabbed out
of the tubing. The shut-in tool is then opened to
initiate the test. A rising-head slug test is performed
in exactly the same manner as the DST flow periods,
except that the test is not terminated after the flow
rate changes by fifty percent (Figure 4-1). Ideally, the
slug test should continue until the initial pressure
differential has decreased by ninety percent or more.
Practically, forty percent recovery generally provides



adequate data tor analysis, particularly if log-log
plotting techniques are used (Ramey et al., 1975).

Rising-head slug tests can also be performed with a
production-injection packer (PIP) set in a well on a
tubing string. The water is swabbed from the tubing,
and a small-diameter minipacker is quickly inserted
into the tubing and inflated a short distance below
the water level existing at that time. A transducer
monitors the pressure below the minipacker. When
the pressure stabilizes, the minipacker is deflated
rapidly, stimulating flow from the formation into the
relatively underpressurized tubing. The water-level
or fluid-pressure rise in the tubing is monitored to
provide the data needed to analyze the test.

Rising-head slug tests were performed in the
Culebra at welis H-1, H-14, H-15, H-16, H-17, H-18,
and P-18; in the Magenta at well H-16; and in the
Forty-niner clay(stone} at H-14 and H-16.

4.3 Falling-Head Slug Tests

Falling-head slug tests are commonly performed
after a well has been completed, when only one
water-bearing unit is in communication with the
wellbore. They are generaily performed in low-
productivity wells that cannot sustain a pumping test.
To prepare for a falling-head slug test, a packer is
lowered into the well {or into tubing if a PIP is being
used to isolate the test zone from other water-
producing zones) below the water surface and
inflated. Additional water is then added to the well {or
tubing) above the packer. After pressures above and
below the packer have stabilized, the packer is
deflated as rapidly as possible. This connects the
overlying slug of water with the formation below,
marking the beginning of the test. As with a rising-
head slug test, a falling-head slug test should be
continued until the pressure differential caused by
the added slug of water dissipates to ten percent or
less of its initial value. Frequently, almost complete
dissipation of the pressure differential can be
obtained.

Falling-head slug tests were performed in the
Culebra at wells H-1, H-4¢, H-12, WIPP-12, WIPP-18,
WIPP-19, WIPP-21, WIPP-22, WIPP-30, P-15, P-17,
ERDA-9, and Cabin Baby-1.

4.4 Pressure-Pulse Tests

In water-bearing units whose transmissivities are so
low (i.e., < 0.1 ftz/day) that slug tests would take days
to months to complete, pressure-pulse tests can be
performed to determine the near-well hydraulic
propenties of the units. Pressure-pulse tests are most
easily performed using a DST tool, and can take the
form of either pulse-withdrawal or pulse-injection
tests. For either type, the test interval is first shut-in
and the pressure allowed to stabilize. The tubing
string is either swabbed for a pulse-withdrawal test,
or filled to the surface or otherwise pressurized for a
pulse-injection test. The shut-in tool is then opened
only long enough for the underpressure (pulse-
withdrawal) or overpressure {pulse-injection) tc be
transmitted to the test zone, and then the shut-in tool
is closed. In practical terms, it typically takes about
one minute to open the tool, verify over several
pressure readings that the pressure pulse has been
transmitted, and close the tool. The dissipation of
the resultant pressure differential between the test
zone and the formation is then monitored for the
actual test. As with a slug test, the pressure
differential should be allowed to decrease by ninety
percent or more. However, pressure-pulse tests
proceed much more rapidly than slug tests, because
equilibration is caused by compression/expansion of
fluid rather than by filling/draining a volume of tubing,
and hence attaining almost complete recovery is
generally practical during a pressure-pulse test.

Pressure-pulse tests were performed in the Forty-
niner clay at well H-16, and in the lower Dewey Lake
Red Beds at well H-14.

4.5 Pumping Tests

When wells are sufficiently productive to sustain a
constant pumping rate over a period of days to
weeks, pumping tests are the preferred method of
determining the hydraulic properties of water-bearing
zones. Pumping tests are performed by lowering a
pump into a well, isolating the interval to be tested
with packers (if necessary), and pumping water from
the formation at a nominally constant rate while
monitoring the decline in water level or pressure in
the well. Durations of pumping periods are highly
variable, and are primarily a function of what volume
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(or areal extent) of the aquifer one wishes to test.
Following the pumping period, the recovery (rise) of
the water level or pressure in the well is monitored,
typically for a period twice as long as the pumping
period.

Pumping tests were performed in the Culebra at
wells H-8b, DOE-1, and Engle, and in Cenozoic
alluvium at the Carper well.

4.6 Isolation Verification

Pressures above and below the tested interval are
monitored whenever possible during tests so that
any leakage around packers or other types of fiow
into or out of the test interval fromfto above or below
can be detected. Slow, uniform pressure changes of
a few psi in the borehole intervals above and below
the test interval are not uncommon, as fluids from
these intervals may seep into the adjacent formations
or formation fluids may flow into relatively
underpressurized intervals. Abrupt, higher
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magnitude pressure changes may indicate faulty
packer seats or equipment malfunctions.

Even when inflated to 2000 psi above ambient
borehole pressures, packers exhibit a degree of
compliance, or "give". Because some shut-in tools
require an up or down movement of the tubing string
with several tons of force, packers may shift very
slightly upward or downward. In an isolated interval
of the borehole, such as below the bottom packer,
the increase or decrease in volume caused by the
packer compliance is translated into a detectable
pressure change. Packer-compliance effects should
not be confused with pressure changes having other
causes. Differentiation is possible because packer
compliance typically causes abrupt pressure
changes at the time of tool movements or following
packer inflation, followed by a return to the pre-
disturbance pressure, whereas packer leaks or bad
seals between packers and the borehole or casing
wall usually result in continuous pressure changes or
equilibration between test-interval pressure and
annulus or bottomhole pressure.



5. TEST OBJECTIVES AND INTERPRETATIONS

The single-well tests of the different stratigraphic
units had different objectives. Some tests were
exploratory in the sense of trying to determine if
some seldom-tested units had appreciable
permeabilities or measurable pressures. Other tests,
particularly those of the Culebra, were designed to
provide additional quantitative information on the
hydraulic properties of units extensively tested at
other locations. The following sections describe the
objectives to be met by testing each stratigraphic
horizon, and present interpretations of the test data.

Detailed descriptions of the different sets of
instrumentation used in the different single-well
hydraulic tests, as well as the raw test data, are
contained in the series of Hydrologic Data Reports
prepared semi-annually for Sandia’s WIPP hydrology
program (e.g., INTERA Technologies, 1986).
Specific references for each test accompany the test
descriptions.

5.1 Castile and Salado Formations

The Castile and Salado Formations were tested only
in well WIPP-12. The original 1978 completion of
WIPP-12 left the upper 48 ft of the Castile Formation
and all but the upper 48 ft of the Salado Formation in
hydraulic communication with the wellbore. A
standard oilfield wellhead was welded to the top of
the well casing, and a pressure gauge was attached
to the wellhead, which was otherwise sealed. In
1980, wellhead pressures of up to 472 psig were
observed at WIPP-12 (Sandia and D’Appolonia,
1982). When WIPP-12 was deepened in 1981, a
brine reservoir was encountered in the upper Castile
Formation. The highest pressure recorded at the
wellhead from the brine reservoir was 208 psig
(Popielak et al., 1983). Just before setting the plug
above the brine reservoir in 1983 (Section 3.10), the
wellhead pressure was 169 psig (D’Appolonia, 1983).
Pressure measurements made at the wellhead after
plugging revealed a pressure buildup reaching
288 psig in July 1985,

The purpose of reentering WIPP-12 in August 1985
was to try to determine whether the pressures most-

recently observed at the wellhead originated in the
brine reservoir, in which case the plug emplaced in
1983 (Section 3.10) had to be leaking or bypassed,
or in either the upper Castile or the Salado
Formation. Several sets of tests were planned to
meet this objective. First, tests were to be performed
with a DST tool as close to the plug in the Castile as
possible to evaluate the integrity of the plug.
Second, tests of the majority of the exposed Castile
were planned to attempt to determine whether any
high-pressure sources were present. Third, tests of
various zones within the Salado were planned to
determine if the Salade was the source of the
observed pressures. The tests were not intended to
provide quantitative information on the permeability
of the Castile and Salado Formations. They were
intended simply to identify any zones that, when
isolated, would rapidly pressurize to levels
comparable to those measured at the wellhead.
Detailed information on the WIPP-12 test equipment
and data is contained in Stensrud et al. (1987).

Before testing began, gamma-ray and caliper logging
was performed in the WIPP-12 borehole. These logs
were used to identify stratigraphic intervals and
select potential packer seats. In general, the
geophysical "signatures” of the various stratigraphic
units were found to be 4 to 5 ft lower than reported
by Sandia and D’Appolonia {1982) based on 1878
geophysical logs. This discrepancy is believed to
have been caused by the two geophysical surveys
"zeroing" their depth counters at different elevations,
perhaps reflecting modifications made to the drilling
pad between 1978 and 1985. The 1985 testing relied
on the interpretations from the 1985 geophysical
logs, while the well configuration illustrated in
Figure 3-11 reflects the 1978 logs and land-surface
survey.

5.1.1 Plug Tests. To evaluate the effectiveness of
the brine-reservoir plug, DST's were performed with
a single packer set from about 2770.8 to 2774.5 ft
below ground surface, approximately 9 ft above the
plug. Figure 5-1 shows the pressures measured
during the testing. After setting the packer, the
tubing was swabbed to lower the pressure in the test
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zone, and the test interval was then shut in overnight
to allow the pressure to equilibrate. As can be seen
in Figure 5-1, the pressure stabilized very rapidly at a
pressure of about 1635 psia. The following morning,
August 17, 1985, DST’s consisting of two flow and
two buildup periods were performed. The first flow
period lasted about 31 minutes, and was followed by
a 100-minute buildup period. During the buildup
period, the pressure rapidly reached 1635 psia and
stabilized. The second flow period lasted about 59
minutes, and was followed by a 128-minute buildup
period. Again, the pressure rapidly reached
1635 psia during the buildup period and stabilized.

The transducer was set at a depth of 2760.4 ft during
these tests. The fluid in the well was a saturated
brine having a specific gravity of about 1.2.
Corrected for depth, specific gravity, and
atmospheric pressure, 1635 psia corresponds to a
pressure of about 190 psig at the surface. This
pressure is well below the 288 psig measured before
testing began, but intermediate between the
maximum brine-reservoir pressure recorded
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(208 psig) and the brine-reservoir pressure
measured just before the plug was set in 1983
(169 psig).

The speed with which a constant pressure of
1635 psia was repeatedly reached during these tests
indicates the presence of a constant-pressure
source. This source is most likely the brine reservoir.
The brine-reservoir plug is apparently not a perfect
seal; pressure seems to be transmitted through the
plug fairly readily. The fact that WIPP-12 wellhead
pressures were higher than the pressure coming
through the plug, however, indicates two things.
First, the brine reservoir is not the source of the
pressures measured at the surface. Second, any
flow through the plug would be driven downwards
into the brine reservoir by the higher pressures
present above the plug.

5.1.2 Castile Tests. Following the plug tests, the
DST tool was raised 39 ft and reset at the top of the
Castile Formation. The bottom of the packer at this
time was at a depth of 2735.5 ft. Figure 5-2 shows
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the pressures measured during the subsequent
testing. The tubing was swabbed to decrease the
pressure in the test interval, and the test interval was
then shut in to allow the pressure to equilibrate. In
less than an hour, the pressure was near stabilization
at a value of almost 1614 psia. After a 15-minute flow
period, the test interval was again shut in for a
64-minute buildup period. Again, the pressure was
rapidly stabilizing at almost 1614 psia.

The results of these tests are virtually identical to the
results of the plug tests discussed in Section 5.1.1.
The pressure in these tests stabilized about 21 psi
lower than in the previous tests, but that was caused
by the transducer being positioned 39 ft higher in the
hole for these tests. Pressure transmitted from the
brine reservoir through the plug appeared to be the
dominating factor in these tests. No other pressure
sources were noted in the upper Castile.

5.1.3 Salado Tests. The Salado tests were
originally meant to be performed using a double-

(straddle-) packer DST tool with a 100-ft separation
between packers. Hole conditions proved to be
such, however, that two good packer seats 100 ft
apart could not be found. From August 19 to 23,
1985, 17 attempts were made to set the DST tool and
perform tests at depth intervals ranging from 1005 to
2200 ft. All of these attempts failed as fluid was able
to bypass one or both packers. Only a single packer
seat, from 1115 to 1120 ft deep between Marker
Beds 102 and 103, was unequivocally good. During
the course of these attempts, the DST tool was
pulled up into the well casing and tested on four
separate occasions. Each time, both packers set
successfully with no apparent fluid leakage around
them. Between the ninth and tenth attempts at
testing, the tool was brought to the surface and all
components were either replaced or rehabilitated.
Our tentative conclusion from these failures is that
hole closure since the original drilling in 1978 has
caused fracturing in the rock around the hole that
allows fluid to bypass any packer blocking the hale
itself.
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Once straddle tests proved impossible, our testing
strategy changed. We believed that various
anhydrite beds within the Salado, such as the
Cowden and Union anhydrites and various marker
beds, would provide adequate individual packer
seats. Hence, we decided to use a retrievable bridge
plug set in an anhydrite bed to define the bottom of a
test interval, and a DST tool with a single packer set
in a higher anhydrite to define the top of the interval.

For the first test, the bridge plug was set in the
Anhydrite Il unit of the Castile Formation from 2750
to 2754 ft deep. A single-packer DST tool was then
set in the Cowden anhydrite from 2450 to 2454 ft
deep (see Figure 3-11), and the lower Salado
between the Cowden and the Castile was tested.
Foliowing the test of the infra-Cowden portion of the
Salado, the bridge plug was reset in the Cowden and
left there for the balance of testing in WIPP-12. The
DST-tool packer was then set in Marker Bed 136 from
2066 to 2070 ft deep, but the packer seat failed. A
good packer seat was obtained 4 ft lower between
2070 and 2074 ft deep, and testing proceeded. The
next five attempts at testing failed, as fluid bypassed
the packer at two settings in the Union anhydrite, two
settings in Marker Bed 124, and one setting in
Marker Bed 123. We then returned to the one good
packer seat found during the first attempts at
straddle testing, 1115 to 1120 ft deep, between
Marker Beds 102 and 103. Again, this location
provided a good seat and we were able to test from
there down to the Cowden. The final test was
performed with the DST-tool packer set at the base of
the well casing between 1001 and 1005 ft deep. In
summary, out of 10 attempts to test using a bridge
plug and single-packer DST tool, 4 were successful.
These are discussed below.

5.1.3.1 Infra-Cowden. The infra-Cowden portion
of the Salado Formation was tested between the
depths of 2454 and 2750 ft (see Figure 3-11).
Inasmuch as the objective of the testing was to
identify sources of high pressure rather than to
provide data for quantitative permeability analysis, no
effort was made to allow the test-interval pressure to
stabilize before testing began. As the DST-tool
packer was set, the expansion of the packer
compressed the fluid in the test interval slightly,
raising the test-interval pressure above that in the
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well annulus above the packer. This pressure
decayed slightly over about 32 minutes while the
tubing was being swabbed and other preparations
were being made for the test (Figure 5-3). The test
interval was then opened to the tubing for almost 12
minutes for a flow period. Very little fluid entered the
tubing during this period. Following the flow period,
the test interval was shut in for a buildup lasting
about 127 minutes. The pressure buildup was slow,
and showed no signs of trending towards a positive
surface pressure. At the end of the buildup period,
the pressure was rising at a rate slightly less than
25 psifhr, and the rate was constantly decreasing.

Figure 5-4 shows a Horner plot of the buildup data. A
precise determination of the static formation
pressure (p*) cannot be made because the data
curve is continuing to steepen at the end of the test.
Extrapolation from the last two data points to infinite
time provides a minimum static pressure estimate of
925 psia. The curve would have to continue to
steepen considerably, however, to ever extrapolate
to the approximately 1567 psia that, with the
transducer at a depth of 2439.6 ft, would correspond
to the 288 psig measured at the WIPP-12 wellhead.
The test of the infra-Cowden, therefore, gave no clear
indication of that portion of the Salado being the
source of the high pressures measured at the WIPP-
12 wellhead.

5.1.3.2 Marker Bed 136 to Cowden Anhydrite.
The Salado between Marker Bed 136 and the
Cowden anhydrite, 2074 to 2450 ft deep, was tested
on August 28 and 29, 1985. Testing consisted of a
flow period lasting almost 13 minutes followed by a
15-hr buildup period (Figure 5-5). As was the case
during the infra-Cowden test, very little fluid entered
the tubing during the flow period. The pressure
buildup proceeded slowly, at an ever-decreasing
rate, and showed no signs of trending towards a
positive surface pressure. At the end of the buildup
period, the pressure was rising less than 10 psi/br.

Figure 5-6 is a Horner plot of the buildup data.
Extrapolation from the last two points to infinite time
indicates a static formation pressure (p*) estimate of
983 psia. This estimate must be lower than the true
static formation pressure because the data curve was
continuing to steepen when the buildup was



Prassure 1n PSIA

Presaure 1n PSIA

1508

140¢

13e@

1202

1iee

1gac

f214]%)

B@A

7o

608

588

378

35u

330

31

88g

858

832

B81g

792

778l

PRE-TEST PRESSURE IN TEST INTERVAL

! PRESSURE ABOVE TEST INTERVAL

[ — FBU

[ FFL

z 20 4 68 82 190 128 148 168 188 2gp

Elapsed Time in Minutes

Start Jate: [8/26/1985
Start Time: 13:38:00

Linear-Linear Sequence Plot

¥IPP-12/DST 2434-2750/ INFRA-COWDEN

Figure 5-3. WIPP-12/Infra-Cowden Test Linear-Linear Sequence Plot

p" = 925 psia

'g'.
.
~"..
s
c...‘
‘e
.

.

i

Wwp toets. ct

Start Jater £8-26.:885

Start Time: 14:33:00

Figure 5-4.

no

Horner Zlot: tp = £, 1944 Hours
WIPP-12. 057 2454-2750, INFRA-COWIEL rgL

WIPP-12/Infra-Cowden First Buildup Horner Plot




Pressure 1n PSIA

Pressure in PSIA

1320 —
[ PRE-TEST PRESSURE IN TEST INTERVAL
PRESSURE ABOVE TEST INTERVAL

1208

1128} ———e L e,

1923 +
9882 +

B2at

7aetr

600 | ,../\

FBU

soe b
FFL

428 ¢

3p0 N . A " . . ; . .
B 2 4 b 8 18 12 14 6 18 28

Eicpsed Time 1r Hours
Start Date: 98/28/1885 Lirear~Linear Sequence Plot

Start Time: 13:00: 20 WIPP-12,0ST 2074-2458/MB 136-COWDEN

Figure 5-5. WIPP-12/Salado Marker Bed 136 to Cowden Test Linear-Linear Sequence Plot

1858

Iﬁlﬂr
| p* =983 psia

78 ¢+

938 t+

saa | \

852 {

81@

778 3

730t Te.

S LI
.
* ., .
698 t+ \ hd . -
* .

SSB: \\

1

Ll
{ep + dt)/dt
Start Date: $8/28/1985 Horner Plot: tp = @.211] Hours
Start Time: 16:18:08 WIPP-12/DST 2B74-2458/MB 136-COWDEN FBU

Figure 5-6. WIPP-12/Salada Marker Bed 136 to Cowden First Buildup Horner Plot




terminated. The curve would have to steepen
considerably, however, to extrapolate to the
approximately 1369 psia that, with the transducer at a
depth of 2059.6 ft, would correspond to the 288 psig
measured at the WIPP-12 wellhead. As was the case
with the infra-Cowden test, the test of the interval
between Marker Bed 136 and the Cowden gave no
clear indication of that portion of the Salado being
the source of the high pressures measured at the
WIPP-12 wellhead.

5.1.3.3 Marker Bed 103 to Cowden Anhydrite.
The interval from just above Marker Bed 103 to the
Cowden anhydrite, 1120 to 2450 ft deep, was tested
on August 29 and 30, 1985. Testing consisted of a
16-minute flow period followed by a 13-hr buildup
period (Figure 5-7). As was the case during the
previous Salado tests, very little fluid entered the
tubing during the flow period. The pressure recovery

during the buildup period was slow, with a final rate
of less than 5 psi/hr, and showed no clear signs of
trending towards a positive surface pressure.

Figure 5-8 is a Horner plot of the buildup data.
Extrapolation from the last two points to infinite time
gives a static formation pressure (p*) estimate of
510 psia. Inasmuch as the data curve was continuing
to steepen when the buildup was terminated, this
estimate must be too low. Considerable steepening
would be required, however, for the curve to
extrapolate to the approximately 873 psia that, with
the transducer at a depth of 1105.7 ft, would
correspond to the 288 psig measured at the WIPP-12
wellhead. As was the case with the previous Salado
tests, the interval from Marker Bed 103 to the
Cowden gave no clear indication of containing the
source of the high pressures measured at the WIPP-
12 wellhead.
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5.1.3.4 Well Casing to Cowden Anhydrite. The
final test of the Salado at WIPP-12 was petrformed on
an interval extending from the base of the well casing
to the Cowden anhydrite, 1004.5 to 2450 ft deep.
The test was performed on August 30, 1985, and
consisted of a 30-minute flow period followed by a
buildup period lasting about 139 minutes
(Figure 5-9). As was the case with the other Salado
tests, very little fluid entered the tubing during the
flow period. The pressure buildup was slow, with a
final rate of about 10 psi/hr, and showed no
indication of trending towards a positive surface
pressure.

Figure 5-10 is a Horner plot of the buildup data. The
static formation pressure (p*) estimated by
extrapolating from the last two points to infinite time
is 333 psia. This estimate must be too low because
the data curve was continuing to steepen when the
buildup was terminated. The curve would have to
steepen considerably, however, to extrapolate to the
approximately 813 psia that, with the transducer at a
depth of 990.7 ft, would correspond to the 288 psig
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measured at the WIPP-12 wellhead. As was the case
with all the other Salado tests, the test of the interval
from the well casing to the Cowden anhydrite gave
no clear indication of that portion of the Salado
containing the source of the high pressures
measured at the WIPP-12 wellhead.

5.1.4 Conclusions From Castile and Salado
Tests. The tests of the brine-reservoir plug and the
Castile Formation showed a constant-pressure
response apparently governed by the brine reservoir
in the lower part of the Anhydrite Ul unit of the
Castile. This constant pressure, however, is lower
than the pressures measured at the WIPP-12
wellhead, and therefore cannot be their source.
None of the tests of the Salado provided any
indication of the source of the high pressures. All of
the zones tested exhibited pressure buildups, but
none of the buildups clearly extrapolated to positive
surface pressures. In fact, given the 6.5+ years of
high pressures to which the entire borehole was
subject preceding these tests, we cannot say with
certainty which, if any, of the observed pressure
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buildups were caused by the natural pressures in
those parts of the Salado, and which were pattially or
completely caused by residual overpressurization of
the entire wellbore.

The only conclusion that could be drawn from this
testing was that the source(s) of the high pressures
has a low flow capacity, and is rapidly depleted.
Even in a shut-in situation, the source must take days
to weeks to manifest itself; it was not apparent in
tests lasting less than a day. This conclusion was
borne out by observations made after testing was
completed. On September 4, 1985, the WIPP-12
wellbore was filled with brine and the wellhead was
resealed. By October 2, 1985, the pressure at the
wellhead had built back up to 248 psig (Stensrud et
al,, 1987).

5.2 Rustler Formation

Hydraulic tests were attempted in all five members of
the Rustler Formation. The unnamed lower member
of the Rustler was tested only at well H-16. The
Culebra dolomite was tested in wells H-1, H-4c, H-8b,
H-12, H-14, H-15, H-16, H-17, H-18, WIPP-12, WIPP-
18, WIPP-19, WIPP-21, WIPP-22, WIPP-30, P-15, P-17,
P-18, ERDA-9, Cabin Baby-1, DOE-1, and Engle. The
Tamarisk, Magenta, and Forty-niner Members were
tested in H-14 and H-16.

5.2.1 Unnamed Lower Member. The unnamed
lower member of the Rustler was tested only at H-16.
This testing had two objectives: 1) to determine the
transmissivity of the unit; and 2) to determine the
hydraulic head of the unit. The transmissivity is a
parameter needed to calculate potential leakage
rates from the unnamed lower member into the WIPP
shafts. The hydraulic head is also needed for
leakage calculations, as well as to evaluate directions
of potential vertical movement of groundwaters
within the Rustler Formation.

At H-16, the unnamed lower member of the Rustler
lies between 724.4 and 841.5 ft below ground
surface (Figure 3-8). DST's were performed on the
interval from 739.2 to 850.9 ft, which includes the
upper 9.4 ft of the Salado Formation. The most
permeable portion of the unnamed lower member is
probably the siltstone unit (designated S-1 by
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Lowenstein, 1987) that extends from 777.7 to
839.1 ft. The other lithologies included in the test
interval were halite, polyhalite, gypsum/anhydrite,
and halitic claystone, which are believed to have
extremely low permeabilities and to have made
negligible contributions to the test responses
observed.

The DST's were performed from August 14 to 17,
1987, and consisted of two flow periods and two
buildup periods (Figure 5-11). Descriptions of the
test instrumentation and the test data are contained
in Stensrud et al. (1988). For analysis purposes (see
Section 4.1), the FFL was divided into two flow
periods with rates of 0.035 and 0.024 gallons per
minute (gpm), and the SFL was divided into two flow
periods with rates of 0.026 and 0.015 gpm
(Table 5-1).

The FFL lasted about 22 minutes, and was followed
by a 23-hr FBU. Figure 5-12 shows a log-log plot of
the FBU data along with a simulation generated by
the INTERPRET well-test-interpretation code (see
Appendix A). An unusual feature of this figure is that
the pressure-derivative data plot above (i.e., have a
greater magnitude than) the pressure data. In most
instances, pressure-derivative data plot below
pressure data (see Figure A-2 in Appendix A).
However, when a very low transmissivity medium is
tested and the flow-period duration is much shorter
than would be required for infinite-acting radial flow
to develop, the subsequent buildup shows the type
of behavior seen in Figure 5-12.

The simulation in Figure 5-12 is of a single-porosity
medium with a transmissivity of 2.7 x 10-4 ft?/day
(Table 5-2). Assuming a porosity of 30%, a total-
system compressibility of 1.0 x 10-5 psi-1, and a fluid
viscosity of 1.0 cp, the skin factor for the well in this
simulation is -0.4, indicating a very slightly stimulated
well. The dimensionless Horner plot of the FBU
(Figure 5-13) shows an excellent fit of the simulation
to the data, and indicates that the static formation
pressure is about 213 psia.

The SFL lasted about 29 minutes, and was followed
by a 50-hr SBU. The log-log plot of the SBU data
(Figure 5-14) shows behavior similar to that seen in
the FBU plot (Figure 5-12). The single-porosity
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TABLE 5-1

EFFECTIVE DST FLOW RATES FOR BUILDUP ANALYSES

UNIT FLOW DURATION RATE
WELL TESTED PERIOD (min) {gpm)
H-16 Unnamed First 15.13 0.035
lower 6.90 0.024
member
Second 16.68 0.026
12.54 0.015
H-14 Culebra First 4.05 0.381
10.25 0.260
Second 7.27 0.271
16.60 0.173
H-14 Upper First 3.63 0.186
Culebra 8.05 0.132
5.22 0.116
Second 6.55 0.138
20.78 0.097
H-15 Culebra First 55 0.147
14.23 0.127
Second 8.48 0.153
17.25 0.124
14.33 0.110
H-16 Culebra First 6.72 0.731
10.38 0.500
Second g9.12 0.818
15.06 0.512
H-17 Culebra First 4.62 0.368
11.58 0.259
Second 6.48 0.443
17.76 0.280




TABLE 5-1 (Continued)

UNIT FLOW DURATION RATE

WELL TESTED PERIOD {min) (gpm)
H-18 Culebra First 4.38 1.372
6.54 1.083

Second 6.06 1.200

11.46 0.772

H-14 Magenta First 1.62 0.049
13.65 0.014

Second 2.27 0.036

27.95 0.010

Third 13.35 0.014

46.85 0.007

H-16 Magenta First 12.30 0.062
9.90 0.047

Second 10.38 0.062

20.64 0.045

H-14 Forty-niner First 4.52 0.028
claystone 13.75 0.021

Second 13.93 0.022

18.20 0.017

H-16 Forty-niner First 8.82 0.010
clay 12.54 0.005

Second 6.66 0.016

24.60 0.007




SUMMARY OF NON-CULEBRA SINGLE-WELL TEST RESULTS

TABLE 5-2

H-14

H-14

H-16

Carper

ZONE
NAME

Unnamed
lower
member
siltstone

Magenta

Magenta

Forty-
niner
claystone

Forty-
niner
clay

Cenozoic
alluvium

ZONE
DEPTH
INTERVAL

).

778-842

424-448

590-616

390-405

563-574

263-386

*Actual intervals open to the wells.

DEPTH

INTERVAL
TESTED

(>

739-851

420-448

589-621

381-409

560-581

263-386

TEST
TYPE

DST/FBU
DST/SBU

DST/FBU
DST/SBU
DST/TBU

DST/FBU
DST/SBU
slug

DST/FBU
DST/SBU
slug

pulse
DST/FBU
DST/SBU

slug

pumping

TRANSMISSIVITY
(ft2/day)

2.7x10™+
2.2x104

5.6x10-3
5.6x10-3
5.3x10-3

2.8x10-2
2.8x10-2
2.4x10-2

7.1x10-2
6.9x102
3.0x10-2

2.2x104
5.3x10-2
5.6x10-3
5.0x10-3
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SKIN
FACTOR

-0.4
0.2

0.5
0.4
0.3

0.4
0.8

3.2
3.3

0.7
0.6
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simulation shown, however, uses a transmissivity of
2.2 x 10~ ft?/day, and a skin factor of 0.2 (Table 5-2).
These values imply a slightly less permeable
formation and a slightly more damaged well than
were indicated by the FBU analysis.

The sharp decline in the pressure derivative at late
time in Figure 5-14 was probably caused by what
Grisak et al. (1985) term a “pressure skin” on the
formation. Pressure skins develop as wells are
drilled and as they stand open before testing. As
drilling fluid circulates during drilling, it exerts a fluid
pressure on the exposed formations corresponding
to the weight of the drilling-fluid column in the
wellbore. In most formations, this pressure exceeds
the ambient formation fluid pressure. As a result, an
overpressurized zone (or overpressure skin)
develops in the formations around the wellbore.
Underpressure skins can also be created if the
borehole history includes a period when the
pressure exerted by the fluid in the hole is less than
that of the adjacent formation(s).

The magnitudes and extents of these pressure skins
depend on several factors, including the duration
and magnitude of the induced pressure differential
and the hydraulic properties of the affected
formations. Once the formations are isolated from
the overpressure or underpressure, the pressure
skins begin to dissipate. When hydraulic tests are
performed while a pressure skin still exists, however,
the test data may be influenced by dissipation of the
pressure skin. This is most commonly manifested, in
the case of an overpressure skin, by a pressure
recovery that appears to be trending towards some
specific value representative of the pressure skin
until, at Iate time, the pressure begins to deviate
below this trend, often reaching a maximum at a
lower value before beginning to decline towards the
true formation pressure.

in the case of the testing of the unnamed lower
member at H-16, the overpressure skin induced by
the weight of the drilling fluid during coring and
reaming on August 11 and 12, 1987 was dissipating
during the DST's. One measure of the dissipation is
provided by the different static formation pressures
indicated by the FBU (Figure 5-13) and SBU
(Figure 5-15) dimensionless Homer plots. The best-
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fit simulation to the FBU data indicated that a static
formation pressure of 213 psia was appropriate,
whereas the SBU simulation used a value of
209 psia. The INTERPRET code has no way of
correcting for the effects of pressure skins on test
data. Inasmuch as the SBU data appear to have been
more affected by pressure-skin dissipation than the
FBU data, the FBU analysis, with the exception of the
static formation pressure estimate, is probably more
reliable than the SBU analysis.

Additional information on the true static formation
pressure and overpressure skin of the unnamed
lower member at H-16 is provided by the transducer
installed at that horizon as part of the H-16 5-packer
completion (Figure 3-8). From August 31, 1987,
4 days after the S-packer installation was completed,
until December 7, 1987, the pressure dropped from
203 to 197 psig, where it apparently stabilized. This
transducer is located at a depth of 745.7 ft. In a hole
containing brine with a specific gravity of 1.2, the
corresponding pressure at the midpoint of the
unnamed lower member siltstone 808 ft deep is
about 229 psig. In contrast, the 209 psia indicated by
the data from the DST transducer, which was set
721.3 ft deep, corresponds to a pressure of 254 psia
at a depth of 808 ft. This value is reduced to 240 psig
when the atmospheric pressure of 14 psia measured
by the DST transducer is subtracted. Hence, an
additional 11 psi of overpressure skin apparently
dissipated between the end of the DST's and
December 7, 1987.

The static formation pressure estimate of 229 psig
discussed above, however, may not represent the
pressure that would exist in the absence of the WIPP
site. Considering the proximity of H-16 to the WIPP
shafts, the pressure in the unnamed lower member
(and in all other Rustler members) at H-16 may be
artificially low and continually changing because of
drainage from that member into the shafts.

5.2.2 Culebra Dolomite Member. The tests of the
Culebra Dolomite Member of the Rustler Formation
were primarily intended to provide additional
transmissivity data on the most permeable water-
bearing unit at the WIPP site. Inasmuch as all of the
wells in which the Culebra was tested were ultimately
left as permanent Culebra completions, obtaining
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accurate static formation pressure estimates during
testing was not of major concern. At wells H-1, H-4c,
H-12, WIPP-12, WIPP-18, WIPP-19, WIPP-21, WIPP-
22, WIPP-30, P-15, P-17, ERDA-9, and Cabin Baby-1,
the Culebra was tested by performing falling-head
slug tests. Rising-head slug tests were also
performed at H-1 and P-18. Drillstem tests and rising-
head slug tests were performed in the Culebra at
wells H-14, H-15, H-16, H-17, and H-18. Pumping
tests of the Culebra were performed at H-8b, DOE-1,
and the Engle well.

5.2.2.1 H-1. Mercer (1983) reported a
transmissivity value of 0.07 ftz/day for the Culebra at
H-1, based on a bailing test performed shortly after
the Culebra interval was perforated in 1977 (Mercer
and Orr, 1979). Because this value was significantly
lower than the transmissivities measured at other
nearby wells such as H-2, H-3, and ERDA-9, H-1 was
developed and retested to confirm or modify the
published value.

Retesting consisted of four slug tests: one rising-
head slug test initiated on September 21, 1987 and
three falling-head slug tests initiated on September
23, 25, and 28, 1987. All data from these tests are

contained in Stensrud et al. (1988). Complete
recovery from the induced pressure differential was
obtained in each test. Semilog plots of the data from
the slug tests, along with the type curves which best
fit the data, are shown in Figures 5-16 through 5-19.
The type curves used were derived by Cooper et al.
(1967) for single-porosity media (see Appendix A).
The rising-head slug test (Figure 5-16) provided the
highest transmissivity estimate, 1.0 ft?/day
(Table 5-3). All three falling-head slug tests provided
transmissivity estimates of 0.83 ft?/day (Table 5-3).

These transmissivity values are in better agreement
with those from nearby wells than is the value
reported by Mercer (1983). Apparently, the well
development before testing (Section 3.1) and more
rigorous testing techniques combined to produce
more representative results than were obtained from
the earlier bailing test.

5.2.2.2 H-4c. Mercer et al. (1981) reported a
transmissivity for the Culebra at H-4b as 0.9 ft?/day
based on a slug test, while Gonzalez (1983) reported
a value of 1.6 ftz/day based on pumping tests.
Gonzalez (1983) also reported the possible presence
of a recharge boundary affecting the H-4 test data.
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