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BRINE SAMPLING AND EVALUATION PROGRAM PHASE I REPORT
DOE-WIPP-87-008
EXECUTIVE SUMMARY

This report presents preliminary data obtained in the course of the WIPP Brine
Sampling and Evaluation Program. The investigations focus on the brine present
in the near-field environment around the WIPP underground workings that flows
under existing pressure gradients. Most of the data reported in this document
were acquired in the 600 days after January 1, 1985.

Although the WIPP underground workings are considered "dry," small amounts of
brine are present, probably on the order of 0.1 to 0.5 percent by weight of
the surrounding rocks. This amount of brine is not unexpected in rocks of
marine sedimentary origin. Part of that brine can and does migrate into the
repository in response to pressure gradients, at essentially isothermal con-
ditions. These small volumes of brine have little effect on the day-to-day
operations, but are pervasive throughout the repository. Enough moisture may
accumulate over a period of years to affect both operations and planning during
the life of the project and the behavior of repository during resaturation
and repressurization after sealing and closure.

The preliminary observations made during Phase I of the Brine Sampling and
Evaluation Program (BSEP) began informally as an extension of the weep
observations in 1983, and included observations made during 1984 of localized
weeps and the growth of tubular salt stalactites at various locations in the
WIPP underground. Brine occurrences manifested by salt efflorescences, moist
areas, and fluid accumulations were also commonly observed in association with
drill holes and at some locations on the floors of the workings. The studies
were organized in 1984 and formalized in 1985. Moist areas and locations of
brine inflows have been observed in all parts of the WIPP underground. The
list of 70 drill holes included in Appendix B is not all—1nc1us1ve, but
illustrates the widespread distribution of the occurrences.

Very small volumes of brine have been observed to "weep" from newly excavated
surfaces in the WIPP underground workings. They appear as irregular moisture
patches on the ribs and back. Some become visible immediately after excava-
tion, while others may take up to several weeks to become noticeable. As the
brine evaporates into the repository atmosphere, halite and very minor amounts
of other evaporite minerals are precipitated, usually in the form of finely
crystalline encrustations, mounds, and knobs. Individual accumulations are
generally less than two centimeters in diameter, but sometimes coalesce to
form small masses or ridges. Weeps are pervasive throughout the underground
workings and occur on the surfaces of all exposed lithologic units. They
appear to develop more quickly and occur more frequently on the units that

contain some clay.

Small quantities of gas are associated with some weeps. Slowly bubbling wet
areas, usually about 2 or 3 centimeters in diameter, are occasionally very
-noticeable within a few minutes of mining. The bubbling Usually decreases
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within an hour or two after mining, and the rate of inflow to freshly mined
surfaces of both brine and gas decreases rapidly. Most of the moisture appears
slowly over periods of hours or days, and associated gas inflows are so small
as to go unnoticed and be difficult to detect. Some of the weeps remain visi-
bly moist for fairly long periods of time, but most appear dry after several
months. Manually probing the halite encrustations often reveals that many of
the "dry" encrustations are damp within, indicating that the inflow of brine
has only decreased in flow rate, not ceased entirely.

More than 1400 holes aggregating over 14 kilometers in total length have been
drilled from the WIPP underground excavations. Mostly vertical and horizontal
holes, most are 15 meters or less in length. The majority are 15 centimeters
(six inches) or less in diameter, although holes almost a meter (36 inches) in
diameter and 6 meters long have been drilled. A preliminary listing of those
holes drilled before July 1985 is included as Appendix A of this report.
Fifty-four of these holes were used as observation locations during Phase I of
the BSEP and are -listed in Appendix B of this report.

Encrustations of halite on the sides and at the collars of the holes indicate
that small volumes of brine have seeped into nearly all of them. Measurable
volumes of brine have accumulated in some holes.

In the fall of 1984, at the time the BSEP was initiated, it was realized that
many of the more noticeable brine occurrences were found in drill holes that
had been in existence for some time and that little or nothing was known about
the rate of initial brine inflow. Seventeen new holes that were drilled as
part of already-planned stratigraphic data collection became available for
brine observations.

Some of the then-existing brine occurrences were scheduled to be disrupted by
planned experiments, especially in Room J and Experimental Rooms Al, A2, A3,
and B. As a result, initial emphasis was to obtain expeditiously some base-
line data prior to such disruptions, with the realization that the BSEP would
evolve as the nature of the brine inflows became more apparent.

Measured occurrences have inflow rates that range from less than the rate at
which surface moisture is evaporated into the repository atmosphere to approxi-
mately 0.5 liters per day. Individual occurrences vary greatly and some drill
holes separated by less than a meter have inflows that contrast dramatically,
making the discussion of "averages" or "typical occurrences" difficult or
misleading. The reasons for this variability are still poorly understood.
The inflow at any specific location is influenced by a number of factors,
including local stress distribution, local brine sources, variations in local
fracturing and permeability, and local variability in the geology. Most
occurrences displayed a brief, initial no-flow or low-flow period, followed
by maximum inflow. Brine inflow then decreased over a period of several
months to relatively steady-state conditions over the 600 days of monitoring.
Some occurrences had increased inflows and some ceased entirely. Most of the
measurable inflow rates range hetween a few tenths and a few hundredths of a
liter per day. The largest individual production measured during this
reporting period produced an aggregate over 235 liters of brine, and continues

ES=-2



to produce approximately 0.2 liters per day. It was clearly an unusual and
exceptional occurrence and was associated with excavation-induced fracturing.
Inflow rates into that drill hole have declined markedly over the observation

period.

It should be noted that the brine occurrences discussed here are small and are
¢learly distinguished from the "brine reservoirs" found in the underlying,
stratigraphically lower, and geologically older, Castile Formation in the
Delaware Basin. "Brine reservoirs" are measured in hundreds of thousands of
liters, flow readily into boreholes that penetrate them, and have been the
subject of other investigations.

The BSEP is focused on the brine, not the gas, occurrences noted at WIPP. One
important observation made during Phase 1 of the BSEP is that gas flow and
brine flow appear to be intimately related. Gas is associated with many weep
occurrences on freshly-mined faces. Gas commonly exsolves from solution as
the brine is poured from one container to another. Gas is observed bubbling
up through many of the brine occurrences. Fractures, commonly measured in
fractions of a millimeter in width and a few meters in length, contain gas and
brine in sufficient volume and under sufficient pressure to keep the fractures
at least slightly open under lithostatic pressure.

The observations document that salt creep closure and two-phase fluid flow are
occurring simultaneously, at least in the immediate vicinity of the repository
excavations. It is still not clear what effect the coupling of these processes
have on brine inflow or repository behavior. The resaturation of the openings
which include the spaces within the waste storage areas (between and within
waste containers and between any backfill), the access drifts, and the frac-
tures in the salt, are presently being considered in light of the coupling of
these processes. Data collected as part of the BSEP will continue to feed
those modeling efforts.

It is clear from the preliminary data that significant pressure-driven brine
inflows that are not the result of brine migration in a thermal gradient may
occur after sealing and closure of the repository. Brine flow systems are not
well understood at this time, but it is likely that the observed inflows are
dominated by the response to transient pressure gradients resulting from the
excavation of the repository. A component due to regional hydraulic head
cannot be ruled out at this time, but if it exists, appears to be relatively
small.

Brine chemistry data have been collected, but are not reported in this docu-
ment, GCharacterization of the near-field brine chemistry continues, and will
be included in a future BSEP report.

The major observations may be summarized as:

o Brine inflows are small, and are not related to large brine reservoirs
in the Castile Formation,

ES-3



Brine occurrences, particularly those evidenced as halite efflo-
rescence, are pervasive throughout the WIPP underground workings.

Brine inflow rates are low, usually on the order of a few hundredths of
a liter per day or less. '

Although small when measured in terms of liters per day at any given
location, cumulative inflow volumes may be significant when measured
in terms of the entire repository over periods of many years.

There is a considerable variation in brine inflow between locatioms,
even when locations are only a few meters (or, in some instances, less
than a meter) apart.

Holes that penetrate the roof and floor generally show a pattern of
an initial, maximum flow rate that reduces to a fairly steady flow
rate over the time period during which measurements have been made.

Several flow systems and conditions are possible, but insufficient
ddata exist to select the system and conditions (or combination of
several systems and conditions) that best describe the phenomena at
WIPP.

ES-4



BRINE SAMPLING AND EVALUATION PROGRAM PHASE I REPORT
DOE-WIPP-87-008
ABSTRACT

This interim report presents preliminary data obtained in the course of the
WIPP Brine Sampling and Evaluation Program. The investigations focus on the
brine present in the near-field environment around the WIPP underground work-
ings that is easily moved under existing pressure gradients. Observations
began in 1983 and were expanded in 1984 and 1985. Most of the data reported
in this document were acquired in the 600 days after January 1, 1985.

Although the WIPP underground workings are considered "dry," small amounts of
brine are present, probably on the order of 0.1 to 0.5 percent by weight of the
surrounding rocks. This amount of brine is not unexpected in rocks of marine
sedimentary origin. Part of that brine can and does migrate into the reposi-
tory in response to pressure gradients, at essentially isothermal conditions.
These small volumes of brine have little effect on the day-to-day operations,
but are pervasive throughout the repository and may contribute enough moisture
over a period of years to affect resaturation and repressurization after
sealing and closure.

The inflows occur as "weeps" on the exposed surfaces and as very small inflows
of brine at various locations, most noticeably in holes drilled outward from
the underground workings. Over 1400 underground drill holes, most 15 meters

or less in length, exist at WIPP. Gas is usually associated with the brine

inflows. Gas bubbles are observed in many of the brine occurrences. Gas is

also known to exsolve from solution as the brine is poured from container to

container.

Measured brine occurrences have inflow rates that range from less than surface
evaporation rates to approximately 0.5 liters per day. Most range between a
few tenths and a few hundredths of a liter per day. Individual occurrences
vary greatly and some drill holes less than a meter apart have brine inflows
that contrast dramatically, making the discussion of "averages" or "typical
occurrences” difficult or misleading. Most occurrences have initial peak
inflow rates that decline to steady rates over the observation period. Some
have ceased entirely, and a few have increased inflows.

The largest individual production that was measured during this reporting
period produced an aggregate of over 235 liters of brine. It was clearly an
unusual and exceptional occurrence, and inflow rates for that occurrence have
declined over the observation period.

It is clear from these preliminary data that the brine, gas, and salt creep
phenomena are intimately associated. Pressure-driven brine inflows that are
not the result of brine migration in a thermal gradient may occur at any
time a pressure difference exists, including after sealing and closure of
the repository. It is likely that the observed inflows into the repository
excavations are dominated by the response to transient pressure gradients



resulting from the excavation of the repository itself. A component due to
regional hydraulic head cannot be ruled out at this time, but if it exists,
it appears to be relatively very small. *

Investigations of the occurrence and chemistry of the brines are continuing.



1.0 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is a Department of Energy (DOE) research
and development facility to demonstrate the safe disposal of radioactive wastes
derived from the defense activities of the United States. The WIPP project's

mission consists of two parts. The first is to demonstrate the safe handling

and disposal of transuranic (TRU) waste in bedded salt. The second is to cre-
ate a research facility for the examination of the technical issues related to

the emplacement of defense~related radioactive waste in bedded salt.

The WIPP facility is located approximately 42 kilometers east of Carlsbad,
New Mexico, in an area known as Los Medanos (Figure 1-1). The underground
portion of the facility is located at a depth of approximately 655 meters
in the bedded salt deposits of the Salado Formation, part of an evaporite
sequence over 1000 meters thick (Figure 1-2). An extensive program of site
characterization and validation has been conducted for the past ten years
(1976-1986). The results of these studies are summarized in the WIPP
"Geological Site Characterization Report" (Powers et al., 1978), the WIPP
"Safety Analysis Report" (US DOE, 1986), the WIPP "Preliminary Design
Validation Report" (Bechtel National, Inc., 1983), and the WIPP "Results
of Site Validation Experiments" (Black et al., 1983). Additional site
investigations are being conducted as part of an ongoing program to further
refine the understanding of the site-specific geology. The hydrogeological
activities of the Brine Sampling and Evaluation Program, as outlined in the
Brine Testing Program Plan (Morse and Hassinger, 1985), are part of these
investigations.

The purpose of the Brine Sampling and Evaluation Program (BSEP) is to investi-
gate the origin, hydraulic characteristics, extent, and composition of brine

occurrences in the excavations for the WIPP repository in the Salado Formation.
Although considered dry workings, brine is observed to weep from exposed sur-
faces in the repository horizon and seep into drill holes in the underground

excavations.

These brine occurrences become visible shortly after excavation or drilling.
The more noticeable occurrences produce brine at the rate of a few tenths or
a few hundredths of a liter per day or less. In locations where evaporation
is very slow, a total of a few liters to several hundred liters of brine have
been observed to accumulate over a period of weeks or months.

Although individual occurrences are small and not particularly noticeable on a
day-to-day basis, they are pervasive throughout the repository. Over a period
of months and years they may contribute enough moisture to merit consideration
from the standpoint of long-term repository performance. During present oper-
ations, virtually all of the moisture entering the workings from the host rock
is evaporated and removed in the air circulated by the underground ventilation
system. The assessment and understanding of the brine occurrences becomes
especially important when considering what their long-term impacts might be
on operations during the demonstration and retrieval period and the rates of
resaturation and repressurization of the excavations after closure of the
facility. -
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1.1 OBJECTIVES OF THE BRINE SAMPLING AND EVALUATION PROGRAM

The objectives of the BSEP are to characterize the hydraulics, extent, and com-
position of the brine occurrences in the excavations for the WIPP repository.

The emphasis of this program is on those aspects of the brine occurrences that
are likely to affect operations, resaturation and repressurization, and overall
facility performance. The following topics are being investigated and an as-

sessment of their relative importance is being made:

o Brine sources

o Paths for brine movement

0 Mechanisms of brine movement

0 Aerial extent and volume of existing and potential sources of brine
o Relationship betweenrbrine and gas occurrences

o Long-term behavior of known brine occurrences (self-
limiting, persistent, etc.)

o Inflow to be anticipated during the demonstration and -
retrievability period :

© Inflow to be anticipated after closure

o Brine composition as it might relate to the above concerns,
with emphasis on the anticipated aggregate composition of
brines that might enter the repository after closure.

1.2 PHASED APPROACH

This program is being conducted in three phases. Phase I was initiated in the
Fall of 1984, and continued throughout 1985 and into 1986. This phase was
designed to initiate the program, make preliminary observations, and to provide
sufficient data on the characteristics and distribution of the brine near the
repository so that a detailed and coordinated investigation could be carried
out in Phase II. This document is an interim status report for Phase I.

Phase II continues selected Phase I investigations. It includes additional
instrumentation and testing to further refine the understanding of brine
occurrences and their chemistry and hydrology, and to identify long-term
testing needs and techniques. Phase II was initiated in early 1986 and will
continue into early 1987. A Phase II interim report will be issued in 1987.

Phase III monitoring will continue throughout 1987, and is intended to lead
directly into a long-term monitoring program expected to continue for the

operational life of the facility. A Brine Sampling and Evaluation Program
final report will be issued in 1988.



The long-term brine monitoring program, which will continue throughout the life
of the facility, will be coordinated with other WIPP monitoring programs.

1.3 PHASE I TASKS

Phase I of the Brine Sampling and Evaluation Program includes five specific
tasks that are outlined in Appendix A of the "Brine Testing Program Plan"
(Morse and Hassinger, 1985). This report covers Task 1 and Task 2 activities.

(o]

1.3.1

Task 1 included the development of an inventory of drill holes in the
WIPP underground with the objective of identifying those open holes
that might be locations where preliminary observations could be made
for the BSEP. Task 1 also included the review of literature con-
cerning similar low-flow and weeping brine occurrences both at WIPP
and other mines., Task 1 activities are described in more detail in
Section 1.3.1.

Task 2 involved the collection of preliminary data from existing, ac-
cessible brine occurrences within the underground workings at WIPP.
Encountering these occurrences provided insight into the complex
nature of the brine inflows. Some test installations were made
specifically for the purpose of brine inflow observations as part
of Task 2. Task 2 activities are described in more detail in
Section 1.3.2.

Task 3 was the development of a sampling and testing plan for Phase II
of the BSEP. Task 3 included the testing of techniques, the refinement
of the criteria for the identification of brine sampling locations, and
the refinement of sampling procedures and rationale.

Task 4 focuses on the assessment of the feasibility of using geophys—
ical techniques to define source horizons and the aerial extent of
brine occurrences at the repository level. This task is continuing.

Task 5 was to be the coordination of Phase I tasks with the Gas
Testing Program (GTP) (Torres, 1985). However, the GTP was delayed
and no coordination was necessary.

TASK 1 ACTIVITIES

The Brine Testing Program Plan (Morse and Hassinger, 1985) stated that this
task would consist of the following activities:

o

0

Review literature pertaining to similar low-flow and weeping conditions
in other mines to develop an understanding of brine occurrences.

Review and evaluate previous WIPP brine characterization and gas
testing methodology, data, and reports, in view of their applicability
to this program.



Assemble a master inventory and map of underground boreholes from
current lists available from Sandia National Laboratories (SNL),
Bechtel, Westinghouse, and the mining contractor.

Verify locations and determine the status, condition, and accessibility
of these holes.

Develop a separate inventory of accessible boreholes in which a deter-
mination of the presence or absence of brine can be made, and monitor
all of these holes periodically through the duration of the program.

Develop criteria for identifying boreholes suitable as test sites for
the BSEP.

Identify boreholes suitable as future test sites for the BSEP.

Evaluate the applicability of available equipment on hand for pressure-
transient testing in boreholes.

1,3.2 TASK 2 ACTIVITIES

The goal of Task 2 was to acquire preliminary data for the BSEP, concentrating
on the sampling and evaluation of known, easily accessible brine occurrences
in the WIPP underground workings. The overall objective was to obtain an
initial understanding of the rate at which brine flows into open drill holes
and to make a preliminary assessment of the volume of brine likely to be’
involved in an individual occurrence.

In order to attain this goal, Task 2 is comprised of the following activities
(Morse and Hassinger, 1985):

o

Removal of brine from accessible boreholes in the floor, using
compressed air or other evacuation techniques such as bailing.

Monitor additional boreholes to be drilled for the Materials Interface
Interaction Test (MIIT) and Drum Durability Test (DDT) programs in
Room J.

Initiate brine sampling for preliminary chemical analysis for major
and minor ions to identify analyses that will provide useful results.
(Sampling for brine chemistry is continuing. The results will be
included in a later report.)

Drill boreholes in an appropriate grid pattern around selected known
occurrences. Use isolation techniques and varying depth holes to
determine the stratigraphic zones contributing to brine inflow.

Drill horizontal boreholes in selected areas along ribs to assess
spatial distribution of weeps.

Attempt pressure transient testing in holes with existing equipment, if
appropriate.
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2.0 INVENTORY OF UNDERGROURD DRILL HOLES

2.1 Objectives

One part of the Task 1 activities was to assemble a master inventory of under-
ground boreholes from lists available from SNL, Bechtel, Westinghouse, and the
mining contractor. Most of the holes that were drilled in the WIPP under-
ground were intended to have instrumentation installed in them. The primary
objective of compiling the inventory of underground drill holes was to assist
in locating those few holes that remain open (not filled with liners, casing,
or instrumentation) and to document the suitability of those open holes for
use in the BSEP.

2.2 Methodolo

Available lists of underground drill holes were obtained and compiled into a
computerized inventory, maintained on an IBM XT microcomputer utilizing dBase
I1I software. Twenty-two sources of information were used. Locations,
directions, and hole dimensions are either from as-planned or as-built data,
or are approximated. Where possible, as-built data was utilized. Selected
holes were located underground and visually inspected. Field observations
were added to the location data contained in the computerized listing.

2.3 Accomplishments

The borehole inventory compilation resulted in a listing of 1439 holes that are
known to have been drilled in the WIPP underground prior to July 1985. Most of
these holes are less than 15 meters in length.

That list is attached to this report as Appendix A. It should be noted that
this appendix is a preliminary listing that is based in part on unchecked in-
formation and should not be used as a definitive reference for the location or
existence of underground drill holes. It does, however, serve the intemnded
purpose of the BSEP in identifying almost all of the open holes that are acces-
sible in the WIPP underground that might serve as points for observations of
brine, fractures, or other geological occurrences or conditions. Fifty-four
of these holes were used as observation locations during Phase I of the BSEP.
They are listed in Appendix B.

Most of the drill holes have been made for the purpose of installing some sort
of instrumentation. As a result, the vast majority were not accessible for
brine inflow observations. Additionally, some holes were known to have been
destroyed by subsequent mining activities. A preliminary designation of the
status of each hole was made during the compilation of Appendix A. Those
designations were:

Abandoned hole or instrument
Collar destroyed by mining

Closed hole

Hole used for experiment

Filled with grout

Lined with inclinometer guide-tube



Instrument in hole
Mined out
Rock bolt in hole

A preliminary underground field check was made of those holes listed with the
status of abandoned or containing a failed instrument. Additional observations
of other holes were made during routine underground work. If a hole was field
checked and known to be open, it was designated as having an open status.

A preliminary listing of those holes known to be open or possibly open, (as
indicated either as a status of "abandoned hole or instrument location" or
"status unknown," has been abridged from Appendix A. That list contains
references to 365 holes and was used as a tool to help locate holes that might
be suitable for use as observation or sampling points for Phase I of the
BSEP. For such use, a hole had to meet the following criteria. It had to be:

Open
Not used for a conflicting purpose
Accessible for repeated, periodic observations

The suitability of existing holes for use in transient-pressure testing was
also a criteria that was initially considered.

As Phase I proceeded, it became apparent that if a hole had been in existence
for a long enough period of time and had received sufficient brine inflow to
be of interest for transient-pressure testing, significant salt buildups had
formed on the sidewalls and, in the case of upholes, at the collar. These
salt buildups will interfere with the proper seating of packers and the holes
will have to be reamed before there is a chance of success in any transient-
pressure testing. It also became obvious that there was enough variation in
brine inflow between holes located less than a meter apart, that considerable
effort needed to be expended to define probable inflow locations within holes
before attempting pressure transient testing. Phase I has concentrated on
acquiring accurate information as to the general nature (including strati-
graphic controls, if any) of the brine weeps and inflows.

Seventeen new drill holes, sixteen of which were 15 meters (50 feet) deep,
were drilled in early 1985 for stratigraphic information. The sixteen
15-meter (50-foot) holes consisted of eight pairs of upholes and downholes
which span the northern end of the WIPP underground, a distance of approxi-
mately 1300 meters, east to west (Figure 2-1)., These holes were available for
use in the BSEP and have been monitored for brine inflow since they were
drilled.

These seventeen holes, coupled with some observations from several existing
holes elsewhere in the workings, provided the data base for Phase I investi-
gations without additional drilling (Appendix B).
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