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CHAPTER 1

INTRODUCTION

U.S. Department of Energy (DOE) DOE Order 5400.1 requires each DOE site to prepare a
J

Groundwater Protection Management Program Plan (GWPMPP). This document fulfills the
requirement for the Waste Isolation Pilot Plant (WIPP).

This document was prepared by the Environmental Monitoring Section of the Westinghouse
Waste Isolation Division (WID), Environment, Safety and Health Department, and it shall be

their responsibility to review the plan annually and update it every three years.
1.1 MISSION

The WIPP is a government owned and contractor operated facility. The WIPP project is
operated by Westinghouse Electric Corporation for the DOE. The WIPP facility was authorized

I by Public Law 96-164 with the mission to provide a research and development facility todemonstrate the safe disposal of transuranic wastes generated by the defense activities of the
U.S. Government. The WIPP facility has not received waste and it is not anticipated that waste

will be received prior te October 1993.
1.2 G._.OAL

The DOE has mandated in DOE Order 5400.1 that its operations will be conducted in an
environmentally safe manner. The WIPP will comply with DOE Order 5400.1 and will conduct
its operations in a manner that ensures the safety of the environment and the public.

This document outlines how the WIPP will protect and preserve groundwater within and
surrounding the WIPP facility. Groundwater protection is just one aspect of the WIPP
environmental protection effort. The WIPP groundwater surveillance program is designed to
determine statistically it any changes are occurring in groundwater characteristics within and
surrounding the WIPP facility. If a change is noted, the cause will be determined and
appropriate corrective action initiated.

It should be noted that the location of the WIPP site was selected because little moisture is

present in the facility horizon strata. The small amount of brine that is present originated as
connate water and not infiltrating meteoric water. It has been suggested that should the
repository ever be breached, radionuclides would migrate upwards into groundwater contained
within the Rustler Formation. There are, however, no natural hydrologic pathways between the
excavated repository facility and the Rustler, therefore, any pathways resulting in the movement

of radionuclides to the Rustler Formation would have to be man made.

I 1-3.
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1.3 OBJECTIVE [

It is the objective of this Groundwater Protection Management Program Plan to implement the I
DOE policy of protecting the environment arid the public. This plan includes the following I
elements as required by DOE Order 5400.1:

I

1) Documentation of the groundwater with respect to quantity and quality I

2) A groundwater monitoring program designed to support resource management and I
comply with applicable environmental laws and regulations !

3) A management program for groundwater protection and remediation I

4) Strategies for controlling sources of hazardous substances
I

5) Decontamination and decommissioning, and other remedial programs contained ]
in DOE directives

1.4 APPLICABLE REGULATIONS t

DOE Order 5400.1 and the Environmental Regulatory Guide for Radiological Effluent
Monitoring and Environmental Surveillance (DOE/EH-0173T), dated January 1991, requires that
groundwater that may potentially be affected by DOE operations be monitored to determine and
document the effects of such operations on groundwater quality and quantity and to demonstrate
compliance with applicable Federal and State laws and regulations.

Gro water monitoring for hazardous waste constituents has been waived under the Resource
Cono_.vation and Recovery. Act (RCRA) interim status requirements, as described in 40 CFR
Part 265.90(c). The wavier demonstrates that, to the best of DOE's knowledge, there is little
potential for migration of waste emplaced in the WIPP facility to pose a threat to the
environment. The facility provides effective isolation of waste from groundwater sources that
would be expected to be the most likely pathway to the accessible environment. On
November 14, 1990, No-Migration Variance was granted by the U.S. Environmental Protection
Agency (EPA).

The RCRA Part B permit is expected to complete the approval process in August 1993. This
document demonstrated that the RCRA groundwater monitoring requirements are not applicable
to the WIPP facility because they are unnecessary to meet or demonstrate compliance with
environmental performance standards, as described in HWMR-6, PT. V, sec. 264.601. The
groundwater protection information provided in the permit demonstrated that to the best of
DOE's knowledge, migration via groundwater of hazardous waste or hazardous constituents
emplaced in the WIPP facility during the Test Phase would be unlikely to pose a threat to the
environment. This document established that groundwater monitoring, as mandated by RCRA,
is not required at this time.
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Groundwater at the WIPP does not qualify for regulation under the Safe Drinking Water Act
(SDWA). The WIPP does not tall under the Underground Injection Control Program because
none of the transuranic waste emplaced at the facility will be by well injection of fluids. Also,
the nearest underground source of drinking water to the WIPP is the Dewey Lake Redbeds, a
perched water table located approximately 3.5 miles to the south with no continuous
hydrogeologic connection to the WIPP site. Although the primary use of this groundwater is
agricultural, approximately eight persons use this source as a drinking water supply for several
months of the yea.t-. The SDWA, and its implementing reguiations, do not apply to the WIPP.

The groundwater quality sampling program that is in existence at the WlPP site was designed
to obtain representative and repeatable groundwater quality data from selected wells under
rigorous field and laboratory procedures and protocol, in support of Performance Assessment
and Site Characterization. The wells that are being utilized were installed using standard oil
field technology and cased with standard oil field iron casings. These wells were never intended
to be ust.d for detection level monitoring of hazardous waste. However, when the WIPP site
goes operational the results of radiological, physical and chemical analysis can be compared to
the data collected during the preoperational phase, to identify any possibility that the repository
has been breached.

1.5 RESPONSIBILITY

The WID, as the Management and Operating Contractor of the WlPP, is responsible for
providing DOE with support in protecting groundwater. The Manager of the Environment,
Safety and Health Department, together with the section Managers of Environmental Compliance
and Environmental Momtoring, are responsible for the routine monitoring, analysis, and planned

I protection of Groundwater at the WIPP, as required by DOE Order 5400.1.

In order to properly protect the environment. WIPP procedures have been implemented such that

all work requests and purchasing activities that could adversely affect the environment must bereviewed and approved bv the Environment, Safety and Health Department prior to the initiation
of work.

1.6 DEFINITIONS

I Aquiclude is a saturated but poorly permeable bed, formation, or group of formations that does
not yield water freely to a well or spring. However, an aquiclude may transmit appreciable
water to or from adjacent aquifers.

Aquifer is a geological formation, group of formations, or part of a formation capable of

yielding a significant amount of groundwater to wells or springs (40 CFR 260.10).
Aquitard is a geologic formation, group of formations, or part of a formation through which

virtually no water moves.

1-3
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Facility Horizon is an interface indicative of a particular position in a stratigraphic sequence, the
waste emplacement horizon at the WIPP is the level about 2,150 feet deep in the Salado
Formation where openings are mined tbr waste disposal.

Groundwater is the water below the land surface in a zone of saturation (40 CFR 260.10).

Mixed Fission a_ndA,.:ivation Products pertains to materials created by either neutron irradiation
or fission of fissile or fissionable materials.

Mixed Waste is waste containing both radioactive and hazardous components as defined by the
Atomic Energy Act and the Resource Conservation and Recovery Act, respectively.

t

Transuranic pertains to elements with atomic numbers greater than 92, including, among others, [
neptunium, plutonium, americium, and curium.

I

Water Bearing Zone pertains to a saturated formation or gr" _p of formations that do not meet [
'he criteria to be classified as an aquifer, yet yield quantities of water sufficient for analytic',d

purposes. I
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CHAPTER 2

FACILITY DESCRIPTION/SITE CHARACTERIZATION

The following section provides a description of the facility, and a summary of past site
characterization efforts.

2.1 FACILITY DESCRIPTION

The WIPP is a new facility that was authorized by the Department of Energy National Security

and Military Applications of Nuclear Energy Authorization Act of 1980 (Public Law 96-164).Its legislative mandate is to provide a research and development facility to demonstrate the safe
disposal of radioactive waste resulting from national defense activities and programs. To fulf'dl

this mandate, the WIPP has been designed to: 1) perform scientific investigations of the behaviorof bedded salt and the interactions between the salt and radioactive wastes, and 2) demonstrate
sate and efficient handling, transport, and emplacement of transuranic (mixed) waste in a fully

i operational disposal facility.
The WIPP facility has not received waste and it is not anticipated that waste from the various

United States DOE generator and interim status facilities will be received prior to October 1993.Following the initial receipt of transuranic waste, the WIPP will undergo a five-year test phase.
Although designed to receive wastes over a 25 year period, the full design capacity of the WIPP
will not be used until operational and scientific data obtained during this test phase indicate that
disposal of radioactive mixed waste at th,e WIPP is protective of human health and the
environment and can be performed in compliance with the requirements of 40 CFR 191 and 40
CFR 268.6. The final outcome of this test period will be a DOE decision as to whether the
WIPP will ultimately become the nation's permanent transuranic waste repository.

The site is in Eddy Couoty 40 kilometers (26 miles) east-southeast of Carlsbad, New Mexico,
in an area known as Los Medanos, (Figure 2.1). This area is relatively fiat and sparsely
inhabited with little water and limited land uses. Most of the land is federally or state owned
and is used principally for grazing. Other uses of the land in the area include potash mining and
oil and gas exploration.

The WIPP site consists of 16 sections of federal land located in Township 22 South, Range 31
E, (Figure 2.2). The land was withdrawn from the application of public land laws on October
30, 1992, by Public Law 102-579, the WIPP Land Withdrawal Act. Surface land uses remain
largely unchanged. Mining and drilling are prohibited in the 16 sections for purposes other than
support of the WlPP project with the exception of Township 22 South, Range 31 East, Section
31. This section has bun condemned to no drilling within the first 6,000 feet of the surface,
however, mineral reserves located below 6,000 feet can be extracted by slant drilling from
outside the 16 sections.

2-1.



FIGURE 2.1 WIPP Site Location
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The WIPP site is divided into three zones (Figure 2.2). Zone I encompasses all major surface
facilities and is surrounded by a chain-link fence. Zone II indicates the maximum extent of
present and future underground development. The WIPP site boundary, extends a minimum of
1.6 kilometers tone mile) beyond any underground development and provides a functional barrier
between the underground region defined by Zone II and the accessible environment.

The WIPP facility is divided into three basic groups of structures: surface structures, shafts, and
underground structures (Figure 2.3).

The WIPP facilitv surface structures accommodate the personnel, equipment, and support
services required for the receipt, preparation, and transfer of waste from the surface to the
underground. The surface structures are located in an area (approximately 35 acres) within the
perimeter security fence (Figure 2.4).

The underground structures are located 655 meters (2150 feet) below the surface and consist of
the waste storage area, the shaft pillar area, which contains the underground support areas such
as workshops and warehouse areas, and the experimental area.

2.2 Cultural Settina

The major use of land within 16 kilometers (10 miles) of the center of the site is cattle ranching.
There are about 500 head of cattle within 8 kilometers (5 miles) of the site, and approximately
1,500 head between 8 mad 16 kilometer (5 and 10 miles) from the site. At present, the J.C.
Mills ranch uses water wells approximately three miles from the site to water livestock. The
Smith Ranch used well water until 1978, but the quality was poor and they now use water
supplied by pipeline. Drinking water comes from International Mineral and Chemical
Corporation (IMCC), which has its own well system tapping the Capitan aquifer, while stock
water comes from IMCC and from New Mexico Potash Corporation, which has a well system
tapping the Ogallala Formation, [Final Safety Analysis Report (FSAR), WP 02-9].

The WIPP site lies in a sparsely populated area with few nearby residences or industrial
activities. About eight people reside at the Mill's Ranch, the nearest residence to the WlPP site,
that is located 5 kilometers (3 miles) south-southwest of the site. The nearest town, Loving,
New Mexico, has a population of about 1,700. Loving lies about 24 kilometers (15 miles)
southwest of the site. There are several active potash mines within 24 kilometers (15 miles) of
WIPP, the closest of which is the Western Ag-Mineral Company potash mine located
approximately 8 kilometers (5 miles) west-southwest of the WlPP site.

2.3 Site Characterization

During the past ten years, an extensive program of site characterization and validation has been
conducted at the WIPP site. The results of these studies have been summarized in numerous

publications, including the WIPP "Geological Characterization Report" (Powers et al., 1978);
the WIPP FSAR (WP 02-9); the WIPP "Design Validation Final Report" (US DOE, 1986); and

l 2-3
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"Summary. of Site-Characterization Studies Conducted from 1983 Through 1987 at the Waste
Isolation Pilot Plant (WIPP) Site, Southeastern New Mexico" (Lappin, 1988). These studies
substantiate the conclusion that there is little possibility of migration of waste from the WIPP
facility by groundwater. The nature of the WIPP site indicates there will be little groundwater
available to mobilize and transport waste, as very little groundwater can come in contact with
waste and there is verv little possibility that any contaminated groundwater can migrate from the
storage horizon (Figure 2.5) to the accessible environment.

The WIPP facility horizon is located 655 meters (2,150 feet) below the land surface in the
Salado Formation, a bedded salt formation. The thick sequences of predominantly very low to
low permeability sediments and evaporates isolate the waste storage horizon from any infiltration
from the surface as well as from overlying water-bearing units. The facility storage horizon is
isolated from the underlying water-bearing formations by about 640 meters (2,000 feet) of
sediments and evaporates. All shafts extending to the storage horizon have been designed to
eliminate the infiltration of water from the overlying water-bearing units into the facility during
the operational life of the facility (FSAR, WP 02-9).

The only source of water available to contact waste disposed in the WIPP is from the very small I
amounts of trapped Permian brine that have been observed in the various drill holes in the !
facility horizon (Deal et al, 1991, DOE/WIPP 91-036). The amount of this liquid available is
insufficient as a potential transport medium during operations. Evaporation of the moisture due I
to the normal mine ventilation prevents the accumulation of brine sufficient to come i.n contact I

with the waste itself. 13ecause free liquids will not be stored in the WIPP facility, these small
amounts of brine are the only source of liquids found in the storage horizon. It will not be
possible, therefore, for waste to migrate hydraulically in any water-bearing unit or the accessible
environment during the operational period of the WIPP.

I

During the post-operational and post-closure periods at the WIPP, other factors relative to waste [
migration potential must be considered. A preliminary seal design report has been issued that
describes various alternatives for sealing the facility and all the shafts, boreholes, and drifts 1
leading to the facility (Stormont, 1988). The seals will limit the inflow of water to the facility

!

from overlying water-bearing units and from precipitation. The seals will also limit the
movement of any contaminated brine from the facility through shafts to the accessible
environment. At the same time, the salt formation will be closing around the waste containers
and closing mined openings due to the creep of the host salt (FSAR, WP 02-9). The natural

closure of the salt rooms is expected to be complete within 100 years. This creep closure is I
expected to improve the effectiveness of engineered barriers (seals, backfills, etc.) and limit the
pore volume in the facility available to brine inflow from any source, such as brine seepage from
the host formation or from seepage through seals from overlying water-bearing units (Nowak,
1988).

At some point after closure, the waste containers are expecte:! to breach, exposing waste to any
brine that may have accumulated in the interim. The amount ,"i accumulated brine in the facility
at the time when the salt has closed around the waste is being determined as part of the
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performance assessment conducted pursuant to 40 CFR Part 191. Expected total inflow estimates
have been calculated to be between 4 and 40 cubic meters (141 to 1410 cubic feet) per typical
waste storage room. A typical waste storage room will have an initial excavated volume of
3,600 cubic meters (127,130 cubic feet) (Nowak, 1988). The plugging and sealing of the facility
in addition to the natural closure of the salt rooms, will minimize the amount of contaminated

brine that can occur ir e facility. These factors also ensure that any such brine will be trapped
in the facility formatit.., with little likelihood of mobilization into ground water resources.

The WIPP site is remote from significant surface water resources, and the quality of
groundwater in the area limits its possible uses. Water in the water-bearing strata overlying and
underlying the facility horizon is high in dissolved solids and is not potable. The only potable
groundwater in the area is found in isolated and discontinuous perched or semiperched water
tables. The nearest wells that produce potable water used for domestic and livestock purposes
are located approximately 5 kilometers (3 miles) south of the WIPP site. There is no connection
between groundwater at the WlPP and nearby surface water bodies. There is, therefore, little
potential for waste placed in the WIPP to affect water resources by entering water supply wells
or surface water.

a

To summarize, for waste to migrate to ground water-bearing units there must first be a transport I
mechanism, in this case water or brine. There must be a pathway, such as a shaft or a drill hole
that connects the contaminated brine with overlying water-bearing units, which are expected to [
be the most likely routes to the accessible environment. None of these factors is considered to I

be significant at the WIPP, either because of the condition of the site or because of facility
design. There is no feasible transport medium during the operational phase of the WIPP. With I
the proper sealing of the facility, there will be no pathway available for the hazardous waste and 1

hazardous waste constituents to migrate to the overlying or underlying water-bearing units.

Taking the above facts into consideration a groundwater monitoring waiver under RCRA interim
status requirements, as described in 40 CFR Part 265.90 (C) has been documented in the No

Migration Variance Petition, 1989,(DOE/WIPP 89-003). 1

2.4 GEOLOGIC SETTING

The WIPP site is located on the eastern edge of the Pecos Valley section of the southern Great
Plains physiographic province. The land surface within the area of the site is a monotonous, I

semi-arid eolian
plain sloping gently to the west and southwest, its surface made somewhat I

irregular by an abundance of sand ridges and dunes. Within the vicinity of the WIPP site
elevations range from 1,082 meters (3,550 feet) above mean sea level in the east to 1006 meters
(3,300 feet) in the western part of the site.

Livingston Ridge is perhaps the most prominent physiographic feature. Located about a mile
beyond the northwestern border of the WIPP site, it is a northeast-southwes_ trending, west i
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facing escarpment about 23 meters (75 feet) high marking the east edge of Nash Draw. Nash
Draw. the nearest drainage course of any significance in the vicinity of the site, is a shallow,
8 kilometers (5 miles) wide valley open to the southwest.

Elevations within Nash Draw. which descend from about 1006 meters (3,300 feet) at its
northeast head to 898 meters (2,945 feet) at the salt lake near the Pecos River, are generally 61
to 91 meters (200 to 300 feet) lower than the surrounding terrain and may reflect substantial
subsurface dissolution of salt from the Rustler and Salado Formations and accompanying

l subsidence of materials. Ridge marks the approximate boundary betweenoverlying Livingston
terrain to the west that has undergone subsurface as well as surface erosion and/or solution

collapse and terrain to the east that has not been significantly affected.
East of the site, the nearest major drainage course is the southeast-trending San Simon Swale,
some 24 kilometers (15 miles) or more distant. It, too, most likely owes part of its decreased

j elevation to subsurface dissolution. Between San Swale site, a broad,
Simon and the WlPP low

mesa named "The Divide" occurs about 10 kilometers (6 miles) east of the site, rising about 31
meters _100 feetl above the surrounding terrain and attaining an elevation of about 1158 meters

I (3800 feetl. This mesa marks a local boundary, between general southwest drainage toward Nash
Draw and general southeast drainage toward San Simon Swale. The Divide is capped by the
Ogallala formation, and overlying caprock caliche upon which have formed small, elongate
depressions similar to those found developed on the Ogallala of the High Plains.

Surface drainage in the site area is intermittent; the nearest perennial stream is the Pecos River,
more than 22.4 kilometers (14 miles) southwest of the center of the site. Surface runoff in the
area finds its way to the Pecos River via Nash Draw; discharge of shallow groundwater is
likewise believed to be controlled by the Pecos River. Although basins like Nash Draw may
have evolved partly through active subsurface dissolution of thick, buried salt deposits, there is
no evidence available at present to evaluate differences in rates of dissolution which may have
prevailed under different climatic conditions, That the site is in a natural divide between
drainage basins indicates that it is protected from serious tootling and erosion from heavy
runoff. Should the climate of the region become more humid in the future, any perennial
streams which might then arise would be expected to follow through the present basins, and
Nash Draw and San Simon Swale would undergo the greatest amount of erosion from this
increased humidity, leaving the divide area relatively intact.

The overall geology and structure of the WIPP site is quite simple. It is characterized by a
persistent, gentle homoclinal dip toward the east of 15 to 61 meters per kilometer (50 to 200
feet) per mile (two degrees or less). Successively older rocks are seen to occur toward the west,
the result of erosional bevelling of the gently eastward-dipping strata.

Beneath a thin but persistent veneer of windblown sand at the site are sediments representing
Pleistocene. Upper Triassic, and uppermost Permian strata, all of which occur above the
evaporated sequence. Sandstone of the Pleistocene Gatuna Formation, capped by Mescalero
Caliche, also developed in Pleistocene time. This Mescalero Caliche is of interest primarily for
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the geochronologic and paleoclimatic implications of its presence. It was deposited, and much
of the Caliche on its surface is believed to have developed, half a million years ago
(Kansan-Yarmouth time) (Bachman, 1974). Between the Pleistocene sandstone and the
evaporated sequence is a 152 meter (500 foot) thick succession of nonmarin redbeds of Late
Triassic age (Santa Rosa Sandstone) and marine redbeds of latest Permian ;-4e (Dewey Lake
Redbeds). This r_.ibed sequence thins westward and thickens eastward, having been beveled to
the west by one or more post-late Triassic erosional episodes. The thickness of redbed deposits
remaining above the evaporated sequence, is crudely proportional to the deg _. to which the
underlying salt horizons have been protected form surficial processes leading to erosion and
dissolution.

At the center of the site, all but the uppermost 15 meters (50 feet) of the 5486 meters (18,000
feet) of strata are of Paleozoic age, the marine Dewey Lake Redbeds being the topmost of the
Paleozoic rocks. The Permian section alone, about 3,901 meters (12,800 feet) thick, constitutes
over two-thirds of the sedimentary column. The Permian section is divided into four series, the
three lowest, the Wolfcampian, the Leonardian and the Guadalupian contain thick clastic
sequences. The uppermost series, the Ocho_, contains the evaporated formations which in
descending order are the Rustler, the Salado, and the Castile Formations. The topmost Ochoan
Formation, the Dewey Lake Redbeds, is not part of the evaporated sequence but represents a
return of clastic, normal marine deposition.

The Rustler, which overlies the Salado, contains the largest percentage of clastic material of the
three evaporatea formations. However, where its original thickness of around 137 meters (450
feet) has been protected from salt dissolution, about 70 percent of the formation is composed of
evaporated beds, including about 40 percent rock salt. Beneath the WIPP site, the Rustler has
been leached of most of its rock salt in the geologic past. At the ERDA-09 drill site just south
of the waste handling shaft 95 meters t310 feet) of the formation was encountered, which implies
that up to 46 meters (150 feet) of rock salt has been removed and that overlying strata have
subsided accordingly. It does not, however, imply that dissolution and subsidence is necessarily
presently active or even that it has recently occurred. At ERDA-09 halite was logged in the
lower 31 meters (100 feet) of the Rustler. Over 396 meters (t,300 feet) of undisturbed
evaporated rock, primarily Salado rock salt, occur above the storage level of the WIPP facility.

The 610 meter (2,000 feet) thickness of the salt-rich Salado formation is divided into three

members by the recognition of a middle member referred to as the McNutt Potash Member,
which is the interval within the Salado that contains the potential reserves of potash minerals
mined in the Carlsbad Potash District. The lowest member of the Salado, beneath the McNutt

potash member, is the member that contains the nearly pure halite in which the WIPP storage
level lies. The Castile Formation beneath the Salado also contains nearly pure beds of halite
but, unlike the Salado, also contains massive anhydrite beds.

The rest of the Permian section beneath the cvaporite sequence, together -h the subjacent
Pennsylvanian and possibly Late Mississippian sections, contain dominanuy clastic rocks that
represent deposition dur',ng the time in which the Delaware Basin existed as a distinct structural
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entity. These pre-evaponte, basinal sediments, which total about 3,353 meters (11,000 feet) in
thickness beneath the site, have been targeted for petroleum exploration at one point or another
throughout the Delaware Basin. They contain nearly all of the region's "known potential reserve
of hydrocarbons.

The remainder of the Paleozoic section (Mississippian down through the Ordovician) consists
of about 914 meters (3,000") feet of mainly carbonalc strata deposited in shallow-water shelf
conditions over a period of long-sustained crustal stability. The underlying crystalline basement
is believed to be a granitic terrain, formed about 1,300 million years ago. The only other
igneous rocks known in the area occur as a lamprophyre dike rock intruded into the evaporated
beds along a single northeast dike trend that approaches no closer than about 13 kilometers (eight
miles) northwest of the center of the WIPP site.

2.5 SURFACE HYDROLOGY

Surface water is absent at the WIPP site. The nearest large surface water body, Laguna Grande
de la Sal. is about 13 kilometers t8 milesl west-southwest of the WIPP site in Nash Draw where
shallow brine ponds occur. The only other surface water is the Pecos River, which is about
22.4 kilometers (14 miles} southwest of the \VIPP site at its closet point. Small livestock water
holes ("tanks") occur several kilometers from the WIPP site, but are not hydrologically
connected to the formations overlying the WIPP. The source of water in these tanks is runoff
from precipitation (Hunter, 1985).

2.6 SUBSURFACE HYDROLOGY

Several water-bearing zones have been identified and extensively studied near the WIPP.
Limited amounts of potable water are found in the Dewey Lake Redbeds and the overlying
Triassic Dock_lm Group in the vicinity of the WIPP. Two water-bearing units, the Culebra and

I Magenta dolomite, occur in the Rustler Formation and produce brackish to saline water in the
t vicinity of the site. Another saline water-bearing zone identified is the Rustler-Sa!ado contact.

These water-bearing horizons, which occur above the WIPP storage facility horizon, are

described below. Brine and gas occurrences in the Salado and Castile Formations are alsodescribed below.

2.6.1 Hydrology of the Castile Formation

The Castile Formation is composed of a sequence of three thick anhydrides separated by
two thick halites. This formation acts as an aquitard, separating the SaIado Formation
from the underlying water-bearing sandstones of the Bell Canyon Formation (FSAR, WP
02-9). Except for the isolated brine reservoirs locally found in the fractured anhydrides,
very, little hydrologic data are available from the Castile Formation (Mercer, 1987). In
the halite zones, the occurrence of circulati,,g groundwater is restricted because halite at
these depths does not readily maintain secundary porosity, open fractures, or solution
channels. Drill stem tests conducted in the Castile Formation show the permeabilities
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1
of the anhydrite and salt beds underlying the WIPP to be negligible, and in most tests, 1
value:; for permeabilites were too low to be determined accurately with conventional
methods. Based on the limitations of the instrumentation to measure these very low
permeabilities, a conservative estimate for permeability would be less than 0.1
microdarcy (Mercer, 1987).

No regional groundwater flow system is present in the Castile Formation. The only
significant water present in the formation occurs in isolated brine reservoirs in fractured
anhydrite. The brine occurrences are described in several reports (Popielak et al., 1983;
Mercer, 1983; Griswold, 1980; WP 02-9), 1988a). Geochemical data support the
hypothesis that the brines represent trapped Permian seawater that is now in equilibrium
with the host rock. Therefore, these brine reservoirs are not increasing in volume or
pressure, are unconnected with surrounding aquifers or the surface, and have little
potential to dissolve the host rocks or move through them.

2.6.2 Hydrology of the Salado Formati0n

The massive halite beds within the Salado Formation host the WIPP facility horizon.
The Salado Formation represents a regional aquiclude due to the hydraulic properties or
the bedded halite that forms most of the formation. In the halites, the presence of
circulating groundwater is restricted because halites do not readily maintain primary
porosity, solution channels, or open fractures. During the mapping that was conducted
as part of the construction of the Waste-Handling and Exhaust Shafts, the Salado
Formation did not produce any observable fluid inflow (Holt and Powers, 1984; 1986).
In addition, significant brine flows have not been encountered in hydrologic testing from
the surface (Lappin, 1988).

Limited hydrologic testing has been conducted within the Salado Formation. The results
of the permeability testing, both within the facility and from the surface, are generally
consistent with a permeability of the undisturbed salt mass of approximately 0.001 to
0.01 micodarcy, with no distinguishable strata variability (Lappin, 1988). This indicates
that any fluid flow within the competent salt is extremely slow and would result in an
imperceptible rate of fluid movement in conventional hydrologic considerations. The
only significant variation to these extremely low permeabilities occurs in the immediate
vicinity of the underground workings. Gas-flow permeability tests indicate a marked
increase in the permeabilites within approximately 1.8 to 2.1 meters (6 to 7 feet) of the
underground working (Stormont et al., 1987). This apparent increase in permeability is
restricted to the disturbed zone immediately surrounding the excavation and is believed
to be a result of near-field fracturing and possible matrix datelines due to stress relief.

Minor quantities of gas and brine have been encountered in the salt beds of the WIPP
excavation, as described by Deal and Case (1987). The inflows of brine occur as
"weeps" on the exposed surfaces of the underground workings and as accumulations in
some of the boreholes drilled outward from the workings, most noticeably in the
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downholes. Gas is usually associated with the brine inflow and can be observed as gas
bubbles in the brine occurrences. The amount of brine that occurs naturally in the rock
is in the order of 0.1 to 0.5 percent by weight of the surrounding rocks. Most of the
measured brine inflows in boreholes have ranged between a few tenths to a few
hundredths of a liter per day. The liquid and gas movement observed in the walls,
floors, and roofs, of the excavated surfaces are believed to be the result of the pressure
gradient caused by the excavation. Geochemical studies on the origin of the brines
indicate they originate as intergranular fluids which have residence times within the
Salado Formation of at least several million years (Stein and Krumhansl, 1987). In
addition, the variability of the fluid compositions near the WIPP workings by, Stein and

Krumhansl, is consistent with there being little or no vertical fluid movement. Duringthe operational phase, virtually all of the moisture entering the facility from the host rock
will evaporate and be removed in the air circulated by the underground ventilation system

(Deal and Case, 1987).
2.6.3 H.ydrolo_v of lhe Rustler-Salado Contact

I The contact zone between the Rustler and Salado Formations at the WIPP site was tested

in 20 cased and open drill holes (FSAR WP 02-9). In Nash Draw and areas immediately
west of the site, the contact exists as a dissolution residue capable of transmitting water.
As one moves eastward from Nash Draw toward the WIPP site, the amount of
dissolution decreases and the transmissivity this interval decreases. All tests within the
boundary of the WIPP site showed very low transmissivities, ranging from 0.9x10 5 to
0.9x10 -3 meters Z/day (3x10 5 to 3xl0_feetZ/day) (Mercer, 1983).

2.6.4 Hydrology of lhe Culebra Dolomile

The Culebra Dolomite Member of the Rustler Formation has been studied extensively
through the site characterization program. Because it is the most transmissive hydrologic
unit in the WIPP site area. it is considered the most likely bydrologic pathway to the
accessible environment tbr any potential contamination.

Mercer (1983) and Mercer and Orr (1977) provide detailed test results for a number of
wells completed in the Culebra prior to 1983. Results for both single and multiwell
hydrologic tests are presented by Beauheim (1986b, 1987) and Lambert and Robinson
(1983). These tests show that the Culebra Dolomite is a fractured, heterogeneous system
with varying local anisotropic characteristics. Calculated transmissivities for the Culebra
Dolomite within the WIPP site boundary have a wide range with values between 2.7x10 3
meter to approximately 21 meters: (9x10 2 to approximately 69 feet2/day), with the
majority of the values less than .3 meters2/day (1 feet2/day) (Beauheim, 1987).
Transmissivities generally decrease from west to east across the site area.
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Potentiometric surface maps have been constructed using water level data. The Culebra
Member is heterogeneous and anisotropic, and the flow path of water moving through
the Culebra Member is affected by fractures and variable water densities caused by
compositional variability. Consequently, the regional direction of flow may have little or
no relationship to local flow paths. An interpretation of flow direction in the Culebra
Member is depicted in Figure 2.6. This map shows the regional flow direction of
groundwater in the Culebra Member to be to the south and southeast (Crawley, 1988).

2.6.5 H_.vdrologv of the Ma2enla Dolomite

The hydrology of the Magenta Dolomite Member was tested in 15 cased and open holes
at the W lPP site. Transmissivities within the WIPP site boundary calculated from the
results of these tests range from 0.3x10 2 to 0.9x10 t meters2/day (lxl0 2 to 3x10 _
feet2/day) (Mercer, 1983).

2.6.6 _H.vdrology of the Dewey Lake Redbeds

Hydrologic investigations at and near the WIPP site have not identified a continuous zone
of saturation within the Dewey Lake Redbeds. Where water is present in the formation,
it is generally in small perched or semiperched water tables, and its occurrence is
localized (Mercer, 1983). Several wells completed in the Dewey Lake Redbeds are [
located within several miles of the WIPP. These wells include Ranch Well, Barn Well, I

Twin Wells, Fairview Well, and Unger Well. Of these wells, one supplies drinking
water to a ranch house (Barn Well) and the remainder supply water for livestock (Figure [
2.7). Four intervals of the Dewey Lake Redbeds were tested in drill holes at the W!_PP I

site. Although no saturation was encountered during drilling, ten wells were completed
as observation wells (Ward and Walter, 1983). The data obtained show that there was [
no development of a zone of saturation in any of these wells. I

2.6.7 Hydrology of the Dockum Group I

At the WIPP site, exploratory, holes were drilled through the Gatuna Formation and the
Dockum Group. The Gatuna Formation and Dockum Group occur within 15 meters (50 I
feet) of the surface and little or no water was encountered in these formations. Only one
hole reported a small zone of moisture in the Dockum Group, but observation wells t

completed in the Dockum Group were dry. Private wells (Comanche and Clifton Wells) t
do produce potable water from the Dockum Group approximately 16 kilcmeters (10
miles) east of the WIPP site, and they are used for livestock watering.

i
2.7 WATER OUALITY

In addition to the study of site hydrology, surface and groundwater quality has been
characterized for two major reasons: (1) to establish background levels of naturally occurring
inorganic solutes, radionuclides, and potential organic contaminants in water prior to waste
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FIGURE 2.5 Calculated Groundwatar Flow Directions Culebra
Dolomite Member of the Rustler Formation
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emplacement and (2) to define the existing use in the area for ground and surface water as a
supply for domestic, industrial, and livestock consumption. Evaluation of WIPP site are

a hydrology and water quality indicates that existing and potential future use of groundwater and
surface water is extremely limited due to non-saturated conditions and very poor water quality.
Table 2.1 lists the wells currently sampled as part of the WIPP Water Quality Sampling Program
and the tormation sampled by each well. The wells are shown in Figure 2.7. The subsections
below describe the quality of the groundwater which occurs in the WIPP area.

2.7.1 Rustler-Salado Contact

Mercer (1983) provides data from 20 wells sampled in the WIPP vicinity from the
Rustler-Salado contact. The largest concentrations of total dissolved solids (TDS) in the
WIPP water-bearing formations are contained in the Rustler-Salado contact. TDS values

range from 79,800 mg/l in well H-07bl to 480,000 mg/1 in well H-01. Sulfates and
chlorides of calcium, magnesium, sodium, and potassium make up the primary, dissolved
mineral constituents of this brine.

I

2.7.2 Culebra Dolomite I

The water quality of the Culebra varies greatly. The TDS values ranges from 3,200 [
mgil at well H-08b to about 291,000 mg/1 at well WIPP-29. These two wells are fairly
remote from the site, but even at closer proximity to the facility location, a marked
variation in the water quality is observed. H-02a is located one-half mile west of the
site, and has a TDS of 13,500 rag/1 while H-I5 which lies two miles east of the site has
a TDS of 231,000 mg/l. The chemical constituents consist predominantly of sulfates and
chlorides of calcium, magnesium, potassium, and soctium.

2.7.3 _enta Dolomite

The water quality data for the Magenta Dolomite indicate the water is saline to brine,
with TDS values ranging between 5,460 to 270.000 rag/1. The predominant dissolved
species are sodium, calcium, magnesium, chloride, and sulfate.

2.7.4 Surface Water

No surface water occurs in the area of the WIPP site, but surface water bodies within

an approximate 40 kilometers (25 mile) radius of the site, such as the Pecos River, the
Laguna Grande de la Sal, and livestock tanks which are fed from surface runoff, are
sampled as part of the WIPP Operational Environmental Monitoring Plan (OEMP).
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FIGURE 2.7 Groundwater sampling and Private Well Locations
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TABLE 2-1 I

Wells Sampled As Part of the Water Quality Sampling Program ]

WELL WATER BEARING

NAME UNIT I

H-02c Culebra I
H-03b3 Culebra

H-04b Culebra I

H-05b Culebra l
H-06b Culebra

J

H-1 lb3 Culebra ]

WIPP- 19 Culebra 1
I

H-14 Culebra

Barn Well Dewey Lake

Ranch Well Dewey Lake
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CHAPTER 3

GROUNDWATER SURVEILLANCE PROGRAM

The objective of the Groundwater Surveillance Program is to provide quantitative documentation
of the character of the groundwater within and immediately surrounding the WIPP site, so that
the quality through time can be documented. The program currently consists of two long-term
activities: water quality sampling and water level monitoring. Dam from the program are used

i by Sandia National Labs for groundwater studies. (i.e.. 40 CFR 191 Performance Assessment)
and by Westinghouse to document water quality, (i.e.. impact of operations).

l The WIPP project conducts a groundwater surveillance program in accordance with DOE Order
5400.1. A requirement of tllis program is that it supports resource management and complies

with applicable environmental laws and regulations.

The WIPP Groundwater Surveillance Program is being conducted as part of the WIPP OEMP
!_v the Environmental Monitoring Section of the Environment Safety and Health Department.
Fhe groundwater surveillance program is performed in accordance with the Groundwater
Monitoring Program Plan and Procedures Manual (WP 02-1. Rev. 2). The Groundwater
Monitoring Program Plan and Procedures Manual is a controlled document.
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CHAPTER 4

REMEDIAL/CORRECTIVE ACTIONS

4.1 REGULATORY DRIVERS

Because of the stability of the Salado Formation in which the WIPP underground facility is
located, the depth at which wastes are to be emplaced, the plan to use the facility as a storage
rather than as a processing facility, and the poor quality of the groundwater in the region, it is
extremely unlikely that any remediation or corrective actions will need to be preformed at this

l site. However, in the unhkely event that underground or surface contamination occur, theregulatory drivers that will be used to ascertain the need for such remediation or corrective
actions are discussed below.

4.1.1 Water Qualily

There are two sources of regulatory drivers affecting the possible need for remediation
with respect to water quality parameters. The requirements that would trigger the
possible need for remediation are specified in the RCRA and the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA, or "Superfund").

According to requirements specified by the RCRA, the concentration of the constituents
in the groundwater samples must be lower than the values specified in 40 CFR 264.94(a)
unless the background level is higher than the tabulated values. If the background level
of the constituent(s) is higher than the maximal concentration, the concentration of those
constituents must not exceed background level. If the concentrations of one or more of
the hazardous constituents identified in 40 CFR 264.94(a) exceeds these limits in
groundwater from monitoring wells located downstream of any possible release point,
and if those concentrations exceed the concentrations of the same hazardous constituents

in groundwater samples taken from upstream monitoring wells, then a consultation will
be held with all applicable agencies to determine the best approach to take to study the
problem and to initiate any remedial/corrective actions that are deemed necessary.

Under the CERCLA and the Superfund Amendments Reauthorization Act, the trigger for
possible remedial action is based on releases of reportable quantities (RQs) of any
hazardous substances listed in 40 CFR 302.4. If one or more of these hazardous

substances were to be released to the environment at or above the respective RQ, the
release would be reported and appropriate action taken, as deemed necessary.
In the unlikely event that surface or underground contamination occurs to the extent that
a RCRA or CERCLA site is created all required reporting will be performed and other
actions taken as needed. A consent order and compliance agreement, interagency
agreement, or other agreement may be developed among representatives of all applicable
agencies (e.g., DOE, the Environmental Protection Agency, and the State of New
Mexico).
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4.1.2 Water Availabilitv/Suppiy_

Water availability/supply is not considered to be a regulatory driver for possible remedial
actions at the W[PP site. There are several reasons for this approach, as discussed
below.

a) There is no potable water in water bearing zones at "he WIPP site. The
total dissolved solid concentrations of waters in the Culebra Dolomite and
the Magenta Dolomite members of the Rustler formation, the only
aquifers in the area, are in excess of 10,000 rag/1. There is one
exception, H-03bl, in the Magenta member, which has a TDS of 8,600
to 8,800 mg/l. This water, however, is not potable as it contains chloride
levels of 3,300 mg/l and sulfate levels of 2,000 rag/1.

b) The Salado formation at the repository horizon is generally considered to
be anhydrous, with the exception of brine inclusions, having residence
times of several million years, in the Salado halites (Lappin, A.R. 1938).

c) Circulating waters do not exist in the Salado formation which is primarily
an aquiclude.

d) The hydraulic conductivity of the waste repository horizon has been
determined to be less than 2 x 10.'2 m2/sec (6 x 10_ ft2/day) (DOE/WIPP
89-003).

e) Some near (or alkaline) potable water is located within the Dewey Lake
Reclbeds in the area of the Mills Ranch, which is located 3 miles south of
the WIPP site. However, this potable water is confined within a perched
water table and is primarily used for livestock watering. No hydrologic
connections have been identified between this perched water table and
either the Salado Formation or the Culebra or Magenta Dolomite
Members of the Rustler Formation.

f) Waters from the repository horizon of the Salado formation would have
to percolate upwards about 457 meters (1500 ft) in order to contaminate
the Culebra or the Magenta Dolomite members of the Rustler formation.
In view of the insignificant amount of vertical fluid movement within the
Salado formation, such upward percolation is extremely improbable.

Recent geophysical studies indicate that brines are probauly present within Castile anhydrides
under a portion of the WIPP waste-emplacement panels. The brines are located stratigraphically
250 meters (820 feet) or more below the WIPP facility horizon and have residence isolation
periods of between 350,900 and 880,000 years. Although the detailed distribution of the brines
remains unknown, this is not of special concern, since the presence of Castile brines beneath at
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least a portion of the WIPP facility has been and will continue to be assumed in the WIPP
performance assessment. The mechanisms giving rise to Castile brine are not completely
known. However, fluid migration in response to episodic deformation and isolation of fluids
resulting from episodic interconnection of the Capitan limestone and Bell Canyon formation are
unlikely to generate significant additional brine beneath the WIPP facility in the 10,000-year
scale of regulatory interest (Lambert and Carter 1984).

4.2 TYPE OF REMEDIAL/CORRECTIVE ACTION

If deterioration in water quality due to WIPP operations is noted in downstream wells with
respect to upstream wells, a study will be performed to determine the most appropriate,
efficacious, and cost-effective method of remediation to be used. This study will be based on
the nature of the contamination, the size and nature of the plume, and other variables. Possible
methods to be considered will include active restoration methods (e.g., extraction wells to pump
out the contaminating plume or interceptor drains), treatment options (e.g., in-situ methods;
chemical, physical, or biological treatment), containment (e.g., grout curtains, caps, liners), and
natural attenuation combined with monitoring. Assessment criteria will be established and
procedures established and implemented if the remedial action is found to be ineffective.

Groundwater has been sampled and analyzed since January 1985 in order to establish a
pre-operational background of groundwater characteristics from water bearing zones in the
vicinity of the WIPP. These studies show that the groundwater does not contain the
radionuclides which are indicative of the Waste Streams destined for storage at the WIPP.
Therefore, any statistically significant (based on a 95 % confidence interval) anomalies from the
baseline, after transuranic waste is placed in the WIPP Facility, would trigger an investigation.
The priority assigned to the possible contaminants in a descending order of importance is as
follows:

1) Transuranics

2) Mixed Fission and Activation Products

3) Excessive values of radium, that is, combined radium-226 and radium-228 shall
not exceed 5 x 10 .9 p. Ci/ml and gross alpha activity (including radium-226 but
excluding radon and uranium) shall not exceed 1.5 x 10" _ Ci/ml (DOE Order
5400.5).

Upon detection of contaminated groundwater the appropriate notifications and reports will be
made in accordance with DOE Orders 5400. !, 5484.1, and 5000.3B.
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4.3 NEPA REOUIREMENTS

For compliance with the National Environmental Policy Act (NEPA, 40 CFR 1500-1508) and
with DOE Order 5440.1E, the appropriate level of NEPA documentation will be prepared to
support the proposed method of remediation. Unless an alternate method is established I:).ythe
DOE. an Environmental Checklist will be submitted to the DOE for their assessment. If the

required action is expected to have an environmental impact, an action description memorandum
will be submitted to the DOE. The DOE will then make the decision as to the level of NEPA

documentation that w'ill be required, and an Environmental Assessment and/or an Environmental
impact Statement will be prepared as determined by DOE-Headquarters.

Corrective actions under RCRA, and remedial and removal actions under CERCLA are subject
to NEPA requirements. DOE's policy is to integrate NEPA requirements with the planning and
environmental review procedures required in the preparation of remedial investigations/feasibility
,_tudies or other early planning studies required.
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