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1.1 Facility Background and Mission

The United States Department of Energy (DOE) was authorized by Public Law 96-164! to provide a @
research and development facility for demonstrating the safe permanent disposal of transuranic (TRU)

wastes from national defense activities and programs of the United States exempted from regulations

by the U.S. Nuclear Regulatory Commission (NRC). The Waste Isolation Pilot Plant (WIPP), located

in southeastern New Mexico near Carlsbad, was constructed to determine the efficacy of an

underground repository for disposal of TRU wastes.

In accordance with the 1981 and 1990 Records of Decision (ROD),>* the development of the WIPP
was to proceed with a phased approach. Development of the WIPP began with a siting phase, during
which several sites were evaluated and the present site selected based on extensive geotechnical
research, supplemented by testing.

The site and preliminary design validation phase (SPDV) followed the siting phase, during which two
shafts were constructed, an underground testing area was excavated, and various geologic,
hydrologic, and other geotechnical features were investigated. The construction phase followed the
SPDV phase during which surface structures for receiving waste were built and underground
excavations were completed for waste emplacement.

At the conclusion of the construction phase, the DOE proposed a test phase, to be followed by the

disposal phase for waste emplacement operations. The test phase was to involve the use of limited

quantities of contact-handled (CH) TRU waste to conduct tests in the WIPP underground to provide

data for reducing the uncertainties in the performance assessment required for compliance with the

long-term waste isolation regulations of the U.S. Environmental Protection Agency (EPA), Subpart B

of 40 CFR Part 191.* To enable the receipt of CH-TRU waste at the WIPP site for the tests the \t?
Congress enacted the WIPP Land Withdrawal Act® of 1992 (Public Law 102-579). The law also

provides for authorizations of detailed regulatory requirements for the WIPP.

As a result of major program redirection in late 1993, the WIPP test phase was modified by
substituting the previously planned WIPP underground radioactive tests with laboratory tests. In
conjunction, WIPP operations will proceed directly with the disposal phase CH TRU waste
emplacement operations starting in mid-1998, assuming successful demonstration of compliance with
applicable federal and state laws and regulations, and successful completion of the WIPP CH
Operational Readiness Review (ORR). The CH ORR will closely examine the safety bases of the
facility and the status of attendant conformance to ensure that the facility is operationally ready and
that CH waste emplacement operations will be conducted safely.

The disposal phase is scheduled to last 35 years, will consist of receiving, handling, and emplacing
TRU waste in the repository for disposal, and will end when the design capacity of the repository has
been reached.

The decommissioning phase will follow the disposal phase, during which the repository will be
prepared for permanent closure. Surface facilities will be decontaminated and decommissioned,
underground excavations will be prepared for closure, and shaft seals will be emplaced. This phase is
projected to last for 10 years. The post-decommissioning phase will consist of active and passive
institutional controls. Active institutional controls will include activities such as control of access to
the site, implemented consistent with applicable regulations and permit conditions and will continue
for at least 100 years. These controls will be designed to ensure that the potential for future,
inadvertent human intrusion is reduced to a level that renders such intrusion unlikely.

14 ' November 30, 1995
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This Safety Analysis Report (SAR) documents the safety analyses that develop and evaluate the
adequacy of the WIPP CH TRU safety bases necessary to ensure the safety of workers, the public,
and the environment from the hazards posed by WIPP waste handling and emplacement operations
during the disposal phase and hazards associated with the decommissioning and decontamination
phase.

The analyses of the hazards associated with the long-term (10,000 year) disposal of TRU and TRU
mixed waste, and demonstration of compliance with the requirements of 40 CFR 191, Subpart B* and
40 CFR 268.6° will be addressed in detail in the WIPP Final Certification Application scheduled for
submittal in October 1996 (40 CFR 191) and the No-Migration Variance Petition (40 CFR 268.6)
scheduled for submittal in June 1996. Section 5.4, Long-Term Waste Isolation Assessment
summarizes the current status of the assessment. Section 5.4 will be updated upon completion of the
long-term assessment demonstration (currently scheduled for the FY-97 Annual Update).

1-5 November 30, 1995
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References for Section 1.1

1.

Public Law 96-164, Department of Energy National Security and Military Applications of Nuclear
Energy Authorization Act of 1980, December 29, 1979.

U.S. Department of Energy, 46 FR 9162, Record of Decision, Waste Isolation Pilot Plant,
January 28, 1981.

U.S. Department of Energy, 55 FR 256892, Record of Decision, Waste Isolation Pilot Plant,
June 22, 1990.

U.S. Environmental Protection Agency, 40 CFR 191, Environmental Radiation Protection for
Management and Disposal of Spent Nuclear Fuel, High Level and Transuranic Wastes, Subpart B,
Environmental Standards for Disposal, December 1993.

Public Law 102-579, Waste Isolation Pilot Plant Land Withdrawal Act, October, 1992.

U.S. Environmental Protection Agency, 40 CFR 268.6, Petitions to Allow Land Disposal of a
Waste Prohibited Under Subpart C of Part 268.
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1.2 Facility Overview
1.2.1 Facilify Design

The WIPP is located in Eddy County in southeastern New Mexico, 26 miles east of Carlsbad as
shown in Figure 1.2-1. The amount of land that has been set aside for the WIPP includes an area of
10,240 acres. The WIPP is located in an area of low population density with less than 30 permanent
residents living within a ten-mile radius. The area surrounding the facility is used primarily for
grazing and development of potash, oil, and gas resources. Development of these resources results in
a transient population (non-permanent) consisting principally of workers at three potash mines that are
located within ten miles of the WIPP. The largest population center nearest the WIPP is the city of
Carlsbad, 26 miles to the west, with approximately 25,000 inhabitants. Two smaller communities, .
Loving (population approximately 1300) and Malaga (population approximately 200), are located
about 20 miles southwest of the facility. As the result of land use restrictions imposed by the U.S.
Bureau of Land Management, and administrative action by the DOE to purchase lease holdings, no
resource development is allowed within the 10,240 acres that have been set aside for the WIPP (with
the exception of existing leases).

The WIPP is designed to receive and handle a maximum of 500,000 ft*/yr CH TRU waste and
10,000 ft*/yr remote handled (RH) TRU waste. The CH TRU waste will be contained in 55-gallon
drums and standard waste boxes. The WIPP facility is designed to have a disposal capacity for TRU
waste of 6.2 x 10° ft*. Current design is that RH waste will be packaged in steel canisters and
transported to the WIPP facility in shielded road casks. The WIPP facility has sufficient capacity to
handle the 250,000 ft® of RH TRU that was established in the ROD' as a total volume. In addition,
the Working Agreement for Consultation and Cooperation (WACC)? limits the total RH TRU activity
to 5.1 x 10° curies.

CH TRU wastes will be disposed of in the 100-acre disposal area on a horizon located 2150 feet
beneath the surface in a deep, bedded salt formation. Waste will be transferred from the surface to
the disposal horizon through a waste shaft using a hoisting arrangement. The disposal phase is
currently scheduled to last for 35 years. '

The WIPP is divided into three basic groups: surface structures, shafts, and subsurface structures as
shown in Figure 1.2-2. The WIPP surface structures (see Figure 1.2-3) 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 within a perimeter security
fence. The primary surface operations at the WIPP are conducted in the Waste Handling Building
(WHB), which is divided into the CH TRU waste handling area, the RH TRU waste handling area,
and support areas. The CH TRU waste handling area includes the entrance air locks, CH Bay, a
shielded holding area, an overpack and repair room and CH TRU support facilities.

The current design of the RH TRU waste handling area includes an RH Bay, cask receiving and
preparation areas, hot cell complex, and a shielded cell for shielded road cask unloading, waste

canister inspection, overpacking canisters, as required, and faciligy cask loading prior to transfer
underground. .

1-7 November 30, 1995
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The vertical shafts extending from the surface to the underground horizon (see Figure 1.2-2) are the
waste shaft, the salt handling shaft, the exhaust shaft, and the air intake shaft. These shafts are lined
from the shaft collar to the top of the salt formation (about 850 ft below the surface), and are unlined
through the salt formation. The shaft lining is designed to withstand the full piezometric water
pressure associated with any water-bearing formation encountered. The waste shaft is located
between the CH TRU and RH TRU areas in the WHB. It is nominally 19 feet in diameter and is
serviced by a hoist utilizing a hoist cage that is primarily used for transportation of CH TRU and RH
TRU wastes from the surface to underground disposal areas.

The underground areas (see Figure 1.2-4) consist of the waste disposal area, the support area, and the
experimental area. The disposal area has four main entries (two entries for fresh air and two entries
for return air) and a number of disposal rooms. The layout of the shafts and entries allows mining
and disposal operations to proceed simultaneously. The first disposal panel is used to dispose waste
while the next panel is being mined. Successive stages follow in a similar manner.

A typical disposal panel consists of up to seven disposal rooms. Each room is 33 feet wide, 13 feet
high, and 300 feet long. The disposal rooms are separated by pillars of salt 100 feet wide and 300
feet long. Panel entries at the end of each of these disposal rooms are also33 feet wide and 13 feet
high and will be used for waste storage, except for the first 200 feet from the main entries which are
22 feet wide by 14 feet high. This first 200 feet will be used for installation of panel closure
systems.

1.2.2 Facility Operations

The principal operations of the WIPP involve the receipt of TRU and TRU mixed waste and
emplacement in the underground salt repository for disposal. Transporters carrying TRU waste arrive
at the WIPP and are unloaded outside the WHB. The shipments are surveyed for external
contamination prior to their movement into the WHB for unloading.

" CH TRU waste will be shipped to the WIPP in Nuclear Regulatory Commission (NRC)-certified

shipping containers. After the CH TRU waste shipping container is inspected for contamination, the
loaded shipping container is moved into the WHB and placed on a handling dock. The container is
opened, surveyed for radiation and contamination levels, and the waste containers are removed and
placed on a facility pallet. This pallet is then transferred to the conveyance loading car, which is
moved into the hoist cage in the Waste Shaft for transfer to the disposal horizon.

At the disposal horizon, the pallet is removed from the hoist cage, placed on the underground
transporter, and moved to the CH TRU waste disposal room. In the disposal room, the containers are
removed from the pallet and placed in the waste stack. The empty pallet is returned to the surface for
reuse.

The waste received for placement in the WIPP facility must conform with the WIPP Waste
Acceptance Criteria (WAC).? The operational philosophy at the WIPP facility is to start
radiologically clean and stay radiologically clean. Consequently, any containers of waste that are
found to be externally contaminated or damaged will be decontaminated or placed in a larger
container (overpacked), as required. Also, any local area of contamination will be isolated and/or
decontaminated prior to continuation of the waste handling process.

RH TRU waste handling and emplacement operations will be updated in future revisions of this SAR.
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References for Section 1.2

-’ 1. U.S. Department of Energy, 46 FR 9162, Record of Decision, Waste Isolation Pilot Plant,
January 28, 1981

2. Working Agreement for Consultation and Cooperation, signed by the U.S. DOE and the State of
New Mexico, July 1981 and subsequent revisions.

3. WIPP-DOE-069, TRU Waste Acceptance Criteria for the Waste Isolation Pilot Plant, Revision 4,
December 1991.
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Figure 1.2-2, Spatial View of the WIPP Facility

1-11

November 30, 1995



CHAPTER 1

DOE/WIPP-95-2065 REV. 0

WIPP SAR

Zng wa00ng vonee)
R VNSNS

e e e e e s e

spooy poany ——————

ux3 Lousbrow) ——@—

pOOIIOY T
FE 17 Y [N

QaN3931

20U0NUT RS UK

r==—"

=1 e o
=

[
il
%)
3 folt
.m_L.WEm el g e

PHTTTT

NAVVITERSRY

Porking

South Alicess Roed

ANIVMNNININY
e

| 7777788
w777

[ AN\
ASSAMAANNY,
BT
o
B
N
AN

North Access Rocd

1003.2

Figure 1.2-3a, WIPP Surface Structures

November 30, 1995

1-12



el-1

S661 ‘0F SIqUIMON

S’

€-7'1 am31g Joj pwasy] ‘qe-7'T 2mBiy

O

L'»001

BLDC./ BLDC./

FAC. # DESCRIPTION FAC. # DESCRIPTION

252 SPS UTILITY SUBSTATION 456 WATER PUMPHOUSE

253 13.8 KV SWITCHGEAR 25P—-SWG15/1 457N WATER TANK 25-D-001A

2541 AREA SUBSTATION NO.1 25P-SW15.1 457S WATER TANK 25-D-0018B

254.2 AREA SUBSTATION NO.2 25P-SW15.2 458 GUARD AND SECURITY BUILDING
254.3 AREA SUBSTATION NO.3 25P-SW15.3 459 CORE STORAGE BUILDING

254.4 AREA SUBSTATION NO.4 25P-SW15.4 459A SANDIA ANNEX

2545 AREA SUBSTATION NO.5 25P-SW15.5 463 COMPRESSOR BUILDING

254.6 AREA SUBSTATION NO,6 25P-SW15.6 465 AUXILIARY AIR INTAKE

254.7 AREA SUBSTATION NO.7 25P-SW15.7 468 TELEPHONE HUT

254.8 AREA SUBSTATION NO.B 25P-SWt5.8 473 ARMORY BUILDING

2551 EMERGENCY GENERATOR #1 25-PE 503 474 HAZARDOUS WASTE STORAGE FACILITY
255.2 EMERGENCY GENERATOR #2 25-PE 504 474A HAZARDOUS WASTE STORAGE BUILDING
311 WASTE SHAFT 4748B. HAZARDOUS WASTE STORAGE BUILDING
351 EXHAUST SHAFT 474C OlL & GREASE STORAGE BUILDING
361 AIR INTAKE SHAFT 474D GAS BOTTLE STORAGE BUILDING

362 AIR INTAKE SHAFT/HOIST HOUSE 474E HAZARD MATERIAL STORAGE BUILDING
363 AR INTAKE SHAFT/WINCH HOUSE 474F WASTE OlL RETAINER

364 EFFLUENT MONITORING INSTRUMENT SHED A 475 GATEHOUSE

365 EFFLUENT MONITORING INSTRUMENT SHED B 480 VEHICLE FUEL STATION

366 AIR INTAKE SHAFT HEADFRAME 482 EXHAUST SHAFT HOIST EQUIP. WAREHOUSE
371 SALT HANDLING SHAFT 485 SULLAIR COMPRESSOR BUILDING

372 SALT HANDLING SHAFT HEADFRAME 486 ENGINEERING BUILDING

384 SALT HANDLING SHAFT HOISTHOUSE 489 TRAINING BUILDING

384A SALT HOIST OPERATIONS 816 SANDIA TEST WELL (NOT IDENTIFIED)
411 WASTE HANDLING BUILDING 906 UNDERGROUND OPERATIONS TRAILER
412 TRUPACT MAINTENANCE BUILDING 907 TRANS. & HAZ, MATERIAL HANDLING TRAILER
413 EXHAUST FILTER BUILDING 908A ENVIRONMENTAL MONITORING LAB TRAILER
413A EFFLUENT MONITORING ROOM A 9088B UNIVERSITY CONSORTIUM TRAILER
4138 EFFLUENT MONITORING ROOM B 909 PROJECT CONTROL TRAILER

414 WATER CHILLER FACIUTY & BLDG 910 ENVIRONMENTAL MONITORING TRAILER
451 SUPPORT BUILDING 911A SITE LOCKSMITH TRAILER

452 SAFETY & EMERGENCY SERVICES FACIUTY 9118 SANDIA M101 TRAILER

453 WAREHOUSE /SHOPS BUILDING 911C  SANDIA OFFICES TRAILER

454 VEHICLE SERVICE BUILDING 911E SANDIA TRAILER

455 AUXILLIARY WAREHOUSE BUILDING 911F SANDIA B49 AND BA49 ANNEX

BLDG./

FAC. # DESCRIPTION
911G SANDIA LABS TRAILER
912 TRAINING TRAILER
914A TRAINING TRAILER
915 NEW MEXICO ENVIR. DEPT. TRAILER
916 SANDIA OFFICES TRAILER
917 AIS MONITORING
918 VOC TRAILER
918A VOC AR MONITORING STATION
9188 VOC LAB TRAILER
950 WORK CONTROL TRAILER
951 PROCUREMENT / PURCHASING
952 TRAILER (7—-PLEX)
9N HUMAN RESOURCES TRAILER
982 MAINTENANCE: TRAILER
985 - QA TRAILER
986 PUBLICATIONS & PROCEDURES TRAILER
988 TRAINING TRAILER
991 SANDIA OFFICES TRAILER
992 SANDIA CALIBRATION LAB ‘TRAILER
9293 SANDIA OFFICES TRAILER
994 SANDIA LAB TRAILER
995 SANDIA QA RECORDS TRAILER
SWR NO.1 SWITCHRACK NO. 1
SWR NO.2 SWITCHRACK NO. 2
SWR NO.3 SWITCHRACK NO. 3
SWR NO.4 SWITCHRACK NO. 4
SWR NO.6 SWITCHRACK NO. 6
SWR NO.7,7A,7B  SWITCHRACK NO. 7, 7A, 7B
SWR NO.7C SWITCHRACK NO. 7C
SWR NO.8 SWITCHRACK NO. 8
SWR NO.9 SWITCHRACK NO. 9
SWR NO.10 SWITCHRACK NO. 10 -
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1.3 Safety Analysis Report Strategy and Approach

The WIPP SAR, originally issued in May 1990 following approval by the Department of Energy,
Office of Environmental Restoration and Waste Management (DOE-EM), was prepared to satisfy: (1)
the commitments in the Working Agreement for Consultation and Cooperation' (C&C) (Article III,
Section C and Article IV, Section K, known as the Working Agreement) between the State of New
Mexico and the U.S. Department of Energy; and (2) the requirements of DOE Order 5481.1B, Safety
Analysis and Review System? and DOE Albuquerque Operations Office AL Order DOE-AL
5481.1B.2

Since the original approval by DOE-EM, the WIPP SAR has been reviewed and updated: (1) annually
in the Fiscal Year (FY)-92, FY-93, and FY-94 updates; and (2) to ensure compliance with the
requirements of DOE Orders 5480.21, Unreviewed Safety Questions,* 5480.22, Technical Safety
Requirements,’ 5480.23, Nuclear Safety Analysis Reports,® and 5480.24, Nuclear Criticality Safety’
Due to the cancellation of DOE Order 5481.1B, the SAR is being maintained per the requirements of
DOE Order 5480.23. This SAR represents a statement and commitment by the DOE that the WIPP
can be operated safely and at minimum risk. It also represents the "Final® SAR indicating that the
WIPP facility is ready to begin operating versus “Preliminary," which generally refers to a facility in
the design or construction stage.

In accordance with the requirements of DOE Order 5480.23,° the SAR documents the safety analyses
that develop and evaluate the adequacy of the safety bases. The safety bases are defined by DOE
Order 5480.23¢ as:

“the combination of information relating to the control of hazards at a nuclear facility (including
design, engineering analyses, and administrative controls) upon which DOE depends for its conclusion
that activities at the facility can be conducted safely."

This SAR establishes and evaluates the adequacy of the WIPP CH TRU safety bases in response to
plant normal and abnormal operations, and credible accident conditions. The WIPP safety bases
analyzed include; (1) the adequacy of the design basis of WIPP CH systems, structures, and
components (SSCs), and the application of appropriate engineering codes, standards, and quality
assurance requirements, (2) the selection of principal design and safety criteria, (3) the assignment of
Technical Safety Requirements (TSRs), and (4) the management, conduct of operations, and
institutional dimensions of safety assurance.

Analyses in this SAR update address CH TRU waste emplacement operations only. Existing RH
TRU design and operations information were retained for design configuration management purposes
only. RH TRU hazards and accident analyses were deleted from this SAR update, and will be
included in future updates (currently scheduled for the 1999 Annual Update).
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The following provides a summary of the specific issues addressed in this FY-95 Annual Update
as they relate to the CH TRU safety bases: @

Safety Analysis Report Organization

The WIPP SAR was originally structured to satisfy the specific commitments made in the C&C
Agreement.! The C&C format is different from the 20 chapter SAR concept of DOE Order 5480.23°
and DOE-STD-3009-94.% By applying the graded approach concepts as discussed in DOE-STD-
3009-94, 10 of the 20 DOE Order 5480.23 chapters were consolidated into other identified chapters.
This resulted in a 10 chapter WIPP SAR format that is similar to the C&C Agreement format. This
graded approach consolidation and reformatting is consistent with the discussion in DOE Order
5480.23 Attachment 1, Sections 4.f.(1)(c), and 4.f.(3)(d). SAR chapter titles are retitled to follow
selected DOE-STD-3009-94 or DOE Order 5480.23 titles and to be consistent with their individual
‘contents. For this update effort, the WIPP SAR format was modified as follows:

Chapter 1 - Executive Summary

Chapter 2 - Site Characteristics

Chapter 3 - Principal Design and Safety Criteria

Chapter 4 - Facility Design and Operation

Chapter 5 -. Hazards and Accident Analysis

Chapter 6 - Derivation of Technical Safety Requirements
Chapter 7 - Radiological and Hazardous Material Protection
Chapter 8 - Institutional Programs

Chapter 9 - Quality Assurance

Chapter 10 - Decontamination and Decommissioning

Table 1.3-1 provides a correlation between the FY-94 SAR and the FY-95 Annual Update. Table
1.3-2 provides a correlation between the C&C Agreement SAR Format and Content requirements and
the FY-95 Annual Update, and Table 1.3-3 provides a correlation between the SAR topics required
by DOE Order 5480.23 and the FY-95 Annual Update.

Facility Hazard Classification

The hazard classification categorization was determined in accordance with DOE-STD-1027-92,
Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23,
Nuclear Safety Analysis Reports.” A deterministic approach was taken without considering facility
segmentation, form location or dispersibility of the material at risk. The material at risk for the
determination of the categorization was defined as the radiological contents of a single CH waste
container as derived in Chapter 5. The WIPP Facility is classified as a Hazard Category 2 facility
based on this single waste container inventory in comparison to the threshold quantities provided in
Table A-1 of DOE-STD-1027-92.°

Design and Operation

The System Design Descriptions'® (SDDs) for the WIPP were reviewed and incorporated into Chapter

3, Principal Design and Safety Criteria and Chapter 4, Facility Design and Operation. This provides

the most currently available final engineering design information on waste emplacement operations

throughout the disposal phase up to the point of permanent closure. Also, the criteria which define

the TRU waste to be accepted for disposal at the WIPP facility were summarized in Chapter 3 based 1~
on the WAC for the Waste Isolation Pilot Plant." s’
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Safety protection criteria as they relate to confinement, fire protection, and radiological protection
were updated to ensure safe operation of the facility and applicable requirements are met.

Chapter 8, Long Term Waste Isolation Assessment, has been replaced by a summary for the FY 95
Annual Update in Chapter 5. The detailed assessment of Long Term Waste Isolation will be covered
in the WIPP Final Certification Application scheduled for submittal in October 1996. This section
will be updated in the FY-97 Annual SAR Update with the WIPP Final Certification Application
assessment.

The systematic evaluation of the human factors associated with the design and operation of the WIPP
to meet the requirements of DOE Order 5480.23¢ was incorporated. Since design class functions are
passive, the evaluation determined that well established policies and procedures are in place ensuring
normal and emergency procedures are implemented, adequate directions have been provided to shift
personnel concerning actions to be taken in a potential accident environment, and adequate procedures
are available for follow-up response.

The WIPP site description in terms of geology, hydrology, climatology, air quality, ecology, and
cultural and natural resources was updated based on information provided in the WIPP Project
Technical Baseline for Regulatory Compliance.

Hazard and Accident Analysis

The hazard and accident analyses were updated utilizing currently available DOE Orders, standards
and guidance as documented in DOE-STD-3009-94% and DOE-STD-1027-92,° for determination of
safety of the public, worker and the environment. Failure Mode and Effects Analyses were replaced
with a qualitative Hazard and Operability Study (HAZOP).* The HAZOP" performed for the CH
TRU Waste Handling System identified potential hazards that would require further evaluation of
consequences to the public. Consequences to workers were qualitatively evaluated through the hazard
analysis process which ensures worker safety at the WIPP is maintained through administrative
safeguards/programs and systems that act to prevent and mitigate accidents.

Bounding estimates of the radiological Material at Risk (MAR) in waste containers were established
based on the plutonium (Pu) "processes” and associated radionuclide distributions. Waste received at
WIPP will be contaminated from Pu-238 and Pu-239 operations which include weapons grade, fuel
grade, reactor grade, and heat source wastes. Past safety analyses have calculated inventories based;
(1) strictly on the Pu-239 operations waste, or (2) on average or representative waste container
content for use in accident analysis consequence calculations.

The average waste container inventory clearly masks the importance in terms of the radiological
inhalation hazard of Pu-238 in the Pu-238 operations waste. Therefore, a radionuclide inventory is
required that is based on the individual plutonium processes and their associated isotopic mass
distributions that will; (1) encompass and allow for disposal at WIPP the stored waste contaminated
from Pu-239 operations when considering the WIPP WAC! nuclear criticality limits, and (2) ensure
that the estimated exposure to the public from postulated accidents from high curie content Pu-238
operations waste is within the established accident acceptance criteria.

The drum container radionuclide inventory of 80 PE-Ci and SWB inventory of 130 PE-Ci for use in
accident consequence analyses is established to encompass the waste contaminated by Pu-239
operations, and introduce conservatism into the accident analysis drum MAR ensuring that accident
consequences involving drums or SWBs with Pu-238 operations waste remain well within the
established accident acceptance criteria.
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A defense in depth section has been added to the SAR which identifies layers of defense against the
abnormal and accidental release of radiological and nonradiological hazardous materials. The WIPP
approach provides three layers of defense which include conservative design of the facility’s SSCs,
protection against anticipated operational occurrences and unlikely events and passive features that
may be on line continuously or automatically/manually activated.

This update provides an analysis of the potential hazards that may exist at the WIPP at the level of
analytical effort based on the magnitude of the hazards and the complexity of the CH TRU waste
operations conducted at the WIPP. The path of using conservative assumptions and less detailed
physical modeling to quantify accident consequences and likelihoods was performed in lieu of detailed
probabilistic/quantitative risk assessments.

Analyses in this SAR update address CH TRU waste emplacement operations only. Existing RH
TRU design and operations information were updated and retained for design configuration
management purposes. RH TRU hazards and accident analyses will be included in future updates to
the SAR, currently scheduled for the FY-1998 Annual Update.

Verification of Design

The hazard and accident analysis results indicate Design Class I SSCs are not required for the WIPP
to prevent or mitigate accidental radiological or nonradiological consequences to acceptance levels.
Secondary confinement is not required for the WIPP based on the criteria provided in DOE Order
6430.1AYF, Section 1300-1.4.2, Accidental Releases.

Although Design Class II and IITA SSCs are not required to prevent or mitigate the consequences of -~
an accident from exceeding the acceptance criteria, they contribute additional layers of defense in e
depth.

Technical Safety Requirements

Operational Safety Requirements (OSRs) were replaced based on the requirements provided in DOE
5480.22,° Technical Safety Requirements (TSRs). Based on the requirements and the results of the
hazard and accident analysis, no Safety Limits, Operational Limits, or Surveillance Requirements are
defined for the WIPP. Supporting the first layer ‘of defense in depth (the prevention of accidents),
WIPP TSR Administrative Controls (ACs) are established as follows:

® To maintain the design, quality, testability, inspectability, operability, maintainability, and
accessibility of the facility, TSR ACs are required relating to: (1) configuration and document
control, (2) maintenance, and (3) quality assurance.

® To ensure that the facility operations are conducted by trained/certified personnel, TSR ACs are
required relating to: (1) facility operations chain of command and responsibilities, (2) facility
staffing requirements, (3) procedures, (4) staff qualifications, (5) conduct of operations, and (6)
training.

® To ensure the administrative accident prevention measures are maintained, TSR ACs are required

relating to: (1) waste characteristics (Waste Acceptance Criteria), (2) waste container integrity,
and (3) criticality safety.

1-18 November 30, 1995



AR,

O

P
¢ |

WIPP SAR : DOE/WIPP-95-2065 REV. 0 CHAPTER 1

Supporting the second and third layers of defense in depth, WIPP TSR ACs are identified which
establish programs for radiation protection (including radiation monitoring equipment and airborne
radioactivity monitoring), and emergency management. Basic elements and requirements defined for
TSR AC programs are enforced by the associated implementing WIPP procedures.

Protection of Workers From Accidents

The HAZOP" for the CH TRU Waste Handling System identified a number of waste handling
process hazards that could potentially lead to events resulting in work injury or fatality, or exposure
to radiological and nonradiological hazardous materials.

Consistent with the defense-in-depth philosophy, and the philosophy of Process Safety Management .
(PSM), as published in 29 CFR 1910.119, "Process Safety Management of Highly Hazardous
Chemicals,"* reduction of the risk to workers from accidents is accomplished at the WIPP by
identifying controls to prevent the event from bappening. Total risk is therefore lowered by
reducing the likelihood of the event, as opposed to focusing on post accident consequence mitigation
through the performance of quantitative consequence calculations for workers.

The HAZOP Team identified a significant number of existing preventative safeguards that lower the
likelihood of occurrence of each deviation, substantially reducing the risk of injury or fatality to
workers. The HAZOP Team concluded, consistent with the first layer of defense in depth, substantial
safeguards currently exist at the WIPP to prevent or reduce the likelihood of such deviations from
occurring. Identified preventative safeguards generally include the following:

® Facility and equipment design, application of appropriate design classification and applicable
design codes and standards,

® Programs relating to configuration and document control, quality assurance, and preventative
maintenance and inspection, '

® Administrative controls including the WIPP WAC, waste handling procedures and training, and
the WIPP Emergency Plan and associated procedures.

Due to the importance of these preventative features in WIPP defense in depth and worker protection
from accidents, TSR ACs are assigned in Chapter 6 and required in the WIPP TSR Document
(Attachment 1 to the SAR).

Waste Acceptance Criteria

The WIPP WAC! is used in SAR Chapter 3 to provide the initial set of criteria for use in the hazards
and accident analyses. The waste accepted for placement in the WIPP facility must conform with the
WIPP WAC unless an exception to the WAC has been approved as a result of examination in relation
to the SAR. However, based on the updated analyses presented in Chapter 5, specific criteria used in
the development of the safety analysis relating to: (1) Pu-239 Equivalent Activity, and (2) Surface
Dose Rate require revision in the WAC. A TSR AC for Waste Characteristics require that the safety
analysis criteria be incorporated into the WAC.
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Program and Procedures

It is the firm commitment of the WIPP management that occupational radiological exposures are kept
As Low As Reasonably Achievable (ALARA). This policy, as reflected in administrative programs
and procedures established in accordance with 10 CFR 835" and the WIPP Radiological Control
Manual,” ensures that the safety basis of the WIPP facility will maintain individual occupational
radiation exposures to ALARA. Also, waste containers accepted for disposal at the WIPP are
expected to meet external contamination limits established by this policy, accordingly containers are
considered contamination free. Therefore, normal operations do not involve or entail any planned or
expected releases of airborne radioactive materials to the workplace or the environment.

The institutional programs provide an inclusive strategy to support the safe operation of the facility
through implementation of programs and procedures. These programs and procedures fulfill the
objectives of radiological protection, project management system, safety management policies and
programs, procedures and training, initial testing, in service surveillance, maintenance, operational
safety, quality assurance, emergency preparedness, and decontamination and decommissioning.

1.3.1 Safety Analysis Overview

Safety analysis was performed for the WIPP to ensure that: 1) potential hazards are systematically
identified, 2) unique and representative hazards that may develop into accidents are evaluated,

3) applicable reasonable measures to eliminate, control, or mitigate the accidents are taken, and 4)
safety class (Design Class I) SSCs and accident specific TSRs, based on comparison of accident
consequences to acceptance criteria, are identified.

The predicted waste (radioactive/chemical content) to be received in 55-gallon drums and SWBs at the
WIPP was conservatively estimated based on data’* from the generating sites, process knowledge, and
limiting criteria provided in the WAC,! unless an exception to the WAC was approved as a resuit of

examination in relation to this SAR. These estimates provided bounding container inventories used in
the determination of potential consequences from postulated accidents.

Hazards associated with the facility processes were evaluated through a systematic hazard analysis
process. The analysis encompassed the waste receipt, handling and disposal of CH TRU waste in the
WIPP. The hazards analysis involved a multi-step process which included: 1) identification of the
potential hazards associated with the CH TRU waste handling process, 2) characterization of the
waste expected at the WIPP, and 3) a hazard evaluation in the form of a HAZOP® for the CH TRU
waste handling process. This multi-step process provided a comprehensive examination of the
potential hazards which may require quantitative evaluation in the accident analysis.

The major hazard associated with the CH TRU waste handling process is associated with the
radiological and nonradiological hazardous materials within the waste containers. Hazards associated
with mining operations are considered standard industrial hazards governed by Occupational Safety
and Health Administration (OSHA) and Mine Safety and Health Administration (MSHA) regulations
and are considered only when they may be an initiating event leading to the accidental release of
radiological or nonradiological hazardous materials. Waste handling operations at the WIPP do not
involve high temperature and pressure systems, rotating machinery, electromagnetic fields or the use
of toxic material in large quantities outside of the waste containers. Therefore, for the purposes of
establishing an inventory of radiological and nonradiological material, only that material contained in
the waste drums was considered.

1-20 November 30, 1995




N

GiaN

WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 1

The hazard analysis process identified potential accident scenarios in the categories of: 1) operational
accidents (caused by initiators internal to the facility), 2) natural phenomena events (e.g., earthquakes,
tornadoes), and 3) external events (caused by man made iniitiators external to the facility). These
potential accident scenarios were then qualitatively ranked in terms of consequence to the public and
relative probability to determine unique and representative accidents for further quantitative analysis.
The quantitative analysis evaluated the radiological and toxicological consequences to a hypothetical
maximally exposed off-site individual (MOI). Although analyses are traditionally conducted for an
MOI at a facility site boundary, in accordance with DOE Order 6430.1A, Section 1300-3.2,% the
MOI chosen for this analysis is located at the "closest point of public access," or the DOE "Exclusive
Use Area." Calculations are also performed at the site boundary for reference purposes. Operational,
Natural Phenomena and External initiating events determined by the hazard analysis and quantitatively
evaluated are listed below:

1. Operational Events

CH1 Spontaneous Ignition (Drum) in the WHB

CH2 Crane Failure in the WHB

CH3 Puncture and Drop of Waste Containers by Forklift in the WHB
CH4 Drop of Waste Containers by Forklift in the WHB

CHS5 Waste Hoist Failure

CH?7 Spontaneous Ignition (Drum) in the Underground

CH9 Drop of Waste Containers by Forklift in the Underground

2. Natural Events

® CH6 Seismic Event
® CHI0 Tornado Event
¢ CH11 Underground Roof Fall

3. External Events
® (CHS Aircraft Crash

A summary of the radiological and toxicological consequences of these accidents and comparison to

acceptance criteria is presented in Tables 1.34 and 1.3-5. Acceptance criteria based on ANSI/ANS-
51.1" was adopted by the WIPP to compare accidental releases from postulated events to dose limits
based on estimated likelihood of occurrence. Tables 1.34 and 1.3-5 also provide reference to those
sections of the accident analysis where detailed discussions of the accident are located.

1.3.2 Safety Analysis Conclusions

The WIPP is classified as a Hazard Category 2 facility based on bounding estimates of a single waste
container inventory of radiological material. The safety analysis utilized this category as a
preliminary indication of the level of detail that should be contained in the SAR. In addition to the
category, the level of detail was also determined by the level of complexity and potential hazards
which may exist during operation of the facility.
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This SAR establishes the adequacy of the WIPP CH TRU safety bases of the plant response to

conditions ranging from normal operations to credible accident conditions considered to be “extremely
unlikely.” Waste containers accepted for disposal at the WIPP are expected to meet the WIPP o
Radiological Control Manual'® external contamination limits. Waste container contamination levels

are thus at undetectable levels and, as such, are contamination free. WIPP normal operations do not

involve or entail any planned or expected releases of airborne radioactive materials. Therefore, no

hazards exist to the public, worker, or environment from the airborne pathway as a result of normal

operations. Radiological consequences to the offsite public from normal operations will therefore

meet the criteria in 40 CFR 191, Subpart A® and 40 CFR 612 External doses to workers from the

handling of CH waste containers were estimated to be well within DOE ALARA goals. Additionally,
consequences to the public and worker as a result of the release of volatile organic compounds

(VOCs) during disposal phase normal operations were shown to be many orders of magnitude below

health based limits.

As part of normal operation activities, the waste containers, having met the WIPP RADCON Manual
Limits® as prescribed, are closely inspected and surveyed for radiation, contamination, and damage
upon receipt at the WIPP and prior to transfer to the underground for disposal. Decontamination will
be undertaken, if required. Decontamination and operations involving overpack and repair of
damaged containers are considered abnormal activities, and the consequences to workers and the
public were addressed qualitatively through the hazards analysis process.

The safety analysis utilized bounding estimates of drum inventory, release mechanisms and dispersion

models to determine potential consequences from postulated accidents. Mitigated as well as

unmitigated radiological and nonradiological accident consequences were compared to accident

acceptance criteria and found to be within the criteria. Therefore, based on the accident analysis of -
unmitigated releases of radiological and non-radiological material from the WIPP, no Design Class I _—
systems are required to prevent or mitigate an accidental release from the WIPP. Additionally, this

safety analysis indicates TSR Safety Limits, Limiting Control Settings, Limiting Conditions for

Operations, and Surveillance Requirements are not required for the safe operation of the WIPP.

The safety analysis established the adequacy of; (1) the design classification of the WIPP CH SSCs,
and the application of appropriate engineering codes, standards, and quality assurance requirements,
(2) the selection of principal design and safety criteria, and (3) the management, conduct of
operations, and institutional safety programs currently in place.

In spite of the foregoing favorable safety characteristics of the WIPP, a defense-in-depth safety
philosophy is employed in establishing the safety commitments and objectives of the WIPP.

The WIPP defense-in-depth safety approach provides layers of defense against release of radiological
and nonradiological hazardous materials to the environment. The WIPP approach provides three
layers of defense against releases. Each successive layer provides an additional measure of the
combined defense strategy. These layers are defined as follows:

1) The ultimate safety objective of the first, or primary layer of WIPP defense in depth is
accident prevention. The reduction of risk (as the product of frequency and consequence) to
both workers and the public from WIPP CH TRU waste handling and emplacement operations
is primarily achieved by reducing the frequency of occurrence of postulated abnormal events
or accidents. The conservative design of the facility’s SSCs, with operations conducted by
trained/certified personnel to the standards set forth in approved procedures, provides the first
layer.
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2) The second layer of defense in depth provides protection against anticipated and unlikely
operational events that might occur in spite of the protection afforded by the first layer of
defense. The second defense layer is characterized by detection and protection systems, and
controls that: (1) indicate component, system, or process performance degradation created by
compromises of the first layer, and (2) provide adequate mitigation and accommodation of the
consequences of those operational accidents which may occur.

3) The third layer of defense in depth supplements the first two layers by providing protection
against extremely unlikely operational, natural phenomenon, and external events. These
events represent extreme cases of failures and are analyzed in Chapter 5 using conservative
assumptions and calculations to assess the radiological and nonradiological effects of such
accidents on the public to verify that a conservative design bases has been established.

TSR ACs assigned for features discussed above that are of major significance to the WIPP
defense-in-depth approach are derived in Chapter 6.
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Table 1.3-1, FY-94 SAR/FY-95 SAR Correlation 1of7 o~
Chapter 1 - Introduction and General
Description
1.1 Introduction 1.1 Facility Background and Mission
1.2 General Description of the WIPP 121 Facility Design
Facility
1.3 General Description of Operations at 1.2.2 Facility Operations
the WIPP Facility
1.4 Identification of Agents and 14 Organizations
Contractors
1.5 Technical Programs Deleted - Material available in other DOE
Documents and Performance
Assessment. SAR Emphasis on
Disposal Operations vs.
Experimental Operations
Appendix 1A Deleted - Material dated. SAR Emphasis on
Bibliography of Documentation Disposal Operations vs.
Supporting the Development of the Experimental Operations Q
WIPP Facility y
Chapter 1A Summary Safety Analysis 1.3 Safety Analysis Strategy and
Approach
Chapter 2 - Site Characteristics
2.1 Geography and Demography of the 2.1 Geography and Demography of the
Area Around the WIPP Facility Area Around the WIPP Facility
22 Nearby Industrial, Transportation and | 2.2 Nearby Industrial, Transportation
Military Facilities and Military Facilities
2.3 Meteorology 25 Meteorology
2.4 Subsurface Hydrology 2.6 Surface-Water and Groundwater
l Hydrology
+ 2.5 Surface Hydrology 2.6 Surface-Water and Groundwater
Hydrology '
2.6 Regional Geology 2.7 Geology
2.7 Geology in the Vicinity of the WIPP 2.7 Geology
Facility
2.8 Vibratory Ground Motion 2.8 Vibratory Ground Motion
2.9 Surface Faulting 2.7 Geology
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2.10 2.7 Geology
Foundations
2.11  Slope Stability 2.5.25 Topography
Chapter 3 - Principal Design Criteria
3.1 General Design Criteria 3.1 General Design Criteria
3.1.1 Waste Characterization 5.1.2 CH Waste Characterization
3.1.2 CH TRU Waste Handling and 3.1.1 TRU Waste Criteria
Emplacement Criteria
3.1.3 RH TRU Waste Handling and 3.1.1 TRU Waste Criteria
Emplacement Criteria
3.1.4 Underground Development Criteria 3.1.1 TRU Waste Criteria
3.1.5 Monitoring and Surveillance Programs | Deleted - not criteria
3.1.6  Facility By-Products 3.1.2 Facility By-Products
3.1.7 Classification of Structures, Systems, 3.1.3 Design Classification of Structures,
and Components Systems, and Components
3.2 Structural and Mechanical Design 3.2 Structural Design Criteria
Criteria
33 Safety Protection Criteria -
3.3.1 Confinement Barriers and Systems 3.3.1 Confinement Requirements
3.3.2 Air Handling 441 Confinement
: 442 Ventilation Systems
3.3.3 Fire and Explosion Protection 3.3.2 Fire Protection
3.3.4 Radiological Protection 333 Radiological Protection
3.3.5 Nuclear Criticality Safety 3.3.34 Nuclear Criticality Safety
3.3.6 Underground Mining Safety 334 Industrial and Mining Safety
34 Decommissioning and 314 Decontamination and
Decontamination Design Criteria Decommissioning
3.5 Design Development, Construction, Deleted - not criteria
and Startup of the WIPP Facility
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Chapter 4 - Plant Design
4.1 Summary Description 4.1 Summary Description
42 Surface Structures 4.2.1 Surface Facilities
4.2.1 Waste Handling Building 42.1.1 Waste Handling Building
422 Support Structures 42.12 Exhaust Filter Building
42.1.3 Water Pumphouse
42.14 Support Building
4215 Support Structures
43 Shafts and Subsurface Facilities 422 Shaft and Hoist Facilities
423 Subsurface Facilities
4.3.1 Shafts and Hoists 422 Shaft and Hoist Facilities
4.3.2 Subsurface Structures 4223 Subsurface Facilities
44 Service and Utility systems 44 Confinement Systems
4.5 Safety Support Systems
4.6 Utility and Auxiliary Systems
4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
4.4.1 Ventilation Systems 44.1 Confinement
442 Ventilation Systems
442 Electrical System 4.6.1 Electrical System
4.4.3 Fire Protection System 45.1 Fire Protection System
444 Water and Wastewater System 46.3 Domestic Water System
46.4 Sewage Treatment System
4.7 Radioactive Waste (Radwaste) and
F Hazardous Waste Management
I 445 Salt Handling System 4.3.5 Underground Mining Operations
44.6 Radioactive Waste Systems 4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
4.47 Transportation 2.2.7 Land Transportation
4.4.8 Safety Communications and Alarms 452 Plant Monitoring and
Communications
449 Maintenance Provisions 8.35 Maintenance Program
4.4.10 Compressed Air 4.6.2 Compressed Air
4.4.11 Underground Fuel System 423.1  General Design |
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4.5 - Wéste Handling and Empiacément 43 Probcss chnplv;i.b.ﬁ””
Equipment

4.6 Underground Mining Equipment Deleted

Chapter S - Process Description

5.1 CH TRU Waste Handling System 4.3.1 CH TRU Waste Handling System

5.2 RH TRU Waste Handling System 432 RH TRU Waste Handling System

5.4 Plant-Generated Radwaste System 4.7 Rédioactive Waste (Radwaste) and
Hazardous Waste Management

55 General Process Considerations

5.5.1 Monitoring Instrumentation 452 Plant Monitoring and
Communications

5.5.2  Criticality Safety 5.14 Nuclear Criticality

5.5.3 Process Interruption Modes 433 Process Interruption Modes

5.5.4 WIPP Waste Information System 434 WIPP Waste Information System

5.6 Underground Mining Operations 435 Underground Mining Operations

5.7 Central Monitoring System 45.2.1 Central Monitoring System

Chapter 6 - Envirommental, Safety, and

Health Protection
6.1 Radiological Protection .
6.1.1 Measures to Assure ALARA 7.1.2 ALARA Policy and Program
Occupational Radiation Exposure 7.23.1 ALARA Policy
6.1.2 Radiation Sources 7.1.3.1.3.2 Direct Radiation Sources
6.1.3 Radiation Protection Design Features 7.1.3.1 Radiological Protection Design
' Features

6.1.4 On-Site Dose Assessment 7.14.1 On-site Dose Assessment

6.1.5 Radiological Control Program 7.1.1 Radiological Control Program and
Organization

6.1.6 Off-Site Dose Assessment 7.14.2 Off-site Dose Assessment

6.1.7 - Exposure to Hazardous Wastes 7.2 Hazardous Material Protection

6.2 Environmental Protection
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6.2.1 Program Description 7.1.4.2.1 Effluent Sampling/Monitoring and
Environmental Monitoring
7.2.4 Environmental Monitoring
6.3 Safety 8.1 Management, Organization, and
Institutional Safety Provisions
8.4 Operational Safety
6.3.1 Program Description 8.14 Safety Management Policies and
Programs
6.3.2  Occupational Medical Program 7.2.3.6 Occupational Medical Program
| 6.3.3 Emergency Preparedness 8.5 Emergency Preparedness Program
6.3.4  Crisis Management 8.5 Emergency Preparedness Program ||
6.3.5 Operational Systems Safety 8.4 Operational Safety
6.3.6 Fire Protection 8.4.4 Fire Protection
6.3.7 Record keeping 8.1.4 Safety Management Policies and
Programs
6.3.8 Evaluation 8.54.6 Training and Exercises
6.4 Industrial Hygiene 7.2 Hazardous Material Protection
6.4.1 Heat Stress 7.2.3.2 Hazard Identification, Evaluation,
and Elimination
[6.4.3  Threshold Limit Value Concept TLV is used in Section 5.2.2
6.4.4 Industrial Hygiene Surveys 7.2.35 Workplace Monitoring
6A Calculation of Airborne Concentrations | Deleted
and Releases
Chapter 7 - Accident Analysis
7.1 Accident Classification 5.2 CH TRU Accident Analysis
7.2 Source Terms and Analytical 5.2 CH TRU Accident Analysis
Methodology
7.2.1 Source Terms 5.12 CH Waste Characterization
5.2.1 Accident Assessment Methodology
7.2.2 Dose Calculation Models 5.2.1 Accident Assessment Methodology
7.3 Accident Description and Analysis 5.2.3 Accident Analysis
7.4 Accidental Releases and Exposures to | 5.2.3 Accident Analysis
Hazardous Wastes

1-30

November 30, 1995




WIPP SAR

DOE/WIPP-95-2065 REV. 0

CHAPTER 1

Table 1.3-1, FY-94 SAR/FY-95 SAR Correlation

6of7

.fﬁ-ﬁ*\\
7A Plutonium-239 Equivalent Activity ‘Appendix B
7B Reliability of the Waste Hoist at the Appendix E
Waste Isolation Pilot Plant
Chapter 8 - Long-Term Waste Isolation 54 Long-Term Waste Isolation
Assessments Assessment
Chapter 9 - Conduct of Operations
9.1 Organizational Structure
9.1.1 Owner Organization 8.13 Organizational Structure,
Responsibilities, and Interfaces
9.1.2 Management and Operating Contractor | 8.1.3 Organizational Structure,
Organization Responsibilities, and Interfaces
9.1.3  Personnel Qualification Requirements | 8.1.3.3 Staffing and Qualifications
9.2 Startup Testing Preoperational
Checkout
9.2.1 Start-Up Testing Program Objective 83.3.2 Start-up Testing Program Objective
J/(v;i\v\\
N’ 9.2.2 Administrative Procedures for 8.3.33 Administrative Procedures for
Conducting the Startup Test Program Conducting the Start-up Testing
: Program
9.2.3 Vendor Testing 83.34 Vendor Testing
9.2.4 Preoperational Checkout 8.3.35 Preoperational Checkout
9.2.5 Ongoing Evaluation and Testing 8.34 In-Service Surveillance Program
8.3.5 Maintenance Program
9.3 Training Program 8.24 Training Program
9.4 Normal Operations 8.4 Operational Safety
9.5 WIPP Facility Security Plan Deleted
9.6 WIPP Facility Emergency Plan 85 Emergency Preparedness Program
™
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Chapter 10 - Operational Safety

Requirements
10.1  Introduction 6.1 Requirements
6.2 TSR Coverage
10.2  Safety Limits 6.4.1 Safety Limits (SLs)
10.3  Limiting Conditions for Operation 6.4.3 Limiting Conditions for Operations
(LCOs) (LCOs)
104  Surveillance Requirements 644 Surveillance Requirements (SRs)
10.5  Design Features 6.5 Design Features
10.6  Administrative Controls 6.4.5 Administrative Controls
Chapter 11 - Quality Assurance Chapter 9 - Quality Assurance

Rewritten to new requirements of 10 CFR 830

Chapter 12 - Decontamination and

Decommiissioning of the WIPP
Facility
12.1  General 10.1 Introduction
12.2  WIPP Facility 10.2 WIPP Facility Description
12.3  Decontamination and 10.3 Decontamination and
Decommissioning Decommissioning
12.4  Closure, Monuments, and Records 10.4 Closure, Monuments, and Records
12.5  Post Closure Physical and 10.5 Post Closure Surveillance
Environmental Surveillance '
12.6  Decommissioning Activities Associated | Deleted
with the test phase
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Table 1.3-2, Consultation and Cooperation (C&C) Agreement/FY-95 SAR Correlation 1 of 5

Chapter 1 - Introduction and General

Description

1.1  Location 1.1 Facility Background and Mission

1.2 Mission 1.1 Facility Background and Mission

1.3 Organization 1.4 Organizations

14 Facilities - both surface and 1.2.1 Facility Design

underground ,

1.5 Operations - including retrieval 1.22 Retrieval operations deleted.
Disposal-phase operations are
discussed with no intent to retrieve.

1.6 Research and Development programs Deleted - SAR only addresses disposal phase

Chapter 2 - Site Characteristics

2.1 Geography .and Demography 2.1 Geography and Demography of the
Area Around the WIPP Facility.

2.2 Nearby Industrial, Transportation and | 2.2 Nearby Industrial, Transportation

Military Facilities and Military Facilities

23 Meteorology 2.5 Meteorology

2.4 Surface Hydrology 2.6 Surface-Water and Groundwater
Hydrology

2.5 Subsurface Hydrology 2.6 Surface-Water and Groundwater
Hydrology

2.6 Regional Geology 2.7 Geology

2.7 Site Geology 2.7 Geology

2.8 Vibratory Ground Motion 2.8 Vibratory Ground Motion

2.9 Surface Faulting 2.7 Geology

2.10  Stability of Subsurface Materials and 2.7 Geology

Foundations

2.11  Slope Stability 2525 Topography

Chapter 3 - Principal Design Criteria

3.1 Definition of Mission

Waste Characterization 5.1.2 CH Waste Characterization
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Table 1.3-2, Consultation and Cooperation (C&C) Agreement/FY-95 SAR Correlation 2 of 5

Repository Functions 3.1 General Design Criteria

Storage Capacities 3.1.1 TRU Waste Criteria
Retrievability Deleted
By-Products 3.1.2 Facility By-Products
3.2 Structural and Mechanical Desigp 32 Structural Design Criteria
33 Safety Protection Criteria
Confinement 3.31 Confinement Requirements
Handling 3.1 General Design Criteria
Emplacement 3.1 General Design Criteria
Retrieval Deleted
Fire 33.2 Fire Protection
Explosion 3.3.2 Fire Protection
Radiological 333 Radiological Protection s~
Criticality 3.3.34 Nuclear Criticality Safety i
Mine Safety 3.34 Industrial and Mining Safety
3.4 Design Classification 3.1.3 Design Classification of Structures,
Systems, and Components
3.5 Decommissioning 3.14 Decontamination and
Decommissioning
Decontamination 3.14 Decontamination and
Decommissioning
Backfilling Deleted
Sealing 3.1.4 Decontamination and
Decommissioning
Record Maintenance 3.14 Decontamination and
Decommissioning
Site Markers 3.14 Decontamination and
Decommissioning
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Chapter 4 - Plant Design
4.1 Location Details 4.1 Summary Description
42 Surface Facilities 42.1 Surface Facilities
Waste Building Handling 42.1.1 Waste Handling Building
Support Functions 42.1.2 Exhaust Filter Building
42.1.3 Water Pumphouse
42.14 Support Building
_ 42.15 Support Structures
43 Shafts and Subsurface Facilities 422 Shaft and Hoist Facilities
423 Subsurface Facilities
Shafts 422 Shaft and Hoist Facilities
Storage 423 Subsurface Facilities
Experimental Areas 423 Subsurface Facilities
44 Service and Utility systems 43 Process Description
4.4 Confinement Systems
i: 45 Safety Support Systems
“ 14.6 Utility and Auxiliary Systems
4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
Ventilation 441 Confinement
442 Ventilation Systems
Electrical 4.6.1 Electrical System
Fire Protection 4.5.1 Fire Protection System
Waste Water 46.3 Domestic Water System
464 Sewage Treatment System
4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
Salt Handling 4.3.5 Underground Mining Operations
Radwaste 4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
Transportation 2.2.7 Land Transportation
Alarms 45.2 Plant Monitoring and
_, Communications
\.W/ Maintenance 8.35 Maintenance Program
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Compressed Air Compressed Air

Underground Fuel 423.1 General Design

4.5 Emplacement and Retrieval 4.3 Retrieval Deleted

4.6 Underground Excavation Equipment Deleted -  Standard Industrial (MSHA) Hazard
Chapter S - Process Description

5.1 Contact-handled (CH) waste handling 43.1 CH TRU Waste Handling System
[52  Remote-handled (RH) waste handling | 4.3.2  RH TRU Waste Handling System
53 Experimental handling Deleted - SAR only addresses disposal phase

54 Plant Generated Radwaste 4.7 Radioactive Waste (Radwaste) and

Hazardous Waste Management

1355 General process

Instrumentation 452 Plant Monitoring and
Communications
Criticality Safety ‘ 5.1.4 Nuclear Criticality @
Waste Logging 434 WIPP Waste Information System
5.6 Underground excavation 435 Underground Mining Operations
5.7  Control room 45.2.1 Central Monitoring System
5.8 Analytical Sampling 7.1.4.2.1 Effluent Sampling/Monitoring and
Environmental Monitoring
7.2.4 Environmental Monitoring
5.9  Retrievability of All Waste Forms Deleted

Chapter 6 - Radiation Protection

6.1 As low as reasonably achievable 7.1.2 ALARA Policy and Program
(ALARA) 7.2.3.1 ALARA Policy
6.2 Radiation Sources 7.1.3.1.3.2 Direct Radiation Sources
6.3 Radiation protection 7.13 Radiological Exposure Control
6.4 On-site dose assessment 7.14.1 On-site Dose Assessment
7222 On-site Exposure Assessment
6.5 Radiological control program 7.1.1 Radiological Control Program and
Organization Q
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Table 1.3-2, Consultation and Cooperation (C&C) Agreement/FY-95 SAR Correlation 5 of 5 |

6.6 Off-site dose assessment 17.1.4.2 Off-site Dose Assessment
7.2.21 Off-site Exposure Assessment
Chapter 7 - Accident Analysis
7.1 Accident classifications 5.2 CH TRU Accident Analysis
7.2 Source terms and analytical methods 5.2 CH TRU Accident Analysis
7.3 Accident descriptions and actual 52 CH TRU Accident Analysis
analyses
Chapter 8 - Long Term Waste Isolation 54 Long-Term Waste Isolation
Assessment Assessment
8.1 Identification of potential 54 Long-Term Waste Isolation
communication modes Assessment
8.2 Modeling methods 54 Long-Term Waste Isolation
' Assessment _
8.3 Consequence analyses 54 Long-Term Waste Isolation
Assessment
Chapter 9 - Conduct of Operations
9.1 Organizational structure 8.1.3 Organizational Structure,
Responsibilities, and Interfaces
9.2 Acceptance tests 833 Initial Test Program
93 Training 824 Training Program
94 Operating procedures 823 Procedures Program
9.5 Security Deleted
9.6 Emergencies 8.5 Emergency Preparedness Program
Chapter 10 - Operating Limits and Controls
10.1  Design limits Chapter 3
10.2  Operating limits and surveillance 6.4 Derivation of WIPP TSRs
requirements
10.3  Design features Not Required by 5480.22
104  Administrative controls 64.5  Administrative Controls
10.5  Guidelines for the operating 6.4.5 Administrative Controls
organization
Chapter 11 - Quality Assurance Chapter 9 - Quality Assurance
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| Table 1.3-3, DOE Order 5480.23/FY-95 SAR Correlation lofl

Chapter 1 - Executive Summary | Chapter 1 - Executive Summary

Chapter 2 - Applicable Statutes, Rules, and Chapter 1 - Executive Summary
Departmental Orders

Chapter 3 - Site Characteristics Chapter 2 - Site Characteristics
Chapter 4 - Facility Description and Chapter 4 - Facility Design and Operation
Operation
Chapter 5 - Hazards Analysis and Chapter 5 - Hazards and Accident Analysis
Classification of the Facility
Chapter 6 - Principal Health and Safety Chapter 3 - Principal Design and Safety
Criteria _ Criteria
Chapter 7 - Radioactive and Hazardous Chapter 4 - Facility Design and Operation
Material Waste Management
Chapter 8 - Inadvertent Criticality Protection | Chapter 5 - Hazards and Accident Analysis
Chapter 9 - Radiation Protection Chapter 7 - Radiological and Hazardous
Material Protection
| Chapter 10 - Hazardous Material Protection Chapter 7 - Radiological and Hazardous @
Material Protection 1

Chapter 11 - Analysis of Normal, Abnormal, Chapter 5 - Hazards and Accident Analysis
and Accident Conditions .

Chapter 12 - Management, Organization, Chapter 8 - Institutional Programs
Institutional Safety

Chapter 13 - Procedures and Training Chapter 8 - Institutional Programs

Chapter 14 - Human factors Chapter 4 - Facility Design and Operétion

Chapter 15 - Initial Testing, In service Chapter 8 - Institutional Programs

Surveillance, Maintenance

Chapter 16 - Technical Safety Requirements Chapter 6 - Derivation of Technical Safety

Requirements
Chapter 17 - Operational Safety Chapter 8 - Institutional Programs
Chapter 18 - Quality Assurance Chapter 9 - Quality Assurance
Chapter 19 - Emergency Preparedness ' Chapter 8 - Institutional Programs
Chapter 20 - Decontamination and Chapter 10 - Decontamination and
Decommissioning Decommissioning
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Table 1.3-4, Summary of Estimated Radiological Consequences From Accidents Page 1 of 2
Summary of Radiological Consequences for Postulated Accidents for the CH TRU Waste Handling Operations "
Receptor Doses (CEDE-Rem) % of Dose Criteria
Accident Estimated Type of Release Total Offsite Dose {(Dose/Criteria)*100}
Frequency/yr Released Criteria
(PE-CD Exclusive Use Area Site Boundary (CEDE-rem) Exclusive Use Area
Boundary Boundary
WHB Spont. Ign Drums/mitigated 1.9E-08 1.3E-07
(Ref. 5.2.3.1) 1.9E-02 1.3E-01
i } 2 W R
i o o 7 i B iy . 4P 5 : : o ' %
Crane Drop Drums/mitigated 1.4E-08 1.4B-06 ‘ 9.6E-08
(Ref. 5.2.3.2) Drums/unmitigated 1.4E-02 1.4E+00 9.6E-02
SWBs/mitigated 1.3B8-09 1.3E-07 8.9E-09
SWBs/unmitigated 1,3E-03 1.3B-01 8.9E-03
WHB Punct/Drop Drums/mitigated 5.6B-09 5.7B-07 3.9E-08
(Ref. 5.2.3.3) Drums/unmitigated 5.6E-03 5.7E-01 3.9E-02
SWBs/mitigated 2.6E-09 2.6B-07 1.8E-08
SWBs/unmitigated 2.6E-03 2.6E-01 1.8E-02
WHB Drop Drums/mitigated 8.0E-09 8.1B-07 5.5E-08
(Ref. 5.2.3.4) _Drums/unmitigated 8.0E-03 8.1E-01 5.5B-02
SWBs/mitigated
|_SWBs/unmitigated _
);‘ ""M.«: x.i‘ i 2 | .g z)?z{\“ i | ;
Hoist Failure : - - - -
(Ref. 5.2.3.5) "
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Table 1.3-4, Summary of Estimated Radiological Consequences From Accidents . Page 2 of 2
Summary of Radiological Consequences for Postulated Accidents for the CH TRU Waste Handling Operation. "
4-‘ Receptor Doses (CEDE-Rem) % of Dose Criteria
Accident Estimated Type of Release Total Offsite Dose [(Dose/Criteria)*100]
Frequency/yr Released Criteria
(PE-Ci) Exclusive Use Area Site Boundary (CEDE-rem) Exclusive Use Area

Boundary Boundary

Rroe

U/G Spont. Ign Drums/mitigated

Ref. 5.2.3.7 ‘ Dmms/unmiti ated ‘

g .
WHB Aircraft Crash - - - - -
Drums/mitigated 7.0E-09 9.2E07
(Ref. 5.2.3.9) Drums/unmitigated 7.0E-03 9.2E-01
SWBs/mitigated 6.5E-10 8.5E-08
6.5E-04 8 SE-Og

R

SWBs/unmitigated

DBT
Ref. 5.2.3.10

U/G Roof Fall Drums/mitigated 2.1BE-08 1.4E-07 < 6.5 <1.0%
(Ref. 5.2.3.9) Drums/unmitigated 2.1E-02 2.8E+00 1.4E-01 < 6.5 42.4%
SWBs/mitigated 3.3E-09 4.3B-07 2.2B-08 < 6.5 <1.0%

I[ SWBs/unmitigated 3.36-03 4.3B-01 2.2E-02 < 6.5 6.6%
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| Table 1.3-5, Summary of Estimated Toxicological Consequences From Accidents Page 1of §

Summary of Chemical Consequences for Postulated Accidents for the CH TRU Waste Handling Operations

Accident lislt_gal%tﬁg Type of Release Compound R’eljg:\a!e d Concentrations (mg/m3) [(%osoglggft%gg)lﬁﬂﬂl
mg% Excl slive Use Bo El%ttfary Lil]})ltitgalg)ﬁ-glte Excqu'i)v{ﬁl yaslt_e Area
Boundar élr er?tluc y
WHIIngPom. Drums/unmitigated
S.R.gt:'l) Asbestos 7.1E+-01 3.6E-04 f/cc 2.5E-05 f/cc TLV-TWA <1.0%
Beryllium 5.5E+00 3.6E-06 2.5B-07 TLV-TWA <1.0%
Cadmium 7.8B-02 5.2E-08 3.5E-09 TLV-TWA <1.0%
Lead 2,1E+02 1.4E-04 9.7E-06 TLV-TWA <1.0%
Butyl Alcohol 7.8E+-01 5.2B-05 3.5B-06 PEL C <1.0%
Carbon Tetrachloride 1.6E+02 1.1B-04 7.3B-06 " TLV-TWA <1.0%
" Mercury 9.24+01 6.1B-05 4.1B-06 PEL C <1.0%
“ Methyl Alcohol 2.1E-01 1.4B-07 9.4E-09 EEGL <1.0%
I Methyl Chloride 1.0E+01 6.9E-06 4.7E-07 TLV-TWA <1.0% ‘
Polychlorinated 22E+02 1.5B-04 1.0E-05 TLV-TWA <10% "
Biphenyl (PCB) -
Trichloroethylene 1.0E+02 6.8E-05 4.6E-06 EEGL <1.0% ||
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Estimated Toxicological Consequences From Accidents Page 2 of §

Summary of Chemical Consequences for Postulated Accidents for the CH TRU Waste Handling Operations

Table 1.3-5

C f
Accident lggau’tyei_d Type of Release Compound R;lég;a!" d oncentrations (mg/m3) [(ﬁ’oé’e/&”f&ffi)‘*‘iﬁ'ﬂ]
’ mg% Exclysive Use Sit Limiting Off-sjte Exclysive Use Area
A d )
raa Boundary 0 cﬁl(ﬁ ca oundary
DBoundary | _______ 1T N R ——

-

Crane Drop Drums/unmitigated
ngefj 2) Methylene Chloride 295.92 1.8E-01 1.2E-02 TLV-TWA*3 <1.0%
Carbon Tetrachloride 439.25 2.6E-01 1.8E-02 TLV-STEL <1.0%
SWhBs/unmitigated
Methylene Chloride 380.47 TLV-TWA*3 <1.0%
-Carbon ecoﬁde v 564.75 10%

Pm‘l)c‘:,tl}!lgrog - Drums/unmitigated
5 (§§f3 ) Methylene Chloride 169.10 1.0B-01 6.8E-03 TLV-TWA*3 <1.0%
Carbon Tetrachloride 251.00 1.5E-01 1.0E-02 TLV-STEL <1.0% "
SWBs/unmitigated "
Methylene Chloride 718.66 4.3E-01 2.9E-02 TLV-TWA*3 <1.0% 4|
Carbon Tetrachloride | 1066.76 6.4E-01 4.3B-02 TLV-STEL 1.0%
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__Table 1.3-5, Summary of Estimated Toxicologiial Consequences From Accidents Page 3 of 5
Summary of Chemical Consequences for Postulated Accidents for the CH TRU Waste Handling Operations “
. Concentrations (mg/m3) (%’ of /EOFe Cri&(ilif's {
Accident l%slglel(t]u}terd Type of Release Compound R;,?gst%!: d [(Dose/Criteria) )|
M| Exchpive Use | poSifary | UPERORAI | Plgiinbnree
Boundar riterfa

LR

Drums/unmitigated

s R%f.4 ) ] Methylene Chloride 169.10 1.0E-01 6.8E-03 TLV-TWA <1.0%
Carbon Tetrachloride 251,00 1.5E-01 1.0E-02 PEL-TWA 1.2%
SWBs/unmitigated
Methylene Chloride 718.66 4.3E-01 2.9E-02 TLV-TWA <1.0%
Carbon Tetrachloride 1066.76 6.4E-01 4.3E-02 PEL-TWA 5.0%
L — -

5

Hoist -
ailure
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Table 1.3-5, Summary of Estimated Toxicological Consequences From Accidents Page 4 of 5
__Summary of Chemical Consequences for Postulated Accidents for the CH TRU Waste Handling Operations
C ,
Accident req"ted Type of Release Compound Ré?&t%g d oncentrations (mg/m3) [(Z"osel ofteS r)ﬁlg& |
E i .
xclxs g; Use Bo usllt(fary é’nﬁ Otli; glte Exclwlve se Area
Boun ar

U/G_Spont.
Ign

R.%f.:’ ) Drums/unmitigated
Asbestos 3.6E+01 1.8E-04 ficc 1.2E-05 f/cc TLV-TWA <1.0%
Beryllium 2.7E+00 1.8E-06 1.2E-07 TLV-TWA <1.0% "
Cadmium 3.9E-02 2.6E-08 1.8E-09 TLV-TWA <1.0% "
Lead 1.1E+02 7.1E-05 4.8E-06 TLV-TWA - <1.0% "
Butyl Alcohol 3.9E+01 2.6E-05 1.8E-06 PEL C <1.0% "
Carbon Tetrachloride 8.2E+01 5.4E-05 3.7B-06 TLV-TWA <1.0%
Mercury 4.6E+01 3.1E-05 2.1E-06 . PELC <1.0%
Methyl Alcohol 1.0E-01 6.9E-08 4.7E-09 EEGL <1.0%
Methyl Chloride 5.2E+00 3.5E-06 2.3E-07 TLV-TWA <1.0%
Polychiorinated 1.1E+02 7.4B-05 5.0E-06 TLV-TWA <1.0%
‘Biphenyl (PCB)
Tnchloroeth lene 5 lFfOl ' 5 2.?!}-06 EEGL
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Table 1,3-5 of Estimated Toxicological Consequences From Accidents

Summary of Chemical Consequences for Postulated Accidents for the CH TRU Waste Handling Operations

Page 5 of 5
]

Concentrations (mg/m3)

(oot Rage Critselp, |

Accident .glerss}gre‘gl Type of Release Compound Ra g}%& d

Exclxséve Use

Sit
Boared Boumfary

Limitin

Oélc

1%[1%3

ite

Exclysi A
0

P

i

DBT - - -

U/G Drop Drums/unmitigated
(5(.1212{:9) Methylene Chloride 295.92 2.3E-01 1.2E-02 TLV-TWA <1.0%
Carbon Tetrachloride 439.25 3.4E-01 1.8B-02 PEL-TWA <1.0%
SWBs/unmitigated '
Methylene Chioride 380.47 2.9E-01 1.5E-02 TLV-TWA <1.0%
Carbon 'I:gtmchloﬁdF 564.75” » 4‘4E:01, 2,3E-02 PEL-TWA <1.0%

Ref,
5.2.3.10
* e e
UG Roof Drums/unmitigated
Fall
5 £R§,f‘ . Methylene Chloride 887.76 6.9E-01 3.5E-02 TLV-TWA*3 <1.0%
Carbon Tetrachloride 1317.76 1.0E+00 5.3E-02 TLV-STEL 1.6%
SWBs/unmitigated
Methylene Chloride 1817.79 1.4E+00 7.3E-02 TLV-TWA*3 <1.0%
Carbon Tetrachloride 2698.27 2.1E+00 1.1E-01 TLV-STEL 33%
NOTE: No credit is taken for mitigation of solid, liquid chemicals or volatile organic compounds (VOC) by HEPA filtration.
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1.4 Organizations

The overall responsibility for the design, construction, operation, and decommissioning of the WIPP
rests solely with the DOE. Within the DOE, the Assistant Secretary for Environmental Restoration
and Waste Management (EM) is responsible for implementing the radioactive waste disposal policy.
In 1993, the DOE Carlsbad Area Office (CAO) was created to be directly responsible for the WIPP
Project. The CAO reports programmatically to the DOE-EM and administratively to the DOE-AL.

During the construction phase, DOE-AL contracted with the following organizations to participate in
the WIPP Project:

® Sandia National Laboratories (SNL), Department of Waste Management Technology,
Albuquerque, New Mexico, to serve as the Scientific Advisor

® Bechtel National Incorporated, Advanced Technology Division, San Francisco, California, to
serve as the Architect/Engineer

® Westinghouse Electric Corporation, Waste Isolation Division, Carlsbad, New Mexico, to serve
first as the Technical Support Contractor (1978-1985) and later as the Management and Operating
Contractor (1985-present)

NOTE: The U.S. Army Corps of Engineers was the construction manager under provisions of
an Interagency Agreement prior to transfer of this responsibility to the Management and
Operating Contractor (MOC).

SNL, as the Scientific Advisor, has been responsible for developing the conceptual design of the
WIPP facility, preparing the Draft and Final Environmental Impact Statements, and performing the

site selection and characterization studies. SNL is also responsible for completing the performance

assessment of the WIPP facility in compliance with 40 CFR 191 Subparts B and C.!

Bechtel, the Architect/Engineer, was responsible for developing the detailed design of the facility,
including construction bid package development and design related geotechnical explorations. Bechtel
engaged the services of Rockwell International as consultant for the design of special waste handling
equipment.

As the Technical Support Contractor (TSC) (from 1978-1985), Westinghouse was responsible for
providing general management and procurement support. In this role, Westinghouse performed
technical reviews of the design, prepared the Safety Analysis Report, supported preparation of the
Final Environmental Impact Statement, and provided support in operational planning and quality
assurance. In 1985, the DOE-AL contracted with Westinghouse to provide management and
operating services as the MOC. In this capacity, Westinghouse is solely responsible for general
management and operating services, including operational safety, engineering management, quality
assurance and control, project control, construction management, and environmental services. As
part of its responsibility as MOC, Westinghouse ensures that all inputs to facility operations are
properly reviewed for health, safety, and environmental implications.
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The DOE has entered into a formal agreement with the State of New Mexico for the purpose of
consultation and cooperation (WACC?). This agreement, including its associated working agreement
and subsequent modifications, provides a basis for the Governor of New Mexico to exercise the
state’s right, granted under Public Law 96-164,% to comment on and make recommendations regarding
the public health and safety aspects of the WIPP Project. The WACC designates key events, sets
time frames for review, provides for comments ahd resolution of comments, and establishes
procedures for review of the WIPP Project activities and for resolving conflicts.
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References for Section 1.4

1. 40 CFR 191, U.S. Environmental Protection Agency, Environmental Radiation Protection for
Management and Disposal of Spent Nuclear Fuel, High Level and Transuranic Wastes, Subpart
B, Environmental Standards for Disposal, July 1994.

2. Working Agreement for Consultation and Cooperation, signed by the U.S. DOE and the State of
New Mexico, July 1981 and subsequent revisions.

3. Public Law 96-164, Department of Energy National Security and Military Applications of Nuclear
Energy Authorization Act of 1980, December 29, 1979.

-
-
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1.5 Statutes, Federal Rules, and DOE Directives Applicable to the Preclosure WIPP CH TRU
Waste Operational Safety

Public Law 83-703
Public Law 90-148
Public Law 91-190
Public Law 94-580
Public Law 95-164
Public Law 96-164

Public Law 96-510
Public Law 102-579
10CFR Part 830
10CFR Part 835

29 CFR Part 1910
30 CFR Part 57

40 CFR Part 61,
Subpart H

40 CFR Part 191,
Subpart A

40 CFR Part 261
40 CFR Part 262
40 CFR Part 264
40 CFR Part 265

40 CFR Part 268
40 CFR Part 270

40 CFR Part 280
DOE Order 4330.4B
DOE Order 4700.1
DOE Order 5000.3B

DOE Order 5400.1
DOE Order 5400.4

DOE Order 5400.5
DOE Order 5440.1E

DOE Order 5480.4

DOE Order 5480.18B

Atomic Energy Act of 1954

Clean Air Act

National Environmental Policy Act

Resource Conservation and Recovery Act

Federal Mine Safety and Health Act of 1977

Department of Energy National Security and Military Applications of
Nuclear Energy Authorization Act of 1980

Comprehensive Environmental Response, Compensation, and Liability Act
Waste Isolation Pilot Plant I.and Withdrawal Act

Nuclear Safety Management, April 5, 1994

Occupational Radiation Protection, December 14, 1993

Occupational Safety and Health Standards, June 27, 1974

Safety and Health Standards - Underground Metal and Nonmetal Mines,
January 29, 1985

Subpart H - National Emission Standards for Emissions of Radionuclides

Other than Radon from Department of Energy Facilities; 40 CFR Part 61,
National Emission Standards for Hazardous Air Pollutants, December 15,
1989

Subpart A - Environmental Standards for Management and Storage; 40 CFR
191, Environmental Radiation Protection for Management and Disposal of
Spent Nuclear Fuel, High-level and Transuranic Radioactive Wastes,
November 18, 1985 .

Identification and Listing of Hazardous Waste, May 19, 1980

Standards Applicable to Generators of Hazardous Waste, May 19, 1980
Standards for Owners and Operators of Hazardous Waste Treatment,
Storage, and Disposal Facilities, May 19, 1980

Interim Status Standards for Owners and Operators of Hazardous Waste
Treatment, Storage, and Disposal Facilities, May 19, 1980

Land Disposal Restrictions, May 19, 1980

EPA Administered Permit Programs: The Hazardous Waste Permit
Program, April 1, 1983

Technical Standards and Corrective Action Requirements for Owners and
Operators of Underground Storage Tanks, September 23, 1988
Maintenance Management Program, February 10, 1994

Project Management Systems, June 2, 1992

Occurrence Reporting and Processing of Operations Information,

January 19, 1993

General Environmental Protection Program, June 29, 1990
Comprehensive Environmental Response, Compensation, and Llablhty Act
Requirements, June 6, 1989

Radiation Protection of the Public and the Environment, January 7, 1993
National Environmental Policy Act Compliance Program,

November 10, 1992

Environmental Protection, Safety, and Health Protection Standards,
January 7, 1993

Nuclear Facility Training Accreditation Program, August 31, 1994
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DOE Order 5480.19
DOE Order 5480.20A

DOE Order 5480.21
DOE Order 5480.22
DOE Order 5480.23
DOE Order 5480.24
DOE Order 5480.28
DOE Order 5500.1B
DOE Order 5500.2B

DOE Order 5500.3A
DOE Order 5500.3B

DOE Order 5500.7B
DOE Order 5500.10
DOE Order 5820.2A
DOE Order 6430.1A

Conduct of Operations Requirements for DOE Facilities, May 18, 1992

Personnel Selection, Qualification, Training Requirements for DOE Nuclear
Facilities, November 15, 1994

Unreviewed Safety Questions, May 12, 1994

Technical Safety Requirements, September 15, 1992

Nuclear Safety Analysis Reports, April 30, 1992

Nuclear Criticality Safety, August 12, 1992

Natural Phenomena Hazards Mitigation, January 15, 1993
Emergency Management System, April 30, 1991

Emergency Categories, Classes, and Notification and Reporting
Requirements, February 27, 1992

Planning and Preparedness for Operational Emergencies, February 27, 1992
Occurrence Reporting and Processing of Operations Information,
January 19, 1993

Emergency Operation Records Protection Program, October 23, 1991
Emergency Readiness Assurance Program, February 27, 1992
Radioactive Waste Management, September 1988

General Design Criteria, 1989

1'50 November 30, 1995




PN
/ \

g’

WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2
SITE CHARACTERISTICS
TABLE OF CONTENTS
SECTION TITLE PAGE NO.
2.1 Geography and Demography of the Area Around the WIPP Facility . . ............... 2-9
2.1.1 'WIPP Facility Location and Description .. ............... ... ... ... 2-9
2.1.1.1 WIPPFacility Area . . . .. .... .ottt e 2-9
2.1.2 Exclusion Arealand UseandControl . . ... ........ ... ... . ... . ..., 2-10
2.1.21 AUhOIItY .. ...t e 2-10
2.1.2.1.1 Agricultural Uses .. ........couiiiirinnnnnnnn 2-11
21212 Water Use ... ...ttt ittt i i 2-11
2.1.2.1.3 Industrial and Commercial Facilities . . .............. 2-11
References for Section 2.1 . . ... ... i i ittt i et e i e, 2-12
2.2  Nearby Industrial, Transportation and Military Facilities ....................... 2-19
2.2.1 Industrial and Commercial Facilities . . ... ... ... vvnmueienneeneanan. 2-19
2.2.2 EXtractive ACHVILIES . . .. ... ... .0ttt it e 2-19
223 OilandGasPipelines .......... ... .ttt 2-19
224 WaeIWAYS . . ..ottt ittt e et e 2-20
225 Military Facilities . . . . .. ..ottt ittt i it e 2-20
2.2.6 Airports and AviaionROWLES . ... ... .. ...ttt 2-20
227 Land Transportation . ... ..........c. .t iiuniimoennennnaenneennens 2-20
2271 RoadsandHighways ........... ...ttt iinnnnnn. 2-20
2272 Rallroads . ....... .ottt ittt e 2-21
2.2.8 ProjectedIndustrial Growth . ............ .. ... ... .. ... ..., 2-21
2.3 RESOUICES . .o ittt it i ittt e it ae e e e it ettt e i e e 227
2.3.1 Extractable Resources . . . .. e e e e et 2-27
2.3.1.1 Potash Resources atthe WIPP Site ......................... 2-27
2.3.1.2 Potash Mining in the Carlsbad Resource Area . .. ............... 2-28
2.3.1.3 Hydrocarbon Resources atthe WIPP Site . . ... ................ 2-28
2.3.2 DemographiCs . . . . . o vt ittt e e e 2-28
2321 ILandUseatthe WIPPSite ........... .0 iiiinnnnnnnn 229
2.3.2.2 Land Use in the Carlsbad Resource Area ..................... 2-30
23221 Ranmching ........... ...t tneniiiiinnnennn. 2-30
23222 Famming .. ... ... ...t e 2-30
23223 TOUMSID ... ...oiin e i ie it iaeeaeeann 2-30
2.3.2.3 Historyand Archaeology ........... ... .. i, 2-31
References for SeCON 2.3 . . . .. ... ittt e e e e 2-34
2.4 Background Environmental Conditions . . . . ........ ... ... ... 2-40
2.4.1 Terrestrial and AquaticEcology . . . ....... ... ... . L .. 2-40
24.1.1 Vegetation . . .. ... ... e e e 240
24.12 MammalS .. .. ...t i e e 242
24.13 Reptilesand Amphibians . ................ ... . .. ... 242
2414 BITAS . ...t 242
24.15 Arthropods ... ... ... 242

November 30, 1995



WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2

SITE CHARACTERISTICS
TABLE OF CONTENTS

SECTION TITLE PAGE NO.
24.1.6 AquaticEcology ........... ... i e 242
2417 Endangered Species . ... ... ... . ... i 243
242 Water Quality .. ......... 0ttt e e 243
2421 Groundwater Quality .............. ... .. . ... 243
2422 Surface-WaterQuality ........... ... ... .. ... . .. ... 244
243 AT Quality . ...... ... ... e 245
2.4.4 Environmental Radioactivity .. ... ... ... .. ... .. 245
2.44.1 Atmospheric RadiationBaseline . . ......................... 245
2.44.2 Ambient RadiationBaseline . . .. ............ ... ... ... ..., 246
2.443 TemrestrialBaseline ............... .. ... ... .. . ... . ... .. 246
2.44.4 HydrologicRadioactivity ............... .. ... ... . ... 246
2.4.4.4.1 Surface-Water and Sediment Background Radiation Levels . 2-46
2.4.4.4.2 Groundwater Radiological Characterization ........... 247
2445 BioticBaseline .......... ... .. ... il 247
References for Section 2.4 .. . .. ... .. ittt e e 248
2.5 MeEteOTOlOZY . . . . . it e e e e e 2-51
2.5.1 Recent Climatic Conditions . . . ... ... ... ...t 2-51
2.5.1.1 General Climatic Condftions . .............. ... iuueunnn. 2-51
2.5.1.2 Regional Meteorological Conditions for Design and Operatmg Bases ... 2-51
2.5.1.2.1 HeavyPrecipitation . . . ........................ 2-51
2.5.1.22 ThunderstormsandHail . ... .................... 2-51
25.123 Tormadoes............iiiieninn.n e 2-51
2.5.1.2.4 Freezing Precipitation . ........................ 2-52
25125 StrongWinds ... ...... ... i i 2-52
2.5.1.2.6 Restrictive Dispersion Conditions . . . . .............. 2-52
2.51.27 SandStOrms . ... ....... .. 2-53
25128 SHOW .. oiv ittt e 2-53
2.5.2 Local MeteorOlOgZY . . . - o oo vo it cee et e 2-53
2.5.2.1 Data SOUTCES . . . .o v vt et e ettt e e et e e 2-53
2.52.2 Temperature SUMMATY . . . . . . oo vt v v renneaneenaneaneeons 2-53
2.5.2.3 PrecipitationSummary .. ........... ... i 2-53
2.5.2.4 Wind Speed and Wind Direction Summary . ................... 2-54
2525 Topography .. ...... ...t e e 2-54
References for SECtiOn 2.5 . . . . .. . ittt ittt e 2-55
2.6 Surface-Water and Groundwater Hydrology . ............ ... iiiinenen .. 2-77
2.6.1 Groundwater Hydrology . ............ . it iiennnnnn. 2-78
2.6.1.1 Hydrology of the Capitan Limestone . ....................... 2-79
2.6.1.2 Hydrology of the Delaware Mountain Group . . . .. .............. 2-79
2.6.1.3 Hydrology of the Salado and Castile Formations ................ 2-80
2.6.13.1 SaladoHydrology . ...............iiuiiirnenn.. 2-80
2.6.13.2 CastileHydrology . . ..........cooiiiinnn. 2-81
2.6.1.4 Hydrology of the Rustler-Salado Comtact Zone . ................ 2-82
2.6.1.5 Hydrology of the Rustler Formation ........................ 2-83

2"2 November 30, 1995

O



O

e

s’

WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2

SITE CHARACTERISTICS
TABLE OF CONTENTS

SECTION TITLE PAGE NO.
2.6.1.5.1 Unnamed Lower Member of the Rustler Formation . . . ... 2-83
2.6.1.5.2 The Culebra Member of the Rustler Formation . ........ 2-84
2.6.1.5.3 Tamarisk Member of the Rustler Formation . . ......... 2-85
2.6.1.5.4 Magenta Member of the Rustler Formation ........... 2-85
2.6.1.5.5 Forty-niner Member of the Rustler Formation . . ... ... .. 2-85

2.6.1.6 Hydrology of the Supra-Rustler Rocks (Dewey Lake, :
~ Santa Rosa Sandstone, and Gatufia) . . . ... .. ..oeuinaaan . 2-86
2.6.1.6.1 DeweyLake ...........c.iiiiiirrtinneenann 2-86
2.6.1.6.2 SantaRosaSandstone ......................... 2-86
26163 Gatufid . ... ... ... e et e 2-87
2.6.1.6.4 Groundwater Elevation Measurements in 1991 ......... 2-87
2.6.2 Surface-Water Hydrology . . . .. ... ... ittt e iaeaan 2-88
2.6.3 Groundwater Discharge and Recharge . . . .. ........ ... ... ........... 2-89
References for Section 2.6 . .. ... . ..o ittt it e e e 291
2.7 (=) 14~ O 2-107
27.1 DataSourcesand Quality . ........... .. it iitinae e 2-107
2.7.2 GeologiC HiStOTY . . .o i ittt it ittt sttt et e et e e 2-108
2.7.3 Stratigraphy and Lithology in the Vicinity of the WIPP Site . . . ............ 2-109
2.7.3.1 General Stratigraphy and Lithology below the Bell Canyon ........ 2-109
2732 TheBellCanyon . ... ... ...ttt ittt 2-110
2733 TheCastile .............. S 2-111
2734 TheSalado ......... ... ittt it 2-112
2735 RusterFormation . ............ ...t iiiniieeneanennnn. 2-114
2.73.5.1 Unnamed LowerMember ..................... 2-115
2.7.3.5.2 The Culebra Dolomite Member .................. 2-116
2.73.53 The TamariskMember ....................... 2-117
2.7.3.5.4 The Magenta Dolomite Member ................. 2-117
2.73.5.5 The Forty-niner Member ...................... 2-118
273.6 Deweylake(Redbeds) ............................... 2-118
2737 TheSamaRosa ..............0 .t imniannnn. 2-119
2.7.3.8 TheGatda Formation ................. ... ...cuun.... 2-119
2739 MescaleroCaliche . .. ........... ... ... it iieinnnnnn. 2-120
2.7.3.10 Surficial Sediments . ............... .00ttt 2-121
2.7.4 Physiography and Geomorphology . ......... ... ... ... ... ... . ..., 2-122
2.7.4.1 Regional Physiography and Geomorphology .................. 2-122
2.7.4.2 Site Physiography and Geomorphology ..................... 2-122
2.7.5 Tectonic Setting and Site Structural Features . ....................... 2-123
2.75.1 BasinTiting . .............c.0 ittt iiieannnnnn. 2-124
2752 Faulting . ....... ...t e e 2-124
2753 Igneous Activity . ...... ... ... ittt e 2-125
2754 LloadingandUnloading ............................... 2-125
2.7.6 Non-Tectonic Processes and Features . .....................:...... 2-125
2.7.6.1 Evaporite Deformation . . ............... ...t 2-126

2.7.6.1.1 Basic WIPP History of Deformation Investigations . . . .. 2-126

2-3 November 38, 1935



WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2

SITE CHARACTERISTICS
TABLE OF CONTENTS
SECTION TITLE PAGE NO.
2.7.6.1.2 Extent of the Disturbed Zone atthe Site . . . .. ........ 2-127
2.7.6.1.3 Deformation Mechanisms . . . ................... 2-128
2.7.6.1.4 Timing of Deformation of the Disturbed Zone at the Site . . 2-128
2.7.6.2 Evaporite Dissolution . . . .. .......... . ... ... .. 2-128
2.7.6.2.1 Brief History of Project Studies . . . ............... 2-129
2.7.6.2.2 ExtentofDissolution ......................... 2-130
2.7.6.23 TimingofDissolution ........................ 2-130
2.7.6.2.4 Features Related to Dissolution .................. 2-131
References for SECHON 2.7 ... . ... ..ttt e 2-132
2.8 Vibratory Ground MOHOD . . .. .. ..ottt it it i e e e e e 2-161
281 SeISIMICHY . ... .. i e e e e e 2-161
2.8.1.1 Pre-1962 EarthquakeData ......................... ... 2-161
2.8.1.2 Comprehensive Listing of Earthquakes From All Studies -

January 1, 1962 through September 30, 1986 . ................ 2-162
28121 Magnitudes .. ......... ..t 2-162
2.8.1.2.2 Completeness of the Earthquake DataSet . .......... 2-163
2.8.1.2.3 Recurrence Interval Formulas ... ................ 2-164
2.8.1.2.4 Geographic Distribution of Earthquakes . . . .......... 2-165
2.8.1.3 The Events of July 26, 1972 and November 28, 1974 ... ......... 2-166
2.8.2 Geologic Structures and TectoniC ACHVILY . . .. ... oo vv i e i e vnennen.. 2-167

2.8.3 Correlation of Earthquake Activity with Geologic Structures or Tectonic
PIOVIDCES . . . . ittt e e e e e 2-169
2.8.4 Probabilistic Earthquake Potential .. ............................. 2-170
2.8.4.1 Acceleraion AHEMUAtON . . . . . .« o vt v ittt e 2-171
2.8.4.2 Source Zone Recurrence Formulas and Maximum Magnitudes ... ... - 2-173
2.8.43 Calculationof RiskCurves ............. ..., 2-177
2.85 DesignBasisEarthquake ................ .00ttt 2-180
References for Section 2.8 . . ... .. ... ... ... e 2-182

24 November 30, 1995




O

O

WIPP SAR

DOE/WIPP-95-2065 REV. 0 CHAPTER 2
SITE CHARACTERISTICS
LIST OF FIGURES

FIGURE TITLE PAGE NO.
Figure 2.1-1, Region Surrounding the WIPP Facility ............................. 2-13
Figure 2.1-2a, WIPP Surface Structures . ... ... .. ...ttt ittt ettt iaiaeaann 2-14
Figure 2.1-2b, Legendfor Figure2.1-2a ... ... ... .. ... . ittt 2-15
Figure 2.1-3, WIPP Facility Boundaries .............. ...t iiemiiinnennnnn 2-16
Figure 2.14, Grazing Leases Within the WIPP Site Boundary ....................... 2-17
Figure 2.14b, Legend . ... .. .. ... it it e e 2-18
Figure 2.2-1, 1995 Operable Natural Gas and Oil Wells, 10 MileRadins ................ 2-22
Figure 2.2-2a, 1995 Natural Gas Pipelines and Wells, SMileRadius . . .. ................ 2-23
Figure 2.2-2b, ExplanationtoFigure2.2-2a . ... ... ... ...ttt iennnnennn. 2-24
Figure 2.2-3, Airports and Aviation Routes Adjacent to the WIPP Facility ............... 2-25
Figure 2.3-1, Mariah Study Archeological Sites . . . .. .........c. it en.nn.. 2-36
Figure 2.5-1, Monthly Precipitation for the WIPP Site from 1990 through 1994 .. .......... 2-57
Figure 2.5-2, 1990 Annual Windrose - WIPP Site (figure unavailable) .................. 2-58
Figure 2.5-3, 1991 Annual Windrose - WIPP Site . ............ ... ...ccicinen.. 2-59
Figure 2.54, 1992 Annual Windrose - WIPP Site .. ........... ... ..., 2-60
Figure 2.5-5, 1993 Anmual Windrose - WIPP Site .. ......... ... ... cttiuineenn. 2-61
Figure 2.5-6, 1994 Annual Windrose - WIPP Site . .............. ... ... ... ... 2-62
Figure 2.5-7, 1990 Annual Windrose - Carlsbad . .............. ... ... ... .. ..... 2-63
Figure 2.5-8, 1991 Anmual Windrose - Carlsbad .................... [ 2-64
Figure 2.5-9, 1992 Annual Windrose - Carlsbad ................................ 2-65
Figure 2.5-10, 1993 Annual Windrose - Carlsbad . .............. .. ... ... ... .... 2-66
Figure 2.5-11, 1994 Annual Windrose - Carlsbad ................................ 2-67
Figure 2.5-12A,  Terrain Elevations Out to 5 Miles from Center of the WIPP Facility . ...... 2-68
Figure 2.5-12B, Terrain Elevations Out to 5 Miles from Center of the WIPP Facility ....... 2-69
Figure 2.5-12C, Terrain Elevations Out to 5 Miles from Cemnter of the WIPP Facility ..... .. 2-70
Figure 2.5-12D, Terrain Elevations Out to 5 Miles from Center of the WIPP Facility ....... 2-71
Figure 2.6-1, Drainage Pattern and Gaging Stations, Pecos River Basin . ................ 2-95
Figure 2.6-2, Borehole LocaionMap . .. ... . ... ..ttt ittt tiniiaeeaennnnn, 2-96
Figure 2.6-3, Schematic East-West Cross Section Through the North Delaware Basin . . ... ... 297
Figure 2.6-4, Schematic North-South Cross Section Through the North Delaware Basin . . . . . . . 2-98
Figure 2.6-5, Potentiometric Surface Map (composite) of the Delaware Mountain Group

and Capitan AQUIfer . . ... .. ... . . . i 2-99
Figure 2.6-6, Measured Water Levels and Estimated Freshwater Heads of the

Unnamed Lower Member and Rustler Salado Contact Zope . . . ............ 2-100
Figure 2.6-7, The Transient Calibrated Log,, Transmissivities ...................... 2-101
Figure 2.6-8, Water Levels and Estimated Freshwater Heads in the Magenta Dolomite Member  2-102
Figure 2.6-9, Location of Reservoirsin PecosRiver Basin . . . ...................... 2-103
Figure 2.6-10, Culebra Freshwater-Head Contour Surface ......................... 2-104
Figure 2.7-1, Major Geologic Events - Southeastern New MexicoRegion .. ............. 2-141
Figure 2.7-2, Site Geological Column . . . ........... ...t iieeeinennnnnnn.. 2-142
Figure 2.7-3,  Cross-Section from Delaware Basin (SE) Through Marginal Reef Rocks

toBack-reefFacies . .. . ... ... ... ... . ... 2-143
Figure 2.74, Generalized Stratigraphic Cross-Section Above Bell Canyon Formation at the

WP SHte . ... e e e e e 2-144
Figure 2.7-5a, Salado Stratigraphy . ............. e e e e et 2-145

2-5 November 30, 1995,



WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2
SITE CHARACTERISTICS
LIST OF FIGURES

FIGURE TITLE PAGE NO.
Figure 2.7-5b, Salado Stratigraphy - Detail of Unnamed Lower Member . ............... 2-146
Figure 2.7-6, Rustler Stratigraphy .. ............ ... .. . ... it 2-147
Figure 2.7-7, Halite MarginsinRustler . ... ....... ... . ... ... ... 2-148
Figure 2.7-8, Percentage of Natural Fractures in Culebra Filled with Gypsum . ........... 2-149
Figure 2.7-9, Log Character of Rustler Formation Showing Mudstone-Halite Lateral

Relationships . . . ... ..ot e e e e 2-150
Figure 2.7-10, Isopach of the Dewey Lake Formation ............................ 2-151
Figure 2.7-11, Isopach ofthe Sama ROSa .. ... ... ... .ciiiiin i 2-152
Figure 2.7-12, Physiographic Features of the Northern Delaware Basin . ................ 2-153
Figure 2.7-13, Site Topographic Map . . . ... ... ..ttt iie e, 2-154
Figure 2.7-14, Structural Provinces of the Permian BasinRegion ..................... 2-155
Figure 2.7-15, Depthtothe Base oftheCulebra ................................ 2-156
Figure 2.7-16, Isopach from the top of the Vaca Triste to thetop of the Salado ............ 2-157
Figure 2.7-17, Isopach from the Base of MB 103 to the Topofthe Salado ............... 2-158
Figure 2.7-18, Isopach from the Base of MB 123/124tothe Vaca Triste ... ............. 2-159
Figure 2.7-19, Structure Contour Map of Culebra Dolomite Base . .................... 2-160
Figure 2.8-1, Earthquakes Located Using Macoseismic or Regional Seismographic

Data 1923 - 1977 . . .. e 2-187
Figure 2.8-2, Valentine, Texas, Earthquake Isoseismals . ......................... 2-188
Figure 2.8-3, Earthquakes Located with the Help of Data from Station CLN (April 1974 -

February 1979) . .. ... ... ... e 2-189
Figure 2.84a, Earthquakes Location Using Kermit Array Data

November 1975 through July 1977 . . ... .. ... ... ... ... 2-190
Figure 2.8-4b, ExplanationtoFigure2.84a ...... ... ... ... ... ... .. .iiieeun... 2-191
Figure 2.8-5, Histograms of Number of Earthquakes:

1 January 1962 through 30 September 1986 .. ....................... 2-192
Figure 2.8-6, Earthquakes Recurrence Data (Log N versus M):

1 January 1962 through 30 September 1986 . .. ............ ... ...... 2-193
Figure 2.8-7, Earthquake Recurrence Data (Log N versus M): 18 May 1974 through

24 July 1980 and 29 August 1983 through 30 September 1986 ............. 2-194
Figure 2.8-8, Epicenters for All Located Earthquakes: -

1 January 1962 through 30 September 1986 . ... ..................... 2-195
Figure 2.8-9, Epicenters for All Located Earthquakes: 5 April 1974 through 6 October 1978 .. 2-196
Figure 2.8-10, Epicenters for Located Earthquakes with M>2.5:

1 January 1962 through 30 September 1986 .. ....................... 2-197
Figure 2.8-11, Epicenters for Located Earthquakes with M>2.5:

1 January 1962 through 3 February 1965 . ... ... .................... 2-198
Figure 2.8-12, Epicenters for Located Earthquakes with M>2.5:

4 February 1965throngh9March 1968 . . . . . ...... ... ... ... ....... 2-199
Figure 2.8-14, Epicenters for Located Earthquakes with M>2.5:

14 April 1971 through 17May 1974 . . .. .. ... ... . ... ... ... ... 2-201
Figure 2.8-15, Epicenters for Located Earthquakes with M>2.5:

25 July 1980 through 28 August 1983 . .. .. ...... . ... ... .. ... ..., 2-202
Figure 2.8-16, Epicenters for Located Earthquakes with M>2.5:

22 June 1977through 24 July 1980 . . . . . .. .. ... ..ttt 2-203

2-6 November 30, 1995




WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2
SITE CHARACTERISTICS
LIST OF FIGURES

FIGURE TITLE PAGE NO.
Figure 2.8-17, Epicenters for Located Earthquakes with M>2.5:

25 July 1980 through 28 August 1983 . ... . ... ... ... ... . ... ... .. 2-204
Figure 2.8-18, Epicenters for Located Earthquakes with M>2.5:

29 Angust 1983 through 30 September 1986 . . .. ..................... 2-205
Figure 2.8-19, Location Uncertainty for the July 26, 1972 Event ..................... 2-206
Figure 2.8-20, Earthquakes Located Using Macroseismic or Regional Seismographic

Data 1923 - 1977 and Suggested Site Subregions . ..................... 2-207
Figure 2.8-21, Site Region Structural Features and the Great Plains-Basin and Range

Physiographic Boundary ................ ...ttt 2-208
Figure 2.8-22, Earthquakes Located with the Help of Data from Station CLN and Suggested

Site SUbregions . . ... ... .. e e 2-209
Figure 2.8-23, Recommended Attenuation Curves . .. .......... ...t iununnen... 2-210
Figure 2.8-24, Algermissen and Perkins Seismic Source Zones . ..................... 2-211
Figure 2.8-25, Structural Features inthe WIPP Site Region . . ... .................... 2-212
Figure 2.8-26, Quadrilateral Representation of Algermissen and Perkins Source Zones .. ... .. 2213
Figure 2.8-27, Alternate Source GEOIEITies . . . . . . . . v vttt ittt et et et e en i 2-214
Figure 2.8-28, Risk Curves from Basin and Range or Rio Grande Rift Seismicity .......... 2-215
Figure 2.8-29, Risk Curves from Central Basin Platform Seismicity ................... 2-216
Figure 2.8-30, Risk Curves from WIPP Facility Source Zone Seismicity ................ 2-217
Figure 2.8-31, Generation of Total WIPP Facility Seismic Risk Curve Individual Source

| 1 O 2-218
Figure 2.8-32, Total WIPP Facility Risk Curve Extrema . . . . ... .............cv..... 2-219

2-7 Novesnber 38, 1995



WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2
SITE CHARACTERISTICS
LIST OF TABLES

TABLE TITLE PAGE NO.
Table 2.2-1,  Aviation Routes Within 5 Miles of the Wipp Facility .................... 2-26
Table 2.3-1,  U.S. Bureau of Mines Estimates of Potash Resources Within the Study Area . . . .. 2-37
Table 2.3-2, In-Place Oil WithinStudy Area ............ ... ... . . ¢.iiiiiuinnenn. 2-38
Table 2.3-3, In-place Gas WithinStudy Area . .. ... ... ... ... ... . .. .. .. 2-39
Table 2.4-1,  Ranges of Mean Values Measured for Radioactive Isotopes at Soil Collection Sites

at WIPP, 5 Miles from WIPP, and beyond 5 Miles from WIPP ............. 2-49
Table 2.4-2, Mean Values Measured for Radionuclides in Water Wells around the WIPP Site .. 2-50
Table 2.5-1, Maximum Wind Speeds for Roswell, NewMexico ..................... 2-72
Table 2.5-2,  Recurrence Intervals for High Winds in Southeastern New Mexico ........... 2-73
Table 2.5-3,  Seasonal Frequenciesof Inversions . . .. ...... ... ... .. ... ... ..... 2-74
Table 2.54,  Seasonal Valuesof MeanMixing Heights ... ................... .. ... 2-75
Table 2.5-5, Annual Average, Maximum, and Minimum Temperatures . . ... ............ 2-76
Table 2.6-1,  Hydrologic Characteristics of Rock Units atthe WIPP Site . .............. 2-105
Table 2.6-2,  Capacities of Reservoirs in the Pecos River Drainage . . ................. 2-106
Table 2.8-1,  Earthquakes Occurring Before 1962 and Centered Within 300 Km of the

WIPPFacility . ........ ...ttt 2-220
Table 2.8-2, Modified Mercalli Intensity Scale of 1931 ... ... ....... ... ... ...... 2-221
Table 2.8-3, Instrumental Origin Times, Locations and Magnitudes of Earthquakes ..... ... 2-222
Table 2.8-4, RiskCurveParameters . ... ...... ... ...t iiiruneneneennnens 2-232

2-8 November 30, 1995




)

O

WIPP SAR DOE/WIPP-95-2065 REV. 0 CHAPTER 2

SITE CHARACTERISTICS

This Chapter provides information on the location of the WIPP facility and the site characteristics to
support and clarify assumptions used in the hazards and accident analysis to identify and analyze potential
external and natural phenomena accident indicators and accident consequences external to the facility.

2.1 Geography and Demography of the Area Around the WIPP Facility
2.1.1 WIPP Facility Location and Description

The Waste Isolation Pilot Plant (WIPP) Facility is located in Eddy County in southeastern New Mexico
(Figure 2.1-1). The center of the WIPP facility is approximately 103°47'27" W longitude and 32°22'11"
N latitude.

Prominent natural features within five miles of the center of the WIPP facility are described in detail in
Section 2.7 and include Livingston Ridge and Nash Draw, which are located about five miles west.
Livingston Ridge, the most prominent physiographic feature near the WIPP facility, is a northwest facing
bluff (about 75 feet high) that marks the east edge of Nash Draw (a shallow drainage course about

five miles wide). Descriptions of Nash Draw and Livingston Ridge are presented in Section 2.7.

Other prominent natural features are the Pecos River which is about 12 miles west at its nearest point, and
Carlsbad Caverns National Park which is more than 42 miles west southwest. The nearest prominent
man-made features are the city of Loving (with a 1990 population of 1243) which is 18 miles west
southwest, and the city of Carlsbad (with a 1990 population of 24,896) which is 26 miles west.

2.1.1.1 WIPP Facility Area

The area of land that lies within the WIPP Site Boundary and committed to the WIPP facility is a square
four miles on a side. It contains 10,240 acres (16 mi®) including Sections 15-22 and 27-34 in township
T22S, R31E. The area containing the WIPP facility surface structures is surrounded with a chain link
fence and covers about 35 acres in Sections 20 and 21 of T22S, R31E. This fenced area is known as
Property Protection Area. The location and orientation of the WIPP facility surface structures are shown
in Figure 2.1-2. These structures include the Waste Handling Building (WHB) where radioactive waste is
received and prepared for underground disposal, four shafts to the underground area, a Support Building
containing laboratory and office facilities, showers, change rooms and equipment disposal areas for
underground workers, an Exhaust Filter Building (EFB), and a water supply system. Support structures
outside of the chain link fence include sewage stabilization ponds, other auxiliary buildings, two
mined-rock (salt) piles, and an evaporation pond for collecting salt pile runoff.

There are no industrial, commercial, institutional, recreational or residential structures within the WIPP
Site Boundary and no through public highways, railways or waterways traverse the WIPP Site Boundary.
County Road 802 crosses the WIPP Site Boundary as the south access road. There are four natural gas
pipelines that traverse the vicinity of the WIPP facility. - One pipeline that is within the WIPP Site
Boundary is oriented northeast southwest and is about 1.2 miles north of the center of the WIPP surface
structures at its closest point. This pipeline, along with other pipelines in the area of the WIPP facility, are
discussed in Section 2.2.3.

The areas that have been designated as subdivisions within the WIPP Site Boundary are defined below and
depicted in Figure 2.1-3.
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The Property Protection Area is an area of approximately 35 acres surrounded by a chain link fence.
Most of the WIPP facility surface structures are located within this area. Except for the salt storage piles,
and the wastewater stabilization ponds.

The Exclusive Use Area is an area of approximately 424 acres surrounded by a barbed wire fence and
posted no trespassing. Review of the WIPP Land Management Plan indicates that public access to the
WIPP 16 section area up to the Off-limits Area (WIPP Secured Area) is allowed for grazing purposes and
up to the DOE "Exclusive Use Area" for recreational purposes.

The Off-limits Area (shown in Figure 2.1-3) is an area of approximately 1,450 acres and is posted no
trespassing. Access to this area will be restricted.

The WIPP Site Boundary encompasses an area of 10,240 acres (16 sections). The DOE will not permit
subsurface mining, drilling, or resource exploration unrelated to the WIPP Project within the WIPP Site
Boundary during facility operation or after decommissioning. This prohibition precludes slant drilling
under the WIPP facility from within or outside the WIPP facility. With the exception of existing rights
under federal oil and gas leases No. NMNM 02953 and NMNM 02953C, which shall not be affected
unless a determination is made to require the acquisition of such leases to comply with final disposal
regulations or with the solid waste disposal act (42 U.S.C. 6901 et seq).”

Within the Property Protection Area, public access is restricted to employees and approved visitors.
Within the Exclusive Use Area access is restricted to authorized personnel and vehicles. Mining and
Drilling for purposes other than those which support the WIPP project are prohibited within the 16-section
(4,146 ha) Land Withdrawal Act (LWA). In addition, small areas have been fenced to control access to
material storage areas, borrow pits, the sewage stabilization ponds, and biological study plots.

A zone, provided between the mined area underground and the WIPP Site Boundary is a minimum of one
mile wide. This thickness was specified based on recommendations made by Oak Ridge National
Laboratory (ORNL). The ORNL recommendation of one to five miles for the size of the buffer zone was
to preclude unacceptable penetration of the salt formation. The ORNL stated that the actual size of the .
buffer must be based on site dependent factors including drilling operations, mining operations and salt
dissolution rates. This was addressed in the Geological Characterization Report' where the authors state
that the one mile buffer should provide more than 250,000 years of isolation using very conservative flow
assumptions.

2.1.2 Exclusion Area Land Use and Control

2.1.2.1 Authority

The 10,240 acres that lie within the WIPP Site Boundary are on federal land. During construction all the
federal lands within the WIPP Site Boundary were managed in accordance with the terms of Public Land
Order 6403 and a DOE/Bureau of Land Management (BLM) Memorandum of Understanding (MOU) and
the BLM Resource Management Plan.

During operations, the area within the WIPP Site Boundary will remain under federal control. This
includes all facility areas described in Section 2.1.1.1
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On October 30, 1992, the WIPP Land Withdrawal Act (LWA), Public Law 102-579, was signed by
President Bush transferring the land from the Department of the Interior (DOI) to the DOE. Consistent
with the mission of the WIPP facility, lands within and around the WIPP Site Boundary are administered
according to a multiple land use policy. Mining and Drilling for purposes other than those which support
the WIPP project are prohibited within the 16-section (4,146 ha) LWA subject such conditions and
restrictions as may be necessary to permit the conduct of WIPP-related activities.

2.1.2.1.1 Agricultural Uses

All the land within the WIPP Site Boundary up to the Exclusive Use Area has been leased for grazing,
which is the only significant agricuitural activity in the vicinity of the WIPP facility. There are two
leaseholders as shown in Figure 2.1-4. The Smith Ranch, owned by Kenneth Smith, Inc. of Carlsbad,
New Mexico, has lease rights to 2880 acres within the northern portion of the WIPP Site Boundary. J. C.
Mills of Abernathy, Texas, owner of the Mills Ranch, has lease rights to 7,360 acres within the southern
portion of the WIPP Site Boundary.

2.1.2.1.2 Water Use

There are no significant uses of surface or groundwater in the vicinity of the WIPP facility. Several
windmills have been erected throughout the area to pump groundwater for livestock watering.
Additionally, several ponds have been created to capture runoff for livestock.

2.1.2.1.3 Industrial and Commercial Facilities

There are no industrial facilities within a five-mile radius of the WIPP facility. Ranching is the only
commercial operation within five miles of the facility, with the exception of oil and gas related activities.
The five-mile radius encompasses grazing allotments of three separate ranches; however, only one ranch
house is located in the area. It is about 3.5 miles from the center of the WIPP facility in the south
southwest sector. There are three potash mines and two chemical processing plants (adjacent to the mines)
between five and 10 miles of the WIPP facility.
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FAC. # DESCRIPTION FAC. # DESCRIPTION

252 SPS UTILITY SUBSTATION 456 WATER PUMPHOUSE

253 13.8 KV SWITCHGEAR 25P~SWG15/1 457N WATER TANK 25-D-001A

254.1  AREA SUBSTATION NO.1 25P-SW15.1 457S  WATER TANK 25-D-0018
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254.4  AREA SUBSTATION NO.4 25P—-SW15.4 459A  SANDIA ANNEX

254,5  AREA SUBSTATION NO.5 25P-SW15.5 463 COMPRESSOR BUILDING

2546  AREA SUBSTATION NO.6 25P-SW15.6 465 AUXILIARY AIR INTAKE

254.7  AREA SUBSTATION NO.? 25P--SW15.7 468 TELEPHONE HUT

254,8  AREA SUBSTATION NO.8 25P-SW15.8 473 ARMORY BUILDING

255.1 EMERGENCY GENERATOR #1 25-PE 503 474 HAZARDOUS WASTE STORAGE FACILITY
255.2 EMERGENCY GENERATOR #2 25-PE 504 474A  HAZARDOUS WASTE STORAGE BUILDING
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351 EXHAUST SHAFT 474C  OIL & GREASE STORAGE BUILDING
361 AIR INTAKE SHAFT 474D  GAS BOTILE STORAGE BUILDING

362 AIR INTAKE SHAFT/HOIST HOUSE 474 HAZARD MATERIAL STORAGE BUILDING
363 AIR INTAKE SHAFT/WINCH HOUSE 474F  WASTE OIL RETAINER

364 EFFLUENT MONITORING INSTRUMENT SHED A 475 GATEHOUSE

365 EFFLUENT MONITORING INSTRUMENT SHED B 480 VEHICLE FUEL STATION

366 AR INTAKE SHAFT HEADFRAME 482 EXHAUST SHAFT HOIST EQUIP. WAREHOUSE
N SALT HANDLING SHAFT 485 SULLAIR COMPRESSOR BUILDING

372 SALT HANDLING SHAFT HEADFRAME 486 ENGINEERING BUILDING

384 SALT HANDLING SHAFT HOISTHOUSE 489 TRAINING BUILDING

384A  SALT HOIST OPERATIONS 819 SANDIA TEST WELL (NOT iDENTIFIED)
411 WASTE HANDLING BUILDING 906 UNDERGROUND OPERATIONS TRAILER
412 TRUPACT MAINTENANCE BUILDING 907 TRANS. & HAZ. MATERIAL HANDLING TRAILER
413 EXHAUST FILTER BUILDING 90BA  ENVIRONMENTAL MONITORING LAB TRAILER
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414 WATER CHILLER FACILTY & BLDG 910 ENVIRONMENTAL MONITORING TRAILER
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452 SAFETY & EMERGENCY SERVICES FACILITY 9118  SANDIA M101 TRAILER

453 WAREHOUSE /SHOPS BUILDING 911C  SANDIA OFFICES TRAILER

454 VEHICLE SERVICE BUILDING 911E  SANDIA TRAILER

455 AUXILLIARY WAREHOUSE BUILDING 911F  SANDIA B49 AND B49 ANNEX

BLDG./

FAC. # DESCRIPTION
911G SANDIA LABS TRAILER
912 TRAINING TRAILER
914A TRAINING TRAILER
915 NEW MEXICO ENVIR. DEPT. TRAILER
916 SANDIA OFFICES TRAILER
917 AlS MONITORING
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950 WORK CONTROL TRAILER
951 PROCUREMENT / PURCHASING
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971 HUMAN RESOURCES TRAILER
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995 SANDIA QA RECORDS TRAILER
SWR NO.1 SWITCHRACK NO. 1
SWR NO.2 SWITCHRACK NO. 2
SWR NO.3 SWITCHRACK NO. 3
SWR NO.4 SWITCHRACK NO. 4
SWR NO.6 SWITCHRACK NO. 6
SWR NO.7,7A,78 SWITCHRACK NO. 7, 7A, 7B
SWR NO.7C SWITCHRACK NO. 7C
SWR NO.8 SWITCHRACK NO. 8
SWR NO.9 SWITCHRACK NO. 9
SWR NO.10 SWITCHRACK NO. 10
SWR NO.11 SWITCHRACK NO. 11

SANDIA GENERATOR NO.1
SANDIA GENERATOR NO.2
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WIPP SITE BOUNDARY AREA
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2.2 Nearby Industrial, Transportation and Military Facilities

The extractive activities, transportation routes, and military operations that may have a potential affect on
operations at the WIPP facility are discussed in this section.

2.2.1 Industrial and Conunercial Facilities

There are no industrial facilities within a five-mile radius of the WIPP facility. Ranching is the only
commercial operation within five miles of the facility, with the exception of oil and gas related activities.
The five-mile radius encompasses grazing allotments of three separate ranches; however, only one ranch
house is located in the area. Itis about 3.5 miles from the center of the WIPP facility in the south
southwest sector. There are three potash mines and two chemical processing plants (adjacent to the mines)
between five and 10 miles of the WIPP facility.

2.2.2 Extractive Activities

Within a five mile radius from the center of the WIPP Land Withdrawal Area (LWA), both oil and gas are
extracted from the Salado formation. The majority of the newer wells produce oil and gas from the
Brushy Canyon formation of the Delaware Mountain Group. Gas wells typically produce from the deeper
Pennsylvanian-age formations (Atoka, Strawn, and Morrow formations). As of April 1995, there were
136 oil wells (some which produce both oil and gas), 21 gas wells, and 21 plugged wells within five miles
of the Land Withdrawal Act (LWA) boundary (Figure 2.2-2a). These wells are stratigraphically below the
repository horizon. There are likewise an additional 292 oil wells, 47 gas wells, and 83 plagged wells
within ten miles of the LWA boundary (Figure 2.2-1). The plugged wells include both wells that are
considered "dry holes" and wells that are no longer productive and have been permanently sealed.

Besides the oil and gas extractive activities, there are four active potash mines within ten miles of the
WIPP LWA. Potash is extracted from the McNutt Potash member which is stratigraphically above the
WIPP repository horizon.

2.2.3 Oil and Gas Pipelines

. There are no crude oil pipelines within five miles of the WIPP facility. There are, however, 16 natural gas

pipelines located within a five-mile radius of the WIPP facility. Many producing wells within the ten mile
radius of the WIPP are connected to tank batteries by gathering systems of flexible, plastic tubing. These
lines are typically buried at the time of instaliation; however, there are areas where these lines rest upon
the surface of the ground. They carry a mixture of crude oil, natural gas, and produced waters. At the
accumulation tanks, these fluids are separated, and the gas is then fed into pipelines. Thirteen of these
pipelines have right-of-way lease permits issued by the U.S. Department of the Interior (DOI), Bureau of
Land Management (BLM) for access to federal land, while four have permits issued by the State of New
Mexico, State Land Office, for access to state lands. Two pipelines require both federal and state
right-of-way lease permits. There is one pipeline located on federal land for which no right-of-way lease
permit information is available. ‘

The natural gas pipelines are owned and operated by three companies:
® El Paso Natural Gas Company, El Paso, Texas;
® Natural Gas Pipeline Company of America, Chicago, Illinois;

® Transwestern Pipeline Company, Roswell, New Mexico.
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Figure 2.2-2 shows the location of each pipeline within five miles of the WIPP facility, along with
pertinent information regarding each pipeline.

One major non-oil or gas pipeline lies within the WIPP Site Boundary. This is a 10 inch City of Carlsbad
water pipeline that provides the WIPP facility with potable water.

2.2.4 Waterways

There are no navigable waterways within a five-mile radius of the WIPP facility. The nearest river is the
Pecos River which is 12 miles west of the WIPP facility.

2.2.5 Military Facilities

There are no military facilities within a five-mile radius of the WIPP facility. Holloman Air Force Base is
the nearest military facility to the WIPP Site and is located 138 miles to the northwest.

2.2.6 Airports and Aviation Routes

There are no airports within a ten-mile radius of the site. The nearest airstrip, 12 miles north of the WIPP
facility, is privately operated by Transwestern Pipeline Company. The nearest commercial airport is
Cavern City, 28 miles west of the WIPP facility near Carlsbad. Other airports in the area are Eunice

(32 miles east), Carlsbad Caverns (42 miles southwest), Hobbs Airport (42 miles northeast), Jal (40 miles
southeast), Lovington ( 50 miles northeast), and Artesia (51 miles northwest). The relationship of these
airports to the WIPP facility is shown in Figure 2.2-3.

Portions of two federal airways are within five miles of the WIPP facility. Each airway is 10 miles wide.
The centerline of low altitude airway V-102 is three miles northwest of the WIPP facility and high altitude
airway J-15 is four miles northeast of the WIPP facility at their nearest points. These airways are shown
in Figure 2.2-3. Traffic data for these airways are given in Table 2.2-1. The combined traffic on both
routes is about 28 Instrument Flight Rule (IFR) flights per peak day. There are no approach or landing
zones within five miles of the WIPP facility.

2.2.7 Land Transportation
2.2.7.1 Roads and Highways

Other than the highways that provide north or south access, only one other highway lies within a five-mile
radius. This is New Mexico Highway 128, which is between four and five miles southwest of the WIPP
facility (Figure 1.2-1). It connects the small community of Jal with NM 31, which leads into Loving and it
provides access to Carlsbad. New Mexico Highway 128 is used by ranchers, school buses, potash miners,
and by oil and gas company vehicles occasionally transporting drilling rigs (wide loads) to sites in the area.
In 1985, it had an average daily traffic flow of about 400 vehicles. Several dirt roads in the area are
maintained for ranching, pipeline maintenance, and access to drilling sites.
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2.2.7.2 Railroads

Except for the rail spur that serves the WIPP facility, there are no railroad lines within the five-mile radius
of the WIPP facility. Rail lines to Western Ag-Minerals Corp. Nash Draw operation, International
Minerals and Chemical Corp., and the New Mexico Potash Corp. plant, all potash mining operations, are
located between six and 10 miles of the WIPP facility. All railroad lines within the general vicinity of the
WIPP facility are used specifically to transport potash ore.

2.2.8 Projected Industrial Growth

While no industrial activity occurs within five miles of the WIPP facility, active potash mining is
occurring. These ores are extracted from the Salado formation but are brought to the surface further than
five miles from the WIPP. Other extractive activities are oil and gas production (as detailed in section
2.2.2). No extractive activity is allowed within the LWA with the exception of section 31 (the southwest
corner section of the LWA). There is currently one gas well producing from that section below the 6000
foot land withdrawal designation. This well was slant drilled from section 6 of township 23 South. The
other fifteen sections of the LWA are withdrawn to the center of the earth. Other permit applications for
slant drilling into section 31 from outside sections have been denied by the BLM.

Three potash mining operations located around the WIPP facility were contacted concerning their
anticipated growth. If these operations expand, there is a possibility that at least two new shafts will be
sunk in the approximate two to five miles radius. Plans for expansion are not firm because they are
dictated in most cases by the market conditions for potash. Even if this expansion were to occur, it would
not pose a safety risk for the WIPP facility since surface and underground operations would be restricted
to areas outside the WIPP Site Boundary.

Except for the possible potash mining expansion discussed above, no significant increase in economic
activity is forecast for the future within five miles of the WIPP facility.
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Figure 2.2-1, 1995 Operable Natural Gas and Oil Wells, 10 Mile Radius
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Figure 2.2-2b, Explanation to Figure 2.2-2a

1.

10.

11.

12.

13.

14.

15.

16.

El Paso Natural Gas Co., Eunice-Carlsbad Line (LC060762) 12.75" Dia Gas Line, Built 1942,
Located 1.125 miles NNW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James “A” No. 1 (NM17321) 4.5"/8.625" Dia Gas Line, Built 1974,
Located 2.375 miles WNW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., Cabana No. 1 (NM18432) 4.5" Dia Gas Line, Built 1974, Located 4.25
miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James “E” No. 1 (NM19974) 4.5" Dia Gas Line, Built 1974, Located 4.25
miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., El Paso “201" Spur Line (NM20125) 4.5" Dia Gas Line, Built 1974,
Located 4.625 miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24",

El Paso Natural Gas Co., James “C” No. 1 (RW18344) 6.625" Dia Gas Line, Built 1974, Located
4.625 miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James Ranch Uait No. 1 (NM046228) (RW14190) 4.5" Dia Gas Line, Built
1958, Located 3.06125 miles WSW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James Ranch Unit No. 7 (NM26987) 4.5" Dia Gas Line, Built 1976,
Located 2.625 miles SW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., Arco State No. 1 (RW17822) 6.625" Dia Gas Line, Built 1971, Located
4.625 miles S of WIPP. Operation Pressure 837, Burial Depth 24",

El Paso Natural Gas Co., Lateral EE<4 (NM16959/(RW18065) 4.5" Dia Gas Line, Built 1973,
Located 3.125 miles SW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Natural Gas Pipeline Co. Of America, Lateral EE-6 Built 1974, 4.5" Dia Gas Line, Built 1974,
Located 3.2 miles SSW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Natural Gas Pipeline Co. Of America, Lateral EE-3 (NM16029) 8.625" Dia Gas Line, Built 1972,
Located 3.4 miles SSW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Natural Gas Pipeline Co. Of America, Lateral EE-7 (NM22471) 4.5" Dia Gas Line, Built 1974,
Located 4.7 miles SW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Transwestern Pipeline Co., West Texas Lateral (NM070224) 24" Dia Gas Line, Built 1960, Located
4.5 miles ENE of WIPP. Operating Pressure 1200 PSIG, Burial Depth 30".

Transwestern Pipeline Co., West Texas Lateral (NM8722) 30" Dia Gas Line, Built 1969, Located
4.25 miles ENE of WIPP. Operating Pressure 930 PSIG, Burial Depth 30".

Transwestern Pipeline Co., Momument Lateral (NM073482) 10" Dia Gas Line, Built 1960, Located
4.5 miles ENE of WIPP. Operating Pressure 930 PSIG, Burial Depth 30".
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Table 2.2-1, Aviation Routes Within 5 Miles of the Wipp Facility*

Name Minimum Origin and Aircraft
of Route Altitude Destination Type Flights/Day  Flight Rule
FAAV-102 3,000 ft AGL Carlsbad Commercial, 5** IFR
VORTAC military, and
Hobbs private
VORTAC
FAA J-15 18,000 ft MSL Wink Commercial 23 IFR
VORTAC military, and
Roswell private
VORTAC

*U.S. Department of Transportation, Federal Aviation Administration, Air Traffic Service, "En Route
IFR Peak Day Charts, FY 1976."

**Flights per day on V-102 does not include aircraft operating under Visual Flight Rules.

NOTE: 1976 was the last year day charts were logged by FAA. Local airfield does not monitor this
information.
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2.3 Resources

The topic of resources is used to broadly define both economic (mineral and non-mineral) and cultural
resources associated with the WIPP site. These resources are important since they (1) provide evidence of
past uses of the area, and (2) indicate potential future use of the area with the possibility that such use
could lead to disruption of the closed repository. Because of the depth of the disposal horizon, it is
believed that only the mineral resources are of significance in predicting the long-term performance of the
disposal system. However, the non-mineral and cultural resources are presented for completeness.

Mineral resource discussions are focused principally on hydrocarbons and potassium salts, both of which
have long histories of development in the region and the exploration for and production of which could be
disruptive to the disposal system. The information regarding the mineral resources concentrates on the
following factors:

e  Number, location, depth, and present state of development including penetrations through the disposal
horizon

¢ Type of resource
®  Accessibility, quality, and demand
®  Mineral ownership in the area.

The discussion of cultural and economic resources is focused on describing past and present land uses
unrelated to the development of minerals. The archaeological record supports the observation that changes
on land use are principally associated with climate and the availability of forage for wild and domestic
animals. In no case does it appear that past or present land use has had an impact on the subsurface
beyond the development of shallow groundwater wells to water livestock.

2.3.1 Extractable Resources

Geologic studies of the WIPP site have included an investigation of potential natural resources to evaluate
the impact of denying access to these resources as well as other consequences of their occurrence. Studies
were conducted in support of the Final Environmental Impact Statement (FEIS)* to assure knowledge of
minerals and resources and the impacts of their denial was included in the decision-making process for
WIPP. Of the mineral resources expected to occur beneath the site, five are of practical concern: the
potassium salts sylvite and langbeinite, which occur in strata above the repository horizon, and
hydrocarbons (crude oil, natural gas, and distillate liquids associated with natural gas), which occur in
strata below the repository horizon. Other mineral resources beneath the site are caliche, sait, gypsum
(Open-file Report 87), and lithium (SAND77-0946);* enormous deposits of these minerals near the site
and elsewhere in the country are more than adequate (and more economically attractive) to meet future
requirements for these materials (SAND78-1596).* The NMBMMR?® recently completed a comprehensive
reevaluation of the mineral resources within the first mile immediately adjacent to the WIPP site.

2.3.1.1 Potash Resources at the WIPP Site
Throughout the Carlsbad Potash Mining District, commercial quantities of potassium salts are restricted to
the middle portion of the Salado, the McNutt Potash Member. A total of 11 zones (or distinct ore layers)

have been recognized in the McNutt. Horizon Number 1 is at the base, and Number 11 is at the top. The
11th ore zone is not mined.
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The United States Geological Survey (USGS) uses three established standard grades: low, lease, and high,
to quantify the potash resources at the site (USGS Open-file Report).® The USGS assumes that the "lease"
and "high" grades comprise reserves because some lease-grade ore is mined in the Carlsbad district. Most
of the potash that is mined, however, is better typified by the high grade. Even the high-grade resources
may not be reserves, however, if their properties make processing uneconomic.

Griswold NMBMMR® used 40 existing drill holes on and around the WIPP site to perform a re-evaluation
of potash resources. He selected holes that were drilled using brine so that the dissolution of potassium
salts was inhibited. The DOE has concluded that only the 4th and 10th ore zones contain economically
attractive potash reserves based on NMBMMR.? The quantities are summarized in Table 2.3-1.

23.1.2 Potash Mining in the Carlsbad Resource Area

There are five operating potassium mineral operations in Eddy and Lea Counties. These mines lease about
120,000 acres of Federal mineral rights and 89,697 acres in State mineral rights. The closest mine to the
WIPP site is approximately 10 miles (16 kilometers). During the 1994 fiscal year for potash mines,
13,040,000 tons of ore were mined to produce 2,449,000 tons of potassium mineral fertilizers. This is
approximately 81 percent of United States’ production. This industry employs about 1,800 persons in the
direct mining and recovery of minerals, making it the area's major employer (U.S. Bureau of Mines
[USBM];” Energy, Mineral, Resource Department [EMRD] of New Mexico).®

2.3.1.3 Hydrocarbon Resources at the WIPP Site

In 1974 Foster of the NMBMMR conducted a hydrocarbon resource study in southeastern New Mexico
under contract to the ORNL. The study included an area of 1,512 square miles (3,914 square kilometers).
At the time of that study, the proposed repository site was about 5 miles (8 kilometers) northeast of the
current sitc. The 1974 NMBMMR evaluation included a more detailed study of a four-township area
centered on the old site; the present site is in the southwest quadrant of that area. The 1974 NMBMMR
hydrocarbon resources study is presented in more detail in the FEIS

(DOE/EIS-0026).° The reader is referred to the FEIS or the original study (AF[40-1]-4423)" for
additional information.

The NMBMMR’® mineral resource re-evaluation contains a comprehensive summary of all previous
evaluations.

Broadhead et al. NMBMMR? provided a reassessment of hydrocarbon reserves within the WIPP site
boundary and within the first mile adjacent to the boundary. Calculations were made for reserves that are
extensions of known, currently productive oil and gas reserves that are thought to extend beneath the study
area with reasonable certainty (called probable resources in the report). Qualitative estimates are also
made concerning the likelihood that oil and gas may be present in undiscovered pools and fields in the area
(referred to as possible reserves). Possible resources were not quantified in the study. The results of the
study are shown in Tables 2.3-2 and 2.3-3.

2.3.2 Demographics
The WIPP is located in the Southeastern part of Eddy County, near Lea County. The population density of

Eddy County is 11.63 persons per square mile; the Lea County population density is 12.69 persons per
square mile (Census of Population).*

Demographics for the communities surrounding the WIPP site are listed below, by county.
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EDDY COUNTY

Artesia 16,610 53 miles (86 kilometers) northwest
Carlsbad 24,896 26 miles (42 kilometers) west
Loving 1,243 18 miles (29 kilometers) west-southwest
Total Eddy County 48,605

LEA COUNTY

c . Populati Location. Relati he WIPP Si
Eunice 2,731 40 miles (64 kilometers) east

Hobbs 29,115 40 miles (64 kilometers) east

Jal 2,153 45 miles (72 kilometers) southeast
Lovington 9,322 50 miles (80.5 kilometers) northeast
Total Lea County 55,765

2.3.2.1 Land Use at the WIPP Site

At present, land within 10 miles (16 kilometers) of the site is used for potash-mining operations, active oil
and gas wells, and grazing. This pattern is expected to change little in the future.

The Waste Isolation Pilot Plant Land Withdrawal Act (LWA) (Public Law 102-579),% provides the DOE
with lands for operation of the WIPP project. The law provides for the transfer of the WIPP site lands
from the Department of the Interior (DOI) to the DOE and effectively withdraws the lands, subject to
existing rights, from entry, sale, or disposition; appropriation under mining laws; and operation of the
mineral and geothermal leasing laws. The LWA directed the Secretary of Energy to produce a
management plan to provide for grazing, hunting and trapping, wild life habitat, the disposal of salt, and
tailings and mining (PTB)."

There are no hydrocarbon production wells within the volumetric boundary defined by the LWA. One
active well, referred to as James Ranch 13, was drilled in 1982 to tap gas resources beneath Section 31.
This well was initiated in Section 6, outside the WIPP site boundary. The well enters Section 31 below a
depth of 6,000 feet (1,829 meters) beneath ground level (PTB).

Grazing leases have been issued for all land sections immediately surrounding the WIPP (PTB)." Grazing
within the WIPP site lands operates within the authorization of the Taylor Grazing Act of 1934, the
Federal Land Policy and Management Act (FLPMA), the Public Rangelands Improvement Act of 1978,
and the Bankhead-Jones Farm Tenant Act of 1973. The responsibilities of the DOE include supervision of
ancillary activities associated with grazing (e.g., wildlife access to livestock water development, assure
water developments inside WIPP lands are configured according to the regulatory requirements, etc.) and
ongoing coordination with respective allottees. Administration of grazing rights shall be in cooperation
with the BLM in accordance with an existing Memorandum of Understanding (MOU) and the coinciding
Statement of Work through guidance established in the East Roswell Grazing Environmental Impact
Statement (DOE/WIPP 94-2033).* Two grazing allotments administered by the BLM fall within the land
withdrawal area: Livingston Ridge (No. 77027), and Antelope Ridge (No. 77032) (DOE/WIPP 93-004).%
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2.3.2.2 Land Use in the Carisbad Resource Area

Major land uses in the Carlsbad resource area include potash mining and oil and gas recovery (discussed
previously), and ranching, farming, and tourism.

2.3.2.2.1 Ranching

There are 286 ranching units in the Carlsbad resource area (New Mexico Agricultural Statistics).!® The
approximate areas, in acres, are as follows:

County Jotal Eederal State Deeded
Eddy 2,675,000 1,627,827 577,225 470,149
Lea 2,812,160 416,960 1,199,221 1,195,979

The number of livestock located on these ranching units will vary depending upon grazing conditions.
However, the number of livestock (in heads) for the Carlsbad resource area as reported in the 1993 New
Mexico Agricultural Statistics™ are:

Goats/
Eddy 25,000 9,100 12,000 1,200
Lea 22,000 7,200 5,800 1,560

2.3.2.2.2 Farming

There are approximately 160,000 acres of farmland in the Carlsbad resource area. The principal crops
grown include cotton, alfalfa, and chile. There are also significant quantities of pecans grown in this area,
and minor amounts of truck vegetables.

2.3.2.2.3 Tourism

There are two national parks (Guadalupe Mountains and Carlsbad Caverns), a national forest (Lincoln),
and two state parks (Living Desert Zoo and Gardens, and Brantley) located within or near the Carlsbad
resource area. The Carlsbad Caverns National Park, which is 36 miles (58 kilometers) southeast of the
WIPP site, has approximately 1 million visitors per year. There are three dams on the Pecos River that
provide recreational activities during the summer months. The closest surface water to WIPP (the Pecos
River) is located about 12 miles (19 kilometers) away.
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2.3.2.3 History and Archaeology

The WIPP site boundary consists of a 16-square-mile (10,240-acre) area located in southeastern New
Mexico. From about 10,000 B.C. to the late 1800s, this region was inhabited by nomadic aboriginal
hunters and gatherers who subsisted on various wild plants and animals (DOE/WIPP 94-026).” From
about A.D. 600 onward, as trade networks were established with Puebloan peoples to the west,
domesticated plant foods and materials were acquired in exchange for dried meat, hides and other products
from the Pecos Valley and Plains. In the mid-1500s, the Spanish Conquistadors encountered Jumano and
Apachean peoples in the region practicing hunting and gathering and engaging in trade with Puebloans
(DOE/WTPP 93-017).%® After the Jumanos abandoned the southern Plains region, the Comanches became
the major population of the area. Neighboring populations, with whom the Comanches maintained
relationships ranging from mutual trade to open warfare, included the Lipan, or Southern Plains Apache;
several Puebloan groups; Spaniards; and the Mescalero Apaches (Report of Class II Survey and Testing).”

The best documented indigenous culture in the WIPP region is that of the Mescalero Apaches, who lived
west of the Pecos. Their lifestyle represents a transition between the full sedentism of the Pueblos and the
nomadic hunting and gathering of the Jumanos and Sumas. In 1763 the San Saba expedition encountered
and camped with a group of Mescaleros in Los Medafios. Expedition records indicate the presence of both
Lipan and Mescalero Apaches in the region (Report of Class IT Survey and Testing)."”

A peace accord reached between the Comanches and the Spaniards in 1768 resulted in two historically
important economic developments: (1) organized buffalo hunting by Hispanic and Puebloan "ciboleros”;
and (2) renewal and expansion of the earlier extensive trade networks by Comancheros. These events
placed eastern New Mexico in a position to receive a wide array of both physical and ideological input
from the Plains culture area to the east and north and from Spanish-dominated regions to the west and
south. Comanchero trade began to mesh with the Southwest American trade influence in the early
nineteenth century. However, Comanchero trade was cut short when the Lincoln County War erupted,
after which, the region was dominated by Texan influence (Report of Class II Survey and Testing)."”

The first cattle trail in the area was established along the Pecos river in 1866 by Charles Goodnight and
Oliver Loving. By 1868, Texan John Chism dominated much of the area by controlling key springs along
the river. Overgrazing, drought, and dropping beef prices led to the demise of open range cattle ranching
by the late 1880s (Mariah Associates, Inc. 1987, §3.2.2).”

The transition from open range livestock production to ranching, which involved fenced grazing areas and
production of hay crops for winter use, is an important historical issue in the arid west. Herd grazing
patterns were influenced by the availability of water supplies as well as by the storage of summer grasses
as hay for winter use.

The town now called Carlsbad was founded as "Eddy" in 1888 as a health spa. In addition to ranching, the
twentieth century brought the development of the potash, oil, and gas industries that have increased the
population eightfold in the last 50 years.

Although technological change has altered some of the aspects, ranching remains an important economic
activity in the WIPP region. This relationship between people and the land is still an important issue in the
area. Ranch-related sites which date to the 1940s and 50s are common in parts of the WIPP area. These
will be considered historical properties within the next several years, and thus will be treated as such under
current law (DOE/WIPP 93-017).%
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The National Historic Preservation Act (NHPA; 16 USC 470 et seq.) was enacted to protect the nation's
cultural resources in conjunction with the states, local governments, Indian tribes, and private
organizations and individuals. The policy of the federal government includes (1) providing leadership in
preserving the prehistoric and historic resources of the nation; (2) administering federally owned,
administered, or controlled prehistoric resources for the benefit of present and future generations;

(3) contributing to the preservation of non-federally owned prehistoric and historic resources; and (4)
assisting state and local governments and the national trust for historic preservation in expanding and
accelerating their historic preservation programs and activities. The act also established the National
Register of Historic Places ("National Register™). At the state level, the State Historic Preservation
Officer (SHPO) coordinates the state's participation in implementing the NHPA. The NHPA has been
amended by two acts: the Archaeological and Historic Preservation Act (16 USC 469 et seq.), and the
Archaeological Resource Protection Act (16 USC 470aa et seq.).

In order to protect and preserve cultural resources found within the WIPP site boundary, the WIPP
submitted a mitigation plan to the New Mexico SHPO describing the steps to be taken to either avoid or
excavate archaeological sites. A "site” was defined as a place used and occupied by prehistoric people
(DOE/EIS-0026-FS).? In May 1980, the SHPO made a determination of "no adverse effect from WIPP
activities" on cultural resources. The National Advisory Council on Historic Preservation concurred that
the WIPP Mitigation Plan is appropriate to protect cultural resources (DOE/EIS-0026-FS).%*

Known historical sites (more than 50 years old) in southeastern New Mexico consist primarily of early
twentieth century homesteads that failed, or isolated features from late nineteenth century and early
twentieth century cattle or sheep ranching and military activities. To date, no Spanish or Mexican
conquest or settlement sites have been identified. Historic components are rare but are occasionally noted
in the WIPP area. These include features and debris related to ranching.

Since 1976, cultural resource investigations have recorded 98 archaeological sites and numerous isolated
artifacts within the 16-square-mile (41.4-square-kilometer) area enclosed by the WIPP site boundary
(PTB).” In the central 4-square-mile (10-square-kilometer) area, 33 sites were determined to be eligible
for inclusion on the National Register as an archaeological district. Investigations since 1980 have
recorded an additional 14 individual sites outside the central 4-square-mile area that are considered eligible
for inclusion on the National Register (PTB). The major cultural resource investigations to date are
broken out as follows:

1977 The first survey of the area was conducted by J. Nielson® of the Agency for Conservation
Archaeology (ACA) for Sandia. This survey resulted in the location of 33 sites and 64 isolated
artifacts.

1979 R. MacLennan and S. Schermer® of ACA performed the next survey. It was conducted for
access roads and a railroad right-of-way for Bechtel, Inc. The survey encountered two sites and
12 isolated artifacts.

1980 Schermer® performed another survey to relocate the sites originally recorded by Nielson. This
survey redescribed 28 of the original 33 sites.

1981 P. Hicks** directed the excavation of nine sites in the WIPP core-area.

1982 B. Bradley® recorded one site and four isolated artifacts in an archaeological survey for a
proposed water pipeline.
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1985 K. Lord and W. Reynolds examined three sites within the WIPP core area. These sites
consisted of two plant-collecting and processing sites and one base camp used between 1000
B.C. and A.D.1400. The artifacts recovered from the excavations have been placed in the
Laboratory of Anthropology at the Museum of New Mexico in Santa Fe.

1987 Mariah Associates, Inc.” identified 40 sites and 75 isolates in an inventory of 2,460 acres in 15
quarter-section units surrounding the WIPP site. In this investigation, 19 of the sites were
located within the WIPP site's boundary. Sites encountered in this investigation tended to lack
evident or intact features. Of the 40 new sites defined, 14 were considered eligible for inclusion
in the National Register, 24 were identified as having insufficient data to determine eligibility,
and two were determined to be ineligible for inclusion. The eligible and potentially eligible sites
have been mapped and are being avoided by the DOE in its current activities at the WIPP site.
Figure 2-32 maps out the 40 archaeological sites identified by the Mariah study.

1988 Several archaeological clearance reports have been prepared for seismic testing lines on public
to  lands in Eddy County, New Mexico during this period.
1992 ,

The Delaware Basin has been used in the past for an isolated nuclear test, Project Gnome.” This test took
place in 1961 at a location approximately 8 miles (13 kilometers) southwest of the WIPP

(Project Gnome).” The primary objective of Project Gnome* was to study the effects of an underground
nuclear explosion in salt. The Gnome experiment involved the detonation of a 3.1 kiloton muclear device
at a depth of 1200 feet (361 meters) in the bedded salt of the Salado. The explosion created a cavity of
approximately 1,000,000 cubic feet (27,000 cubic meters), and caused surface displacements over an area
of about 1200 foot (360 meter) radius. Fracturing and fauiting caused measurable changes in rock
permeability and porosity at distances up to approximately 330 feet (100 meters) from the cavity. No earth
tremors were reported at distances over 25 miles (40 kilometers) from the explosion. Project Gnome*

was decommissioned in 1979.
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Table 2.3-1, U.S. Bureau of Mines Estimates of Potash Resources Within the Study Area

4th Ore Zone
10th Ore Zone

Langbeinite

Sylvite

40.5@ 6.9%
523 @ 13.99%

126.0@ 7.30%
105.0 @ 14.96%
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Table 2.3-2, In-Place Oil Within Study Area

Delaware 10.33 20.8 31.13
Bone Spring 0.44 0.8 1.25
Strawn 04 0.4 0.8
Atoka 1.1 0.1 0.2.
Total 12.3 22,9 353

Source: NMBMMR,® 1995, Ch. XI

* bbl = barrel = 42 gallons
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Table 2.3-3, In-place _Gas Within Study Area

Delaware
Bone Springs
Strawn
Atoka

Morrow

18,176
956
9,600
123,336
32,000

32,873
1,749
9,875

94,410

28,780

Source: NMBMMR,® 1995, Ch. XI

*Mcf = thousand cubic feet
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2.4 Background Environmental Conditions

o
Background environmental conditions® are provided in this SAR as part of the complete description of the @
WIPP and its vicinity. Background environmental conditions form the baseline for determining if releases
to the environment have occurred during the operational period or during any post-operational monitoring
period. Emphasis is placed on ecological conditions and water quality and includes the following:

Ecological Conditions

Vegetation

Mammals

Reptiles and amphibians
Birds

Arthropods

Agquatic ecology
Endangered species

Quality of Environmental Media

®  Surface-water
®  Groundwater
® Air

Pathways

®  Atmospheric radiation @
® Ambient radiation :

®  Terrestrial radiation

e  Hydrologic radiation

®  Biotic radiation.

2.4.1 Terrestrial and Aquatic Ecology

2.4.1.1 Vegetation

The WIPP site is in an area characterized by stabilized sand dunes. The vegetation is dominated by
shinnery oak, mesquite, sand sage, dune yucca, smallhead snakeweed, three-awn, and numerous species of
forbs and perennial grasses. The dominant shrubs are deep-rooted species with extensive root systems.
The shrubs not only stabilize the dune sand but serve as food, shelter, and nesting sites for many species of
wildlife inhabiting the area (DOE/EIS-0026-FS).”

The vegetation in the vicinity of the WIPP site is not a climax vegetation, at least in part because of past
grazing management. The composition of the plant life at the site is heterogeneous because of variations in
terrain and in the type and the depth of soil. Shrubs are conspicuous members of all plant communities.
The site lies within a region of transition between the northern extension of the Chihnahuan Desert (desert
grassland) and the southern Great Plains (Short Grass Prairie); it shares the floral characteristics of both.
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Grazing, primarily by domestic livestock, and fire control are largely responsible for the shrub-dominated
seral communities of much of southeastern New Mexico. A gradual retrogression from the tall- and mid-
grass-dominated vegetation of 100 years ago has occurred throughout the region.> The cessation of
grazing would presumably not alter the domination by shrubs, but it would result in an increase in grasses.
Experimental exclosures have been established to study site-specific patterns of succession in the absence
of grazing, but long-term results are not yet available (DOE/EIS-0026).*

The semiarid climate makes water a limiting factor in the entire region. The amount and timing of rainfall
greatly influence plant productivity and, therefore, the food supply available for wildlife and livestock.
The seeds of desert plants are often opportunistic: they may lie dormant through long periods of drought to
germinate in the occasional year of favorable rainfall. Significant fluctnations in the abundance and
distribution of plants and wildlife are typical of this region. Several examples of such fluctuations have
been documented in the area within 5 miles (8 kilometers) of the center of the WIPP site, which has been
intensively studied.®

Two introduced species of significance in the region are the Russian thistle, or tumbleweed, a common
invader in disturbed areas, and the salt cedar, which has proliferated along drainage ways.

Several distinct biological zones occur on or near the site: the mesa, the central dunes complex, the
creosote-bush flats, the Livingston Ridge escarpment, and the Tobosa Flats in Nash Draw west of the
ridge. A low, broad mesa named the Divide lies on the eastern edge of the study area and supports a
typical desert-grassland vegetation. The dominant shrub and subshrub are mesquite and snakeweed,
respectively. The most abundant grasses are black grama, bush muhly, ring muhly, and fluffgrass. Cact,
especially varieties of prickly pear, are present.>

‘Where the ground slopes down from the Divide to the central dune plains, the soil becomes deep and
sandy. Shrubs like shinnery oak, mesquite, sand sagebrush, snakeweed, and dune yucca are dominant. In
some places, all of these species are present; in others, one or more are either missing or very low in
density. These differences appear to be due to localized variations in the type and depth of soil. Thus, a
number of closely related but distinct plant associations form a "patchwork” complex, or mosaic, across
the stabilized dunes in the central area. Hummocky, partially stabilized sand dunes occur, and large,
active dunes are also present. The former consist of "islands” of vegetation, primarily mesquite, separated
by expanses of bare sand. The mesquite-anchored soil is less susceptible to erosion, mainly by wind, than
is the bare sand. The result is a series of valley-like depressions, or blowouts, between vegetated
hummocks. Active dunes running east to west are found 10 miles (16 kilometers) south and east of the
site.?

To the west and southwest, the soil changes again, becoming more dense and shallow (less than 10 inches
[25 centimeters] to caliche) than in the dune area. The composition of the plant life is radically altered,
and creosote bushes become dominant. Toward Livingston Ridge to the west and northwest, creosote
bushes gradually give way to an acacia-dominated association at the top of the escarpment. The western
face of the ridge drops sharply to a valley floor (flats) that is densely populated with tobosa grass, which is
rare elsewhere in the study area.’
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2.4.1.2 Mammals

The most conspicuous mammals at the site are the black-tailed jack rabbit (Lepus californicus) and the @
desert cottontail (Sylvilagus auduboni). Common small mammals found at the WIPP site include the Ord's

kangaroo rat (Dipodomys ordii), the plains pocket mouse (Perognathus flavescens), and the northern

grasshopper mouse (Onychontys leucogaster). Big-game species, such as the mule deer (Odocoileus

hemzionus) and the pronghorn antelope (Antilocapra americana), and carnivores, such as the coyote (Canis

latrans), are present in small numbers.

2.4.1.3 Reptiles and Amphibians

Commonly observed reptiles in the study area are the side-blotched lizard, the western box turtle, the
western whiptail lizard, and several species of snakes, including the bullsnake, the prairie rattlesnake, the
western diamondback rattlesnake, the coachwhip, the western hognose, and the glossy snake. Of these,
only the side-blotched lizard is found in all habitats. The others are mainly restricted to one or two
associations within the central dunes area, although the western whiptail lizard and the western
diamondback rattlesnake are found in areas dominated by creosote bush as well. The yellow mud turtle is
found only in the limited number of aquatic habitats in the study area (i.e., dirt stock ponds and metal stock
tanks), but it is common in these locales.?

Amphibians are similarly restricted by the availability of aquatic habitat. Aquatic habitats near the WIPP
site include stock-watering ponds and tanks. These may be frequented by yellow mud turtles (Kinosternon
flarescens), tiger salamanders (Ambystoma tigrinum), and occasional frogs and toads. Fish are sometimes
stocked in the ponds and tanks.’

2.4.14 Birds Q

Numerous birds inhabit the area either as transients or year-long residents. Loggerhead shrikes (Lanius
ludovicianus), pyrrhuloxias (Cardinalis sinuata) and black-throated sparrows (Admphispiza bilineata) are
examples of common residents. Migrating or breeding waterfowl species do not frequently occur in the
area. Some raptors (e.g., Harris Hawks [Parabuteo unicinctus]) are residents. The density of large avian
predators’ nests has been documented as among the highest recorded in the scientific literature.?

2.4.1.5 Arthropods

About 1,000 species of insects have been collected in the study area. Of special interest are subterranean
termites. Vast colonies of these organisms are located across the study area; they are detritivores and play
an important part in the recycling of nutrients in the study area.’

2.4.1.6 Aquatic Ecology

Aquatic habitats within a S-mile (8-kilometer) radius of the WIPP site are limited. Stock-watering ponds
and tanks constitute the only permanent surface waters. Ephemeral surface-water puddles form after
beavy thunderstorms. At greater distances, seasonally wet, shallow lakes (playas) and permanent salt lakes
are found.?
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Laguna Grande de la Sal is a large, permanent salt lake at the south end of Nash Draw. Natural brine
springs, effluent brine from nearby potash refineries, and surface and subsurface runoff discharge into the
lake. One of the natural brine springs at the northern margin of the lake has been found to support a small
population of the Pecos River pupfish. This species is among the species recognized as threatened by the
State of New Mexico. The spring, now called Pupfish Spring, is about 11 miles (18 kilometers) west-
southwest of the WIPP site.?

Several marine organisms are present in the lower Pecos and in the Red Bluff Reservoir. They include
small, shelled protozoans (Foraminifera), a Gulf Coast shrimp, an estuarine oligochaete and a dragonfly,
and several species of marine algae. These species have presumably been introduced. Salt-tolerant
species of insects, oligochaetes, and nematodes and unusual algal assemblages characterize this stretch of
the river. The combination of high salinity, elevated concentrations of heavy metals, and salt-tolerant and
marine fauna makes the lower Pecos a unique river system.?

2.4.1.7 Endangered Species

The DOE consulted with the U.S. Fish and Wildlife Service (FWS) in 1979 to determine the presence of
threatened and endangered species at the WIPP site.® At that time the FWS listed the Lee pincushion

cactus (Coryphantha sneed; var leei), the black-footed ferret (Mustela nigripes), the American peregrine

falcon (Falco peregrinus anatum), the bald eagle (Haliaeetus leucocephalus), and the Pecos gambusia
(Notropis simus pecosensis) as threatened or endangered and as occurring or having the potential to occur
on lands within or outlying the WIPP site. The U.S. Fish and Wildlife Services (FWS) advised the DOE
that the list of species provided in 1979 is still valid except that the black-footed ferret (Mustela nigripes)
should now be deleted. The DOE believes that the actions described in the Final Supplement,
Environment Impact Statement (FSEIS)* will have no impact on any threatened or endangered species
because these activities do not involve any ground disturbance that was not already evaluated in the Final
Environmental Impact Statement (FEIS).? In addition, there is no critical habitat for terrestrial species
identified as endangered by either the FWS or the New Mexico Department of Game and Fish
(NMDG&F) at the site area.

Also in 1989, the DOE consulted with the NMDG&F regarding the endangered species listed by the state
in the vicinity of the WIPP site. The NMDG&F (based on NMDG&F Regulation 657, dated Jamuary 9,
1988)° currently lists seven birds and one reptile that are in one of two endangerment categories and occur
or are likely to occur at the site.! The NMDG&EF agreed that the proposed WIPP activities would
probably not have appreciable impacts on endangered species listed by the state in the area.’ A Handbook
of Rare and Endemic Plants of New Mexico,® which lists the plants in New Mexico classified as
threatened, endangered, or sensitive, includes 20 species, representing 14 families, that are found in Eddy
County and could occur at or near the WIPP site.

2.4.2 Water Quality |
2.4.2.1 Groundwater Quality

Based on the major solute compositions described in SAND88-0196,” four hydrochemical facies are .
delineated for the Culebra.

Zone A. A sodium chloride brine (approximately 3.0 molar) with a magnesium/calcium (Mg/Ca) mole
ratio between 1.2 and 2.0. This water is found in the eastern third of the WIPP site. The zone is roughly
coincident with the region of low transmissivity described in SAND88-7002.% On the western side of the
zone, halite in the Rustler has been found only in the unnamed lower member. In the eastern portion of
the zone, halite has been observed throughout the Rustler.
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Zone B. A dilute anhydrite-rich water (ionic strength < 0.1 molar) occurs in the southern part of the site.
The Mg/Ca mole ratios are uniformly low (0.0-0.5). This zone is coincident with a high-transmissivity
region and halite is not found in the Rustler in this zone.

Zone C. Waters of variable composition with low to moderate ionic strength (0.3-1.6 molar) occur in the
western part of the WIPP site and along the eastern side of Nash Draw. Mg/Ca mole ratios range from
0.5 to 1.2. This zone is coincident with a region of variable transmissivity. In the eastern part of this
zone, halite is present in the lower member of the Rustler. Halite is not observed in the formation on the
western side of the zone. The most halite-rich water is found in the eastern edge of the zone, close to core
locations where halite is observed in the Tamarisk member.

Zone D. A fourth zone can be defined based on inferred contamination related to potash refining
operations in the area. Waters from these wells have anomalously high solute concentrations (3-6 molar)
and potassium/sodiam (K/Na) weight ratios (0.22) compared to waters from other zones (K/Na =
0.01-0.09). In the extreme southwestern part of this zone, the composition of the Culebra well water has
changed over the course of a 7-year monitoring period. The Mg/Ca mole ratio at WIPP-29 is anomalously
high, ranging from 10 to 30 during the monitoring period.

This zonation is consistent with that described in EEG31,° which defined three zones. The fourth zone (D)
was added in SAND88-0196" to account for the local potash contamination.

Together, the variations in sohutes and the distribution of halite in the Rustler exhibit a mutual

interdependence. Concentrations of solutes are lowest where Rustler halite is less abundant, consistent

with the hypothesis that solutes in Rustler groundwaters are derived locally by dissolution of minerals

(e.g., halite, gypsum, and dolomite) in adjacent strata. Q

The Total Dissolved Solids (TDS) in the Magenta groundwater ranges in concentration from 5,460 to
270,000 milligrams per liter. This water is considered saline to briny. The transmissivity in areas of
lower TDS concentrations is very low, thus greatly decreasing its usability, and the Magenta is not
considered as a water supply. In general, the chemistry of Magenta water is variable. Groundwater types
range from a predominantly sodium chloride type to a calcium-magnesium-sodium-sulfate type chemistry.
The water chemistry may indicate a general overall increase in TDS concentrations to the south and
southwest, away from the WIPP site, and a potential change to a predominantly sodium chloride water in
that area.

In the WIPP area, the water quality of the Magenta is better than that of the Culebra. However, water
from the Magenta is not used anywhere in the vicinity of the WIPP.

2.4.2.2 Surface-Water Quality

The Pecos River is the nearest permanent water source to the WIPP site. Natural brine springs,
representing outfalls of the brine aquifers in the Rustler, feed the Pecos at Malaga Bend, 12 miles

(19 kilometers) southwest of the site. This natural saline inflow adds approximately 70 tons of chloride per
day to the Pecos. Return flow from irrigated areas above Malaga Bend further contributes to the salinity.
The concentrations of potassium, mercury, nickel, silver, selenium, zinc, lead, manganese, cadmium, and
barium also show significant elevations at Malaga Bend but tend to decrease downstream. The metals
presumably are rapidly adsorbed onto the river sediments. Natural levels of certain heavy metals in the
Pecos below Malaga Bend exceed the water quality standards of the World Health Organization, the U.S.
Environmental Protection Agency (EPA), and the State of New Mexico. For example, the maximum @
water quality standard for lead is 50 parts per billion. Levels of up to 400 parts per billion have been
measured.
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As it flows into Texas south of Carlsbad, the Pecos River is a major source of dissolved salt in the west
Texas portion of the Rio Grande Basin. Natural discharge of highly saline groundwater into the Pecos
River in New Mexico keeps TDS levels iri the water in and above the Red Bluff Reservoir very high. The
TDS levels in this interval exceed 7,500 milligrams per liter 50 percent of the time and, during low flows,
can exceed 15,000 milligrams per liter. Additional inflow from saline water-bearing aquifers below the
Red Bluff Reservoir, irrigation return flows, and runoff from oil fields continues to degrade water quality
between the reservoir and northern Pecos County in Texas. Annual discharge-weighted average TDS
concentrations exceed 15,000 milligrams per liter. Water use is varied in the southwest Texas portion of
the Pecos River drainage basin. For the most part, water use is restricted to irrigation, mineral production
and refining, and livestock. In many instances, surface-water supplies are supplemented by groundwaters
that are being depleted and are increasing in salinity.’

2.4.3 Air Quality

Measurement of selected air pollutants at the WIPP site begin in 1976 and were reported by DOE in the
FEIS.? Since the preparation of that document, a more extensive air quality monitoring program has been
established. Seven classes of atmospheric gases regulated by the EPA have been monitored at the WIPP
site between August 27, 1986 and October 30, 1994. These gases are carbon monoxide (CO), hydrogen
sulfide (H,S), ozone (O;), nitrogen oxides (NO, NO,, NO,), and sulfur dioxide (SO,). The total suspended
particulates (TSPs) are monitored in conjunction with the air-monitoring programs of the WIPP. The
results of the monitoring program are detailed in the annual reports for the WIPP Environmental
Monitoring Program; this program is discussed in more detail in WIPP-CAO-95-1014.%°

2.4.4 Environmental Radioactivity

The background radiation conditions in the vicinity of the WIPP site are influenced by natural sources of
radiation, fallout from nuclear tests, and one local research project (Project Gnome). Prior to the WIPP
project, long-term radiological monitoring programs were established in southeastern New Mexico to
determine the widespread impacts of nuclear tests at the Nevada Test Site and to evaluate the effects of
Project Gnome. Project Gnome resulted in the underground detonation of a muclear device on December
10, 1961, at a site approximately 8 miles (13 kilometers) southwest of the WIPP site.

The WIPP Radiological Baseline Program (RBP), which included the Radiological Environmental
Surveillance Program, was initiated in July 1985 to describe background levels of radiation and
radionuclides in the WIPP environment prior to the underground emplacement of radioactive waste. The
RBP consisted of five subprograms: (1) atmospheric baseline; (2) ambient radiation (measuring gamma
radiation); (3) terrestrial baseline (sampling soils); (4) hydrologic baseline (sampling surface water and
bottom sediments and groundwater); and (5) biotic baseline (analyzing radlologlcal parameters in key
organisms along potential radionuclide migration pathways).

2.4.4.1 Atmospheric Radiation Baseline

Historically, most gross alpha activity in airborne particulates has shown little variation and is within the
range of 1 to 3 x 10" microcuries per milliliter, which is equivalent to 3.7 to 11 x 10™™ becquerels per
milliliter. Mean gross beta activity in airborne particulates fuctuates but is typically within the range of 1
t0 4 x 10™* microcuries per milliliter (3.7 to 15 x 107 becquerels per milliliter). A peak of 3.5 x 102
microcuries per milliliter (1.2 x 10 becquerels per milliliter) in mean gross beta activity occurred in May
1986 and has been attributed to atmospheric fallout from the Chernobyl incident in the former Soviet
Union. The average level of gamma radiation in the environment is approximately 7.5 microroentgens per
hour, or approximately 66 millirems per year.
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2.4.4.2 Ambient Radiation Baseline

Using the average rate of 7.5 microroentgens per hour, the estimated anmual dose is approximately

66 millirems. The fluctuations noted are primarily due to calibration of the system and meteorological
events such as the high-intensity thunderstorms that frequent this area in late summer. A seasonal rise in
ambient radiation has been observed in the first and fourth quarters each year. It is speculated that this
fluctuation may be due to variations in the emission and dispersion of radon-222 from the soil around the
WIPP site. These variations can be caused by meteorological conditions, such as inversions, which would
slow the dispersion of the radon and its progeny.

2.4.4.3 Terrestrial Baseline

Data were collected as part of the RBP at the WIPP in December 1985 and July 1987. Soil samples were
collected and analyzed from a total of 37 locations within an 50-mile (80-kilometer) radius of the WIPP
(see Table 2.4-1). The soil samples were analyzed for 19 radiomuclides: “K, ®Co, ®Sr, ¥'Cs, two
isotopes of radium, three isotopes of thorium, four isotopes of uranium, ZNp, four isotopes of plutonium
(*’Pu and #°Pu were measured together), #!Am, and *Cm. Four isotopes (“K, 2*U, U, and **U)
exhibited significant differences among the three geographic groups, with samples from the outer sites
having significantly higher levels of radioactivity than those from the 5-mile (8 kilometer) ring sites (i.e.,
16 sampling sites in a ring around the WIPP with a 5-mile [8-kilometer] radius). For U, #°U, and ¥*U,
the 5-mile ring sites also showed higher levels than the WIPP sites. The isotopes *’Cs, ZRa, 2*Th, and
#0Th exhibited differences between the outer sites and the other two groups, which were indistingnishable.
Again, the outer sites had significantly higher levels of radioactivity than the other two groups. Measured
mean values for “K, ¥"Cs, Z*Ra, the three thorium isotopes, and the three uranium isotopes were above
deection limits as shown in Table 2.4-1. The mean values for ®Co, *Sr, 2®Ra, 2°U, *'Np, the plutonium
isotopes, 2*Am, and **Cm fell below detection limits.

2.4.4.4 Hydrologic Radioactivity

The hydrologic radioactivity monitoring program is designed to establish characteristic radioactivity levels
in surface-water bodies, bottom sediments, and groundwater.

24.44.1 Surface-Water and Sediment Background Radiation Levels

Samples of both surface-water and groundwater were collected for the RBP. These samples were
analyzed for 19 radiomuclides CH, “K, ®Co, ®Sr, ¥’Cs, two isotopes of radium, three isotopes of thorium,
four isotopes of uranium, *’Np, and four isotopes of plutonium [*’Pu and *°Pu were measured together]).
The resulting data from the sampling of surface-water and groundwater were analyzed independently.

Surface Water

Samples of surface water were collected from 12 locations over the course of the RBP. Sampling
locations were divided into three groups for an initial analysis of geographic variability. Stock tanks -
represented the largest group, with five locations; they are located closest to WIPP. Stock tanks in this
area are typically man-made earthen catchment basins with no surface outflow. The Pecos River
represents the next major surface-water group. Four sampling locations were used along the Pecos, from
a northern (up-river) point near the town of Artesia to a southern (down-river) point near the town of
Malaga, New Mexico. The third group, called Laguna Grande de la Sal, represents water from a series of
playa lakes at the lower end of Nash Draw.
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The sample mean radioactivity levels for most radionuclides were below their respective detection limits.
Peak levels of “K from Laguna Grande de la Sal were 2.7 x 10°° microcuries per gram (1.0 Becquerels
per gram), whereas the mean level at all othér sampling locations was less than 2.7 x 107 microcuries per
gram (0.01 Becquerels per gram). All four isotopes of uranium exhibited significant differences among
the three geographic groups. For all four isotopes, radionuclide levels in the tanks were at least one order
of magnitude lower than levels found in the Pecos River and Laguna Grande de la Sal. Similar to “K,
levels of uranium were highest in Laguna Grande de la Sal. Only ®Co, ®'Cs, Z*Ra, **U, and Z*U were
found to be above detection limits.

Sediments

Sediments were collected for the RBP from six locations: Hill Tank, Indian Tank, Noye Tank, Laguna
Grande de la Sal, and two sites along the Pecos River. These samples were analyzed for 18 radionuclides
(tritium, *H, was not analyzed in the sediments.).

In all five cases where differences were found among location groups, the stock tanks had higher
concentrations of radionuclides, possibly indicating an accumulation effect from the closed nature of the
tanks. Laguna Grande de la Sal sediments contained significantly higher concentrations of U than did
the stock tanks and the Pecos River, which were indistinguishable.

2.44.42 Groundwater Radiological Characterization

Groundwater samples were collected from 37 wells: 23 completed in the Culebra, 4 completed in the
Magenta, and 10 privately owned. The samples were analyzed for the same 19 radionuclides as the
surface-water samples. Elevated levels of “K were found in the Magenta/private and Culebra

(2.0 to 5.4 x 107 microcuries per gram, or 7.3 to 20 x 10° Becquerels per gram, respectively)
groundwater. The increased levels of “K can be attributed to the generally high levels of dissolved solids
in groundwater in these formations. Only ®Co, *’Cs, radium, 2*U, and 2®U were found above detection
limits and ?5Ra which was found to have a distinct geographic pattern in the Culebra. Means from
individual wells, as shown in Table 2.4-2, show that levels of this radionuclide increase in concentration
from west to east.

Groundwater samples were collected in accordance with the written procedures. The primary objective of
the Water Quality Sampling Program (WQSP) is to obtain representative and repeatable groundwater-
quality data from selected wells under rigorous field and laboratory procedures and protocols. At each
well site, the well is pumped and the groundwater serially analyzed for specific field parameters. Once the
field parameters have stabilized, denoting a chemical steady state with respect to these parameters, a final
groundwater sample is collected to be analyzed for radiomuclides.

2.4.4.5 Biotic Baseline

This subprogram characterizes background radioactivity levels in key organisms along possible food-chain
pathways to man. Vegetation, rabbits, quail, beef, and fish are sampled, and palatable tissues are analyzed
for concentrations of transuranics and common naturally occurring radionuclides. Because the small
sample sizes in this program, no attempt has been made to interpret these data. The results are presented
in total in the Annual Site Environmental Report for Calendar Year 1991, (DOE/WIPP 92 A
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Table 2.4-1, Ranges of Mean Values Measured for Radioactive Isotopes at Soil Collection Sites at

‘ » W]P , 5 Mlles _fror}n» WIPP, and beyond 5 Miles fro_m WIPP »
YK 4.9 to 9.3x10° 1.8 to 3.4x10™
60C0 _ __2
9OSr - _2
¥iCs 1.3 to 2.2x107 4.7 to 8.1x10°
2Ra 2.6 to 5.4x10" 9.6 to 20x10°
mRa - 2
ZTh 2.1 10 4.9x107 7.8 to 18x10?
2Th 2.5 to 52x107 9.1 to 19x10°
2Th 3.0x107 1.1x10?
233U _ _2
2y 1.5 to 3.3x107 5.4 to 12x10®
35y 4.4t0 17x10° 1.6 to 6.3x10*
PN =y 1.6 to 3.0x10” 5.7 to 11x10?
237Np - _2
B8py _ _2
739/240Pu - _2
241Pu - _2
241 Am - _2
244Cm - _2
'The ranges of mean values are expressed in terms of microcuries per gram of soil (uCi/gm) and bequerels
per gram of soil (Bq/gm).
?Below minimum detection limit of 3.7 x 10 Bqg/gm.
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Table 2;4-2, Mean Values Measured for Radionuclides in Water Wells around the WIPP Site

~ 73 to 200
12
<MDL (7.9
7.2
6910 52
9.6
<MDL (3.7)
<MDL (0.37)
<MDL (0.37)
<MDL (0.37)
2.6
<MDL (N/S)
~0.72
<MDL (0.37)
<MDL (0.11)
<MDL (0.74)
<MDL (37)

<MDL=Less than the minimum detection level (MDL is shown in parentheses)
N/S=MDL not specified
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2.5 Meteorology
2.5.1 Recent Climatic Conditions

Current climatic conditions are provided to allow for the assessment of impacts of these factors on the
disposal unit and the site. The WIPP facility does not rely on climatic conditions to control waste
migration; however, meteorological information is used in the evaluation of the air pathway during
operation of the facility.

2.5.1.1 General Climatic Conditions

The climate of the region is semiarid, with generally mild temperatures, low precipitation and humidity,
and a high evaporation ratc. Winds are mostly from the southeast and moderate. In late winter and
spring, there are strong west winds and dust storms. During the winter, the weather is often dominated by
a high-pressure system situated in the central portion of the western United States and a low-pressure
system located in north-central Mexico. During the summer, the region is affected by a low-pressure
system normally situated over Arizona.!

2.5.1.2 Regional Meteorological Conditions for Design and Operating Bases

2.5.1.2.1 Heavy Precipitation

The maximum 24-hour rainfall at Roswell was 5.65 inches in November 1901.2 The maximum 24-hour
snowfall in Roswell was 15.3 inches in December 1960. The greatest snowfall during a 1-month period
was 23.3 inches in February 1905.%

2.5.1.2.2 Thunderstorms and Hail

The region has about 40 thunderstorm days annually. About 87.5% of these occur from May to
September.? A thunderstorm day is recorded if thunder is heard; but, the thunderstorm record is not
related to observations of rain or lightning and does not indicate the severity of storms in the region.

Hail usually occurs in April through June and is not likely to develop more than three times a year.
During a 39-year period at Roswell, hail was observed 97 times (about 2.5 times a year), occurring nearly
two thirds of the time between April and June.* For the 1° square (32° t0 33° N by 103° to 104°W)
surrounding the WIPP facility, hailstones 0.75 in and larger were reported eight times from 1955 to 1967
(slightly less than once a year).

2.5.1.2.3 Tornadoes

For the period 1916-1958, 75 tornadoes were reported in New Mexico on 58 tornado days.’ Data for 1953
through 1976 indicate a state wide total of 205 tornadoes on 152 tornado days,® or an average of 9
tornadoes a year on 6 tornado days. The greatest mumber of tornadoes in 1 year was 18 in 1972; the least
was 0 in 1953. The average tornado density in New Mexico during this period was 0.7 per 1,000 mf.
Most tornadoes occur in May and June.” From 1955 through 1967, 15 tornadoes were reported within the
1° square containing the WIPP surface facility.®
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H.C.S. Thom has developed a procedure for estimating the probability of a tornado striking a given point.’
The method uses a mean tornado path length and width and a site specific frequency. Applying Thom's
method to the WIPP facility yields a point probability of 0.00081 on an annual basis, or a recurrence
interval of 1,235 years. An analysis by Fujita yields a point tornado recurrence interval of 2,832 years in
the Pecos River Valley.*

According to Fujita, the WIPP design basis tornado with a million year return period has a maximum wind
speed of 183 mi/h, translational velocity of 41 mi/h, a maximum rotational velocity radius of 325 ft, a
pressure drop of 0.5 Ib/in?, and a pressure drop rate of 0.09 Ib/in®/s.

2.5.1.2.4 Freezing Precipitation

The region of the WIPP facility has about 1 day of freezing rain or drizzle a year.* An ice accumulation
of more than 0.25 in has not been observed. Any ice accumulation that does occur is thin because of the
scarcity of precipitation during the winter months and because daytime temperatures rise well above
freezing.

2.5.1.2.5 Strong Winds

The maximum 1-min wind speeds recorded at Roswell are shown in Table 2.5-1. The fastest 1-min wind
ever recorded at Roswell was 75 mi/h from the west in April 1953." Windstorms with speeds of 50 knots
or more occurred ten times (during the period between 1955 and 1967) about one a year.” The mean
recurrence interval for annual high winds at 30 ft above the ground in south eastern New Mexico is shown
in Table 2.5-2.>2 The 100-year recurrence 30-foot level wind speed in southeastern New Mexico is

82 mi/h. Based on a gust factor of 1.3," the highest instantaneous gust expected once in 100 years at 30 ft
above grade is 107 mi/h. The vertical wind profile for two 100-year recurrence intervals has been
estimated from the 30-foot values using the 1/7 power law”® and is presented in Table 2.5-2.

2.5.1.2.6 Restrictive Dispersion Conditions

Hosler** and Holzworth®® analyze records from several National Weather Service stations with the
objectives of characterizing atmospheric dispersion potential. Seasonal and annual frequencies of
inversions based at or below 500 ft for the WIPP facility region are shown in Table 2.5-3. Most of these
inversions are diurnal (radiation-induced) and occur because the radiation cooling at the earth's surface is
increased by conditions that frequently exist at the WIPP facility. The conditions are lack of moisture,
clear skies and low air density. When these conditions exist in the early morning, radiation lost from the
surface is not adequately absorbed and reradiated by upper level air to heat the air at the surface
sufficiently. Consequently, the air at the surface quickly becomes cooler than the upper level air and the
colder surface air becomes trapped.

Holzworth gives estimates of the average depth of vertical mixing, which indicates the thickness of the
atmospheric layer available for the mixing and dispersion of effluents.”® The seasonal afternoon mixing
heights for the region (Table 2.5-4) range from 1,320 meters in winter to 3,050 meters in summer,
Seasonal morning mixing heights in the region range from 300 meters in winter to 680 meters in summer.
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2.5.1.2.7 Sandstorms

Blowing dust or sand may occur occasionally in the region due to the combination of strong winds, sparse
vegetation and the semiarid climate. High winds associated with thunderstorms are frequently a source of
localized blowing dust. Dust storms covering an extensive area are rare, and those that reduce visibility to
less than 1 mi occur only with the strongest pressure gradients such as those associated with intense
extratropical cyclones which occasionally form in the region during winter and early spring. Winds of 50
to 60 mi/h and higher may persist for several days if these pressure systems become stationary.> Ten
windstorms of 58 mi/h and greater were reported during 1955-1967 within the 1° square in which the
WIPP facility is located.” Blowing dust or sand may reduce visibility to less than 5 mi over an area of
thousands of square miles. However, restrictions of less than 1 mi are qmte localized and depend on soil
type, conditions, cultivation practices and vegetation in the immediate area.’

2.5.1.2.8 Snow

The 100-year recurrence maximum snowpack for the WIPP facility region is 10 Ib/f>.> The probable
maximum winter precipitation (PMWP) in the WIPP facility region is taken to be the probable maximum
48-hour precipitation during the winter months of December through February. The PMWP for the WIPP
facility is estimated to be 12.8 inches of rain (i.e., 66 Ib/ft?).’>”” The snowload for the WIPP facility is
calculated (ground level equivalent) to be 27 Ib/ft>. Specific roof loads are estimated based on ANSI's
methodology .

2.5.2 Local Meteorology
2.5.2.1 Data Sources

On site meteorological data (hourly) are used to characterize the local meteorology of the WIPP facility.

2.5.2.2 Temperature Summary

Temperatures are moderate throughout the year, although seasonal changes are distinct. The mean annual
temperature in southeastern New Mexico is 63°F (17.2°C). In the winter (December through February),
night-time lows average near 23°F (-5°C), and average maxima are in the 50s. The lowest recorded
temperature at the nearest Class-A weather station in Roswell was -29°F (-33.8°C) in February 1905. In
the summer (June through August), the day-time temperature exceeds 90°F (32.2°C) approximately 75
percent of the time.! The National Weather Service recently documented a measurement of 122°F (50°C)
at the WIPP site as the record high temperature for New Mexico. This measurement occurred on June 27,
1994. Table 2.5-5 shows the annual average, maximum, and minimum temperatures from 1990 through
1994.

2.5.2.3 Precipitation Summary

Precipitation is light and unevenly distributed throughout the year, averaging 13 inches (33 centimeters) for
the past five years. Winter is the season of least precipitation, averaging less than 0.6 inches

(1.5 centimeters) of rainfall per month. Snow averages about 5 inches (13 centimeters) per year at the site
and seldom remains on the ground for more than a day at a time because of the typically above-freezing
temperatures in the afternoon. Approximately half the annual precipitation comes from frequent
thunderstorms in June through September. Rains are usually brief but occasionally intense when moisture
from the Gulf of Mexico spreads over the region.! Monthly average, maximum, and minimum
precipitations recorded at the WIPP site from 1990 through 1994 are summarized in Figure 2.5-1.
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2.5.2.4 Wind Speed and Wind Direction Summary

The frequencies of wind speeds and directions are depicted by windroses in Figures 2.5-2 through 2.5-6
for the WIPP site, and Figures 2.5-7 through 2.5-11 for Carlsbad, New Mexico. In general, the
predominant wind direction at the WIPP site is from the southeast, and the predominant wind directions in
Carlsbad are from the south, southeast, and west.

2.5.2.5 Topography

The land surface in the vicinity of the WIPP facility is a semiarid, wind blown plain sloping gently to the
west and southwest. Its surface is made somewhat hummocky by an abundance of sand ridges and dunes.
The average slope within a 3-mile radius is about 50 ft/mi from the east to west.

A plot of terrain profiles from the center of the WIPP facility out to 5 miles is presented in Figure 2.5-12
for each of the 16 direction sectors.
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Figure 2.5-2, 1990 Annual Windrose - WIPP Site (figure unavailable)
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Figure 2.5-3, 1991 Annual Windrose - WIPP Site
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Figure 2.54, 1992 Annual Windrose - WIPP Site
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Figure 2.5-5, 1993 Annual Windrose - WIPP Site
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Figure 2.5-6, 1994 Annual Windrose - WIPP Site
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Figure 2.5-8, 1991 Annual Windrose - Carlsbad
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Figure 2.5-9, 1992 Annual Windrose - Carlsbad
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Figure 2.5-10, 1993 Annual Windrose - Carisbad
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Figure 2.5-11, 1994 Annual Windrose - Carlsbad
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Figure 2.5-12A, Terrain Elevations Out to 5 Miles from Center of the WIPP Facility
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Figure 2.5-12B, Terrain Elevations Out to 5 Miles from Center of the WIPP Facility
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Table 2.5-1, Maximum Wind Speeds for Roswell, New Mexico*

Max wind Max wind
Month speed, mph Month speed, mph
January 67 July 66
February 70 August 72
March 66 September 54
April 75 October 66
May 72 November 65**
June 73 December 72

*Climates of the States, Vol. 2 - Western States, Roswell, NM, U.S. National Oceanic and
Atmospheric Administration (NOAA), Water Information Center, Inc., Asheville, NC, 1974,

p. 804.Local Climatological Data, Annual Summary 1985, Roswell, NM, NOAA-ED.

**Qccurred more than once.
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Table 2.5-2, Recurrence Intervals for High Winds in Southeastern New Mexico*

Speed, mph
Recurrence, years 30’ 50 100" 150
2 58 62 65 73

10 68 73 81 86

25 : 72 77 86 91

50 80 86 95 101

100 82 88 97 103
.|
*0. G. Sutton, Micrometeorology (McGraw-Hill Book Co., Inc., New York, 1953), p. 238.
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Table 2.5-3, Seasonal Frequencies of Inversions*

Inversion frequency
Season (% of total hours) Maximum %**

Spring 32 65
Summer 25 68
Fall 35 72
Winter 46 78
Anmual 35 70

*C. R. Hosler, "Low-Level Inversion Frequency in the Contiguous United States,” Monthly Weather
Review, 89 (9) (1961).

**Frequency of 24-hour periods with at 1éast 1 hour of inversion based at or below 500 feet.
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Table 2.54, Seasonal Values of Mean Mixing Heights*

Season

Spring
Summer
Fall
Winter

Annual

Mean afternoon
mixing height, m  mixing height, in.

2800
3050
2000
1320
2400

Mean morning

480
680
440
300
470

*@G. C. Holzworth, Mixing

Contiguous United States, U.S. Envxronmemal Protecnon Agency (EPA) Research Tnangle Park

NC (1972).

2-75

November 30, 1995



WIPP SAR

DOE/WIPP-95-2065 REV. 0

CHAPTER 2

Table 2.5-5, Annual Average, Maximum, and Minimum Temperatures

1990 17.8 64.0 46.1 115.0 -13.9 7.0
1991 17.2 63.0 42.8 109.0 -7.8 18.0
1992 17.2 63.0 42.8 109.0 -10.0 14.0
1993 17.8 64.0 42.8 109.0 -18.9 2.0
1994 17.8 64.0 50.0 122.0 -14.4 6.0
Average 17.6 63.6 44.9 112.8 -13.0 8.6

Source: WIPP Anmual Site Environmental Report for Calendar Years 1990 through 1994 (Draft)
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2.6 Surface-Water and Groundwater Hydrology

The hydrological characteristics of the disposal system are important because contaminant transport via
fluid flow has the potential of having the greatest impact on the disposal system. At the WIPP site, one of
the DOE's selection criterion was to choose a location that would minimize these impacts. This was
accomplished when the DOE selected (1) a disposal medium that is essentially devoid of groundwater; (2)
a location where the effects of groundwater circulation are minimal and predictable; (3) an area where
groundwater use is virtually non-existent; (4) an area where there are no surface-waters; (5) an area where
future groundwater use is unlikely; and (6) a repository host rock that will not likely be affected by
anticipated long-term climate changes possible within 10,000 years.

The following discussion summarizes the characteristics of the groundwater and surface-water at and

around the WIPP site. This summary is based on data collection programs that were initiated at the
inception of the WIPP program and which continue to some extent today. These programs have several

purposes:

® To provide sufficient information to develop predictive models of the groundwater movement within
the vicinity of the WIPP site

® To collect data to evaluate the predictive models and to adapt them to the specific conditions of the
WIPP site

® To develop an undefstanding of the surface-water characteristics and the interaction between surface-
waters and groundwater

® To develop predictive models of the interaction between surface-water and groundwater during
reasonably expected climate changes.

In order to provide a comprehensive understanding of the impéct of groundwater and surface-water on the
disposal system, the following are the relevant factors which have been evaluated:

Groundwater

® General flow direction

® Flow type

® Horizontal and vertical flow velocities

® Hydraulic interconnectivity between rock units
® General groundwater use

® Chemistry (including, but not limited to, salinity, mineralization, age, oxidation potential (Eh, and
pH).
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Surface-Water

® Regional precipitation and evapotranspiration rates
® Location and size of surface-water bodies

® Water volume, flow rate, and direction

® Drainage network

e Hydraulic connection with groundwater

® Soil hydraulic properties (infiltration)

® General water chemistry and use.

The hydrological system is divided into three segments for the purposes of modeling and discussion.

These are (1) the Salado, which for the most part concerns the performance of the disposal system; (2) the
non-Salado rock units, which are of interest to the extent they can affect the Salado and the performance of
the disposal system; and (3) the surface-waters, which are impacted by the natural variability of the
climate.

The WIPP site lies within the Pecos River drainage area (Figure 2.6-1). The climate is semiarid, with an
average annual precipitation of about 13 inches (0.33 meters), a mean annual runoff of from 0.1 to 0.2
inches (2.5 to 5 millimeters), and a mean annual pan evaporation of more than 100 inches (2.5 meters).
Brackish water with total dissolved solids (TDS) concentrations of more than 3,000 parts per million is
common in the shallow wells near the WIPP site. Surface-waters (Section 2.4.2.2) typically have high
TDS concentrations, particularly of chloride, sulfate, sodium, magnesium, and calcium.

At the WIPP site, the DOE obtains hydrologic data from conventional and special-purpose test
configurations in multiple surface boreholes. (Figure 2.6-2 is a map of borehole locations.) Geophysical
logging of the boreholes has provided hydrologic information on the rock strata intercepted. Pressure
measurements, fluid samples, and ranges of rock permeability have been obtained for selected formations
through the use of standard and modified drill-stem tests.

Slug injection or withdrawal tests have provided additional data to aid in the estimation of transmissivity
and storage. Also, the hydraulic head of groundwaters within many water-bearing zones in the region has
been mapped from measured depths to water in the boreholes (DOE/WIPP 94-2033).!

2.6.1 Groundwater Hydrology

Rock units that are important to WIPP hydrology are the Delaware Mountain Group, the Castile, the
Salado, the Rustler, the Dewey Lake, the Santa Rosa, and the Gatufia (Figures 2.6-3 and 2.6-4). The Bell
Canyon is of interest because it is the first regionally continuous water-bearing unit beneath the WIPP.
The Castile provides a hydrologic barrier underlying the Salado, though it may contain pressurized brine
(DOE/EIS-0026-FS) 2
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The Culebra of the Rustler is the first laterally continuous unit located above the WIPP underground
facility to contain circulating groundwater and to display hydraulic conductivity sufficient to warrant
concern over lateral contaminant transport. Barring a direct breach to the surface, the Culebra provides
the most direct pathway between the WIPP underground and the accessible environment.? The hydrology
and fluid geochemistry of the Culebra are very complex and, as a result, have received a great deal of
study in WIPP site characterization such as that reported in SAND88-7002,® SAND86-7167,* and
SAND88-0196.°

At the site, the Dewey Lake is 60 feet (18 meters) below the surface and about 490 feet (149 meters) thick.
This formation appears to be mostly unsaturated hydrologically in the vicinity of the WIPP shafts and over
the waste emplacement panels.

At the WIPP site, the Culebra and the Magenta are considered to be the most significant water-bearing
units. Sampling and analysis of non-Salado groundwater has focused on these two rock units, and the
hydrologic background presented here is more detailed than for other non-Salado rock units. The
hydrologic properties of the interface between the Rustler and the Salado will also be discussed.

Table 2.6-1 provides an overview of the hydrologic characteristics of the rock units of interest at the WIPP
site and the Rustler-Salado contact zone (Section 2.6.1.4 also describes the hydrology of the Rustler-Salado
contact zone).

2.6.1.1 Hydrology of the Capitan Limestone

The Capitan, cropping out in the southern end of the Guadalupe Mountains, is a2 massive limestone unit
that grades basinward into recemented, partly dolomitized reef breccia and shelfward into bedded
carbonates and evaporites (DOE/EIS-0026).° Its hydraulic conductivity ranges from 1 to 25 feet (0.3 to
7.6 meters) per day in southern Lea County and is 5 feet (1.5 meters) per day east of the Pecos River at
Carlsbad. Average transmissivities around the northern and eastern margins of the Delaware Basin are
10,000 square feet (929 square meters) per day in thick sections and S00 square feet (46.5 square meters)
per day in incised submarine canyons.’ In the aquifer, water table conditions are found southwest of the
Pecos River at Carlsbad; however, artesian conditions exist to the north and east. A deeply incised
submarine canyon near the Eddy-Lea county line has been identified. This canyon is filled with sediments
of lower permeability than the Capitan and restricts fluid flow.” The hydraulic gradient to the southeast of
this restriction has been affected by large oil field withdrawals. The Capitan limestone is recharged by
percolation through the northern shelf aquifers, by flow from underlying basin aquifers to the south and
west, and by direct infiltration at its outcrop in the Guadalupe Mountains.®

2.6.1.2 Hydrology of the Delaware Mountain Group

Formations of the Delaware Mountain Group underlie the Capitan Reef and form the floor of the Delaware
Basin evaporite sequence. Three separate formations, each about 1,000 feet (305 meters) thick, are
assumed to form a single aquifer system, with an average hydraulic conductivity of 0.02 foot (0.065
meters) per day and a calculated transmissivity of about 50 square feet (4.6 square meters) per day
(SAND78-1596).% Figure 2.6-5 presents a potentiometric map representing a composite surface for the
Delaware Mountain Group and the Capitan aquifer (Hiss, 1976).%* These data were adjusted for saline
density and expressed as freshwater equivalents. The brines in the Delaware Mountain Group flow
northeasterly under a hydraulic gradient of from 25 to 40 feet per mile (4.7 to 7.6 meters per kilometer)
and discharge into the Capitan aquifer. Velocities range from 0.2 to 0.3 feet (0.06 to 0.09 meters) per
year, and groundwater yields from wells in the Delaware Mountain Group are from 0.6 to 1.5 gallons (2.3
to0 5.8 liters) per minute.®
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2.6.1.3 Hydrology of the Salado and Castile Formations

As described below the Salado and the Castile consist mainly of halite and anhydrite. A considerable
amount of information about the hydraulic properties of these rocks has been collected through field and
laboratory experiments.

2.6.1.3.1 Salado Hydrology

Hydraulic testing in the Salado halite-rich sections provided quantitative estimates of the hydraulic
properties that control brine flow through the Salado. The tests are interpreted in SAND90-0083 and
SAND92-0533" using models based on potentiometric flow. The tests influence rock as far as 33 feet (10
meters) distant from the test zone. There does not appear to be any evidence that the tests themselves
significantly alter the pre-test conditions of the rock. The stratigraphic intervals tested include both pure
and impure halite. Because tests close to the repository are within the disturbed rock zone (DRZ), it is
reasonable to use the results of the tests farthest from the repository as most representative of undisturbed
conditions.

Twenty-two hydraulic tests have been performed in impure halite, and two in pure halite. Interpreted
permeabilities using a Darcy-flow model range from 1x10 to 4x107® square meters for impure halite
intervals. Interpreted formation pore pressures range from 0.3 to 9.7 megapascals for impure halite.
Tests in pure halite show no observable response, indicating either extremely low permeability

(<10% square meters), or no flow whatsoever, even though appreciable pressures are applied to the test
interval.

Fourteen hydraulic tests have been performed in anhydrite. Interpreted permeabilities using a Darcy-flow
model range from 2 x 10 to 7 x 102 square meters for anhydrite intervals. Interpreted formation pore
pressures range from atmospheric to 12.5 megapascals for anhydntc intervals. Lower values are caused
by depressurization near the excavation.

The properties of anhydrite interbeds have also been investigated in the laboratory. Tests were performed
on three groups of core samples from MB 139 as part of the Salado Two-Phase Flow Laboratory Program.
The laboratory experiments provided porosity, intrinsic permeability, and capillary pressure data.
Preliminary analysis of capillary pressure test results indicate a threshold pressure of less than 1
megapascal.

Fluid pressures that are much higher than hydrostatic is a hydrologic characteristic of the Castile and the
Salado that the DOE believes plays a potentially important role in the repository behavior. It is difficult to
accurately measure natural pressures in these formations because the boreholes or repository excavations
required to access the rocks decrease the stress in the region measured. Stress release instantaneously
decreases fluid pressure in the pores of the rock, so measured pressures must be considered as a lower
bound of the actual natural pressures. Stress effects related to test location, and the difficulty of long-
duration testing in lower permeability rocks, results in higher pore pressures being observed in anhydrites.
The highest observed pore pressure in halite-rich units, near Room Q, is on the order of 9 megapascals,
whereas the highest pore pressures observed in anhydrite are 12.5 megapascals. The farfield pore
pressures in halite-rich and anhydrite beds in the Salado at the repository level are expected to be similar.
For comparison, the hydrostatic pressure at the depth of the repository is about 7 megapascals and the
lithostatic pressure calculated from density measurements in U.S. Energy and Research Administration
(ERDA-9) borehole is about 15 megapascals.
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Fluid pressures in sedimentary basins that are much higher or much lower than hydrostatic are referred to
as "abnormal pressures” in the literature of the petroleum industry, where they have received considerable
attention. The explanations of how these pressures can be maintained over very long periods of time,
perhaps millions of years, generally fall into two categories. The first is based on the concept that the
maintenance of abnormal pressures indicates the rock volumes containing the high pressures must be
"hydraulically isolated” from normally pressured sediments. The second maintains that all rocks have
finite permeability and that abnormal pressures must be viewed as a transient phenomenon. In the absence
of a generating method, according to the second category, these pressures would decay away over geologic
time even in rocks with extremely low permeability. Except for pure halite, it has been demonstrated that
the rocks of the Castile and the Salado have a small but finite permeability.

The high pressures are almost certainly maintained because of the large compressibility and plastic nature
of the halite, and to a lesser extent, the anhydrite. The lithostatic pressure at a particular horizon must be
supported by a combination of the stress felt by the rock matrix and the pore fluid. In highly deformable
rocks, the portion of the stress that must be borne by the fluid exceeds hydrostatic pressure but cannot
exceed lithostatic pressure.

Brine content within the Salado is estimated at 1 to 2 percent by weight although the thin clay seams have
been observed by the Brine Sampling and Evaluation Program (BSEP), DOE/WIPP 91-036" to contain up
to 25 percent brine by weight. This brine may move to areas of less pressure, such as a borehole or mined
section of the Salado. Ten years of BSEP data have been collected and interpreted to indicate that clay
seams are the most likely source of the Salado brines flowing into the excavations. This mechanism
predicts that observed brine flow will cease when structural creep in the formation ceases.

Observation of the response of pore fluids in the Salado to potential gradients (to walls in the repository, to
boreholes without packers, or to packer-sealed boreholes) is complicated by low permeability and low
porosity. Flow has been observed to move to walls in the repository, to boreholes without packers, and to
packer-sealed boreholes. In certain cases, evidence for flow is no longer observed where it once was; in
others, flow has begun where it once was not observed. In many cases, observations and experiments
must last for months or years to obtain useful resuits. In part because of design requirements such as
duration (experimental period is short relative to the time required for the geological materials to fully
respond), few quantitative data have been obtained for certain lithologic units within the Salado. There is
much direct, qualitative experience regarding the bebavior of flow crossing the walls of the repository.

2.6.1.3.2 Castile Hydrology

The hydrology of the Castile differs from that of the Salado in that fracturing in the upper anhydrite has

generated regions with much greater permeability than the surrounding intact anhydrite. These regions are
located in areas of structural deformation. The higher permeability regions of the Castile contain brine at
pressures greater than hydrostatic and have been referred to as "brine reservoirs.” The fluid pressure
measured in the WIPP-12 drillhole (12.7 megapascals) is greater than the nominal hydrostatic pressure for
a column of equivalent brine at that depth (11.1 megapascals). Therefore, under open-hole condmaxs
brine could flow upward through an intrusion borehole.

Hydraulic tests performed in the ERDA-6 and WIPP-12 boreholes and reported in SAND78-1596" suggest
that the highly permeable portions of the Castile are limited in extent. The vast majority of brine is
thought to be stored in low-permeability microfractures; about 5 percent of the overall brine volume is
stored in large open fractures. The volumes of the ERDA-6 and WIPP-12 brine reservoirs are estimated
to be 3.5x10° cubic feet (100,000 cubic meters) and 9.5x10° cubic feet (2,700,000 cubic meters),

respectively.??
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The origin of brine in the Castile has been investigated geochemically. SAND78-1596" concluded that the
ratios of major and minor element concentrations in the brines indicate that these fluids originated from
ancient seawater and that there is no evidence for fluid contribution from present meteoric waters. The
gas and brine chemistries of Castile waters from the ERDA-6 and WIPP-12 reservoirs are distinctly
different from each other and from local groundwaters. The brines are saturated, or nearly so, with
respect to halite and, consequently, have little or no halite dissolution potential.

2.6.1.4 Hydrology of the Rustler-Salado Contact Zone

In the vicinity of the Nash Draw, the contact between the Rustler and the Salado is an unstructured
residuum of gypsum, clay, and sandstone created by the dissolution of halite. The residuum is absent
under the WIPP site. It is clear that dissolution in Nash Draw occurred after deposition of the Rustler.

Brine in the Rustler-Salado contact residuum, immediately above the top of the salt in the vicinity of Nash
Draw, was first described and referred to as the "brine aquifer,” by Robinson and Lang.* This reference
suggested that the structural conditions that caused the development of Nash Draw might control the
occurrence of the brine; thus, the brine aquifer boundary may coincide with the topographic surface
expression of Nash Draw. Studies show the brine to be concentrated along a strip from 2 to 8 miles (3.2
to 13 kilometers) wide and about 26 miles (43 kilometers) long. Data from the test holes Robinson and
Lang drilled indicate that the residuum (containing the brine) ranges in thickness from 10 to 60 feet (3 to
19 meters) and averages about 24 feet (17 meters). Hydraulic properties were computed primarily for the
area between Malaga Bend on the Pecos River and Laguna Grande de 1a Sal.”* Robinson and Lang
calculated a value of transmissivity of 8,000 square feet

(8.6x10 square meters per second) per day and estimated the potentiometric gradJent 10 be 1.4 feet per
mile (0.27 meters per kilometer). In this area, the "Rustler-Salado residuum” apparently is part of a
continuous hydrologic system as evidenced by the coincident fluctuation of water levels in the test holes (as
far away as Laguna Grande de la Sal) with pumping rates in irrigation wells along the Pecos River."

In the northern one-half of Nash Draw, the approximate outline of the brine aquifer (Rustler-Salado
contact residuum) has been supported by drilling associated with the WIPP hydrogeologic studies.* These
studies also indicate that the main differences in areal extent occur along the eastern side where the
boundary is very irregular and, in places (test holes P-14 and H-07), extends farther east than previously
indicated by Robinson and Lang.

Other differences from the earlier studies include the variability in thickness of residuum present in test
holes WIPP-25 through WIPP-29. These holes indicate thicknesses ranging from 11 feet (3.3 meters) in
WIPP-25 to 108 in WIPP-29 in Nash Draw compared to 8 feet (2.4 meters) in test hole P-14 east of Nash
Draw. The specific geohydrologic mechanism that has caused dissolution to be greater in one area than in
another is not apparent, although a general increase in chloride concentration in water from the north to
the south may indicate the effects of movement down the natural hydraulic gradient in Nash Draw.

The average hydraulic gradient within the residuum in Nash Draw is about 10 feet per mile

(1.9 meters per kilometer); in contrast, at the WIPP site the average gradient is 39 feet per mile

(7.4 meters per kilometers). This difference reflects the changes in transmissivity, which are as much as
five orders of magnitude greater in Nash Draw. The transmissivity determined from aquifer tests in test
holes completed in the Rustler-Salado contact residuum of Nash Draw ranges from 2x10* square feet per
day at WIPP-27 to 8 square feet per day (8.6x10 square meters per second) at WIPP-29. This is in
contrast to the WIPP site proper, where transmissivities range from 3x107° square feet

(3.2x10" square meters per second) per day at test holes P-18 and H-05¢ to 5x10? square feet per day
(5.4x10°® square meters per second) at test hole P-14. Locations and estimated hydraulic heads of these
wells are illustrated in Figure 2.6-6.
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Hale et al. (1954)" believed the Rustler-Salado contact residuum discharges to the alluvium near Malaga
Bend on the Pecos River. Because the confining beds in this area probably are fractured due to dissolution
and collapse of the evaporites, the brine (undet artesian heéad) moves up through these fractures into the
overlying alluvium and then discharges into the Pecos River.

Evidence for very slow groundwater movement is found in the water quality, especially in the magnesium
concentrations. Large magnesium concentrations appear to be indicative of an environment in which
groundwater flow is extremely slow and there has been extensive interaction between the water and its host
rock. Large concentrations of magnesium, ranging from 21,000 milligrams per liter in water from test
hole H-06 to 82,000 milligrams per liter in water from test hole H-05, were present in most of the test
wells in the eastern part of the WIPP site. Aquifer tests at these test holes were characterized by very low
transmissivities. To the west, approaching the more developed part of the flow system of the Rustler-
Salado contact residuum in Nash Draw, the magnesium concentrations decreased by one to two orders of
magnitude. Magnesium concentrations of 1,200 milligrams per liter in water from test hole P-14 and 350
milligrams per liter in water from test hole P-15 may indicate the eastern boundary of the more developed
Rustler-Salado flow system. Magnesium concentrations are as small as 430 milligrams per liter in water
from test hole H-08; other values range from 910 milligrams per liter in water from test hole H-07 to
3,200 milligrams per liter in water from test hole WIPP-25.

According to the Water Resources Investigation Report 83-4016,° water in the Rustler-Salado contact
residuum contains the largest concentrations of dissolved solids in the WIPP area, ranging from

79,800 milligrams per liter in test hole H-07 to 480,000 milligrams per liter in test hole H-O1. These
waters are classified as brines. The dissolved mineral constituents in the brine largely consist of sulfates
and cholorides of calcium, magnesium, sodium, and potassium; the major constituents are sodium and
chloride. Concentrations of the other major ions vary according to the spatial location of the sample and
probably are directly related to the interaction of the brine and the host rocks and reflect residence time
within the rocks. Residence time of the brine depends upon the transmissivity of the rock. For example,
the presence of large concentrations of potassium and magnesium in water is correlated with minimal
permeability and a relatively undeveloped flow system.

2.6.1.5 Hydrology of the Rustler Formation

The Rustler is of particular importance for WIPP because it contains the most transmissive units above the
repository. The Rustler is divided into four formally named members and an unnamed lower member.
These five units'®® are, in ascending order, the unnamed lower member (the oldest), the Culebra, the
Tamarisk, the Magenta, and the Forty-niner Member (the youngest).

2. 6 1.5.1 Unnamed Lower Member of the Rustler Formation

The basal interval of the unnamed lower member is composed of siltstone, mudstone, and claystone and
can be considered the water-producing zones of the lowermost Rustler.? Transmissivities of 2.9x10%
square meters per second (2.7x10™ square feet per day) and 2.4x10 square meters per second (2.2x10*
square feet per day) were calculated by Beauheim (1987a, b)**”’ from tests at well H-16 that included this
interval. These transmissivity vatues correspond to hydraulic conductivities of 1.5x10""! meters per second
(4.2x10°° feet per day) and 1.2x10""! meters per second (3.4x10°¢ feet per day). Hydraulic conductivity in
the lower portion of the unnamed lower member is believed to increase to the west in and near Nash
Draw, where dissolution in the underlying Rustler-Salado contact zone has caused subsidence and
fracturing of the sandstone and siltstone.”
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The remainder of the unnamed lower member contains mudstones, anhydrite, and variable amounts of
halite. The hydraulic conductivity of these lithologies is extremely low: tests of mudstones and claystones
in the Waste Shaft gave hydraulic conductivity values ranging from 6x10™° meters per second (2x107 feet
per day) to 1x10™ meters per second (3x10'® feet per day).®®

\‘2.6.1.5.2 The Culebra Member of the Rustler Formation

The Culebra is modeled in the performance assessment as the most likely pathway for the release of
radionuclides to the accessible environment because of its relatively high transmissivity near the WIPP site,
and hydrologic research activity has concentrated on the unit for over a decade, 192:92122.23:324.25

According to Water Resources Investigation Report 83-4016,° the transmissivity of the Culebra varies over
six orders of magnitude from east to west in the vicinity of the WIPP (Figure 2.6-7). The transmissivity
ranges from 1x10? (1x10°® square feet per day) square meters per second at well P-18 east of the WIPP

site to (1x10° square feet per day) 1x10 square meters per second at well H-7 in Nash Draw (see Figure
2.6-2 for the locations of these wells).

Measured matrix porosities of the Culebra range from 0.03 to 0.30.%" Fracture porosity values have not
been measured directly, but interpreted values from tracer tests at the H-3, H-6, and H-11 hydropads®®
range from 5x10™ to 3x10°.* Data are insufficient to map the spatial variability of the porosity.

Variations in transmissivity in the Culebra are believed by many experts to be controlled by the relative
abundance of open fractures rather than by primary (i.e., depositional) features of the unit.* Lateral
variations in depositional environments were small within the mapped region, and primary features of the
Culebra show little map-scale spatial variability according to DOE/WIPP88-004.*! Direct measurements
of the density of open fractures are not available from core samples because of incomplete recovery and
fracturing during drilling, but comparisons with the relatively unfractured exposures in the WIPP shafts
suggest that the density of open fractures in the Culebra decreases to the east. Qualitative correlations
have been noted between transmissivity and several geologic features possibly related to open-fracture
density, including (1) the distribution of overburden above the Culebra;* (2) the distribution of halite in
other members of the Rustler;* (3) the dissolution of halite in the upper portion of the Salado; and (4) the
distribution of gypsum fillings in fractures in the Culebra.

The distribution of groundwater hydrogeochemical facies is not consistent with the southward flow
direction calculated in SAND8970681% from potentiometric data (see Figure 2.6-8), if one assumes that
the ionic strength of a groundwater increases along a flow path. One possible explanation for the apparent
inconsistency has been proposed in EEG 35% and 39,* who coupled an extensive compilation of stable and
radiogenic isotope ratios of Rustler Formation groundwaters with isotopic data from regional groundwaters
and surficial waters. Chapman® cited evidence for short residence times of Culebra groundwaters and
postulated that recharge from the surface could account for the less concentrated groundwaters south of the
WIPP Site. That explanation, however, is not supported by the isotopic and solute data described in later
work by Lambert, Siegel, and others. Specifically, radiogenic isotopic signatures suggest that the age of
the groundwater in the Culebra is on the order of tens of thousands of years.**%* An alternative
explanation for the apparent inconsistency was put forth in SAND88-0196.° Those authors contend that
there has been a change in the location and amount of recharge since the last glacial maximum and that the
present distribution of solutes and isotopes in the Culebra is a relict of a flow regime of a wetter climate, in
which the recharge area was in the vicinity of Nash Draw resulting in an eastward paleo-flow direction.
The current distribution of hydrogeochemical facies, therefore, represents a rock-water system that is still
slowly reaching a new chemical and physical equilibrium.
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Currently, the issue of the relationship between water chemistry and groundwater flow in the Culebra
remains unresolved. It is possible that lack of resolution reflects the way the problem has been posed and
the relatively simple conceptual models that have been used to represent the hydrology of the system.
Previous discussions, for example, have focused on flow directions but not flow rates. Computer models
of flow in the Culebra suggest that flow rates are orders of magnitude slower in the region of the halite
facies than in the region of the anhydrite facies. It is possible that the geochemical signature of flow from
the halite facies to the anhydrite facies is not observed because only minute amounts of water flow along
this path. In addition, some of the previous studies have not considered, or have not ruled out, transport of
solutes from units above and below the Culebra. For example, the region of the halite facies correlates
well with the extent of halite in strata above and below the Culebra. The possibility that the halite facies
results from vertical advective or diffusive transport into a region of extremely slow flow in the Culebra
has not been investigated. Preliminary results of calculations using the groundwater basin approach
suggest that addressing these issues as a three-imensional transport system will facilitate resolution.

2.6.1.5.3 Tamarisk Member of the Rustler Formation

Attempts were made in two wells, H-14 and H-16, to test a 2.4-meter (7.9-foot) sequence of the Tamarisk
member that consists of claystone, mudstone, and siltstone overlain and underlain by anhydrite.
Permeability was too low to measure in either well within the time allowed for testing; consequently the
transmissivity of the claystone sequence was estimated to be one or more orders of magnitude less than that
of the tested interval in the unnamed lower member.” Transmissivity in the Tamarisk was estimated to be
less than approximately 2.5 % 10 square feet per day

(2.7x10*" square meters per second), corresponding to a hydraulic conductivity of less than approximately
1.3 X10° square feet per day (1.4 X10"> meters per second).

2.6.1.5.4 Magenta Member of the Rustler Formation

The Magenta member of the Rustler is a fine-grained dolomite that ranges in thickness from 13 to 26 feet
(4 to 8 meters) and is about 19 feet (6 meters) thick at the WIPP (Holt and Powers, 1988).> The Magenta
is saturated except near outcrops along Nash Draw, and hydraulic data are available from 15 wells.
According to Water Resources Investigation Report 83-4016,° transmissivity ranges over five orders of
magnitude from 1x107 to 4x10? square feet per day (1x10? to 4x10* square meters per second).

The hydraulic transmissivities of the Magenta, based on sparse data, shows a decrease in conductivity from
west to east, with slight indentations of the contours north and south of the WIPP that correspond to the
topographic expression of Nash Draw.*® In most locations, the hydraulic conductivity of the Magenta is
one to two orders of magnitude less than that of the Culebra.

No porosity measurements have been made on the Magenta. A representative dolomite porosity of 0.20
for the interpretations of well tests was assumed according to SAND87-0039.2 The hydrologic gradient
across the site varies from 16 to 20 feet per mile on the eastern side, steepening to about 32 feet per mile
along the western side near Nash Draw (Figure 2.6-8).

2.6.1.5.5 Forty-niner Member of the Rustler Formation

The uppermost member of the Rustler Formation, the Forty-niner Member, is about 66 feet (20 meters)
thick throughout the WIPP area and consists of low-permeability anhydrite and siltstone. Tests in H-14
and H-16 yielded transmissivities of about 3x10? to 7x10 square feet per day (3x10°® to 8x10 square

meters per second) and 5x107 to 6x10 square feet per day (3x10” to 6x10” square meters per second),

respectively.?
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2.6.1.6 Hydrology of the Supra-Rustler Rocks (Dewey Lake, Santa Rosa Sandstone, and Gatuiia)

The Supra-Rustler rocks consist of (in ascending order) the Dewey Lake, Santa Rosa Sandstone, and
Gatuiia and are comprised of a confining siltstone bed, water-bearing sandstone, and a confining mudstone
bed (respectively). The Dewey Lake and Gatufia may act as barriers to downward percolation of surface
waters while the Santa Rosa Sandstone provides water for irrigation and livestock.**

2.6.1.6.1 Dewey Lake

No hydraulic-conductivity data are available for the Dewey Lake Red Beds, which overlie the Rustler.
Drilling during areal geohydrologic evaluation did not identify a continuous zone of saturation within the
Dewey Lake Red Beds; however, localized zones of permeability were detected. In these geologic test
holes, the presence of these zones was indicated by minor losses of circulation during drilling.® As
indicated in the Water Resources Investigation Report 83-4016,° these fine-grained sandstones and
siltstones have relatively low hydraulic conductivity. Therefore, a hydraulic conductivity of 3x10 feet per
day (10 meters per second), which falls at the low end of the range of typical values for fine-rained
sandstones, was used in the standard simulation models.*

In the latter part of calendar year 1994, DOE drilled six monitoring wells on the WIPP site. Water in the
Dewey Lake Formation was encountered in only one well, located in the southern portion of the site
(WQSP-6). In order to further study this zone of saturation, WQSP-6a was drilled in the upper part of the
Dewey Lake.

Based on studies of wells completed in the Dewey Lake Formation at the James Ranch, Mercer® speculated
in his 1983 report that water in the Dewey Lake Formation is found in discontinuous perched or semi-
perched saturated lenses, believed to be recharged through nearby active dune areas. WQSP-6a is located
on the edge of an active dune area, which supports Mercer's theory of local recharge.

Site investigati