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Appendix A

ALTERNATIVE GEOLOGIC ENVIRONMENTS

For the near future (10 to 15 years), the only method available for the
permanent disposal of transuranic and high-level wastes is emplacement in cav-
ities mined in a geologic formation. Several types of geologic formations
show promise as burial environments--salt, crystalline rock, argillaceous
rock, and tuff. Which of these is to be used for a repository depends on when
the choice among them is to be made; the longer one waits to make this deci-
sion, the greater the number of choices that are open. The time scales for
these choices are summarized in Chapter 2 of this document.

A comprehensive review of the candidate geologic media appears in the
draft generic environmental impact statement (GEIS) for the Management of
Commercially Generated Radioactive Waste (DOE, 1978). Another recent review
has been made by the Interagency Review Group (IRG) on Nuclear Waste Manage-
ment, whose reports (IRG, 1979; IRG Subgroup, 1978) contain recommendations
about the choice of geologic media. References to other reviews and to de-
tailed data appear in the GEIS and in the IRG reports.

After presenting background material that explains the bases for choosing
a rock medium, this appendix reviews each of the four candidate media.

A.l1 GENERAL BASIS FOR CHOOSING A ROCK MEDIUM

The selection of a specific medium depends on two major properties: geo-
19gic and hydrologic characteristics, which must resist forces that might ex-
pose the buried waste to the biosphere, and structural characteristics, which
nust permit the construction of a mined cavity without disturbing the geologic
and hydrologic characteristics.

The geologic chira. .eristics are important because the purpose of a waste
repository is to provide a place in which a solid material can be buried per-
manently. As long as the material remains solid, it has little chance of
leaving its place of burial because it can do so only if some process opens
the earth to the depth of the burial point or if the surface is removed to
that depth. Tuerefore geologic formations that have been stable for long
periods are sought for repository locations, on the assumption that the long-
inactive disruptive forces in the earth there will remain inactive.

Material buried in solid form might return to the surface in another way:
by being engulfed in a stream of water that dissolves the material and carries
it to the surface. Because the forces that influence the flow of underground
water are less catastrophic (and potentially more likely) than those that
might uncover a deeply buried solid, the hydrologic characteristics of a
medium may have greater influence on its selection than the geologic charac-
teristics. K satisfactory rock medium must present little threat that i%s
hydrologic and geologic characteristics could provide a mechanism or patiway
by which the waste could return in harmful quantities.

The structural characteristics of the rock are important because 2 repos-
itory must be designed, constructed, and operated in such a fashion that it
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will not upset the geologic and hydrologic characteristics. Because a reposi-
tory is an engineered structure, its ability to isolate the waste will depend
on the material in which it is constructed. Consequently, the selection of
the geologic medium must facilitate the engineering design of a structure that
will have a minimum probability of releasing its contents,

To be able to design the underground structure to minimize its impact on
the hydraulic environment, the burial medium must be chosen with special
attention to its mechanical, physical, and chemical properti.s. In reposi-
tories that contain heat-producing waste, the burial medium must be able to
withstand the thermal stresses induced by that waste. Furthermore, estab-
lishing an effective design requiies analytical models for the structure that
take into account the properties of the geologic medium; without meeting this
fundamental requirement, it would be extremely difficult to be confident that
the design of the repository meets the fundamental requirements. The ability
to conduct the engineering analysis depends strongly on thorough knowledge of
the properties of a proposed medium. For this reason, the preferred medium
must have well-studied properties.

To decide in detail whether the properties of a geologic medium are satis-
factory requires that several questions be answered, including the following:

® Will the subsurface structure be able to remain open and operable over
the planned ‘ifetime of the repository?

® Can the structure be used for waste disposal without adversely
affecting the surrounding geologic and hydrologic environments?

@ Can the structure be used without adversely affecting its own struc-
tural integrity”

@ Will the structural material be adversely affected by heat, or will it
react chemically with the waste?

® Will the surrounding geologic material react chemically with the waste?

By reviewing these questions along with others, it is possible to identify
specifically the important properties of a geologic medium. Among the chem-
ical properties, it is necessary to understand the solubility and chemical
stability of the medium, its ability to resist chemical change during heating,
and the corrosiveness of fluids that exist in it. Important mechanical prop-
erties include tensile and compressive strength and stress-strain relation-
ships as expressed by elastic and bulk moduli. Important physical properties
include thermal conductivity, thermal expansion, heat capacity, and decrepi-
tation temperature. These properties are not known equally well for all the
candidate media.

In uddition to knowing these basic data, it is important to have a well-
developed mathematical model for predicting the mechanical behavior of a
repository in the chosen medium. This model must predict the strecses, defor-
mations, and temperatures that the geologic medium will experience. It must
model the mechanisms by which the structure or its surroundings can fail; it
can then test the conditions (stress, temperature, etc.) under which failure
could occur.
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Each of the four sections that follow reviews a geologic medium in the
context of this discussion. Table A-1 compares the three major geologic media
according tc mber of important properties.

A.2 SALT

When geologic media were first evaluated for the emplacement of radioac-
tive waste, salt was judged to be the best choice for a number of reasons, in-
cluding long-term geologic stability, spatial predictability, suitability for
engineering analysis, thermal and mechanical properties, ease of repository
construction, freedom from circulating groundwater, chemical stability, and
existence of extensive masses of uniform material. The original report of a
committee established by the National Academy of Sciences-National Research
Council (NAS-NRC 1957) recommended that salt be evaluated as a storage medium
because it has excellent thermal and physical properties. The report pointed
out that the existence of salt formations for several hundred million years
demonstrates that they have been isolated from disturbing forces on the sur-
face and from circulating groundwater; consequently, there is an extremely
high probabilit’ that they will remain isolated in the future. Other desir-
able features of salt formations are their uniform consistency, simple geo-
logic structure, and predictable stratigraphic character over large regions.
Furthermore, the mechanical and physical properties of salt are known well
enough to provide a good basis for the engineering analyses necessary for
designing a repository.

Experiments to confirm the evaluation of salt as a suitable geologic
medium began in 1965 under Project Salt Vault (Bradshaw and McClain, 1971),
which operated for 2 years. Other experiments have been conducted over the
past “~cade at the Asse experimental repository in the Federal Republic of
Germany (Kuehn et al., 1976). The experiments have confirmed the basic under-
standing of the fundamental properties of salt and the engineering analysis
required to design a repository in salt.

Project Salt Vault brought to the attention of repository designers the
phenomenon of brine migration: small amounts of brine that occur in salt
(usually less than 1% by weight) move toward emplaced heat sources. It has
been asserted that accumulations of brine in salt can lower its mechanical
strength. As long as the brine remains distributed, however, its impact on
strength will be minimal. Migration phenomena and reduction in strength can
be considared potential prob'ems only when elevated temperatures with large
thermal gradients are present. Migration of brine toward heat sources is
being investigated to determine whether it can increase the water content of
the salt near hot waste and affect the strength of the salt there.

In a TRU-waste repository, reduced strength of salt due to the presence of
brine is of minimal significance because little heat-producing waste will be
emplaced there. For centuries underground mines have been built in salt; the
stability of these mines has not been measurablv affected by the presence of
brine. The TRU waste in the repository will not provide significant heat-
induced perturbing forces on the structure or its surroundings.

The intrinsic properties that make salt an attractive medium include
uniformly low permeability, high thermal conductivity, abundance in thick
masses, and plasticity that enables fractures to heal themselves at feasible
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Property

Plasticity
Solubility
Sorptive capacity

Compressive strength
Thermal diffusivity

Thermal stability against

chemical decomposition

Porosity

Permeability
Water presence

Corrosiveness of
indigenous fluid
Tectonic stability

Geologic structure

Geohydrology

Availability

Need to use explosives

Understanding of medium
for repository use

Waste rock

Mathematical modeling

Table A-1. Comparison of Media

Salt

Basalt or granite

BASIC PROPERTIES

High

High

Low (dcpends on
impurities)

Moderate

High

High

None
Very low
Fair

High

Low

High; potential dewater-
ing of clay in basalt

IN-SITU PROPERTIES

0.5%

Interstitial

Essentially none

Isolated from flowing
groundwater

High

Very stable

Relatively simple
areas can be found

Moderate difficulty
in characterizing

1%

Cracks

Decreases with depth

Present, open to
flowing groundwater

Low to moderate

Very stable areas
can be found
Fracture systems
often complex

Difficult to
characterize

PRACTICAL MATTERS

Good
No
Well studied

Reuse some; pile needs
protection from
erosion and runoff

Relatively simple;
well developed

Good
Yes
Not. well studied

Reuse some; pile
probably does not
need protection

Relatively complex;
not fully developed

Shale

Variable
Very low
High

Moderate

Low

High; potential de-
watering of clay

5-30%

Cracks

Very low

Present, open to
flowing groundwater

Low to moderate

Very stable areas
can be found
Like salt

Difficult to
characterize

Good
Possibly
Not well studied

Reuse some; pile
needs protection,
but less than salt

Relatively complex;
not fully developed



repository depths. However, the high solubility of salt requires that exten-
sive knowledge of regional and site hydrology be obtained before a repository
gsite is selected; it will be necessary to develop an uaderstanding about pos-~
sible future groundwater flow at a chosen site.

The solubility of rock salt in water is two orders of magnitude greater
than that of any other candidate medium. If man-made or natural events caused
a breach in the repository, circulating groundwater could release the radionu-
clides in the waste, although the sorptive capacity of the geologic materials
along the flow paths would retard the release of these nuclides. A thorough
knowledge of these sorption properties is required for the particular rocks
and the particular groundwaters at a repository. Generally, the sorptive
capacity of salt is low and dependent on the impurities in salt.

Extensive salt mining in many locations around the United States and
abroad has resulted in a well-developed salt-mining technology. One partic-
ular advantage associated with salt mining is that, after shaft construction,
explosives are not needed. Electr’cally powered continuous-mining machines
can construct the storage rooms; liesel-powered carriers haul the mined salt
to branch-corridor conveyors, which are frequently extended to ke=p the
hauling distances as short as possible.

Salt differs from basalt and shale in the potential environmental impacts
of the waste rock from mining that has to be stored at the surface. The
surface-storage pile would have to be designed to limit wind erosion and pre-
cipitation runoff in order to minimize potential environmental impacts during
and after repository operation.

In summary, salt is the best understood of all candidate geologic media
with respect to its possible use as a waste-repository medium, and it offers
advantages in thermal properties and plasticity. It is found in many places
in the United States (Figure A-1). Tn addition, a bedded-salt repository
would offer an opportunity to experiment with high-level waste and demonstrate
the disposal of commercial spent fuel in salt. The Interagency Review Group
on Nuclear Waste Managem« it has concluded (IRG Subgroup, 1978, Appendix A,

p. 67) that "with appropriate selection of a site and appropriate hydrogeology
and consarvative engineering, salt could be an appropriate repository medium."

A.3 CRYSTALLINE ROCK

Basalt, granite, and other crystalline igneous and metamorphic rocks have
been proposed as geologic media for a repository; extensive deposits that have
been stable for millions of years exist in the United States. The evaluation
of these media is in an early stage of data collection, and an effort is under
way to compile the information systematically. The basic mechanical proper-
ties (compressive strength, tensile stiength, modulus of elasticity, etc.) of
these rocks have been established through laboratory tests. The properties of
the aggregate are, however, considered to be substantially different from the
small samples of whole rock because crystalline rocks are fractured and cannot
be reconstituted (unlike fracture salt, which will "weld" under lithostatic
pressure). It is technically possible to build openings in crystalline rocks;
still under development are analytical procedures that will completely
evaluate the impact of thermal loads on mine structures in such rock or the
surrounding rock formations.
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Figure A-1. Rock-salt deposits in the United States.

Crystalline rocks do not dissipate heat as well as salt does; the thermal
conductivities of crystalline rocks are about one-fourth that of salt. Each
repository in crystalline rocks will be designed with heat loads adjusted to
the thermal conductivity prevailing at the site. For some time heat transfer
through crystalline rock has been considered a potential problem because the
effects of cracks on thermal conductivity are not well known; heat dissipation
in a medium with a random pattern of cracks is presently difficult to analyze.
Exper iments measuring heat conduction in granite are under way in Sweden and
at the Nevada Test Site (NTS). The test at NTS showed that the cracks in NTS
rocks affected the thermal conductivity by less than 10%. Tests conducted at
both locations confirm that temperature distributions in hard rock can be cal-
culated with a high level of accuracy.

Although large formations of salt, while soluble in water, are impervious
to the flow of water, large formations of crystalline rocks are full of frac-
tures that would provide convenient paths for water flow. 1In a backfilled,
sealad repository built below the water table in ¢ ystalline rock, the cracks
and void spaces may eventually fill with water. Because the cracks throughout
the formation are mostly small, the ratio of water volume to rock volume is
small. WNevertheless, a major drawback is that it is not yet possible to cal-
culate the total flow and mass transport under the fracture-flow conditions.
In addition, it is not yet possible to identify the effects that thermal
loading will exert on the flow of water in%to or out of a sealed repository.
Techniques for making these calculations are being developed.



Because the water in crystalline rocks is more mobile than the water in
salt, it may contribute to slow lcaching of the radiocactive nuclides from the
waste, Although this condition might appear to be a problem, the magnitude of
the problem is diminished because gramite and basalt have sorptive properties
that cause the radiocactive elements in the water to be removed by chemically
reacting with the rock. Water found in these formations typically has low
ionic strengths that reduce the poesible sdverse effects on these sorptive
properties. Because of these favorable natural conditions, it appears that
the corrosion of waste canisters stored im a crystalline-rock repository will
be slow; the canister may maintain its integcity over many hundreds of years.

Flow through a fractured mediwm will depend on the connectedness and size
of the fractures. Their size is centrolled to a large extent Ly the normal
stresses acting across the fractures; sinoe these stresses increase with
depth, the permeability of crystalline rock usually decreases with depth.
Although a model has not been established te accurately evaluate fracture
flow, experience has shown taat at depths of 1500 feet or more below the sur-
face the fracture permeability is so low that it may not be a significant
threat even when conservatively evaluated.

A major difference between crystallime rock and =alt will be in the methods
of construction., While it will be possible in salt to use mining machines,
crystalline rock will require drill-and-blast techniques whose impact on the
integrity of a repository is still unknown. It might appear that such tech-
nigques could adversely affect the rock within a few meters around the mined
openings. Since the rock beyond this affected volwu . will provide the
required isolation, it is not clear that drill-and-blast construction will

affect the long-term integrity of a repository. Experiments will be necessary
to answer this question.

Major formations of granite and basalt exist in the United States; Figure
A-2 shows their general locations. Recomnaissance studies have shown that the
attractive granite formations include those in New England, the Rocky Mountain
uplift, the Sierra Nevada Mountain Range, the Appalachian Mountains, and the
Canadian Shield in northern Minnesota and Wisconsin. The basalt formations of
interest are Columbia Plateau Flood Basalts in Washington, Oregon, and Idaho.
Because both the granite and the basalt formations are extei.sive, there is
ample opportunity to find suitable sites. The field studies providing data on
the suitability of crystalline rocks are being conducted by DOE at the Hanford
Reservation, at the Nevada Test Site, and in Sweden. Sweden and Canada also
have such programs,

A.4 ARGILLACEOUS ROCKS

Argillaceous rocks, especially shales, have also “een proposed as geologic
media for repositories. Araillacesus rocks very widely in their characteris-
tics: some shales are relatively plastig, with a high water content; others
are relatively brittle, with a low water coatent. Because of the varlation in
their structure, these rocks vary widely in mechanical properties. Their
strength in a direction perpendicular to the layers is often substantially
different from their strength parallel to the layers. Shales exhibit gond
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A-2. Granite and basalt deposits in the United States.

strength properties in compression but little or no strength under tensile
load. Shales with a high water content may be highly plastic, deforming
slowly under in-situ stresses; while good for closing cracks, this feature is
poor for designing, constructing, and operating a mine that must remain open
for 20 years. The anisotropy of shale and the possible variations in its
properties make shile repositories difficult to model and analyze generically.
Site-specific ar...yses and designs will be necessary for each proposed shale
repository.

The ability of argillaceous rock to dissipate heat is comparable to that
of crystalline rock. While facilitating uniform heat flow, the presence of
substantial quantities of water in shale may set a relatively low upper limit
on the temperature of the waste to avoid producing high-pressure gas through
the conversion of water to steam. The design of a repository in shale will
adjust the thermal output of the waste to avoid this possiblity. Experiments
using heaters have been conducted in two different types of shale. The re-
sults of tests in wet layered shale are consistent with the above picture.
Tests in nonlayered low-water-content shale indicate heat-dissipation charac-
teristics similar to those of granite and basalt. These tests confirm that
temperature distributions in different types of shale can be calculated with
an acceptable level of accuracy (Tyler et al., 1979).

\ (O

1 709 \)'\



Shale, a material of low in-situ permeability (Magara, 1971), is insoluble
in water; it deforms under lithostatic loads, closing inherent joints. Be-
cause of these properties, water does not move easily through shale, even
though shale may contain substantial quantities of formation water. Although
heat could produce a major driving force to move the water, most of the waste
to be received at a TRU-waste repository will not provide such a heat.

Argillaceous rocks, like crystalline rocks, may provide an aqueous
environment conducive to slow corrosive attack on the encapsulated waste.
Entrapped waters found in shale are of intermediate ionic strength, which
medarately inhibits corrosive action on canisters. After a canister has been
... rated, the dissnlution of the waste inside would also be slow because of
the intermediat--level ionic strength of the waters. The presence of radio-
nuclides in th: water will be mitigated by two major factors: the slow rate
of water movement through the tight shale formations and the strong sorptive
affinity of the shale minerals, which reduces the concentration of radio-
nuclides in the water through chemical reactions.

The methods for constructing a repository in shale will vary: the soft
layered type of shale could be mined with machines, while the harder argil-
lites might require drill-and-blasting techniques. A major concern about the
construction and operation of a repository in shale is the possible occurrence
of squeezing zones: thin layers of unusually soft, plastic material that
could be squeezed by the lithostatic forces into mined openings. A study of
the Eleana argillite at the Nevada Test Site showed that a repository in this
type of formation would require substantial expenditures for necessary struc-
tural supports underground because of the presence of squeezing zones (Fenix
and Scisson, 1978; Yaner and Owen, 1978).

Large formations of argillaceous material are located in the United
States; the largest is the Pierre Shale, in portions of North Dakota, South
Dakota, Colorado, Montana, and Wyoming. Figure A-3 shows the location of this
and other major argillaceous formations in the United States.

A.5 TUFF

Tuff is composed of material ejected from volcanoes; some of the best tuff
formations are located in volcano calderas. It has only recently been con-
sidered for repositories; data on its suitability have been gaticred for ap-
proximately 1 year. There are two types of tuff to consider. Welded tuff has
low porosity, low permeability, high strength, good thermal stability, and
moderate chemical sorptivity. Nonwelded tuff has high porosity, low perme-
ability, high water content, low strength, good thermal stability when dry,
unusual thermal expansion properties, and extremely high chemical sorptivity.
The first investigations of these materials suggest that they are promising
media for the geologic disposal of waste.



A-3. Deposits of argillaceous rock in the United States.

Because of the process by which tuffs are deposited, the high-strength,
thermally stable, welded tuff is usually surrounded by at least a partial en-
velope of nonwelded tuff. This arrangement could produce 2 nearly ideal set
of multiple barriers under the proper mineralogical ani hydrological
conditions.

The complexity of the geologic setting of tuffs makes the engineering
design of a repository rather difficult. According to present knowledge,
however, this complexity may provide significant benefits.
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Appendix B
THE NATIONAL WASTE TERMINAL STORAGE PROGRAM

AND ALTERNATIVE GEOLOGIC REGIONS

The National Waste Terminal Storage (NWTS) program (DOE, 1979) is directed
at the development of facilities for the emplacement and disposal of high-
level and TRU wastes within deep geologic formations in order to provide safe,
long-term isolation of the waste from human activities and from the environ-
ment. The program contains these elements:

1. Geologic studies to identify suitable geologic media and potential
sites in various geographic regions.

2. Analysis of the behavior of radioactive waste in candidate geologic
structures,

3. Engineering and design of operating repositories and associated
specialized equipment.

4. Development of packaging and storage methods for unreprocessed spent
fuel.

This appendix discusses the nature and status of the first program element
listed above.

B.1 REGIONAL STUDIES

Site evaluation activities include geologic studies and supporting regu-
latory activities. These start with tectonic and hydrologic considerations
that apply on a broad national scale; they are subsequently applied to candi-
date regions and then to investigations of areas within regions, finally re-
sulting in work at specific sites. The confirmation of a potential repository
site requires a detailed study of the geologic, hydrologic, environmental, and
socioeconomic characteristics of the site. For a site to be acceptable, it
must be established, in the framework of licensing regulations, that no credi-
ble circumstances would be encountered that would result in releases of radio-
nuclides from the emplaced waste to the biusphere in quantities that would
constitute a hazard to the public.

Geologic media being studied include salt domes, bedded salt, granite,
shale, and basalt. These are found in many parts of the United States. Other
materials, such as tuff and carbonate rocks, may also meet the requirements
for candidate host rock.

Co
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Most investigations of geologic disposal to date have centered on salt
formations, and the primary emphasis of the NWTS program remains salt domes
and bedded-salt formations. Regional studies have been completed on the
Permian basin of the Central United States, the Salina region (comprised of
the Michican and Appalachian basins) in the northeast, the Paradox basin of
Utah, and the salt domes inland from the Gulf of Mexico. In addition, because
they are DOE sites already committed to nuclear purposes, the Hanford Site
in south-central Washington and the Nevada Test Site are being examined to
determine whether suitable sites exist among the rocks they contain. The
status of the site-selection studies is summarized in Section B.3. Sections
B.4 through B.8 describe the regional studies and the work at the Hanford Site.

B.2 SAFETY STUDIES

A systematic evaluation of the safety and reliability of geologic disposal
of radioactive waste is required in order to insure the viability of specific
designs at specific sites being considere? for repositories. In the NWTS pro-
gram this evaluation is almost entirely in tarms of the disposal of commercial
high-level waste. These studies contain the following elements:

1. Models for analyzing disruptive events, both natural and man-
induced.

2. Thermal analysis model-=.

3. Studies of interactions between the emplaced waste and surrounding
rock and groundwater.

4. Waste-migration models.
5. Borehole-plugging studies.
6. Sycstems analysis for linking all those effects together.

A basic program containing these elements, the Waste Isolation Safety
Assessment Program (WISAP), is in progress. This program is independent of
that used for the safety analysis reported in Chapter 9 of this Jc~ument; one
of its tasks, therefore, is to make analyses that parallel the Chapter 9
analyses. The principal purpose of the WISAP, however, is to aid in the site-
selection and site-characterization activities of the NWTS program and eventu-
ally to enter into the environmental assessments required by the National
Environmental Policy Act of 1969 for whatever sites are on the final list of
alternative candidate sites.
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B.3 STATUS OF SITE-SELECTION STUDIES

As indicated in Section 2.4.1 of this document, the earliest dates for the
qualification of sites are as follows:

Geologic medium and location Date
B2zdded salt 1 (Delaware basin) Now
Dcme salt (Gulf interior region) 1981
Basalt (Hanford) 1981/1982
Bedded salt 2 1982
Bedded salt 3 1983
Various nonsalt media (Nevada Test Site) 1983/1984
Various nonsalt media (non-DOE sites) 1984/1985

The WIPP reference site is the first entry on the list above. It i ;
described in detail in the main body of this impact statement. The remainder
of this section discusses the status of the other entries in the list.

B.3.1 Gulf Interior Salt Domes

The Gulf interior salt-dome region contains several hundreda domes
scattered across northeastern Texas, northern Louisiana, and central
Mississippi. Picking a site in this region amounts to picking a particular
dome, as they are discrete entities. At this point the main criteria are
size, depth to top, and the nature of previous disturbances. Attention has
been narrowed to eight domes, three each in Texas and Mississippi and two in
Louisiana. Hydrologic characteristics, on the other hand, can be and are
being studied regionally.

Most of the present knowledge of these domes has been from the study and
analysis of information from U.S. Geological Survey and state files and of
drill-hole, seismic, and other geophysical data purchased from commercial
interests. Indirect gecphysical methods, such as aerial photogrammetry and
infrared remote sensing, have also been used.

Little field work has been done on these domes. There has been no
drilling by the NWTS program. The problem is access. Surface and mineral
rights are often in private hands, and each owner must be negotiated with
individually. Louisiana and Mississippi have taken steps to limit or control
exploration related to a waste repository. Even gaining access to Federal
lands controlled by agencies other than the DOE has been slow. Nevertheless
these problems are being worked out, and plans as of March 1979 call for field
work to start in all areas by mid-June.

For all this, salt domes appear to be viable alternatives to bedded-salt
sites. Several European countries are considering salt domes seriously, and

the Federal Republic of Germany has an experimental repository operating now
in a salt-flow structure.



B.3.2 Hanford Basalt

The Columbia Plateau basalts cover a vast region of central Washington,
northern Oregon, and western Idaho; much of it might in principle be of
interest for waste disposal. For the practical reason that the Hanford Site
is already Federal land administered by the DOE for nuclear purposes, the
detailed investigation of these basalts has centered on those of the Pasco
Basin, in which Hanford lies.

Geologic study of the area goes back over a decade. Studies in the
present context started in 1976, since when there has been much mapping and
and geophysical work and 16 new holes have been drilled for ccres, logging,
and hydrologic tests.

The basic geology consists of a series of lava flows separated by porous,
water-bearing beds. There has been essentially no mineral exploration in
these basalts, and there is little prospect for it. This, plus the exten-
siveness of the flows, implies that if any part of the structure proves satis-
factory for waste disposal, there will probably be a great deal of choice in
site selection.

The use of basalt can rely but little on experience and analysis made for
salt. Therefore high on the program is measurement of the physical, thermal,
and chemical properties of the basalt, both alone and in the presence of
groundwater. A Near-Surface Test Facility is being built in the northeastern
portion of the Hanford Site for in-situ testing, especially with electrical
heaters.

B.3.3 Nevada Test Site

The Nevada Test Site (NTS) is a large site, about 40 by 60 miles in size.
It lies in the Basin and Range physiographic province and at the northern edge
of the Mohave Desert ecosystem. Elevations range from 3000 to 7000 feet, and
the climate and biological features vary greatly with elevation.

The primary mission of the NTS is the underground testing of nuclear
weapons. Indeed it is the only test site for this purpose now available to
the United States. Residual fission products and transuranic nuclides on the
surface and underground mean that the NTS is committed for th2 indefinite
future to retention and care by the U.S. Government.

The NTS contains a variety of geologic environments that might be
considered for waste disposal. However, potential interference with or by
nuclear testing restricts areas that might be considered to those in the
southwestern portion of the Site. Four such areas are under consideration;
two are granite areas, one is shale, and one is tuff.

All four areas have been investigated by surface geologic mapping and
geophysics, and two by drilling. Drilling into one of the granite areas is
discouraging: the granite was encountered much deeper than aeromagnetic
surveys had implied. The other area drilled was in tuff, and it continues to
look promising. The two areas yet undrilled vill be drilled some time in 1979.



The NTS is in seismic risk zone 2, near zone 3. The Basin and Range
prevince is well known to be seismically active. The problem of living with
this seismicity is finding a block of material with suitable properties
sufficiently distant from active faults. Closely related is the question of
vulcanism; 12 to 13 miles southwest of the NTS there is evidence of volcanic
activity as recently as 280,000 to 300,000 years ago.

The hydrologic characteristics of the NTS and its environs are well

studied in the areas used or affected by nuclear testing but not in the
southwestern area being considered for waste disposal.

B.3.4 Paradox Basin

Regional geology is still being studied in the Paradox basin. In addi-
tion, three holes have been drilled in a structure called the Salt Valley
anticline, one of the salt diapirs of the basin. The deepest of the three was
continuously cored to a depth of about 4000 feet. Several types of geophysi-
cal logs have been run in these holes; and open-hole injection, pumping, and
swabbing hydrologic tests were conducted. The most recent acti. ity has been
vertical seismic profiling, in which a seismic source in one hole is detected
in anether hole.

B.3.5 Permian Basin

Permian basin studies have concentrated on the Texas Panhandle. There is
essentially no Federal land in the area, and access for drilling and other
direct field work is difficult. Nevertheless a great deal of information is
available from geophysical measurements and holes drilled by oil companies,
and there have been a few holes drilled and logged by the NWTS program on the
east edge of the Palo Duro basin.

B.3.6 Salina Region

Site studies in the Salina region are at a standstill. Exploratory work
once proposed in northeastern Michigan has been suspended indefinitely because
of objections by the State government. Office work continues on such things
as hydrclogic modeling of the New York portion of the Appalachian basin and on
drilling plans for likely areas in Ohio and New York.
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B.4 PERMIAN REGION*

B.4.1 Geology

The Permian region is located in portions of Texas, New Mexico, Oklahoma,
Colorado, and Kansas, the entire region encompassing approximately 189,000
square miles (Figure B-1l). The land surface consists predominantly of flat
plains and tablelands, but some hilly and low mountainous areas exist east
of the Midland basin in Texas and along the Wichita Mountains uplift in
Oklahoma. Elevations range from 1500 to 2000 feet above sea level in the
eastern portion of the region to 5000 feet above mean sea level in the west.

The Permian region has been tilted, warped, eroded, and invaded by at
least one major sea since Permian t.me (280 to 220 million years ago). Rocks
that predate the Permian period show local faulting and complex folding, but
the Permian and younger strata are virtually free of deformation and in most
areas have a dip of less than 0.5 degree. Most of the modern structures are
probably of shallow origin and do not appear to reflect recurrent movement
along Paleozoic or older structures.

The Permian region experienced a complex tectonic history during the
Precambrian and Paleozoic Eras, culminating in the Wichita, Ouachita, and
Arbuckle periods of mountain tuilding, all of which occurred during the
Pennsylvanian period (approximately 310 to 280 million years ago). It was in
this tectonic framework that (he region deve.oped. A second period of moun-
tain building, referred to as the Laramide orogeny, resulted in the uplifting
of the Rocky Mountains just to the west of the Permian region about 65 million
years ago, but this affected the region very little. 1In summary, the Penn-
sylvanian period of basin formation and crustal uplift is the only major tec-
tonic activity that has affected the Permian region since Precambrian time,
approximately 1 billion years ago. Structural readjustments since the Penn-
sylvanian have had little effect on the post-Permian rock units, including the
extensive salt sequences.

The entire Permian region lies within seismic risk zone 1, which indicates
that ground rupture should not be anticipated in the region. Recorded seismic
activity is low compared with that of most other parts of the United States.
Earthquakes with Modified Mercalli intensities of V to VII are scattered
sparsely over the region. Of the region underlain by salt, the only part that
has undergone significant activity is the area on the flanks of the Amarillo
uplift and along its west-northwesterly continuation across the Bravo dome and
the Dalhart basin.

The Permian region has long been one of the major oil- and gas-producing
regions of the United States. The hydrocarbon reservoirs of eastern New
Mexico and west Texas range from Ordovician to Permian in age. Limestones
deposited during Fermian and Pennsylvanian time served as stratigraphic traps
for hydrocarbons and have been the major producing strata in the Silurian,
Devonian, and Ordovician systems. Future exploration is anticipated to the
north of the presently producing fields in southeastern New Mexico. 1In
relation to the Upper Permian salt-bearing formations, most of the drilling
for development and exploration will be at depths greater than those of the
salt formations.

*Source: NUS (1978a).
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Major natural gas fields are present in western Oklahoma and the Texas
Panhandle. There is some oil production in the area but far less than that
of natural gas. The hydrocarbon-production zones in western Oklahoma and the
Texas Panhandle are mainly lower Permian and the Pennsylvanian strata. The
majority of the successful wildcat wells have found production horizons in
Pennsylvanian and Mississippian strata, but deeper drilling is finding pro-
ducing zones at depths of 25,000 feet in Silurian and Devonian systems. The
principal oil-producing stratum is Pennsylvanian in age. O0il is also produced
along the south side of the Palo Duro basin, along the crest of the Matador
arch. Production is small from these basins. In addition to oil and gas,
helium is produced at three localities, and carbon dioxide is produced from
Permian rocks. On the basis of current leasing and drilling activity, it is
anticipated that there will be exploration and development efforts for hydro-
carbon zones below the Permian salt formations in westerr Oklahoma and the
Texas Panhandle.

The southeastern Colorado portion of the Farmian region supports oil and
gas production that is small in comparison with that of the other producing
provinces in the region. Principal hydrocarbon-production zones for this area
are Pennsylvanian and Mississippian strata. Future drilling activity in
southeastern Colorado will be in Pennsylvanian and Mississippian strata, which
are stratigraphically below the Permian salt formations.

Major natural gas occurrences extend northward from western Oklahoma and
the Texas Panhandle into Kansas. Hydrocarbon production zones for the Kansas
portion of the Permian region are in Cretaceous, Permian, Pennsylvanian,
Mississippian, and Ordovician strata. It is expected that future drilling
efforts for Paleozoic strata will continue at a high rate in southwestern
Kansas. Helium is also produced in the Kansas portion of the region.

Lignite deposits occur in north-central Kansas, although production from
this area is sparse. Lignite has also been mined from limited seams in
Cimarron County, Oklahoma, for domestic heating purposes.

Uranium resources are scattered in small deposits across the south-central
portion of the Permian region in eastern New Mexico, the Texas Panhandle, and
western Oklahoma. A few local deposits are also present in the southeastern
Colorado portion of the region. Production has been small because of the
limited size of the deposits.

There are no known metal occurrences within the Permian region, though
iron and titanium are found near its periphery in Kiowa County, Oklahoma.

The production of various nonmetals has been, and continues to be, one of
the major industries in the Permian region. The nonmetallic mineral industry
in the region includes construction materials (e.g., stone, sand and gravel,
volcanic ash, and scoria). These nonmetals are extracted from depths usually
of less than a few hundred feet, and thus extraction would not interact with
the salt deposits under consideration. Evaporite (e.g., potash and anhydrite)
deposits are also located extensively over much of the region.

y oy
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B.4.2 Hydrology

The Permian region has a semiarid climate characterized by low rainfall
and runoff, high evaporation, and f..quent strong winds. The rivers in the
region generally rise on the eastern slopes of the Rocky Mountains and flow
southeastward across nearly flat plains, which slope eastward at 5 to 15 feet
per mile. Rainfall and runoff increase and evaporation decreases to the
east. The mean annual precipitation varies from less than 16 inches in the
western part to about 30 inches in the eastern part. The mean annual runoff
varies from less than 0.2 to about 4 inches from west to east. The quality of
many streams in the region is poor because of natural contamination (salt,
sulfates, silt) and man-made sources (oil-field brine, feedlot drainage, irri-
gation runoff, municipal and industrial discharges). In many areas, rizer
water is unsuitable for most municipal, industrial, and agricultural water-
supply purposes. Although major floods occur infrequently, localized flooding
may occur as a result of intense loca® precipitation. In most areas, such
floods are characterized by rapidly rising and falling peak discharges and
high water velocities. Flooding is controlled or mitigated by reservoirs and
flood-control dams on many streams in the region. Reservoirs are also used
for minimum flow maintenance.

The largest single user of water in the region is agriculture (about 87%
of the total consumption). Domestic uses, manufacturing, and steam-
electricity generation account for most of the remaining water consumption.

Because of the limited availability and variable quality of surface water,
groundwater has become the dominant water resource in the region. Sixty-three
percent of the water withdrawn in the region comes f-om groundwater. Aquifer
types include stream-valley alluvium; terrace alluvium; carbonate and gypsum;
sand and sandstone; and undifferentiated sandstone, carbonate rock, shale, and
basalt. The Ogallala aquifer is a terrace-alluvium aquifer extending from
southwest Texas across parts of New Mexico and Colorado, and western Colorado,
Oklahoma, and Kansas. It is the most important source of water in the region
and is one of the most intensively developed in the United States. The zone
of saturation ranges from a few feet to more than 250 feet, and the daepth to
water ranges from less than 50 to more than 300 feet. The yields of wells
range up to 1500 gallons per minute (gpm), depending largely on the saturated
thickness. The water is generally of good quality but can be hard locally.
Virtually all of the withdrawal in the heavily pumped areas comes from storage
(i.e., the water is being mined).

Alluvium and terrace deposits represent deposits of the major streams
formed during the period of dissection of the High Plains and consist largely
of reworked material derived from the Ogallal2 Formation. The alluvium and
terrace deposits are nearly continuous along the major streams, although there
are gaps along some of the streams where alluvial deposits are thin or absent.

The zone of saturation ranges from 0 to 150 feet, and well yields range
from less than 100 to 3500 gpm. The water ranges from fresh to highly saline.

The Edwards-Trinity (Plateau) aquifer is a sand and sandstone aquifer at
the southern boundary of the Permian region. It consists of massively bedded
limestone interbedded with shale. Although the yields of wells in most places
average about 250 gpm, they can exceed 3000 gpm in places where the secondary
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permeability of the limestone is well dcveloped. Water in the aquifer is
generally fresh, although the concentrations of total dissolved solides can
reach about 3500 mg/l.

The Rush Springs and Gerber-Wellington aquifers in Oklahoma and the
Roswell artesian aquifer in New Mexico lie primarily outside the Permian
region but do provide an important water resource to the portions of the
region that they include.

B.4.3 Climate

The Permian region is in the Southern Plaines and Lowlands climatic zone.
In general, climatic changes are gradual across the zone hecause there are no
significant climatic barriers. Differences in climatic conditions within this
zone are controlled primarily by latitude, general air mass and other storm
movements, elevation, and distance to sources of moisture.

The climate is predominantly continental, with cold winters and warm to
hot summers. The western portion of tre region has a dry climate because of
the blocking effect of the mountains to the west. The modifying effect of the
Gulf of Mexico results in a warm, humid, and rainy climate for the eastern
portion of the region. The northern portions of the region are frequently
affected by cold polar and arctic air masses during the winter and less
frequently during the summer. Wind and precipitation patterns indicate a
relatively high erosion potential.

Fundamental changes in the climate of the region have occurrel over the
last million years (the Pleistocene Epoch). During thie period there have
been four ice ages, the most recent of which ended about 10,000 years ago.
Although glaciers did not extend to the Permian region, the climate was
probably cooler, wetter, and stormier than at present. Flooding was probably
more frequent. The current epoch (Holocene)! is considered to be interglacial,
and there are indications that a long-term global cooling trend is under way
at present.

In the Permian region the 24-hour maximum rainfall with a 100-year recur-
rence interval ranges from 5 inches in the northwestern portion to 8 inches
in the eastern portion. These values are typical for the contiguous United
States. The frequency of tornadoes is noticeably greater in the central,
northern, and eastern portions of the region. (Texas, Oklahoma, and Kansas are
within an area of the United States that is associated with frequent occur-
rences of tornadoes.) Similarly, most of the northern and central portions of
the region experience 100-year maximum winds with speeds of more than 90 mph,
which is relatively high in comparison with typical values in the United
States. Restrictive-dispersion conditions (inversions) are relatively infre-
quent in the region compared to the rest of the contiguous United States. The
occurrence of restrictive-dispersion episodes increases from east to west
across the region.

Air-quality statutes and regulations restrict development in areas that
are not attaining the national ambient air-quality standards (unless certain
offset criteria are satisfied) or where emissions would result in violations
of the standards or would exceed increments established by the Clean Air Act
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Amendments of 1977. Data indicate that the national ambient air-quality
secondary standards for particulates are being exceeded throughout the western
half of the region and in some eastern areas. Furthermore, the particulate
concentrations in the area between Amarillo and Midland, Texas, exceed the
national primary ambient air-quality standards for particulates.

B.4.4 Background Radiation

Background radiation is ubiquitous, resulting from cosmic, terrestrial,
and fallout sources. The limited data available for the Permian region reveal
no anomalous areas.

B.4.5 Demographic, Socioeconomic, and Land-Use Systems

The Permian region is sparsely populated. Only three urban areas in the
region support a population of more than 100,000 inhabitants: Wichita, Kansas
iapproximately 300,000), Lubbock, Texas (approximately 150,000), and Amarillo,
Texas (less than 130,000). Odessa and Midland, Texas, have populations of
just over 80,000 and 60,000, respectively. The largest urban area within 75
miles of the region is Oklahoma City, Oklahoma (approximately 580,000).

Total earnings for the Permian region in 1970 amounted to approximately 11
billion dollars; by the year 2009, earnings will be approximately 27 billion
dollars. The dominant land use is agriculture. The livestock industry yields
more earnings than all the field crops combined. Earnings from agriculture,
forestry, and fisheries accounted for about 14% of ail earnings; in the region
manufacturing accounted for approximately 5% of the total earnings. Approxi-
mately 68% of the earnings was produced by retail and wholesale trade, govern-
ment, and institutions. This percentage is expected to increase, whereas the

percentages for agriculture and mining are expected to decrease in the coming
decades.

Sensitive or conflicting commitments of land areas larger than 10,000
acres include 142,200 acres of Indian lands (trust areas) in Oklahoma. Also
within the region are 2 national parks (93,720 acres), 5 national forests
(639,321 acres), 3 wildlife refuges (64,606 acres), 1l recreation areas on
Bureau of Reclamation projects (1,143,921 acres), 1 military installation
(33,848 acres), and other military areas (primarily restricted air spaces),
totaling 23,850,624 acres. The area committed to these activities is approxi-
mately 22.86% of the Permian region. The bulk of the land is range, agricul-
tural, and open land, with some areas preempted for urban and residential
dev2lopment and for transportation networks.

The Permian region is traversed by a network of highways and rail lines.
The highway system is the dominant mode of transportation throughout the
region. Railroad trackage has been developed most intensively around major
rail hubs within or near the northeastern portion of the regicn.

B-11



B.4.6 Terrestrial Ecosystems

The Permian region covers some 189,000 square miles and includes a variety
of soil, topographic, and land-use patterns. About 96% of the region is
classified as range or pasture (58%) or cropland (40%).

Most of the natural vegetation in the region is classified as grassland
and shrubsteppe (97%), but forests (3%) are scattered along the major river
drainages in Kansas, Oklahoma, and eastern Colorade and in the low mountains
in the western portion of the region., Forests are not commercia’ly valuable
in the region because of their l1'mited distribution. Nevertheless, they
provide important wildlife habitats. Wetlands are scarce. However, six
typical wetland areas are identified, one of which (the Great Salt Plains in
Oklahoma) has been proposed for Registered National Landmark status. The
region contains seven national wildlife refuges in wetland areas. The Society
of American Foresters has identified two natural areas in Kansas that are set
aside for scientific, educational, or recreational purposes. The Nature Con-
servancy has designated at least three natural areas in the Oklahoma portion
of the region. Twenty-four plant species that ar~ proposed for Federal
endangered status occur within the region.

Regional wildlife includes s me 85 species of mammals, at least 350
species of birds, and more than 100 species of amphibians and reptiles.
Forestland, shrubland, and openland species are well represented., Important
wildlife includes game species, furbearers, and one species on the Federal
list of endangered species, the black-footed ferret. At least 35 game birds
and 26 game mammals are found in the region, and hunting and trapping are
important. The white-tailed deer, mule deer, and pronghorn are important
big-game animals. Cottontail, jackrabbit, and fox squirrel are important
snall-game m~mmals. Nonmigratory game birds include the turkey, ring-necked
pheasant, lesser prairie chicken, bobwhite, and scaled quail; migratory game
birds include waterfovl and the mourning dove. Birds on the Federal list of
endangered cpecies include the brown pelican, Mexican duck, bald eagle,
peregrine falcon, whcoping crane, and Eskimo curlew.

The major land uses in the Permian region are cropland and range and
pasture. The major cropland areas are in Kansas and Texas; Texas and New
Mexico have the largest amounts of range and pasture land. Important crops
include winter wheat, sorghum, and cotton. Cattle, sheep, hogs, and milk cows
are important livestock.

B.4.7 Aquatic Ecosystems

A large portion of the Permian region is semiarid, with intermittent
streams as the only aquatic habitat. These streams, when flowing, are
generally high in mineral conten” from natural sources (salt springs, brine
seeps, or gypsum overburden) and from human activities (petroleum and natural
gas production or irrigation retirn flows). As a result, the most suitable
(often the only available) aquatic habitats are near the peripheral portions
of the region.

In the northern portion of the region, streams of the Smoky Hill River
system, which drain ultimately to the Missouri River, are turbid and
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moderately salty. During low-flow periods in summer months, particularly in
the upper reaches, these streams become ephemeral. Near the northeastern
boundary of the region and below the confluence of the Saline and Solomon
Rivers, the Smoky Hill River system maintains adequate flow and supports a
marginal recreational fishery for catfish and carp. The Topeka shiner, a
threatened fish in Kansas, has beén recorded from the Smcky Hill and Saline
Rivers within the Permian region.

Rivers of the north-central Permian region, including the Arkansas,
Cimarron, Canadian, and Red Rivers, have poor water quality as a result of
natural and man-induced pollution. These streams (with a possible exception
of the Arkansas River) have their origin in semiarid regions and frequently
exhibit no flow or subsurface flow conditions. Consequently, suitable habi-
tats for aquatic organisms are mainly outside or near the eastern periphery of
the region. A few locally endangered or threatened species may occur in the
north-central portion of the region but are expected primarily in the head-
water areas of Colorado and New Mexico or near the eastern boundary of the
region, where the streams become larger and flow continuously.

Much of the central Permian region, although within the watersheds of the
Brazos and Colorado Rivers, consists of playa lakes and dry creeks and is
essentially noncontributing. Aquatic habitats are therefore few in number
and, when present, are generally not suitable for fish and aquatic inverte-
brates because of the naturally high salt content of surface waters. A few
tributaries (e.g., the Concho River of the Colorado River system, which is
essentially spring-fed) maintain flows and water quality that support exploit-
able fish populations. Such streams are generally near the eastern boundary
of the region.

In the south and southwest portions of the Permian region, the Pecos
River, although polluted from natural brines and irrigation return flows, sup-
ports a diverse fish fauna in tributaries to the mainstem river. Many of the
species and subspecies of this region (partic.larly the several species of
desert pupfish and gambusia) have been isolated by natural barriers and are
restricted to specific habitats (often a single tributary or spring). Because
of their highly restricted distributions and dependence on unique habitats for
survival as a species or subspecies, many of these fishes are considered to be
endangered,

B.5 SALINA REGION*

B.5.1 Geology

The Salina region includes portions of New York, Pennsylvania, Ohio,
Michigan, West Virginia, and Canada (Figure B-2). The entire region
encompasses approximately 80,000 square miles of land area in the United
States.

About half of the Salina region is in the Great Lakes section of the
Central Lowland physiographic province. The lakes and terrain features, such

o7 Ul
*Source: NUS (1978b).
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as moraines and drumlins, reflect the prominent effects of Pleistocene
glaciation in this section. The remainder of the region is a part of the
Appalachian Plateaus physiographic province. It is composed of shallow river
valleys and broad ridges, with escarpments that provide abrupt changes in
elevation. Local elesvations generally vary by no more than 300 to 400 feet;
however, the elevation increases in going from west to east from about 1000
feet ahove sea level in Ohio to about 2000 feet above sea level in New York.

The Salina region lies within two major tectonic divisions: the Central
Stable region in the west and the orogenic belts of the Atlantic margin in the
east. The Central Stable region is founded on Precambrian rocks that compose
the stable interior of the North American continent. The eastern areas of the
region contain mountainous areas uplifted and deformed during the Paleozoic
Era. Separating the eastern and western portions of the region are a series
of 2.ches--areas that were stable or gently uplifted and deformed during the
Paleozoic Era, when the Appalachian and Michigan basins were subsiding. It
was during these periods of subsidence that salt beds were formed. All these
structures are extremely old, with no major movements in the earth's crust for
approximately 180 million years. 1Indeed, the Salina region has experienced no
major internal tectonic activity since Precambrian time (1 oillion years
ago). Major structural features within the region are few, uncomplicated, and
broad in extent. Minor structures within the region are also relatively few
and simple.

The Salina region is one of low seismicity. Earthquakes in the eastern
portion of the region are attributed to readjustment of the earth's crust
after the most recent Ice Age. Major surface faulting is uncommon. Several
seismic events have occurred in the vicinity of Attica in western New York.
These earthquakes have been related to the Clarendon-Linden Fault, a north-
south-trending tectonic feature. Several moderate earthquakes (Modified
Mercalli intensity of V) have occurred near Cleveland, Ohio. Portions of the
Salina region in Michigan, Pennsylvania, and West Virginia have been virtually
earthquake-free.

0il and gas fields have been developed in all parts the Salina region.
Primary, secondary, and tertiary recovery efforts, which include water
flooding and fracturing, may have affected portions of the Silurian salt
layers. The most abundant oil and gas fields are in Pennsylvania, West
Virginia, and Ohio. Major bituminous coal reserves occur in Pennsylvania,
West Virginia, Ohio, and Michigan. Much of the coal is within 300 feet of the
surface, well above the salt beds. Metallic ores in the region are of low
grade and of limited economic importance. Several nonmetallic minerals of
economic importance are extracted in the region: salt, salt brines, silica,
and construction materials (sand, gravel, gypsum, etc.). With the exception
of salt brines, it is not expected that current or future recovery of these
minerals would affect waste-repository siting.

B.5.2 Hydrology

The Salina region is subdivided into three Hydrologic Regions (HR): HR I,
southeastern Great Lakes basin; HR II, Susquehanna River headwaters; and HR
J1I, northeastern Ohio River basin.



Hydrologic Region I covers the drainage area of Lake Huron, Lake Erie, and
Lake Ontario, The terrain is characterized by flat land. lakes, marshes, and
peat bogs, reflecting the poor development of regional drainage systems,
Streams are relatively short and follow the lows of the once-glaciated ter-
rain. The terrain is therefore more conducive to infiltration than to direct,
rapid surface runoff. Water available for withdrawal and use in HR I comes
primarily from precipitation within the area. Annual precipitation ranges
from 28 to 37 inches; approximately one-third, nearly 12 inches, becomes run-
off. Water is generally nonsaline throughout HR I.

Major floods and most damaging floods are usually the result of rain and
snowmelt on frozen or nearly saturated ground. Intense summer :storms have
created destructive floods, but these are ordinarily confined to local areas.
Dams are used for flood control and for water-resource management. The
largest single use of water in the region is for cooling steam-electricity
canerating plants. Manufacturing facilities and domestic consumption are also
major water users.

Although water-bearing formations underlie all of HR I, the depth to the
water table varies with the season, local geolcgic characteristics, and ter-
rain., With the exception of the lower Michigan Peninsula, productive aquifers
(yielding to a well at least 50 gpm of water containing not more than 200 ppm
of dissolved solids) are located only along some of the main watercourse
alluvial valleys. Because of the abundance of surface-water supplies in HR I,
groundwater usage has not been extensively developed and constitutes generally
less than 10% of t}~ total water use.

Hydrclogic Region II is located in the headwaters area of the Susquehanna
River, which flows southeasterly from south-central New York through Penn-
sylvania and Maryland. The two major tributaries of the Susquehanna River
that flow through HR II are the West Branch of the Susquehanna River and the
Chemung River. Hydrologic Region II is characterized by deeply eroded, steep-
sided. flat-bottomed valleys and flat to gently rolling plateaus varying in
relief from several hundred feet in New York to nearly 2000 feet in Pennsyl-
vania. This type of landscape tends to shorten the time for precipitation to
run off into streams and consequently promotes the possibility of {londing.
Precipitation averaging nearly 38 inches annually in HR II is the major source
of water supply. The mean annual runoff varies from about 15 to 25 inches,
about half of this occurring during the 3-month period from March through
May. Some tributaries of the West Branch of the Susquehanna River are heavily
influenced by acid mine drainage. Nevertheless, the dissolved-solids concen-
tration of most streams in HR II seldom exceeds 800 ppm. Generally, floods
occur each year in HR II; major flooding can occur in all seasons. Flooding
is, however, mcre frequent in early spring, usually in March. Major floods
have been caused by heavy rainfall on top of heavy snowfall and by heavy rain-
fall on previously saturated ground. Occasionally, lccal flooding is caused
by ice jams or from thunderstorms during the summer months. As in HR I, major
water uses are for steam-electricity generation, manufacturing, and domestic
consumption,

The abundant water in the Susquehanna River basin is looked to by com-
munities outside the area as a supply source for the future. Currently
significant quantities of water are piped to Chester, Pennsylvania, and
Baltimore, Maryland. Rural water supply needs will also increase rapidly in
the future. This includes rural domestic use, consumption by livestock, aq@,,s
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irrigation. The increases are not as dramatic as in the urban areas, Lut they
are nevertheless substantial and must be planned for, particularly where they
compete directly with urban uieeds.

Groundwater in HR Il occurs in appreciable quantities in rock strata and
is generally of good quality, except near coal mines below Tioga County, Penn-
sylvania. Deep aquifers in the region may be saline or brackish. Highly
permeable glacial deposits along most of the valleys are significant sources
of groundwater. These aquifers are very productive and readily recharged.
ince most urban communities are situated on water-bearing glacial deposits in
the valleys, groundwater has not been widely utilized. Although water-use
data are not available for HR II, data for the entire Susquehanna River basin,
which includes HR II, indicate that 17% of the total water consumption is
supplied by groundwater. Tocal groundwater use is expected to increase as
water demands grow in the region.

Hydrologic Region III liee in the northeastern section of the Ohio River
basin., Major streams in this region are the Allegheny River, Monongahela
River, Muskingum River, Beaver River, and the main stem of the Ohio Rive:r.
Hydrologic Region III is located in the Appalachian Plateaus physiographic
province, which is characterized by rugged terrain resulting from the dif-
fering resistance of the rock to weathering the runoff. Extensive forest
cover, poor-quality soils, narrow valleys, steep stream gradients, and flash
floods during the dry seasons are characteristic of this area. Vegetation is
generally sufficient to retard runoff and minimize erosion. Precipitation
averages about 45 inches annually; runoff ranges from about 11 to 25 '~ ~hes
annually. Many minor tributary streams throughout the area normally cease
flowing during the dry season, with drought periods adding to tieir number.
Often during late summer and early fall, stream flow from precipitation is
negligible, the only flow being from groundwater seepage. Waters of the
region are nonsaline, although some tributaries have high concentrations of
dissolved solids. In order of gross consumption, major water-usage categories
are steam-electricity generation, manufacturing, and domestic use.

valley-fill sediments, consisting both of glacial outwash and recent
alluvium, are the most important source of groundwater in HR III. Highest
yields occur generally in the valleys of the Ohio River and its north-side
tributaries. Most bedrock systems in the area are relatively poor water
bearers, although productive aquifers do occur in some limited rock strata
that underlie portions of HR III. High iron concentrations are often found in
these waters. Groundwater supplies have been developed in the valley-fili-
sediment aguifers primarily for use at the point of need. Because of the
large areas covered by these aquifers, most of the stored water has been
untouched by current development.

‘l\_'/} U-)M*
B.5.3 Climate

The Salina region is located primarily within the Great Interior climatic
zone. Differences in climate are controlled primarily by latitude, gerneral
air mass and storm movements, elevation, and distance from moisture. Modifi-
cations to the climatic patterns are introduced by the Great Lakes and by the
lifting effects of the Appalachian Mountains. The climate is generally char-
acterized as cool in the northern section and warm temperate and rainy in
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the southern section. Wind and precipitation patterns indicate a very low
erosion potential in the region.

Fundamental changes in the climate of the region have occurred over the
last million years (the Pleistocene Epoch). 1In this period there have been
four ice ages during which glaciers covered much of the Salina region.

The most recent ice age (Wisconsin Glacial) ended about 10,000 years ago,
although continuous ice sheets still exist in the polar regions. The current
epoch (Holocene) is considered to be interglacial; however, there are indica-
tions that a long-term global cooling trend is under way at present.

In the Salina region, severe-weather conditions are rather typical of
those occurring in most areas of the contiguous United States. The maximum
24-hour rainfall with a 100-year recurrence interval ranges from 4 to 6
inches. The frequency of tornadoes is noticeably greater in southern Michigan
and eastern Ohio than in other sections of the region. However, the frequency
is significantly lower than that in the Central United States, Sections of
the Salina region experience less than 25 to nearly 40 episode-days in 5 years.

Air-quality statutes and regulations res*trict development in areas that
are not attaining the national ambient air-quality standards (unless certain
offset criteria are satisfied) or where emissions would result in violations
of the standards or would exceed increments established by the Clean Air Act
Amendments cf 1977. Data indicate that the national ambient air-quality
secondary standards for particulates are being exceeded around all major
cities and in eastern Ohio, southwestern Pennsylvania, and northern West
Virginia.

B.5.4 4facksround Radiation

Background radiation is ubiquitous, resulting from cosmic, terrestrial,
and fallout sources. Limited data available for the Salina region reveal no
anomalous areas. Dose-rate levels range from 68.3 mrem/yr at Charlevoix,
Michigan, to 116.7 mrem/yr at Wheeling, West Virginia.

B.5.5 Demographic, Socioeconomic, and Land-Use Systems

Many areas within the Salina region are highly urbanized. The heaviest
concentratiors of urban areas (over 50,000 inhabitants) in the region occur in
Ohio, southern Michigan, and western Pennsylvania. The largest urban areas in
or near the region include Detroit (nearly 4 million inhabitants), Cleveland
and Pittsburgh (nearly 2 million inhabitants each), and Buffalo (over 1
million inhabitants).

Total earnings for the Salina region in 1970 amounted to 66 billion
dollars; by the year 2000 earnings will be about 181 billion dollars. Manu-
facturing accounted for approximately 41% of the total earnings in 1970.
Although agriculture and forestry are the dominant land uses, they produce,
together with fisheries, about 1% of the total earnings of the region. Mining
and other extractive industries likewise account for about 1% of the regional

riy 1789 035



earnings. Retail and wholesale trade, government, institutions, and other
services account for approximately 56% of earnings. This percentage is
expected to increase, and the percentage for manufacturing is expected to
decrease, in the coming decades.

Sensitive or conflicting commitments of land areas larger than 10,000
acres consist of the Allegany Indian Reservation, 9 parks, 5 forests, 1 wild-
life refuge, 6 recreation projects, 14 airports, 2 military reservations, and
4 military operations areas. The area committed to these activities totals
less than 6% of the Salina region. The bulk of the remaining land is agricul-
tural and open land, with some areas preempted for urban and residential
development and for transportation networks.

The Salina region is traversed by a well-Adeveloped network of highways,
rail lines, and waterways used for commercial transportation.

B.5.6 Terrestrial Ecosystems

The broad mosaic of land-use patterns in the Salina region has a signifi-
cant influence on the distribution and abundance of terrestrial resources.
Major land-use patterns in the region are forestland (44%), cropland (31%),
pasturcland (6%), and other rural land (6%).

Four ecoregion categories occur in the Salina region: Nor' sern Hardwoods,
Beech-Maple Forest, Appalachian Oak Forest, and Mixed Mesophytic Forest.
Important natural vegetation includes commercially valuable timber, wetlands,
natural areas, and proposed endangered plant species. Commercial forestland
in the region is about 90% hardwoods and 10% softwoods. Forestland i1s about
equally divided among sawtimber, poletimber, and seedling/sapling stands.
Approximately 2% of the region is classif.=2d as wetlands with some importance
to waterfowl. Some 28 representative wetland areas and 5 National Wildlife
Refuges predominantly in wetland areas) are located in the region. The
Society of American Foresters has identified 10 natural areas in the region.
Five plant species that are proposed for Pederal endangered status occur in
the region.

Regional wildlite includes some 65 species of mammals, at least 400
species of birds, and 73 species of amphibians and reptiles. Forestland,
shrubland, and openland species ar:s well represented. Important wildlife
includes game species, furbearers, and endangered species. At least 31 game
birds and 23 game mammals are found in the region, and hunting and trapping
are important. The white-tailed deer is the most important big-game animal;
rabbits and tree squirrels are important small-game mammals. Nonmigratory
game birds include the ring-necked pheasant, bobwhite, and ruffed grouse;
migratory game birds include waterfowl and the mourning dove. Species on the
Federal endangered list include the Indian myotis, Kirtland's warbler,
peregrine falcon, and bald eagle.

Farring is important in the Salina region. Majo. crops are corn, hay,
winter wheat, and oats. Cattle, swine, and sheep are important livestock.



B.5.7 Aquatic Ecosystems

The Great Lakes provide the most extensive commercial fishery within the
Salina region. Although shifts have occurred in the abundance of various
species because of fishing pressures, introduction of predators, and pollu-
tion, commercial harvesting of fish remains a significant industry in the |
Great Lakes. The Ohio River drainage presents a more limited fishery |
resource. The commercial fish harvest in this drainage may be considered
negligible, as are the present-day collections of mussels and clams. The
Great Lakes and the Finger Lakes in upstate New York support a diverse sport
fishery. Appalachian streams offer trout fishing; in many lower stretches of
tributaries and in the main-stem rivers of the Salina region a warm-water
fishery exists, Many streams and lakes are augmented with stocked species to
enhance sport fishing. Only two fish species and one invertebrate on the
Federal 'ist of endangered species occur in the region.

B.6 PARADOX REGION*

B.6.1 Geology

tre Paradox region (Figure B-3) is located in southeastern Uiah and
southwestern Colorado. The entire region encompasses rougnly 10,000 square
miles; about 60% of this land area is in Utah. The Paradox region is a
tectonic unit (Paradox Fold and Fault Belt) of the Colorado Plateau and is
also a feature of Thorudury's (1965) rugged Canyon Lands section of the
Colorade Plateau. As such, it has a diverse and varied physiography and
exhibits the landforms associated with tectonic and igneous activities as well
as with extensive wind and water erosion. Most of the region is above 5,000
feet in elevation, often with high relief and rugged terrain. The area
contains some of the most spectacular scenery in the United States.

The rocks of the Paradox region consist of at least 15,000 feet of clastic
and evaporitic sediments resting nonconformably on a basement complex of
granitics and metasediments., The age of the basement rocks is Precambrian,
while the sedimentary strata range in age from Cambrian to Cretaceous. Dis-
conformities and hiatuses abound, some of very long duration. Ordovician and
Silurian rocks, for example, are completely absent, and no marine deposition
has occurred since the close of the Mesozoic Era. The only Tertiary rocks of
significance are intrusive volcanics. The Quaternary is represented only by
fluvial deposits, a substantial amount of wind-blown sediments and minor
amounts of gravel and till.

The Colorado Plateau Province, of which the Paradox region is a part, is
a mildly deformed platform surrounded by the more highly deformed Rocky
Mountains. The principal tectonic elements of the Plateau include uplifts,
monoclinal flexures, domes of igneous intrusion, platforms, slopes, saddles,
and fold-and-fault belts. 1Ir addition, the region displays numerous igneous
plugs, diatremes, caldron sinks, dikes, and multitudinous systems of joints
and small faults.

*Source: Bechtel (1978a).
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The Paradox region is one of low seismic activity. Fifty-four ear thquakes
with a maximum intensity equal to or greater than 5 on the Modified Mercalli
scale of 1931 are known to have occurred in or within 100 miles of the Paradox
region from 1853 to 1976.

The t¢ tonic his.ory of the region is eventful. Evidence indicates that
the region was under water for a long period of time before the start of the
Cambrian period. During the Paleozoic Era much activity occurred, with
periods of uplift and erosion alternating with periods of inundation and sedi-
mentation. The formation of the Paradox Basin salt formation occurred during
tne latter part of this era. By comparison, the Mesozoic Era was relatively
quiescent. No major mountain-building activity occurred in the region during
the Triassic and Jurassic periods, but the shallow seas moved in and out to
deposit occasional layers of marine sediments. The powerful uplifts that
raised the Colorado Flateau Province to its present elevation began in the
last half of the Cretaceous. During the early Cenozoic Era the mountain
building continued until the Rocky Mountains were formed. Volcanism was also
widespread and frequent during the Cenozoic Era. Most of t.ie prominent sur-
face features of the region were formed during the era.

The Paradox region and surrounding territory have supplied important
energy resources for nearly three decades. Petroleum, natural gas, and
uranium from this area have made substantial contributions to the nation's
energy needs and have played ar important role in the local econony. Energy
and mineral production is still increasing. A few metals and industrial
minerals are also present in the region, but they have been produced on a
small scale compared to exploitation of the energy reserves.

B.6.2 derolggx

Surface water is a valuable resource in the semiarid Paradox region. The
principal rivers in the and surrounding territory of the Upper Colorado Water
Resource Region (UCWRR) are the Colorado and the Green, and their major tribu-
taries are the Price, San Rafael, Dolores, and San Juan Rivers. No large
natural freshwater lakes or wetlands occur in the region. Precipitation is
light and varies with ground elevation. Maximum stream fiow occurs in late
spring due to snowmelt runoff from mountainous areas. Localized flooding can
occur, especially when periods of snowmelt coincide with intense thunder-
storms. Areas most prone to flooding are along the floodplains of rivers or
streams. Most serious damage occurs in broad floodplains where agricultural
or urban develupments exist. Flood control is accomplished by watershed
management and land-treatment programs in the UCWRR. Flood-control reservoirs
are normally multipurpose and may provide power generation, irrigation, and
recreational benefits. Surface-water quality is generally good, although high
dissolved-solids concentrations pose a problem in some waterways of the
UCWRR. Water availability is limited, and demand, especially for good-quality
irrigation water, is growiig.

Groundwater occurs in the Paradox region uncer both water-table and
artesian conditions, and the quality of this water ranges from fresh to
near-saturated brines (in excess of 350,000 mg/l of total dissolved solids).
Water-table conditions commonly exist in the shallow alluvial aquifers, in
recharge areas, and near the surface in relatively f at-lying rocks that are
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found over large portions of the region. Most of the groundwater underlying
the region has dissolved-solids concentrations in excess of 3000 mg/l and is
unsuitable for most uses. Usable fresh water is present only in near-surface
aquifers and is seldom found at depths greater than 200 feet. The only source
of fresh water is precipitation falling on the region; principal areas of re-
charge are the highlands of the region and other areas where aquifers crop out.

B.6.3 Climate

The Paradox region is largely a cool, semiarid, mid-latitude steppe with
isolated areas classified as mid-latitude deserts or humid continental
regimes. The recion is very dry, with an average annual precipitation of
approximately 8.3 inches. The dry conditions provide the region with a
relatively high potential for wind erosion.

Fundamental changes in the climate of the region have occurred during the
last million years, apparently resulting from changes in global temperature.
Four major ;laciations occurred during the Pleistocene Epoch, but the region
is located mcre than 500 kilometers southwest of the southernmost limit of the
ice cover and was not glaciated.

The region .s relatively free from severe-weather hazards and can expect a
maximum 100-year rainfali of only 3 inches in a 24-hour period. It is also in
an area of low tornado activity; this part of Utah reported no tornadoes from
1955 to 1967. Similarly, high winds are not frequent; maximum wind speed of
about 85 mph has a 100-year mean recurrence interval. However, local chan-
neling effects might alter the maximum speed at specific sites.

Inversions are relatively common in the Paradox region in comparison with
the United States as a whole: the region has experienced about 180 episode-
davs in 5 years. These conditions are related to the terraia of the region,
which is a complex system of valleys surrounded by high terrain. This type of
terrain allows the formation of frequent temperature inversions that could
pose a major problem for the dispersion of emissions from a waste repository.
In addition, poor dispersion conditions occur during the frequent stagnation
of large-scale high-pressure systems,

With regard to existing air quality (Prevention of Significant Deterio-
ration, all national parks and wilderness areas within the Paradox region are
classified as Class 1 areas. The remainder of the region is a Class II area.
The law generally allows no or minimal industrial development in Class I areas
and moderate development in Class II areas.

B.6.4 Background Radiation

Virctually no data specific to the Paradox region were available in the
sources examined. In general, the mountain states are higher than the
national average in both natural terrestrial and cosmic background radiation,
although the regional variations appear to be of minor significance.
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B.6.5 Demographic, Socioeconomic, and Land-Use Systems

The Paradox region is a rural area with many small towns of less than i500
people scattered along highways. Furmington, New Mexico, and Grand Junction,
Colorado, are the only two cities in the areas adjacent to the region with
more than 20,000 inhabitants. There are no cities; this large within the
region. The total population of the region was approximately 240,000 in
1970. Most of the counties in the region showed a 10 to 20% increase in popu-
lation between 1970 and 1975.

The economy of the region is dependent on the continued long-term develop-
ment of extractive industries and the processing of petroleum, coal, molybde-
num, vanadium, natural gas, and other mineral and energy resources. Grewth in
these and related suppor:t industries will, to a large extent, determine the
rate of economic growth fur the region, primarily because of their export
value,

Agriculture is also important in the region, although productivity is
limited by local climatic factors. The low annual rainfall, combined wi'h
areas of marginal soil productivity, limits agricultural activities to live-
stock grazing and local hay and grain production. Livestock is the only major
agricultural product exported from the region. Other industries are of lesser
importance.

Land uses of interest include Federal and state recreational and natural
areas (which occupy 29% of the land area within the region), urban areas (less
than 1%), and Indian lands (16%). The bulk of the remaining land is open
range, with small areas preempted for transportation networks.

B.6.6 Terrestrial Ecosystems

The Paradox region contains vast areas of relatively undisturbed natural
habitat. Fifteen natural veg.tation systems occur in the region; these range
from pine or fir forests to scrublands, steppes, and barrenlands. Six eco-
logical reserves have been established or proposed foi the region; these
"natural areas" would insure the preservation of a typical or unusual vegeta-
tion type in as near an undisturbed condition as possible. A great variety of
wildlife inhabits the region, including many furbearing species, numerous
big- and small-game species, and several threatened or endanqered species.

Major range types within the region include gras: +ds, three types of
desert shrubs, and pinyon-juniper woodlands. This r. is well utilized, and
the market value of livestock is normally 50 to 60% of che value of all agri-
cultural products in the region. Lands having good soil on moderate slopes
are generally dry-farmed or irrigated. A variety of crops are grown; these
typically account for 40 to 50% of the market value of all agricultural prod-
ucts. Although extensive forested areas occur in the region, forest products
contribute less than 1% of the total value of all agricultural crops.

B-24 1789 U



B.6.7 Aquatic Ecosy~tems

Most aquatic habitats in the Paradox region are cold-water trout streams,
generally above 5000 feet in elevation. The native game fish, mainly cut-
throat trout and whitefish, have been largely replaced by introduced game
species, principally rainbow trout. Very little warm-water-stream habitat is
found in the region; the warm-water habitats that do exist frequently contain
both old- and warm-water fish species. Although a considerable number of
sport fish are taken annually, the fishery resource is relatively poor because
of the high sediment load of many streams. Four threatened or endangered fish
cpecies have been identified in the region; all are found in the Colorado
River or its tributaries.

B.7 GULF INTERIOR SALT-DOME REGION*

B.7.1 Geology

The Gulf interior region of Alabama, Mississippi, Louisiana, and Texas
lies within the Gulf Coastal Plain physiographic province (Figure B-4). It
includes parts of 11 major physiographic subdivisions.

The basement o1 che Gulf interior region consists of structurally deformed
incipient or weakly metamorphic late Paleozoic and older rocks and crystalline
materials of unknown age. These rocks are overlain by a great thickness of
Mesozoic and Cenozoic that regionally thickens in successive wedges toward the
Gulf. The top of the Paleozoic basement occurs at depths of about 13,000 feet
at the northern boundary of the region and reaches almost 30,000 feet in depth
at the southern limit. TLocal structure modifies this general trend.

The region lies within a large structural downwarp known as the Missis-
sippi Embayment, which extends north into southern Illinois, east into
Alabama, south to the vicinity of Baton Rouge, Louisiana, and as far west as
eastern Texas. A variety of smaller structural elements modifies this general
framework and defines the immediate structural parameters of the storage rock
unit. These features include basins and domes or uplifts, flexures and
faults, and salt domes.

The region is one of low seismicity. Within 100 miles radius of the Gulf
interior region there were only 20 earthquakes between 1886 and 1974 whose
maximum intensities were equal to or greater than V on the Modified Mercalli
scale of 1931.

The early tectonic history of the Gulf Coastal area before Jurassic cime
is conjectural because of lack of data. Currently, there are two trends of
thought concerning the origin of the Gulf. One theory holds that the Gulf in
some form existed since late Precambrian; the more popular theory holds that
the Gulf was initiated by plate tectonics (sea-floor spreading) during early
Mesozoic. By early Jurassic time, marine water had entered the area from the
west, and a major evaporite-deposition cycle was initiated. At this time the
area was probably landlocked. By the late Cretaceous, the area was open to

*Source: Bechtel (1978b). ] [ ; ; e l
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the seva, and the salt deposition had ceased. Various episodes of uplift prior
to the Recent (Holocene) Epoch have resulted in the deposition of up to as
much as 30,000 feet of material.

0il and natural gas are the chief m‘aeral industries of the area and have
been for the pas: 50 years. However, other indusries, based on processing
such materials as ceramic and nonceramic clays, iron orc, and salt, are also
well developed in relation to available markets,

B.7.2 Hyd-ology

The surface-water resources of the Gulf interior region can best be
summarized by briefly reviewing the surface-water characteristics of each of
four Water Resource Regions (WRRS): the Arkansas-White-Red, Texas Gulf, Lower
Mississippi, and South Atlantic Gulf Regions. The various surface-water
parameters described for each WRR, including precipitation, runoff, flood
history, and surface-water quality, availability and demand, may vary
significantly between and within WRRs.

The Arkansas-White-Red Region (AWRR), which consists of 265,000 square
niles in Oklahoma, Louisiana, Arkansas, Texas, Missouri, Kansas, New Mexico,
and Colorado, intersects only a smal! midwestern portion of the Gulf interior
region., Precipitation and runoff decrease greatly from the humid eastern
areas to the semiarid western areas of the AWRR. The AWRR averages 3200
113,000 cfs of runoff, with the maximum stream flow generally occurring from
April to June. Major rivers include the Arkansas, White, Red, and Canadian.
Bastern lowlands of the AWRR are supnject to severe rainstorms and recurrent
flash flooding; flooding in the western and central portions results from
intense and infrequent ~ainstorms of short duration. Flood-control problems
have been reduced, particularly in eastern areas, by the construction of
numerous reservoirs aiong major rivers. Surface-water quality in several
major waterways of the AWRR is poor due to widespread natural and man-induced
pollution including natural mineralization, mine discharges, erosion, and
municipal and industrial effluents. The availability and use of many AWRR
surface waters for agricultural, municipal, industrial, and recreational uses
are severely limited by the low quantities and qualities of surface waters in
some parts of the AWRR. In general, most water supplies are derived from
groundwater sources in the western and central AWRR.

The Texas Gulf Region (TGK), which consists of 173,000 square miles in
Texas, Louisiana, and New Mexico, intersects roughly one-third of the western
Gulf interior region. Precipitation and runoff decrease dramatically from the
Texas Gulf "oast northwest to the central and western areac of the TGR.
Average runoff is 30 million acre-ft/yr and is principally from the eastern
one-fourth of the TGR. Major rivers in the TGR include the Sabine, Neches,
Trinity, and Brazos. Flooding in the TGR typically results from tropical
storms originating in the Gulf of Mexico; the largest floods have occurred in
late summer and early fall from hurricanes. Total-dissolved-solids concentra-
tions in the TGR vary from less than 100 to over 2500 mg/l, with the upper
reaches of the Brazos River having the poorest water quality observed.
Approximately half the TGR's water needs are met from surface-water sources,
and surface-water use is expected to triple by the year 2020. Although the
regioal supply of surface water is expected to meet that demand, unequal
geographic distribution of surface-water supply and demand may pose problems.



The Lower Mississippi Region (LMR) consists of about 102,700 square miles
in Louisiana, Mississippi, Arkansas, Missouri, ™ nnessee, and Kentucky, and
intersects the central quarter of the Gulf _.cerior region. Average annual
preripitation varies from 64 inches along the Gulf Coast to 44 inches in
southern Missouri. Runoff is rather uniform throughout the LMR, decreasing
from 26 to 14 inches per year from coastal to central areas, respectively.
Roughly 116,380 cfs of annual discharge is generated within the IMR. Major
rivers include the Mississippi, St. Francis, White, Arkansas, and Yazoo.
Flooding generally results during late winter or spring from heavy rainc and
rapid snow melt throughout the Ohio and Mississippi River valleys, or in late
summer or early fall from tropical storms and hurricanes along the Gulf
Coast. Areas subject to flooding are floodplains and adjacent areas of the
Mississippi River, its major tributaries, and coastal areas. By 1970, ILMR
flood-control storage totaled 6,028,000 acre-feet, and over 3780 miles of
levees and floodwalls were in place. Surface-water quality throughout the LMR
is variable and dependent on location; in general, however, most streams have
good natural quality. Varying degrees of man-induced pollution require selec-
tive use and some pretreatment of surface waters in some areas of the LMR.
The IMR is one of the most water-rich WRRs in the United States, with 85
million acre-feet of runoff generated within the LMR and a total of 485
million acre-feet discharged annually from its waterways into the Gulf of
Mexico. Large increases in surface-water demand are projected by the year
2021, and no shortages are expected.

The South Atlantic-Gulf Region (SAGR) consi.ts of 276,000 square miles in
South Carolina, Florida, Virginia, North Carolina, Georgia, Alabama,
Louisiana, and Mississippi; it encompasses roughly the eastern third of the
Gulf interior region. Precipitation is generally plentiful and uniformly
distributed throughout the SAGR. Average runoff 305,000 cfs., Seasonal highs
in runoff occur from November to April and from June to October, resulting
from broad cyclonic disturbances and tropical hurricanes, respectively. Major
rivers in the SAGR include the Alabama, Tombigbee, Apalachicola, Santee, and
Altamaha. Widespread, disastrous flooding is uncommon, although an estimated
(in 1968) additional 3.3 million acres of land require flood protection by
1980. Seasonal flood potential is highest from December to April and from
August to October. Areas most prone to {looding include the floodplains of
major rivers and coastal areas. Numerous watershed and flood-control projects
have been constructed throughout the SAGR for flood protection. Natural
surface-water quality is generally excellent, with dissolved-solids concentra-
tions averaging less than 100 mg/l. In some coastal plain streams, high
turbidity and high sediment loads are not uncommon. 1In some localized areas,
municipal, industrial, and agricultural sources of pollution have caused
restricted use of surface waters and an increased reliance on upstream reser-
voir storage and groundwater for municipal water supplies. Because of abun-
dant surface-water and groundwater supplies within the SAGR, no current or
projected water shortages are expected,

Good-quality groundwater is present throughout the Gulf interior region,
and it is used extensively for domestic, municipal, and industrial purposes.
Several aquifers or hydrologic units are recognized in the post-Cretaceous
coastal plain sediments, They comprise a thick sequence of interbedded sands,
clays, and marls in which the more permeable materials provide aquifers con-
fined between the less permeable clays and marls., Important water-bearing
units or aquifers in the region include the Wilcox-Carrizo units, the Sparta
(Kosciusko) Formation, Miocene sands, and Pleistocene to Recent alluvial
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valley deposits. The water-bearing formations receive recharge in their ont
crop areas from recipitation and stream flow, although under present condi-
tions the aqui’ers are full, and most of the water available for recharge is
rejected, moviig laterally and discharging to low stream valleys.

B.7.3 Climate

The Gulf interior region lies within a humid temperate zone with moder-
ately high winter temperatures and moderate amounts of rainfall throughout the
year. These conditions indicate a relatively low potential for wind erosion.

Although this area has experienced significant temperature decreases
(9-28.89F) in the recent geologic past, indications of glaciation within
that period are absent. In fact, the previous glacial boundary appears to be
more than 435 miles north of this region.

Severe-weather occurrences in the Gulf interior region generally take the
form of high winds and precipitation associated with hurricanes that intrude
inland from the Gulf of Mexico. The l100-year-recurrence events for these two
meteorological phenomena are 11 inches of precipitation within a 24-hour
period and winds of 90 mph. Another severe-weather phenomenon experienced in
this region is the occasional tornado (ranging from 6 in a 12-year period on
the Louisiana-Mississippi border to 43 or more in portions of northeast Texas
during the sams period).

Generally mcderate mixing levels together with ioderate wind speeds and
rolling terrain make the Gulf interior region unlikely to experience inver-
sions. Stations within and near this region have reported 13 to 28 episode-
days of poor dispersion within a 5-year period.

The region, like most of the country, experiences periods in excess ol
national ambient air-quality standards (NAAQS) for particulates. Trends in
air gquality, as evaluated by the Environmental Protection Agency (EPA),
indicate a very gradual improvement in this condition in the Gulf interior
region, primarily as a result of improved pollution control technology. There
are also a number of areas within this region that have been designated by the
EPA as areas of concern for the control of photochemical oxidants. In most
cases, these areas, consisting of large metropolitan sites and their immediate
surroundings, are presently exceeding NAAQS for this pollutant.

Witk regard to the Prevention of Significant Deterioration, the region
lies within a Class II area, which allows for moderate industrial develop-
ment. The nearest (presently defined) Class 1 areas are more than 100 miles
away .

B.7.4 Background Radiation

Data for approximately 38 locations in the Gulf interior region and
surrounding territory indicate that the region is about average in natural
terrestrial and cosmic background radiation. The highest reported background
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radiation values are in Texas, but regional variations appear to be
insignificant.

B.7.5 Demographic, Socioeconomic, and Land-Use Systems

In eastern Texas, the Gulf interior region is a rural area with many small
towns, The major cities within the area are Tyler .nd Longview, but large
urban areas such as Dallas, Fort Worth, Waco, and Austin are adjacent to the
region. Approximately 75% of the population is white; the remaining is black
(except for the 0.7% that is Indian, Chinese, Japanese, or other). The total
population of the area was 766,154 in 1970, and most of the counties showed a
population-growth rate of more than 7% between 1970 and 1975. Per capita
income for the region was $3119.

The Gulf interior region in Louisiana encompasses 298 parishes in the
northern part of the State and includes the cities of Shreveport, Monroe, and
Alexandria. The total population of this area was 1,062,685 in 1970. Popula-
tion growth was slower in Louisiara than in Texas, and many parishes had a net
decline of up to 10% between 1970 and 1975. Annual per capita income in 1974
for the region was $2788.

There are 35 counties in the Gulf interior region in Mississippi. The
largest cities in the region are Jackson (166,512), Meridian (46,256),
Hattiesburg (38,097), and Vicksburg (29,726). The total population for the
area was 778,158 in 1970 and increased to 1,064,217 (estimated) in 1975. Six
counties experienced a decline in population between 1970 and 1975, and
counties other than those having the major cities mentioned above had a slower
growth rate than the rest of the nation and the slowest for all states in the
Gulf interior region. Nearly 66% of the 1970 population was white, 34% was
black, and less than 1% was of other origin. Per capita income grew by 50 to
70% between 1969 and 1974, and regional average annual per capita income was
$2826 in 1974.

The economy of the eastern Texas region is largely resource oriented.
Extractive industries such as mining, petroleum, and natural gas extraction,
manufacturing based on regional resources, and agriculture comprise the core
of the export economic base. In rural counties in eastern Texas, tourism is
an important element in the local economy. Mining and manufacturing
activities account for 33% of the total employment., Eastern Texas is a
producer of agricultural crops and livestock; some counties produce
considerable mounts of livestock and poultry for export to other states,

Much of !'3je region in Louisiana is rural and is used for agricultural
crops, grazing, or forest., More than 64% of the total employment is located
in the Shreveport, Monroe, or Alexandria urban areas. The State is one of the
largest producers of natural gas and petroleum. Manufacturing is located near
the larger urban areas, and industries based on lumber and wood products, food
products, primary metal products, fabricated metal products and appliances,
textiles and apparel, and chemicals all have notable employment. 1In 1970 the
agricultural production of crops was centered in the lowland region along the
Mississippi River; livestock production was concentrated in upland areas.
Total agricultural income in 1974 was $445 million, up 114% from 1969, with
approximately 70% attributed to crops and hay.
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Manufacturing accounts for 31% of the total employment in the Mississippi
Gulf portion of the interior region, and represents the largest single employ-
ment sector. Extractive industries (natural gas and petroleum, sand and
gravel, and other minerals) employ less than 20% of the labor force. Agricul-
ture is also a significant contributor to the local economy. Lowland counties
of the Mississippi River basin are intensively cultivated for field and row
crops; upland counties are extensively used for livestock grazing.

The majority of the population in the eastern Texas Gulf interior region
lies in the Tyler and Longview urban areas. As much as 10% of the area is in
urban uses, and the average population density throughout the area is 0.02
persons per acre. Vast expanses of woodlands and agricultural land char-
acterize the area, Eastern Texas has three national forests totaling 507,012
acres: Angelina, Davy Crockett, and Sabine. Recreational uses of lakes and
reservoirs and parks in the area are rapidly growing, and second-home develop-
ment around some lakes (i.e., the Cedar Creek Reservoir) has occurred
recently. The Federal Government maintains and is acquiring jurisdiction over
sizable land areas to meet growing demands for various recreational uses.
Airports are common throughout eastern Texas; restricted or prohibited air-
spaces with various altitude and aircraft-operation limitations are also
present. Highway and rail systems are extensive throughout the area. One
Indian reservation exists in Polk County, Texas.

In Louisiana most urban land in residential, commercial, and industrial
uses is around the cities of Shreveport, Monroe, and Aiexandria. Outside
these urban areas, small towns are numerous, but rural areas are, for the most
part, devoted to agriculture or forests. Upland parishes in northwestern
Louisiana have less field and row crops and more livestock-grazing land than
do lowland parishes along the Mississippi River. The Kisatchie National
Forest is distributed in several parcels throughout Louisianu; the total
acreage of all parcels is 500,302 acres, or 6.1% of the land in the area.
State fish and wildlife management areas and state forests provide abundant
recreational uses. Airports of varying size are found throughout the area;
restricted and prohibited airspaces with varying limitations are also
present. Rail and highway systems are well developed in all of Louisiana.
One Indian reservation is located in the area.

The largest cities in the Gulf interior region in Mississippi are Jackson
(166,572), Meridian (46,256), Hattiesburg (38,097), and Vicksburg (29,726).
Like Louisiana, the area is largely rural, with agricultural lands predomi-
nating. Five national forests in the area cover 1.7 million acres, or 15% of
the area. Many types of uses are provided, including recreation as well as
timber harvesting. Airports of various sizes are found throughout the area,
as are restricted airspaces. Rail and highway systems are well developed.
One Indian reservation is located in Leake County, outside the Gulf interior
region.

B.7.6 Terrestrial Ecosystems

The Gulf interior region and surrounding territory in Texas are made up of
nine potential vegetation types, ranging from mixed hardwood-softwood forests
to open prairies and savannahs. No ecological reserves have been established
in the basin, but a number of locally administered natural areas do insure
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preservation of habitats in as near an undisturbed c¢ondition as possible.
Important animal species include approximately 9 fur bearers, several game
animals, and 20 protected, threatened, or endangered species.

Major range types in the Texas Gulf interior region include grasslands,
shrublands and chaparral, and pinyon-juniper woodlands. The rangeland has a
relatively high productivity compared to the typical western range, and live-
stock and livestock products accounted for the highest portion of all agricul-
tural products sold in the Texas Gulf interior region in 1974 (47%). This was
followed by poultry and poultry products (36%), crops and hay (12%), nursery
and greenhouse products (3s , and forest products on farms (1%). Harvested
hay, sorghum, and cotton we:e the crops covering the greatest land area in
1974. Commercial forests in counties within the East Texas Piney Woods region
cover about 63% of the region. Forest types with the most cuverage are
loblolly-shortleaf pine, oak-pine, and oak-hickory.

Only four potential vegetation types occur within the Gulf interior region
of Louisiana--prairie and three kinds of mixed hardwood-and-softwood forests,
However, the variation within these vegetation types, due to man's activities
as well as the natural soil and climatic variation, contributes to diverse
wildlife habitats. In addition to one ecnlogical reserve, the Bayou Boeuf
Natural Area, there are several State, private, and Federal wildlife areas.
Important animal species include approximately 13 fur bearers, 11 game
mammals, and 6 threatened or endangered species,

Livestock grazing occurs on cultivated pasture as well as in forested
lands. Livestock and livestock products represented only 18% of the value of
agricultural products sold in 1974. Principal livestock types produced in the
area in 1974 were beef and dairy cattle. Livestock productivity varies
throughout the area, as does the productivity of agricultural crops and
timber resources, the most productive livestock parishes being De Soto, Caddo,
Richland, Natchitoches, and Rapides. Agricultural crop production was largest
in Morehouse, East Carrol, Madison, and Avoyelles Parishes; crops and hay
represented 70% of all agricultural products sold in the Louisiana Gulf
interior region in 1974, Cotton was the crop with the largest harvested area,
followed by soybeans, rice, corn, sorghum, wheat, and sugarcane. There are
three major forest types in Louisiana: southern pine, upland hardwood
(oak-hickory), and bottomland hardwood. Commercial southern pine forests are
mostly iongleaf and slash pines in the southern half of the State and short-
leaf and loblolly pines in the north. Bottomland hardwoods include such
species as oak, gum, cypress, elm, ash, and cottonwood. Production of timber
resources was highest in Ouachita, Caldwell, Winn, Natchitoches, Sabine, and
Caddo Parishes,

In Mississippi, as in Louisiana, there are only four potential natural
vegetation types, but one, the blackbelt, is limited to the Gulf interior
region of Mississippi and Alabama. Six ecological natural areas have been
established in the Gulf interior region of Mississippi for the preservation of
vegetation types and wildlife habitat. Important animal species in~lude
approximately 11 fur bearers, 11 game animals, and 13 species on the Federal
list of threatened and endangered species.

In the Mississippi Gulf interior region, poultry and poultry products

accounted for the highest portion of all agricultural products sold in 1974
(45%), followed by crops and hay (30%), and livestock and livestock products
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(22%). Rangeland and wooded pasture are extensively distributed throughout
the area. Soybeans, hay, and cotton were the crops with the largest harvested
area in 1974, Commercial forests are extensive, covering about 62% of the
land area in Mississippi. Commercial forests with the largest areas are
oak-hickory, loblolly-shortleaf pine, oak-pine, and oak-gum-cypress.

B.7.7 Aquatic Ecosystems

The Gulf interior region is noted for its extensive and valuable recrea-
tional and commercial warm-water stream and lake fisheries, Stream and lake
habitats in the region can be divided into bottomland and upland habitat
types. Bottomland habitats are generally in the larger, deeper, slow-moving,
and turbid streams and rivers that meander through the interior region.

Upland habitats are generally in the smaller, faster-moving creeks and streams
that are the tributaries of the major waterways within the region. Six en-
dangered fish species have been identified in the Gulf interior region; all
six species are found in the State of Mississippi.

B.8 THE HANFORD SITE*

The Hanford Site is a 600-square-mile tract in the southeastern part of
Washington State. It is semiarid, and the closest population center is
Richland, 5 kilometers to the south.

B.8.1 Geology

The Hanford Site is in the Columbia Plateau physiographic province, which
is characterized by the occurrence of a thick sequence of tholeiitic basalts
and varies s‘gnificantly in topographic expression as well as structure
(Figure B-5). "'ae Columbia basin section is a broad jeologic and structural
basin in the i1 :rior of the province; the Hanford Site is located in the
Pasco basin, whith is one of several subbasins.

The Columbia basin contains the Channeled Scablands formed at the close of
Pleistocene glaciation by multiple catastrophic floods. The floods occurred
as ice-dammed lakes released torrents of water and ice when the ice dams were
breached.

The regional geology is dominated by Cenozoic rocks and structures,
During the Cenozoic Era, numerous basalt magma outpourings from extensive
fissure systems flowed across the Columbia Plateau and into regional areas of
subsidence, such as the Pasco basin, where thick sections of basalt accumu-
lated. The thickness of the basalt sequence is an average of 1800 feet in the
Columbia Plateau and is more than 10,000 feet in the Pusco basin. The

*Source: Private communication from K. R. Fecht, Rockwell Hanford
Operations, December 1976. .
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frequency and size of the eruptions decreased and then ceased during the late
Tertiary period (about 6 million years before the present).

Regional subsidence continued and was accompanied by regional north-south
compression, which has resulted in folding of the basalt sequence and in the
formation of a number of rouchly east-west-trending anticlinal ridges in the
central part off the Columbia ’lateau. At the Hanford Site, this ridge system
is represented by the Rattler nake Mountains, the Yakima Ridge, and the
Umtanum-Gable Mountain Ridgr.

Within and on top of tae basalt sequence are sedimentary deposits. The
interbeds between basalt flows consist of tuffs, tuffaceous sediments, and, in
some locations, stream-carried sediments. Interbeds are more prevalent in the
upper part of the basalt sequence.

The top of the basalt sequence is covered with fluvial, glaciofluvial, and
eolian deposits. 1In the Pasco basin, the basalt is covered by up to 1000 feet
of fluvial sediments (the Ringold Formation) overlain with up to 300 feet of
glacinfluvial sediments (informally named the Hanford Formation). Eolian de-
posits overlie the Ringold Formation in the western part of the Hanford Site.
The basement rocks below the basalt sequence are of uncertain composition but
are probably sandstones and shale. Granitic rocks are probably below that.

Mineral resources are sand and gravel, basalt, and possibly natural gas.
Natural gas has not been detected in recent drilling of deep boreholes.
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Figure B-5. Location of the Columbia Plateau basalts.
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The Columbia basin is a region of low seismicity in which moderate earth-
quakes have occurred, Microseismic activity at the Hanford Site indicates low
levels of stress relief, generally shallow focal depths, and no obvious rela-
tionship to any geologic structure. The maximum known earthquake intensity in
the vicinity of the site was less than IV on the Modified Mercalli scale.

Fauits in the region are associated with folds in the basalt and appear to
reflect local adjustments to folding. They are relatively short in length
(less than 30 miles), with generally small displacements (less than 500 feet).

B.8.2 Hydrology

The Pasco basin is a series of confi .ed aquifers overlain by an unconfined
aquifer. The area is bounded by ridges to the north, south, and west a.d by a
broad regional monocline to the east.

The confined aquifers are primarily the permeable interbeds and interflow
zones in the basalt sequence. The interflow zones are characterized by ve-
sicular rock or by interconnected fracturing caused by rapid cooling of the
basalt magma. There is very little hydraulic interconnection between aquifers
since the central volume of the basalt flows is dense and has a very low per-
meability. Fractures in the basalt have been filied with secondary minerali-
zation products such as montronite. The confined aquifers are recharged by
precipitation, stream runoff, and infiltration from the overlying unconfined
aquifer or distant recharge points. Discharge of the upper aquifer is to the
Columbia River.

The unconfined aquifer occurs above the basalt sequence up to about the
top of the Ringold Formation. The groundwater movement is distorted by local
geologic structures and has been modified by waste-disposal activities at the
Hanford Site,.

Between the top of the unconfined aquifer and the land surface is the
vadose zone. This unsaturated zone is up to about 300 feet thick and is
extremely dry below about 30 feet. 1In this desiccated zone, there is nearly
no downward movement of water.

B.8.3 Climate

The climate of the Columbia basin region is dominated by the Cascade
Mountain Range to the west and by the prevalent direction of storm fronts from
the Pacific Ocean. Summers are relatively hot and dry, most of the average 6
inches of precipitation falls during the winter, and there are occasional
periods of high winds. Prevailing winds are from the northwest.

Tornadoes are infrequent. It has been estimated that the probability of a
specific surface structure's being hit by a tornado is only 6 in one million.

Thunderstorm activity is low. The estimated annual lightning strike fre-
quency is 0.022 for a typical Hanford building.
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B.5.4 Demography

There are an estimated 250,000 people within 50 miles of the Hanford
Site. The estimated mean growth rate to the year 2000 is 0.7%.

B 8.5 Historical and Archaeological Sites

There are five locations listed as historical sites or as natural land-
marks within 50 miles of the Hanford Site. None are on the site. There are
over 200 Indian archaeological sites in the Hanford area, and many of them are
along the Columbia River where it passes through the Hanford Site.

B.8.6 Ecology

The ecological aspects of the Hanford Site are consistent with the semi-
arid climate. The principal plant community is the sagebrush-cheatgrass-
bluegrass association; mammals include the coyote, the rabbit, mule deer, and
small rodents; birds in<lude chukar partridge, western meadowlark, migratory
ducks and geese, and several species of predatory birds. There are several
thousand insect species and about 15 species of snakes and lizards. The
aquatic ecosystem consists of the Columbia River and a few ponds and ditches.

Rare, threatened, and endangered species located on the Hanford Site
include three plant species and seven bird species. The statuc of some of the
latter has not been determined.
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considerations, the regulatory review of a dedicated TRU teposito;y
would be somewhat simplified compared with that for a HLW repository.

Proceeding with an early, dedicated TRU repository would there-
fore be consistent with the previously recommended philosophy of con-
servation and proceeding stepwise into the most difficult disposal
problem and would signal the government's determination to proceed in
a timely manner with disposal of nuclear wastes. There would, of
course, be some additional costs asscciatea with the opening of a
dedicated TRU facility.

Having considered these various matters, the IRG recommends
adopting, as an interim strategic planning basis pending NEPA review,
the concept of proceeding with an early TRU repository if an oppor-
tunity exists to do so.

IRG Discussion of the Nature and Benefits of an Intermediate-Scale Facility

As part of its proposal for a near-term interim strategic-planning base
for high-level-waste disposal, the IRG put forth the idea of sicing one or
more intermediate-scale facilities (ISFs). Such facilities were d»scribed as
licensed facilities in which some hundreds, perhaps as many as a thousand,
spent-fuel assemblies or waste canisters would be emplaced in a geolcgic envi-
ronment with the possibility of removing them if necessary, but without the
expectation of doing so (IRG, 1979, p. 55):

The functions of an ISF can be divided into (1) acquisition of
technical, engineering, and operational data and (2) exercising
and learning about licensing and organizational processes. Tech-
nical aspects of an internediate scale facility would include
 improved understanding of engineering aspects of working in partic-
ular host rock and of near field effects of the waste....By emplac-
ing relatively few waste containers or fuel elements, some of this
information wouid be obtained in a short time, perhaps five years.
Much of it would apply generically to the type of host rock and the
type of waste and packaging used.

Valuable information on intermediate field effects related
to heat transfer and rock mechanics could be obtained by monitor-
ing for perhaps 20 or more years. For this purpose, much larger
heat loadings would be required than to learn about near field
effects. Again, much useful information could be obtained about
the particular rocks ana environment surrounding the test and
existing mathematical models could be tested....

An ISF would also provide valuable experience in constructing,
operating, and maintaining facilities and equipment for waste pack-
aging, handling, transporting, emplacement, and retrieval....

Exercising the licensing procecs for at least one ISF_at an
early date would be extremely useful preparation for the later <
licensing proceeding of the first full-scale repository. This
would provide an actual proceeding on which the NRC, DOE, and
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interested intervenors could focus their attention and exercise
their models, analyses, and argquments and from which everyone
could learn about the nature of this complex process.

In its revised report, the IRG (1979, pp. 57-58) sipplemented these earlier
views with the following:

The IRG agrees that the notion of an ISF ¢3 part of the step-
wise progression to full repository operations is essentially the
same as the retrievable phase of the repository. To avoid further
confusion, the IRG now proposes to use the term ISF only for stand-
alone facilities or those colocated with a TRU repository and use
the term "the retrievable phase of the repository" to include the
notion of adequate instrumentation for purposes of studying the
behavior of waste and waste-rock interactions during the interval
for which retrievability is possible.

As indiccted in the Draft IRG Report, only some of the tech-
nical information about geology and waste-rock interactions derived
from an ISF could be transferred usefully to another site. How-
ever, most of whatever institutional information that is required
(including operational experience, logistics, organizational design
and licensing) could be transferred. As stated on in Chapter IV of
the Draft IRG Report, the IRG considers the resolution of institu-
tional issues to be equally as important as for technical ones. 1In
addition, much of the institutional information will come before
and during the construction of an ISF or as it begins operations.
This information can be very beneficial to many aspects of the pro-
gram directed at opening the first full-scale repository. Some of
the technical information, if available at the time of repository
site selection, could also be utilized, in site selection, but it
is by no means essential for that purpose.

The IRG believes that an ISF is not an essential component of
a program leading to a full-scale repository. All of the insti-
tutional knowledge obtainable from an ISF could also be obtained in
the selection, licensing, and construction of the first repository
and during its early period of operations. There would therefore
be no value in delaying the pace of the program leading to the
first repository just to build and operate an ISF.

An ISF is not an essential component of a program leading to a
full-scale repository. Nonetheless, if an appropriate opportunity
to build an ISF on a schedule significantly prior to the opening of
the first full-scale, high-level waste repository were to exist,
the opportunity should be taken. From a purely technical per-
spective, an appropriate opportunity implies technical readiness
and the completion of an adequate site characterization program.
However, other non-technical factors should also be taken into
account. Some agencies believe that an adequate site charac-
terization program must include characterization of a variety of
sites, in different geologic environments, and relying on diverse
media. All ISF's should be licensed, sir e these elements will be’
an important tep in the ultimate location and construcgion .of

repositories to acquire institutional experience and tof?ge?:_ sy i .
public health and safety. g . 058 .
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® Strategy IV provides that the choice of technical options and,
if appropriate, geological environment pe made only after in-
formation about a number of environments and other technical
options has been obtained.

These strategies were intended to illustrate the range of possible strategic
approaches. They were not intended to be a complete list of possible stra-
tegies or comprehensive descriptions of a strategic planning basis that might
actually be adopted by the waste disuwsal program. For the latter purpose,
they are admittedly incomplete.

IRG Discussion of Key Elements of Interim Strategic-Planning Basis for
High-Level Waste

As a result of comments on its draft report, the IRG (1979, pp. 61-62)
expanded and clarified its views on the interim strategic-planning basis for
high-level waste, restating them as follows:

® The approach to permanent disposal of nuclear waste should
proceed on a stepwise basis in a technically conservative
manner....

® Near-term R&D and site characterization programs should
be desianed so that at the earliest date feasible, sites
sclected for location of a repository can be chosen from
among a set with a variety of potential host rock and geo-
hydrological characteristics. To accomplish this, R&D
on several potential emplacement media and site character-
ization work on a variety of geologic environments should
be increased promptly.

® A number of potential sites in a variety of geologic envi-
ronments should be identified and early action should be
taken to reserve the option to use them if needed at an
appropriate time. In order to avoid working toward and
ultimately having a single national repository, near-term
options should create the option to have at least two (and
possibly three) repositories become operational within this
century, ideally and insofar as technical considerations
permit, in different regions of the country. 1In pursuing a
regional approach to siting, geologic, hydrologic, tectonic
and other *technical characteristics of sites must remain
the primary basis for selection.

® Construction and operation of a repository should proceed
on a stepwise basis and initial emplacement of waste in at
least the first repository should be planned to proceed on
a technically conservative basis and permit retrievability
of the waste for some initial period of time. Further def-
inition of the retrievability concept, the circumstances in
which waste would be retrieved and the technical aspects
(including development of waste packaging, containers and b
handling) is necessary.
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All IRG members agreed with the above elements of the recommended interim
strategic-planning basis for high-level waste. They asserted further (IRG,
1979, p. 63) that these elements:

do not prejudge the NEPA process

require the Federal government to maintain a technically
conservative approach

call for resolution of uncertainties by increasing the tech-
nical and program breadth with respect to the near-term
repository characterization program

do not preclude subsequent adoption of longer term tech-
nologies inasmuch as they call for increased R&D to develop

. sSelected alternatives

support a step-wise approach to the development of a HLW
repository, while maintaining storage capacity for managing
wastes until emplacement and disposal opportunities

are available

The IRG did not come to a consensus on the basis for selection of the site
for the first HLW repository.

IRG, 1979.
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Appendix D

SELECTION CRITERIA FOR THE WIPP REFERENCE SITE

This appendix briefly describes how the geologic, hydrologic, and other
characteristics of the WIPP reference site in southeartern New Mexico meet
site-selection criteria and factors. The criteria ana factors given here are
from the Geological Characterization Report (Powers et al., 1978, pp. 2-15ff)
and are a distillation of criteria suggested earlier by the Oak Ridge National
Laboratory (ORNL, 1973), the International Atomic Energy Agency (1977), and
Brunton and McClain (1977).
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D.1 GEOLOGIC CRITERION

The geology of the site will be such that the repository will noc be
breached by natural phenomena while the waste poses a significant hazard to
man. The geology must also permit safe operation of the WIPP reference
repository.

Site-Selection Factors

Topography. The terrain must permit access for transportation. Effect on
inducing salt flow during excavation must be considered. Surface-water flow
2nd future inundation must be evaluated.

The maximum relief over the WIPP repository is 120 feet. The regional
relief is low and easily accommodates the required transportation corridors.
The location near a broad surface and groundwater divide will minimize the
development of future relief. Differential stress in the salt due to surface
relief is not a significant factor in causing deformation in the salt. (See
Powers et al., 1978, Sections 3.2 and 4.2).

Depth. Repository horizons should be deeper than 1000 feet to insure that
erosion and consequences of surficial phenomena are not a major concern,
Depth of suitable horizons will not exceed 3000 feet to limit the rate of salt
deformation around the excavations.

The selected repository bed for heat-producing waste varies between depths
of 2750 and 2250 feet over the potential excavation area. The bed for TRU
waste ranges from 2200 to 1800 feet deep through the repository region. These
depths are based on interpretations of seismic reflection data. (See Powers
et al., 1978, Sections 3.3, 4.3, and 9.2).

Thickness. The total thickness of the salt deposits should be several
hundred feet to buffer thermal and mechanical effects. The desired thickness
for the repository bed is 20 feet or more to mitigate the thermal and
mechanical effects at nonhalite units.

The halite unit in which the heat-producing waste will be placed is about
100 feet thick. The total thickness of the evaporite section provides about a
1300-foot buffer above and below the repository horizons. This distance to
the nearest potential aquifers insures the thermal effects at these aquifers
will be insignificant. (See Powers et al., 1978, Sections 4.3.2 and 9.2,)

Lateral extent. The distance to structural or dissolution boundaries must
be adequate to provide for future site integrity. For the Los Medanos area a
distance of 5 miles to the Capitan reef and 1 mile to regional Salado disso-
lution has been established.

The selected horizons are believed to extend well beyond the repository
site based on seismic data and drill-hole information. The separations from
the deformed salt belt parallel to the Capitan reef a~d from the natural
dissolution fronts are adequate to assure the requir~i site integrity. (See
Powers et al., 1978, Sections 3.3, 4.3, and 6.3.)

Lithology. Purity of the salt beds is desirable to reduce the brine
content of the salt. Pgnding further investigations, 3% brine is estahlished .
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as a desirable upper limit for the heat-producing waste horizon. Additional
geochemical interactions must be considered if significant chemical or
mineralogical impurities are present.

The horizon within the lower Salado that will accommodate the heat-
producing wastes averages more than 97% halite from the samples analyzed.
Brine content averages less than 0.5%. (See Powers et al., 1978, Sections 4.3
and 7.2 through 7.6.)

Stratigraphy. Continuity of beds, character of interbedding and nature of
beds overlying and underlying the salt are important considerations in the
construction of the facility and in the assessment of possible failure
scenarios.

There are no beds of clay or polyhalite near enough to the lower reposi-
tory horizon to affect repository construction and operation or to cause con-
cern for the repository due to dehydration. The significant nonhalite beds
adjacent to the heat-producing waste horizons are principally anhydrite, which
has favcrable thermal, mechanical, and chemical properties for bounding lay-
ers. The upper (TRU) level of the repository can also be located to avoid
rock-mechanics instabilities due to interbeds of nonhalite rock. (See Powers
et al., 1978, Sections 3.3, 3.4, 4.3, and 4.4.)

Structure. Relatively flat bedding (less than 3 degrees) is desirable for
operational purposes. Steep anticlines and major faults are to be avoided.

Seismic reflection data and drill-hole information have been interpreted
as showing relatively flat (less than 1 degree) bedding over most of the
3-square-mile repository horizon. Seismic data do show a small anticline at
the northern edge of control zone II. Drilling on this anticline (WIPP-12)
has shown that the elevation difference of the repository beds, from ERDA-9 at
the center of the repository to WIPP-12, is less than 200 feet, an average of
about 2 degrees. Photography, satellite imagery, surface mapping, geophysical
techniques, and drilling have been used to search for indications of signifi-
cant faulting. No post-Permian faults are known to exist in the site area.
Seismic indications of faulting in older, deeper rocks do not extend through
the Permian evaporite section.

The lack of severe structure and recent faulting satisfactorily meets the
desired conditions for this factor. (See Powers et al., 1978, Sections 3.4
and 4.4.)

Erosion. While the depth factor reduces concern for erosion, it is
decsirable to avoid features that would tend to localize and/or accelerate
erosion.

The site is located near a broad surface water divide, and the local base
level is at an elevation of about 2900 feet. Consequently, future erosion
will proceed less rapidly cover the site than in the established drainage
channels. Anticipated erosion rates will not expose the Salado salt within
the required lifetime of the repository. Future climatic changes will not
alter this assessment, and glaciation is not expected to be a.concern at this
location. (See Powers, et al., 1978, Sections 3.2.3, 3.6, 4.2, and 6.2.)

v"l. *
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Dissolution. Regional and/or local dissolution must not breach the
repository while the wastes represent a significant hazard to man. While
there are various suggestions for the time a repository should remain isolated
from the biosphere, 250,000 years (10 half-lives of plutonium-239) is one
period that may be sufficient for evaluating the reference site.

Studies by the U.S. Geological Survey indicate that the maximum rate of
horizontal progression of the salt-dissolution front in Nash Draw, averaged
over the past 500,000 years, has been 6 to 8 miles per million years and less
than 500 feet vertically per million years. The nearest active solution front
is to the west, in Nash Draw. This is far enough from the site to provide
repository isolation for times in excess of 2 million years. (See Powers et
al., 1978, Section 6.3.6.)

Subsidence. Subsidence due to dissolution of salt will be avoided when
the subsidence adversely affects the repository »eds or unduly accelerates the
rate of dissolution to the jeopardy of long-term integrity of the repository.

Subsidence has occurred over the western portion of the reference-cite
area due to natural removal of salt from the Rustler Formation. Hydrologic
data f-rom this region indicate that the major aquifers in the Rustler have
different potential heads and thus this regional subsidence has not caused
them to be interconnected by permeable fractures. No sinks due to localized
solutioning are present in the site.

D.2 HYDROLOGIC CRITERION

The hydrology of the site must provide high confidence that natural
dissolution will not breach the site while the waste poses a significant
hazard to man. Accidental penetrations should not result in undue hazards to
mankind.

Site-Selection Factors

Surface water. Present and future runoff patterns, flooding potential,
etc., should not endanger the penetrations into the repository while these
openings are unplugged.

Situation of the site near a broad surface water divide, lack of estab-
lished drainage, and an elevaticn well above the Pecos River all permit easy
construction to prevent flooding of the repository. (See Powers et al., 1978,
Section 6.2.)

Aquifers. For WIPP, the overlying and underlying aquifers represent a
secondary barrier if the salt is breached. Consequently, low permeability and
transmissivity are desirable but not mandatory. Accurate knowledge of aquifer
parameters is important to construction, decommissioning, and realistic calcu-
lation of the consequences of failure scenarios.

Aquifers above and below the repository have low transmissivity. Conse-
quently, flooding of the repository during its operation through shafts‘or
drill holes is not credible. Thus adequate plugging of these access pqints on
decommissioning will be more readily attained. .

-
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The major aquifers above and below the WIPP beds do not produce potable
water since they carry too many salts to be useful even ii “he quantities were
adequate for use.

The hydrologic parameters of the aquifers do not permit rapid flow of
water. The low permeability would limit the flow even if heads were to be
modified in future pluvial cycles. (See Section 9.5 and Powers et al., 1978,
Section 6.3.)

Hydrologic transport. For the WIPP, this is a secondary factor that must
be evaluated to allow quantitative calculations of the consequences of various
failure scenarios. Slow transport of isotopes is acceptable if more critical
factors have been satisfied.

Calculation of various postulated failure scenarios indicates that trans-
nort of radioactive isotopes through the overlying and underlying aquifers is
slow encugh that a significant hazard to humans would not exist even if the
salt beds were breached. The nearest natural discharge point is the Pecos
River, over 14 miles away. Using the maximum measured rates of water movement
for intervals hetween he site and Malaga Bend results in a time interval of
about 1700 years aft ¢ a breach for the first trace of nonretarded isotopes
(i.e., iodine-129) to appear at the Pecos. The long-lived transuranic
isotopes would be retarded by ion absorption and would not begin to appear at
Malaga Bend until 35,000 years after the postulated breach of the salt beds.
Concentrations (or possible Joses) never reach significant hazard levels in
the Pecos River. (See Section 9.5 and Powers et al., 1978, Sections 6.3, 9.3,
and 10.6.)

Climatic fluctuations. Possible pluvial cycles must be considered in
estimating the effects of the above factors.

The dissolution and erosion rates estabiiched as averages over the past
500,000 years integrate the effects of several past pluvial cycles. It is
anticipated that future cycles would also be of short duration compared with
the isolation time sought for the repository. Transpor: rates under different
climates (rainfall) can he estimated by appropriat: boundary conditions on the
hydrologic model. The low permeability of the major aquifers above the site
will not be significantly altered by the climatic changes anticipated for this
area, and the resultant flow in the aquifers will not be grossly altered by
changed climatic conditions. (See Powers et al., 1978, Sectiocas 3.6 and 4.5,
Chapter 6, and Section 10.3.)

Man-made penetrations. The effect of drill holes and mining operations on
the site selection must be evaluated in considerations of dissolution.

The repository and control zone III are free of preexisting boreholes that
extend through the salt, shafts, and mining activity. Any existing or future
holes in any of the WIPP zones must be adequately plugged when abandoned.

D.3 TECTONIC STABILITY CRITERION

Natural tectonic processes must not result in a breach of the site while
the wastes represent a significant hazard to man and should nc* require
extreme precaution: during the operational period of the repository.

D-5
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Site-Selection Factors

Seismic activity. The frequency and magnitude of seismic activity impacts
facility design and safety of operation. Low levels of seismicity are desir-
able, but facility design can accommodate higher levels as well.

The WIPP reference site is in an area of relatively low seismic activity.
The nearest seismic activity has been 10 or more miles north of the site and
of small magnitude. It is not known whether the three nearest events are
tectonic, related to dissolutioning, or a result of man's activity. No
faulting has been observed in the area of these seismic events. 1In any case
they, and the potential future events, pose no hazard for a properly con-
structed repository and are no threat to its long-term integrity. (See Powers
et al., 1978, Chapter 5 and Section 10.5.)

Faulting 2nd fracturing. While open faults, fractures, or joints are not
expected in salt, the more brittle units within and surrounding the salt may
support such features that can enhance dissolution and hydrologic transport.
Major faults and pronounced linear structural trends should be avoided.

No major structural trends of recent geologic age are known to exist in
the site area. The nearest recent faulting observed is on the west side of
the Guadalupe Mountains, some 70 miles away. Seismic reflection data has in-
dicated small faults in deep, old rocks below the 3alado Formation. There are
no known tectonic faults in post-Permian rocks at the site area. Thousands of
miles of drift in the potash mines in the Salado salt have not encountered any
open fractures or faults through which grouncwater had penetrated.

Salt-flow anticlines. Major deformation of salt beds by flow can fracture
brittle rock and create porosity for brine accumulations. Major anticlines
resulting from salt flow should be avoided or evaluated to check on brine
presence and anhydrite fracturing.

The only anticlines within the reference site are relatively minor fea-
tures. Both have been drilled, however, and the cores show little fracturing
or porosity and no accumulation of fluids. These small anticlines will not
hinder repository construction or jeopardize its long-term safety. (See
Powers et al., 1978, Section 4.4.)

Diapirism. An extreme result of salt flow, this feature will be avoided
for WIPP siting.

There are no known or indicated diapirs (salt domes) in the reference
site. (See Powers et al., 1978, Section 4.4.)

Regional stability. Areas of pronounced regional uplift or subsidence
should be avoided since such behavior makes anticipation of future dissolu-
tion, erosion, and salt flow more uncertain.

Geologic mapping has failed to reveal any indicators of regional insta-
bility. Caliche formation and attitude indicate stable conditions in the site
region over the last half-million years. Lack of scarps and natural
seismicity are consistent with regional stability. (See Powers et al., 1978,
Sections 3.4, 4.4, and 10.3.2.) e e
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Ignenus activity. Areas of active or recent volcanism or igneous
intrusion should be avoided to minimize these hazards to the repository.

No recent igneous activity is known in the region. Geophysical surveys,
mining, and drill-hole intercepts have shown that an intrusive dike exists 9
miles northwest of the site. Age dates show it to be 35 million years old.
No other intrusive features are known to exist in the region. (See Powers
et al., 1978, Section 3.5.)

Geothermal gradient. Abnormally high geothermal gradients should be
avoided to allow construction in salt at 3000 feet. High gradients may also
be indicative of recent igneous or tectonic activity.

The geothermal gradient as determined in the AEC-8 drill hole shows a
normal geothermal gradient averaging about 0.58°F/100 feet. The heat flow
is about one heat flow unit. (See Powers et al., 1978, Section 4.4.1.)

D.4 PHYSICOCHEMICAL COMPATIBILITY CRITERION

The repository medium must not interact with the waste in ways that create
unacceptable operational or long-term hazards.

Site-Selection Factors

Fluid content. The repository bed containing high-level waste should not
contain more than 3% brine. The limit for TRU waste has not been established,
but :he same value used for HLW is acceptable.

The average brine content of the lower repository is less than 0.5% by
weight. The average brine content of the upper repository horizon beds is
less tian 1% by weight. (See Powers et al., 1978, Sections 7.5 and 10.7.8.)

Thermal properties. No major natural thermal barriers should exist closer
than 20 feet to avoid undesirable temperature rises.

This is of significance to the lower horizon, where the halite unit of
interest is about 100 feet thick. The adjoining beds are anhydrite, which,
even though far enough away, have similar thermal conductivity and do not
represent thermal barriers in any case. (See Powers et al., 1978, Section
9.2,.3.)

Mechanical properties. The medium must safely support excavation of
openings even while thermally i(oaded. Clay seams and zones of unusual
structural weakness should be avoided in the selection of the repository
horizon.

The halite bed .t the lower level is sufficiently thick and devoid of clay
seams that stabili:y of openings will not be a problem for repository opera-
tion. Clay seams<gnd_polyhaxite beds are more common in the area selected for
the upper'repositoyy level, but construction levels can be located to avoid
significant structural stability problems from such nonhalite- beds.- (See
Powegs et al., 1978 Section 9.2.4.)
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Chemical properties and mineralogy. Beds that are of unusual composition
or contain minerals with bound water should not occur within 20 feet of the
waste horizon. This will lessen the uncertainties with regard to thermally
driven geochemical interactions.

The heat-producing waste horizon is quite pure halite, with more than 97%
NaCl. No polyhalite, clay, or other water-bearing minerals occur near this
horizon. The upper horizon beds are more than 92% NaCl, with impurities being
mostly potassium and magnesium salts and clay. These impurities have no known
negative implications for TRU-waste isolation and, in fact, have been shown to
absorb radionuciides from brine. (See Powers et al., 1978, Sections 4.3 ani
7.2 through 7.5.)

Radiation effects. While no unacceptably deleterious effects are postu-
lated, these phenomena are best quantified in halite, and thus the purer rock
salt beds are desirad for high-level waste.

No unexpected radiation effects have been detected in samples of WIPP
salt. The low brine content will limit the amount and effects of radiolytic
disassociation of water. (See Powers et al., 1978, Section 9.3.)

Permeability. Salt has very low permeability, and only the interbeds and
surrounding media are considered for siting with respect to this factor. Low
permeability is desirable, but quantitative limits need not be specified for
site selection. (Salt permeability to gases may be important in establishing
waste-acceptance criteria.)

Laboratory measurements on cores indicate very low permeability. On a
large scale, measurements at the WIPP horizons have not been made. Experience
in other drill holes (absence of aquifers in salt and presence of small, high-
pressure gas pockets) would argue for very low in-situ permeability on larger
scales. (See Powers et al., 1978, Section 9.2.3.)

Nuclide mobility. This is a secondary factor in siting since confinement
by the salt and isolation from water are the basic isolation premises. Ion
sorption must be determined to allow quantification of safel., analyses and to
indicate whether engineered barriers (clay) would be beneficial.

The distributed impurities in the rock salt provide significant ion-
absorption capability for many radionuclides. The clay layers in higher salt
beds will be still more absorptive. These properties will tend to minimize
displacement of radiation due to such local mechanisms as brine migration in
thermal gradients. (See Powers et al., 1978, Section 9.3.)

D.5 ECONOMIC AND SOCIAL COMPATIBILITY CRITERION

The site must be operable at reasonable economic cost and should not
Create unacceptable impacts on natural resources or the biological and
sociological environment.

™ ‘\789'07\."
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Site Selection Factors

Natural resources. Unavoidable conflict of the repository with actual or
potential resources will be minimized to the extent possible.

This factor is not well satisfied by the reference site. Both hydro-
carbons and potash exist in potentially economic quantities within the site.
While salt itself may be considered a valuable mineral, its economic potential
at the site is very low. Since both potash and hydrocarbons may be recovered
from control zone IV, the amounts that may be restricted from development
within zones I, II, and III are the critical amounts. These quantities are
not large in terms of national supply (even the langbeinite product is synthe-
sized in quantity from brine lakes). These minerals may prove an enticement
for future exploration and exploitation. For this reason, studies are under
way to examine the effects of recovering the potash ore from above control
zone III. Very little potash exists above the repository (zone II) itself.
similarly, once adequate borehole plugging is demonstrated, drilling in zone
111 could be permitted or the same zones developed from zone IV by deviated
drilling. The expectation, but one that cannot yet be guaranteed, is that
these minerals may be recovered in the decades ahead should they be eco-
nomically attractive. Certainly the time frame for their development would bhe
within the next century, while the repository site is still under administro-
tive control. The small amounts of either resource within zone III would not
be of significant interest in the absence of other production in the area.
(See Powers et al., 1978, Chapter 8.)

Man-made penetrations. Boreholes or shafts that penetrate through the
salt into underlying aquifers shall be avoided within 1 mile of the reposi-
tory. Existing mining activity, unrelated to the repository, should not be
present within 2 miles of the repository. Future, controlled mining will be
allowable up to 1 mile from the repository. Future studies may permit still
closer mining and drilling if properly controlled.

The present site adequately fulfills this present restriction on man-made
penetrations. (See Powers et al., 1978, Section 2.3 and Chapter 4.)

Transportation. Transportation should be capable of ready development.
Avoidance of population centers by transportation routes is not a factor in
the siting of the repository.

The present site meets this requirement and would utilize a spur line of
the Sante Fe Railroad now running to the Duval mine.

Accessibility. The site should be readily accessible for transporation
and utilities.

The site presents no problems for access by road, railroad, or vtility
lines.

Land jurisdiction. Siting will be on federally ccntrolled land to the
extent possible.

Of the 18,960 acres to be withdrawn by the DOE if this site is approved,
17,200 are federal land controlled by the Bureau of Land Management, and 1,760
acres belong t» the State of New Mexico. There are no private lands within

i . - Y789 072
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Population density. Proximity to population centers and rural habitats
will be considered in siting. A low population density in the immediate site
area is desirable.

There are 13 permanent residents within 10 miles of the site. There is a
traniient population at potash mines. The nearest town is Loving, New Mexico,
with a population of 1,100. Carlsbad is 26 miles west and has a population of
25,000. Low population is not necessary to siting but, all other factors
being equal, is desirable.

Ecological effects. Major impacts on ecology due to construction and
operation should not occur. Archaeological and historical features of
significance should be preserved.

No major or unusual impacts on the environment or ecologic system are
anticipated due to construction and operation of the repository. No signifi-
cant archaeological sites will be destroyed by repository construction. No
endangered species are known to occur within the site.

Sociological impacts. Demographic and economic effects should not result
in unacceptable sociological impacts.

There was no a priori reason to expect any severe or inacceptable socio-
economic impacts attributable to the site location. This assessment has been
substantiated by socioeconomic studies reported in Section 9.4 of this
documerit .
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Appendix E

DESCRIPTIONS OF WASTE TYPES

This appendix contains five tables that describe the types of waste to be
stored at the WIPP reference repository and the containers used for transpor-
tation and storage. It also presents a detailed characterization of defense

stored transuranic waste, compiled by James E. Dieckhoner of the U.S.
Department of Energy. It concludes (Annex 2) with a description of the types
of waste stored and the containers used at the Idaho National Engineering

Laboratory.
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Table E-1. Defense Contact-Handled TRU Waste (Drum)?@

Remarks
Type of container DOT-17C 55-gal steel drum Rocky Flats Plant
Standard SX-200
Liner (if used) 0.09-in.-thick, rigid- Rocky Flats Plant
polyethylene inner liners Standard SX-202
Weight of container 640 1b (290 kg)
Surface~dose rate <200 mrem/hr Interim waste-

acceptance criterion

Surface contamination Limits in 49 CFR 173.397 Interim waste-
acceptance criterion

Waste properties Combustible:
paper, cardboard boxes,
wooden boxes, plastic
bags, rubber scrap, rags,
surgical gloves, clothing, etc.

Noncombustible:

residues or solutions
from chemical processing,
building rubble, metal,
glassware, sludges, and

acids
Expected Surface

Radioactive activity contamination

isotope (Ci/drum) (Ci/drum)
Pu-238 4.1-2b 1.28-8
Pu-239 4.8-1 1.49-7
Pu-240 1.2-1 3.63-8
Pu-241 (beta emitter) 2.9 2.00-6
Am-241 7.8-3 2.45-9
TOTAL 3.5 2.20-6
Total fissile content 7.8 g
Teotal Pu 8 g

4pata from O'Brien (in press).
bg.1-2 = 4.1 x 102,

.‘A‘ 2
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Table E-2., Defense Contact-Handled TRU Waste (Box)3

Remarks

Type of container DOT-7A 4 x 4 x 7-ft Rocky Flats Plant
plywood box Standards SX-211
(plywood box) and
SX-207 (fiberglass-
reinforced-polyester
coating)

Weight of container Maximum 10,000 1lb (4500 kg);
typical 3000 1b (1360 kg)

Surface-dose rate <200 mrem/hr Interim waste-
acceptance criterion

Surface contamination Limits in 49 CFR 173.397 Interim waste-
acceptance criterion
Waste properties Combustible:
paper, cardboard boxes,
wooden boxes, plastic
bags, rubber scrap, rags,
surgical gloves, clothing, etc.

Noncombustible:

residues or solutions
from chemical processing,
building rubble, metal,
glassware, sludges, and
acids

Equipment and materials too
large for 55-gal drums

Expected Surface
Radioactive activity contamination
isotope (Ci/box) (Ci/box)

Pu-238 > .66-8
Pu-239 . .94-7
Pu-240 . .41-7
Pu-241 (beta emitter) . .34-5
Am-241 . .63-8

TOTAL . .47-5
Total fissile content
Total Pu

3pata from O'Brien (in press).
bg.5-2 = 6.5 x 1072,
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Table E-3.

Defense Remotely Handled TRU Waste?

Type of container

Weight of container

Surface-dose rate

Surface contamination

Waste properties

Steei canister
(1200-liter internal volume)

10,000 1b (4500 kg)

€100 rem/hr

Limits in 49 CFR 173.397

Primarily noncombustible:
concrete, steel, process
sludges, etc.

Remarks

Proposed for WIPP
reference repository

Proposed waste-
acceptance criterion

Proposed waste-
acceptance criterion

Activity Surface
Radioactive level ontamination
isotope (Ci/canister) (Ci/canister)
Sr-90/Y-90 4.2420 8.94-6
Co-69 2.6 5.59-8
Ru-106/Rh-106 3.7 7.82-8
Cs-137/Ba-137m P | 4.48-8
Eu-152 5.3-1 1.12-8
Eu-154 i 4.48-8
Th-232 1.2-3 1.64-10
U-234 9.7-6 1.30-12
U-235 4.1-4 5.51-11
U-228 8.9-3 1.19-9
Pu-238 1.1-1 1.46-8
Pu-239 1:3 1.69-7
Pu-240 3.0-1 4.07-8
Pu-241 7.8 1.64-7
Am-241 2.1-2 2.81-9
Cm-244 9.3 7.04-7
TOTAL 4.542 1.03-5
Total fissile
hccntent 211.8 g
Fissile density 0.177 g/1
3pata from O'Brien (in press).
bg.2 + 2 = 4.2 x 102,
' \ ’ -4 "/ég:? !7



Table E-4. Commmercial High-Level Waste@

Remarks
Type of container Steel canister Proposed for WIPP
(200-liter internal volume) reference repository
Weight of container 3320 1b (1510 kg)
Surface-dose rate >4500 rem/hr
Surface contamination Limits in 49 CFR 173.397
Physical form Glass (or calcine)
Activity Surface
Radioactive level contamination
isotope?d (Ci/canister) (Ci/canister)
Sr-90/Y-90 1.6+5P 8.1-7
Ru-106/Rh-106 1.143 5:5 3
Cd-113m L.T#) 8.2.--11
Sb-125 9.8+43 8.2-9
Te-125m 6.8+2 3.4-9
Cs-134 1.9+4 9.8-8
Cs-137/Ba~137m 2.345 1.2-6
Ce-144/Pr-144 2.7+2 1.4-9
Pm-147 1.9+4 9.3-8
Sm-151 3.143 1.5-8
Eu-152 1.8+41 9.3-11
Eu-154 1.2+44 6.0-8
Eu-155 3.742 1.9-9
Np-239 4.9+1 2.5-10
Pu-238 2.5+2 1.5-8
Pu-239 4.4 2.6-10
Pu-240 1.2%1 6.9-10
Pu-241 8.6+2 4.3-9
Am-241 4.4+42 2.6-8
Am-242m 2.4+1 1.4-9
Am-243 4.9+1 2.9-9
Cm-242 6.0 3.5-10
Cm-243 8.0 4.7-10
Cm-244 4.443 2.6-7
TOTAL 4.645 2.6-6

Total fissile content
i 10-ft-long canister 93 g

athis is a truncated list of the isotopes present in commercial high-
level waste.
P1.6+5 = 1.6 x 105,

> -
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Table E-5. Commercial Spent PWR Fuel?

Remarks

Type of container Steel canister Proposed for WIPP
reference repository

Weight of container 2500 1b (1130 kg)
(with PWR fuel assembly)

Surface-dose rate ~104 rem/hr (10 years
after discharge from reactor)

Surface contamination Limits in 49 CFR 173.397

Radioactivity (10 years after discharge from reactor)

Isotopeb el IsotopeP Ci
H-3 1.5+2€ U-234 3.9-1
Fe-55 2.9+42 U-238 1.4-1
Ni-63 2,242 Np-237 1.6-1
Kr-85 2.6+3 Pu-236 1.5-2
Sr-90/Y-90 3.0+4 Pu-238 1.343
Ru-106/Rh~-106 2,342 Pu-239 1.5+2
Cd-113m 9.5+0 Pu-240 2,242
Sb-125 3.5+2 Pu-241 3.1+44
1-129 1.5-2 Pu-242 6.7-1
Cs-134 4.3+43 Am-241 6.7+2
Cs-137/Ba-137m 4.0+44 Am-242m 4.0
Ce-144/Pr-144 7.5+1 Am-243 9.1
Pm-147 3.6+43 Cm-242 3.3
Eu-154 2.4+43 Cm-243 1.5
Eu-155 2,742 Cm-244 8.8+2
Po-212 5.0-3 Cm-245 1.9-1
Po-216 7.9-3 Cm-246 3.8-2
Th-228 7.9-3

3pata from Sutherland and Eennett (in press).

DThis is a truncated list of the isotopes present in one 10-year-old
spent-fuel assembly. This truncated list was used in the analyses of normal
and accidental releases during the operation of the WIPP reference repository
(Section 8.6). It was further truncated for the accident analyses presented
in Section 9.3.

€1.5+2 = 1.5 x 102,

;‘7691082
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Introduction

This report was prepared in response to a request of the WIPP Waste
Acceptance Criteria Steering Committee (WACSC) at their meeting on March 2.
All DOE field offices conducting TRU cretrievable storage operations were asked
to provide the Operations Branch with certain specific information concerning
the TRU waste currently on hand and projected for the future. A copy of the
request for data is included as Appendix A. Copies of the data supplied are
included as Appendices B through G. The remainder of this record is a
condensation of these responses and a restructuring of the data into a format
where the WACSC can obtain an overall perspective on the DOE-wide situation.
The reader is encouraged to consult the individual replies or to contact the
respective field offices for more detailed information.

NOTE: Only one of the appendices mentioned above (Appendix F) is
included here: the data on wastes stored at the Idano National
Engineering Laboratory (see Annex 1, pp. E-21 through E-36).

1789 085
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Section I

Qualitative Description of Available Waste Characterization Information

A. Contact-Handled TRU Waste:

LASL - Waste generators are required to complete a form containing
information or the radionuclide content (including error estimates and how the
amount was determined), package construction, package radiation level, and
waste type. The LASL lists 33 different waste types (see Appendix C [not
included in here| for details). In acdition, the form also permits the
inclusion of additional data. Examples of typically recorded information
include the identification of equipment items or types, and of chemical
contaminants on or in the waste,

Sandia Lab - The waste will be in the form of glassware, equipment,
solidified liquids, ceramic waste, etc., and contains No-239, Pu-238, Pu-239,
Pu-24]1, Am-241, and Cm-244. All waste is packaged in DOT 17-C containers.

Pantex - Data currently available include: container site, volume, weight
and type; chemical and physical form of the waste; isotopic composition and
curie amount; and surface radiation reading.

ORNL - The computer system contains data by container: data received,
source of waste, shipper, location in storage area, estimated amount of
combustibles and noncombustibles, and estimated amount of U-233 and
transuranics, Essentially all of this waste is from glovebox and hot cell
operations., Since no assays were done, the isotopic composition data, if not
reported by the generator, can be implied from the source (i.&., building).
The package size and construction is well-known, but one precise weight is
not. No information on compactibility is available. Although some knowledge
of the chemical and physical forms of the waste can be inferred from its
source, no specific information has been recorded. No information is
available on nonradiocactive constituents.

Hanford - Each waste shipment is accompanied by a shipping ticket which
physically describes the material content, the source of the waste, any
special conditions, the type of radioactivity (specific radionuclides, etc.)
quantity (curies or grams), and the radiation level. The TRU waste containers
must also be identified as combustibie or noncombustible, The locations of
the TRU containers are also recordecd.

INEL - The following information is recorded for each shipment: waste
generator and building number, gross volume, gross weight, curie content, type
and number of containers, unit container volume, waste description, nuclide
identification and storage location. No data are currently available on
nonradioactive toxic constituents in the TRU waste. Some may be contained
from a records search, althotgh initial indications are that any such
information would be very 1 ted and superficial. Compilations of some of
these data can bé found in ndix F | reproduced here as Annex 1, pp. E-21
through E-36]. .

E-12 "‘78? g6 -
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NTS - For retrievably stored, contact-handled TRU waste the gram content,
curie content, isotopic composition, package site with weight and construc-
tion, and combustibility information are available.

SR - Early records contain only waste volumes and activities. However,
since July 1, 1974, combustibles and noncombustibles are segregated and placed
in separate drums and marked accordingly. The material composition of the
waste can only be inferred from sample observations of the waste packaging
operations and estimation by the production personnel. Results of such a
survey can be found in Appendix B [not included here].

B. Remote-Handled TRU Waste:

LASL -~ The same type of information will be available as previously
indicated for contact-handled TRU waste.

Sandia Lab - The same type of information would be available as previously
indicated for contact-handled TRU waste.

Pantex - No waste of this type is stored at Pantex.

ORNL -~ Essentially all of this type waste is from hot cells (90 percent
from one facility) and gloveboxes. It inclvies plastics, paper, wipes,
various kinds of equipment, equipment racks, etc. No assays of waste to
determine isotopic compesi*ion were made but the source and knowledge of the
process may give some indication. The package site weight and construction
are well-known. An estimate of the combustibility is available, but there is
no information on its compactibility, nor on the presence of nonradioactive
toxic constituents. The chemical form varies--nitrides, chlorides, oxides,
and others.

Hanford - The same type of information is available as previously
indicated for contact-handled TRU waste.

INEL - The same type of information is available as previously indicated
for contact-handled TRU' waste,

NTS - No waste of this type is stored at NTS.

SR - No waste of this type is stored at SR.

C. TRU Waste Disposed of by Shallow Land Burial:

LASL - Waste management personnel have kept logbook-type records on all
waste disposed of since the late 1940's. Work is underway to convert the
pre-1971 records into the current computer system. The major problem with
these old records will be the actual identification of which wastes contain
10 nCi/gm. Where buried TRU wastes can be identified, information as to
waste matrix, packaging, radiation level, TRU content, and burial location

should be available,

Sandia Lab - The waste is in the form of glassware, equipment, paper
products, contaminated experiments, etc., and contains about 1 gram of P3-239.

4789 087"
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Pantex - The same type of information is available as previously indicated
for contact-handled TRU waste.

ORN., - Due to an accidental loss of records, no detailed information is
available for the pre-1969 buried TRU waste, estimated to be about 200,000
£t3 in Qlume. Since field separation of TRU waste began in 1970, about 63
containcrs of equipment were buried, in an essentially nonretrievable fashion,
that wer. judged to be contaminated marginally above the 10 nCi/gm level.
About 90 percent contained hoods and gloveboxes. No assays were made and the
data is bated on the judgr-nt of the generator. The site and composition of
the containers are known, e weights are estimates based on actual weights of
a few. An estimate of th. combustibility is available, but no information on
the compactibility or on the presence of nonradioactive toxic constituents is
available,

Hanford - The same general type of information is available as previously
indicated for contact-handled TRU waste, except for knowledge of where the
buried TRU-contaminated (>10 nCi/gm) waste is located among the non-TRU-
contaminated waste,

INEL - The data available at the present time on the subsurface disposed
TRU are limited to hand tabulations of quantities shipped from kocky Flats
plant and estimates of Pu quantities,

NTS -~ No waste of this type is buried at NTS.

SR - Much of the waste sent to the burial ground was contained in
cardboard cartons which were dumped into the waste trenches and covered with
soil. Bulky waste was wrapped in plastic and buried, or wrapped waste was
placed in wooden boxes. Test retrievals indicate that the waste package in
plastic will be well preserved; however, the cellulosic materials in contact
with the soil will be degraded. Because early records are lacking, activity
content and volume of waste~ buried before 1961 can only be estimated.

NOTE: The preceding are only brief synopses of the lengthier information
submitted by the field. The reader is encouraged to consult the Appendices
[in the original report| for more details, and to directly contact the field
organizations to resolve difficulties in interpretation or to obtain specific
additional information.

pit "1787.083
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Section II

Inventory Data

All of the field offices were asked to present estimates of the
approximate volumes of TRU waste in the following three categories (i.e.,
retrievably stored, contact-handled, retrievably stored, remote-handled, and
TRU waste disposed of by shallow land burial) as of the start of FY 1978 and
expected to have been accumulated as of the start of FY 1986. Estimates of
the accuracy of these data were also requested. A compilation of the site

submitted data is presented in Table 1, and a summary of the DOE-wide
situation in Table 2.

1789089
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Wastée Category

Stored, Contact-
HarlfTed TRU Waste

Stored, Remote-
Handled TRU Waste

Buried TRU Waste

APPROXIMATE VOLUM

Site

LASL
SLA
Pantex
ORNL
Hanford
INEL
NTS

SRP

LASL
SLA
Pantex
ORNL
Hanford
INEL
NTS

SRP

LASL
SLA
Pantex
ORNL

Hanford
INEL

SRP

ES OF DOE TRU WASTE AND ESTIMATES OF THEIR ACCURACY

As of 10/1/77

Volume (ft3)

54,020

0

38

9,600
247,000
1,201,917
6,116
56,168

1,574,859

oo o

26,550
2,940
304

0

0

29,794

580,045
60

1,143
200,000
15,000
5,483,000
2,102,000
0

1,084,740

9,465,988

fe3

fe3

(5)

ft3

Accuragx
5%

10%
5% (4)
10%
10%
10% (3)
5% (1)
(5-10) %

|+

[+ 1414|414+ 1|+

|+ 14+ |+
w
o

[+1+1+1+]+
[
(=]
o

As of 10/1/84

Volume (ft7)

200,000
3,500

57

18,750
770,000
2,036,682
35,314
95,100
3,195,403

8,000
50

0
47,350
7,900
14,442
0

0
77,742

580,045
60

1,143
200,000
22,000
5,483,000
2,102,000

1,084,740
9,472,988

(4)

fe3

(4)

fe3

(2)

(5)

(3)

ft3

Accuragx

25%
30%
15%
25% (4)
30%
30%

I+1+1+1+

25% (1)
30%

[+l+i+|+]+

50%
30%

+ 25% (4)
+100% - 50%
+ 50%

I+i+

+

+ 50%

|+

50%
50%
10%
508 (5)
+ 25% (4
+200% - 50%

+i+l+i+l+

+200% - 50%

+_ 5% (1)
+125%
- 40%

200% - 50% (3)



LT-4d

(1)
(2)

(3)
(4)
(5)

160 68/1

Telecon with J. Covell, SR, 6/6/78.

Telecon with J. Warren, LASL, 6/6/78. The figure in Appendix C was reduced since no burial of 10 nCi/gm
is planned.

Telecon with B. Church and P. Fitzsimmons, NV, 6/6/78. The figure in Appendix G was reduced since no
burial of 10 nCi/gm waste is planned. The 1 x 104 m3 referred to 10 rci/gm waste.

Telecon with B. Brockelsby, OR, 6/6/78. The changes in Appendix D reflect re-estimates by ORNL for 1984
and the accuracy values. These buried TRU volumes refer to bulky equipment.

This buried TRU volume refers to waste buried prior to the initiation of TRU retrievable storage
operations at ORNL. Confirmed by telecon with B. Brockelsy, OR, 6/6/78.



Table 2

Summary of DOE TRU Waste

As of 10/1/77

Waste Category Volume (ft?) Accuracy
Stored
Contact-Handled 1.6 x 106 + (5-10)%
Stored
Remote-Handled 3.0 x 104 + 5%
Buried (1) (2) 9.5 x 106 + 125%

- 40%

Volumes
As of 10/1/84
Volume (ft7) Accuracy
3.2 x 106 + 30%
7.8 x 104 + 50%
9.5 x 106 + 125%

40%

(1) An unknown fraction of the buried TRU waste may be in concentrations less
than the 10 nCi/gm level, and therefore may be incorrectly included as

(2)

"TRU" waste,

Due to the degradation of the original container, the total volume of
material resulting from any operations to recover this material may be a
factor of 2 to 3 larger than the original waste volume. In addition, such
recovery operations would also generate an additional waste volume.




Section III

Obtaining More Detailed Waste Characterization Data

The estimated time and funding required at the TRU waste retrievable
storage sites to obtain sigrificantly better data varied from site to site.
Following is & synopsis of tae individual replies:

LASL - For the retrievably stored waste, very little, if anything, can be
done to improve signficantly the aviilable data.

Pantex - It was estimated that it would require 80 man-days and $6,400 to
obtain more detailed waste characterization data. This would not include
opening of the containers, only verification with instruments. It would also
not lead to the establishment of an actual weight of TRU material, since it is
mixed with non-TRU materials and processing would be required.

ORNL - For the contact-handled TRU waste there might be two possible
methods:

& The firm would require the development of an instrument system that
can detect and quantify a variety of rauionuclides through the wall of
a storage drum. Employment of such a system would cost about
$100/drum. This method would not, however, give any additional
information on percent combustibles, compactibility, the presence of
nonradiocactive toxic materials, etc.

® The second method would involve construction of a facility where the
drums would be opened and the contents analyzed and repackaged.
Construction cost would be about $1M and operating costs about
$1K/drum.

For the remote-handled TRU waste, improvemert of the isotopic composition
data is essentially not possible. The waste is heavily shielded so it would
have to be removed from the casks in hot cells for further study, after being
excavated. Construction would cost about $2M, excavation about $0.6K/cask and
operation about $3K/cask. It would take about two to four years.

Hanford - It is estimated that rough estimates for the missing data for
300 Area burial grounds could be obtained in about one year and cost about
$75K. The cost to improve the quality of the available data would take about

one to two years and cost $250-$500K.

INEL - If the timing of additional waste characterization studies could be
arranged to coincide with the ongoing program, it is anticipated that it could
be done in four months for about $375K. If the timing could not be arranged,
it would take two more months and cost an additional $100-$125K. An addition-
al $100K would be needed to characterize the Pu in the soil surrounding the
buried waste.

NTS - Estimates of the funding and time required to obtain significantly
more detailed waste characterization data appear to be minimal.

$789- 093




SR - A more detailed waste characterization study of retrievably stored
waste would cost about $160K and take about one year. It would characterize,
in detail, current waste as it is prepared for storage. Sampling waste now in
storage would be more difficult and costly.

4789094
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Annex 1

DATA ON WASTES STORED AT
THE IDAHO NATIONAL ENGINEERING LABORATORY



April 23, 1978

Mr. J. B. Whitsett, Chief
Radioactive Waste Programs Branch
Idaho Operations Office - DOE
Idaho Falls, ID 83401

TRU WASTE DATA - Duf-73-78
Ref.: J. P. Hamric ltr to L. P. Duffy, same subjest, Mar. 22, 1978
Dear Mr., Whitsett:

The referenced letter requested that TRU waste data be furnished for the
WIPP Steering Committez. The following information and attached tables
fulfill that request. The data are furnished in the same sequences as
requested in the referenced letter.

(1) The information presently available on TRU waste is provided by the
Waste Management Information System (WMIS) and the Transuranic
Contaminated Waste Container Information System (TCWCIS). The start
of the WMIS data file presently coincides with the initiation of
retrievable storage at INEL (10//0) and the TCWCIS started in
September 1971,

The WMIS data base includes the following data for each solid waste
shipment: waste generatot and building number, gross volume, gross
weight, curie content, type and number of containers, unit container
volume, waste description, nuclide identification and storage or
disposal location. Routine monthly reports include disposed waste by
nuclides, stored waste by nuclides, waste compaction data, number of
stored or disposed containers, and detailed and summary reports by
generator or disposal/storage location.

All retrievably stored waste, both contact and remote-handled, are
included in the WMIS. The first year of data for retrievable storage
is not available in the TCWCIS. The data available at the present
time on the subsurface disposed TRU are limited to hand tabulations
of quantities shipped from Rocky Flats plant and estimations of
Plutonium quantities,

(2) Table I lists the quantities of TRU waste in each of the three
requested categories. The retrievable storage data are derived from
the WMIS data bank. The subsurface volume data are based on the
information published in IDO-10055 (77) and have been modified to -
reflect the retrieval operations through 12-31-77. The qudntity

~ 4789 198
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J. B. Whitsett
April 28, 1978
Duf-73-78

Page 2

(3)

(4)

(5)

listed for the Transuranic Disposal Area reflects the 10 nCi/gm TRU
portion of the total waste disposed on Pad-A. Table II lists the
volume projections for TRU waste through 10-1-84, based on the waste
generator's forecasts. There is no projected subsurface disposal of
TRU.

The dats for TRU waste presently in retrievable storage are the con-
tainer volumes and are considered to be accurate within + 10%. The
s-njected container volumes for contact-handled TRU is + 30% based on
yv. .rator forecasts. For remote-handled TRU (ILTSF), the projected
volume may vary + 50%. This projection includes the first years
waste from SAREF. The subsurface disposed TRU quantities are
container volumes, based on tabulations of containers shipped, and do
not reflect a review of waste shipment records. The dir, osed volume
probably is accurate within + 30%. However, due to container
degradation, the mixing of waste with soil alcng with the TRU waste
generation associated with retrieval operations; the total TRU
retrieved volume may be a factor of 2 to 3 larg:r than the original
waste volume,

The WMIS data are published annually by DOE-JO. The documents are:
IDO-10054 {77) Radioactive Waste Managrment Information 1977
Summary and Record to Date.
1DO-10055 (77) Radioactive Waste Management Information for 1977.

The TCWCIS data are not published formally; however, several
tabulations from this system are attached. Another information
source is "History of Buried Transuranic Waste at INEL," WMP-77-3,
March 1977, J.H. Card. A review of available past data records has
been initiated with the objective of producing a WMIS type data base
for all solid waste prior to October 1970. Also some additional
Rocky Flats drum logs may allow the TCWCIS data base to be extended
back to include the TRU waste of 1969-1971.

The time and costs required to obtain significantly more detailed
waste characterization data are dependent upon the scheduling of the
project relative to the current waste retrieval operations. It is
anticipated that upon completion of the Initial Drum Retrieval (IDR)
project, the TSA-1 will be opened for a visual inspection of the
exterior surfaces of the waste containers. This operation could also
be the first step in obtaining retrievable containers for waste
characterization. Also the Early Waste Retrieval (£WR) project,
currently scheduled through December 1973 provides the basic
containment structure and equipment for the characterization

project. If the waste characterization project could be scheduled to
operate concurrently with the final portion of the EWR project or

- directly afterwards, the costs of reactivating a mothballed EWR
" facility would be circumventec.

.
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J. B. Whitsett
April 28, 1978
Duf-73-78

Fage 3

Utilizing the TSA-1 container inspection program to obtain the drums
and an active EWR facility as a basic containment facility, it is
anticipated that the costs of the waste characterization program
would be 375,000 dollars anc require 4 months of operation. A
Separate entry into the TSA to obtain the drums and reactivation of
the EWR facility to conduct the waste characterization would add 2
months and 100-125,000 dollars to the program.

Another area of investigation which is very critical to the waste
volume shipped to WIPP is the amount and degree of Plutonium soil
contamination surrounding the subsurface waste. It is proposed that
core samples be obtained in and around the early waste pits and
trenches to better quantify the soil volume that will have to be
processed, It is estimated that such a project could be accomplished
for approximately 100,000 dollars.

Tha specifications for current waste packages are given in Appendix A.
These specifications are applicable to drummed waste received after
December 1972 and boxed waste received after June 1972. Consequently, it
is estimated that TSA-1 and TSA-4 contain 1262 boxes which were not
fiberglassed and 60,119 drums without liners.

Table IIT lists the isotopic composition by weight percent for the TRU
nuclides in the contact-handled TRU waste. Table IV gives the average
weight for the boxes and drums in the contact-handled TRU waste by year
of storage. The increase in drum weight for the period of 1970-1977 is
very significant and probably the result of better package utilization.
Table V lists the combustibility and compactibility for the contact-
handled TRU waste. Utilizing normal compaction and incinerating tech-
niques, about 71% of the waste is not treatable. Table VI gives the
plutonium loading in the Rocky Flats boxes and runs by year of storage.
Again, the drums show a significant increase in Plutonium content in the
latest waste (1970-1977).

A sampling of the contact-handled TRU waste by container content is given
in Table VII. This table contains the data from several waste
generators. Consequently, duplicate or near duplicate content descrip-
tions may be encountered.

No data are currently availible on nonradiocactive toxic constituents in
the TRU waste. Some information may be obtained from our record search.

- 1789100
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April 28, 1978
Duf-73-78

Page «

However, the initial ‘ndications are that any information of this
will be very limited and superficial.

Very truly yours,

L. P, Duffy, Manager
Waste Management Program

HMB: 1 f
Attachment. - Appendix A

cc: R. W. Kiehn, BEG&G Idaho

1789101,
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TABLE 1

TRU WASTE AT INEL
AS OF 12/31/77

Retrievably Stored - Contact-Handled TRU

Volume Grams
Storage Area Ce. L£t. Curies PU Am-241

) ‘ 0 120,90¢C 5 : 148,400 11,290

1

TSA #1

{
i
10/70-10/75

TSA #2 5 16 - 44, 39( J { 2 / 49,480
10/75-12/77

TSARI (2) 70,832 12,140
1/77-12/717 :

TOTALS 34,039 1,201,917 1 3 . ¢ 3 2 2 2 ) 14,466
Retrievably Stored - Remote-Handled TRU

11 TSF (3) ¢ 304
11/76-12/77

Subsurface Disposal TRU

SDA (4) 59,522 2,102,000 191,000
1954-10/70

TDA (5) 7,190 253,800 3,494

Transuranic Storage Area - 20 year retrievable storage

Transuranic Storage Area - Retrieved waste from subsurface disposal
Intermediate Level Transuranic Storage Area - Intermediate gamma TRU waste
Subsurface Disposal Area - Shallow land burial TRU wastes

Transuranic Disposal Area - Pad disposai of 10nCi/gm TRU




TABLE II
TRU WASTE AT INEL

As of 10/1/84

Retrievably Stored - Contact-Handled TRU

As of 12/31/77 34,039 m3 or 1,201,917 cu. ft.
pProjection thru 1984 23,641 m3 or 834,766 cu. ft.
Totals 57,680 m3 or 2,036,682 cu. ft.

Retrievably Stored - Remote-Handled TRU

As of 12/31/77 9 m3 or 318 cu. ft.
Projection thru 1984 400 m3 or 14,124 cu. ft.
Totals 409 m3 or 14,442 cu. ft,

Subsur face Disposal TRU

As of 12/31/77 59,522 m3 or 2,102,000 cu. ft,
Projection thru 1984 0 0
Totals 59,522 m3 or 2,102,000 cu. ft.
TABLE III
ISOTOPIC COMPOSITION OF TRU NUCLIDES IN TSA WASTE

Nuclide Welghtt

An-241 5.15

Pu-238 0.34

Pu-239 69.57

Pu-240 4.36

Pu-241 .30

Pu-242 <0.01

U-233 20.27

- " 1789108



TABLE III

ISOTOPIC COMPOSITION OF TRU NUCLIDES IN TSA WASTE

Muclide Weight %
Am-241 5.15
Pu-238 0.34
Pu-230 69.57
Pu-240 4.36
Pu-241 .30
Pu-242 0.01
U-233 20,27
v

¢ | .
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1970*
1971+
1972
1973
1974
1975
1976
1977

1971+
1972
1973
1974
1975
1976
1977

TABLE IV

AVERAGE WEIGHT TRU WASTE CONTAINERS

$ Drums

9,378
2,726
15,690
9,097
6,860
8,782
4,279

3,464

60,266

# Boxes

562
975
944
774
613
492
514

4,764

*partial year's data.

Drums
Average
Weight (lbs) Weight
1,787,825 190.6
871,646 319.6
5,641,154 363.2
3,000,723 329.9
2,444,782 356.9
3,261,068 371.3
1,596,536 372.4
1,471,801 424.9
19,975,565 331.5

Boxes

E-31

Weight (1lbs)

1,205,060
3,063,110
2,813,612
2,006,220
1,316,289
1,359,950

1,415,634

13,179,875

(45 1bs/ft3)

Average
Weight

2183.1
3141.7
2980.0
2692.0
2566.9
2764.1
2754.2
2766.6
(25 lbs/ft2)

'”t389'ip§71



Unit Count
Drums
Boxes

Bins
volume (m?2)
Drums
Boxes

Bins

Total

TABLE V

COMBUSTIBILITY AND COMPACTIBILITY - TSA WASTE

Total

48,917
4,766
161

10,374
14,849
547

25,770

9/71 - 12/77*

Comp Comp NComp
Comb NComb Comb
15,677 1,190 408
404 423 205
160 1 -
3,325 252 87
1,259 1,318 639
544 3 -
5,128 1;573 726
19.9 6.1 2.8

*Does not include retrieved wastes,

E-32

NComp
NComb

31,842
3,734

6,710
11,633

18,343

71.2

V789408



TABLE VI

AVERAGE PLUTONIUM LOADING ROCKY FLATS WASTE

$ of
Year Units
1971+ 2,726
1972 15,690
1973 8,978
1974 6,119
1975 3,556
1976 2,765
1977 2,660
TOTAL 48,494
1971+ 552
1972 975
1973 944
1974 776
1975 302
1976 492
1977 466
TOTAL 4,507

*partial year's data.

Drums

Weight
Acms)

2,555
27,744
12,705
28,595
30,894
15,519

27,198

145,210

Boxes

769
5,383
11,554
6,612
1,047
1,858
4,993

32,116

Cms Pu/

Container

0.94
1.76
1.42
4.67
8.69
5.61
0.2

1.39
5.52
12.24
8.39
3.47
3.78
10.71

7.13 (Ave.)

I $TTINY) I

3.42 (Ave.)
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Content Description

Not Recorded - Unknown

First Stage Sludge

Sécond Stage Sludge

Organic Set Ups (0il Solids)
Special Set Ups (Cement)
Evaporated Salts

Combustibles (Rags, Gloves, Poly)
Non-compressible, Non-combust.
Solidified Grinding Sludge, Etc.
Solid Binary Scrap Powder, Etc.
Dirt

Sludge

Alpha Hot Cell Waste

American Process Residue
Sludge, Filter

Cemented Sludge

Graphite

Graphite Cores

Benelex and Plexiglas

Graphite Scarfings

Graphite Heels

Tantalum

Paper and Rags - Dry

Filters, Absolute (8x8)

Paper and Rags - Moist
Plastics, Teflon, Hash, Pvc
Insulation & CWS Filter Media
Leaded Rubber Gloves & Aprons
Insulation

Insulation Heel

Crucible, Lead

BricK, Fire

Grit

Blacktop Concrete Dirt and Sand

TABLE VII

TRANSURANIC STORAGE AREA DATA

9/71 thru 12/76
TABULATED BY CONTENT CODE

Volume vVolume Weight
Drums Cu. Ft. Boxes Cu. Ft. 1lbs.

1,903 21,088 392,805
4,957 37,821 %,537,489
6,472 48,842 3,469,429
3,366 27,581 1,784,055
851 6,812 508,472
12 107 1 112 10,692
865 6,623 164,845
777 5,762 184,474
41 305 9,880
12 88 2,950
135 993 83,535
23 169 6,800
40 160 3,674
120 897 43,997
1 7 145
73 537 19,072
758 5,619 197,179
32 235 8,327
16 118 16 1,792 63,728
16 118 3,827
4 41 1 112 3,500
192 1,412 48,365
4,945 36,835 323 36,176 1,576,644
110 809 16,912
7,293 53,738 8 896 1,455,248
1,832 13,625 o 1,0.0 333,056
252 1,860 78 6,736 195,774
509 3,743 172,042
239 1,761 1 112 36,138
1 11 411
30 221 11,448
886 6,519 24 2,688 387,140
5 37 2,220
937 6,890 81 9,072 669,417

PU Grams AH Grams
3,241 32
26,224 10,249
1,523 16
1,837 0
910 7
6 7
-0~ -0-
-0~ -0-
-(0= -0-
-0- -0-
-()= -o-
—~()=- -0-
16 -0-
150 -0-
14 -0~
1,061 -0-
6,274 -0-
405 -0-
67 -0-
81 -0~
783 -0-
2,372 18
2,662 91
215 7
2,212 11
1,145 39
6,501 0
14,025 16
217 0
199 0
91 0
2783 8
647 0
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Content Description

0il Dirt Residues From Incinerator
Cement Insul. & Filter Media
Crucible and Sand
Sand, Slag and Crucibles
Sand, Slag, and Crucible Heels
Electrorefining Salt
Ash, Incinerated (Virgin)
Soot
Resin, Ion Column Unleached
Resin, Leached
Resin, Leached and Cemented
Glass
Raschig Rings, Unleached
Raschig Rings, Leached
washables, Rubber, Plastics
Gloves, Drybox
Plexiglass and Benelex
Metal Scrap (Non SS)
Metal, Leached (Non SS)
Filters CWS
Equipment Boxes
High Level Acid
High Level Caustic
ﬂiqg Level Sludge/Cement

16 nCi/gm Non-Combustible

«~Contaminated Soil

LSA® 100 nCi/gm Combustible

", LSA 100 nCi/gm Non-Combustible

LSA Paper, plastics, Etc.
LSA Metal, Glass, Etc.
Concrete, Asphalt, Etc.
Wood

Bldg. 776 Process Sludge
Laundry Sludge

Equipment

Dirt

Sludge

TOTALS

TABLE VII (Continued)

Volume
Drums Cu. Ft. Boxes

11 81
206 1,515 2

1 7

6 67

8 59

2 15

8 59

13 96

29 266

6 59

139 1,022
761 5,881 1

1,096 8,060

22 166

6 67

53 510

48 364
1,669 12,718 2,589
457 3,361 1
58 460 466
12

235 1,728

691 5,081

1,998 14,692

1 7
36

103 757

110 609
352 2,611 6
110 809 334
704 5,233 171
24 176 54
5 37 19
11

1 7

470 3,456
296 2,177 8
47,404 363,658 4,252

vVolume Weight

Cu. Ft. 1bs. PU Grams AH Grams

4,209 10 0

224 56,971 5,253 17

282 35 0

2,700 1,164 0

1,707 1,468 0

476 24 0

3,212 359 0

2,826 702 0

11,528 2,716 0

2,38y 263 0

40,500 2,964 21

112 190,594 3,841 16

215,924 11,562 0

6,545 46 0

2,813 81 0

19,533 759 0

12,971 90 0

289,702 7,981,075 27,319 43

112 141,841 13,531 3

52,192 886,546 5,548 13

1,344 12,687 88 0

75,815 17 0

229,878 20 0

1,260,952 7 0

335 0 0

4,032 160,002 1 0

23,168 0 0

22,782 0 0

672 82,244 1 0

37,492 918,936 68 0

10,426 1,022,373 326 0

6,055 123,892 467 0

2,128 89,887 23 0

1,232 46,980 43 0

178 11 0

255,463 0 0

896 176,751 64 0

467,323 28,492,732 154,559 10,606



12fES°
e
bon
66
1900°
1906
1205
66
Wi
159079
s
1990 ¢
129% 2

-399¢ ' 9

10-1109°2

(0-3612°)

ung vy

V2000
PO 12197

08
L P A
10 008"\
TN
20-31560°"

908

10-063° 1
001197079

LULER LY A

000029
10- 300

oYL

- 1285

10-002°

FO-1900° 1

I

20-062° 1

0 Wl

RIS

-9
90-3050°7
0

_:.: 9°1

0-

04 71976°

0V 1566

T

10-1002

- 002°

S0-3/11

3

0

:

¥

+

TN
OV I

200 .:.—o v

v - 107

AT

..‘-

_.T DAL |

0-

0-5560° ¥

W- 1206 1
=

W -052°6

F0+ 100975

062" ¢

PA))

0431267 |

_c. 23_ P

-

10- 008" 1

10 305/ °%

20-3156% 0

00+ 3000 ¢

00+ 3058 |

00+3002°9

TR T
AIEHTR

-0-
,vA!-.

0

.:.:C

-0

[S3tm)) 315vM aM0LS ¥S1 - NOTINGINISIO 301 1NN

YO-35h0 9

,©|i

10~ 3000 {

,c.,tx
Iclrv

0-

l=l

-

‘.‘Q.

10-000°9

—————rri

00+309% 2




e e - W ——

001907 1 | bordzte € | voeason 1 | v0oaesz e | ve st | oo dsyTZ | 00069177 | WAIZ6ETL wiol

o g fewmwerii | - | o | o | o oot | -0- e R N BRI
T wo vt 1o wiet | vo-dtarz | vo-30wiTZ | 10 WO L | SO-IEYE | SG-I0W0°Y | SO-159%TL | 90-3ae | REZ-1"
T lwwat Lwwas ol 0 | wweaz [ w36z [0S 0 BT oz N
T e weist | vo wez | vo-3206°G | o 3Rt | 0397071 | WO IIRETT | BO-906E°2 0- S0-M0i0 1\ Siin
= aaieett leoviac |00 | 0 | oedanaci | 9imsaTi | v-aeeeT B S TS B TP A
T T ooweot | 20009276 | w00 sev i | 200920171 | 200965671 | 200300072 | 004329572 | 20-3000°1 - 1iz-n
T e weie's | 000362276 | 1090972 | 000366671 | 0003/65°F | 0013C8NE 0 0- 0- Hn
T 060 e | 10-009°1 | Co-J9mm s | Z0-30Z° ¥ | 20-321°9 | 20-1579°5 | £0-3202°1 -0- -0- 22
- S0-wvlw | to-dosEl | 0 -0 £0- 3068\ SR 0- - 661
T L se-wsitn | weweo'e -0- 0wt | o o | -0 -0- = 0645
- -3607°% | 1000070 0 -0 B = 10-7000°9 -0- T -0- 01"y
I e fwwiecz| o | 0 WSz | 0 > | - Bo2-oH
————\ so-iw 1 | io-wweo 7 | Zo-3eva y | Z0-0wi 1 | 20-9200°v | 20-IS0 € | 20-3hi 2 | 203602 2 | 20°3S10°T I%-"a
555 | 10360175 | W0oIwe1 6 | ¥0036E5 1 | £04T019°G | $0+3930°Z | B0eI6E9 1 | WORIORE L | 00 I9C7L (04629 19 nd
51 720 9i9°1 V E003950°2 | 2009176°6 | 20030k 172 | 20035R1°9 | 20038107 | 200325270 2003620°% | 2043206 1 0eZ-ng
Trex | weny | 1o 1161 st | s6l Y61 st | et et Py 17

{(S1wn)) 315w aM0IS vS1 - MOTINGINISIO 301 1NN

1789 11

E-37



BO- 150 | 20-9i06 2 | Z0-9onicz 15-3~.“jt&u.11.. SO-WZil | So-dise 0- YO 3017 T ¥z
ORI | NisE | o | use | e |weweri | o0 [eecion's 0" fn
LU P2 EA O TR T I TR R TR TR T N e Ea R T R S @i
GRS | AT | R0 VT | 006 | 26-160°1 | S0 1eaty | S0 0S| i-Joen’ 1 | vewmicz | Fiacui
W7 e Eors | e | T [wewes | e | e S B TR
TU-MA07Z |70 906570 | G0- 02T | o iimT | o R B 2 0- 0- : 6621
RO-269°F | 2o-wiel | co- | Gowiid - | - 1 - 0- 0- IR
00-30°7 | Tovivor s | Zovimvs z | Zovidin | torwaiti | iovieds T | 2ovizai T | orieits [ Wwemio T
RO-3160°5 | 1030007 1 0 0- 0071 + | v | * - 0- 60 4¢
| e 0- Qs RUEE | 0" - 0- -0- -0- 51w
90-15/0°y | 00+36% 7 -0- o | - | e 0- 0043121°T | D0V IAGTY -
VOO | 200Ny | 100 WE0 9 | 100909279 | 1043066 | 200 IR/0 1 | 10032160 | 000351671 | 10ONE6T | Sii-w
$0- 190575 | 00390171 | 200906570 | 200985671 | 2001192 | 200 9640°€ | c0+96m6 1 | 1043060 1 | G0Ii0r @ Y01-™
£0-3620°% | £04319576 | 20-9006°2 | 20-3920°0 | 0003E0°Z | 20-Wh9°6 | D01 i0/0 L | FOIINGS 6 | 20-D048 7 i
So-IeE o | o | 0 | o0edisa s | i003226°9 | 00«3081°w | 0030120 -0- 99-o
00- Wy foovmwsze | 00 | 10-0020°7 | B0-3Z0C°E | 000300071 | 10- 9662 c | 0093052 1 | D0 I9isS | §ee-®
21-108°9 na‘..n.wm-. M0-3606°9 | 20-3590°1 | 10-3607°1 | S0-1m0° 1 | (0-3455°% | w0-3iii 6 | 0 ST
90-WEL72 | 00 IRRTS | 20-3580°2 | 20 395K | (0-3722°F | 004399970 | 10-9661°C | 20-3290°9 | t0-3000 "0 1vZ-n
IO WRU L | 103k | 207392071 | T0-09E°1 | FO-908%°6 | W0-3ZIE 1 | 20-3506°9 | ©0-3S£L°1 | ¥0-3090°6 082N
woyyoeay ot | st e set | wer | we | e 161 LTELY
FAAESE - (O SISl S S

{swm) 115w

TO4SI0 - NOTIRGINISIO 3011

Yigg. 112 -

E-38



T T  Soviowett | Sov3tez e | Soramaicz | soednii 1 | b0s3ZE0 1 | S0I66E € | G0eIRLZ | SUI60SE | STIMD Wi
TR |z waa 1 | vr3c0a T | 160t | 100321678 | 20032011 | 2003065 1 | 200346271 | 00VI9ELZ | WOIbSSE [ S6-w-
TH9 | 20 kv6 9 | SO0ISZETL | 100356275 | 0003661 € | 000IBIEZ | -0 | 10438SeTL | SOMINLETL | 20 KNS G563,
T P wowsett | 20069978 | 20-3096°6 | 001310271 | W0-1000°y | Z003599°C | o~ | -0- 0043242y 399
T e ez | oemeze | 0- | - | - | - | e | e 00438626 | -
B | 2o-wan 1 | W0r 96077 | 00436667 | 20931E 1 | 104395071 | 1043200 | 10/I0V0B | ¥03Z0C 1 | €000 Z [ 9 T A-pi-ul
T e waws [Gieevase | o0 | - | E0-3eE T | 20-w0d L | 10-3m9ETy | 10-M020°¢ - | eudiv-pi-ur
I G0 0n i | 1003575°F | 0003vi € | 000301 | 00 3LIZS | D04ISIATY | 8.:2.L 00VINZ 0 | 000ISELL | LR
T i asizch | w-ason°z | 0-t6k0 2 | So-w0ciE | 9o-dmez | 0- | 0 0= | %0 w951 CTER]
i wivz | io-oance | é0-109° % | 20 399072 | é0-3210°C | 20-918v°9 | 20-30Er°9 | 10-32¢0°1 | 10-3810°1 SE2-f
peg | wonen | me | um | e st | we | owe | ue et ) om

1S 1una) F1SvR 01504510 - NOTINMITALSIO 301 TN

E-39



o wive

20-JUSH'E
-

0

"2

G-

T20-155E°%

€0-3170° |

1043210°S

SO-3R Y
YO WL
901y
20-1506°6

W-ISE1°9

M Ik(9°2

20-361°S

104369972

SO-3vZY

Y-V Y

20-356°%
P0-35CL°9
103641

<0-36L°S

0365172

W0 1975°2

|°l

103K 6

woy1oeay

102366270

1*vo]

104360072

1043068 {

apriom

(st T iS111 - NOTINGINISIO 301 TN




0-3068° 9

(0-165."1¢

B0 196576

£ 1920°¢

SO-WELE
SR
L1 965076

—.3 d@q 67

20-3%00° b

(LR [T

0160171

SO-1510°F

S0-16107 Y

10-WLET

(0- U

“IENLCS

o ———

| 001379271

0167

10-3001° 1

g

Wy

OV 1266 %

o0

101350272

1002655°2

- 102171

200610°5

YOLIGIS 6

00305771

o el

109

e

00 1567 L

10-1029°y

0008 7

SO0 IGHLT L

————————————

10-1556°1

e e e -

-4we 2

-u-

OV I05 S

lcu

R TTHY

|A,— -

vOLII6E"

FOROEA

200360071
S
000055

20- 309675

0A~l

PO IGLE"D

SO-392€°¢

uoLyowvay

10190579

ring

00’2

T
i

‘-m -

l-..

90630027y

e

LLULR | WA R

106682

.:wﬂ[f
T

W06z

BALLE [ 8 B4

10007

W0-152°1 |

NEEINE

l.b!

10-1960°¢

icl

———— -

JORINESTS

2003699°¢

——— - ———

20039907 ¢

TIRIE S

10 J060°S

00135072

0 woe'w

ER e

'-l

TR

20~ 100076

961

{s1m

to-yetw

20-1200°%

—— e ]

l=|

10 35%

- —

2067970

s

.A-l

=

LALR I A |

_= 196171

e

l.bl

SNSRI

- —— —

1043102 °¢

P ——

= = ———

LAABAL |

0-J/0R° N
RURIUINCE

10-32v07 1

1—- -

-1e1°

-0-
e

200300075

00 IvZLs

[COGIEE

GOV Iy

e e

200 1919°¢

e e — g ——

LLLR | A

2003069°S

100385172

5161

S

00N L

— e ]

322w’ 2

6

20126271

s —

[ %0+ 008 2

10V 3460°¢C

-y

008312710

10V I6ne 9

1036907\

RO AA

o~

10-3520°¢C

|el

A0-WisT

e

00+ 369571

'ci

10-3500°2

| - ———

2001816°S

lel

:a_

'el

200310079

e e et .

- NOLINGINISIO 301 1IN

10-1000°%

——— ——

v013516°2

E-41



SO-U6LC [ 200 wWsTH | 109395077 | io- 0S| aeizect [ imaeeiy | e e [ 0= | vsi-m
0-3a00°8 | 200768071 | 200306071 | 10 3200 b | ooed0s0ct | e S TSR B S B TR BT B
FO-dbe72 | tonaond s | 2nvaiwata | Soeaecety | 200326075 | tovaeaeci | 2oiiive | zosi00i°s | sovicony | -5
SR AT IFUTE R U TR AN RO VAN BTN ATHE RN R e R A KD AT A -5
10-1906° 8 | GO0 IsT6 | SO0 ibUS | S00ZIETT | d0e iz 2 | i0eIniie | sordioon | i0s3600°% | w0viRgi 7 | -2
A0 ARG | SOEETE | WO | V0OI6uI b | F0ed5R2 ¢ [ T013299°7 | Aoviam 2 | covaver i | sosioiece | oa-e.
205175576 | S000017 T | S00I90°T | 100 I0R0TE | 10-3v81E | 000362072 | (00006 | 003901°9 | oosdiave | @50
fedssys foowtce feo-witce | - e | e e ) e e T /B
PU-IS00°Z | RO-6TY | o0 | wo-dnieE | -0- -0- 0- -0- 0 -1
T0-1WE°2 | £00 352078 | T0V 06072 | GOV RETC | 20034156 | 2003EV0 0 | 200 T0Ei ¥ | 1003K0°T | 10035985 IR
2030000 | WO 36E | W00 191E L | 100 6an 2 | DO Isen 1 | 0003121 | D0 iis0 2 | WOV I60ETZ | T0sInee'E i
09675 | e0-TJ0ut71 | 90- 300110 -0- 0- - | - -0- -0- 6P
wCwE | remwiaz | o L oeminz | o 0 - -0- - vi-.
p-ase6 L | so-seE | 0o | wo-wiet | o 0 | -0 0- -0- 01z
90-MIZE | weaey L | 0- | o T - | oot -0- 0043062 ¢ o9
S0-18°Z | 10017055 -0- 10V IN9E° Y | 0043080 - -0- 00436298 | 0043220°2 oi-vi-®
FU-3260°2 | 70-30bE Y | BO-3008°E | £0-3W00°Y | -0- -0- B S -0- 3 o
ZU-M0E°S | SO-1s0° 1 | f0-mwZT F - 0-3050°1 0- | -o- | s0-3000°1 -0- ivZ-=m
0-1025°1 | 10-010°F | 20-3096°S | 10-0il 2 -0- -0- -0- -0- 203968 °2 -ty
woproesy — 1161 961 ,.l.:..: v6l l_l €6l 261 st apy1om

(S39nd) 31SVA 0 04S10 - HOTIMIINISIO 301 10N

.

'

E-42



a
-

Annex 2

INEL CONTAINERS FOR TRU WASTE

SRRV RAL

E-43



STANDARD CONTAINERS

Standardized containers are used at the INEL Radioactive Waste Management
Complex (RWMC). These containers are designed to provide safety, integrity,
and improved space utilization of the RWMC. The following containers are
approved by the Department of Transportation (DOT) and by DOE-10 for use at
INEL. DOE-ID will provide the procurement specifications, noted below, upon
request,

(1) The DOT 17C 55-gallon drum, per procurements specification, $72001,
is standard steel drum, constructed of l6-gauge materials, with a
removable head (see Figure 1). N

(2) The DOT 6M packaging consist of a DOT 17C 55-gallon drum with
fiberboard centering media and a DOT spec 2R inner containment vessel
(see Figure 2). DOT 6M packaging is acceptable at the INEL for
storage only when the drums have no mechanism for venting. This
requires the generator to obtain approval for modification to the DOT
6M packaging which may be obtained when the 6M package is shipped
inside another DOT approved transport device.

The DOT specification 2R, or equivalent, containment vessel must be
made of stainless steel, malleable iron, brass or other material
having equivalent physical strength. The vessel shall be less than
25 3/4 inches overall length and have a maximum outside vessel
diameter of 5 inches. Ends of the vessel must be fitted with a
screw-type closure, flanges of welded or brazed plate. The waste
generator must submit the details of the 6M packaging, including 2R
containment vessel to DOE-ID and EG&G WMPO for information prior to
usage.

(3) The DOT 1/H 30-gallon drum, per procurement specification 572006, is
a standard steel drum constructed of 18-gauge material with &
removable head (see Figure 3).

(4) Two styles of DOT 7A boxes are acceptable (see Figures 4 and 5).
Packaging of transuranic waste per Section V, Table II, requires the
box to be coated with 1/8" of fiberglass per procurement
specitication 572013 as shown on Figure 4.

(a) The DOT 7A wooden box, per procurement specification £72016, is
an externally cleated plywood box, normally 4' x 4' x 7' long
(see Figure 5). These boxes are being replaced by the box shown
in Figure 6.

(b) The DOT 7A wooden box, per procurement specification 572011, is
a plywood box with internal s.iffeners, normally 4' x 4' x 7'
(see Figure 6).

(5) The DOT 7A steel box, per procurement specification 572010, is a
rectangular steel box of dimensions 50 3/8" x 58 3/8" x 72 3/8" (see
Eigure 7). When used as an overpack it will hold eight (8) 17C

v S5S-gallon drums in two (2) layers of four (4) drums each or twelve

E-44
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(12) 17M 30-gallon drums in two (2) layers of six (6) drums each.
This box does not require a security seal when it is used as an

overpack, provided each of the DOT approved inner containers is
properly sealed.

(6) See Section VIII Exceptions of Special Shipment Requirements for use
of containers that do not meet the above criteria.

1789 119 -
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DOT SPEC. 17C STEEL DRUM (55 gailon)

Boit Ring (12 gauge)

Bait (5/3 In.)

Head and Gaskat
-

i
K/ Ralling Hoop (3 required)

Sody and Head Sheet
(18 gauge)

331/4In, usabie
inside heignt

22-1/2 in.
r—— l.o.

Figure 1
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2eit Ring
(12 jouge)

00T SPEC. 6M Packaging

(CFR 48

§178.104)

Boit (3/8 in.)
Head and Casket 4

Solid industricl cane
fibersoards, hardwaood
ar plywoed

Required for packages
haviang authorized gross
weight in excess of 219

kg (480 lb ) as specified/
in CFR=-49 §178.104 \

\

)

X
A\

Figure 2
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W

Yent Holes
(minimum af 4 required.

1.2 ¢m 0.5 in,_diameter)
See Secticn [/ for venting

limitations
SPEC 2R .

ar equivelent

0.0.T.SP. 17C

or equivaient
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OOT SPEC. 17H STEEL DRUM (30 3aiion)

/ Seit Ring (12 sauge)

\

Bait ($/8 In.)

Head and Gasket

Body and Head Shaet
(18 zauge)

28 in. ysadle °
nside height
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DQT SPEC. TA STEEL 80X

Sin Caver
I ® $8-3/8
in. ‘\
§/16 Hax
ﬁ Head Screw

(8 required)

L 8in Sody

/ \ /

72-3/8 in. / \ L Weather Stripping,
(7/18 In. thiex X 1 in. wide)

% \. Brace 2 In. angle iren

\ Lifting Strap, 3/4 In. dlameter
Stitfener, 3 In. angle lron

Bin Caver and Body,
12 gauge steel

Figure 7 e
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Appendix F

IMMOBILIZATION AND INCINERATION PROCESSES
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The molten-salt incinerator was developed by Atomics International for the
Idaho National Engineering Laboratory, Idaho Falls, Idaho. This process feeds
finely divided combustibles and noncombustibles, including metals, into a
molten-salt bath. The combustibles immediately oxidize within the bath, and
the ash is captured there along with the metal oxides and ther noncombus-
tibles. When the bath is fully loaded with noncombusti' e material, it is
drained along with the captured incinerator residue. The sodium bonate

the molten bath provides in-situ neutralization of the acid gases formed
during the oxidation process.

A EXEQEXEiﬁTQQD?(QLL?ﬂiiLE incinerator is being developed by E. I. du Pont
de Nemours & Company, Inc., at Savannah River, South Carolina. This process
moves combustible material into a refractory-lined chamber heated to 1000°C by
electric heaters. The oxygen is maintained below stoichiometric levels to
obtain flameless incineration. Under these conditions the volatile materials
are driven off and oxidized in an oxygen-rich secondary chamber. The princi-

pal residue of this process is a char relatively high in carbon.

A commercial rotary-kiln incinerator, adapted for radioactive waste, is
under construction for Rockwell International at Rocky Flats, Colorado. The
contaminated waste material is fed into the upper end of the rotary kiln and
oxidized as the kiln rotates. The dry ash is continuously removed from the
bottom of the kiln. The offgases are burned in an afterburner.

A slagging-process incinerator, installed at the CEN-SCK Waste facility in
Mol, Belgium, is a commercial incinerator adapted for radioactive-waste dis-
posal. The waste material is shredded before being fed into a waste hopper
that surrounds the incineration chamber. As the waste material feeds into
the incineration chamber, it is oxidized, and the noncombustible materials

are melted into a slag at 1600°C. The slag output material drips continuously
from the hearth into a water quench tank below the incinerator. The output
material is a basaltlike glassy slag.

Processes for Commercial Munxcipal—Wasrn Incineration

The commercial controlled-air incinerator is similar to the radioactive-
waste unit; it uses a "starved-air" primary combustion chamber process to pro-
luce a low level of turbulence that minimizes the transfer of particulate
matter to the offgas. An oxygen-enriched secondary chamber with vigorous air
turbulence is used to completely oxidize the offgas.

Commercial fluidized-bed incinerators (FBI), although similar in principle
to the Rocky Flats FBI, are quite different, 11 commercial FBIs operate at
high temperatures and consequently use refractory linings. Physical sizes and
capacities are much larger. Usually the feed material they process can be in
much larger chunks that need not be shredded as fine.

Commercial application of molten-salt incinerators is in the development
stage., The molten-salt incinerator developmental programs are in the areas of
coal gasification, flue-gas purification, etc. Production rates vayy from 1
to 3 metric tons per hour,




The commercial moving grate is a common type of municipal solid-waste
incinerator or combustion system for waste-hea: boilers, etc. This inciner-
ator requires finely shredded combustible feed material with little foreign
noncombustible material. The maximum capacities of these units in tons per
hour are large.

The commercial multiple-hearth combustor is used frequently for inciner-
ating municipal and industrial sludges, shredded solid wastes, etc. An
advantage of the multiple hearth is long residence time in the incinerator and
varying temperature ranges for the individual hearths so that the top hearths
may be drying the waste, the middle hearths pyrolyzing the waste, the lower
hearths oxidizing the waste, and the bottom hearth cooling the waste. Because
the individual hearths are vertically above each other, the units are effi-
cient in operation, utilizing all the waste heat of combustion. The maximum
capacities of multiple-hearth units can be more than 100 tons per hour.

The commercial versions of the pyrolysis incinerators are operated more
nearly as a controlled-air process than as a pure pyrolysis process. These
units completely oxidize the pyrolysis char residue in the primary chamber to
provide a dry inert ash. A secondary combustion chamber oxidizes the tars and
other volatile pyrolysis products.

The rotary kiln is another large-capacity, standard commercial/municipal
waste incinerator. Rotary kilns are also used for hazardous-waste incinera-
tion in which 55-gallon drums of material are directly fed into the rotating
kiln with little deleterious effect on the kiln lining.

The slagging-pyrolysis process is a relatively new form of municipal-waste
incinerator. The original objective of this process was to generate gas from
a pyrolysis zone that could be used as fuel for industrial or municipal opera-
tions. 1In this process waste material is loaded into a vertical shaft cham-
ber. As the material descends, it passes through a drying zone, a pyrolysis
zone, an oxidation zone, and, finally, a slagging zone in the bottom of the
chamber. The hot gases driven off each zone rise and form the fuel for the
upper zones. In the pyrolysis zone, the volatile gases are collected; they
may be used as fuel in a steam boiler or oxidized in an afterburner with the
hot gases running to heat exchange:rs. The output of this process is a basalt-
like glassy slag that entraps the ash along with metals and noncombustibles in
the waste material.

F.2 IMMOBILIZATION PROCESSES

Bitumen. Any form of waste residue may be encap 1lated in bitumen
(asphalt) that can be handled by the bitumen mixer. . 'is process has been
used primarily for waste residues that are to be disposed of in the sea.

Cement. Hydraulic cement may be used to stabilize ash, salt, or even
small pieces of metal and other noncombustibles, so long as these materials
can be handled by the mixer. The cement with embedded waste materials may be
cast into any desired form for handling. Steel reinforcements arg used to

increase the strength of the packages. « T ;
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Ceramic. 1In this process, the waste material in the form of a calcine is
combined with glass frit to produce glass ceramics. For immobilizing high-
level waste, the output ceramic is embedded in a metal matrix for heat disper-
sion,

Clay. Radioactive waste in the form of sodium-salt solutions combine
chemically with clays to immobilize the waste. The cla may be formed into
bricks, which are fired at 700 to 900°C; this firing 4 eases the leach rate,.

Glass (solution). Various waste materials may be combined with glass-
formin§>matéri5Ysuﬁhd melted at high temperatures. When the forms of the out-
put materials are finely ground ash, salts, oxides, or calcines, they dissolve
and are dissolved in the glass matrix.

Glass (encapsulation). Small pieces of metals and other noncombustible
materials are encapsulated in molten glass poured over them,

Metal matrix. Metals are us to stabilize the radioactive-waste materi-
als that are in the form of vitrified pellets or beads or in some other cal-
cined form. The principal advantages of the metal matrices are high impact
strength and high thermal conductivity,

Pellets. The radioactive material and ash are ground very finely and
mixed with high-alumina cement, This powder iz then pressed into pellets and
sintered. The principal advantage of this process 1s that the concentration
of radioactive waste in the pellets (80%) is higher than with other tech-
niques. For example, in t glass-solution process the radioactive-waste con-
centration 1s 50% at a max m,

Plastic materials. A variety of resins and plastic materials have been
used as matrices to immobilize ash, salts, and oxides. These materials could
be used to stabilize Il pieces of metal and noncombustibles. The primary
disadvantage is that ¢t @ resins are combustible,

Salt cake. The cast salt cake taken directly from the output of the
molten-salt incinerator or the acid-digestion process adequately immobilizes
the fine ash material. However, the salt cake exhibits a very high leach rate
and thus will not meet stabilization requirements,

Slag. The product of the slagging incinerator is a granular basaltlike
glassy slag. It is expected that this product will be acceptable to the WIPP
reference repository. Glass formers may be added to the waste-material feed

in the incinerator to improve the vitrified output.
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Appendix G

METHODS USED TO CALCULATE RADIATION DOSES FROM RADIONUCLIDE RELEASES

G.1 INTRODUCTION

The dose calculations were performed with a modified version of the
AIRDOS-I1 computer code. Since excellent documentation describing the code
and its input instructions is available (Moore, 1977), this appendix only
highlights the major features of the code and outlines modifications made to
the code.

Generally, AIRDOS-II, a code that calculates the radiation dose to man
from a radionuclide release, is primarily intended to calculate doses from a
continuous release of radionuclides, but, with the proper adjustments of input
parameters, it can be used for a pulse release--that is, a release over a
short time that would resemble a release resulting from an accident., The
unmodified code calculates atmospheric Adilution factors (X/Q values), and
hence, in order to input X/Q values caiculated with other codes, it was
necessary to write another subroutine. This subroutine allows direct input
of i/Q values into AIRDOS-II. 1In its modified form, AIRDOS-II was used for
assessing the doses for both normal and accidental releases from the
repository. Site-specific X/Q values were obtained by using the
integrated-puff model, MESODIF, as described in Appendix H, Section H.4. The
unmodified form was used to calculate doses from transportation-accident
releases,

The general flow of information in the code is ‘ndicated in Figure G-1.
The MAIN subroutine drives the code as it differentiates between user options
and directs the logical calculation process. MAIN first calls either CONCEN
or COMPAG. CONCEN estimates ground-level air concentrations and surface-
deposition rates. CONCEN calls QX, which accounts for plume depletion over
the study area. COMPAG inputs previously calculated X/Q values and then
calculates surface-deposition rates. Once the concentrations and deposition
rates are calculated, MAIN calls DOSE to compute the dose to man. DOSE then
calls DOSMIC, which simply provides a structured output of DOSE results.

G.2 METEOROLOGICAL ROUTINE

The AIRDOS-II code consists of two major calculation routines: the
meteorological routine and the dose routine. The meteorological routine is
based on a dispersion model that considers plume rise, plume depletion, and an
inversion 1id. The equation used to estimate plume Adispersion is the Gaussian
plume equation of Pasquill, as modified by Gifford (1972):

. Q 1 /y\? 1 /z - H\ 2 1 [z + H\2
*® Fmoga P [7(7;)] 4 [‘7( 72 ) ]* e""[‘?( . )}

where

X = concentration in air at x meters downwind, y‘m}i&f} cloésﬁxnd, and
z meters above the ground (pCi/m )
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uniform emission rate from the stack (pCi/sec)
mean wind speed (m/sec)
horizontal dispersion coefficient (m)
vertical dispersion coefficient (m)
effective stack height (physical stack height h plus the plume
rise Ah) (m)
Y crosswind distance (m)
z vertical distance (m)

For calculating ground-level concentrations, this equation may be reduced
to the following:

The values of the dispersion coefficients are calculated from equations
developed by G. A. Briggs of the National Oceanic and Atmospheric Admin-
istration. They are described in Table G-1 for each Pasquill category.

Table G-1. Formulas Recommended by Briggs?® for Oy and o, for Open-Country
Conditions®

Pasquill Ty Ty
category (meters) (meters)

(1 .00014)~-1/2 .204
(1 .00014)~-1/2 .12d
(1 .00014)~1/2 .08d (1 + 0.00024)~1/2
(1 .00014)-1/2 .06d (1 + 0.00154)-1/2
(1 .00014)~1/2 ,03d (1 + 0.00034d)"1

(1 .00014)~1/2 0.0164 (1 + 0.00034)-1

aG. A. Briggs, Air Resources Atmospheric Turbulence and Diffusion
Laboratory, National Oceanic and Atmospheric Administration, Oak Ridge,
Tennesgee.

brhe quantity d is the downwind distance in meters.
The Rupp model for momentum-dominated plume rise is used. The Rupp
equation for momentum-dominated plumes is

Ah = 1.5vd/u

= plume rise (m)

= effluent stack-gas velocity (m/sec)
inside stack diameter (m)
wind speed’. (m/sec)
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me extends in size, particles will deposit on the ground or on
water surfaces by dry deposition or by scavenging. Dry depositicn is a
process by which particles are removed from the plume at the ground surface by
impingement, electrostatic attraction, or chemical interaction with the ground
cover or ground surface. The rate of dry deposition is determined by the
following equation:

Rq = VgX

R s 2
rface-deposition rate (pCi/cm<-secC)
1 : ~ 4 3
jround-level concentration in air (pCi/cm-)
leposition velocity (cm/sec)
now scavenges particles in a plume by depositing them on the
rate of scavenging deposition is defined by

oS

Rg = L®Xya

jht (cm)
" " 4
e~-deposition rate (pCi/cm<-sec)
nging coefficient (se: ~1)

1ge concentration in vertical column up to 1id height

counts for the effect of these depletion processes by
lease rate (source term) at each downwind distance and
)\ -

lease rate in place of the input source term. Addi-
accounted for by radionuclide decay within the plume.

s typical year, a stable air mass will reside above an
ondition, commonly referred to as an atmospheric inver-
ling, or 1lid, above which a plume will not disperse.
the 1id altitude no vertical dispersion will occur.

)r the increase in ground-level concentration by allowing
inversion-1lid altitude. The average concentration of

v

by means of this input parameter as is the

the reference site, atmospheric dilution factors (x/Q
d by another code. Consequently, it was not necessary
routine, CONCEN was circumvented by writing COMPAG,

that allows direct input of concentrations into DOSE,.

DOSE ROUTINE

" i1t i

The dos« outine calculates jose to man via several major pathways.
It conside: internal exposure sulting from the inhalation and ingestion of

radionuclide aind external exposure resulting from air immersion, water

.
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immersion, and contaminated surfaces. The dose from the inhalation of
radionuclides is estimated from the following equation:

Dinh = (1.0 x 1076) (8760) X BCinp

Dinh = inhalation dose (rem/yr)

X ground-level concentration of the radionuclide in air (pCi/cm3)
By breathing rate (em3/hr)
Cing = doge-conversion factor for inhalation (rem/uCi)
1.0 x 107° = uCi/pCi
8760 hr/yr

The only parameter that is calculated by the code is the ground-level
concentration; the other values are user inputs,

The dose from ingestion is calculated by using the terrestrial model of
Booth et al. (1971). The code only considers radionuclide intake through the
ingestion of vegetables, beef, and milk. The radionuclides deposited both on
the vegetable surfaces and absorbed through the root systems are considered.
This is also true for the grass intake in the beef- and milk-intake pathways.
General agricultural and demographic information must be input by the user for
ingestion-dose calculations.

External doses from gamma radiation emitted by the radionuclides in the
plume are calculated as follows:

Dimm = (1.0 x 1079) (8760) XCjmpn

= air-immersion dose (rem/yr)

ground-level concentration of the radionuclide in air (pCi/m3)
dose-conversion factor for immersion in an infinite cloud
(rem-cm3/uci-hr)
1.0 x 10-6 uCi/pCi
8760 hr/yr

Once again, the code used calculated concentrations and user-input dose-
conversion factors,

A similar treatment is used for estimating doses that result from
immersion in water on which radionuclides have been allowed to deposit. This
is seldom a significant exposure pathway, but the dose contribution is
calculated from the equation

(1.0 x 10'6)

B X T
(8760) a (3600)(24)\.wimm
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water-immersion dose (rem/yr)
sur face-deposition rate (pCi/cmz—sec)
depth of water (cm)
tadioactive decay constant + environmental decay constant for
water (day’l)
time allotted for buildup in water (days)
: dose-conversion factor for immersion in a body of water of
infinite dimensions (rem-cm3/uCi~hr)
uCi/pCi
hr/yr
sec/hr
24 hr/day

As can be seen in the equation, a shallow body of water makes the most sig-
nificant contribution to the resultant dose.

The deposition rate is calculated by the code; the other parameters are
input. The final pathway--exposure resulting from standing on a contaminated
surface--is evaluated by using the following equation:

“A t

-6 l ~-e
= - —— c

T

Dsurf rf

where

dose from surface exposure (rem/yr)
surface-deposition rate (pCi/cmz—sec)

radioactive decay constant + environmental decay
constant (day '1)

time allotted for surface buildup (days)
dose~-conversion factor for surface exposure to an
infinite plane at a point 1 m above ground (rem-cm?/uCi~hr)
uCi/pCi

hr/yr

sec/hr

hr/day

The expression

- (3600) (24)

represents the surface concentration after time t in days. The value of t
used in analyses for the reference case was a conservative 15 years. The

deposition rate is calculated by the code, and the other parameters ar~ input
by the user.
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G.4 INPUT DATA

Input data for AIRDOS-II were obtained from various references. The
references for data used in analyses for the reference case are listed in

Table G-2.,

Table G-2. Sources of Input Data for the Reference-Case Analyses

Category

Source

Meteorciogical data
Scavenging coefficients

Physical and dimensional data

Radiological data
Decay constants
Biological decay constants
Dose~-conversion factors
External exposure
Internal exposure

Biological data

Living patterns

Appendix H, Section H.4
Moore, 1977
NCRP, 1975

Chapter 8 and the WIPP conceptual
design /~s of December 1978)

Lederer, 1967
Ng, 1968; NRC, 1977a

Killough, 1976
Moore, 1977
NRC, 1977a

NRC, 1977b
Wolfe. 1977
Killough, 1976
Ng, 1968
Discussions with
Lea County Agent, R. Henard,
January 25, 1978, and
January 18, 1979
Eddy County Agent, D. Liesner,
January 26, 1978, and
January 19, 1979

NRC, 1977
Discussions with
Lea County Agent, R. Henard,
January 25, 1978, and
January 18, 1979
Eddv County Agent, D. Liesner,
January 26, 1978, and
January 19, 1979
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Appendix H

DESCRIPTION OF THE REFERENCE SITE

H.l SCENIC, HISTORIC, AND CULTURAL RESOURCES*

H.1.1 General Appearance

The WIPP reference site in Eddy County, New Mexico, is monotonous in
aspect and covered with desert vegetation. Ranching is the characteristic
activity, and cattle are often to be seen. Ranch buildings are many miles
apart; in between one sees an occasional windmill, stock-watering tank,
drilling riy, or grasshopper pump. There are many roads in the area, the
better ones surfaced with caliche, the poorer ones often little more than
tracks in the sand. The most noticeable features are the potash-mining opera-
tions, especially the prccessing plants with their very large buildings and
stacks. Their emissions often create a haze heavy enough to block the view of
the mountains 40 to 60 miles to the west.

The overall scenic quality of the study area was evaluated in April 1975
by the Bureau of Land Management (BLM) for an environmental analysis related
to potash leasing (BLM, 1975). The Bureau has a standard quality-evaluation
scoring system that takes into account landform, color, water, vegetation,
unigueness, and intrusions. On a scale of 1 to 24, with 24 high, the scores
from 16 observation points about the study area averaged 8.3 + 2.9. (The same
BIM scoring system applied to the center of the WIPP site resulted in a score
of 8.) Only one of the 16 observation points received a rating as high as 15;
it was a view from New Mexico highway 31 of a salt lake in the lower end of
Nash Draw. This observation point is 13 miles west-southwest of the site.

H.1.2 History

The State of New Mexico has an extensive history of Spanish exploration
and settlement, dating from the reconnaissance of Marcos de Niza in 1539,
which was sparked by reports brought to Mexico by Cabeza de Vvaca, telling of
enormous wealth in the land to the north. De Vaca himself probably passed
through New Mexico near present-day Carlsbad in 1534 or 1535. However, most
Spanish exploration and settlement took place in the Rio Grande Valley in the
northeastern part of the State. The next entry of Spaniards into southeastern
New Mexico was in 1583, when an expedition led by Antonio de Espejo traveled
down the Pecos River on the way back from the north. In 1590, an expedition
led by Gaspar Castano de Sosa traveled north up the Pecos to the village of
Pecos and then turned west to the Rio Grande.

For almost three centuries after de Sosa passed through the area, there
were only two significant recorded entries by white men. The first was in

*The archaeological resources at the reference site are.Q9scribed in

Section 7.4. 'L789 ‘50
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demand. Goodnight and Loving drove a mixed herd of Texas cattle across the
southern part of the Llano Estacado and up the Pecos River to Fort Sumner. In
the next year John Simpson Chisum followed the Goodnight-Loving trail with
another herd. When the contractors would not accept cows with calves, Chisum
placed these unacceptable cattle on the range south of Fort Sumner. Even-
tually, with the addition of unacceptable cattle from subsequent drives,
Chisum had cattle grazing along the Pecos River all the way to the Texas
border. Trading posts catering to the needs of the cowboys were established,
and settlement of southeastern New Mexico was begun. One such trading post
was located near the present-day town of Malaga, south of Carlsbad.

In 1888, another cattleman, Charles Bishop Eddy, founded the Pecos valley
Land and Ditch Company to build irrigation ditches and canals. Carlsbad was
founded in 1889 as the town of Eddy.

The twentieth century in southeastern New Mexico has seen the development
of other industries. The Hammond well, and later the Brown well, produced oil
near Artesia in 1909; oil and gas development started in earnest in Lea County
and adjacent Texas in 1934. O0il drilling led to the discovery of potash in
1925, and the commercial exploitation of these resources began in 1931.

Mining is now the principal industry of Eddy County.

H.2 POPULATION

H.2.1 Population Trends and Distribution

In 1912, when New Mexico became a state, Eddy County contained approxi-
mately 9600 people. Between 1920 and 1930 the population grew to 15,842.
After the start of potash mining in 1931, the population increased again
(24,311 persons in 1940) and continued to grow from 1940 to 1960, prircipally
because of the mining operations. By 1960 the population had reached 50,783
(BBER, 1962). After 1960 the potash industry in the area became severely
depressed, and the population dropped to 41,119 by 1970. Since 1970 the
economy of the area has improved, and the population has again increased. The
1976 estimate released by the sureau of the Census showed that Eddy County had
grown to 45,300, an increase of approximately 4200 people over the 1970 Census
figure (USDC, 1977a). Since 1931, the population has increased and fluctuated
with the potash-mining industry, with 50,783 inhabitants in 1960 (BBER, 1962),
41,119 in 1970, and 45,300 in 1976 (USDC, 1977a). The county contains four
municipalities: Artesia, Carlsbad, Loving, and Hope (Table H-1). Carlsbad,
the largest, had 26,600 inhabitants in mid-1977, up slightly from the 25,541
in 1960.

Lea County was organized in 1917 from parts of Chaves and Eddy Counties
and had 3545 residents in 1920. 0il exploration, begun in southeastern New
Mexico in 1924, brought substantial growth: by 1930 the population had
increased to 6144 and by 1940 had more than tripled to 21,154. Continued
growth brought a population of 53,429 in 1960 (BBER, 1962). Between 1960 and
1970 Lea County sustained a population decrease of approximately 7.3% owing

‘mainly to decreased oil and gas exploration or production (USDC, 1970c).

\fter 1970 the population increased from 49,554 to 54,400 in mid-1976 (USDC,
1977b). Most of the growth was related to increased activity in the oil and
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gas industry after 1973. Lea County has five municipalities: Hobbs,
Lovington, Punice, Jal, and Tatum (Table H-1). Hobbs, the largest incor-
porated place in the county, had an estimated 1977 population of 32,200.

Both courties are fairly homogeneous racially and ethnically (Table H-2),
with a relatively small Spanish-origin ethnic jroup (speaking population)
(statewide average 30.3%). The American Indian population is also relatively
Il w: 0.3%, or 258 individuals in 1970 (statewide average 7.2%) (USDC, 1970a).

lable H-1. Population in Eddy arnd Lea Counties: 1960-1976
Distance trom Population
Location l;lf“) “'nllp(.’) 1/)‘.1-]1\ ;“7’):1 1()76_\(.“
Eddy C unty N/A 50,783 41,119 45,300
Artesia 47 12,000 10,315 10,400
Carlsbad 2€ 25,541 21,297 25,500
Loving 18 1,64¢€ 1,192 1,100
Hope 62 108 90 120
Lea Cour ty N/A 53,429
Euni c 3 3,531
18 -') 1 ) £ e
HODK 4: 2€ ’ 75
Jal 37
Lovington 45
ratun €
‘Distance rounded to the nearest mile; N/A ot appli
USDC (197
Larr Adcock and A ciates (1977-1978
Table H- Characteristics of the Population in E
unties?
¥“‘ "V"'i“? l"' "f
Characteristic Eddy County
Race
whl"‘ ‘,"’ 1
Bl ack
Jther 0.7
spanish igin or descent 25.4
Residence
Urban 76.9
Rural, nonfarm 8.1
Rural, farm )
Apata from USDC (1970a).
|
“Percentages may not add to 100.00% because f




The age distribution of the population in the two-county area differs
slightly between the counties, as well as between New Mexico as a whole and
the United States (Table H-3). In both Lea and Eddy Counties the median age
is below that of the United States as a whole but significantly above New
Mexico's median age of only 23.9 years in 1970. The population of Carlsbad
has a relatively low vercentage in the less-than-20 age group and a relatively
high percentage in the over-50 age group. The number of residents who are 65
or older is significantly higher in Carlsbad than the statewide average and
the average for either Lea or Eddy County. An active program to attract
retirees is supported by the Carlsbad area. The age distribution in Hobbs
indicates a younger population (25.5 years) than that in Carlsbad (29.4 years).

Net-population-migration figures indicate significant changes during the
last few years. In the 1960-70 period the two-county area was somewhat
depressed because of reduced hydrocarbon exploration and potash mining. As a
result, Eddy County experienced a net loss of more than 11,000 individuals
during a S5-year period and Lea County a loss of approximately 5200. Since the
Census, however, there has been a significant change in the net migration
trend, with both counties showing a reversal: Eddy County received a net gain
of 2000 during 1970-76 and Lea County a net gain of 600 (USDC, 1977b).

Although net migration during the last 6 years has been positive, major
growth in the two counties has been caused by natural increase (births minus
deaths): about 2200 persons in Eddy County and 430C persons in Lea County, or
about 2.5 times the growth caused by in-migration.

Population densities in the two counties are relatively low but slightly
higher than the statewide average of about 9.9 persons per square mile. The
population density in Eddy County was 9.9 in 1970 and is now approximately
11.4 persons per square mile. The population density in Lea County was 11.3
in 1970 and is now estimated at 12.9 persons per square mile. It should be
noted that the density figures are somewhat misleading because most of the

Table H-3. Percentage Age Distribution of Population (1970 Census)?

Percentage age distribution

Eddy Lea Vol
Age United States New Mexico County County Carlsbad Hobbs
Under 5 8.5 9.5 8.2 9.0 8.2 9.4
5-14 20.1 23.8 22.3 22.8 20.8 22.8
15-19 9.4 10.4 10.9 10.7 10.4 10.5
20-29 14.5 14.6 11.3 12.5 11.2 13.0
30-39 11.1 11.6 10.5 12.7 9.9 12.9
40-49 11.8 11.0 12.0 13.4 12.6 12.9
50-59 10.4 8.9 11.3 9.9 12.1 9.6
60-64 4.3 1.4 4.5 3.6 4.9 3.6
65+ 9.9 6.9 8.8 5.4 9.7 - P
Median age 28.1 23.9 27.2 25.9 29.4 25.5
I - ,’ — —

apata from USDC (1970c¢).
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population in Eddy County live in Carlsbad and Artesia. 1In Lea County
slightly fewer than 85% of the total population live in four urban places.
Thus, except for the six urban places, the two-county area is very sparsely
populated.

Within a radius of 10 miles from the site, there are currently 16 per-
manent residents and three commercial mining operations (Figure H~1) with a
total daytime employment of nearly 650 persons (Adcock, 1977-1978) and
considerably smaller swing shifts and night shifts.

Within a radius of 50 miles from the site (Figure H-2) there were more
than 94,000 inhabitants in 1976 (Table H-4). The major population centers are
listed in Table H-1.

Population projections to the year 2010 are presented in Appendix M. From
1978 to 2010 Eddy County is projected to grow at a compound annual rate of
1.7% and Carlsbad at an annual rate of just more than 1.8%. Lea County growth

for the 22-year period is 2.0% per year, and the projected annual growth rate
for Hobbs is 2.2%.

E
10-mile radius

5-mile radius

Kerr-McGee plant and mine: 151 employees (maximum) day shift

International Minerals and Chemical Corporation: 450 employees (maximun), day shift
Duval Corporation (Nash Draw Mine): 46 employees (maximum), day shift

James Ranch: six permanent residents (six seasonal part-time employees)

Smith (Crawford) Ranch: seven permanent residents (18 seasonal part-time)

Pue’s Store: three permanent residents

’

Figure H-1. Population within a 10-mile radius of the site. & s
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Eunice
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WM 124

Eddy County
Lea County

New Mexico

Texas

20 Miles

Figure H-2. Area covered by a 50-mile radius of the site.

Demographic changes

the site in the

Few demographic changes are expected within 10 miles from

foreseeable future. Interviews with ranch owners and managers indicate
at the Mobley

that

one ranch house is expected to be built in the next 5 years,
ranch just south of NM 128, approximately 8 miles west-southwest of the center

of the site.

just outside the 10-mile radius.

One other demographic change may occur
is around the

A small trailer park (fewer than 20 units) is being built in and
commercial establishment now known as Halfway Bar. Future plans for further
trailer-park development are reported to be partially contingent on the

. - .

constrjictom ‘of the reference repository. . 6
¢ 1789 15
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Table H-4. 1976 Resicdant Population Within 50 Miles of the Sitea:b

Distance from site (miles)

Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total
N 0 0 35 25 175 25 260
NNE 0 0 25 5 55 5,585 5,670
NE 0 0 0 25 75 6,735 6,835
ENE 0 0 15 70 185 30,595 30,865
E 0 0 5 15 3,190 155 3,365
ESE 0 0 5 10 3,035 295 3,345
SE 0 0 5 15 25 30 75
SSE 0 0 0 25 10 40 75
S 0 0 5 15 60 15 95
SSW 6 0 5 30 90 15 145
SW 0 0 55 15 1¢ 45 125
WSW 0 0 1495 185 50 65 1,795
W 0 0 70 29,045 40 35 29,190
WNW 0 10 5 190 55 50 310
NW 0 0 30 20 65 11,505 11,620
NNW 0 0 15 8 250 10 280
Radius total 6 10 1770 29,695 7,370 55,200 94,050
Cumulative total 6 16 1785 31,480 38,850 94,050 ——-

A5ata collected by Adcock and Associates (1977-1978).
b?iqutes for all areas beyond the 10-mile radius have been rounded to the
nearest "5."

The population of workers at various mining operations in the 10-mile
radius may vary from one period to another. During 1960-1970, it dropped
significantly because of a decreased demand for potash from the Carlsbad
area. Potash production now appears to have stabilized, at least for the near
future. This work force is not expected to change significantly in the next
few years.

Maintenance workers for oil and gas wells are transients in the area. The
number of active oil and gas wells in Eddy County has been increasing during
the past few years, and there are many active wells within the 10-mile radius
(Figure H-1). Although the average number of workers in the area is not
known, it is not expected to increase significantly during the next few years.

H.2.2 Social Characteristics

Employment structure and unions

In 1970, nea‘ly 90% of the employed in Eddy County were wage and salary
workers (74% in 'he private sector, 16% in the government sector), about 10%
were self-employed, and 1% were unpaid family workers (USDC, 1970b, 1975~
1978). In Lea County a slightly larger proportion of wage and salary workers .
were in the private sector and a correspondingly smaller proportion (12%) were
in the government sector. .
. * a* B
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Table H-5. Median Earnings by Occupation, Ethnic Group, and Sex, Eddy and
Lea Counties, 1969

Median earnings

Eddy County Lea County
Occupation All groups Spanish Black All groups Spanish Black

Males 16 and older

with earnings $7068 $4286  $4820 $7695 $4883  $4225
Professional, manager 9158 4808 - 9909 8000 -
Crafts, foreman 8050 6667 4375 8127 6085 5211
Operatives 7244 5019 7678 7629 4477 4853
Nonfarm labor 4297 3306 5459 3793 3800 3500
Farmers and managers 6729 5533 - 4944 - -
Farm laborers and foremen 2960 2871 - 3608 3350 -

Females 16 and

older with earnings $2810 $1596 $ 994 $2707 $1435 $1066
Clerical 3551 2575 - 3551 1875 -
Operatives 1241 830 - 2079 848 875

Table H-6. Income and Poverty Status of Families by Ethnic
Group and Sex of Household Head, Eddy and Lea
Counties, 19692

Families with income Percentage of all families

below poverty level Eddy County Lea County
All families 17.8 12.9
Spanish 41.5 31.5
Black 24.4 50.7
Families with female head 50.0 47.0

apata from USDC (1970a).

A large proportion of employed workers are blue collar (craftsmen and
foremen, operatives, nonfarm laborers, and farm laborers): with 45% in Eddy
County workers and 49% in Lea County workers falling into this class in 1970
(USDC, 1970b). Data on earnings, poverty and employment are given in Tables
H-5, H-6, and H-7.

Eddy County has four unions with local headquarters in the county; the
largest is the United Steelworkers Union. Lea County has none (Table H-8).

Churches and community organizations

Carlsbad has 60 churches and 1 synagogue, while Hobbs has 70 churches and
1 synagogue. Of the churches, two in Carlsbad and one in Hobbs are Catholic.
Many of the remaining churches are Baptist.

There are 20 major civic and community organizations in Hobbs and 13 in

Carlsbad. Most of these are fraternal o;ganizations, with membership in many
restricted to men, although many have agpiliaties for wives.

. - V789 158



Table H-7. BEmplcyed Persons by Industry, Sex, and Ethnic Group, Eddy and Lea Counties, 196¢2

Total employed, Eddy County Lea County

16 and older Total Male Female Spanish Black Total Male Female Spanish Black

Number 14,145 9374 4771 3046 364 18,255 12,745 5510 1571 729
Percent of total
Agriculture “ § -~ 10
Mining 38 12 45 19
Construction 2 14
Manuf acturing 7 4
™ s ™ - 4
Wholesale trade - 2
Food, bakery,
dairy stores
Eating and drinking
establishments
Other retail
Finance, insurance,
and real estate
Business and repairs
Personal and other
services
Entertainment
and recreation
Health ser-ices
and hospitals
Education
Other professions
Public administration

apata from the 1970 Census of Population.
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Community planning capabilities

Both Carlsbad and Hobbs are experiencing considerable population and
housing growth, which is expected to continue into the mid-1980s and probably
into the year 2000, Both communities presently have planning agencies and
various other city agencies that analyze and assist in growth management.

Table H-8. Unions Represented in Eddy and Lea Counties, 19782

Number of
Name of union member s Local office Area and firms covered

Carpenters' Local 1245 240 Carlsbad Carlsbad, Hobbs, Roswell,
Portales, Clovis,
Tucumcari; construction
contractors

International Brotherhood 259 Carlsbad Electrical workers at
of Electrical Workers duval Corp., Potash
Company of America, and
Mississippi Chemical
potash mines; 4 out of 5
local construction
contractors

Iron Workers Local 775 Not known Carlsbad Not known

Retail Clerks Local 462 Not known Las Cruces Not known

United Steel Workers Locals 1500 Carlsbad Potash mines, Carlsbad city
177, 178A, 181, 183, employees, school custodial
187, 188A, 8507 and maintenance workers

apata from Adcock and Associates (1977-1978).

H.3 ECONOMIC SETTING

H.3.1 General Economic Characteristics

As defined by standard economic-base theory, there are three basic eco-
nomic sectors in Eddy and Lea Counties: mining, manufacturing, and agri-
culture. Although government is a basic industry* in many parts of New Mexico
because of heavy Federal activity (statewide location quotient** of 2.1), most
of the governmental activity in Eddy and Lea Counties is only a supportive
function (two-county location quotient of 0.23) (USDC, 1975-1978). The

§ *Basic industries are those whose level of activity is not closely tied to
. the level of economic activity in the local community (Tiebout, 1962, p. 74).
**For an explanation of "location quotient,” see Apngpdix ) ‘
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wholesaling operations are cunducted. The Carlsbad basic trade area, Eddy
County, is in the major trace area of El Paso; the Hobbs trade area, Lea
County, is in the major tr~.de area of Dallas. It is important to note that
the basic trade areas for both Carlsbad and Hobbs do not extend beyond their
respective county limits *o any significant degree. Therefcre, Rand-McNally
notes few leakages in normal retail purchases from the two-county area.
dowever, for major retail purchases and wholesaling there is substantial
leakage out of the State into El Paso and Dallas.

There were 835 service establishments (e.g., hotels, motels, barber shops,
advertisers, business services, repair shops) at the time of the 1972 Census
of Business. Activity in this sector has increased substantially since 1972,
with service-sector employment in Eddy County rising from slightly less than
1900 to about 2600 in 1977 (preliminary estimates) and from slightly less than
1800 to 2300 in Lea County (ESCNM, 1975-1978).

Tour ism

Tourism contributes substantially to economic activity in the two-county
area, particularly in Eddy County. The main tourist attraction in the area is
Carlsbad Caverns National Park, which is approximately 22 miles southwest of
Carlsbad and 41 miles west-southwest of the site. In 1977 it received 862,790
visitors, or nearly 44% of the visitors to all 11 national parks and monuments
throughout the State (USDI, 1970-1978). Nearby parks (Guadalupe Mountains
National Park, Living Desert State Park, the Presidents' Park in Carlsbad, and
others) also attract local residents and tourists. Outdoor recreation centers
around hunting, four-wheel-vehicle driving, and camping.

The effects of tourism in the area can be readily seen in employment
statistics, with retail trade and selected services being most affected. For
examnle, employment in eating and drinking establishments more than triples in
the 3 summer months, and summer employment in lodging increases 60 to 70% over
winter employment (ESCNM, 1975-1978). Other secondary and tertiary services
affected by tourism (e.g., curioc sales, barber shops, cleaners) also show
substantial increases.

Tourism is highly seasonal, with visits to Carlsbad Caverns fluctuating
from a high of 187,970 in July 1977 to a low of 25,350 in January (USDI,
1970-1978). To support the tourist industry, the City of Carlsbad, which
receives most of the impact from the national park, has a total of 20 motels
and hotels with more than 1000 rooms.

Financial resources

In Lea and Eddy Counties combined, there are eight chartered banks, four
holding state charters and four holding national charters. Five of these
(three state and two national) are in Eddy County. There are also 4 savings-
and-loan institutions, 3 credit unions, and 19 small-loan licensees.

Mortgage financing in the Carlsbad area is primarily provided through the
local savings-and-loan associations. Savings-and-loan officers, in interviews
with Larry Adcock and Associates, have characterized the current (August 1978)
mortgage money market as being moderately tight. Interest rates as of August
1978 were 9.75%, and most institutions are limiting loans to purchasers of
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owner-occupied units. Second-mortgage money is scarce, as is money to finance
the purchase of used rental units.

Although the mortgage market is fairly tight, officials at all local
savings-and-loan associations indicated that they are not currently turning
down any qualified requests for financing of owner-occupied homes. For some
families, a program of the New Mexico Mortgage Finance Authority provides
money at 8%.

The mortgage market in Hobbs is currently similar to that in Carlsbad.
Owner-occupied home mortgages are available at 9.75%, while second-mor tgage
and rental-unit money is not generally available,.

H.3.2 Labor Force

Labor force is defined by the Department of Labor as persons who are
employed and those who are unemployed and actively seeking employment. In
1977 the combined total labor force in Eddy and Lea Counties was approximately
44,400--approximately 24,200 in Lea County and 20,200 in Eddy County. Total
employment in the two-county area was 42,500,

Between 1973 and 1977, when the economy of both counties was expanding,
th: total labor force grew approximately 25.9% (by roughly 9100 individuals),
or 5.9% per year. The overall growth of employment for the 4-year period was
27.5%, or about 6.3% annually. Therefore, the number and the percentage of
unemployed persons have decreased during the last 4 years. Although the
combined unemployment rate for the two counties in 1977 was just more than
4.3%, the rate varies significantly between the counties (ESCNM, 1975-1978).

Employment

Mining is by far the largest employer in the two-county area. Accurate
figures on agricultural employment are difficult to obtain and are normally
out of date; the latest available credible information shows just over 2000
employees in the two-county area in 1975 (USDC, 1975-1978). 1In 1977 manu-
facturing employed approximately 2100 individuals--about 1085 in Lea County
and nearly 1025 in Eddy County (ESCNM, 1975-1978).

The 1977 employment distribution is estimated as follows (ESCNM, 1975-
1978): agriculture, 5%; mining, 25%; manufacturing, 6%; construction, 7%;
transportation, communications, and utilities, 9%; wholesale and retail trade,
21%; finance, insurance, and real estate, 3%; services, 13%; and government,
12% (percentages do not add to 100% because of rounding).

Unemployment

Unemployment in the two-county area is lower than the State average; the
1977 average rates were 5.2% in Eddy County and 3.5% in Lea County. It varies
significantly from season to season, with h.ther rates during June each year
and lower rates in late spring and late fall /ESCNM, 1975-1978), partly
because of variations in agricultural employment and because students.and
certain noncontract school personnel seek summer employment,
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Applications for work through the New Mexico Employment Security
Commission reveal that a large number of technical skills (many directly
connected with construction and mining) and a large number of clerical and
secretarial workers are available in the area.

Underemployment and disqguised unemployment

The unemployment rate computed by the State and Federal governments is
based on persons actively seeking employment. An area may someiimes have a
low defined unemployment rate and also significant underemployment (i.e.,
occupations or jobs that do not take full advantage of an employee's poten-
tial). Disguised unemployment may exist when many persons are not actively
seeking employment but would take a job if one were available in the area.
Labor statistics and wages in the two-county area indicate that there may be
some underemployment because of seasonal employment patterns, but it does not
appear to be significant in the labor market.

Disguised unemployment is measured by labor-force participation rates.
In the two-county area the labor-force participation rate for males is higher
than the State average, while the rate for females is lower than the State
average (USDC, 1970b). These data imply that not all females who are willing
to work are actively seeking employment and that the labor-force availability
for females may be greater than current statistics indicate.

Major employers

Nine of the 20 major employers in the two-county area are mining or
service-to-mining companies (Table H-9). Only two, Levi Strauss and Holly and
Navajo Corporation, are listed by the New Mexico Employment Security
Commission as manufacturing companies.

Personal income

Total annual personal income in 1976 was listed by the Bureau of Economic
Analysis as $246.8 million in Eddy County and $311.3 million in Lea County.
The two-county area accounts for about 9% of the total annual personal income
of all State residents., Total annual personal income in Lea County has been
showing steady increases in recent years. Because of declines in the potash
industry during the middle and late 1960s, Eddy County sustained a decrease in
total personal income in 1968 and in 1969 barely achieved the level estab-
lished in 1967; since 1968, however, it has shown increases. While informa-
tion after 1976 is not available, trends in the area and the State indicate
that total personal income has been increasing at more than 10% per year in
the two-county area since 1976 (USDC, 1975-1978).

Per capita income in the two counties is higher than that in the State: in
1976 it was $5722 in Lea County, or approximately 7.5% above the $5325 regis-
tered statewide level, and $5453 in Eddy County, about 2.5% above the state-
wide level. In Lea County per capita income increased 84.9% between 1970 and
1976, while in Eddy County the increase was only slightly less at 82.1%. The
statewide level increased 73.1% during the same period; thus the per capita
income for the two-county area is increasing faster than the statewide aver-
age. It is important to note that per capita income in both counties is above
the national average for non-SMSA (standard metropolitan statistical area)
counties. In Lea County per capita income is 109.8% of the nen-SMSA county

.Q:S%Pnal average, while the Eddy County level is 104.7% (USDC, 1975-1978).
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Table H-9.

Employment range

100-150

251-750

Not known

151-250

251-500

501-750

Not known

Company
LEA COUNTY

Halliburton Company
Moran Company
First National Bank

B&M (well service)
Levi Strauss

General Telephone

Humana of New Mexico (Llano Estacado)
El Paso Natural Gas
National Potash

M.G.F. Drilling Company
EDDY COUNTY

Mississippi Chemical
Lakeview Christian Home
Holly and Navajo Corporation

Kerr-McGee Corporation
Duval Corporation

Amax Chemical

Guadalup= Medical Center

Potash Company of America
(Ideal Basic Industries)

International Minerals

Evangelical Lutheran Center

Major Employers in Lea and Eddy Counties?

Services

0il field
Oil-well drilling
Banking

0il field
Manufacturing

Utility

Medical
Refining natural gas
Mining

Oil-well drilling

Mining
Retirement home
Refining

Mining
Mining
Mining
Medical

Mining
Mining

Nursing home

4pata from the Industrial Development Corporation of Lea County (1978)
and the Carlsbad Department of Development (1977-1978).

H.3.3

Hpusjng_andipand Use
Carlsbad

In the summer of 1377, Carlsbad annexed 7200 acres, increasing the city
limits to about 12,800 acres. With the annexed land, which is mostly vacant,
the total vacant land amounts to about 7500 acres, or nearly 60% of the total
municipal land area.
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Land-use patterns inside the city limits are currently changing. Much of
the city is being rezoned, with the outcome of the rezoning in doubt, Until
rezoning is settled, it is not possible to accurately predict either the
location or the total amount of land to be available for future residential,
commercial, and industrial development.

Since 1970 the construction of new housing units in Carlsbad has not kept
pace with population growth, Vacancy rates dropped below 3% during much of
the pericd (HUD, 1975; City of Carlsbad, 1978), with a resulting housing
shortage, From 1970 through 1976, 786 new units were added to the housing
stock, A rate of 154 per year. “lowever, because of 140 demolitions the net
result is the addition of 13 units (City of Carlsbad, 1978).

In 1977 housing construction increased, with the addition of 350 new
units. Nonetheless, the housing supply in Carlsbad remains marginal. The
stock of 9421 total housing units (Table H-10) allows for a vacancy rate of
only slightly more than 1%. About 190 additional units would have been
required to bring the year-end vacancy rate up to 3%. More than 4% of the
existing housing stock is classified as substandard (with minor to severe
violations of the Southern Standard Housing Code). ~fome 418 ~ccupied housing
units (274 owner-occupied and 144 renter-occupied) are substandard, 384 of
which are suitable for rehabilitation (personal interview with Homer RooSs,
Federal Housing Administration, Albuquerque, 1978). 1In 1976, 547 occupied
units were classified as substandard.

Temporary housing is available on a seasonal basis in Carlsbad's
motels, which have a total of about 1000 rooms. Between Memorial Day
Labor Day occupancy rates are about 100%. Nonsummer occupancy rates
weekends are as low as 50% in some motels but 95 to 100% on weekday

The Federal Housing Authority Section 8 program prcvides rent and
assistance (75%) to qualified renters. Generally, to qualify, an
must be more than 62 years old, disabled, or handicapped and have
of less than $8500 (single-person limit).

Table H-10. Housing Stock in Carlsbad, 1977

Type Total Occupied Unoccupied

All units 94212 9320P
Single-family 79922 7906€
Multifamily 9194 9n9C
Mobile home 5109 505€

dgased on U.S. Department of Commerce, 1970 Census of

Housing, and subsequent building permit and demolition data.
Sl

Based on population and household-size estimates prepared
for this report.
SOccupancy rates assumed identical for all housing types.
dLarxy Adcock and Associates, census, 1978,
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The total land area inside the Hobbs city limits, including the Hobbs
Industrial Air Park (HIAP), is about 14,720 acres. Not incl iding HIAP, about
960 acres are vacant and available for residential, commerci: or industrial
development. Virtually the total area of HIAP is vacant at p esent, providing
an additional 3500 acres for industrial development. Since Hobbs has no
zoning ordinance, there are no figures on the total amount of land available
for specific types of use.

From 1970 to 1975, new housing units were added to the Hobbs housing stock
at a rate of about 100 per year. Actual construction averaged about 150 units
per year for the period, with about 50 units per year replacing condemned or
removed structures (City of Hobbs, 1978). This relatively low rate of addi-
tion to the housing stock caused the vacancy rate to decline from nearly 9% in
1970 to just over 1% in 1975. In 1976 and 1977 construction ictivity in-
creased, with 414 new housing units added in 1976 and 611 units in 1977, and
vacanCy rates increasing to about 2% because of the recent con
activity. At the end of 1977, the housing stock in Hobbs was
10,879 units (Table H-11).

Temporary housing in Hobbs is available in 11 motels with 482 r YOS ,
Seasonal occupancy patterns are very similar to those for Carlsbad On a

A

year-round basis, occupancy averages 84%, with the Memorial Day to Labor Day
s lower than mmer occupancy on

the average, but midweek occupancy is very high even in nonsummer months.

rate at 95% « jreater. Nonsummer occupancy i

Housing Stock

Jecupled

All units 10,661
Single-family 8,313
Multifamily
Mobile home

Apata from the City of Hobbs Housing Count
\’)"f('-lf)‘]n('y t'lf]l‘(i on vac ]f\("“:—‘r.]r(\ estimate in t!

LIl KNl

’

Ing count, with vacancy rates assumed to be identi

tor all housing types.

¢

H.3.4 (‘ummumt'l' Facilities
Ed_ur.n ion

There are three public school districts in Eddy County and five in Lea
County, with a combined 1976-77 enrollment of 2+279 (NMDFA 1978c¢c).

Ll &l

TwO
oublic school districts appear likely to experience substantial
the WIPP. Special education, adult education, and technical-voc

programs are offered through the municipal school systems
Hobbs .

impacts from
itional
in Carlsbad and




Three institutions of higher education are in the vicinity of the WIPP
site: a branch of New Mexico State University in Carlsbad and the New Mexico
Junior College and the College of the Southwest (a small 4-year institution)
in Hobbs. Eastern New Mexico University maintains a branch in Roswell, about
75 miles north of Carlshad, and has its main campus in Portales, about 110
miles north of Hobbs. New Mexico Military Institute is also located in
Roswell, Somewhat farther from the site are New Mexico State University,
with a main campus in Las Cruces and a branch in Alamogordo, anc the
University of Texas at El Paso.

Carlsbad. The Carlsbad school system corsists of 10 elementary schools,
2 junior high schools, 1 mid-high school, and 1 senior high school, with a
combined enrollment of about 6500 full-time equivalent students (6737 stu-
dents, with 465 kindergarten students attending half-days) (Carlsbad School
District, 1977). This enrollment is well below the capacity of 10,000 stu-
dents. The excess capacity exists at all grade levels (Table 9-36).

Hobbs. The Hobbs school system currently consists of 10 elementary
schools (kindergarten through grade 6), 3 junior high schools (grades 7
through 9), and 1 high school (grades 10 through 12). Total enrollment for
the 1978-79 school year is expected to be about 7675 students (R. Wasson,
Hobbs School District, personal communication, 1978), somewhat below the
estimated capacity of 8350 students (Table 9-40).

Municipal water systems

Carlsbad. Carlsbad currently obtains its water from a well field in the
Capitan reef (Figure H-3). There are eight wells presently pumping water,
and a ninth is being equipped to pump. 1In addition, there are three wells in
the city limits that are not used because the quality of the water under
Carlsbad is lower than that of water outside the city limits.

The 8833 acre-feet per year of water rights in the Capitan reef is in-
sufficient to meet projected needs. For the past couple of years the city
has overdrawn its rights in this water source, and current plans call for a
payback of 2200 acre-feet over the next 2 years.

The city has recently purchased the Double Eagle system, including rights
to 7648 acre-feet per year. Because this system is about 40 miles northeast
of Carlsbad, a pipeline to the municipal system must be constructed and is
now in the development stage. 1In addition, Carlsbad has rights to 10,640
acre-feet per year from a well field north of the city in the Ogallala
Formatiorn, giving the city total rights to over 27,000 acre-feet per year.

Current (1977) consumption averages about 7.8 million gallons per day
(mgd) in Carlsbad; peak consumption is about 16 mgd. This is well within the
current 22.5-mgd capacity of the delivery system.

Hobbs. Hobbs currently has rights to 18,088 acre-feet of water per year
from groundwater sources (primarily inside city limits) in the Ogallala
Formation. 1In addition, it has an allocation of 15,340 acre-feet per year
from the proposed Eastern New Mexico Water Supply System, which would deliver
water from the Ute Reservoir to 10 communities in eastern New Mexico. The
status of this project is currently very uncertain, and it is not known when,
if ever, delivery of water to Hobbs will begin. . ' : \68
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Municipal water is supplied from 23 wells locai~d in and around the city
(Figure H-4) Current potential yield of the wells 1is about 14 mgd.

Average consumption is currently about 12 mgd. Peak daily consumption,
normally about double the average daily rate in this area. is limited by the
capacity of the delivery-and-storage system to just over 14 ;4. Thus,
although total water rights in the Ogallala Formation are adequate for
current demands (about 7050 acre-feet per year), there is a need for addi-
tional wells and stcrage-and-delivery facilities.

Municipal wastewater systems

Carlsbad. The Carlsbad municipal sewage-treatment plant, inadequate for
current needs, is being expanded and upgraded, with construction expected to
begin about the end of 1978 or early 1979. On completion, the plant will
have a design capacity to serve 50,000 people. Effluent will be used to
irrigate a 700-acre farm owned by Carlsbad.

Sewage-collection facilities provide service to the entire city (Figure
H-3). Residential areas outside city limits use septic systems. About 25 to
30% of the developing areas in the vicinity of the city are currently not
suited to the use of conventional percolation septic systems and must use the
somewhat more expensive evapotranspiration septic systems (personal interview,
Delbert Bell, New Mexico Environmental Improvement Division, Carlsbad, 1978).

Hobbs. Construction of a new municipal sewage-treatment plant is under
way, with completion expected in early 1980. The new plant will have an
initial capacity of 5 mgd, with expansion capabilities up to 6 mgd.

There are also plans to expand and upgrade the main sewer lines in the
city. Two of the three existing main trunk lines will be affected, with one
beinc rebuilt and one being paralleled by a new bypass lire.

Since April 1, 1978, developing areas north of Hobbs (Figure H-4) have
been restricted by the New Mexico Environmental Improvement Division (NMEID)
to the use of evapotranspiration septic systems because of past problems with
percolation systems seeping into local water supplies. The use of the evapo-
transpiration systems is expected to prevent further problems with residen-
tial sewage in areas not connected to the Hobbs municipal sewage system
(personal interview, Gunther Diehl, NMEID, Hobbs, 1978).

FElectric service

Carlsbad. Eddy County and most of Lea County obtain electricity from the
Southwestern Public Service Company, the majority of the power being aen-
erated by natural gas and 25% by coal. In the Carlsbad area this company
currently serves 10,994 residential and 1241 commercial customers as well as
a number of large industrial customers and miscellaneous others. Capacity is
adequate for present needs and projected demand.

Hobbs. Electric service is provided by the New Mexico Electric Service
Company (118 megawatts generated '. -atural-gas-fired units and 66 megawatts
generated by a natural-gas turbire, As of March 1978, this company had
10,803 residential and 2295 commercial, industrial, and other customers in
the Hobbs area. Capacity is adequate for present needs and projected demand.
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Natural-gas service

Carlsbad. The Gas Company of New Mexico serves most of the reference-
repository impact area, providing natural gas to 9124 residential customers,
884 commercial customers, and 149 industrial, public, and other special
users. In recent years the company has been expanding service at the rate of
300 to 400 customers per year in the Carlsbad area. Capacity is adequate for
present needs and projected demand.

Hobbs. The Hobbs Gas Company was serving 10,456 customers in the city at
the end of February 1978, an increase of 354 customers over the previous
year. Natural gas is provided to 9201 residential, 1208 commercial, and 48
other customers, Capacity is adequate for present needs and projected demand.

-

Fire protection

Carlsbad and Eddy County. The Carlsbad Fire Department has 22 full-time
employees, or about 0.7 per 1000 people, operating out of three substations,
including one at the airport (Figure H-3). Major equipment ircludes one
1500-gpm pumper, one 1000-gpm pumper, three 750-gpm pumpers, and a dry
chemical truck at the airport. The primary service area for the department
is the city, but occasional trips are made outside the city limits to assist
the all-volunteer Eddy County Fire Department. These trips are made on the
basis of a verbal mutual aid agreement between the city and the county.

Hobbs and Lea County. The Hobbs Fire Department currently has 44 full-
time employees, including two dispatchers, or about 1.35 per 1000 people.
There are two fire stations (Figure H-4) and seven fire trucks. Approx-
imately one-third of the department's calls are outside the city limits to
assist the all-volunteer Lea County Fire Department.

Police protection

Carlsbad and Eddy County. The Carlsbad Police Department has 40 full-
time employees, or about 1.5 per 1000 people. The primary area served by the
department is the city, but officers go outside the city limits to assist
State police or County Sheriff's officers on request. City police also have
Eddy County Sheriff's commissions to facilitate their activities outside city
limits.

The Eddy County Sheriff's department has about 23 full-time employees.
In addition, as discussed above, the department can call on Carlsbad police
officers for assistance if needed.

Eddy County had a total of B8l officers (State police, Sheriff, and Police
Department) in 1975, or 1.9 per 1000 people.

Hobbs and Lea County. The Hobbs police department has 81 full-time
employees, or about 2.5 per 1000 people. Moreover, Hobbs had developed a
program in which off-duty police officers use marked patrol cars. The effect
of the program is to increase the apparent size of the department by making
police officers visible Jgwhéther on or off duty. The police departiment
serves the city primatily, with only occasional calls outside city 11'\?89 1/2 :

\
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Lea County had 99 officers (State police, Sheriff, and rolice Department)
i= 1975, or 1.9 per 1000 people. On the basis of both Part 1 crimes per 1000
population and the Adjusted Crime Index, Lea County was the fifth highest in
the state in 1975 (BBER, 1977b).

Health care

Carlsbad and Eddy County. The Guadalupe Medical Center in Carlsbad is
the principal short-term hospital in Eddy County. It opened in late 1977 and
has 134 beds. There is also the 26-bed Artesia General Hospital. On the
basis of mid-1978 Eddy County population estimates, the 160-bed county total
amounts to 3.4 per 1000 population. This is below both the national average
of 4.0 beds per 1000 and the New Mexico average of 3.5 per 1000. Nonethe-
less, the mid-1978 Guadalupe Medical Center occupancy rate of 73% is below
the Federal standard of 80% proposed for all nonfederal general short-term
hospitals (Bennett, 1977). Additional medical facilities available in the
area are indicated in Table H-12.

There are 35 physicians in Eddy County, 30 of whom usc the facilities of
the Guadalupe Medical Center. Some 2C of the county's physicians provide
primary care, or about 0.5 per 1200 population. Although there are no
generally accepted standards for primary care physician-to-population ratios,
the Eddy County ratio of 0.5 is only half the suggested level of 1.0 per 1200
(Bennett, 1977). Eddy County was classified as a medically underserved area
in 1976 by the Secretary of Health, Education, and Welfare for purposes of
determining eligibility for Health Maintenance Organization funding (Bennett,
1977). 1In addition, there are 13 dentists in Eddy County.

Emergency medical services are provided by the Guadalupe Medical Center,
which operates a 24-hour emergency room staffed by three physicians
specializing in emergency treatment.

Ambulance service is provided by the Carlsbad Fire Department. There are
currently four vehicles in use, and a fifth has been requested. Ambulance
service normally covers an area within a radius of about 30 miles of the
city. Each ambulance is staffed by two emergency medical technicians (EMTs).
The Fire Department has 3 full-time EMTs on the staff, and 25 additicnal paid
volunteer (part-time) EMTs are available.

Table H-12. Area Medical Facilities

Facility Carlsbad Eddy?2 Hobbs LeaP

Short-term hospitals 1 2 | 1
Hospital beds (plus basinettes) 134 (18) 160 (NA) 180 (20) 180 (20)
Nursing homes 2 2 2 3
Intermediate-care facilities

and home health agencies NA 3 NA 3
Clinics (includina mental

health) NA 6 NA 4
Primary-care clinics 0 1 1 1

r

arncludes Carlsbad. A r]89 "‘ /3

bIncludes Hobbs.
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the overall flow of vehicles indicate sufficient capacity for the highway:
capacity ratings vary from 20 to 29 on a scale of 30 on the section of road
between Carlsbad and Hobbs.

Portions of N.M. 31 and N.M. 128 lie within 10 miles of the site, and
U.S. Highway 62-180 runs east to west a little over 10 miles north of the
site., U.S. Highway 62-180, part of the Federal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>