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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 (TRU) and high-level wastes is emplacement
in cavities mined in a geologic formation. Several types of geologic forma-
tions show promise as burial environments--salt, crystalline rock, argil-
laceous rock, and tuff. wWhich 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
decision, the greater the number of choices that are open. The time scales
for these choices are summarized in Chapter 3 of this document.

As background material for the discussions in the main text of this doc-
ument, this appendix briefly describes the properties of the four candidate
types of rock. The U.S. Department of Energy (DOE) is investigating these
four media for possible use with high-level waste as well as the TRU waste to
be received at the WIPP. Reflecting the investigations, this appendix in-
cludes some discussion of properties like thermal conductivity that are crit-
ical to the design of repositories for high-level waste, but are not of major
importance to the WIPP.

The current investigations of alternative geologic media are extensive,
and this brief review is not intended to cover them thoroughly. A compre-
hensive review of the candidate geoclogic media appears in the draft generic
environmental impact statement (GEIS) for the management of commercially
generated radiocactive waste (DOE, 1979). Another recent review has been made
by the Interagency Review Group (IRG) on Nuclear Waste Management, whose
reports (IRG, 1979; IRG Subgroup, 1978) contain recommendations about the
choice of geologic media. References to other reviews and to detailed 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-
logic and hydrologic characteristics, which must resist forces that might ex-
pose the buried waste to the biosphere, and structural characteristics, which
must permit the construction of a mined cavity without disturbing the geologic
and ‘hydrologic characteristics. A satisfactory rock medium must present 1lit-
tle threat that its hydrologic and geologic characteristics could provide a
mechanism or pathway by which the waste could return to the surface in harmful
quantities. ‘

The geologic characteristics 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 becausé 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. Therefore 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 characteristics.

The structural characteristics of the rock are important because a repos-
itory must be designed, constructed, and operated in such a fashion that it
will not upset the geologic and hydrologlc 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 releasjng 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 gpecial atten-
tion to its mechanical, physical, and chemical properties. 7Tn repositories
that contain heat-producing waste, the burial medium must be able to withstand
the thermal stresses induced by that waste. Furthermore, establishing an
effective design requires 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 reguirements. The ability to conduct
the engineering analysis depends strongly on a thorough knowledge of the prop-
erties of a2 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 cuestions be answered, including the following:

@ Will the subsurface structure be able to remain open and operable over
the planned lifetime 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
structural integritv?

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

@ Will the surrounding geologic mategial 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. BAmong 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 it contains Important mechanical properties
include tensile and compressive strength and stress-strain relatlonshlos as Gii



expressed by elastic and bulk moduli. Important physical properties include
thermal conductivity, thermal expansion, heat capacity, and decrepitation
temperature. These properties are not known egually well for all the
candidate media.

In addition 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 stresses, 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.

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 to a number of important properties.

A.2 SALT

When geologic media were first evaluated for the emplacement of radio-
active waste, salt was judged to be the best choice for a number of reasons,
including long-term geologic stability, spatial predictability, suitability
for engineering analysis, thermal and mechanical properties, ease of reposi-
tory construction, freedom from circulating groundwater, chemical stability,
and the existence of extensive masses of uniform material. The original re-
port of a committee established by the National Academy of Sciences-National
Research Council (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 surface
and from circulating groundwater; consequently, there is an extremely high
probability that they will remain isolated in the future. Other desirable fea-
tures of salt formations are their uniform consistency, simple geologic struc-
ture, and predictable stratigraphic character over large regions. Further-
more, 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 decade at the Asse experimental repository in the Federal Republic of
Germany (Xuehn 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
rhenomenon 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 considered potential problems only when elevated temperatures with large
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Table A-l. Comparison of Geologic Media

Property Salt Basalt or granite Shale
BASIC PROPERTIES

Plasticity High None Variable
Solubility High Very low Very low

Sorptive capacity Low (depends on Fair High

impurities)

Compressive strength Moderate High Moderate

Thermal diffusivity High Low Low )

Thermal stability against High . High; potential dewater- High; potential de-

chemical decomposition

Porosity
Permeability
Water presence

Corrosiveness of
indigenous fluid
Tectonic stability

Geologic structure

Hydrology

Availability

Need to use explosives

Understanding of medium
for repository use

Waste rock

Mathematical modeling

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

Moderately difficult
to characterize

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

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

&



thermal gradients are present. The 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 measurably 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
repository depths. However, the high solubility of salt requires that exten-
sive knowledge of regional ané site hydrology be obtained before a repository
site is selected; it will be necessary to develop an understanding 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 radio-
nuclides 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 particular
advantage associated with salt mining is that, after shaft construction,
explosives are not needed. Electrically powered continuous-mining machines
can construct the storage rooms; diesel-powered carriers haul the mined salt
to branch~corridor conveyors, which are frequently extended to keep 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 desigrned 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-1l). ' ’ '

H

A.3 CRYSTALLINE ROCKS .

Basalt, granite, and other crystalline igneous and metamorphic rocks have
heen proposed as geologic media for a repository; extensive deposits that have
B been stable for millions of vears exist in the United States. The evaluation
‘i} of these media is in an early stage of data collection, and an effort is under
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Figure A-1. Map of rock-salt deposits in the United States.

way to compile the information systematically. The basic mechanical properties
(compressive strength, tensile strength, 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 those

of the small samples of whole rock because crystalline rocks are fractured and
cannot be reconstituted (unlike fractured salt, which will "weld" under litho-
static 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.

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,

~ Sealed repository built below the water table in crystalline rock, the cracks

Gi;hnd 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, Nevertheless, 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 into or out of a sealed repository.
Techniques for making these calculations are being developed.

Flow through a fractured medium will depend on the conhectedness and size
of the fractures. Their size is controlled to a large extent by the normal
stresses acting across the fractures; since these stresses increase with depth,
the permeability of crystalline rock usually decreases with depth. Although a
model has not been established to accurately evaluate fracture flow, experience
has shown that at depths of 1500 feet or more below the surface the fracture
permeability is so low that it may not be a significant threat even when
conservatively evaluated. "

Because the water in crystalline rocks is more mobile than the water in
salt, it may contribute to slow leaching of the radiocactive nuclides from the
waste, Although this condition might appear to be a problem, the magnitude of
the problem is diminished because granite and basalt have sorptive properties
that cause the radiocactive elements in the water to be removed by chemical
reactions with the rock., Furthermore, the typically low ionic strength of the
water found in these formations reduces the possibility of adverse effects on
these sorptive properties. Because of these favorable natural conditions, it
appears that the corrosion of waste canisters stored in a crystalline-rock
repository will be slow; the canister may maintain its integrity over many
hundreds of years.

A major difference between repositories in crystalline rock and in salt
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. Such tech-
nigues might adversely affect the rock within a few meters around the mined
openings. Since the rock beyond this affected .volume will provide the
required isolation, it is not clear that:drill-and-blast construction will
affect the long~term lntegrxty -of a repoDltory.-_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.- Reconnaissance 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 the Columbia Plateau Flood Basalts. in Washington, Oregon, and
Idaho. Because both the granite and the basalt formatlons are. extensive, there
is ample opportunity to f£ind suitable sites. Field studles on the suitability
of crystalline rocks are being conducted by the DOE at the Hanford Site, at
the Nevada Test Site, and in Sweden. Sweden.and Canada also have such
programs.
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A.4 ARGILLACEOUS ROCKS

Argillaceous rocks, éspecially shales, have also been proposed as geologic
media for repositories. Argillaceous rocks vary widely in their characteris-
tics: some shales are rélatively plastic, with a high water content; others
are relatively brittle, with a low water content. Because of the variation 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 good
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 shale repositories difficult to model and analyze generically.
Site-specific analyses 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

o



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 possibility. Experiments
with heaters have been conducted in two different types of shale. The results

Gl> of tests in wet layered shale are consistent with the above picture. Tests in
nonlayered low-water-content shale indicate heat-dissipation characteristics
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).

Shale, a material of low in-situ permeability (Magara, 1971), is insoluble
in water; it deforms under lithostatic loads, closing inherent joints. Because
of these propertles, water does not move easily through shale, even though
shale may contain substantlal quantltles 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 load.

Argillaceous rocks, like .crystalline rocks, may provide an aqueous
environment conducive to slow corrosive attack on the encapsulated waste.
Water entrapped in shale is of intermediate ionic strength, which moderately
inhibits corrosive action on canistérs. After a canister has been penetrated,
the dissolution of the waste "inside would also be slow because of the
intermediate-level ionic strength of the water. The presence of radio-
nuclides in the water will be mitigated by two major factors: the slow rate of
water .movement through the tight shale formations and the strong sorptive
capacity 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 lithostatic forces into mined openings. A study of the Eleana
argillite at the Nevada Test Site showed that a repository in this type of
formatlon would require substantial expenditures for necessary structural
supports underground because of the presence of squeezing zones (Fenix and
Scisson, 1978; Yaner and Owen, 1978).

Large formations of arglllaceous materlal 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 gathered for ap-
proximately 1 year. Figure A-4 shows regions in the United States where tuff

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

deposits are found. None of these regions are in the eastern part of the
country; material originally ejected from volcanoes there has metamorphosed
and is not classified as tuff.

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 permeability, high water
content, low strength, good thermal stability when dry, unusual thermal expan-
sion properties, and extremely high chemical sorptivity. The first investiga-
tions of these materials suggest that they are promising media for the geologic
disposal of waste.

Because of the process by which tuffs are deposited, the welded tuff is
usually surrounded by at least a partial envelope of nonwelded tuff. If a
repository were built in such a formation, the welded tuff would provide high
mechanical strength and thermal stability while the surrounding nonwelded tuff
would provide strong sorption of radionuclides. This arrangement could be a
nearly ideal set of multiple barriers under the proper mineralogical and
hydrologic conditions. Because the arrangement is complex, the engineering
design of a repository in tuff will be difficult; however, the benefits could
be significant. '
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Appendix B

THE NATIONAL WASTE TERMINAL STORAGE PROGRAM
AND ALTERNATIVE GEOLOGIC REGIONS

The National Waste Terminal Storage (NWTS) program of the U.S. Department
of Energy (DOE, 1979) is directed at the development of facilities for the em-
placement and disposal of high-level and transuranic (TRU) waste within deep
geologic formations in order to provide safe, long-term isolation of the waste
from human activities and from the environment. The program contains several
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.1l REGIONAL STUDIES

Site-evaluation activities include geologic investigations and supporting
studies of the curface environment. These start on a broad national scale and
subsequently narrow to candidate regions and then to investigations of areas
within regions, finally resulting in work at specific sites. The confirmation
of a potential repository site requires a detailed study of the geologic,
hydrologic, environmental, and socioecpnbmic characteristics of the site. For
a site to be acceptable, it must be established, in the framework of licensing
regulations, that no credible circumstances would be encountered that would
result in releases of radionuclides from the emplaced waste to the biosphere
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 a candidate host rock.

Most investigations of geologic disposal to date have centered on salt
formations, and the primary emphasis of the NWTS program remains on 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 Michigan and Appalachian basins) in the northeast, the Paradox basin of
Utah, and the salt domes inland from the Gulf of Mexico. 1In addition, because
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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 considered for repositories. 1In the NWTS pro-
gram this evaluation is almost entirely in terms 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 models.

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

4. Waste-migration models.
5. Borehole-plugging studies.
6. Systems 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 document; 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.

B.3 STATUS OF SITE-SELECTION STUDIES

The earliest dates for the qualification of sites are as follows:

Geologic medium and location Date
Bedded salt (other than Los Medanos) 1985
Dome salt (Gulf interior region) - 1983
Basalt (Hanford) ) 1984
Nevada Test Site 1985
Other hard-rock sites 1985

=



B.3.1 Gulf Interior Salt Domes

The Gulf interior salt-dome region contains several hundred 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 early knowledge of these domes has been obtained 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 com-
mercial interests. Indirect geophysical methods, such as aerial photo-
grammetry and infrared remote sensing, have also been used.

Early field evaluations resulted in the elimination of the Palestine Dome
(Texas) in October 1979. Studies of the remaining seven domes are continuing.
They include hydrologic studies of the three sedimentary basins in which the
domes occur as well as dome-specific geologic and hydrologic studies. The
understanding of dome locations is being further refined by gravity surveys,
high-resolution seismic reflection and refraction surveys, énd'borehole evalu-
ations. All of the seven domes being investigated are considered to be tec-
tonically stable; no capable faults are known to exist in their vicinity. 1In
late 1980, two or three domes will be recommended for further examination in
the "location"” study phase of the site~exploration process.

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 operated an experimental repository in a salt-flow
structure for 13 years.

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
in the State of Washington 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 was begun more than a decade ago. Studies in
the present context started in 1976; since then much mapping. and geophysical
work has been done, and 16 new holes have been drilled for cores, logging, and
hydrologic tests. ' - o '

The basic geologic structure consists of a series of lava flows separated
by porous, water-bearing beds. There has been essentially no mineral explora-
tion in these basalts, and there is little prospect for.it. This, plus the
extensiveness of the flows, implies:that if any part of the structure proves
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satisfactory 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 the measurement of the physical, ther-
mal, 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. Because of the presence of residual fission products and
transuranic nuclides on the surface and under the ground, the NTS is committed
for the indefinite future to retention and care by the U.S. Government.

The NTS contains a variety of geologic environments that might be con-
sidered 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 tufef.

All four areas have been investigated by surface geologic mapping and
geophysics, and two by drilling. Drilling into one of the granite areas was
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.

At present only the Yucca Mountain location is being explored. This loca-
tion is underlain by approximately 6000 feet of interbedded welded to nonweld-
ed tuffs. An ideal geologic setting for a repository in tuff is a thermally
conductive, mechanically strong, welded tuff enveloped by a low-permeability,
highly sorptive, nonwelded zeolitized tuff. Field mapping, core drilling, and
geophysical surveying are in progress to assess the extent to which these con-.
ditions exist at Yucca Mountain. A 6000-foot core and hydrologic test. hole is
being drilled into the study area; the results will be correlated with data
from a 2500-foot Hole drilled earlier. The water-bearing properties of infer-
red fracture zones in the Yucca Mountain area will be evaluated by hydrologic
testing and geophysical surveys.

The NTS is in seismic risk zone 2, near zone 3. The Basin and Range pro-
vince is well known to be seismically active. It is therefore necessary to
find a block of material that has suitable properties and is sufficiently dis-
tant from active faults. Closely related is the question of volcanism; 12 to
13 miles southwest of the NTS there is evidence of volcanic activity as re-
cently 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 south-
eastern Utah and southwestern Colorado. In addition, 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 geophysical logs have been run in
these holes, and open-hole injéction, pumping, .and swabbing hydrologic tests
have been conducted. The most recent activity. has been vertical seismic pro-
filing, -in which a .seismic -source in one .hole i }detected;iniahothethole.

In the near future, at least two deep holes, one .in the Glbson dome area
and one in the 0il Ridge area, will be cored, logged, and extensively tested.
Prellmlnary results indicate that bedded—salt layers of sufficient volume are
present at suitable depths 'in the. Utah portlons of the Paradox ba51n. The
area is belng 1nvestlgated fo "hlst ical ev1dence of earthquakes, espec1ally
in the basin itself: : urce ‘conflict and groundwater-

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

The Salina bedded- salt reg1on 1ncludes parts of- Mlchlgan, Oth,
Pennsylvania, New York, “West" V1rgln1a, and Ontar1o. Reglonal studies for the
New York and Ohio portions of the Salina basin have- 1dent1f1ed areas that
appear to be geologically favorable to Just1fy more detailed investigations.
The Michigan portion of-the Salina bas1n ;has’ not-been . studled in similar
detail, but it is. known that. Mlchlgan has salt beds of sufflclent thickness
and extent at sultable depths to meet general spec1flcat1ons for waste
repositories. No field 1nvestlgatlons have- been carried out by the DOE in the
Salina basin. Some field work in support of repository siting has’ been
conducted in New York and Pennsylvanla by. the U.S. Geologlcal Survey. -Much
additional information is. needed before a potent1al repos1tory site can be
identified in the Salina basin. At present, no part of the basin has been
investigated enough for a judgment of its acceptability as a repository site.




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-1). 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 the mean sea level in
the eastern portion of the region to 5000 feet above the mean sea level in the
west. :

The Permian region has been tilted, warped, eroded, and invaded by at
least one major sea since Permian time (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 had a complex tectonic history during the Precambrian
and Paleozoic Eras, culminating in the Wichita, Ouachita, and Arbuckle periods
of mountain building, all of which occurred during the Pennsylvanian period
(approximately 310 to 280 million years ago). It was in this tectonic frame-
work that the region developed. A second period of mountain building, re-
ferred 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. In summary, the Pennsylvanian
period of basin formation and crustal uplift is the only major tectonic activ-
ity that has affected the Permian region since Precambrian time, approximately
1 billion years ago. Structural readjustments since the Pennsylvanian 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 Permian 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

*Data from Environmental Characterization of Bedded Salt Formation and
Overlying Areas of the Permian Basin (NUS, 1979a).
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Figure B-1. The Permian bedded-salt basin.
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north of the presently producing fields in southeastern New Mexico. " In rela-
tion 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.

Major natural gas fields are present in western Oklahoma and the Texas
Panhandle. There is some o0il 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 Pennsylvanian strata. Most of
the successful wildcat wells have found production horizons -in Pennsylvanian
and Mississippian strata, but deeper drilling is finding producing zones at
depths of 25,000 feet in Silurian and Devonian systems. The principal oil-
produoing'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. Pro-
duction 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 antici-
pated that there will be exploration and development efforts for hydrocarbon
zones below the Permian salt formations in western Oklahoma and the Texas
Panhandle. : '

The southeastern Colorado portion of . the Permian region supports 6il and-

gas production that is small in compar ison’ ‘with that of the other producing
provinces -in the region.. Principal hydrocarbon—production zones for this area

are Pennsylvan1an and M1551351pp1an strata. Future drilling activity in
southeastern Colorado will be in Pennsylvanian and Miss1351pp1an strata, which
are stratigraphically below the Permian salt formations. : :

Major natural gas occurrences extend’ nor thward 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 1s 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 11m1ted seams 1n
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-thevPermian 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 of
usually 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.

o




B.4.2 Hydrology

The Permian region has a semiarid climate characterized by low rainfall
and runoff, high evaporation, and frequent 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 (o0oil-field brine, feedlot drainage, irri-
gation runoff, municipal and industrial discharges). In many areas, river
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 local precipitation. 1In 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 from 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 depth 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 dep081ts represent dep051ts of the major streams
formed during the period of dissection of the High Plalns and con51st largely
of reworked material derived from the Ogallala. Format;on. The' alluvium and
terrace deposits are nearly continuous along the major streams, although there
are gaps along some of the streams where alluvial depos1ts are thin or ab-
sent. 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
permeability of the limestone is well developed. Water in the aquifer is




: generally fresh, although the concentratlons of total dissolved SOlldS can

reach about 3500 mg/l.

The_Rush Springs and Gerber-Wellington aquifers in Oklahoma and the ﬁii

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 Plains and Lowlands climatic zone.
In general, climatic changes are gradual across the zone because there are no
significant climatic barriers. Differences in climatic conditions within this
zone are“conttplled-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 the 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 fre-
‘quently during the summer. Wind and pre01p1tat10n patterns indicate a rela-
“tlvely high erosion potential.

Fundamental changes in the climate of the regionh have occurred over the
last million years (the Pleistocene Epoch). During this 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 prob-

- ably 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 copling trend is under way at
present,

' In the Permian region the 24-hour maximum rainfall with a 100-year recur-
rence 1nterval 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
withln an area of the United States that is associated with frequent occur—
rencés 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 with the rest of the contiguous United States. -
The occurrence of restrlctlve—dlsper51on 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 ]ii
Amendments of 1977. Data indicate that the national ambient air-quality
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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
(approximately 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 2000, 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 all earnings; manufactur-
ing accounted for approximately 13%. Mining and other extractive industries
accounted for approximately 5% of the total earnings. Approximately 68% of
the earnings was produced by retail and wholesale trade, government, and
institutions. This percentage is expected to increase, whereas the percent-
ages 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), ll 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
development 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 region. ’
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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 98% of the region is ﬁii
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 Colorado and in the low mountains
in the western portion of the region. Forests are not commercially valuable
in the region because of their limited 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 are proposed for the Federal
l1ist of endangered species occur within the region.

Regional'wildlife includes some 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
small-game mammals. Nonmigratory game birds include the turkey, ring-necked
pheasant, lesser prairie chicken, bobwhite, and scaled quail; migratory game
birds include waterfowl and the mourning dove. Birds on the Federal list of
endangered species include the brown pelican, Mexican duck, bald eagle,
peregrine falcon, whooping 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 content from natural sources (salt springs, brine
seeps, or gypsum overburden) and from human activities (petroleum and natural
gas production or irrigation return 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 iii
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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
éil; Rivers, the Smoky Hill River system maintains adeguate flow and supports a
marginal recreational fishery for catfish and carp.’ The Topeka shiner, a
threatened fish in Kansas, has been recorded from the Smoky 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 reqgions 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 main-stem river. Many of the
species and subspecies of this region (particularly 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 Geologx

The Salina region includes portioﬁsjof New York; Péhnéylvania, Ohio,
Michigan, West Virginia, and Ontario’ (Figure B-~2). -The.entire region, encom-
passes approximately 80,000 square miles-of land area in the United States.

* -

About half of the Salina regidn-is in-the:GreaE'LakeSVSectioﬁ of the
Central Lowland physiographic province.  The lakes and terrain features, such

6}; *Data from Environmental Characterization of Bedded Salt Formation and
Overlying Areas of the Salina Basin (NUS, 1979b).
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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 elevations generally vary by no more than 300 to 400 feet;
however, the elevation increases in going from west to east from about 1000
feet above 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 arches--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 190 million years. Indeed, the Salina region has experienced no
major internal tectonic activity since Precambrian time (1 billion 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.

Theé 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
ear thquake~free.

0il and gas fields have been developed in all parts the Salina region.
Primary, secondary, and tertiary recovery efforts, which include water flood-
ing 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 impor-
tance are extracted in the region: salt, salt brines, silica, and construc-
tion 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:- 51t1ng.

4

B.5.2 Hydrology

I 1 e :
The Salina region is subdivided into three Hydrologic Regions (HR): HR I,
southeastern Great Lakes basin; HR II, Susquehanna River headwaters; and HR
I1I, northeastern Ohio River basin.
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'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 :ogs, reflecting the poor development of regional drainage systems. iii
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
showmelt 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
generating 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 geologic characteristics, and ter-
rain. With the exception of the lower Michigan Peninsula, productive aquifers
(vyielding to a well at least 50 gpm of water containing not more than 2000 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 the total water use. '

Hydrologic Region II is located in the headwaters area of the Susquehanna
River, which flows southeasterly from south-central New York through Pennsyl-
vania 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 flooding.

_ 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
ocaur’ each year in HR II; major flooding can occur in all seasons. Flooding
is, however, more 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, local 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 communi-
ties outside the area as a supply source for the future. Currently signifi-
cant quantities of water are piped to Chester, Pennsylvania, and Baltimore,
Maryland. Rural water supply needs will also increase rapidly in the future. ‘ii
This includes rural domestic use, consumption by livestock, and irrigation. '
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The increases are not as dramatlc ‘as in the urban areasy but: they are never-
theless substantial and must be planned for, particularly where they compete
d1rectly with urban needs.‘ -

"Groundwater in HR II occurs in apprec1able quant1t1es in rock strata and
is generally of good quallty, 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 véry productive and readily recharged.:
Since 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. Total groundwater use is ‘expected to increase as
water demands grow in the reglon. .

Hydrologic Region III lies in the northeastern séction of the Ohio River
basin. Major streams in this region are the Allegheny River, Monongahela
River, Muskingum River, Beaver . R1ver, and the main stem of the Ohio River. .
Hydrologic Reg1on II1 is located in the Appalachian Plateaus physiographic
province, which is characterized by a rugged terrain resulting-from the
dlfferlng resistance of . the: rock to weathering and runoff. Extensive forest
cover, poor—qua11ty soils, narrow valleys, steep stream gradients, and flash
floods ‘during the dry seasons are characteristic of thls area, Vegetation is
generally sufficient to retard runoff’ and minimize erosion. Precipitation
averages about 45 inches annually; runoff ranges from about 11 to 25 inches
annually. Many minor tributary-streams throughout-the. area normally cease
flowing during the dry season,” with drought periods adding to their number.
Often during late summer and early fall, stream flow ‘from prec1p1tat10n is
negligible, the only flow be1ng from groundwater -seepage. Waters of the
region are nonsallne, although some tributaries have high concentrations -of
dissolved SOlldS. "In order of gross consumption, major water -usage categories
are steam—electr1c1ty generat1on, manufactur1ng, and domestlc use.

.Valley-fill sediments, con51st1ng both of glac1al ‘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 1ts north-side -
tributaries. Most bedrock systems in the area are relatively poor water
bearers, although productlve aqulfers do occur in - some 11m1ted rock strata
that underlie portlons of HR III.:" H1gh 1ronrconcentrat10ns are often found in
these waters. Groundwater supplles have been developed ‘in the valley—f111—
sediment aquifers- prlmarlly ‘for _use, at the po1nt ‘of need *‘Because -of the
large areas covered by these aqu1fers, most of the stored water has -been
untouched. by current development ‘ - -

B.5.3 Climate :
The Sallna reglon is. 1ocated prlmarlly w1th1n the Great Interlor climatic
zone. D1fferences ‘in- clunate are” controlled pr1mar1ly by latltude, general '
air mass and ‘storm movements; - elevatlon, and dlstancesto sources of “moisture.
Modifications to the €limatic patterns are 1ntroduced by  the Great Lakes and-
by the lifting effects of the Appalachian Mounta;ns. “The climate is generally

characterized 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). In 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. Most of the
Salina Region experiences 100-year maximum winds of less than 90 mph, which is
typical for most of the continental United States.

Restrictive dispersion conditions are relatively frequent in the extreme
southern section of the Salina Region compared with the rest of the region and
with the contiguous United States. Sections of the Salina Region experience
less than 25 to nearly 40 episode-~days in 5 years.

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
Amendments of 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 Background Radiation

Background radiation is ubiquitous, resulting from cosmic, terrestrial,
and fallout sources. Limited data available for the Salina region reveal no
anomalous areas. Dose rates range from 68.8 mrem/yr at Charlevoix, Michigan,
to 116.7 mrem/yr at Wheeling, West Virginia.

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

Many areas within the Salina region are highly urbanized. The heaviest
concentrations 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).
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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
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, 10 parks, 8 forests, 3 wild-
life refuge, 8 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-developed 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%),
pastureland (6%), and other rural land (6%).

Four ecoregion categories occur in the Salina region: Northern 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 is about
equally divided among sawtimber, poletimber, and seedling/sapling stands.
Approximately 2% of the region is classified 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. (Only
three wildlife refuges are reported in Section B.5.5 as sensitive or -
conflicting commitments of land because of the size criterion--10,000 acres or
more.) The Society of American Foresters has identified 10 natural areas in
the region. Five plant species that are proposed for the Federal list of
endangered species occur in the region.

Regional wildlife includes some,65 species of mammals, at least 400
species of birds, and 73 species of amphibians and reptiles. Forestland,
shrubland, and openland species are 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
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the Federal list of endangered species are the Indiana myotls, Kirtland's
warbler, peregrine falcon, and bald eagle. :

"Farming-is important in the Salina region. Major 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 1ﬁ the abundance of various
species because of fishing pressures, 1ntroduct10n 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
flshery. 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_flshlng. Only two fish species and one invertebrate on the
Federal list of endangered species occur in the region. '

B.6 PARADOX REGION*

B.6.1 Geologz

-The Paradox region (Figure B-3) is located in southeastern Utah and south-.

western Colorado. The entire region encompasses roughly 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
Thornbury's (1965) rugged Canyon Lands section of the Colorado 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 5000 feet in elevation, often:
with high relief and rugged terrain. The area contains some of the most
spectacular scenery in "the Unlted States.

The rocks of the Paradox region con51st of at least 15 000 feet of clastic
and evapor1t1c 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 w1nd—blown
sediments, and minor amounts of gravel and till.

“*Data frcm-Regional Characterization Report for the Paradox Bedded Salt
Region and Surrounding Territory (Bechtel, 1978a).
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The Colorado Plaﬁeau 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., 1In addition, the region displays numerous igneous
plugs, diatremes, caldron sinks, dikes, and multitudinous systems of joints
and small faults. : ’

The Paradox region is one of low seismic activity. Fifty-four earthquakes
with a maximum intensity equal to or greater than V on the modified Mercalli
scale of 193] are known to have occurred in or within 100 miles of the Paradox
region from 1853 to 1976.

The tectonic history of the region was 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 occurred during the 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 occa-
sional layers of marine sediments. The powerful uplifts that raised the
Colorado Plateau 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 fre- -
quent during the Cenozoic Era, when most of the prominent surface features of
the region were formed.

The Paradox region and surrounding territory have supplied important
enerqgy 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 an important role in the local economy. 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 Hydrology

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 flow occurs in late
spring; it is due to snowmelt runoff from mountainous areas. Localized
flooding can occur, especially when periods of snowmelt coincide with intense
thunderstorms. Areas most prone to flooding are along the floodplains of
rivers or streams. Most serious damage occurs in broad floodplains where
agricultural or urban developments 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, irriga-
~ tion, and recreational benefits. Surface-water quality is generally good,

although high dissolved-solids concentrations pose a problem in some waterways
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of the UCWRR. Water availability is limited, and demand, especially for
good-quality irrigation water, is growing.

q-i} Groundwater occurs in the Paradox region under both water-table and arte-
sian conditions, and the quality of this water ranges from fresh to near-
saturated brines (in excess of 350,000 mg/l1 of total dissolved solids). Water-
table conditions commonly exist in the shallow alluvial aquifers, in recharge
areas, and near the surface in relatively flat-lying rocks that are 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 recharge 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 re-
gimes. The region 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 glaciations occurred during the Pleistocene Epoch, but the region
is located more than 500 kilometers southwest of the southernmost limit of the
ice cover and was not glaciated.

The region is relatively free from severe~weather hazards and can expect a
maximum 100-year rainfall 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; a maximum wind speed of
about 85 mph has a 100-year mean recurrence interval. However, local channel-
ing 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-
days in 5 years. These conditions are related to the térrain 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 d ispersion 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 Deteriora-
tion), all national parks and wilderness areas within the Paradox region are
classified as Class I areas. The remainder of the region is a Class II area.
The law generally allows no or minimal 1ndustr1a1 development in Class I areas
and moderate development in Class 1I areas.
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B.6.4 Background Radiation

Virtually no data specific to the Paradox region are available. 1In
general, the mountain states are higher than the national average in both 4ii
natural terrestrial and cosmic background radiation, although the regional
variations appear to be of minor significance.

B.6.5 Demographic, Socioeconomic, and Land-Use Systems

The Paradox region is a rural area with many small towns of less than 1000
people scattered along highways. Farmington, 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. Growth in
these and related support industries will, to a large extent, determine the
rate of economic growth for 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 with
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 vegetation systems occur in the region; these range
from pine or fir forests to scrublands, steppes, and barrenlands. Six ecolo-
gical reserves have been established or proposed for 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 endangered species.

Major range types within the region include grasslands, three types of
desert shrubs, and pinyon-juniper woodlands. This range is well utilized, and
the market value of livestock is normally 50 to 60% of the value of all agri-
cultural products in the region. Lands having good soil on moderate slopes Gi
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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-
-Nucts. Although extensive forested areas occur in the region, forest products
Qi;contribute less than 1% of the total value of all agricultural crops.

B.6.7 Aquatic Ecosystems

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 cold- 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
species 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 of the 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. Local 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, Iouisiana, 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 of the Gulf
interior region there wéfe»only 20 earthquakes between 1886 and 1974 whose
maximum intensities were equal to or greater than V on the modified Mercalli
scale of 1931,

*Data from Regional Environmental Characterization Report for the Gulf
Interior Region and Surrounding Territory (Bechtel, 1978b).
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The early tectonic history of the Gulf Coastal area before Jurassic time
is conjectural because of lack of data. Currently, there are two trends of
though® 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
the sea, 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 mineral industries of the area and have
been for the past 50 years. However,; other industries, based on processing
such materials as ceramic and nonceramic clays, iron ore, and salt, are also
well developed in relation to available markets.

B.7.2 Hydrology

The surface-water resources of the Gulf interior region can best be sum-
marized by briefly reviewing the surface-water characteristics of each of four
Water Resource Regions (WRRs): the Arkansas-White-Red, Texas Gulf, Lower Mis-
sissippi, and ‘South Atlantic Gulf Regions. The various surface-water parame-
ters 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
miles in Oklahoma, Louisiana, Arkansas, Texas, Missouri; Kansas, New Mexico,
and Colorado, intersects only a small midwesternh 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 to
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.
Eastern lowlands of the AWRR are Subject to severe rainstorms and recurrent
flash flooding; flooding in the western and central portions results from
intensé and infrequent rainstorms of short duration. - Flood-control problems
have been reduced, particularly in eastern.areas, by the construction of
numerous reservoirs along major rivers. Surface-water quality in several
major waterways of the AWRR is poor because-of .widespread natural and
man-induced pollution,  including natural mineralization, mine discharges,
erosion, and municipal’ and' industrial effluents. The availability of many
AWRR surface waters for agricultural, municipal, industrial, and recreational
uses is severeély 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. .- - o

The Texas Gulf Region (TGR), 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 Coast northwest to the central and western areas 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,
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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
regional supply of surface water is expected to meet that demand, the unequal
geographic distribution of surface-water supply and demand may pose problems.

The Lower Mississippi Region (IMR) consists of about 102,700 square miles
in Louisiana, Mississippi, Arkansas, Missouri, Tennessee, and Kentucky; it
intersects the central quarter of the Gulf interior region. Average annual
precipitation varies from 64 inches along the Gulf Coast to 44 inches in
southern Missouri. Runoff is rather uniform throughout the IMR, 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 rains and
rapid snowmelt 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, IMR
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 IMR
is variable and dependent on location; in general, however, most streams have
good natural gquality. 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 IMR 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
2020, and no shortages are expected. ‘

The South Atlantic-Gulf Region (SAGR) consists 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 dis-
tributed throughout the SAGR. Average runoff is 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 flooding 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 concen-
trations 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
testricted use of surface waters and an increased reliance on upstream reser-
voir storage and groundwater for municipal water supplies. Because of abun-
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dant surface-water and groundwater supplies within the SAGR, no current or
projected water shortages are expeoted.

Q.) 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
valley deposits. The watér-bearing:-formations receive recharge in their out-
crop areas from precipitation and stream flow, although under present condi-
tions the aquifers are full, and most of the water available for recharge is
rejected, moving laterally and discharging to low stream valleys.

B.7.3 Climate

The Gulf interior region lies within.a humid temperate-zoneiwith 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. 1In 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 hlgh winds and precipitation associated with hurricanes that intrude
inland from the Gulf of Mexico.- The 100-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 l2-year period on
the Louisiana-Mississippi border to 43 or more in portlons of northeast Texas
during the same period).

Generally moderate miXing levels together with moderate wind speeds and
rolling terrain make the. Gulf 1nterlor region unlikely to experience inver-
sions. Stations within and near thlS region have reported. 13 to 28 eplsode-
days of poor dlsper51on w1th1n a 5 -year perlod. .

The region, llke most of the country,iexperlences perlods when -the
national ambient a1r—qua11ty standards . (NAAQS)~ for: partlculates are exceeded.
Trends in air quality, as evaluated by the Env1ronmental Protection’ Agency
(EPA), indicate a very. gradual 1mprovement in. this’ ‘condition -in the ‘Gulf
interior region,. pr1mar11y ‘as-a result of : 1mproved pollutlon—control
technology. There are also. a number of areas W1th1n this region that have
been designated by:-the. EPA as areas of concern for ‘the control of" photo—
chemical oxidants. - In most cases,” these areas, consisting of ‘large metropoli-
tan sites and their 1mmed1ate surroundlngs, are presently exceeding NAAQS for
this pollutant. :
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With 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 I areas are more than 100 miles

away.

B.7.4 vBackground Radiation

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

B.7.5 Demographic, Socibeconomic, 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 and 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 Louisiana 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, Meridian, Hattiesburg, and
Vicksburg. 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 the 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 activi-
ties account for 33% of the total employment. Eastern Texas is a producer of
agricultural crops and livestock; some counties produce considerable amounts
of livestock and poultry for export to other states.
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Much of the region in Louisiana is rural and is used for agricultural
crops, grazing, or forests. 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. In 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.

Manufacturing accounts for 31% of the total employment in the Mississippi
portion of the Gulf 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
person per acre. Vast expanses of woodlands and agricultural land charac-
terize 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 airspaces 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 Alexandria. 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 Louisiana; 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,
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as are restrlcted alrspaces., Rail and highway systems are well developed
One Indian reservatlon is located in Leake County, out51de the Gulf 1nter10r
reglon.

B.7.6 Terrestrial Ecosystems

In the Gulf interior region and surrounding territory in Texas there are
nine potential.vegetation types, ranging from mixed hardwood-softwood forests
to opeh prairies and ‘savannahs. No ecological reserves have been established
in the basin, but a number of locally administered natural areas do insure
preservation. of habitats in as near an undisturbed conditionh as possible.
Important animal species include approximately 9 furbearérs, 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 (3%), and forest products on farms (1%). Harvested
hay, sorghum, and- cotton were the crops covering the greatest land area in-
1974. “Cofmercial forests in counties within the east Texas Piney Woods ‘region
cover about 63% of the reglon. Forest types with the most coverage are
loblolly~shortleaf pine, ocak-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 variations, contributes to diverse
wildlife habitats. In addition to one ecological reserve, the Bayou Boeuf
Natural Area, there are several State, private, and Federal wildlife areas.
Important animal species include approximately 13 furbearers, 11 game mammals,
and 6 threatened or endangered spec1es.

L1vestock gra21ng occurs on cultlvated pasture as well as in forested
lands.’ Livestock and 11vestock products represented only 18% of the value of -
agricultural products sold in 1974. Principal livestock types- produced 1n ‘the
area in 1974 were beef and dairy cattle. Livestock productivity varies
throughout the area, as does the product1v1ty of agrlcultural crops and t1mber
resources, ‘the most productlve livestock parishes being De Soto, Caddo,
Richland, Natchltoches, and Rapides. Agrlcultural crop production was largest .
in Morehouse, East Carrol, Madison, and Avoyelles Parishes; crops and hay
represented 70% of -all: agrlcultural products sold in the .Iouisidna Gulf-
interior. reglon in- 1974., Cotton was the crop with the largest harvested area,
followed by soybeans, ‘rice,’ “dorn, 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 longleaf and slash pines in the southern half of the State and short-
leaf and 1oblolly p1nes in the north. Bottomland hardwoods 1nc1ude such '
species: as “cak; gum, ‘cypress, elm, ash, and cottonwood. -The productlon of
timber resources was highest in Ouachita, Caldwell, Winn, Natchitoches,
Sabine, and Caddo Parishes. :
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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 include
approximately 11 furbearers, 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
(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. Up-
land habitats are generally in the smaller, faster-moving creeks and streams
that are the tributaries of the major waterways within the region. Six endan-
gered 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. : E

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 significantly in topographic expression as well as structure
(Figure B-5). The Columbia basin section .is a broad geologic and structural
basin in the interior of the province;-the Hanford Sité is located in the
Pasco basin, which is one of several subbasins. A

b

*Source: Private communication from K. R. Pecht, Rockwell Hanford
Operations, December 1978. .
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Figure B-6. Location of the Columbia Plateau basalts.

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 Pasco basin. The fre-
quency 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 roughly east-west-~trending anticlinal ridges in the
central part of the Columbia Plateau. At the Hanford Site, this ridge system
is represented by the Rattlesnake Mountains, the Yakima Ridge, and the
Umtanum"Gable Mountain Ridge.
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Within and on top of the 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. In 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
glaciofluvial 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 the recent drilling of deep boreholes.

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 geoclogic structure. The maximum known earthquake intensity in
the vicinity of the site was less than IV on the modified Mercalli scale.

Faults 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 confined aquifers overlain by an unconfined
aquifer, The area is bounded by ridges to the north, south, and west and 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 vesic-
ular 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 permeabil-
ity. Fractures in the basalt have been filled with secondary mineralization
products such as montronite. The confined aquifers are recharged by precipi-
tation, 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. In this desiccated zone, there is nearly
no downward movement of water.
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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.

B.8.4 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 Historic and Archaeological Sites

There are five locations listed as historic 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 include the chukar partridge, western meadowlark, migra-
tory 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 inhabiting the Hanford ..ce in-

clude three plant species and seven bird species. The status of some of the
latter has not been determined.
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Appendix C

PRESIDENT CARTER'S MESSAGE TO CONGRESS

; ; ON THE MANAGEMENT OF RADIOACTIVE WASTE

-

AND

THE FINDINGS AND RECOMMENDATIONS OF THE INTERAGENCY
REVIEW GROUP ON NUCLEAR WASTE MANAGEMENT

Two documents have been especially important in establishing a national
policy for the management of radioactive waste: President Carter's message to
Congress on February 12, 1980, and the 1979 report of the. interagency Review
Group. This appendix contains the entire message and excerpts from the report.

C.l1 PRESIDENT'S MESSAGE

On February 12, 1980, President Carter established a comprehen51ve program
for the management of radioactive waste. His message to the Congress of the
United States stated the objectives'of that program and outlined the steps to
be taken in carrying it out. The message specifically mentioned. the WIPP
project and the site near Carlsbad, New Mexico. The remainder of this section
is a complete text of President Carter's message.

PRESIDENT CARTER'S MESSAGE TO CONGRESS

(February -12, 1980)

TO THE CONGRESS OF THE UNITED STATES:

‘Today I am establlshlng this Nation s first comprehensive radioactive waste management
program, My paramount objective in managlng nuclear wastes is to protect the health and
safety of all Americans, both now and in the future. I share this respon51b111ty with elect-
ed officials at all levels of our’ government.' Our citizens have a deep concern that the
beneficial uses of nuclear téchnology, 1nclud1ng the generation of electricity, not be al-
lowed to imperil public health or safety now or in the future.

For more than 30. years,. radloactlve wastes ‘have been generated by programs for national
defense, by the commercial nuclear power program,,and ‘by'.a var1ety of medlcal,_lndustrlal,
and research activities. Yet,.past governmental .efforts. to- manage radioactive wastes have not
been technically adequate. - Moreover, they have. falled to -involve" successfully the States,
local governments, and the public An: pollcy or . program dec151ons. My actions today lay the
foundation for both a technically superior. program and:a- Full cooperatlve Federal- State part— .
nership to ensure publlc confldence in a waste management program..f“ ; - - :

My program is consistent with the broad consensus that has evolved from the efforts of
the Interagency Review Group on Radioactive Waste. Management {IRG) wh1ch 1. established. The

__IRG findings and analysis were comprehensive, thorough, and w1dely rev1ewed by publlc, indus~
try and citizen ‘groups, State and local” governments, and members of the Congress. ‘Evalua-
tions of the scientific and technical analyses‘were- ‘obtained ‘through a broad and rigorous
peer review by the scientific communlty. The final recommendations benefrted from and re-
flect this input.




My objective is to establish a comprehensive program for the management of all types of
radioactive wastes. My policies and programs establish mechanisms to ensure that elected
officials and the public fully participate in waste decisions, and direct Federal departments
and agencies to implement a waste management strategy which is safe, technically sound, con-
servative, and open to continuous public review. This approach will help ensure that we will
reach our objective--the safe storage and disposal of all forms of nuclear waste.

Our primary objective is to isolate existing and future radioactive waste from military
and civilian activities from the biosphere and pose no significant threat to public health
and safety. The responsibility for resolving military and civilian waste management problems
shall not be deferred to future generations. The technical program must meet all relevant
radiological protection criteria as well as all other applicable regulatory requirements,
This effort must proceed regardless of future developments within the nuclear industry--its
future size, and resolution of specific fuel cycle, and reactor design issues. The specific
steps outlined below are each aimed at accomplishing this overall objective.

First, my Administration is committed to providing an effective role for State and local
governments in the development and implementation of our nuclear waste management program. I
am therefore taking the following actions:

® By Executive Order, I am establishing a State Planning Council which will strengthen
our intergovernmental relationships and help fulfill our joint responsibility to
protect public health and safety in radioactive waste matters. I have asked Governor
Riley of South Carolina to serve as Chairman of the Council. The Council will have a
total of 19 members: 15 who are Governors or other elected officials, and 4 from the
Executive departments and agencies. - It will advise the Executive Branch and work
with the Congress to address radiocactive waste management issues, such as planning
and siting, construction, and operation of facilities. I will submit legislation
during this session to make the Council permanent.

° In the past, States have not played an adequate part in the waste management planning
process-~for example, in the evaluation and location of potential waste disposal
sites. The States need better access to information and expanded opportunity to
guide waste management planning. Our relationship with the States will be based on
the principle of consultation and concurrence in the siting of high level waste re-
positories. Under the framework of consultation and concurrence, a host State will

"have a continuing role in Federal decisionmaking on the siting, design, and construc-
tion of a high level waste repository. State consultation and concurrence, however,
will lead to an acceptable solution to our waste disposal problem only if all the
States participate as partners in the program I am putting forth. The safe disposal
of radioactive waste, defense and commercial, is a national, not just a Federal,
responsibility.

® I am directing the Secretary of Energy to provide financial and technical assistance
to States and other jurisdictions to facilitate the full participation of State and
local government in review and licensing proceedings.

Second, for disposal of high level radicactive waste, I am adopting an interim planning
strateqgy focused on the use of mined geologic repositories capable of accepting both waste
from reprocessing and unreprocessed commercial spent fuel. An interim strategy is needed
since final decisions on many steps which need to be taken should be preceded by a full envi-
ronmental review under the National Environmental Policy Act. In its search for suitable
sites for high level waste repositories, the Department of Energy has mounted an expanded and
diversified program of geologic investigations that recognizes the importance of the interac-
tion among geologic setting, repository host rock, waste form, and other engineered barriers
on a site-specific basis. Immediate attention will focus on research and development, and on
locating and characterizing a number of potential repository sites in a variety of different
geologic environments with diverse rock types. When four to five sites have been evaluated
and found potentially suitable, one or more will be selected for further development as a
licensed full-scale repository.

It is important to stress the following two points: First, because the suitability of a
geologic disposal site can be verified only through detailed and time-consuming site specific



evaluations, actual sites and their geologic environments must be carefully examined. Sec-
ond, the development of a repository will proceed in a careful step-by-step manner. Experi-
ence and information gained at each phase will be reviewed and evaluated to determine if
there is sufficient knowledge to proceed with the next stage of development. We should be
ready to select the site for the first .full-scale repository by about 1985 and have it opera-
tional by the mid-1990's. For reasons Of economy, the first and subsequent repositories
should accept both defense and commercial wastes. )

Consistent with my decision to expand and diversify the Department of Energy's program of
geologic investigation before selecting a specific site for repository development, I have
decided that the Waste Isolation Pilot Plant project should be cancelled. This project is

_currently authorized for the unlicensed disposal of transuranic waste from our National de-
fense program, and for research and development using high level defense waste. This project
is inconsistent with my policy that all repositories for highly radicactive waste be li-
censed, and that they accept both defense and commercial wastes.

The site near Carlsbad, New Mexico, which was being considered for this project, will
continue to be evaluated along with other sites in other parts of the country. If qualified,
it will be reserved as one of several candidate sites for possible use as a licensed reposi-
tory for defense and commercial high level wastes. My fiscal year 1981 budget contains funds
in the commercial nuclear waste program for protection and continued investigation of the
Carlsbad site. Finally, it is important that we take the time to compare the New Mexico site
with other sites now under evaluation for the first waste repository.

Over the next five years, the Department of Energy will carry out an aggressive program
of scientific and technical investigations to support waste solidification, packaging, and
repository design and construction including several experimental, retrievable emplacements
in test facilities. This supporting research and development program will call upon the
knowledge and experience of the Nation's very best people in science, engineering, and other
fields of learning, and will include participation of universities, industry, and the govern-
ment departments, agencies, and national laboratories.

Third, during the interim period before a disposal facility is available, waste must and
will continue to be cared for safely. Management of defense waste is a Federal responsibil-
ity; the Department of Energy will ensure close and meticulous control over defense waste
facilities which are vital to our national security. I am committed to maintaining safe
interim storage of these wastes as long as necessary and to making adequate funding available
for that purpose. We will also proceed with research and development at the various defense
sites that will lead the processing, packaging, and ultimate transfer to a permanent reposi-
tory of the high level and transuranic wastes from defense programs.

In contrast, storage of commercial spent fuel is primarily a responsibility of the utili~-
ties, I want to stress that interim spent fuel storage capacity is not an alternative to
permanent disposal. However, adequate storage is necessary until repositories are avail-
able. I urge the utility industry to continue to take all actions necessary to store spent
fuel in a manner that will protect the‘public and ensure efficient and safe operation of
power reactors. However, a limited amount of government storage capacity would provide flex-
ibility to our national waste disposal program and an alternative for those utilities which
are unable to expand their storage capabilities.

I reiterate the need for early enactment of my proposed spent nuclear fuel legislation.
This proposal would authorize the Departmént of Energy to: ' (1) design, acquire or construct,
and operate one or more away-from-reactor storage facilities, and (2) accept for storage,
until permanent disposal facilities are available, domestic spent fuel, and a limited amount
of foreign spent fuel in cases whén such action would further our non~proliferation policy
objectives. All costs of storage, including.the cost of locating, constructing, and operat-
ing permanent geologic repositories, will be recovered through fees paid by utilities and
other users of the services:and w1ll ultlmately be borne by those who benefit from the activ-
ities generating the wastes.

Fourth, I have directed the Department of" Energy to work jointly with states, other gov-
ernment agencies, industry and other organizations, and the public, in developing national
plans to establish regional disposal sites for commercial low level waste. We must work
together to resolve the serious near-term problem of low level waste disposal. While this




task is not inherently ‘difficult .from the standp01nt of safety, . it requlres better planning
and coordination. I endorse the actions being taken by the Nation's .governors to tackle this
problem and dlrect the Secretary of Energy to work w1th them in support of their effort.

Flfth the- Federal programs for regulat1ng radloactlve waste storage, transportatlon, and .
disposal are a crucial component of .our: efforts to ensure. the héalth and. .safety of Ameri-.
cans. Although the existing authorities and structures are basically sound, 1mprovements
must be made in several areas. The current authority of the Nuclear Regulatory Commission to
license-the disposal of ‘high level waste and low level wasté in commercial facilities should
be exterided to include- spent fuel storage, and dlsposal of “transuranic waste.and non-defense
low level waste in any new government fac111t1es. -I-am-directing the Environmental. Protec—
tion Agency to consult with the Nuclear-Regulatory Commission to resolve’ 1ssues of: over lap-
ping jurisdiction anhd phasing.of regulatory actions. -~ They should also seek ways ‘to speed up
the promulgation of .their safety regulations. I am also. directing the Department of Trans=.
portation and the Environmental Protection Agency to - 1mprove both. the efficiency of the1r
regulatory activities and their relatlonshlps with other Federal agenc1es and state and local
governments. . : : . . .

sixﬁh; it is esseritial that all aspects of the wasté mandgement program be conducted with.
the fullest possible disclosure to and. participation by.the public” and.the . technical commun-
ity. I-am directing the departments and. agencies, to develop and 1mprove mechanisms to ensure
such partlclpatlon and public: involvement consistent with the need to protect national secuk-
ity 1nformat10n. The waste management~ program 'will be carried out in full compllance with
the Natlonal Env1ronmental Pollcy Act i

Seventh because nuclear ‘waste management is a- problem shared by many other countries and
decisions on waste management- alternatlves have nuclear prollferatlon 1mp11cat10ns, I will
continue to. encourage and support b11atera1 and multilateral efforts which advance both our .
technical capabilities and our understanding of spent fuel -and waste management options,
which are consistent with our non4proliferation policy.

In its role as lead agency for the management and disposal of radiocactive wastes and with
cooperation of the other relevant Federal ageéncies, the Department of Energy:is preparing.a
detailed National Plan for Nuclear Waste Management to implement these .policy guidelines and
other recommendations of theé IRG.. This Plan will provide .a:clear road map for -all parties
and will give the public an opportunity to review the entirety of our program. It will.
include specific prodram goals and milestones for all aspects of nuclear waste management. A
draft of .the comprehensive National Plan will be distributed by the Secretary of Energy later
this year for publ1c and Congre551ona1 review. The State Planning Council will be directly
involved in the development of ‘this Plan. :

Thé Nuclear Regulatory Comm1351on now has underway an important proceeding to provide the
Nation with its judgment ‘on whethér or not it has confidence that radicactive. wastes produced
by nuclear:.power : ireactors can and - -will be disposed of safely. I urge that the Nuclear Regu-
latory Commi§sion do so.in- a :thorough- and timely manner and that it prov1de a full opportun-
ity for: publlc, technlcal, and government agency part1c1pat10n. -

Over the_past two years as I have reviewed various aspects of the radioactive waste prob-:
lem, the complexities and difficulties of the issues have become evident--both from a tech-
nical and, moreelmportantly, from an institutional and political perspective. However, based
on the technical conclusions reached by the IRG, I am persuaded that the capability now ex- .
ists to characterize. and evaluate a number of geologic environments. for use as rep051tor1es
built with conventional mining technology. We have -already made substantial progress and
changes in our programs. With this comprehensive policy and its implementation through the
FY 1981 budget and other actions, we will complete the task. of reorienting our. efforts in the
right direction. Many citizens know and all must understand that this problem will be with
us for many years. We must proceed steadily and with determination to resolve the remaining
technical issues while ensuring full public part1c1pat10n ‘and maintaining the full coopera-
tion of all levels of government. We will act surely and without delay, but we will not
compromise our technicdal or scientific standards out of haste. I look forward to’ working
with the Congress and the states to. implement this- policy and build public confidence in the
ability of the government to do what is required in this area_to protect’ the héalth and safe-
ty of our 01tlzens. . . : : B & 3

JIMMY CARTER

THE WHITE HOUSE



C.2 FINDINGS AND RECOMMENDATIONS OF THE INTERAGENCY
REVIEW GROUP ON NUCLEAR WASTE MANAGEMENT

An important document in the development of the national waste-management
program has been the report of the Interagency Review Group on Nuclear Waste
Management (IRG, 1979). After - a brief review of the purpose of this Group and
its major technical findings, this section presents quotations taken from two
parts of the Group's report: the sections dealing with the disposal of trans-
uranic (TRU) waste and with the disposal of high-level waste (HLW). Although
high-level waste would not be disposed of at the WIPP, the quotations dealing
with high-level waste are included here as reference material supporting the
discussion of alternatives in Chapters 3 and 4.

The Interagency Review Group was formed in order to guide the national
waste-management program. President Carter called for a review of the waste-
management program in his April 1977 National Energy Plan. In response to
this request, the DOE established an internal task force and published a draft
report in March 1978, The President then created the formal Interagency Re-
view Group on Nuclear Waste Management and instructed it to make policy and
program recommendations to him, using the draft report of the DOE task force
as one input. This group, chaired by the DOE, comprised representatives of 14
agencies. It developed a draft report to the President that was published for
public comment in October 1978 (IRG, 1978). After the review of public com~
ment, the Interagency Review Group published a revised report (IRG, 1979).

The Interagency Review Group consulted extensively with the scientific
and technical community, including independent geologic and environmental
experts. The Group's summary of the major technical findings of this activity
(IRG, 1979, p. 42) is quoted in full below. '

Present scientific and technological knowledge is adequate to identify potential repository
sites for further investigation. No scientific or technical reason is known that would pre-
vent identifying a site that is suitable for a repository provided that the system's view is
utilized rigorously to evaluate the suitability of sites and designs, and in minimizing the
influence of future human activities. A suitable site is one at which a repository would
meet predetermined criteria and which would provide a high degree of assurance that radio-
active waste can be successfully isolated from the biosphere for periods of thousands of
years. For periods beyond a few thousand years, our capability to assess the performance of
the repository diminishes and the degree of assurance is therefore reduced. The feasibility
of safely disposing of high-level waste in mined repositories can only be assessed on the
basis of specific investigations at and determinations of suitability of particular sites.
Information obtained at each successive step of site .selection and repository development
will permit reevaluation of risks, uncertainties, and the ability.of the site and repository
to meet regulatory standards. Such reevaluations would lead either to abandonment of the
site or a decision to proceed to the next step. Reliance on conservative engineering prac-
tices and multiple independent barriers can reduce some risks and compensate for some uncer-
tainties, However, even at the time of decommissioning, some uncertainty about repository
performance will still exist. Thus, in addition to technical-evaluation, a societal judgment
that considers the level of risk and the associated uncertainty will be necessary.

IRG Discussion of a Generic Approach to TRU-Waste Disposal

The Interagency Review Group raised aﬁ'important issue about TRU waste
~ disposal: should a dedicated TRU-waste repository be built if an opportunity
exists to do so, or should TRU-waste disposal await the availability of high-




level-waste repositories and take place there? The IRG report states (IRG,
1979, p. 73) that "the IRG still considers that proceeding with a dedicated
TRU repository, if an opportunity is available, is consistent with a
conservative and stepwise approach.”

It should be noted, however, that the Interagency Review Group approached
this guestion generically, as an appropriate interim strategic-planning basis
until the environmental-review provisions of the National Environmental Policy
Act (NEPA) have been carried out. The discussion by the Interagency Review
Group (IRG, 1979, pp. 69-70) of strategies for TRU-waste disposal is repro-
duced in full below.

As with choosing a strategy for HIW disposal, the choice of a TRU waste disposal strategy
nust await completion of an appropriate environmental impact statement and its adoption
through . the NEPA process. In the meantime, Federal actions regarding the management of TRU
waste must not prejudice the choice of strategies for their disposal. HNevertheless, an in-
terim strategic planning basis will be necessary to guide the TRU-waste management programs
and R&D activities before that choice is made.

In laying out the following technical strategies for TRU waste disposal, the IRG assumed
that all TRU. waste, whether generated by commercial or defense operations, would be disposed
of in the same manner because no technical reason exists to treat them differently. The two
strategies examined by the IRG are:

Strategy 1. No special action would be taken to pursue TRU waste disposal prior to the
opening of a high-level-waste repository. TRU waste would be disposed of in high-level-waste
repositories whenever they become available.

Strategy 2. If an opportunity can be found, the program would proceed with an early
dedicated TRU repository as soon as a site could be appropriately qualified and NEPA require-
ments fulfilled.

Enough TRU waste now exists stored above ground to warrant the opening of a repository
dedicated to TRU. Such a facility could probably hold all the TRU waste to be generated
through the end of this century. Of course, once a high~level-waste repository were avail-
able, decisions on the location for disposal of then existing TRU wastes could be made on a
case by case basis to maximize convenience and minimize transportation. A second repository
dedicated to TRU waste alone would seem to be unnecessary.

Because of the presence in TRU waste of substantial quantities of transuranic radionu-
clides, issues related to long-term containment (such as the potential for groundwater trans-
port, any possibilities of repository breachment, and concerns about mineral resources or
tectonism) are identical for TRU  and HIW repositories. However, the problems associated with
heat generation and increases in temperature are absent and the TRU wastes are not as diffi-
cult to handle as HIW. The operational demands on a disposal system designed for TRU waste
alone would be more modest than those associated with a HILW repository. 1In addition, be-
cause of the absence of heat-related considerations, the regulatory review of a dedicated TRU
repository would be somewhat simplified compared with that for a HLW repository.

Proceeding with an early, dedicated TRU repository would therefore be consistent with the
previously recommended philosophy of [?onservatism] and proceeding stepwise into the most
difficult disposal .problem and would signal the goVernment's deteérmination to proceed in a
timely manner with disposal of nuclear wastes. There would, of course, be some additional
costs associated with the opening of a dedicated TRU facility.

Having considered these various matters, the IRG recommends adopting, as an interim stra-
tegic planning basis pending NEPA review, the concept of proceeding with an early TRU reposi-
tory if an opportunity exists to do so.




IRG Discussion of High-Level-Waste Disposal

The Interagency Review Group defined four technical strategies for high-
; ; level-waste disposal (IRG, 1979, pp. 49-50):

Strategy I provides that only mined repositories would be considered and that only
geological environments with salt as the emplacement media would be considered for the
first several repositories. As a result of past focusing on salt, there is a large
volume of information available. 1In addition, one body of opinion holds that salt is
the best, or at least an acceptable, emplacement medium and that suitable sites can be
found where salt is the host rock.

Strategy II provides that, for the first few facilities, only mined repositories would
be considered. A choice of site for the first repository would be made from among
whatever types of environments have been adequately characterized at the time of
choice. Because generic understanding of engineering features of a salt repository
are most advanced, the first choice is expected to be made from environments based on
salt geology. Sites from a wider range of geclogic environments would be available
for selection somewhat later.

Strategy III provides that, for the first facility only mined repositories would be
considered. However, three to five geological environments possessing a wide variety
of emplacement media would be examined before a selection was made. Other technolog-
ical options would be contenders as soon as they had been shown to be technologically
sound and economically feasible.

Strategy IV provides that the choice of technical options and, if appropriate, geolog-
ical environment be made only after information 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 strategies or comprehensive descrip-
tions of a strategic planning basis that might actually be adopted by the waste disposal

program.

For the latter purpose, they are admittedly incomplete.

IRG Discussion of Key Elements of Interim Strategic-Planning Basis for ﬁigh—

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 designed so that at the
earliest date feasible, sites selected for location of a repository can be chosen
from among a set with a variety of potential host rock and geohydrological charac-
teristics. To accomplish this, R&D on several potential emplacement media and site
characterization work on a variety of geologic environments should be increased

promptly.

A number of potential sites in a variety of geologic environments should be identi-
fied and early action should be taken to reserve the option to use them if needed at
an appropriate time. 1In 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.
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@ 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 definition of the retrievability concept,
the circumstances in which waste would be retrieved and the technical aspects (in-
cluding development of waste packaging, containers and handling) is necessary.

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. £3) 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 technical and program breadth
with respect to the near-term repository characterization program

@ do not preclude subsequent adoption of longer term technologies inasmuch as they call
for increased R&D to develop selected alternatives

® support a step-wise approach to the development of a HIW repository, while maintaining
storage capacity for managing wastes until emplacement and dlsposal opportunities are
available

The IRG did not come to a consensus on the basis for selecting the site
for the first high-level-waste repository.
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Appendix D

SELECTION CRITERIA FOR THE WIPP SITE

This appendix briefly describes how the geologic, hydrologic, and other
character istics of the WIPP site in southeastern New Mexico meet site-
selection criteria and factors. The criteria and factors given here are from
the Geological Characterization Report (Powers et al., 1978, pp. 2~15£ff) and
are based on criteria suggested earlier by the Oak Ridge National Laboratory
(ORNL, 1973), the International Atomic Energy Agency (1977), and Brunton and
McClain (1977).

The site-selection criteria described here were originally formulated
under the expectation that the WIPP would be a repository that would contain
spent fuel from nuclear reactors. The heat emitted by spent fuel would have
had important effects on the Salt in which it was emplaced; for that reason,
some of the criteria were specifically intended to insure the safety of spent-
fuel emplacement. The WIPP mission no longer includes the disposal of spent
fuel or any other high-level waste. Purthermore, the design of the WIPP no
longer includes the separate mined cavity for high-level waste called the
"lower repository" or the "lower horizon" in the criteria. Accordingly, not
all the criteria presented here are applicable to the WIPP under its current
mission and design. Because the site was, however, actually selected under
these criteria, no effort has been made to revise them for this document.

D.1 GEOLOGIC CRITERION AND SITE-SELECTION FACTORS

The geology of the site will be such that the repository will not be
breached by natural phenomena while the waste poses a significant hazard to
man. The geology must also permit safe operation of the WIPP repository.

Topography. The terrain must permit access for transportation. The ef-
fect on inducing salt flow during excavation must be considered. Surface-
water flow and the potential for floodlng must be evaluated

The maximum reliéf over the WIPP rep031tory 1s 120 feet: u‘The reglonal
relief is low. and easily accommodates the" requlred transportatlon ‘corridors.
The location near a broad surface and groundwater d1v1de will m1n1m1ze the
development of future relief. D1fferent1al stress in the salt due to surface
relief is not a 51gn1f1cant factor in cau51ng deformatlon in’ the salt.--(See
Powers et al., 1978 Sectlons 3 2 and 4 27 ) : ; - :

Depth. Rep051tory horlzons should be deeper than 1000 feet to insure that
erosion and consequences, of surf1c1al phenomena are not a major concern. The
depth of suitable horlzons will not exceed 3000 feet to limit the- rate of salt
deformation around the excavatlons.

The selected reposito;y bed for heat—produciné waste varies between depths
of 2750 and 2250 feet over the potential excavation area. The bed for TRU
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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 mechani-
cal 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 that the thermal effects at these aqui-
fers 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 dissolu-
tion has been established. :

From seismic data and drill-hole information, the selected horizons are
believed to extend well beyond the repository site. The separations from the
deformed salt belt parallel to the Capitan reef and from the natural dissolu-
tion fronts are adequate to insure the required site integrity. (See Powers
et al., 1978, Sections 3.3, 4.3, and 6.3.)

Lithology. Purity of the salt beds is desirable. Brine in the salt could
induce geochemical interactions; pending further investigations, 3% brine is
established as a desirable upper limit for the heat-producing waste horizon.
Additional geochemical interactions must be considered if significant chemical
or mineral 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; they are also important in insuring the long-
term integrity of the repository.

There are no beds of clay or polyhalite near enough to the lower reposi-
tory horizon to affect repository construction and operation or to affect the
long~-term performance of the repository. The significant nonhalite beds adja-
cent to the heat-producing-waste horizons are principally anhydrite, which has
favorable thermal, mechanical, and chemical properties for bounding layers.

. The upper (TRU-waste) 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 of the repository reduces concern about erosion,
it is desirable to avoid features that would tend to localize 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 over the site than in the established drainage chan-
nels. The expected 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 loca-
tion. (See Powers et al., 1978, Sections 3.2.3, 3.6, 4.2, and 6.2.)

Dissolution. Regional and/or local dissolution must not breach the repos-
itory while the wastes represent a significant hazard to people. While there
are various suggestions for the time a .repository should remain isolated from
the biosphere, a period of 250,000 years (10 half-lives of plutonium-239) is
commonly used to represent the time over which the wastes are significantly
hazardous. :

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 more than 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 beds or unduly accelerates the rate
of dissolution to the jeopardy of the long-term integrity of the repository.

Subsidence has occurred over the western portion of the WIPP site area
because of the natural removal of salt from the Rustler Formation. Hydrologic
data from 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 at the site.




D.2 ﬁYDROLOGiC' CRITER"IONA AND SITE—SELECTI-ON: FACTORS

The hydrology of the 51te must prov1de high confldence that natural dis-
solution-will-not breach. the- 31te .while the waste. poses a significant hazard
to man. Acc1dental penetrations- should not - result in undue hazards to mankind.

Surface water. Present and future runoff patterns, floodlng potential,
etc.; should not endanger the penetrations 1nto the: repos1tory while these
openlngs are unplugged

Because the site is near a broad surface-water divide, lacks established
drainage, and is well above the Pecos River, simple construction techniques
will prevent flooding of the repository. (See Powers et al., 1978,

Section 6.2.) . : T

,Aguifers.‘ For the WIPP, the overlying and underlying aguifers represent a
secondary barrier if the salt is breached. Consequently, low permeability and
transmissivity are desirable but not mandatory. Accurateé knowledge of aquifer
parameters- is important to construction, decomm1ss1on1ng, and realistic calcu-
latlon of the -consequences of failure scenarios.

Aqulfers above and below the repository have low transmissivity. Conse-

quently, floodlng of the repository during its operation through shafts or
drill holes is not credible. These access points can readlly be plugged to
prevent water inflow after decommissioning.

The_quantity of water carried by the major aquifers above and below the
WIPP beds is too small to be useful. Furthermore, the water carries too many
salts to be potable or otherwise useful.

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 Powers et al., 1978, Section 6.3.)

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

Calculations based .on various postulated failure scenarios show that the
transport of radionuclides through the overlying and underlying aquifers would
be so slow that a significant hazard to people would not exist even if the
salt beds were breached. The nearest natural discharge point is near Malaga
Bend on the Pecos River, over 14 miles away. At the maximum measured rate of
water movement, it would take about 1700 years after a breach for the first -
trace of nonretarded nuclides (i.e., iodine-129) to appear at the Pecos. ' The
long-lived- transuranic nuclides would be retarded by the sorption of ions and
would not begin to appear at Malaga Bend until 35,000 years after a postulated
breach of the salt beds. The concentrations of radionuclides (or possible
radiation doses) would never reach significant hazard levels in the Pecos
River. '(See Powers et al., 1978, Sections 6.3, 9.3, and 10.6.) :

ii



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

The dissolution and erosion rates established as averages over the past
500,000 years include the effects of several past pluvial cycles. It is ex-
pected that future cycles would also be shorter than. the isolation time sought
for the repository. Transport rates under different climates (rainfall) can
be estimated by appropriate boundary conditions on the hydrologic model. The
low permeability of the major aquifers above the site will not be signifi-
cantly altered by the climatic changes expected for this area, and the result-
ant flow in the aquifers will not be grossly altered by changed climatic con-
ditions. (See Powers et al., 1978, Sections 3.6 and 4.5, Chapter 6, and
Section 10.3.)

Man-made penetrations. The effect of drill holes and mining operations
must be included in evaluating the potential effects 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 AND SITE-SELECTION FACTORS

Natural tectonic processes must not result in a breach of the site while
the wastes represent a significant hazard to people and should not require
extreme precautions during the operational period of the repository.

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

The WIPP site is in an area of relatively low seismic activity. The near-
est 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 were tectonic,
related to salt dissolution, or a result of human activity. No faulting has
been observed in the area of, these seismic events. In any case, they and the
- potential future events pose no hazard for a properly constructed repository

and are no threat to its: long—term 1ntegr1ty. (See gowers‘et al., 1978, Chap-
ter 5 and Section 10.5.) .

Faulting and 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 trendslshould 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 have
indicated small faults in deep, old rocks below the Salado 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 groundwater had penetrated.
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. resulting from salt flow should be avoided or evaluated to check on brine

Salt-flow anticlines. Major deformation of salt beds by flow can fracture
brittle rock and create porosity for brine accumulations. Major anticlines éii

presence and anhydrite fracturing.

The only anticlines within the site are relatively minor features. Both
have been drilled, however, and the cores show little fracturing or porosity
and no accumulation of fluids. These small anticlines will not hinder reposi-
tory 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) at the WIPP 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 prediction of future dissolution,
erosion, and salt flow more uncertain.

Geologic mapping has failed to reveal any indicators of regional instabil-
ity. Caliche formation and attitude indicate stable conditions in the site
region over the last half-million years. The lack of scarps and the natural
seismicity are consistent with regional stability. (See Powers et al., 1978,

Sections 3.4, 4.4, and 10.3.2.)

. 3 ’
Igneous activity. Areas of active or recent volcanism or igneous intru-
sion 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. Radiometric dating shows 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 grédient. 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'gebthermal gradient as determined in the AEC-8 drill hole shows a

" normal geothermal gradient averaging about 0.58°F per 100 feet. The heat

flow is about one heat-flow unit. (See Powers et al., 1978, Section 4.4.1.)
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D.4 PHYSICOCHEMICAL COMPATIBIL;TY CRITERION AND SITE-SELECTION FACTORS

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

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 the value used for high-level waste 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 than 1% by weight. (See Powers et al., 1978, Sections 7.5 and 10.7.8.)

Thermal properties. To avoid undesirable temperature rises, no major
natural thermal barriers should ex1st closer than 20 feet of the repository
horizons.

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, has similar thermal conductivity and does not
represent a thermal barrier in any case. (See Powers et al., 1978, Section
9.2.3.)

Mechanical properties. The medium must safely support excavation of open-
ings even while thermally loaded. Clay seams and zones of unusual structural
weakness should be avoided in the selection of the repository horizon.

The halite bed at the lower level is sufficiently thick and devoid of clay
seams that stability of openings will not be a problem for repository opera-
tion. Clay seams and polyhalite beds are more common in the area selected for
the upper repository level, but construction levels can be located to avoid
significant structural stability problems from such nonhalite beds. (See
Powers et al., 1978, Section 9.2.4.)

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 1nteract10ns.

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 radionuclides from brine. (See Powers et al., 1978, Sections 4.3 and
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 desired for high-level waste.




Samples 'of WIPP salt show no characteristics that would produce undesir-
able effects under irradiation. The low brine content will limit the amount
and effects of radiolytic disassociation of water. (See Powers et al., 1978, ‘ii
Chapter 9.)

Permeability. Salt has a very low permeability. It is necessary to eval-
uvate the permeability only of the interbeds and the surrounding media. Low
permeability is desirable, but gquantitative limits need not be specified for
site selection. Salt permeability to gases may be important in establishing
~ waste-acceptance criteria.

Laboratory measurements on cores show 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‘mobiligy. 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 safety analyses and to
indicate whether engineered barriers (clay) would be beneficial.

The distributed impurities in the rock salt provide significant ion-
sorption capability for many radionuclides. The clay layers in higher salt
beds will be still more sorptive. These properties will tend to minimize
radionuclide migration 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 AND SITE-SELECTION FACTORS

The site must be operable at reasonable economic cost and should not cre-
ate unacceptable impacts on natural resources or the biological and social
environment.

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

This factor is not well satisfied by the WIPP site. Both hydrocarbons 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 synthesized in
quantity from brine lakes). These minerals may prove an enticement for future
exploration and exploitation. For this reason, studies are under way to exam-
ine 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 III could be
permitted or the same zones developed from zone IV by slant drilling. The
expectation, but one that cannot yet be guaranteed, is that these minerals may ‘ii



be recovered in the decades ahead should they be economically attractive.
Certainly the time frame for their development would be within the next cen-
tury, while the site is still under administrative 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 will be avoided within 1 mile of the reposi-
tory. BExisting 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 Santa Fe Railroad now running to the Duval mine.

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

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

Land jurisdiction. Siting will be on Federal 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 1760
acres belong to the State of New Mexico. There are no private lands within
the site.

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 16 permanent residents within 10 miles of the site. There is a
transient population at potash mines. The nearest town is Loving, New Mexico,
with a population of 1600. Carlsbad is 26 miles west and has a population of
28,600. Low population is not necessary to siting but, all other factors
being equal, is desirable.

Effects on ecology and cultural resources. Major. impacts on ecology due
. to construction and operation should not .occur. Archaeological and historic
features of significance should be preserved.




No major or unusual impacts on the environment or the ecologic system are
expected from the construction and the operation of the repository. No endan-
gered species of plants or animals are known to occur at the site. No signif- ii
icant archaeological sites will be destroyed by repository construction.

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

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

DESCRIPTIONS OF WASTE TYPES

This appendix contains four tables that describe the types of waste to be
emplaced in the WIPP and the containers used for transportation and storage.
Isotope inventories and maximum and average activity levels at the time of
emplacement are included. Curves illustrating the radioactive decay of the
contact-handled and remotely handled transuranic (TRU) wastes to be disposed
of in the WIPP are also presented.

This appendix also includes a detailed report characterizing defense TRU
waste now held in retrievable storage; it was compiled by James E. Dieckhoner
of the U.S. Department of Energy. The report concludes with a description of
the types of waste stored and the containers used at the Idaho National Engi-
neering Laboratory (Annexes 1 and 2, respectively).




Table E~1. Defense Contact-Handled TRU Waste--Drum

Type of container DOT-17C 55-gal steel drum Rocky Flats Plant ‘I.
Standard SX-200

Liner (if used). 0.09-in.~-thick rigid- Rocky Flats Plant

polyethylene inner liners Standard SX~202
Weight of container 840 1b (maximum gross)
Volume of waste Approximately 7.3 ££3 (207
liters)
Surface-dose rate <200 mrem/hr Waste-acceptance
criterion
Surface contamination 5% of limit in 49 CFR 173.397 Waste-acceptance
criterion
Waste properties Combustible:

paper, cardboard boxes, wooden
boxes, plastic bags, rubber
scrap, rags, surgical gloves,
clothing, etc.

Noncombustible:

. residues from chemical process-
ing, building rubble, metal,
glassware and acids

Surface
Mass present@ ActivityP : contamination
Radionuclide (grams) Ci/drum Ci/liter (Ci/drum)
Pu-238 2.5-3€ 4,2-2 2.0-4 7.0-10
Pu-239 7.5 4.6-1 2.2-3 7.5-9
Pu-240 5.0-1 l.1-1 5.3-4 1.8-9
pu-2414 2.7-2 2.8 1.3-2 1.0-7
Pu-242 2.4-3 9.4-6 4.5-8 1.6-13
Am-241 1.5-3 5.2-3 2.5-5 8.5-11
Total 8 3.4 1.6-2 1.1-7

Total fissile content 7.5 g
Total Pu 8 g

Apaverage condition; maximum fissile content is 200 grams, based on trans-
portation regulations.

bFor'activity of maximum container, multiply by 25 (200/8).

€2.5-3 = 2.5 x 1073. \

da beta emitter and hence not strictly speaking a TRU nuclide as defined in
Section 5.1.2. ' 6



Table E-2.

Defense Contact—Handled TRU Waste—-Box

GI) Type of container

" Weight of container
Volume of waste
Surface-dose rate

Surface contamination

DOT-7A 4 x 4 x 7-ft plywood
box

Maximum 5000 1lb; typical
3000 1b

Approximately 100 ££3 (2800
liters)

Szoo,mrem/hr

5% of limit in 49 CFR 173.397

Rocky Flats Plant
Standard SX-211
(plywood box) and
8X-207 (fiberglass-
reinforced-polyester
coating)

Waste-acceptance
criterion

Waste-acceptance

criterion
Waste properties Combustible:
same as drums (see Table E-1)
Noncombustible:
same as drums (see Table E-1)
Equipment and materials too
large for 55-gal drums
Surface
Mass present@ Activityb contamination
Radionuclide (grams) Ci/box . Ci/liter (Ci/box)
Pu-238 4 3¢ 6.8-2 -5 4.5-9
Pu-239 1 1 7.5-1 -4 5.0-8
Pu-240 8 1 1.8-1 -5 1.2-8
pu-2414 4.4-2 4.5 -3 6.5-7
. Pu-242 3 3 1.5-5 -9 1.0-12
Am-241 2 3 8.4-3 -6 5.5-10

Total fissile content 12.2 g

Total Pu

13 g

Aaverage condition; maximuﬁ fissile content is 350 grams but not exceeding
5 grams in any cubic foot, based on transportation regulations.
bpor activity of maximum container, multiply by approximately 27 (350/13).

C4.0-3 = 4.0 x 10-3.

da beta emitter and hence not strictly speaking a TRU nuclide as defined in

€f> Section 5.1.2.




Table E-~3. Defense Remotely Handled TRU Waste

Type of container Carbon-steel canister, 10 feet Gi
long
Weight of container Maximum 7000 1b
Volume of waste Approximately 25 £t3 (708 liters)
Surface-dose rate 100 rem/hr Waste-acceptance
criterion
surface contamination 5% of limi£ in 49 CFR 173.397 Waste—-acceptance
: criterion

Waste properties Primarily noncombustible:
: concrete, steel, dried process
sludges, etc.

Expected Average Conditions®

Sur face
Mass present Activity contamination
Radionuclide (grams) Ci/canister Ci/liter (Ci/canister)
Co-60 1.4-3b 1.6 2.2~3 2.0-8
Sr-90 1.8 2.5+2 3.5-1 3.1-6
Y-90 4.6-4 2.5+2 3.5-1 3.1-6
.Rh-106 1.6-7 2.2 3.1-3 2.7-8
Ru-106 6.5-4 2.2 3.1-3 2.7-8
Cs-137 1.4-2 1.2 1.8-3 1.5-8
Ba-137m 2.4-9 1.2 1.8-4 1.5-8
Eu-152 1.7-3 3.1-1 4.4-4 3.9-9
Eu-154 8.6-3 1.2 1.8-3 1.5-8
Pu-238 3.7-3 6.5-2 9.1-5 4.1-8
Pu-239 1.2+1 7.5-1 1.1-3 4.8-7
Pu-240 7.9-1 1.8-1 - 2.5-4 1.1-7
Pu-241€¢ 4,1-2 4.6 6.5-3 5.7-9
Am-241 3.8-3 1.2-2 1.8-5 7.7-9
Total 1.5+1 5.1+2 7.2-1 7.0-6
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Table E-3.

Defense Remotely Handled TRU Waste (continued)

Expected Maximum Conditionsd

Surface
Mass present Activity contamination
Radionuclide (grams) Ci/canister Ci/liter (Ci/canister)
Co—-60 9.3-2 9.9+1 1.4-1 6.4-7
Sr-90 5.9+1 7.8+43 1.1+1 1.0-4
¥-90 1.5-2 7.8+43 1.1+1 1.0-4
Rh-106 2.1-8 6.8+1 9.6-2 9.2-7
Ru-106 2.2-2 6.8+1 9.6-2 9.2-7
Cs-137 5.0-1 3.9+1 5.5-2 5.2-7
Ba-137m 7.3-8 3.9+1 5.5-2 5.2-7
Eu-152 1.1-1 2.0+1 2.8-2 1.3-7
Eu-154 3.1-2 7.8+1 1.1-1 5.2~7
Pu-238 4.2-2 6.5-1 9.2-4 3.9-8
Pu-239 1.3+42 7.1 1.0-2 4.6-7
Pu-240 8.7 1.7 2.4-3 1.1-7
Pu-241°¢ 4.6-1 4,341 6.1-2 1.9-6
Am-241 2.5-2 7.8-2 1.1-4 7.4-9
Total 2.0+2 1.6+4 2.3+1 2.1-4

Agxpected average activity in canisters for use in analyses in which a

large number of canisters are involved.

b1,4-3 = 1.4 x 1073,
CA beta emitter and hence not strictly speaking a TRU nuclide as defined

in Section 5.1.2.

AMaximum activity in individual canister for calculating shielding require-
ments and the consequences of single-canister accidents.




Table E-4. Postulated Defense High-Level Waste for Experiments

Type of container Steel canister

Weight of container Maximum 1000 1b

Volume of waste 3.8 £t3 (107 liters)

Surface~dose rate >4500 rem/hr

Physical form Glass (or calcine)

Mass present Activity
Radionuclide® (grams) Ci/canister Ci/liter

Co-60 4,5-2b 5.0+1 4.7-1
Se-79 6.0~1 4,1-2 3.8-4
Rb-87 2.4+1 2.0-6 1.9-8
Sr-89 6.0-10 1.7-5 1.6-7
Sr-90 6.5+1 9.2+3 8.6+1
Y-90 1.7-2 9.2+3 8.6+1
Y-91 1.4-8 3.3-4 3.1-6
Zr-93 7.0+1 2.8-1 2.6-3
Zr-95 1.4-7 2.8-3 2,6-5
Nb-95 1.6-7 6.0-3 5.7-5
Nb~95m 9.3-11 3.6-5 3.3-7
Tc-99 4.4+1 7.3-1 7.0-3
Ru-106 1.6-1 5.342 5.0
Rh-106 1.5-7 5.3+2 5.0
Pa-107 6.3 3.3-3 3.0-5
Sn-121m 4.,2-2 2.5 2.3-2
Ag-110 2,1-9 8.8 8.2-2
Sn-123 9.6-6 7.9-2 7.4-4
Sn-126 1.4-1 4.0-3 3.8-5
Sb-124 2.9-12 5.1-8 4.8-10
Sb-125 2.0-1 2.2+2 2.0
Sb-126 6.6-9 5.6-4 5.3-6
Sb-126m 5.2-11 4,0-3 3.8-5
Te-125m 2.9-3 5.3+1 5.0-1
Te-127 1.1-8 3.0-2 2.9-4
Te-127m 3.3-6 3.1-2 2.9-4
Cs-134 1.5 1.943 1.8+1
Cs-~135 1.7+1 2.1-2 1.9-4
Cs-137 2,243 1.9+5 1.8+43
Ba-137m 3.3-4 1.945 1.8+3
Ce-142 1.2+42 2.9-6 2.7-8
Ce-144 1.1 3.4+43 3.2+
Pr-144 4.4-5 3.443 3.2+1
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Table E-4. Postulated Defense High-~Level Waste for Experiments

-

(continued)

Mass present

Activity

Radionuclided (grams) Ci/canister Ci/liter
Pr-144m 2.2-8 4.141 3.8-1
Pm-147 7.2 6.7+3 6.3+1
Sm-147 2.0+1 4.6-7 4.3-7
Sm~151 1.7 4.2+ 3.9-1
Eu-152 2.4-3 7.5~1 7.0-3
Eu-154 9.3-1 2.7+2 2.5
Eu-155 2.4-1 1.1+42 1.1
Th~160 5.3-11 6.0~7 5.6-9
U-232 6.0-5 1.3-3 1.2-5
T1-208 1.8-12 5.3~4 4.9-6
U-233 2.1-5 1.9~7 1.8-9
U-234 2.4-1 1.5~3 1.4-5
U-235 9.0 1.9~-5 1.8-7
U-236 6.0 3.7~-4 3.4-6
U-238 1.5+42 5.1-5 4.8-7
Np-237 6.2 4.3-3 4.0-5
Pu-236 1.7-1 1.6~2 1.5-4
Pu-238 2.3+1 3.8+42 3.6
Pu-239 2.1+6 1.3+1 1.2-1
Pu-240 3.6+1 7.9 7.3-4
Pu-241 1.7+1 1.743 l.6+1
Pu-242 2.8 1.1-2 ~1.0-4
Am-241 4.6 1.6+1 1.5-1
Am-242 2.5-8 2.0-2 1.8-4
Am-242 2.1-3 2.0-2 1.8-4
Am-243 2.4-2 4,6-3 4.3-5
Cm-242 1.5-5 5.0-2 4.7-4
Cm-243 2.0-4 9.4-3 8.8-5
Cm-244 1.7-3 1.3-1 1.3-3
Cm-245 3.4-5 6.1-6 5.7-8
Cm-246 2.1-6 6.2-7 5.8-9
Total 3.0+43 4.345 4,043

a0nly radionuclides with a specific activity greater than 10-10

Ci/liter are listed.

lower concentration is twofold.
radioactivity of the mixture is minimal, and the product of their
hazard index and concentration is small in comparison with the radio-

nuclides listed.

bg 5.2 = 4,5 x 10~2,

‘The reason for deleting radionuclides with a
First, their contribution to the total
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Introduction

This report was prepared in response to a request of the WIPP Waste Ac-
ceptance Criteria Steering Committee (WACSC) at their meeting on March 2. All
DOE field offices conducting TRU retrievable 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 re-
quest 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 conden-
sation 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 Idaho National Engin-
eering Laboratory (see Annex 1, pp. E-23 through E-42),
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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 informa-
tion on 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 heré] for
details). In addition, the form also permits the inclusion of additional data.
Examples of typically recorded information include the identification of equip-
ment items or types, and of chemical contaminants on or in the waste.

Sandia Lab - The waste will be in the form of glassware, equipment, solidi-
fied liquids, ceramic waste, etc., and contains Np-239, Pu-238, Pu-239, Pu-241,
Am-241, and Cm-244. All waste is packaged in DOT 17-C containers.

Pantex - Data currently available include: container size, 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: date received,
source of waste, shipper, location in storage area, estimated amount of com-
bustibles 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 gen-
erator, can be implied from the source (i.e., building). The package size and
construction is well known, but the 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 in-
formation has been recorded. No information is available on nonradioactive
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 combustible or noncombustible. The locations of
the TRU containers are also recorded.

INEL - The following information is recorded for each shipment: waste gen-
erator 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 non-
radiocactive toxic constituents in the TRU waste. Some may be obtained from a
records search, although initial indications are that any such information
would be very limited and superficial. Compilations of some of these data can
be found in Appendix F [reproduced here as Annex 1, pp. E-23 through E-42].
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NTS - For retrievably stored, contact-handled TRU waste the gram content,
curie content, isotopic composition, package size 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 indi-
cated 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 includes plastics, paper wipes, various
kinds of equipment, equipment racks, etc. No assays of waste to determine
isotopic composition were made but the source and knowledge of the process may
give some indication. The package size, weight, and construction are well-
known. An estimate of the combustibility is available, but there is no infor-
mation on its compactibility, nor on the presence of nonradioactive toxic con-
stituents. 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 unde:way to convert the
pre~1971 records into the current computer system. The major problem with
these 0ld 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 Pu-239.
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Pantex - The same type of information is available as previously indicated
for contact-handled TRU waste.

ORNL - 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
ft3 in volume. Since field separation of TRU waste began in 1970, about 63
contalners of _equipment were buried, in an essentially nonretrlevable fashion,
that were judged to be contamlnated marginally above the 10 nC1/gm level,
About 90 percent contained hoods and gloveboxes. No assays were made and the
data is based on the judgment of the generator. The size: and comp051t1on of
the containers are known, the weights are estimates based on actual weights of
a few. An estimate of the combustibility is avallable, 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 Rocky 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 card-
board 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.
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Section Il

Inventory Data

All of the field offices were asked to present estimateq‘of the approxi-
mate 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.

E-15




91-d

Waste Category

Stored, Contact-
Handled TRU Waste

Stored, Remote-
Handled TRU Waste

Buried TRU Waste

APPROXIMATE VOLUMES OF DOE TRU WASTE AND ESTIMATES OF THEIR ACCURACY

Site

LASL
SLA
Pantex
ORNL
Hanford
INEL
NTS

SRP

LASL
SLA
Pantex
ORNL,
Hanford
INEL
NTS

SRP

LASL
SLA
Pantex
ORNL

Hanford
INEL
NTS

SRP

TABLE 1

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

o oo

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

fr3

(5)

fe3

Accuracy

5%

10%

5% (4)
10%
10%

108 (3)
5% (1)
(5-10) %

1+ 1+1+ 11+

5%
5%
10%

|+i+1+

1+

(5%)

50%
50%
10%
50% (5)
10% (4)

EAFARCAEEaE:

30%

+ 5% (1)

+125%
- 40%

As of 10/1/84

200% - 50%

Volume (ft3)

200,000
3,500

57

18,750
770,000
2,036,682
35,314

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)

95,100

£t3

(4)

fr3

(2)

(5)

(3)

Accuracy

25%
30%
15%
25%
30%
30%
200¢%
25%
308

I+ I L+ 1 L L 4 ]

508
30%
+ 25%
+100%
+ 50%

I+1+

I+
un
=
o

I+1+ 1+ 4]+
[
o
P

(4)

- 50% (3)
(1)

(4)
~.50%

(5)
(4)
- 50%
- 50%

(1)
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(1)
(2)

(3)
(4)
(5)

Telecon with J. Covell, SR, 6/6/78. C
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 nci/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. Brockelsby, OR, 6/6/78.




Table 2

Summary of DOE TRU Waste Volumes

As of 10/1/77 As of 10/1/84

Waste Category Volume (ft3) Accuracy Volume (ft?) Accuracy
Stored
Contact-Handled 1.6 x 106 + (5-10)% 3.2 x 106 . + 30%
Stored
Remote-Handled 3.0 x 104 + 5% 7.8 x 104 + 50%
Buried (1) (2) 9.5 x 106 + 1258 9.5 x 106 + 125%

- 40% - 40%

(1)

(2)

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
"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.
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Section III

Obtaining More Detailed Waste Characterization Data

The estimated time and funding required at the TRU waste retrievable stor-
age sites to obtain significantly better data varied from site to site. Fol-
lowing is a synopsis of the individual replies:

LASL - For the retrievably stored waste, very little, if anything, can be
done to improve significantly the available 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 first would require the development of an instrument system that
can detect and quantify a variety of radionuclides 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 per-
cent combustibles, compactibility, the presence of nonradioactive toxic
materials, etc.

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

For the remote-handled TRU waste, improvement 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.
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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. G
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Annex 1

DATA ON WASTES STORED AT
THE IDAHO NATIONAL ENGINEERING LABORATORY
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(2)

April 23, 1978

Mr. J. B. Whitsett, Chief
Radiocactive 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 subject, Mar. 22, 1978
Dear Mr. Whitsett:

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

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 (10/70) and the TCWCIS started in
September 1971.

The WMIS data base includes the following data for each solid waste
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 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.

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 quantity
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(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 data for TRU waste presently in retrievable storage are the con-
tainer volumes and are considered to be accurate within + 10%. The
projected container volumes for contact-handled TRU is + 30% based on
generator 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 con-
tainer volumes, based on tabulations of containers shipped, and do
not reflect a review of waste shipment records. The disposed volume
probably is accurate within + 30%. However, due to container degra-
dation, the mixing of waste with soil along with the TRU waste
generation associated with retrieval operations; the total TRU
retrieved volume may be a factor of 2 to 3 larger than the original
waste volume.

The WMIS data are published annually by DOE-ID. The documents are:
IDO-10054 (77) Radioactive Waste Management Information 1977
Summary and Record to Date.

IDO-10055 (77) Radiocactive 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 i
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 (EWR) 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 circumvented.
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Utilizing the TSA-1 container inspection program to obtain the drums
and an active EWR facility as a basic containment facility, it is
.antlclpatéd that the costs of the waste characterization program
would be 375,000 dollars and requlre 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 1007000 dollars.

The 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 III lists the isotopic composition by weight percent for the TRU .
nuclides in the contact-handled TRU waste. Table IV gives. the average’
weight for thé 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 curfehtiy available on nonradioactive toxic constituents in
the TRU waste. ‘Some information may be obtained from our record search.
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However, the initial indications are that any information of this type
will be very limited and superficial.

Very truly yours,

L. P. Duffy, Manager
Waste Management Program

HMB:1f
Attachment - Appendix A

cc: R. W. Kiehn, EG&G Idaho
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Retrievably Stored - Contact-Handled TRU

Volume

Storage Area m> Cu. ft.
TSA $#1 (1) 27,450 969,260
10/70-10/75

TSA #2 4,583 161,825
10/75-12/77

TSARI (2) 2,006 70,832
1/77-12/77

TOTALS 34,039 1,201,917

Retrievably Stored - Remote-Handled TRU

11 TSF (3) 9
11/76-12/77

Subsurface Disposal TRU

SDA (4) 59,522
1954-10/70
TDA (5) 7,190

304

2,102,000

253,800

Curies

120,900

44,390

9,469

174,759

54

191,000

3,494

TABLE I

Box

4,241

787

5,028

6,042

1,243

(1) Transuranic Storage Area ~ 20 year retrievable storage
(2) Transuranic Storage Area - Retrieved waste from subsurface disposal
(3) Intermediate Level Transuranic Storage Area - Intermediate gamma TRU waste

(4) Subsurface Disposal Area - Shallow land burial TRU wastes
{5) Transuranic Disposal Area - Pad disposal of >10 nCi/gm TRU

TRU WASTE AT INEL
AS OF 12/31/77

Barrel

64,519

8,728

9,378

82,625

76

182,250

15,000

Grams
Bin Pu Am-241 U-233
83 148,400 11,290 40,590
78 49,480 2,230 15,040
11 12,140 946 -
172 210,020 14,466 55,630
- 19 - -
Cartons
12,783 344,000 - -
- ll - -




TABLE II
TRU WASTE AT INEL

" As of 10/1/84

Retrievably Stored - Contact-Handled TRU

As of 12/31/77 34,039 m3
Projection thru 1984 23,641 m3
Totals 57,680 m3

Retrievably Stored - Remote-Handled TRU

As of 12/31/77 9 m3
Projection thru 1984 400 m3
Totals 409 m3

Subsurface Disposal TRU

As of 12/31/77 59,522 m3
Projection thru 1984 0
Totals 59,522 m3

TABLE III

or
or
or

or
or
or

or

or

1,201,917
834,766

cu.
CU.

ft.
ft.

2,036,682

318
14,124

Cu.

Cu.
Cu.

ft,

ft.
ft.

14,442

2,102,000
0

cu.

Cu.

ft.

ft.

2,102,000

ISOTOPIC COMPOSITION OF TRU NUCLIDES IN TSA WASTE

Nuclide

Am—241
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
U-233

E-29

Weight %

5.15
0.34
69.57
4.36
0.30
0.01
20.27

Ccu.

ft.




1970*
1971+%
1972
1973
1974
1975
1976
1977

1971*
1972
1973
1974
1975
1976
1977

AVERAGE WEIGHT TRU WASTE CONTAINERS

TABLE IV

4 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

Weight (1bs)

Boxes

E-30

1,787,825
871,646
5,641,154
3,000,723
2,444,782
. 3,261,068
1,596,536

1,471,801

19,975,565

Weight (1bs)

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

1,359,950

1,415,634

13,179,875

Average
Weight

190.6
319.6
363.2
329.9
356.9
371.3
372.4
424.9

331.5 ,
(45 1bs/ft3)

Average
Weight

2183.1
3141.7
2980.0
2692.0
2566.9
2764.1
2754.2

2766.6
(25 1lbs/ft2)



TABLE V

COMBUSTIBILITY AND COMPACTIBILITY -~ TSA WASTE

9/71 - 12/77*

Comp Comp ‘NComp NComp
Unit Count Total Comb NComb Comb NComb
Drums 48,917 15,677 1,190 408 31,842
Boxes 4,766 404 423 205 3,734
Bins 161 160 1 - -
Volume (m2)
Drums 10,374 3,325 252 87 6,710
Boxes 14,849 1,259 1,318 639 11,633
Bins 547 544 3 - -
Total 25,770 5,128 1,573 726 18,343
% 19.9 6.1 2.8 71.2

*Does not include retrieved wastes.
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TABLE VI

AVERAGE PLUTONIUM LOADING ROCKY FLATS WASTE

Drums

$ of Weight Gms Pu/
Year Units (gms) Container
1971%* ‘ 2,726 2,555 0.94
1972 15,690 27,744 1.76
1973 8,978 12,705 1.42
1974 6,119 28,595 4.67
1975 3,556 30,894 8.69
1976 2,765 15,519 5.61
1977 2,660 27,198 10.2
TOTAL 48,494 145,210 3.42 (Ave.)

Boxes

1971%* 552 769 1.39
1972 975 5,383 5.52
1973 944 11,554 12.24
1974 776 6,612 8.39
1975 302 1,047 3.47
1976 492 1,858 3.78
1977 _ 466 ’ 4,993 10.71

TOTAL 4,507 32,116 7.13 (Ave.)

*partial year's data.
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Content Description

Not Recorded - Unknown
First Stage Sludge

Second 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 o '

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, PWC
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

Drums

1,903
4,957
6,472
3,366
851
12
865
777
41

12
135
23

40
120

73
758
32
16
16

192

4,945

110
7,293
1,832

253

509

239

30
886

937

9/71 thru 12/76
TABULATED BY CONTENT CODE

Volume
Cu., Ft.

Boxes

Volume
Cu. Ft.

21,088
37,821
48,842
27,581
6,812
107
6,623
5,762
305

88

993
169
160
897

7

537
5,619
235
118
118
41
1,412
36,835
809
53,738
13,625
1,860
3,743
1,761
11

221
6,519
37
6,890

16

323

112

1,792
112
36,176
896
1,000
8,736

112

2,688

9,072

Weight
1bs. Pu Grams
392,805 3,241
2,537,489 26,224
3,469,429 1,523
1,784,055 1,837
‘508,472 910
10,692 6
164,845 -0-
184,474 -0~
9,880 -0-
2,950 -0=-
83,535 -0~
6,800 -0-
3,674 16
43,997 150
145 14
19,072 1,061
197,179 6,274
8,327 405
63,728 67
3,827 8l
3,500 783
48,365 2,372
1,576,644 2,662
16,912 215
1,455,248 2,212
333,056 1,145
195,774 6,501
172,042 14,025
36,138 217
411 199
11,448 91
387,140 2,789
2,220 21
669,417 €47

AM Grams
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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
BEquipment Boxes
High Level Acid
High Level Caustic
High 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 Volume Weight

Drums Cu. Ft. Bozxes Cu. Ft. lbs. Pu Grams
11 81 - 4,209 10
206 1,515 2 224 56,971 5,253

1l 7 : 282 35

6 67 2,700 1,164

8 59 1,767 1,468

2 15 476 24

8 59 3,212 359~

13 96 2,826 702

29 266 11,528 2,716

6 59 2,389 263

139 1,022 40,500 2,964
761 5,881 1 112 190,594 3,841
1,096 8,060 215,924 11,562
22 166 6,545 46

6 67 2,813 8l

53 510 19,533 759

48 364 12,971 90
1,669 12,718 2,589 289,702 7,981,075 27,319
457 3,361 1 112 141,841 13,531
58 460 466 52,192 886,546 5,548

12 1,344 12,687 88

235 1,728 75,815 17
691 5,081 229,878 20
1,998 14,692 1,260,952 7
1l 7 335 0

36 4,032 160,002 1l

103 757 23,168 0
110 609 22,782 0
352 2,611 6 672 82,244 1l
110 809 334 37,492 918,936 68
704 5,233 171 10,426 1,022,373 326
24 176 54 6,055 123,892 467

5 37 19 2,128 89,887 23

11 1,232 46,980 43

1 7 178 11

470 3,456 255,463 0
296 2,177 8 896 176,751 64
47,404 363,658 4,252 467,323 28,492,732 154,559

AM Grams

> =N
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[
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NUCLIDE DISTRIBUTION - TSA STORED WASTE (CURIES)

Nuc) ide 1971 1972 1973 19724 1975 1976 1977 Total Fraction | %>
Ac-221 _-0- -0- -0- -0- | 2.2900-02 ~0- -0- 1.290E-02 | 4.2736-07 -
 Aa-24) 6.6306403 | 11036004 | 7.3516003 | 4.5746003 | 5.600r+03 | 3,7226003 | 5,9366403 4.574€+04 | 2.681€-01 | 26.8
aw:2ad ook co- | 1.000E-04 -0- _-0- | 9.2506-04 | 6.1176-05 -0~ |'1.0866-03 | 6.366€-09 -
Ce-144 -0- -0- -0- o -0- 4200601 o- | a,2006-00 | 2.4626-06 -
Cf-252 R N S -0- Voeee-oa | 0o -0- 1 1.3026-04 | 7.866£-10 -
(o208 oo |'e.000e-00 | voanzeos | o | aesecon | sea0e02] -0 113603 | 6.5740-03 | .6
Co-58s~ -0 -0- 8. 300£-0} -0- -0- -0 0- 6.3006-01 | 4.8656-06 -
Co-60 _ -0- -0- 6. 200E1 00 -0- -0)- -0- -0- 6.200£400 | 3.6346-05 -
Cr-51. | -0 -0- 1.450£400 -0- -0-: -0- -0- 1.450£+00 | 8.4995-06 -
€s-137 .. .| 2.460£+00 -0- 3,000€400 -0- 1.UH26-01° 4.2006-0) -0- €.076Ev60 | 3.5626-05 -
£u-152 y -0- -0- o- | 1.690E-01 -0- -0- 1.690£-01 | 9.906€-07 -
wa ] -0 -0: -0- -0- 0-_ | a.5416-06 -0- 0.5416-06 | 5.0066-11 | -
me -0- -0- | 8.495€-02 -0- -0- ;o; -0- 0.495€-02 | 4,9796-07 | -
e - 2.7&35-01,_‘1.6065-01 3,7506-01 | 2.1060ce00 | V. 0176s00 | 1 .eozeeon | v.e2eeen | 7.a756000 | a3m26-04 -
-84 _ “0- -0- 1.400€-01 -0- -0- -0- -0- 1.4006-01 | 8.206c-07 -
Np-237_ -0 6. 445€-04 -0- -0- 1,206L-04 -0- 7.050€-06 | 7,7326-04 | 4.5320-09 -
 pu-147 -0- -0- -0- -0- 4. 640£+02 -0- _0- 4.6406002 | 2.720E-0) -
Pu-238 2,3346+01 | 4,919600) | 50306001 | 5,7976001 | 2.4626003 | a,7126002 | 1. 3016008 | 1 6120000 | 9409602 | 9.4

Pu-239 7,7476+02 | 1,64)€+03 | 1.7266¢03 | 1.9216+03 | 2.5346+03 | 8.9350002 | 2.2206v03 | 1.1726004 | 6.8706-02 | 6.9
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HUCLIDE DISTRIBUTION - TSA STORED WASTE (CURIES)

tucl ide 15N 1972 1973 1974 1975 1976 1977 Total fraction | %>
Pu-240 1.0026402 | 4.0206002 | 4.2826002 | a.m8E002 | 6.1856¢02 | 21446002 | 5.331E+02 | 2.856E+03 | 1.674E-02 1.6
Pu-241 6.2946+03 | 1.3676004 | 1.3906004 | 1.639E¢04 | 2.0686404 | 5.6116403 | 1.5396404 | 9.1946+04 | 5.389€-00 | 53.9
Pu-242 1,075€-02 | 2.2103e-02 | 2.301€-02 | 3.8586-02 | 4.702¢-02 | 1.7436-02 | 4.6436-02 | 2.058E-01 | ).206E-06 -
Ra-228 -0- -0- -0- =0- 2,750£-01 -0- -0- 2.7506-01 | 1.612E-06 -
Ru-106 -0- -0- -0- 8.000E-01 -0- -0- -0- 8.000t-01 | 4.€6A9E-06 -
$r-90 -0- -0- -0- -0- -0- 3.000( -0) -0- 3.0006-01 | 1.750€-06 -
1c-99 -0- -0- -0- -0- 1.390£-03 -0- -0- 1.3906-03 | 8.148€-09 -
Th-232 -0- -0- 1.2026-03 | 5.6656-02 { 6,1236-02 | 4.2016-02 | 5.886£-03 | 1.670£-01 | 9.789£-07 -
4-232 -0- -0- -0- 34836400 | 3.5376400 | 1.999F+00 | 2.604E-00 | 9.229E100 | 5.439€-05 -
u-233 -0- 1.0006-02 | 2.5626+00 | 2.0036+02 | 1.9506402 | 1.132ev02 | 1 4756000 | 5.2676002 | 3.0076-03 .3
u-234 -0- -0- 1.0986-04 | 1.658E460 | 1.624E+00 -0- -0- 3.3326100 | 1.953E-05 -
u-235 1.778E-05 -0- 2.3906-04 | 1.1416-04 | 1.076£-04 | 1.4466-04 | §.9026-04 | 1.2936-03 | 7.5796-09 -
u-236 -0- -0- 1.7506-06 | 2.639€-04 | 2,666£-04 -0- -0- 5_3236-04 | 3.1206-09 -
-238 1,3326-06 | 1.465¢-05 | 4.0406-05 | 3.4336-05 | 1.3636-03 | 2.740£-04 | 2.4236-04 | 1.9706-07% | 1.155¢-08 -
tUn-14-8 & 6 ~0- -0~ 1.400£+00 ~-{)- -0- -0~ -0- 1.400£100 | 8.2065-06 -
TOTAL 1,3926+04 | 2.769E+04_) 2.6506004 | 2.3650¢64 | 3.250€+01 | 1.1066+¢04 | 3.7026009 | B.706€e05 | | L
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HUCLIDE DISTRIBUTION - DISPO.

WASTE (CURIES)

Yucl tde 1921 1972 1973 1874 1975 1976 1977 Tota) Fraction >.
3y-240 9.000E-04 | 1.775€-03 | 6.9756-02 | 1.326-00 | 9.4306-03 | 1.3600-03 | 1.0266-02 | 2.2476-01 | 1.1486-0 -
w-241 1.0006-04 | 6.0626-02 | 3,1996-01 | 4.6466+00 | 3.2276-01 | 3.5646-02 | 2.8856-02 | 5.4v4x000 | 2.7396-06 -
0y-242 -0- 9.777€-08 | 5.567C-07 | 1.008¢-05 | 7.7096-07 | 1.0656-07 | 6.9796-06 | 1.248E-05 | 6.303£-12 -
2-226 §,576£400 | 1,2506¢00 | 2.2936-01 | 1.0006000 | 3,3626-00 | 2.021£-0 -0- 8.2586100 | 4.1716-06 -
Ab-B6 -0- 4.2106+00 | 4.1606+00 | 6.3226+0) | 5.851€400 -0- -0- 7.7436101 | 3.9116-05 -
u-103 2,6706-02 |. 9.5586+03 l.ﬂlﬁEtOd 9.644€-02 | 2.0336+00 § 8.0266-02 | 2.980£-02 | 9.5616+03 | 4_8291-03 .5
W-106 8.3076+00 | 1.0936+01 | 1,989¢+02 3,3796+02 | 2.614002 | 1.358¢+02 | 1.5306v02 | 11066003 | 5. 506¢-04 -
3b-128 _1,9016+01 | 1,915€+00 | 8,9326+010 | 1.074E402 | 7.9976+01 | 6.2606+01 | 6,8336401 | 4.2686402 | 2.16CE-04 -
3c-46 4.9486+00 | 3.121E+00 -0- -0- -0- -0- -0- 8.069€+00 | 4.075€-06 -
m-153 -0- -0- -0- -0- -0- 3, 3026+00 -0- 3,3026+00 | 1.6776-06 -
sr-49 -0- - -0- -0- -0- -0- 1. 008E-01 -0- 1.0086-01 | 5.0916-0u -
ir-90 2.6706+00 | 2.0036600 | 1.8726+02 | 1.5796003 | 17646403 | 2.m76002 | 2.5466402 | 41046403 | 2.073€-03 | 2
ra-182 -0- -0- -0- -0~ -0- 7.3106-02 -0- 2.3106-02 | 3.692¢-08 -
1c-99 -0- -0- -0- -0- -0- 3,9016-07 | 3.2006-09 | 3.5936-07 | 2.0176-13 -
1h-230 -0- -0- -0- -0- 5.4056-09 -0- -0- 5.405£-09 | 2.730€-15 -
h-212 2,1006-04 | 1,0906-07 | 5.4506-05 | 4.6956-05 | 1.0916-02 | 9.u106-08 | 3.6466-00 | 1.1596-02 | 5. 684c-09 -
u-232 -0- -0- -0- -0- 8. IG0E+00 -0- 0. | a.s60ke00 | 4222006 -
u-213 -0- 6,000€-06 -0- 1. 040606 -0- 9.527€-03 -0- 9.5336-03 | 4.815€-09 -
1-234 3,710-04 -0- 1.8576-05 | 1.123€-05 | 1,7€06-04 | 6.1786-04 | 2, 7026-02 | 2.9016-02 | 1. 4¢5€-08 -
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NUCLIDE DISTRIEUVION - DEISPOSED WASTE (CURIES)

uclide 197N 1972 1973 1974 1978 1976 1977 Total fraction >
)-235 1.0186-01 | 1.0226-01 | 6.434€-02 | 6.ame-02 | 7.0126-02 | 2.764€-02 4.606€-02 | 4.8206-01 | 2.4346-07 -
1-236 1.5646-06 | -0 -0- -0- 2.2006-06 | 3.1706-05 | 2.0496-04 | 2,405E-04 | 1.215€-10 -
1-238 7.7356+00 | 8.2746¢00 | 4.7236+00 | a.87se+00 | 5.2116400 | 1.7606000 | 3.147€100 | 3.575€100 | 1. 606€-05 -
sn-1d-Alpha -0- 3.020¢-00_| 4.3686-0) | ).604£-02 | 1.791€-03 -0- -0- 7.56€E-01, | 3.8206-00 | -
Jo-1d-8 8 6 | 2.664€103 | 1.7626+0¢ | 0,0406401 | 2.882F+0) | 1 0SGEvOL | 1.318€402 8,995€+00 | 2.004c+04 | 1.0806-02 1.0
i-107 5.298£+00 -0- -0- -0- -0- -0- -0- 5.290€100 | 2.676(-06 -
n-65 4.272€+00 -0- -0- 3.6656102 | 4.0006-01 | 1.7016100 | 5.9606-02 | 3.669C02 1.853E-04 -
r-65 5.1306-02 | 1.374€+405 | 1.4586+0) -0- 2. 3186000 | 3.1996+00 | 5. 2056001 | 1, 3756005 | 6.94ac-02 6.9
2e-1b-95 3.5546404 | 2.736£400 | 12376002 | 1.5366¢02 | 1.1426402 | 8.912E401 _1.060E401 | 3.603€104 | 1.6200-02 1.8
TOTAL CURIES | 3.509€+05 | 2.V47€+05 | 3.399E+05 | 1.0326+04 | 13196104 | 2. 1886105 | 8.241E405 | 1.980£10§
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MUCLIDE DISTRIBUTION - ILTSF ( CURIES)

Huclide 1n --1972 1973 1974 1975 1976 1977. Total Fraction | %>
MFP -0- -0- -0- -0- -0- 1.8906+01 | 2.8436401 | 4.7336401 | 9.4436-00 | 94.4
[Pu-238 -0- m-o- -0- -0- -0- -0- 5.193€-02 | 5.1936-02 | 1.036E-03 |
Pu-239 -0 -0- -0- -0- -0- 2,526€+00 | 1.479£-01 | 26746000 | 5.3356-02 5.3
Pu-210 o- oo -0- -0- -0- -0- 6.1356-04 | 6.1356-04 | 1.2246-05 -
Pu-241 -0- o -0- -0- -0- -0- 5.975€-02 | 5.9756-02 | 1.192€-03 .)
Pu-242 -0-  -0- -0~ -0- -0- -0- 4.4776-06 | 4.4776-06 | 8.933-08 -
w23 | .- -0 -0- -0- -0- -0- 1.2336-04 | 1.7336-04 | 3.4586-06 -
U-235 -0- ~0- -0- -0- -0- _-0- 4.2475-05 | 4.2476-05 | 6.474€-07 -
TOTAL __-0- -0- -0- -0- 2.1436+0) | 2.8696+01 | 5.0126401
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HUCL IDE DISTRIBUTION - WISF { Curi€sSy)

Mucl fde wn | e 1673 1974 1975 1976 1977 Total | Fraction | %>
Fu-155 _-0- -0- o | 2.4200m | 2150600 | 9.0000-02 | 2.0016000 | 6.506E401 | 3.326E-05 } -
fe-59 5 05004 | 6.700E002 | 5.918Es02 | 1,000600 | 5.630€002 | 1.8656404 | 6.3196104 | 11456105 | S TON-02 |07
H-3 5.000-00 |  -0- | 2.3006e-00 | -0 -0- oo | 0o | 7.300e-00 | 3.6076-07 ) -
NE-15) 2605600 | -0~ -0- 0. | a.se2e-02 | 7.3006-02 | 5.0606-02 | a.6z06-0v | 2.3336-07 ) -
-1 1,5696400 | -0- -0- o | erercos | a.a00c-01 | s.s00ee00 | 7.9576000 | 4. m9E-05 | -
ta-1:0 3.533€-00 | 3.775€-00 | -O- o | 2.00000 | 50000000 | oo | 6.aeseren | svise-os | -
HAP > 2voreao | 10036001 | 2309600 | 0.220000 | 1asreem | 30700000 | V0096002 | 2.5048004 | 119602 | 1.2
HFP 6 v0060m | 307000 | 12026002 | 7.6060002 | 2.066002 | 2133600z | 2.60d6102 | V.7506003 | esue-01 | -
[y 2006400 | 43706400 | 2.0010004 | 7,060 | 26606002 | 2.9736001 | 73916000 | 96090404 | 4008602 | 4.5
Hn-5¢ y.4856000 | 2.6006001 | -0- 0- | s.5me02 | -0- 0. | s.m3ee02 | 293600 | -
- Ha-22 -0- -0- -0- -0- -0- -0- 1.1606-06 | 1.1€00-06 | 5.859E-13 | -
Ma-g2 3.5376000 | -0- -0- -0- 0. |lzasseem | oo | 2.sssaen | raaeeos | -
-9 37246000 | -0- 0. | 30se-m | s.006e-00 | 2.676000 | 55036400 | 6.2086000 | 3134605 | -
#i-53 . §.000E¢02 | 1,.2996403 § 9.931E402 3.200E403 ~-0- )~ -0- 69976403 § 3.0260£-03 .3
Hp-237 -0- -0- 6.345€-07 -0- _0- | 4.2006-06 - | a.mse-06 | 2482602} -
ba-127 -0- ~0- 7.400E-00 -8~ -Q- ~0- -1~ 7.100E-01 3.737e-07 -
Po-210 1. 100E-0 -0- -0- -0- -0- -0- -0- 1.1006-01 | 5.566£-08 -
Pu-228 o | 2me00 | Lone-m | 1eoe-0z | 1, 1m50-00 | V0520-00 | 2.207€:010 | 2.4020-01 | \.2096-07 | -
Pu-733 v aezeo | ae0e-01 | 2asze-on | s.3sse-00 | 127560 | 0.660k-0 | 1655601 | 1266000 | 6.4NE-07 ] -
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NUCLIDE DISTRIBUTION - DISPu>cD WASTE (CURIES)

lucl ide 19 1972 1973 1974 1975 1976 1977 Total fraction 1>
Ag-110M 2.330E-02 -0- -0- -0- -0- 2.180£-01 | 5.960£-02 | 3,0106-00 | 1.520£-07 -
w-24) -0- 1, 000E-05 -0- -0- 1.050€-07 -0- 3.246E-07 | 1.05)06-05 | 5.308E-12 -
a-133 -0- -0- -0- -0- -0- 4.0006-07 | 3.4006-08 | 4.3406-07 2192613 -
la-La-140 2.0226+00 | 8.629€+00 -0- -0- 1.4306+400 | 4.3686+0) -0- 5.576€401 ) 2.81EE-08 -
le-10 4, 290400 -0- i,ononm -0- -0- -0- -0- 1.4296401 | 7.2176-06 -
1-210 -0- -0- -0- -0- -0- 3.930£-060 -0- 3.9300-08 | 1.9056-14 -
=14 -0- _-0- -0- -0- -0- 2.876€-07 -0- 2.870C-07 | 1.4496-13 -
2d-169 -0- e -0- -0- -0- -0- | 1.080¢-06 | 1.1006-06 | 5.9606-13 -
e-14) '5;94"45;;.‘ 2 JO9E+04 | 2.9546400 | 1, 7176400 | 1.8956+400 | 2.889E400 § 1.3166400 | 2,7976104 | 1,413E-02 1.4
e-144 s.4es6v0) | 3,000 | 41300002 | 8.0476002 | 9 5176002 3.0816602 | 2.0026403 4,7250103 | 2.386E-03 (0.2
11-35 T -0- -0- -0- 3.970€-00 -0- 1.9706-08 | 2.005E-14 -
0-57 -0- -0- -0- -0- -0- -0- 1.1106-06 | 1.110L-06 | 4.5556-13 -
70-58 8.47\75.-10.00‘ 6.1086+00 | 3.500+03 | 20795400 3.1546-01 | 3.086€401 | 1.0616v05 | 1.0006005 | 5.5565-02 | 5.5
*0-60 4.6106004 | 1. 410600 | 2.0826005 | 7.6626003 | 7.2868403 4.689C¢04 | €.2070+04 | 3.92ui 005 | 1.984E-01 | 19.8
sr-5) 2,596+ 06 '5.1635'63 #.003€004 | B.170E+0) | 2,233E+02 | 1.5026405 | 6. 0476405 | 9.9230405 | 4,9666-01 | 49,9
Cs-134 2,119€+00 3‘;2mu:mo 52430000 | 6,6366:01 | 4.6150:01 | .7136000 1. 706£101 1.9326402 | 9.758E-05 -
2s-137 40056002 | 2.7006v02 | 0.9076002 | 1.4246003 | 56976002 42266002 | 6.683F162 4,7606103 | 2.374-03 .2
Zu-152 -0- -0- -0- -0- 1,0606¢00 | 4,30GE-0) | 1.6306462 | 1.6456+02 | 8.308€-05 -
fu-154 -0- -0- -0- 4.1996+40) | 3.521€+G) | 5,0086-00 | 7.656E100 | 1.5436402 | 7.7936-05 -
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Annex 2

INEL CONTAINERS FOR TRU WASTE
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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 procurement specification §72001, is
standard steel drum, constructed of l6~gauge materials, with a
removable head (see Figure 1).

{(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
regquires 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 a
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
specification 572013 as shown on Figure 4.

(a) The DOT 7A wooden box, per procurement specification 572016, 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 stiffeners, 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
Figure 7). When used as an overpack it will hold eight (8) 17C
55-~-gallon drums in two (2) layers of four (4) drums each or twelve
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{(12) 17M 30-gallon drums in two (2) lavers 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.
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DOT SPEC. 17C STEEL DRUM (55 gailon)

Boit Ring (12 gauga)

Boit (5/8 In.)

Head and Gasket

Roilling Hoop (3 required)

Body and Head Sheet
(18 gauge)

33-1/41n. usabie
inside height

23-1/2 in.
r_—— ‘.D.

Figure 1
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DOT SPEC. &M Packaging

(CFR 49 §178.104)

80it Ring
(12 geuge)

. Boit (5/8 in.)
Head end Gasket

Yent Hales
(minimum of 4 required-
1.2 em 0.5 In."diametar)

Solid industricl cane
fiberboards, hardwaed
ot plywoed

SPEC 2R

ot equivalent

Required for packages
having authorized gross
weight in excess of 219
kg (480 1b ) as specified
in CFR-49 §178.104

D.0.T.sP. 17C

or equivalent




DOT SPEC. 17H STEEL DRUM (30 galien)

Boit Ring (12 gauge)

Boit ($/8 in.)

Head and Gasket

Body and Head Sheet
(18 gauge)

28 in. usable
Inside height

18 in. e——

1.0.

Figure 3
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DOT SPEC. 7A STEEL BOX
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Appendix F

INCINERATION AND IMMOBILIZATION PROCESSES
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Appendix F

INCINERATION AND IMMOBILIZATION PROCESSES

As explained in Section 5.3, several studies of the processing of transura-
nic waste have been carried out at the Idaho National Engineering Laboratory.
One of these analyses, performed by the FMC Corporation (1977), evaluated 17
incineration processes (nine for radioactive waste and eight for municipal or
commercial waste) and 11 immobilization processes. This appendix briefly
descr ibes these processes.

F.1 INCINERATION PROCESSES

F.l.1 Processes for Radioactive-Waste Incineration

An acid-digestion process is being developed at the Westinghouse Hanford
Company, Richland, Washington. This system treats combustibles with sulfuric
and nitric acids at about 2409C. The residue from this process consists of
inorganic sulfates and oxides in a salt-cake form.

.

An agitated hearth is an adaptation of a commercial incinerator. This
operation is being developed by Rockwell International at Rocky Flats,
Colorado. 1In this process a batch of contaminated combustible material is
charged into a primary chamber where rotating rabble arms agitate the com-
bustible material to improve the burning. The output is a dry ash.

A controlled~air incinerator, also a modification of commercially avail-
able equipment, is under construction at the Los Alamos National Scientific
Laboratory, 'Los Alamos, New Mexico. This incinerator uses a starved-air pri-
mary chamber with an oxygen-rich secondary chamber. The offgas is treated by
wet scrubbing. The output of this process is also a dry'ash.

A cyclone—drum incinerator is be1ng operated at the Mound Facility, Miam-
isburg, Ohio. Contaminated laboratory waste is burned in a vor tex-type incin-
erator .inside a 55-gallon drum. The contaminated waste-may be handled both in
and out of the incinerator in the 55-gallon drums. The residue from the com-
bustible portlon of th1s process is almost completely ox1dlzed

A fluidized-bed 1n01nerator is belng developed by ‘Rockwell International
at Rocky Flats, Colorado.  This process feeds combustlble material into a hot
fluidized bed of sodium carbonaté. 'The hot air- ‘that fluidizes the bed pro-
vides 1mmed1ate ignition for combustlbles, Wthh are burned. The ash is sep-
arated in a cyclone. ‘A second fluidized bed is used for complete ox1dat10n.
The residue is an ash collected in the cyclone separator. The sodium car-
bonate provides in-situ neutralization of the hydrogen chloride and other
acidic gases formed during the oxidation.

The molten-salt incinerator was developed by Atomics International for the
Idaho National Engineering Laboratory. 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 other noncombustibles. When the bath is
fully loaded with noncombustible material, it is drained along with the cap-
tured incinerator residue. The sodium carbonate in the molten bath provides
in-situ neutralization of the acid gases formed during the oxidation process.

A controlled-air pyrolysis 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 prin-
cipal residue of this process is a char relatively high in carbon.

A commercial rotary-kiln incinerator, adapted for radioactive waste, is
under construction for the Rocky Flats Plant in 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
disposal. 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.

F.1.2 Processes for the Incineration of Commercial or Municipal Waste

The commercial controlled-air incinerator is similar to the radioactive-
waste unit; it uses a "starved-air" primary combustion chamber process to

produce 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 (FBIs), although similar in‘princi—

ple to the Rocky Flats FBI, are quite different. All 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,

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

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

The commercial multiple-hearth combustor is used frequently for incinerat-
ing municipal and industrial sludges, shredded solid wastes, etc. An advan-
tage of the multiple hearth is a 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 vertlcally 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 products of pyrolysis.

The rotary kiln is another large-capacity, standard incinerator for com-
mercial or municipal waste. Rotary kilns are also used for hazardous-waste
incineration 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
incineration. 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. In 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 zZone 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 exchangers. The output of this process is a basalt-
like glassy slag  that entraps the ash along w1th metals and noncombustlbles in
the waste material.

- ” ‘ N N l
F.2 IMMOBILIZATION PROCESSES

Bitumen. Any form of waste residue may be encapsulated in bitumen (as-
phalt) that can be handled by the bitumen mixer. This|process has been used
primarily for waste residues that are to be disposed of'in the sea.

Cement. Hydraulic cement may be used to Stabilizeiash1 salt, or even
small pieces of metal and other noncombustibles, so” long as these materials
can be handled by the mixer. The cement with embédded!wastevmaterials may be
cast into any desired form for handling. Steel reinforcements are used to
increase the strength of the packages. '




Ceramic. In 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 combines
chemically with clays to immobilize the waste. The clay may be formed into
~ bricks, which are fired at 700 to 900°C; this firing decreases the leach
rate.

Glass (solution). Various waste materials may be combined with glass-—
forming materials and melted at high temperatures. When the forms of the
output materials are finely ground ash, salts, oxides, or calcines, they dis-
solve 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 used 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 radiocactive material and ash are ground very finely and
mixed with high-alumina cement. This powder is then pressed into pellets and
sintered. The principal advantage of this process is that the concentration
of radioactive waste in the pellets (80%) is higher than that obtained with
other techniques. For example, in the glass-solution process the radioactive-
waste concentration is 50% at a maximum. .

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 small pieces of metal and noncombustibles. The primary
disadvantage is that these 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 has 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. 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 DURING OPERATION

G.l1 INTRODUCTION

The radiation-dose calculations for radionuclide releases during operation
were performed with a modified version of the computer code AIRDOS-II. Be-
cause 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 is primarily intended to calculate doses. from a con-
tinuous 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 its own atmospheric-dilution factors (X/Q values); it was used
in Chapter 6 to calculate doses from transportation-accident releases. In cal-
culating doses from normal and accidental releases from the WIPP in Chapter 9,
site-specific X/Q values were desired. These values were obtained with the
integrated-puff model MESODIF, described in Appendix H, Section H.4. In order
to use these X/Q values, it was necessary to write a subroutine that allows the
direct input of Xx/Q ‘values into AIRDOS-II.

The general flow of information in the code is indicated 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 OX, which accounts for plume depletion over
the study area. COMPAG inputs previously calculated X/Q values and then cal-
culates surface~deposition rates. Once the concentrations and deposition
rates are calculated, MAIN: calls DOSE to compute the dose delivered to peo-
ple. 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 mete-
orological routine and the dose routine. The meteorological routine is based
on a dispersion model that considers plume rise, plume depletion, and an in-
version 1id. The equation used to estimate plume dispersion is the Gaussian
plume equation of Pasquill, as modified by Gifford (1972):

Q

=2my%u
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Figure G-1. Flow of information in the AIRDOS-I code.
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where

- concentration in air at x meters downwind. y meters crosswind, and

x=
z meters above the ground (pCi/m3)
Q = uniform emission rate from the stack (pci/sec)
u = mean wind speed (m/sec)
oy = horizontal dispersion coefficient (m)
0, = vertical dispersion coefficient (m).
H = 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: -
' 2
x= —2 xp[ (1)]
z

1ru'y l!zu
The values of the dispersion coefficients are calculated from equations
developed by G. A. Briggs of the National Oceanic and Atmospheric Administra-

N

tion. They are described in Table G-1 for each Pasquill category.
Table G—i. Formulas Recommended by Briggs® for 9y and ¢, for Open-Country
: COnditionsb

Pasquill oy L

category (meters) (meters)
A 0.22d4(1 + O. 0001&)‘1/2 0.204
B . 0.16d4(1 + 0.00014)-1/2 0.124
c 0.114(1 + 0.0001d)-1/2 0.08a(1 + 0.0002d)-1/2
D 0.08d(1 + 0.00014)~1/2 0.064(1 + 0.00154)~1/2
E ~0.064(1 + 0.0001d)-1/2 0.03d(1 + 0.00034)-1
F *.'0.044(1 + 0.00014)~1/2 0.0164(1 + 0.00034)"1

ag. A. Briggs, Air Resources Atmosphetic Turbulence and Diffusion
Laboratory, National 0ceanic ‘and Atmospheric Administration, Oak Ridge,

Tennessee,
brhe quantity d is the downwind distance in meters.

3

In calculations performed for the transportation-impact analysis, a dis-
tributed source of finite size was represented by an -upwind virtual point
source that produced a plume with dimensions matching the assumed height of
the distributed source (see Figure G-2). To match these dimensions, the
distance to the virtual source was calculated by simultaneously solving two
equations:

oz = 0.016d(1 + 0.0003d)"1

G-3




The first equation defines the distributed-source height, and the second de-
fines the standard deviation of the vertical distribution coefficient for type
F stability as indicated above. The resultant equation for the d1stance be-
tween the virtual source and the distributed source is

d(l + 0.0003a)"1 = 14.5n

The value of d is the virtual source distance for a source of height H.  Once
the distance of the virtual source from the actual distributed source is cal-
culated, the distance used in the diffusion equations is the sum of the dis-
tances x and d in Figure G-2. :

The Rupp model for momentum-dominated plume rise is used. The Rupp equa-
tion for momentum-dominated plumes is

Ah =1.,5vd/u

where
Ah = plume rise (m).
v = effluent stack-gas velocity (m/sec)
d = inside stack diameter (m)
u=

wind speed (m/sec)

As the plume extends in size, some of the particles it contains will be
deposited on the ground or on water surfaces by dry deposition or by scaveng-
ing. Dry deposition is a process by which particles are removed from the
plume at the ground surface by impingement, electrostatic attraction, or chem-
ical interaction with the ground cover or ground surface. The rate of dry
deposition is determined-by the following equation: -

Rg = VgX

Distributed
source of height H

Virtual point

55

»a\" S

x ;__;_;_,{
Point of

interest

e

o
s

2
E:

Figure G-2. Virtual point source.



where

Rq = surface-deposition rate (pCi/cm2-sec)
G.} Vq = deposition velocity (cm/sec)
X = ground-level concentration in air (pCi/cm3)

Rain or snow scavenges particles in a plume by depositing them on the
ground. The rate of scavenging deposition is defined by

Rg = LgXya

= gurface-deposition rate (pci/cmzwsec)
L = 1id height (cm)
é = scavenging coefficient (sec™l)
Xya = average concentration in vertical column up to 1id height

(pCi/cm3)

The AIRDOS-II code accounts for the effect of these depletion processes by
calculating a reduced release rate (source term) at each downwind distance and
by using this reduced release rate in place of the input source term. It also
accounts for depletion by radionuclide decay.

Often throughout a typical year, a stable air mass will reside above an
unstable one. This condition, commonly referred to as an atmospheric inver-
sion, produces a ceiling, or 1id, above which a plume will not disperse.
Consequently, above the 1id altitude no vertical dispersion will occur.
AIRDOS-II accounts for the increase in ground-level concentration by allowing
the user t6 input an inversion-1id altitude. The average concentration of
particulates is adjusted by means of this input parameter as is the surface-
deposition rate.

For releases from the WIPP, atmospheric-dilution factors (X/Q values) were
calculated by another code. Consequently, it was not necessary to use the
CONCEN subroutine. CONCEN was circumvented by writing COMPAG, which is a
subroutine that allows the direct input of concentrations into DOSE.

Calculations were also performed for releases of radioactive material from
the WIPP during accidents in order to determine the resultant dose to a maxi-
mally exposed individual at the site boundary. As.discussed earlier, the
input was modified to accommodate an instantaneous release. To maximize the
site-boundary dose, it was assumed that the mixing depth was. limited by the
worst-case 1lid height and that the individual exposed remains at the site
boundary for the duration of the passage of the plume. An elevated release
(momentum-dominated) based on the ventilation-system design was used for these
calculations. The site-boundary X/Q value used in the calculations is the
elevated eguivalent of the 5% ground-level l~hour-duration X/Q value at the
boundary. 1In order to calculate the maximum site-boundary dose that could
result from accidents, the atmospheric dispersion was limited to a single wind
direction under  class F conditions with a wind speed of 2 meters per second.
These conditions very nearly approximate the:-5% X/Q value at 5 kilometers from
the point of release.

-




G.3 DOSE ROUTINE

The dose routine calculates the radiation dose delivered to people through
several major pathways. It considers internal exposure resulting from the
inhalation and ingestion of radionuclides and external exposure resulting from
immersion in air, immersion in water, and standing on contaminated surfaces.
The dose from the inhalation of radionuclides is estimated from the follow1ng
equation:

Dinh = (1.0 x 1076) (8760) XB.Cinn

where
Dinh = inhalation dose (rem/yr)
x = ground-level concentration of the radionuclide in air (pC1/cm3)
= breathing rate (cm3/hr)
“g = dose-conversion factor for inhalation (rem/uC1)
1.0 x 107° = puCi/pCi
= hr/yr

8760

The only parameter that is calculated by the code is the ground-level concen-
tration; the othgr values are user inputs. The analyses of normal and acci-

dental releases were performed with the same dose routine but different user

inputs.

The dose from ingestion is calculated by using the terrestrial model of
Booth et al. (1971). The code considers radionuclide intake only through the
ingestion of vegetables, beef, and milk. It takes into account both radio-
nuclides deposited on the surfaces of vegetables and those absorbed through
the root system; it does the same for grass 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 1078) (8760) XCjmm

where
Dimm = air-immersion dose (rem/yr)
X = ground-level concentration of the radlonucllde in air (pCl/cm3)
Cimm = dose-conversion factor for immersion in an infinite cloud
(rem—cm3/pCi-hr)
1.0 x 1076 = uci/pcCi
' * 8760 = hr/yr

Once again, the code used calculated concentrations and user-lnput dose~
conversion factors.

A similar treatment is used for estimating doses that result from immer-~
sion 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

¢ R, 1 - exp(-Apt)
Dwimm = (1.0 x 10 ") (8760) T . (3600)(24)Cwimm
where
Dyimm = water-immersion dose (rem/yr)
Ri{ = surface~deposition rate (pCi/cmZ—sec)
d = depth of water (cm)
Ap = radioactive-decay constant + environmental-decay constant for
water (day‘l)
t = time allotted for buildup in water (days)
Cyimm = dose-conversion factor for immersion in a body of water of
infinite dimensions (rem-cm3/pCi-hr)
1.0 x 106 = pci/pci
8760 = hr/yr
3600 = sec/hr
24 = hr/day

As can be seen in the equation, a shallow body of water makes a more signifi-
cant contribution to the resultant dose than does a deep body of water. 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:

1 - exp(-A.t)

_ -6 T
D g = (1.0 X 107°) (8760)R, - (3600) (24)C_

urf

where

Dgurf = dose from surface exposure (rem/yr)

Ry = surface-deposition rate (pC1/cm2—sec)
Ap = radloactlve-decay constant + env1ronmental-decay
constant (day’ )
t = time allotted for surface buildup (days)

Cgurg = dose-conversion factor for surface exposure to an
infinite plane at a point 1 m above the ground (rem-cm?/uCi-hr)

1.0 x 10-6 = uci/pCi
8760 = hr/yr
3600 = sec/hr
24 = hr/day

The expression

1- exp(—XTt)
R (3600) (24)




represents the surface concentration after time t in days. The value of t used
in analyses for the WIPP was a conservative 15 years. The deposition rate is
calculated by the code, and the other parameters are input by the user.

-

G.4 INPUT DATA

Input data for the WIPP analyses performed with AIRDOS-II were obtained
from published documents and interviews with county agents. These sources are
listed by category in Table G-2.



Table G~2. Sources of Input Data for the Analyses

Category

Source

Meteorological 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 (as of December 1978)

Lederer, 1967

Ng et al., 1968

NRC, 1977a

Killough et al., 1976
Moore, 1977

NRC, 1977a

NRC, 1977b

Wolfe et al., 1977

Killough et al., 1976

Ng et al., 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, 1977b
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
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Appendix H

DESCRIPTION OF THE LOS MEDANOS SITE

H.1 SCENIC, HISTORIC, AND CULTURAL RESOURCES

H.l.1 General Appearance

The Los Medanos site* in Eddy County, New Mexico, is covered with vege-
tation characteristic of semiarid climates. The land is used for ranching,
and cattle are often to be seen. Ranch buildings are miles apart; in between
there are a few windmills, several stock-watering tanks, and an occasional
drilling rig. 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 man-made features are the potash mines and processing plants, the
latter with large buildings and stacks. Their emissions often create a haze
heavy enough locally 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,
uniqueness, 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.1l.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 Vaca, 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 to the
west. 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. 1In 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 centﬁries after de Sosa passed through the area, there
were only two significant recorded entries by white men. The first was in
1775, when Commandant-General Hugh O'Conor conducted military campaigns

*In this appendix the terms "Los Medanos site"™ and "WIPP site” are
synonymous.




against- the :Apaches in the Pecos Valley. The second occurred in 1854, when
Brevet Captain John Pope conducted a survey of a possible route for a railroad
to the Pacific through southern New Mexico.

H.1l.3  Registered Historic Sites

" The WIPP site contains no sites listed by the National or the State Reg-
ister of Historic Sites. There are, however, historic sites in the vicinity
of the site. Nine miles south-southwest is the Project Gnome site, which is
presently undergoing the nomination procedure. It was the site of the first
underground nuclear detonation (December 1961) of the Plowshare program, the
ARC's program of search for nonmilitary uses of nuclear explosions. North of
the site two areas believed to be of National Register quality are also under-
going the nomination procedure' Laguna Plata, 15 miles north, and Maroon
Cliffs, 11.5 miles northwest of the center of the site. Another site being
nominated is Pope's Wells, near the State line 20 to 26 miles to the south

Nearby sites now on the State Register include Rattlesnake Draw, Monument
Springs, the Lusk Ranch, and Boot Hill (listed as the Red Tank Archaeological
Site), all on private land. Rattlesnake Draw is said to contain the best
stratigraphic sequences found to date in southeastern New Mexico. Monument
Springs consists of pit-house ruins and a large midden. The Lusk Ranch is the
site of a mammoth-bison kill dating from 9000 B.C. Boot Hill dates from A.D.
900-1300 and contains a series of Jornada Mogollon pit houses.

Table H-1 lists the sites on the State Register of Cultural Properties
that are within 30 miles of the WIPP site; these sites are recorded in the
office of the State Historic Preservation Officer. Table H-2 lists similar
sites identified in a survey of historic engineering sites. Most of the lat~
ter have not been evaluated for registration purposes.

H.1l.4 Settlement

Aboriginally, the study area was inhabited by wandering bands of American
Indians, predominantly Lipan Apaches. Occasional parties of Mescalero
Apaches, Comanches, and Kiowas probably crossed the area on hunting or raiding
forays. W1th the coming of the cattlemen, there were occasional encounters
between whlte men and Indians, but these were infrequent, and by the 1880s
Indians were no longer a significant presence in the Pecos area. Today the
ﬁeaﬁest group of Indians is the Mescalero Apaches 100 miles to the northweSt.

§ Ownershlp of New Mexico changed from Spa1n to the Republic of Mexico in
182lxand from Mexico to the United States in 1848. Southeastern New Mexico
played no part in these changes other than being a small portlon of large
tracts of land changing hands.

It was the coming of the cattlemen, led by'Charles Goodnight and.oliVér
Loving in 1866, that started the modern development of southeastern New Mex-
ico. When the Army and the Indian Bureau called for bids to furnish beef

.
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Table H-1. Sites on the State Reglster of Cultural Properties Within 30 Miles
of the WIPP Site

Distance

Listing Name (miles) Direction
007 Carlsbad Reclamation Project, Carlsbad@rb 25 W
280 Eddy & Bissell Livestock Company

headquarters, Carlsbad 25 W
208 Eddy National Bank, Carlsbad?® 25 W
472 Hagerman House, Carlsbad 25 W
557 Lake Avalon, 4 miles north of Carlsbad 28 WNW
159 Lusk Ranch site, 20 miles east and 12 miles

north of Carlsbad 15 N
474 Phenix Adobe, Carlsbad - 25 W
240 Pope's Wells Site, 8 miles east of the

confluence of the Delaware and Pecos Rivers 24 S
567 Original potash bullwheel, 10 miles southeast

of Carlsbad 19 WSW
168 Red Tank Archaeological Site (Boot Hill),

5 miles north and 7 miles west of Maljamar 39¢ . N
167 Rattlesnake Draw Site, 12 miles west and :

3 miles south of Buckeye 28 . N
162 Monument Springs Site, 4 miles west of Monument 32¢ i NE

aristed on the National Register of Historic Places.
bNational Historic Landmark.
CIncluded in table because mentioned in text.

~ for the Navajos and Mescalero Apaches who had been forced onto a reservation

at Fort Sumner, New Mexico, local ranchers and farmers could not meet the
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. 1In
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. .Event-
ually, 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 set-
tlement of southeastern New Mexico was. begun. One such tradlng post was lo-

.cated 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 1n 1889 as the town, of Eddy

The twentleth 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. . 0il drilling led to the discovery of potash in
1925, and the commercial exploitation of these resources began in 1931. Min-
ing is now the principal industry of Eddy County.




iiéble‘ﬂj2:”t3ites'Identified by the State Historic Engineering Sites Survey
ST Within 30 Miles of the WIPP Site

:>7:,35677'

'ﬁBléCk River Canal€

Distance
. from WIPP
* Listing Name Date site (miles) Direction
35010 * Lake Avalon (CRP)3-C 1891 28 WNW
".'35039 - Carlsbad Water Works 1920 25 W
ff35151_ ‘Carlsbad Irrigation Distriect 1903 25 W
ool Flume®sd
;iy35155 ./ Carlsbad Municipal Building 1955 25 W
-:35287: ", United Salt Supply 1937
© 35365 Pecos River Railroad Bridge ca. 1900 36 NW
"7.35421 - Salt Draw Bridge 1932 19 SW
35447 -+ Six Mile Dam 1920 19 W
' 35462 ' :Tansill-Dam 1888 25 W
- 35515 ' . Judkins Mill 1900
..""35539 - . Harroun Dam 1930 16 WSW
-j]3544l,i 'Pecos. River Railroad Bridge, 1940 25 W
Cise 0 carlsbad
‘.;-;,"35617 . Southern Main Canal® 1906 25 W
. 35618 = East CanalC 1906 25 W
ca. 1890 17 SW

. aLlsted on the State Register.

_'bNatlonal Historic Landmark.

" Cpart of the Carlsbad Reclamation Project.
_ngsted on the National Register of Historic Places.

‘Archaeology

‘ ',Litt1e7archaeological research has been done in southeastern New Mexico.

y”ﬁfinterestfhas instead tended to chus‘oh areas to the north and west, partly
.- ‘Because of the more spectacular ruins there--such as Chaco Canyon and Mesa

FfVérde--and partly because of the possibility of relating these ruins to the

. present Pueblo Indians.

These northern areas were felt to be the major cul-

tural centers; whereas southeastern New Mexico has been regarded as a less

n“fru1tful area for investigation than areas to the north and west.

More re-

: :chntly, however, the marginal nature of the southeastern environment has been
tg;recogn1zed as offering opportunities for studles on the relationship between

.w;-env1ronment and culture.

Studles by Mera (1943), ‘Lehmer (1948), and Jelinek (1967) are the three

';tiba51c ‘gources of information on the archaeology of southeastern New Mexico.
' Lehmer synthes1zed the knowledge of the archaeology of the area and incor-

vporated Mera's data to define what he called the Jornada branch of Mogollon
This did not include the more easterly portions of southern New

'“tfculture.
- ‘Mexico or the area of the WIPP site.
. Valley no:thlof Roswell.

Jelinek conducted a survey of the Pecos
The earliest phase he identified, his "Early 18

' Mile" (A.D. 800 to 900), was generally similar to late Archaic. The area

-appears to have been abandoned for some time after the mid~14th century. The



studies of Lehmer and Jelinek and later field observations in Lea and Eddy
Counties have led to the extension of the boundaries of Lehmer's Jornada
Mogollon to include the rest of southeastern New Mexico.

Sites in southeastern New Mexico are generally classified as Paleo-Indian
(before 500 B.C.), Archaic (500 B.C. to A.D. 950), Jornada Mogollon (A.D. 950
to 1400), or Historic (since A.D. 1400). The Jornada Mogollon, being particu-
larly rich in sites and in pottery types, has been subdivided by several au-
thors (Figure H-1). Lehmer's classification, as the names he used imply, was
based on work considerably to the west of the site area; Jelinek's, on work on
the middle Pecos River valley to the north of the site. Corley's classifica-
tion (1965) is based on work nearer the site. Corley, in fact, saw the Jornada
Mogollon as having three regional variants: Lehmer's north and south, and his
own eastern variant.

Various groups of expert amateurs, especially the Lea County Archaeologi-
cal Society, have been active in the excavation, survey, and publication of
the archaeological values of southeastern New Mexico. Contract archaeological
firms have also been active in the Carlsbad Potash District immediately west
and north of the WIPP study area.

A Bureau of Land Management study (BLM, 1975, p. II-254) has estimated the
density of archaeological sites in the potash areas, using data gathered by
the Eastern New Mexico University (ENMU) on a survey to the north and projec-
tions made by Schaafsma (1975) from similar areas elsewhere in New Mexico. It
concluded that the "site densities within the potash basin may be expected to
range between 12 and 15 sites per square mile. The majority of sites will be
located in dunes, on cliffs, in close proximity to playas, or a combination of
these. The majority of sites will be of the Archaic and Jornada Mogollon time
periods, with pithouses and surface structures not uncommon." Earlier, the
Bureau, drawing on Schaafsma (1975), indicated that, at a density of 12 sites
per square mile, one site would be Paleo-Indian, ten would be Archaic, and one
would be Jornada Mogollon. The Bureau's own partial survey indicated more
Jornada Mogollon than Archaic sites, with the reason for the discrepancy un-
known, though possibly "a result of reporting biases."

Prehistoric dwellings are rare in southeastern New Mexico. Until recently,
the known dwellings nearest to the WIPP site were those at Maroon Cliffs, 11.5
miles northwest. The presence of pit houses has not been confirmed there, but
year-round occupation is suggested by a deep midden.recently excavated by the
ENMU. The Lea County Archaeological Society:reported pit houses at Laguna
Plata, 15 miles north, though.J. L. Haskell (ENMU, personal.communication,
1977) questions its conclusions. .The nearest confirmed: pit houses are at the
Marchant site (southwest of ‘Hobbs and about, 18 miles east of the.site), exca-
vated by the Lea County Archaeological Society in the 1960s (Leslie, 1965).

In the summer of 1976, the ENMU surveyed the central 4 square miles of the
WIPP site, including all of control zones I .and II. (sites-ENM 10201 through
ENM 10246 in Figure H-2). They found 64 isolated:artifact sites and 33 archae-
ological sites (three outside the 4 square miles).. The latter were taken to
be localities that had been used:and occupied by.prehistoric man. One such
site, with a metate, is shown in Figure. H-3.

The number of archaeological sites corresponds to an average density of
7.5 per square mile, significantly fewer than the Bureau of Land Msnaagement
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Figure H-1. Classification of archaeological sites according to various
authorities.

had inferred from earlier surveys. The ENMU classified the 33 sites according
to ‘a scale defined by the School of American Research: Task Locus, Special
Activity Zone, Limited Base, Home Base, Central Base, and Occupation Zone.

By this scale, twenty-seven of the sites (including the one shown in Figure
H-3) are Task Locuses and the remaining six are Special Activity Zones. No
pit houses, permanent structures, or other indications of heavy use were found
at ‘that time. (As indicated below, some have been found since.)

The main conclusions of the ENMU at that time were as follows (Nielsen,
1976, p. 23):

Cultural resources are remarkably uniform across the area.
Groundstone consists of wedge-shaped manos, and oval-shaped me-
tates. Although few in number, potsherds belong to the El Paso
Brown, Jornada Brown, and Chupadero Black-on-White types, which
date between A.D. 900-1300. These resources are tied to the
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Figure H-3. Overview of an archaeological site looking toward the east (top)
and oval basin metate (bottom).




Jornada Branch of the Mogollon. Of the seven projectile points
found, one was from the Archaic period (4000 B.C. to A.D. 500).

Q.; . The: others were probably of Jo:nada Mogollon authorship. o e
Hearths were often noted, with their presence being indicated
either by a dark stain in the soil, or by a scatter of burned
caliche or sandstone.

It is believed that the area was occupied seasonally by
hunting/gathering bands. The prime resources are acorns, mes-—
quite beans, rabbit, and deer. Owing to the relatively large
number of groundstone fragments, it seems likely that these
acorns and mesquite beans were probably primary resources of
these people.

As a result of these surveys, and at the instance of Thomas S. Merlan,
State Historic Preservation Officer, the WIPP site has been declared eligible
for nomination as.an archaeological district (Appendix I) because the 33 sites
located in the first archaeological survey, when taken together, are con-
sidered likely to yield significant information on prehistoric occupation.
Subsequent surveys have turned up two prehistoric structures, thus adding to
interest in the area. These structures are described below.

Continued site investigation has so far (June 1980) required building
about 30 miles of new road, drilling. 56 holes or hole complexes, installing a
meteorological tower, running 156 miles of off-road seismic lines, and making
about 9000 off-road resistivity measurements. Much of this work was outside
the original 4 sguare miles surveyed in 1976 and required archaeological clear-
ance. . In addition, surveys were made of the rights-of-way for the two access
roads and for the railroad. 1In the process, 15 new sites were discovered,
eight of them Special Activity Areas. Also found were two structures and one
possible structure. :

On the other hand, in the areas where the new surveys overlapped the orig-
inal one, eight of the previous sites could no longer be found. In mid-1978,
a survey was made. for a seismic line along the northern edge of the original
4 square miles. Schermer (1978, pp. 17-18) reports that "three previously de-
scribed sites lie along this corridor. . . . . Of these sites, ENM 10222 and
ENM 10239 were not encountered during this survey although the areas in which
they are supposedly located were surveyed. .These areas have been previously
impacted, and the sites may have been destroyed.". On_the right-of-way for the
south access road, six sites (ENM.10206, ENM 10207, ENM 10208, ENM 10209, ENM -
10211, and ENM 10212) could no longer be found.. Of them, MacLennan and Scher-
mer (1979, pp. 6-7) say that "during both the August, 1978, seismic survey
(Schermer, 1978) and this reconnaissance, these sites could not be relocated.
Due to the extremely low artifact density within these sites and to the exten-
sive activity in this area, ACA the Agency for Conservation Archaeology of
ENMU feels that these sites either do not exist or are not identifiable.”

The first of the three structures was found on an extension of a site
identified earlier outside the original 4 square miles (Schermer, 1978, pp.
13-14). His description of the site is as follows:

ENM 10230 is a massive site which follows the southwest face
4 ; of a ridge for more than 1/4 mile. The site is shaped roughly




‘like a boot . . . . /The ridge top and area immediately sur-
rounding the site are occupied by moderately large dunes (up to
3 m high). The majority of the site area is covered by a dense
lithic and ceramic scatter with evidence of numerous hearths.
Lithic materials include primary and secondary decortication
flakes, bifaces, utilized flakes, and numerous ground stone
fragments. Ceramics include Jornado Brown, Carlsbad Brown,
Chupadero Black-on-White, and an unidentified red-on-brown ware.

The most important addition to the description of this site
is the location of at least one room block. The room block is
an I-shaped sandstone foundation which measures 8.5 x 7.6 meters.
The structure consists of at least four rooms . . . . The foun-
dation is located five to eight ft below the crest of the ridge
and on the southwest face. In addition to this structure, two
more possible structures were located further north. These
.areas contain rectangular concentrations of small fragments of
caliche, approximately 3 to 5 m square. Concentrations of cali-
éhe as described above also occur at ENM 10229 and ENM 10407.

1 .

The second of these structures (ENM 10408) is in a newly discovered site
well outside the original 4 square miles. Of it, Schermer (1978, p. 16) says
only that "the site consists of a rectilinear concentration of caliche which
appears to be the remains of a three to four room jacal structure. The struc-
ture appears to have measured 3 x 5 meters. Several metate fragments occur in
the surrounding area."

Finally, another possible structure was reported in the southeast corner
of Section 17, just outside the original 4 square miles (Schermer 1978, p.
18). However, it has since been established that this site is a modern camp-
site established by field workers for the WIPP biology program.

Areas not yet surveyed archaeologically include most of control zones III
and IV as well as the rights-of-way for the electric-power line from the
northwest and for the water line to the north of U.S. Highway 62/180.

In summary, the area of the WIPP site seems to have been lightly but per-
vasively used by pre-Western man. It is not unique but is much,K like its sur-
roundings. Indeed, the number of sites so far found is considerably smaller
than would be inferred from the Bureau of Land Management estimates. It is
principally of interest archaeologically for the light it might shed on how
man can live in a marginal environment.
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Hi2 POPULATION

H.2.1 Population Trends and Distribution

In 1912, when New Mexico became a state, Eddy County contained approxi-
mately 9600 people. Betweén 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, principally
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 de~
pressed, and the population dropped to 41,119 by 1970. Since 1970 the econ-
omy of the area has improved, and the population has again increased. The
1979 population estimate compiled for this report shows that Eddy County had
48,200 inhabitants, an increase of approximately 7100 people over the 1970
Census figure. Since 1931 the population has fluctuated basically with activ-
ity in the potash-mining 1ndustry.‘ The county contains four municipalities:
Artesia, Carlsbad, Loving, and Hope. Carlsbad, the largest, had an estimated
28,600 inhabitants in mid- 1979, up from the 25,541 in 1960 and 21,297 in 1970
(Table H-3).

Lea County was organized in 1917 from parts of Chaves and Eddy Counties
and had 3545 residents in 1920. O0il exploration, begun in southeastern New
Mexico in 1924, brought substantial growth: by 1930 the populatlon had in-
creased to 6144 and by 1940 had more than tripled to 21,154. Continued growth
raised the population to 53,429 in 1960 (BBER, 1962). Between 1960 and 1970
Lea County sustained a population decrease of approximately 7.3%, owing mainly
to decreased o0il and gas exploration or production (USDC, 1970a). After 1970
the population increased from 49,554 to 57,500 in mid-1979 (Adcock, 1979).
Most of the growth was related to increased activity in the oil and gas indus-
try after 1973. Lea County has five municipalities: Hobbs, Lovington, Eunice,

Table H~3. ‘Population in Eddy and Lea Counties: 1960-1979

N

\\

Location Distance from site? (miles) Population
Air  Road 19600 19700 1979€
Eddy County NA NA 50,783 41,119 - 47,300
Artesia 47 64 12,000 ".10,315 10,950
Carlsbad 26 33 25,541 " '21;297- . 28,600
Loving 18 : 23 ‘1,646 © ©.1,192 - 1,600
Hope 61 80 S, - 108 90 190
Lea County NA NA 53,429 49,554 57,500
Eunice 35 49 3,531 2,641 2,550
Hobbs 41 o 51 - ~.25 275 gg;gg§ﬂ;_ﬁngteoo_v
Jal 37 - - 47 .. . 4,133 . 3,241 2,700
Lovington : 45 S 55 - o 91669~ 8}915 9,500
Tatum ‘ 64 1 © 1,168 982 900

a8pistance rounded to the nearest mile; NA = not applicable.
bpata from USDC (1970b).
Cpata from Adcock (1979).
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Jal, and Tatum (Table H-3). Hobbs, the largest incorporated place in the
county, had an estimated 1979 population of 32,600.

Both counties are fairly homogeneous racially and ethnically (Table H-4),
with a relatively small Spanish-origin ethnic group (statewide average
30.3%). The American Indian population is also relatively low: 0.3%, or 258
individuals in 1970 (statewide average 7.2%) (USDC, 1970c).

The agé 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. 1In both Eddy and Lea Counties the median age (27.2 and

- 25.9, respectively) is below that of the United States as a whole but signifi-

cantly above New Mexico's median age of only 23.9 years in 1970. The popula-

tion of Carlsbad has a relatively low percentage in the less-than~20 age group

and a relatively high percentage in the over-50 age group (39.4% and 26.7%,
respectively). The number of residents who are 65 or older is significantly

" higher in Carlsbad than the statewide average and the average for either Eddy

or Lea County. An active program to attract retirees is supported by the
Carlsbad area. The median age in Hobbs (25.5 years) is lower than that in
Carlsbad (29.4 years) (Table H-5).

Table H-4. Characteristics of the Population in Eddy and
Lea Counties?®

Percentage of populationb

Characteristic Eddy County Lea County

Race

White ' 97.1 93.7

Black 2,2 5.3

Other 0.7 1.1

Spanish origin or descent 25,4 10.9
Residence

Urban 76.9 81.1

Rural, nonfarm 18.1 15.1

Rural, farm 5.0 3.8

8pata from USDC (1970c).
bPercentages may not add to 100.00% because of rounding
errors.,

Net-population-migration figures indicate significant changes during the

‘last few years. In the 1960-70 period the two-county area was somewhat de-

pressed 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 5-year period and Lea County a loss of approximately 5200 (UsDC,
1977). Since the 1970 Census, however, there has been a significant change in
the net migration trend, with both counties showing a reversal: Eddy County
received a net migration gain of 3700 during 1970-79 and Lea County a net gain
of 2100 (Adcock, 1979).

H-12
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Table H-5. Percentage Age Distribution of Population (1970 Census)?

Percentage age distribution

United New Eddy Lea

Age States 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 3.4 4.5 3.6 4.9 3.6
65+ 9.9 6.9 8.8 5.4 9.7 5.3
Median age 28.1 23.9 27.2 25.9 29.4 25.5

8pata from USDC (1970a).

Although net migration during the last 9 years has been positive, major
growth in the two counties has been caused by natural increase: (births minus
deaths) : about 3400 persons in Eddy County and 5800 persons in Lea County, or
about 1.5 times the growth caused by in-migration (Adcock, 1979).

Population densities in the two counties are relatively low but slightly
higher than the 1979 statewide average of about 10.1 persons per square mile.
The population density in Eddy County was 9.9 in 1970 and is now approximately
11.6 persons per square mile. The population density in Lea County was 11.3
in 1970 and is now estimated at 13.1 persons per square mile. It should be
noted that the density figures are somewhat misleading because most of the pop-
ulation 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 (USDC,
1970b; Adcock, 1979).

Within 10 miles of the site, there’ are currently 16 permanent residents
and three commercial mining operations (Flgure H-4) w1th a total daytime em-
ployment of about 650 persons and con51derab1y smaller swing shlfts and night
shifts (Adcock, 1979).

Within 50 miles of the site (Figure H—5) there were more than 102,000 in-
habitants in 1979 (Table H-6). The major populatlon centers are listed in

Population projections to .the year 2010 are presented in Appendix M. From
1980 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 30-year period is approximately 1.3% per year, and the projected
annual growth rate for Hobbs is about 1.4% (Adcock, 1979).
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Kerr-McGee plant and mine: 151 emploveés {maximum), day shift

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

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

Smith (Cr)aivfor‘d) Ranch: seven permanent residents (18 seasonal part-time)

Pue’s Store: three permanent residents

TMOO®E >

Figure H-4. Population within a 10-mile radius of the site.

Demographic changes

Few demographic changes are expected within 10 miles of the site in the
foreseeable future. ' Interviews with ranch owners and managers indicate that -
one ranch house is expected to be built in the next 5 years, at the Mobley
ranch just south of NM 128, approximately 8 miles west-southwest of the center
of the site (Figure H-4). s

One other demographic change may occur north-northeast of the site, just
outside the l0-mile radius. A small trailer park (approximately 20 units) is
being built in and around the commercial establishment now known as the Half-
way Bar. Future plans for further trailer-park development are reported to be
partially -contingent on the construction of the WIPP (Adcock, 1979).

The population of workers at various mining operations in the 10-mile ra-
dius may vary from one period to another. During 1960-1970, the employment
level dropped significantly because of a-decreased demand for potash produced
in the Carlsbad area. Potash production now appears to have stabilized, at
least for the near future. This work force is not expected to change signif-
icantly in the next few years. : '
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Figure H-5. Area covered by a 50-mile radius of the site.

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 10 miles of the
site. 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

Gi} In 1970 nearly 90% of the employed in Eddy County were wage. and salary
workers (74% in the private sector, 16% in the government sector), approxi-
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Table H-6. 1979 Resident Population Within 50 Miles of the Sitedrb

Distance from site (miles) :
5-10 10-20 20-30 30-40 40-50 Total

Sector 0-5

North 0 0 35 25 . 175 25 260
Nor th~northeast 0 0 25 -5 55 5,610 5,695
Northeast 0] 0 0 25 75 8,660 8,760
East-northeast 0 0 15 70 205 33,200 33,490
East 0 0 5 15 3,240 - 155 3,415
East-southeast 0 0 5 10 3,035 295 3,345
Southeast 0 0 5 15 25 30 75
South-southeast 0 0 0 - 25 10 _ 40 75
South . 0 0 5 15 55 15 95
South-southwest 6 0 5 30 90 15 145
Southwest 0 it 55 30 10 45 140
West-southwest 0] 0 1750 200 50 65 @ 2,065
West 0 0 70 31,780 40 35 31,925
West-nor thwest -0 10 5 190 55 50 310
Northwest 0 0 30 20 65 12,055 12,170
Nor th-nor thwest 0 0 15 5 220 10 280
Radius total 6 ‘ 10 2025 32,460 7,440 60,305 102,245
Cumulative total 6 16 2040 34,500 41,940 102,245 —

Apopulation estimated by Adcock and Associates (1977-1979).
bpigqures for all areas beyond the 10-mile radius have been rounded to the
nearest 5.

mately 9% were self-employed, and 1% were unpaid family workers. 1In 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 (USDC, 1970b, 1975-1979).

A large proportion of employed workers are blue collar (craftsmen and fore-
men, operatives, nonfarm laborers, and farm laborers), with 45% of Eddy County
workers and 49% of Lea County workers belonging in this category in 1970 (USDC,
1970b). Data on earnings, poverty, and employment are given in Tables H-7,
H-8, and H-9.

Five unions are represented in Eddy and Lea Counties (Table H-lO); the
largest is the United Steelworkers Union. Four unions have local headquarters
in Eddy County.

Sociocultural conditions

During September and October 1979, unstructured discussions were held with
approximately 200 persons in the Carlsbad area. A number of general topics
were covered in an attempt to determine the sociocultural attitudes of resi-
dents in the general area of the WIPP. The persons interviewed were asked to
describe their feelings about their local communities and various issues re-
lated to the quality of life in the area. The topics of discussion included
attachment to the community, political processes, and land use.
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Table H-7. Median Earnings by Occupation, Ethnic Group, and Sex, Eddy and

Lea Counties, 19692

-

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, managers 9158 4808 - 9909 8000 -
Crafts, foremen 8050 - 6667 4375 8127 6085 5211
Operatives 7244 5019 7078 7629 4477 4853
Nonfarm labor 4297 3306 5469 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
Apata from USDC (1970c).
Table H-8. 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 12.5
Spanish 41.5 31.5
Black 24.4 50.7
Families with female head 50.0 47.0

dpata from USDC (1970c).

A clear majority of the interviewees rated the Carlsbad area as an above-

average area in which to 11ve. .Their reasons. 1nc1uded climate,

liness of residents, access 'to recreational fac111t1es, and the rural nature

‘the frlend-

of the area. Those rating it average ‘or below average cited excessive heat,
high living costs, a lack of adequate commerce, and a dearth of cultural amen-—

ities as reasons.

A significant majority of those interviewed expressed:a sense of belonging
to the community, but a small percentage felt that they were excluded from the
political process. Some people voiced concern about racial or ethnic relation-
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Table H-9. Employment Distribution by Industry, Sex, and Ethnic Group, Eddy and Lea Counties, 19692

Distribution (%) in REddy cOunty

Distribution (%) in Lea County

Industry

Total Male Female Spanish Black Total Male Female Spanish Black
‘Total number employ- ,
ed, 16 and older 14,145 9374 4771 3046 364 18,255 12,745 5510 1571 729
Agriculture 7 9 1l 17 4 S 6 1l 10 3
Mining 21 38 3 11 12 27 45 6 19 7
Construction 6 6 2 6 14 12
Manufacturing 5 6 3 6 7 5 6 3 4 1
Pransportation, com-
munications, and
public utilities 7 8 4 6 6 7 8 5 4 5
Wholesale trade 3 4 1 2 - 3 4 1l 2 2
Food, bakery
'~ dairy stores 2 2 4 3 - 3 2 4 3 2
Eating and drinking
establishments 3 -1 6 3 2 4 1 11 7 5
Other retail 11 10 13 12 9 12 10 16 14 6
Finance, insurance
-and real estate 3 3 5 1l 4 3 2 5 2 2
Business and repairs 2 3 2 2 - 4 4 3 3 3
-Personal and other - o
services - 7 7 3 16 10 32 5 2 14 8 32
Entertainment : ; : ‘ » . ‘ '
and recreation -1 1 1 1- 3 1 1 1 1 6
Health services - - L . . : L
"and hospitals 6 2 13 4 2 3 1 8 2 3
Education 9 5 18 10 5 7 3 14 3 6
Other professions 4 3 6 3 5 3 2 5 2 4
Public administration 4 4 4 3 7 3 3 1 1

3pata from the 1970 Census of Population.




Table H~10. Unions Represented in Eddy and Lea Counties, 1978arb

Q.) Number of

Area and activities covered

Name of union members
Carpenters' Local 1245 266
International Brotherhood 259

of Electrical Workers

Local 693
Iron Workers Local 775 40
Retail Clerks Local 462€ 325

United Steel Workers Locals 1560
177, 178a, 181, 183,
187, 188Aa, 8507

Carlsbad, Hobbs, Roswell Portales,
Clovis, Tucumcari; construction
contractors

Eddy and Lea Counties; electrical
workers at potash mines (Duval,
Potash Company of America, and
Mississippi Chemical); four out of
five local construction contractors

Eddy and Lea Counties; local con-
struction contractors, potash mines

Eddy and Lea Counties; retail stores,
grocery and department stores

Eddy and Lea Counties; potash mines,
Carlsbad city employees, school
custodial and maintenance workers

apata from Adcock (1979).

brocal offices in Carlsbad unless otherwise indicated.

Crocal offices in Las Cruces.

than it had been in the past. A large number stressed that there were no prob-
lems. It is important to note that very few persons perceived any conflict be-
tween old and new residents. Overall, the interviewed persons characterized
local residents as friendly, helpful, honest, and good.

In contrast to the positive attitudes about the community, approximately
half the interviewees felt they had no meaningful chance of affecting polit-
ical events. They felt that their involvement in the political process did
not count. Furthermote, many of the responding persons saw no reason for be-
coming involved and were not interested in doing so.  Only a small minority
perceived an ability to influence decisionmaking. '

Attitudes toward elected officials and their representation of the local
constituency were generally consistent with the feelings about ability to af-
fect local government decisions. Approximately half the interviewees felt well
represented, while the other half did not. Those who did perceive a lack of
good representation believed that only the wealthy;and special interests are

taken into account.

Local residents show a general preference for the current environment in the
Carlsbad area. The local consensus on land-use patterns leaned toward no changes
_ or only very minor ones. The changes most desired are increased agricultural
Qi} development, mineral development, and urbanization-industrialization.
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Churches and community organizations

: }

Carlsbad has 60 churches and 1 synagogue; Hobbs has 70 churches and 1 syna-
gogue; Loving has 3 churches. Of these churches, two in Carlsbad and one each 6i
in Hobbs and Loving are Catholic. Many of the remaining churches are Protes-
tant (BBER, 1977a,b; Adcock, 1979). '

There are 22 major civic and community organizations in Hobbs, 13 in Carls-
bad, and 2 in Loving. Most of these are fraternal organizations, with member-
ship in many restricted to men, although many have auxiliaries for wives (Ad-
cock, 1979). :

Social services

The social services available in both the Carlsbad—Lov1ng area and in the
mun1c1pa11ty of Hobbs are rather extensive and cover a wide range of activi-
ties. The organizations providing these services are listed in Tables H-11 and
H-12 for Carlsbad-Loving and Hobbs, respectively. "

Community planning capabilities

Carlsbad and Hobbs are experiencing considerable growth in population and
housing; this growth is expected to continue throughout the mid-1980s and prob-
ably into the year 2000. Both commiunities have planning agencies and various
other city agencies that.analyze and assist in the management of growth. The
village of Loving, which has also experienced growth since 1970, currently has
no municipal planning department (Adcock, 1979).

Table H-11. Social Services in Carlsbad-Loving, New Mexico?2

Total
Type of service Total partic- -
or facility ' staffb ipants® Program or activity

MENTAL HEALTH AND HEALTH SERVICES

Carlsbad Area Resource 19 373 Rape Crisis Center
and Counseling Center - Hotline Crisis Center

First offenders program
Mental-health services :
Treasure House Activity Center
Youth service counseling
Family counseling
Parents Anonymous
Testing and evaluatlon
Drug-abuse clinic

Alcoholism Council of 6 60 Outpatient counseling
South Eddy County Group counseling
' : Seminars and lectures
Initial screening for Cavern Lodge
Halfway house
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Table H-11. Social Services in Carlsbad-lLoving, New Mexico2 (continued)

-

Type of service
or facility

, Total
Total partic—-
staffbP ipants®

Program or activity

MENTAL HEALTH AND HEALTH SERVICES (continued)

FEl Centro Rural de Salud

Eddy County Health
Center

Eddy County Senior
Citizens Program

Senior Recreation Center

Loving Mealsite
Nutritional Program

Cottage Preschool
Hillcrest Day Care Center
Harding Webster Preschool

First United Methodist
Preschool

‘ } Campfire Girls

6 500
16 3000~
5000

SENIOR CITIZENS

NA 200
daily

4 550
daily

NA ‘ 50
: : daily

Primary medical care
Prenatal care

Family planning
Social worker
Counseling

Family planning

Prenatal care

Child-care clinic

Maternity education

Immunization program

Crippled~children's services

Social worker, South Eddy County

Women's, Infants', Children's
Nutrition Program

Vital statistics

SERVICES
Senior Citizens Nutritional
Mealsite

Recreation

Recreation
Club meetings

Classes

Senior Citizens Nutritional
Mealsite
Recreation

DAY CARE AND PRESCHOOL SERVICES

4 34
6 35
NA NA

. 39

Informal education, day care
Informal education, day care
Informal education, day care

Informal education, day care

YOUTH SERVICES

NA NA
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Recreation




Table H-11. Social Services in Carlsbad-Loving, New Mexico? (continued) -

.

Total
Type of service Total partic-
or facility . staffb ipants® Program or activity

YOUTH SERVICES (:zontinued)

Boys Club of Carlsbad 3 600 Organized sports
Recreation
Library

OTHER SERVICES

Amer ican Red Cross 2 200 Water safety training
Blood-donor program
Cardiopulmonary resuscitation

training

First-aid training
Disaster relief
Blood-pressure screening
Services to military families

EDUCATIONAL, VOCATIONAL, AND REHABILITATION SERVICES

Carlsbad Child Development 2 6-20 Preséhool——handicapped children
Center Family counseling
Carlsbad Association of NA 20-25 Counseling
Retarded Citizens Farm Vocational rehabilitation
Recreation

STATE AND FEDERAL SERVICES

Community Action Programs 125 550-600 Family planning
Head Start Program
Rural Health Clinic, Loving
Weatherization program
Rural housing program
Senior Citizens Nutritional

Program

Summer youth recreation
Emergency energy assistance
Crisis intervention program
Youth tutoring
Home education livelihood program

New Mexico Social 14 , 463 Referrals ,
Services Division Protective service for children
and adults

Disease investigation

Adult services

Adoption

Foster care G

H-22



Table H-11l. Social Services in Carlsbad-Loving, New Mexico? (continued)

Total
Type of service Total partic-
or facility staffb ipantsC

Program or activity

STATE AND FEDERAL SERVICES (continued)

Employment Services 20 463
Division

Nursing-home discharge planning

Homemakers service permanency
planning for children

Day care '

Family planning

Health support

Critical in-home care

Drug abuse

Youth services

Legal services

Emergency shelter

Family counseling

Employment information and referral
Aid to Families-with Dependent
Children

3pata from Adcock (1979).
bpata for 1979; NA = not available.

CMonthly estimates unless otherwise indicated.

Table H-12.

Social Services in Hobbs, New Mexico?2

Total
Type of service Total partic-
or facility staffb ipantsC

Program or -activity

\ MENTAL HEALTH AND HEALTH SERVICES

Crisis Center of Lea 25 500
County :

H-23

.Day activities for senior citizens

Group therapy "

Alcohol abuse

Child services

Parent education services

Drug abuse - '

Medication program

Methadone program

Educational programs for public
schools

Rape crisis program

Volunteer Shelter Bed




Table H-12. Social Services in Hobbs, New Mexico? (continued)

Total
Type of service Total partic-
or facility staffb ipants® Program or activity

MENTAL, HEALTH AND HEALTH SERVICES (continued)

Parents Anonymous 4 200 Telephone hotline and referral
(prevention and treatment Group meetings
of child abuse)

Mental Health Activity 1 119 Recreation, socials
Center Special education, gifts
and parties
Special Olympics
Annual scholarships

SENIOR CITIZENS SERVICES

Senior Citizens Center 6 1070 Classes
Dances
Workshops
Luncheons
Meals on Wheels
Information and referral
Occasional transportation services

Good Samaritan Village 68 124 Residence, recreation, entertain-
ment
La Siesta Retirement 37 55 Nursing, residence, recreation
Center

EDUCATIONAL, VOCATIONAL, AND REHABILITATION SERVICES

Child Development Center 4 79 Level D special education
of Lea County Speech therapy
Physical therapy
‘Vocational Rehabilitation 2 35 Medical treatment
(oil-field injuries) Counseling
Reeducation

Arranging financial assistance

Lea Work Activity Center 7 36 Recreation
(for the handicapped) Community services
Transportation

STATE SERVICES
Social Services Division 24 600 Counseling services

Limited critical in-home care
Family planning
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Table H-12.

Social Services in Hobbs, New Mexico2? (continued)

Type of service
or facility

Total
Total partic-
staffb ipants® Program or activity

Employment Services
Division

STATE SERVICES (continued)

Health support

Homemaker services

Information and referral

Adoption services

Day care

Protective services for
children

Foster care

9 337 Information and referral
Aid to Families with Dependent
Children

DAY CARE AND PRESCHOOL SERVICES

Kinder Care Learning 9 88 Informal education, day care
Centers, Inc.

Washington Nursery 10 90 Day care

Little Peoples Kountry 3 21 Informal education, day care

Kindergarten

Boys Club of Hobbs

Girl Scout House

Junior Achievement of

Hobbs

Amer ican Red Cross

YOUTH SERVICES.

5 1300 Indoor recreation
Library
Television
Organized sports

1 1000 World of Arts
World of People
World of the Out-of-Doors
World of Well-Being

NA NA Recreation
Community service

&
OTHER SERVICES

1 270 Services to military families
Disaster relief
ﬁlood-pressure screening
Water safety training
Blood-donor program
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Table H~12, Social_Services in Hobbs, New Mexico? (continued)

Total
Type of service Total partic-
or facility staffb ipants® Program or activity

OTHER SERVICES (continued)

Cardiopulmonary resuscitation
training
First-aid training

apata from Adcock .(1979).
bpata for 1979; NA = not available.
CMonthly estimates unless otherwise indicated.
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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, most governmental activity in Eddy and Lea
Counties is only a supportive function (USDC, 1975-1979). The nonbasic
sectors in the two counties include contract construction; transportation,
communications, and utilities; trade; finance, insurance, and real estate: and
services. Certain activities in the retail-and-services sector are larger
than might be expected because of heavy tourist traffic (Carlsbad Caverns).
Transportation facilities and the transportation sector in the area are well
developed because of the heavy industry.

Basic industries

Mining, which includes oil and gas extraction, is the major industry in
both counties. 1In 1978 mining employed approximately 3600 and 6000 persons in
Eddy and Lea Counties, respectively. 1In both counties employment in mining was
substantially higher than in any other industrial sector (NMESD, 1975-1979).

In Eddy County potash mining employs more than nine out of ten persons working
in this sector. Figures for 1977 showed that New Mexico (Eddy and Lea
Counties) supplied 93% of the total potash mined in the United States (USBM,
1978). 1In Lea County mining is centered on oil and gas (5800 employees in
1978); mining in potash, sand and gravel, rock salt, and caliche employed
fewer than 200 people in 1977 (NMESD, 1975-1979).

In Eddy County personal income from mining accounted for more than 24.6%
of total personal income in 1977. In Lea County this figure was just more
than 31.2%. Moreover, the impact of mining is increasing: personal income
from mining rose approximately 170% from 1970 through 1977, while personal
income from other services rose 118% over the same period (USDC, 1975-1979).

" At the beginning of 1978, there were 43 manufacturing companies with
approximately 920 employees in Eddy County and 51 manufacturing companies with
approximately 1085 employees in Lea County. 1In 1976 manufacturing was second
in income generated by -a basic‘industry. However, the total personal income
from manufacturing was only 5.2% of all personal income generated in the
two-county area (NMESD, 1975-1979).

In 1975 the principal subsector of .agriculture in .the two-county area was
meat animals and livestock. -In the immediate area of the WIPP site (10-mile
radius), agriculture is restricted to cattle grazing. Personal income from
agriculture in 1975 was less than 4% of the total personal 1ncome derived in

the two-county area.

*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).
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Trade and services

The 1972 Census of Business shows 454 retail outlets in Eddy County and
614 in Lea County, for a total of 1068. 1In Eddy County the majority, 281, are
located in Carlsbad. The total sales volume in 1972 was about $185.9 million,
or just over 8% of the statewide total of more than $2.3 billion. Although
little sales-volume information is available after 1972, retail sales in the
area have increased substantially. During the period 1972-1978, employment in
wholesale and retail trade increased from an average of 2500 to approximately
3500 in Eddy County and from approximately 3600 to 5200 in Lea County (NMESD,
1975-1979). -

The Rand-McNally 1978 Commercial Atlas and Marketing Guide shows both Eddy
and Lea Counties as basic trade areas (i.e., areas in which normal retail-
trade purchases are made). Rand-McNally defines 50 major trade areas with a
major central city from which substantial retailing and wholesaling operations
are conducted. The Carlsbad basic trade area, Eddy County, is in the major
trade area of El Paso; the Hobbs trade area, Lea County, is in the major trade
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 to any
significant degree. Therefore, Rand-McNally notes few leakages in normal re-
tail purchases from the two-county area. However, 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 increased substantially during the
period 1972-1978, with service-sector employment in Eddy County rising from
approximately 1900 to 2700 and in Lea County from approximately 1800 to 2300
(NMESD, 1975-1979).

Tourism

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 1978 it received 867,276
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.

The effects of tourism in the area can be readily seen in employment
statistics, with retail trade and selected services being most affected. For
example, employment in eating and drinking establishments more than triples in
the three summer months, and summer employment in lodging increases 60% to 70%
over winter employment (NMESD, 1975-1979). Other secondary and tertiary serv-
ices affected by tourism (e.g., curio 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
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most of the impact from the national park, has a total of 20 motels and hotels
with approximately 1100 rooms (data from the Carlsbad Department of Develop-
ment, 1979).

Financial resources

In Eddy and Lea Counties there are .a total of nine chartered banks--four
holding state charters and five holding national charters. Five of these
eight banks (three state and two national) are in Eddy County. Assets, lia-
bilities, and deposits as of'December 31, 1978, are reported in Table H-13.

‘There are four savings and loan institutions in the two-county area. The
three with main offices in Eddy .County are mutual savings and loan institu-
tions that have combined assets of more than $148.3 million and total savings
accounts of more than $118.9 million. The savings and loan institution with a
main office in Lea County at Hobbs is a capital-stock institution; it has
total assets of more than $27.4 million and about $21.3 million in total sav-
ings accounts. N

There are three credit unions in the two-county area. The two credit
unions in Eddy County (one in Carlsbad and one in Artesia) are for school em-
ployees; both are insured by the National Credit Union Administration.. They
have combined assets of more than $2.7 million and combined shares and depos-
its of just over $2.2 million. The credit union in Lea County at Lovington,
insured by the New Mexico Credit Union Insurance Corporation, has total assets
of over $1.4 million and total shares and deposits of $1.2 million.

Nineteen small-loan licensees are doing business in the two-county area.
Ten are in Eddy County: six in Carlsbad, three in Artesia, and one in Loving.
Nine are in Lea County: six in Hobbs, one in Jal, and two in Lovington (NMDB,
1979).

In Carlsbad long-term (25-30 years) financing for residential mortgage
loans is provided primarily by the savings and loan associations. The banks
do provide some short-term and. interim financing.

The availability of mortgage loans has fluctuated in accordance with the
credit (interest-rate) conditions throughout the nation. The State of New
Mexico Usury Law requires any mortgage loan with' an interest rate higher than
10% to be sold in the "secondary" mor tgage-loan market. Secondary-market
funds have also fluctuated in accordance with the credlt condltlons and inter-
est rates. § ;

The Carlsbad municipal drea is regulated by the existence of a 100-year
floodway, as defined by the Federal Insurance Administration's Flood Insurance
Study. Because the 1oca1 government has rejected: thescrlterla that establish
qualification for Federal flood 1nsurance, local mortgage -loans are available
only for developments’ out51de ‘the boundarles of ‘the 100-year floodway (Flgure
H-6). -l , I , L

}

Periodically, the State of New Me§1co F1nance Authorlty (NMFA) provides
funds for residential mortgage loans.” The financial institutions in Carlsbad
do participate in the distribution of these funds when they are available.
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Banking Activity in Eddy and Lea Counties?®

Table H-13.
State National . Total Total Equity Total
Location banks Branches banks  Branches assetsP liabilityP = capitald depositsP
New Mexico 46 113 . 40 111 4904.7 4547;1” 323.8 4296.3
Eddy County 3 4 2 1 231.9 213.3 16.9 211.2
Carlshad 2 4 2 1 143.2 133.0 "9.4 131.0
Artesia 1l 0 1 0 88.7 8l1.2 7.5 80.1
Lea County 1 7 3 8 342.0 317.9 19.4 302.4
Hobbs 1l 7 2 5 297.7 276.3 17.4 261.2
Lovington 0 0 1 3 44.3 . 41.6 2.0 41.3

2pata from Sixty-fourth Annual Report, New Mexico Department of Banking, issued 1979

(December 31, 1978, data).
bMillions of dollars.
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During 1979, NMFA funds bearing a 7.75% interest rate were available through-
out EAdy and Lea Counties; demand for the NMFA loans 11qu1dated the available
funds soon after they became available.

Currently, neither the savings and loan associations nor the banks extend
mortgage loans for commercial establishments in Carlsbad.

In Hobbs the savings and loan associations and the banks provide financing
for long- and short-term mortgage loans. Generally, the availability of resi-
dential and commercial loans has fluctuated, the conditions being similar to
those described for Carlsbad. A municipal bond issue has recently provided
funds for residential mortgage loans.

Because of Loving's proximity to Carlsbad (12 miles), its residential and
commercial mortgage-loan market reflects the conditions existing in Carlsbad.

H.3.2 Labor Force

Labor force is defined by the U.S. Department of Labor as persons who are
employed and those who are unemployed and are actively seeking employment. In
the first 6 months of 1979 the combined total labor force in Eddy (19,905) and
Lea (25,815) Counties was approximately 45,700. Total employment in the two-
county area was 43,855 (NMESD, 1975-1979). ‘

Between 1974 and 1978 the economy of both counties expanded, the total
labor force increasing by approximately 7800 individuals (20.6% for the peri-
od, 4.8% annually). The overall growth of employment for the 4-year period
was 22.4%, or about 5.2% 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 the first 6 months of 1979
was approximately 4.1%, the rate varies significantly between Eddy (4.3%) and
Lea - (3.9%) Counties (NMESD, 1975-1979).

Emglozment

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 under 2000
employees in the two counties in 1977 (USDC, 1975-1979). 1In 1978 manufacturing
employed approximately 2000 persons: 921 in Eddy County and 1087 in Lea County
(NMESD, 1975—1979).

-The distribution of employment among industrial sectors is presented 1n
Table H—14.

Unemployment

Unemployment in the two-county area is lower than the State average; the
1978 average rates were 4.5% in Eddy County and 4.0% in Lea County. Seasonal
unemployment rates vary significantly, with higher rates during June and lower
rates in late spring and late fall. The variations occur primarily because of
fluctuations in the summer-month employment patterns of agricultural, student,
and certain noncontract school personnel (NMESD, 1975-1979).
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Table H~14. Employment Sectors

Percentage
Industry distribution@
Agriculture 5
Mining 26
Manufacturing 5
Construction ' 6
Transportation, communications, and 9
utilities
Wholesale and retail trade 24
Finance, insurance, and real estate 4
Services 13
Government 12

Apata from the New Mexico Employment Security
Department NMESD (1975-1979). Percentages do not
add to 100% because of rounding.

Applications for work through the New Mexico Employment Security Department
(formerly the Employment Security Commission) reveal that a large number of
people with 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 disguised unemployment

The unemployment rate computed by the State and Federal governments is
based on persons actively seeking employment. An area may sometimes have a
concurrent low level of defined unemployment and significant underemployment
(i.e., occupations or jobs that do not take full advantage of an employee's
potential). Although labor statistics and wage rates indicate that there may
be some underemployment because of seasonal employment patterns in the two-
county area, underemployment does not appear to be significant in the labor
market.

Disguised unemployment may exist when many persons who are not actively
seeking employment would take a job if one were available in the area. Dis-
guised 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 gverage, 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~15). Only two of the 20 major employers,
Levi Strauss and the Holly and Navajo Corporation, are listed by the Employ-
ment Secur ity Department as manufacturing companies.
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Table H-15.

Major Employers in Eddy and Lea Counties@

Number of employees Company Services
EDDY COUNTY
151-250 Mississippi Chemical Mining
Lakeview Christian Home Retirement home
Holly and Navajo Corporation Refining
251-500 Kerr-McGee Corporation Mining
Duval Corporation Mining
Amax Chemical Mining
Guadalupe Medical Center Medical
501-750 Potash Company of America
(Ideal Basic Industries) Mining
International Minerals Mining
Not known Evangelical Lutheran Center Nursing home
LEA COUNTY
100~-150 Halliburton Company 0Oil fiela
Moran Company Oil-well drilling
First National Bank Banking
151-250 BsM (well service) 0il field
Levi Strauss Manufacturing
General Telephone Utility
251-750 Lea County Regional Hospital Medical
El Paso Natural Gas Refining natural
gas
National Potash Mining
Not known M.G.F. Drilling Company 0il-well drilling

Apata from the Carlsbad Department of Development (1977-1979) and the

Industrial Development Corporation of Lea County (1979).

Personal income

The total annual personal income in 1977 was listed_by the Bureau of
Economic Analysis as $276.8 million in Eddy County and $360.5 million in Lea

County.

sonal income of all State residents.
County has been showing steady increases in recent years.

The two-county area accounts for about 9% of the total annual per-
The total annual personal income in Lea
Because of de-

clines in the potash industry during the middle and late 1960s, Eddy County
sustained a decrease in the total personal‘income in 1968 and in 1969 barely
reached the level established in 1967; since 1968, however, it has shown
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increases. While information after 1977 is not avallable, trends in the area
and in the State 1nd1cate that the total personal income in the two-county
area has been increasing at more than 12% per year since 1976 (USDC, 1975~
1979).

The per-capita 1ncome in the two counties is higher than that in the
State: in 1977 it was $6811 in Lea County, or approximately 16.5% above the
$5846 registered statewide level, and $6089 in Eddy County, about 4.2% above
the statewide level. 1In Lea County the per-capita income increased 118.5%
between 1970 and 1977, while 1n Eddy County the increase was only slightly
less at 101.7%. The statewide level increased 99.8% durlng the same period;
thus the per-capita income for the two-county area is increasing faster than
the statewide average. It is important to note that the per-capita income in
both counties is above the national average for non-SMSA (Standard Metro-
politan Statistical Area) counties. 1In Lea County the per-capita income is
118.2% of the non-SMSA county national average, while the Eddy County level
is 106.0% (USDC, 1975-1979).

H.3.3 chsiqggand Land Use

Carlsbad

According to officials of the City of Carlsbad, between June 1977 and
August 1979 Carlsbad annexed 8544 acres of land, thereby increasing the land
area within its city limits to 13,335 acres. With the addition of the an-
nexed land, most of which is vacant, the total vacant land area in Carlsbad
amounts to approximately 7500 acres, whlch is 57% of the total mun1c1pa1
acreage. ‘ o -

Land-use patterns inside the c1ty limits are currently changlng. 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 loca-
tion or the total amount of land to be available for future re51dent1a1, -com-
mercial, and industrial development.

Information from the City of Carlsbad shows that, during the period 1970-
1977, new housing units were added to the city's housing stock at a rate of
approximately 160 per year. . Actual.construction averaged approx1mate1y 180
units per year for that perlod, w1th approxlmately 25 of ‘the new construc-
tion units rep1a01ng structures that were classified as . "demolltlons. Con-
currently, the vacancy rate decreased from approxlmately 3% in 1970 to l% by
1977.. In 1978 constructlon activity increased, with. 257 new hou51ng units
being constructed However, . demolitions and populatlon growth malntalned the
vacancy rate at an average of approximately 1%. If. ‘the: vacancy rate were to
have been reestablished at a level of 3%, generally accepted as the desirable
vacancy rate that permits orderly population and community growth, it would
have been necessary to construct an additional 153 hou51ng un1ts in’'1978.

By m1d—1979 the Carlsbad hou51ng stock was estlmated to be approximately
10,198 units (Table H—16) The most recent 1nformat10n from the City of
Carlsbad (1979) 1ndlcates that the vacancy rate has remalned at a level of
approximately 1%.
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Temporary housing is available on a seasonal basis in Carlsbad's 20
motels, which have a total of about 1100 rooms. ‘Between Memorial Day and
Labor Day occupancy rates are about 100%. Nonsummer occupancy rates on week-- Gi
ends are as low as 50% in some motels but 95% to 100% on weekdays (data from
the Carlsbad Department of Development, 1979).

The Federal Housing Authority's Section 8 program provides rent and util-
ity assistance (75%) to qualified renters. Generally, to qualify, a person
must be more than 62 years old, disabled, or handicapped and have an income
of less than $8500 (single-person limit). In November 1979 there were 91
program participants and approximately 25 to 30 applicants for the program
(personal communication from J. Haut, U.S. Department of Housing and Urban
Development, Roswell, New Mexico, 1979).

Table H-16. Housing Stock in Carlsbad, 1978

Type Total o Occupied Unoccupied
All units 10,1982 10,045P 153
Single-family units 8,1662 8,044€ 122
Multifamily unlts ) 1,1012 1,084€ 17
Mobile homes ' 9314 917¢ 14

ABased on data from the U.S. Department of Commerce, 1970
Census of Housing (USDC, 1970c), and subsequent bulldlng-permlt
and demolition data.

bpased on population and household-size estimates prepared
for this report. ,

Coccupancy rates assumed identical for all housing types.

dpatum from Adcock (1979).

Hobbs

According to current information from the City of Hobbs (1979), the total
land area inside the Hobbs city limits, including the Hobbs Industrial Air
Park, is about 14,830 acres. Not including the Air Park, approximately 1070
acres are vacant and available for residential, commercial, or industrial
development. Virtually the total area of the Air Park is vacant at present,
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 1377, new housing units were added to the Hobbs housing stock
at a rate of about 215 per year. Actual construction averaged 254 units per
year for the period, with about 40 units per year replacing condemned or re-
moved structures. This relatively low rate of addition to the housing stock
- caused the vacancy rate to decline from nearly 9% in 1970 to just over 1% in
1975. 1In 1976 and 1977 construction activity increased, with 414 new housing:
units added in 1976 and 611 units in 1977, and vacancy rates increasing to Gi
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about 2% because of the recent construction activity. At the end of 1977, the
housing stock in Hobbs was estimated at 10,879 units. The year 1978 saw a
continuation of increased housing construction, with 466 new units added.
However, demolitions and population growth maintained the vacancy rate at an
average of approximately 2%. If a vacancy rate of 3% were to have been re-
established, it would have been necessary to construct 114 additional housing
units in 1978.

" At the end of 1978, the Hobbs housing stock was estimated to be approxi-
mately 11,345 units (Table H~17). The most recent information from the City
of Hobbs (1979) indicates that the vacancy rate has remained at a level of
approximately 2%.

Temporary housing in Hobbs is available in 11 motels with 482 rooms. Sea-
sonal occupancy patterns are very similar to those for Carlsbad. On a year-
round basis, occupancy averages 84%, with the Memorial Day to Labor Day rate
at 95% or higher. Nonsummer occupancy is lower than summer occupancy on the
average, but midweek occupancy is very high even in nonsummer months.

The Federal Housing Authority's Section 8 Program currently provides rent
and utility assistance to 39 gualified renters in Hobbs, and there are approx-
imately five applicants on the waiting list (personal communication from J.
Haut, U.S. Department of Housing and Urban Development, Roswell, New Mexico,
1979).

Table H-17. Housing Stock in Hobbs, 19782

Type Total Occupied Unoccupied
All units 11,345 11,119 226
Single~family units 8,677 8,503 174
Multifamily units 1,295 1,269 26
Mobile homes 1,373 1,345 28

Apata from the City of Hobbs, 1979. Occupancy based on a
vacancy-rate estimate in this housing count, with vacancy rates
assumed to be 1dentlcal for all housing types.

[

Loving

During the period 1970 through October 1979 the housing stock in Loving
increased by 19.9% from 403 (uspcC, 1970c) to 483 hou51ng units (Table H~18)
(Adcock, 1979). The vacancy rate decreased from 27% (109 units) in 1970
(USDC, 1970¢c) to 4.3% (21 units) in October,1979 (Adcock, 1979)

Official information regardlng the current (November 1979) quality of
housing is not available; the most recent information is for 1974. According
to the results of a 1974 housing survey conducted by the Southeastern New
Mexico Economic Development District (SENM EDD), 58% of the housing units were
of sound condition, 26% were deteriorating, and 16% were dilapidated.
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_ The. 1974 SENM EDD survey used the number of mobile homes in the community
as a measure. of the quallty of hou51ng .stock; mob11e homes ‘are con51dered to
be, 1nferlor to’ other types of structurally sound housxng uhits. - Recently, the
number of mobile ‘homes in. Lov1ng has been: 1ncrea51ng., During -the period 1974- ii
1979, ‘mobile homes increased from ‘the 14 units counted in the above—ment1oned
urvey to 49 un1ts (Adcock 1979), an 1ncrease of 250%. :

The results of'the 1979 Loving structure 1nventory compiled by Larry
Adcock and Associates show that neither the overall numbers nor the percent-
ages of sound versus deteriorating and dllapldated hous1ng units have changed
51gn1f1cantly since 1974.

The Federal Housing Authority's Section 8 Program had no recipients in

Loving as of October 1979 (personal communication from J. Haut, U.S. Depart-
ment of Hous1ng and Urban Development, Roswell, New Mexico, 1979)

Table H-18. Housing Stock in Loving, 19793

“Type Ji ' ‘ - .Total ) _ Occupied Unoccupied
All units - 483 : 462 21
Single-family units . 410 389 21
Multifamily units - 24 24 NAP
‘Mobile homes 49 49 Nab

8pata from Larry Adcock and Associates (1979), Res1dent1a1
Commerc1al, and Service Structure Inventory.
bNA = not applicable. .

H.3.4. Community Facilities
Eduoation'“‘.

There are three publ1c school d1str1cts in Eddy. County and five in Lea
County, with a. comblned 1978~ 1979 enrollment of 21,927. Three public school
dlstr1cts ‘appear likely to exper ience ‘substaritial impacts from the WIPP.
Special education, adult education, and technical-vocational programs are
offered through the munlc1pal school systems in Carlsbad and Hobbs.

Three 1nst1tut1ons of hlgher .education are in the vicinity of the WIPP
site: .a ‘branch of thé New Mexico State UnlverS1ty in Carlsbad and the Néw
Mexico Junior College and the College of the Southwest (a small 4-year insti-
tutlon) in Hobbs. The Eastern New Mexico Unlver51ty maintains a branch in
Roswell, about 75 miles north of Carlsbad, and has its main campus in Por-
tales, approximately 110 ‘mileés north of Hobbs. The New Mexico Mllltary Insti~
tute is also located in Roswell Somewhat farther from the site are the New
Mex1co State Un1vers1ty, with a main campus in Las Cruces and a branch in
Alamogordo, and the Unlver51ty of Texas at El Paso.

Carlsbad.’ Informatlon obtalned in 1979 from the Carlsbad School District
shows. that the Carlsbad school system con31sts of ten elementary schools, two Gii
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junior high schools, one mid-high school, and one senior high school, with a
combined enrollment of about 6620 students. This enrollment is well below the
capacity of 10,000 students. As shown in Table H-19, the excess capacity
exists at all grade levels. o s

Table H-19. Carlsbad School District Enrollment?@

Grade
Year K-6P 7-8 9-10 11-12 Total

ENROLLMENT CAPACITYC
4600 1860 1770 1870 10,000
ACTUAL ENROLLMENTS
1977-1978 3178 1390 1132 1037 6737

1978-1979 3501 982 1178 960 6621

3pata from the Carlsbad School District (1979).

bIncludes special education "C" and "D" kindergarten students
counted as full time.

CAssumes a capacity of 24 students per classroom.

dcar1sbad 40-day average daily membership reports.

The Carlsbad school system has a complete special education program that
conforms to standards set by the State of New Mexico. With approximately 455
students at present, the special education program serves mentally retarded
persons between the ages of 5 and 21 and also assists children with speech and
learning disabilities.

Adult-~education programs are provided through the public school system.
These programs offer training in basic skills as well as classes leading up to
General Education Development Tests. )

Technical-vocational training programs are provided by both the high
schools and the branch of the New Mexico State University. There are also
work/study and other vocational training programs for the mentally retarded.

Hobbs. The Hobbs school system currently consists of ten elementary
schools (kindergarten through grade 6), three junior high schools (grades 7
through 9), and one high school (grades 10 through 12). .According to informa-
tion from the Hobbs School District, the total enrollment for the 1978-1979
school year was about 7630 students (Table H-20). This enrollment is somewhat
below the estimated capacity of 8350 students. '

Special education programs are offered for persons between the ages of 6

and 21. There are also programs for children in grades 1 through 6 with learn-
ing disabilities.
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Table H-20. Hobbs’School District Enrollment in
the 1978-1979 School Year@®

Grade
K-6P 7-9 10~12 Total

ENROLLMENT CAPACITYC
4630 1990 1730 8350
ACTUAL ENROLLMENTY

4237 1715 1677 7629

Apata from the Hobbs School District (1979).

bincludes special education "C" and "D"
kindergarten students counted as full time.

CAssumes a capacity of 24 students per
classroom.,

AHobbs 40-day average daily membership reports.

Table H-21. Loving School District Enrollment
in the 1978-1979 School Year?

Grade
KD 1-6 7-9 Total

ENROLLMENT CAPACITYC
48 240 140 428
ACTUAL ENROLLMENTA

‘ 35 188 199 342

4pata from the Loving School District (1979).

binciudes special education "C" and "D*
kindergarten students counted as full time.

Cassumes a capacity of 24 students per
classroom.

droving 40-day average daily membership reports.

Adult education classes that upgrade basic skills to the eighth-grade
level are offered. Classes preparing for the General HEducation Development
Tests are also provided,
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Technical-vocational programs are provided by the high school and the
New Mexico Junior College. There is also a special vocational rehabilitation
program for the mentally retarded.

Loving. The Loving school system currently consists of two schools:
one elementary and one junior high school. According to information obtained
in 1979 from the Loving School District, some 120 high-school-age students
from the Loving district currently attend classes in Carlsbad schools. The
district's combined enrollment totals 342 full-time students (Table H-21).
The enrollment is well below the school-district capacity of approximately
430 pupils. This excess capacity exists at all levels except the fourth and
sixth grades. '

Municipal water systems

Carlsbad. According to information provided by city officials in
1979, Carlsbad obtains its water from a well field in the Capitan Reef
(Figure H-7) and through a pipeline from the Double Eagle System to the
northeast of the city. -There are eight wells presently pumping water from
the Capitan field and 22 wells in the Double Eagle field. 1In addition, there
are three wells within the city limits that are not used because the water
under Carlsbad is of lower quality than water outside the city limits.

The city has rights to 9200 acre-feet per year in the Capitan Reef and
7648 acre-feet per year in the Double Eagle field. In addition, Carlsbad has
rights to 10,640 acre-feet per year from a well field north of the city in
the Ogallala Formation, giving the city total rights to over 27,000 acre-feet
per year.

Current (1979) consumption averages about 5.8 million gallons per day
(mgd) in Carlsbad. Peak consumption is about 16 mgd, well within the current
26 .4-mgd capacity of the delivery system.

Hobbs. Information obtained in 1979 from city officials shows that
Hobbs currently has rights to 18,888 acre-feet of water per year from ground-
water 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 commuhities in eastern New Mexico. The status of this
project is currently very uncertain, and 1t is not known when, if ever, the
delivery of water to Hobbs will beg1n. -

Municipal water is supplled from 28 wells located in and around the city
(Figure H-8). The current potential yield of the wells is about 14 mgd.

Average consumption is phrrently 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 mgd. Thus, al-
though the total water rights in the Ogallala Formation are adequate for cur-
rent demands (about 7050 acre-feet per year), there is a need for additional
wells and storage-and-delivery facilities. The recent completion of four
additional wells will partially alleviate the existing water system's limita-
tions.
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Loving. Loving currently obtains its water supply from four.wells located !
about 7 miles from the community (Figure H-9). The village purchased the sys- ~
tem in 1960 from a private firm., The system contains one 125,000-gallon and ‘i
one 150,000-gallon storage tank. Water is also supplied to the community.of
Malaga, which is south of Loving (communication from Molzen-Corbin and Associ-
ates, Albugquerque, New Mexico, 1979).

The available water rights of 800 acre-feet per year are sufficient to
meet the current and future needs of the community, considering its relatively
slow' growth. '

The current average consumption is approximately 91 million gallons per
year, or 258,000 gallons per day. The peak consumption of approximately
500,000 gallons per day exceeds the present system's delivery and storage
capacity of 250,000 gallons per day (data from Molzen-Corbin and Associates,
Albuquerque, New Mexico, 1979).

To meet the current water demand, the existing 6- and 8-inch pipeline is
scheduled to be replaced by a 10-inch pipeline. 1In addition, a new 500,000-
gallon storage facility is to be constructed at the well site. Bids for the
water-system improvements were opened in October 1979.

Municipal wastewater systems*

Carlsbad. The Carlsbad municipal sewage-treatment plant, inadequate for
current needs, is being expanded and upgraded, with construction expected to
be completed by September 1981. On completion, the plant will have a design
capacity adequate to serve 50,000 people. Effluent waste will be used. to
irrigate a 700-acre farm owned by the city.

Sewage-collection facilities provide service to the entire city (Figure
H-7). 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.

Hobbs. The 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 and a capability to expand 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
being rebuilt and one being paralleled by a new bypass line. The completion
of the project is expected early in 1980.

Since April 1, 1978, developing areas north of Hobbs (Figure H-8) have
been restricted by the New Mexico Environmental Improvement Division to the
use of evapotranspiration septic systems because of past problems with sewage
from percolation systems seeping into local water supplies. The use of the

N

*Data obtained from the City of Carlsbad (1979), the City of Hobbs (1979),
and the New Mexico Environmental Improvement Division (1978), unless otherwise ‘
stated.
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evapotranspiration systems is expected to prevent further problems with resi-
dential sewage in areas not connected to the Hobbs municipal sewage system.

Loving.‘ The municipal sewage~treatment plant built in 1950 does not meetf;
current effluent standards set by the New Mexico Water Quality Commission. t
Consequently, the village has received a Federal grant to construct a new’
treatment facility. At present, the appropriated funds ($300 000) equal
approximately 50% of the design and construction costs for an adequate plant.
Loving is still seeking additional funding to start the project (information
from MOlzen—Corbin and Associates, Albuquerque, New Mexico, 1979). :

The treatment plant now in use is a primary system and has a rated capac-
ity of 0.15 mgd. Accord1ng to the Southeastern New Mexico Economic Develop-
ment District, it is experiencing a demand of 55% to 60%. The sewage facility
serves approximately 1600 people (Adcock, 1979). :

Sewage-collection facilities provide service to the majority of Loving's
residents. The only exception is the extreme eastern section of Cedar Street
(Figure H~9). Because this area's elevation is lower than that of the current
system, -a lift station would be required to provide collection services. The
residents of the area now use individual septic tanks.

Electric service*

Carlsbad and ILoving. Eddy County obtains electricity from the South-
western Public Service Company. 1In April 1979, the area including Carlsbad,
Loving, and the surrounding rural area contained 12,536 customers. Of this
total, 11,247 were residential and 1289 were commercial or industrial custom-
ers. Although the residential customers were numerically the largest class of
electricity users, they accounted for only 22% of electricity demand; the com-
mercial, industrial, and miscellaneous customers accounted for the remaining
78%. Approxlmately 75% of the power is currently generated by natural-gas
plants and 25% by coal-fired plants. Another coal-fired plant will become
operational in June 1980, changing the ratio of power-generation sources to
65% for natural gas and 35% for coal. In addition, it is expected that one
coal-fired plant will be completed in each of the years 1982 and 1984; the
effect of the two additional coal-fired plants on the ratio of natural-gas to
coal-fired generation cannot now be ascertained.

Hobbs. The New Mexico Electric Service Company supplies electricity to
Hobbs. In September 1979, New Mexico Electric served 13,607 customers in the
area within the Hobbs School District boundaries. Of this total, 11,548 were
residential, 1747 were commercial, and 312 were industrial customers. Al-
though the residential customers were numerically the largest class of elec-
tricity users, they accounted for only 16% of electricity demand; the commer-
cial and industrial customers accounted for 15% and 69%, respectively, of
electricity demand. - The electricity is generated by a single natural-gas
plant. The company is studying the feasibility of using coal, but no decision
on a conversion has been made.

*Data obtained in 1979 from the Southwestern Public Service ComPany
(Carlsbad and Loving) and the New Mexico Electric Service Company (Hobbs).
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Natural-gas serv1ce*

Carlsbad In January 1979 "“the Gas Company of New Mex1co ‘was supplylng
natural ‘gas to 9816-customer accounts 'in the Carlsbad area ‘(8845- residential,
856 commercial,; 17. industrial, and 98 mlscellaneous) The residential, com-
mercial, industrial; and- mlscellaneous users accounted for 16%, 6%, 76%, and
2%, respect1ve1y, of the natural-gas demand in Carlsbad : :

Hobbs.“ In: January 19794, the Hobbs Gas Company was supplylng natural gas
to 10 712 customer accounts: in the- Hobbs area (9415 residential, 1245 commer-
cial, 6 1ndustr1al, and 46 m1scellaneous) The re51dent1al, commerclal, indus-
trial, and miscellaneous users accounted for 64%, 27%, 2%, and 7%, respective-
ly, of the natural—gas demand 1n Hobbs.

Lov1ng. In January 197’ﬁ thel Gas Company of New Mexico was supplying nat-
ural gas to 453 customers_ln the Loving area (395 residential,” 34 commercial,
1 industrial, and 23 mlscellaneous) The residential, -commercial, industrial,
and miscellaneous’ users accounted for 56%, 7%, 28%, ‘and 9%, respectlvely, of
the natural-gas demand in Loving.

Fire protectlon**,

Carlsbad and Eddy County. The Carlsbad Fire Department has 30 full-time
employees,. or about 1.04 per 1000 people, operating out of the main fire sta-
tion and four substations (Flgure H-7). Major equipment includes two 1500-gpm
pumpers, one 1000-gpm pumper, three 750~ -gpm pumpers, and a dry—chem1ca1 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~8) and seven fire trucks. Approximately
one~third of the department s calls are’ out51de the c1ty llmlts to assist the
all—volunteer Lea County F1re Department

Lov1ng. The Lov1ng F1re Department currently is an all-volunteer organi-
zation composed of 25 members. ‘The depar tment operates out of one station
(Figure H-9) and 1s equ1pped w1th three pumpers and one emergency vehicle.
The general service area for the department is the Vlllage of Lov1ng, but
service to areas adjacent to thé" v111age limits is also prov1ded

Police protection**-

Carlsbad and. Hddy”County. The Carlsbad Pol1ce Department has 48 full-
time employees, or'about l 7 per 1000 people.A The prlmary area served by the

*Data obtained in 1979 from the Gas . Company of New ‘Mexico (Carlsbad and
Loving) and the- Hobbs Gas’ Company.
**Data obtalned in 1979 from the c1t1es of Carlsbad, Hobbs, and Loving
unless otherw1se stated
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department is the city, but officers go outside the city limits to assist New
Mexico State police or Eddy County Sheriff's officers on request. City police

also have Eddy County Sheriff's commissions to facilitate their activities Gi
outside city limits. '

The Eddy County Sheriff's office has about 23'full-time employees. 1In
addition, as discussed above, the office can call on Carlsbad police officers
for assistance if needed (data from the Eddy County Sheriff's Office, 1979).

Eddy County had a total of 89 officers (State Police, Sheriff's Office,
and Police Department) in 1978, or 1.9 per 1000 people (Adcock, 1979).

Hobbs and Lea County. The Hobbs Police Department has 81 full-time em-
ployees, or about 2.5 per 1000 people. Moreover, Hobbs has developed a pro-
gram (Operation Saturation) 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, whether on or off duty. The
police department serves the city primarily, with only occasional calls out-
side city limits.

The Lea County Sherriff's department has approximately 33 full-time em~
ployees. 1In addition, the department can call on Hobbs police officers for
assistance if needed.

Lea County had 124 officers (State Police, Sheriff's Office, and Police
Department) in 1978, or approximately 2 per 1000 people.

Loving. The Loving Police Department has two full-time employees and
three vehicles. The department services the city, with only occasional calls
outside the village limits.

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 34-bed Artesia General Hospital. On the basis of
mid-1978 Eddy County population estimates, the 168-bed county total amounts to
3.5 per 1000 population. This is below the national average of 4.0 beds per
1000, but it is representative of the State of New Mexico's average of 3.5 per
1000. Nonetheless, the mid-1979 Guadalupe Medical Center occupancy rate of
65% 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-22.

- There are 35 physicians in Eddy County, 30 of whom use the facilities of
the Guadalupe Medical Center. Twenty-one of the county's physicians provide
primary care, or about 0.5 per 1200 population. Although there are no gener-
ally 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

*Data obtained in 1979 from the Guadalupe Medical Center (Carlsbad and
Eddy County), the Lea Regional Medical Center (Hobbs and Lea County), the City
of Carlsbad, and the Village of Loving, unless otherwise stated.

-
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Table H-22. Area Medical Facilities?

Eddy Lea
Facility Carlsbad CountyP - Hobbs County®
Short-term hospitals 1l 2 1l 2
Hospital beds (plus basinettes) 134 (18) 168 (NA) 180 (20) 203 (20)
Nursing homes 2 2 2 3
Intermediate-care facilities
and home health agencies Nad 3 NA 3
Clinics (including mental
health) NA 6 NA 4
Primary-care clinics 0 1 1 1
8 18

Pharmacies 14 17

8pata from the New Mexico Health Resources Registry, Guadalupe Medical
Center, Lea Regional Medical Center, and Adcock (1979).

PIncludes Carlsbad.

CIncludes Hobbs.

dNot available.

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 17 dentists in Eddy County (NMHRR, 1979).

Emergency medical services are provided by a Dallas, Texas, company that
has a contract with the Guadalupe Medical Center. The emergency services
operate a 24-hour emergency room staffed by three physicians, of whom one is
always in attendance and specializes in emergency treatment.

Ambulance service .is provided by the Carlsbad Fire Department. There are
currently four vehicles in use, and a fifth has been ordered. Ambulance serv-
ice normally covers an area within about 30 miles of the city. Each ambulance
is staffed by two emergency medical technicians (EMTs). The Fire Department
has three full-time EMTs on the staff, and 25 additional pa1d volunteer (part-
time) EMTs are available. :

Hobbs and Lea County. Lea County has two short-term hospitals: the Lea
Regional Medical Center in Hobbs, with 180 beds, and the Community General
Hospital in Jal, with 23 beds. Populatlon estimates for mid-1978 show that
Lea County has 3.6 hospital beds per 1000 populatlon, which is less than the
national average of 4.0 beds per 1000 and -more than the New Mexico average of
3.5 per 1000. Nevertheless, the mid-1979 Lea Regional Medical Center occu-
pancy rate of 65% is below the Federal standard of 80% proposed for all non-
federal, general, short-term hospltals.

Additional medical facilities in’ Lea County (Table H-22) include five
clinics, one of which, located in Hobbs, prov1des primary care. In addition,
there are three nursing homes and three intermediate-care and home health
agencies (NMHRR, 1978).

There are 33 physicians in Lea County, 25 of whom are located in Hobbs.
Thirty of the physicians provide primary care, or 0.6 per 1200 people. This
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ratio is considerably lower than the ratio suggested by Bennett (1977) of 1.0
per 1200. Partly as a result of this low ratio of primary-care physicians to
the population, Lea County was classified as a medically underserved area in
1976 by the Secretary of Health, Education, and Welfare for purposes of de-
termining eligibility for Health Maintenance Organization: fundlng (Bennett,
1977). 1In addltlon, there are 12 dentists in Lea County (NMHRR, 1979)

Emergency medical services are provided by a Dallas,‘Texas, company that
has a contract with the Lea Regional Medical Center. .The emergency room is
open 24 hours per day, with one physician who spe01allzes in emergency treat-
ment always in attendance.

Ambulance service. is provided by the Hobbs Fire Department, wh1ch cur-
rently operates three ambulances. The ambulance service area extends to
Lovington on the north, the county line on the west, into Texas on the east,
and about 15 miles to the south of Hobbs. Each ambulance carries two EMTs on
all calls. The Hobbs Fire Department employs 40 EMTs full time, which is to
say that most fire-department personnel are qualifled as EMTs. The department
also employs one EMT instructor, c

Loving. The communlty of Loving has only one medlcal faC111ty, El Centro
Rural de Salud. It opened in 1977 and has a staff of six. .Federally funded,
the health center specializes in primary medical care. Services-at the clinic
include prenatal care, family plannlng, counseling, and medical advice and
referral.

Short-term hosp1tal1zat10n is available in Carlsbad at the Guadalupe
Medical Center. Ambulance service is available from either the Lov1ng or the
Carlsbad Fire Department.

Traffic and transgortation:' regional

Plpellne transportatlon. Accord1ng to 1nformat10n obtalned in 1979 from -
the El Paso Natural Gas Company, a 12.75-inch’ natural—gas plpellne passes
through  the WIPP site about a mile north of its center, tunning in an east- .
west direction. This plpellne was bu1lt in the 1940s. Approximately 8. to 9
miles south of the site is a 26-inch El Paso Natural Gas line that also runs
east-west.

Air transportatlon. The commerc1a1 alrport nearest to the WIPP site 1s
the Cavern City Air Terminal, about 30 miles to. the west. To the- east—north-
east lies the Hobbs-Lea County Airport, about 35 mlles away. There are no
landing strips within 10 miles of the site. The site, however, is traversed
by commercial air traffic between Carlsbad and Hobbs. o

Highway transportatlon. Figure H-10 shows the average daily traffic flow
in the environs of the 31te (the annual average daily traffic flow at selected
control locations is shown in Figures H-11, H-12, and H—l3). .Data for the
overall flow of vehicles indicate sufficient capacity for the highway: capac-
ity ratings vary from 20 to 29 on a scale of 30 on the sectlon of road be-

tween Carlsbad and Hobbs. ,P

Portions of NM 31 and NM 128 lie within 10 miles of the site, and U.S.
Highway 62-180 runs east to west about 10 miles north of- the site. .U.S. High-
way 62-180, part of the Federal Aid Primary System, is a four-lane divided
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Figure H-10. Average daily traffic flow in the area of the WIPP site, 1978.

highway from Carlsbad to the Lea County line, For 17 miles east of the Lea
County line, the highway has two lanes; for the rest of the distance into
Hobbs, it is again a divided four-lane h1ghway.h,,~A . . .

New Mexico 31, a two-lane road with a. bituminous surface, runs north to
south about 10 miles west of the site. There is’ little or no shoulder on
certain portions of the. hlghway. According to the New Mex1co State Highway
Department (1979), one sectlon within 10 m11es 'of the site has an overall
pavement width of 18 feet and a total :oadway width of 20 feet.

New Mexico 128, running east to west, traverses the southern portion of
the 10-mile radius. This State-maintained two-lane bituminous-surface high-
way is part of the Rural Federal Aid Secondary System, as is NM 31. Pave-
ment widths vary between 20 and 22 feet for sections within 10 miles of the
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site, and the roadbed is at least 22 feet wide. From the intersection of NM
31 and NM 128 to the present access road to the site, the highway traverses
several small salt lakes or ponds; here there is virtually no shoulder, and in
some areas there is an abrupt drop of 2 to 3 feet from the paved surface level
to the pond or lakebed . level. Several inspection trips revealed a significant
amount of maintenance along these areas on NM 128 and along similar areas on
NM 31. Surface and safety ratings and Figures H-11 and H-12 show significant
deficiencies along certain portions of NM 128 and 31. It is suspected that
‘these low ratings are caused partially by the presence of certain low areas
that collect salt water and turn into salt lakes or ponds (Adcock, 1979).

Railroad transportation. 1In the two-county area, two companies operate
rail systems: the Atchison, Topeka and Santa Fe, and the Texas-New Mexico
Railroad. The Atchison, Topeka and Santa Fe enters New Mexico from the south,
running parallel to U.S. 285. It connects the communities of Loving, Carls-
bad, -and Artesia in Eddy County and proceeds north to connect with the Atchi-
son, Topeka and Santa Fe main line at Clovis. Spur lines to the potash-
mining area have also been constructed.

The spur ‘line to. the Duval Nash Draw mine offers the closest access to the
WIPP site. The proposed extension of this spur will connect the site with the
Atchison, Topeka and Santa Fe line. The Texas-New Mexico line enters at the
southeast corner of Lea County and parallels NM 18, connecting the communities
of Jal, Eunice, Hobbs, and Lov1ngton. The line ends just north of Lovington.

Carlsbad transportation system

Current traffic-flow levels are well within the existing capacity of the
street system. - Inspection of the street system shows few unpaved streets
within the city limits. The condition of the street system appears to be good
and shows adequate maintenance.

Commercial air service is provided by three airlines: Air Midwest, Crown
Aviation, ‘and Permian Airways. Each airline company has two daily scheduled
arrivals and departures. Commercial air service is provided for transporta-
tion. between Carlsbad and Hobbs and Albuquerque, New Mexico, and Midland,
Odessa, and El Paso, Texas.

The Santa Fe Railway‘provides the area with freight service. Piggybadk
seryice is available, and daily switching service is sustained.

Three interstate'motqg-freight carriers (Apex Freight Lines, Sun'Freight-
ways, and Sundance Transportation) serve Carlsbad. Each freight-carrier com-
pany has terminal facilities in Carlsbad.

' Intrastate and interstate bus transportation is available through the New
Mexico Transportatlon Company, Inc., an affiliate of Greyhound Bus Lines.
A private carrier provides mass transportation to the commercial mining opera-
tions. Currently there are. 28 round trips per day to the mining sites in the

. Carlsbad area. There are no public-transit facilities in Carlsbad other than

a taxicab company that operates four vehicles (Adcock, 1979).

H~52

€



€S-H

C

RDSECT!  FLow?  SecT3  SURF4  WIDTH IN FEET : CONDITION RATING ovAL 13
Loc # DIR LENG  TYPE pavTS ROwWY6 ADT?  FDONT®  sSur®  DR'®  SAF cap12 RATG

1 N 1.7 Bit- 20 22 663 10 1 09 02 27 56
2 N 8.7 Bit 20 20 250 10 1 07 01 29 63
3 N 34 Bit 18 20 272 10 10 05 02 .29 60
4 N 2.9 Bit 24 28 487 10 09 10 02 29 60

-Source:  Ratings for Highway Improvements, Rural Federal-Aid Secondary System, 1976, New Mexico State Highway Department, Planning and Programming

Division, in cooperation with U.S, Department of Transportation, Federal Highway Administration,
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Figure H-11. Average daily traffic flow on NM 31, 1977. (See page H-56 for explanation.)
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RoSECT!  FLOWZ  SECT3  SURFY  WIDTH IN FEET

CONDITION RATING ovaL 13
Loc#  DIR LENG  TYPE pavi® rRowy® Apt? - ronT® . SURY  DRT0  sAF!!  cAPl2  RATG
1 E 8.1 Bit 20 2 237 10 10 06 01 29 62
2 E 9.8 Bit 2 22 168 10 12 07 02 29 68
3 E 95  Bit 2 2 2n 10 11 06 02 29 62

Source: Ratings for Highway Improvements, Rural Federal-Aid Secondary System, 1976, New Mexico State Highway ‘__Diepartmentﬁ,‘lflanning and?rpgramming
Division, in coaperation with U.S. Department of Transportation, Federal Highway Administration,
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Figure H-12. Road conditions and traffic flow on NM 128, selected sections. (See page H-56 for explanation.)
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roSecT! FLow?  SECT3  SurRF?  WIDTH IN FEET CONDITION RATING ovaL 13
LOC # DIR LENG  TYPE pavTS Rowy® apT?  rFoNTB  sur® DR safF!!  capi2  RATG
9 E 2.3 Bit 24 36 2,409 10 15 10 03 28 63
9 w 23 Bit 2 28 2,409 10 12 10 03 28 59
10 E 4.1 Bit 24 40 2,123 10 24 10 04 28 75
10 w 4.1 Bit 20 26 2123 10 16 10 02 28 64
1 E 5.3 Bit 24 40 2,031 10 27 10 20 28 g5
1 W 53 Bit 20 30 2,031 10 16 10 04 28 67
12 E 14 Bit 2 40 1,854 10 27 10 20 28 85
12 w 14 Bit 20 26 1,854 10 16 09 03 29 66
13 0 8.4 Bit 22 30 1,881 10 12 09 03 20 53

Source: Raﬁn s for Highway Improvements, Rural Federal-Aid Primary System Inten;states stem Included, 1977, New Mexico State Highway
Department in cooperation with U.S. Department of Transportation, Federal Highway Administration.
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Figure H-13. Road conditions and traffic flow on US 62-180, selected sections. (See ‘page H-56 for explanation.) »
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EXPLANATION OF TERMS FOR
Figures H-11l, H-12, and H-13

RD SECT, LOC #: Number on route map identifying the subject location.
FLOW DIR: Traffic flow or direction. O - und1v1ded highway; N -
northbound; E - eastbound; W - westbound.

SECT LENG: Length of the rating section in miles and tenths.

SURF TYPE: Bit - bituminous.

WIDTH IN FEET/PAVT: Width of bituminous surface recorded in an even
number of feet. '

WIDTH IN FEET/RDWY: The distance between outside shoulder lines.

ADT: Average daily traffic, the average number of vehicles passing a
given point on the highway in a typical 24-hour period of up to 72
hours; count in both directions on the divided highways.

FDNT: Foundation rating - 10 points. Foundation can be rated only 10
for adequacy or 0 for inadequacy. A rating of 0 is given to sections if
any of the following conditions exist: 1 - traveled way less than 18
feet wide; 2 - lack of adequate and uniform cross section, including
side ditches; 3 - paved surface indicating failure that could not be
corrected by the addition of a few inches of surface material.

SUR: Surface. The surface receives a rating on the scale of 0 to 30.
If surface is in relatively good condition but showing first signs of
deterioration, it receives a rating of 15. More advanced decay, while
still in fair, usable condition, is rated between 10 and 15. Pavement
in a condition justifying replacement is assigned a rating of 10.
Increasingly poor conditions to the point of complete deterioration are
rated 10 to 0.

DR: Drainage - 10 points. Lack or inadequacy of drainage facilities
reduces the total of 10 points allotted for completely adequate drain-
age. The amount of reduction is proportional to the relative lengths of
the deficient segment to the total rating section and the degree of the
deficiency.

SAF: Safety - 20 points. The other conditions that are rated also in-
volve features of safety; however, this rating is concerned with certain
conditions as follows: 1 - sStopping sight distance less than permitted
by the design speed; 2 - horizontal curves sharper than permitted by the
design speed; 3 - bridges narrower than the traveled way width; and 4 -
dips.

CAP: Capacity. A rating between 0 and 30 is assigned to represent the
capacity characteristic of the rating section. From a rating of 30,
indicating full capability to carry the actual existing traffic load
(ADT), to a rating of 0 to 10 indicating a deficient section, the de-
creasing numerical value indicates the increasing presence of signifi-
cant factors contributing to the decline of the traffic-~carrying capa-
bility of the roadway.

OVAL RATG: Overall rating. This overall condition rating is an ad-
justed indicator representing a weighted average of the previous five
categories. The formula used to arrive at this adjusted rating from the
total rating takes into account the average traffic volume for the sys-
tem of which it is a part.
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Hobbs transportation system

Current traffic-flow levels are well within the existing capacity of the
street system. Inspection of the street system shows few unpaved streets
within the city limits. The condition of the street system appears to be
good and shows adequate maintenance.

The Hobbs area is served by the Hobbs-Lea County Airport, 3.2 miles west
of Hobbs on a paved four-lane highway. The Federal Aviation Administration
maintains a control tower and provides air and ground communications. The
longest runway at this airport is 7400 feet. At present, three commercial
carriers provide air service to Hobbs: Air Midwest, Crown Aviation, and
Permian Airways. Air Midwest has six, Crown has three, and Permian has two
daily arrivals and departures., These carriers give Hobbs connecting service
with Albuquerque and Carlsbad, New Mexico and Lubbock, Midland, and El Paso,
Texas.

Hobbs is served by the Texas-New Mexico Railroad, a subsidiary of the
Texas and Pacific Railway. This railroad provides daily freight service to
the Hobbs area and operates piggyback service from Lubbock, Texas.

Six interstate and intrastate motor-freight carriers serve the Hobbs
area: APEX Freight Lines, C-B Motor Freight, Illinois-California Express,
OEA Express, Texas and Pacific Motor Freight, and Yellow Freight Systems,
Inc. In addition, several trucking firms provide specialized or custom
hauling of heavy equipment. United Parcel Service serves the Hobbs area for
the shipment of small packages and envelopes. Bus service is provided by
Texas-New Mexico and Oklahoma Coaches, Inc., with nine arrivals and depar-
tures daily. There are no public-transit facilities in Hobbs other than two
taxicab companies operating a total of five vehicles.

Loving transportation svstem

Traffic-flow levels within Loving are well within the existing capacity
of the street system. According to information obtained in 1979 from the
Village of Loving, no unpaved streets inside the corporate limits were left
after the paving construction completed by the New Mexico State Highway
Department in 1978. Traffic-flow statistics published by the New Mexico
State Highway Department are only for urban areas with a population of 5000
or more. Therefore, no statistics for Loving are available to the public.

Air transportation for the city is avaiiablelat the Cavern City Municipal
Airport in Carlsbad. . : .

The Santa Fe Railroad, which passes directly through Loving, offers
piggyback services in Carlsbad for area residents. The New Mexico Transporta-
tion Company (Greyhound Bus Lines) provides six scheduled departures daily.
Three of these proceed north to Carlsbad, while three continue south to Pecos,
Texas. Motor-freight service is available in Carlsbad. Local bus or taxi
service is not available. '

Loving has no public~transit facilities. However, the Eddy County Com-
munity Action Corporation operates a low-income transportation service. The
Carlsbad Association for Retarded Citizens Farm also provides transportation
for its Loving clients.
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Communications services and facilities

Information on communications services and facilities was obtained in
1979 from the General Telephone Company of the Southwest, which serves Carls-
bad, Loving, and Hobbs.

Carlsbad. In September 1979, the General Telephone Company of the South-
west had 12,302 main stations in the Carlsbad area. Of this total, 10,069
_were residential customers and 1811 were business customers. The remaining
422 main stations include mobile services, pay stations, rural services, and

four-party business services.

Hobbs. 1In September 1979, 10,688 main stations were in service. Of this
total, 7403 were residential customers, 3200 were business customers, and 85
were mobile business customers.

Loving. In September 1979, 539 main stations were in service, with 476
residential and 52 business customers. The remaining 11 main stations in-
cluded four-party business, mobile services, and rural services. '

' Recreation

The State Comprehensive Outdoor Recreation Plan produced in 1976 lists a
variety of popular activities in the two-county area. The 10 most popular
activities, in decreasing order of popularity, are park visits, picnicking,
attending sports events, bicycling, walking for pleasure, sightseeing, swim-
ming in pools, fishing, tennis, and camping.

The many recreation facilities shown in Figure H~14 meet the demand for
these activities. Primary among these facilities are the Lincoln National
Forest in the Guadalupe Mountains, the Presidents' Park along the Pecos River
in the City of Carlsbad, the Carlsbad Caverns National Park, the Living
Desert State Park, and several small fishing lakes. New Mexico Highway 137,
which enters the Lincoln National Forest, has been proposed as a scenic route.

Both Eddy and Lea Counties offer a variety of opportunities for hunting
birds and game.

Recreation within 10 miles of the site consists mainly of scattered bird
hunting on Bureau of Land Management property, recreational-vehicle driving,
or trail-biking. The area within the 10-mile radius offers very few unique

"sightseeing attractions. Interviews with ranchers indicate that birdhunters
frequent the area mainly for quail. Some target practice and rabbit hunting
have been noted. However, none of these activities occur on a large scale or
appear to be coordinated among the local inhabitants.

Regarding the future, there are plans for developing new recreational
facilities and for expanding and improving existing facilities throughout
Eddy and Lea Counties.

The communities of Carlsbad, Hobbs, and Loving have plans for developing,
expanding, and improving their recreational facilities (parks, tennis courts,
shooting ranges, etc.) under the auspices of the Heritage Conservation and
Recreation Service Grants Program of the U.S. Department of the Interior.
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Outside the communities, primary examples of projects with future development

plans are the Living Desert State Park (State of New Mexico Parks and Recre-

ation Department), Cottonwood Cave (U.S. Forest Service) and the McKittrick Gi
Hill Caves (Bureau of Land-Management).

Carlsbad. The City of Carlsbad has numerous recreational facilities:
more than 100 playing fields; 12 tennis courts; 2 golf courses; 1 dirt auto-
race track; 1 bowling alley; 1 indoor and 1 outdoor movie theater; and 1
rollerskating rink. There are 17 municipal parks and 3 others just outside
the city. Other main attractions within the city limits include the Carlsbad
Municipal Museum and the complex of Lake Carlsbad and Presidents' Park. At
Lake Carlsbad there is an overnight campground as well as many picnic tables.
In addition, there is a senior citizens' recreation center. One KOA camp-
ground is within the city limits and one is 20 miles south, at the entrance
to the Carlsbad Caverns National Park at White City (Adcock, 1979).

Hobbs. The recreational facilities include 28 tennis courts, 2 golf
courses, 4 swimming pools, and 2 bowling alleys. There are 12 municipal
parks, 16.5 acres of public picnic grounds, and a variety of playground
equipment at the city parks. There are various ball parks throughout the
city and an active Little League. 1In addition, the State of New Mexico is
constructing a 120-acre state park at the Industrial Air Park just north of
the city's center. Completion is expected in late 1983 or early 1984.

Just north of Hobbs, at Humble City, there is a dirt track for auto rac-
ing. = To the south there is a motor cross track on the Kornegay Ranch. Each
year in the Hobbs area there is a national soaring meet for sailplanes.

Other local recreational amenities include three fully enclosed handball
courts and many outdoor courts. There are a gun club and target range with
trap shooting nearby and several rodeo arenas (Adcock, 1979).

_Loving. The recreational facilities available in the community of Loving
are primarily located in the village's two parks. A small children's park
containing a basketball court is located near the city hall. The larger
Guevara Park and recreational complex is in the southern part of town. The
park contains two baseball fields, a tennis court, a children's playground,
and a community center and picnic area. Other local recreational facilities
include the junior-high-school gymnasium and adjacent playing fields (Adcock,
1979).

Residents of Loving have access in Carlsbad to entertainment facilities
like swimming pools, movie theaters, bowling alleys, golf courses, etc.
(Adcock, 1979).

Solid-waste management

Data on solid-waste management were obtained in 1979 from the cities of
Carlsbad, Hobbs, and Loving. A summary is presented in Table H-23.

Carlsbad.  Solid-waste collection and disposal service for Carlsbad is
provided by the city. The landfill site, northeast of the city (Figure H-7),
is operated in conjunction with Eddy County, which excavates the disposal
trenches. The landfill site is new and has an estimated life of 30 years. Gi

H-60



Table H-23. Solid-Waste-Disposal Systems?
Item Carlsbad Hobbs Loving
COLLECTION
Responsible agency Municipal Private Municipal

Residential
Frequency
Monthly fee
Number of routes

Commercial
Frequency
Monthly fee

Number of routes

Number of vehicles by age
Two years or less
Three to five years
More than five years

Responsible agency
Type of landfill

Size of landfill

Estimated remaining
life

Pieces of equipment

Disposal fee

Number of employees

Twice per week

$3.00

7

1-6 per week

Based on time
to collect

1

7

4

3

Twice per week
$3.00
4

1-6 per week

Based on container
size and frequency

2

3
2
3

SANITARY LANDFILL

Municipal and

Private and

county county
Trench and Trench
area
~50 acres 480 acres
30 years 30 years
1b 2b
None None
PERSONNEL
45b 25b

Once per week
$2.00
1

None

OO

Municipal and
county

‘Trench and

area
50

30 years

1b
None

2b

a8pata from the Carlsbad Sanitation Department (October 1979), Waste Control of
New Mexico (Hobbs, October 1978), and the Village of Loving (October 1979).
Figures given do not 1nclude equ1pment or personnel provided by the county

for excavation.

)
{
H
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r

The city uses 14 garbage trucks, three of which are.at least 5 years old, to
cover one commercial and seven re51dent1al routes.4 The service area is de-

fined by the city limits.

Hobbs.

Solid-waste collection and disposal in hobbs is provided by a pri-

vate firm using eight vehicles to cover the four res1dent1al and two commer-

cial routes in the city.

city (Figure H-8), is operated in conjunction with Lea County.
ii; site has an estimated life of 30 years.
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Loving. Solid~waste collection and disposal service for Loving is
provided by the village. The landfill site, located northeast of Carlsbad, is
operated in conjunction with Eddy County, which excavates the disposal
trenches at the landfill site. The site is new and has an estimated life of
30 years.

3

Loving has one vehicle to provide this service to the area defined by the
village limits shown in Figure H-9. The vehicle is more than 5 years old.

H.3.5 Local Government

Carlsbad. A mayor-counc1l form of city government serves the City of
Carlsbad. 'The mayor is elected for a 2-year term, the council members are
elected for 4-~year terms.

Revenues for Carlsbad were about $10.4 million in f1sca1 year 1978 1979
(Table H-24). , .

About 64% of Carlsbad revenues came from intergovernmental transfers in
1978-1979, with State gross-receipts-tax distributions accounting for most of.
the State transfers: In fact, gross-receipts—tax revenues constitute the
1argest single source of revenues for the city, accounting for more than 22%
of the 1978-1979 total. More than 52% of Carlsbad's own-source revenues came
. from utilities in 1978-1979. On the other hand, as in most New Mexico
communities, property taxes con