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LESSER PRAIRIE-CHICKEN AREA OF CRITICAL ENVIRONMENTAL CONCERN

Justification for Nomination

Nomination

Pursuant to the Federal Land and Policy Management Act (FLPMA) of 1972,43 U.S.C.

'1701, et seq., petitioners hereby petitions the Bureau of Land Management (BLM) to

designate the below described BLM administered public lands as an Area of Critical

Environmental Concern (ACEC) for the critically imperiled Lesser Prairie-Chicken

(Tympanuchuspallidicinctus). Petitioners respectfully submit this nomination as an

interested party, pursuant to BLM Manual '1617.81B (2000) and section 553(e) and

555(e) of the Administrative Procedures Act, 5 U.S.C. §§ 553(e) et seq., which grants

members of the public the right to nominate areas of BLM-administered lands for ACEC

designation. The petitioners have identified this area, which we refer to as the proposed

Lesser Prairie-Chicken ACEC, as a potential ACEC based on the relevance and

importance criteria as outlined in BLM manual 1613. As will be shown, the critically

imperiled status of this species requires that the BLM authorize an amendment to the

current programmatic land use plan to allow for the designation of the proposed Lesser

Prairie-Chicken ACEC.

Introduction

The Federal Land Policy and Management Act (FLPMA) mandates that the BLM

manage public lands in a manner that protects environmental quality, including important

wildlife habitat, water resources and other ecological values (43 U.S.C. '1701). FLPMA

also mandates that, in developing and revising land use plans, the BLM must give priority

to the designation and protection of ACECs (43 U.S.C. '1701). In the New Mexico BLM

Standards for Livestock Grazing, finalized in January of 2000, the Lesser Prairie-Chicken

was given priority as a special status species. In addition, in response to a 1995 petition

to list the Lesser Prairie-Chicken under the Endangered Species Act (ESA) the U.S. Fish

and Wildlife Service (USFWS) found that the species was warranted for listing as a
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threatened species under the ESA, but that the species listing was precluded by the need

to list other higher-priority species. The "warranted, but precluded" finding established

the Lesser Prairie-Chicken as a "candidate species" under the ESA. The USFWS has

continued to find the Lesser Prairie-Chicken's listing to be warranted but precluded in

every year since the 1998 petition finding. Additionally, in 1999 the director of the New

Mexico Department of Game and Fish (NMDGF) made a recommendation to the New

Mexico State Game Commission (NMSGC) to list the Lesser Prairie-Chicken as

"threatened" under the New Mexico Wildlife Conservation Act. The director's

recommendation was never acted upon. Finally, the U.S. Forest Service in Region II lists

the Lesser Prairie-Chicken as "sensitive", and the species is listed as "threatened" by the

Colorado Division of Wildlife. Therefore, designation of the proposed Lesser Prairie-

Chicken ACEC would be a significant partial requirement toward fulfilling the BLM's

mandate under FLPMA, as well as under the BLM's policy requirements (BLM Manual

'6840.06) to conserve special status species.
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Figure 1. Exterior Boundaries of the proposed Lesser Prairie-Chicken ACEC. The proposed Lesser
Prairie-Chicken ACEC includes 935 km of BLM lands within the indicated boundaries. The proposed
ACEC correspond to BLM designated core habitat for the Prairie-Chicken, vegetation and habitat
community types and known Prairie-Chicken populations.
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Location and Site Description

The proposed Lesser Prairie-Chicken ACEC is located in a series of adjacent parcels

north and south of highway U.S. 82. The southern parcel is in an area administered by

the BLM's Carlsbad Field Office and begins just below the 4 th Standard Parallel

(approximately 330 24' N), straddling the Eddy and Lea county lines. This area

encompasses approximately 388.5 km2, 87% of which is BLM Land, with an additional

48.6 km2 of State and private land. The northern parcels are administered by the BLM's

Roswell Field Office, extend northward to the 1" Standard Parallel (approximately 330

48' N), and are contained entirely within Chaves County. The northern parcels consist of

one large area bisected by U.S. 380 and two small areas to the north adjacent to U.S. 70.

These areas together encompass approximately 740.6 km2, 74% of which is BLM land,

with another 194.2 km2 of State and private land. The proposed ACEC would consist

only of the BLM Land within the boundaries (Figure 1).

The boundaries of the proposed ACEC are delineated by BLM designated "Core

Habitat Areas" for the Lesser Prairie-Chicken, known lek sites and vegetation and habitat

composition. The sites are composed of a diversity of habitats required to support stable

populations of Lesser Prairie-Chickens, including lekking grounds, nesting habitat, brood

rearing habitat and wintering habitat. The principal community type occurring within the

boundaries of the proposed ACEC is the shinnery-oak-grassland type, recognized by the

U.S. Forest Service as "a rich wildlife habitat" compared to the surrounding vegetation

communities, that is in need of study and protection due to the clearing of oak as a land

management practice (Peterson and Boyd 1998). The northern parcels of the proposed

Lesser Prairie-Chicken ACEC contain the relatively small Mescalero Sands ACEC, a 32

km2 area characterized by the BLM as a "drifting sands, endemic plant and wildlife

community" that itself contains 7.3 km2 of State Lands and 1.3 km2 of private land

suitable for acquisition (BLM 1997: 2-80). The northern parcels also include the 1.0 km2

Mathers Research Natural Area (RNA), an area managed so that only "natural ecological

changes and limited management activities are allowed", Visual Resource Management

(VRM) class I (BLM 1997: 2-66).
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The northern parcels of the proposed Lesser Prairie-Chicken ACEC contain some of the

highest densities of known active lek sites within New Mexico (Morrissey 1995, BLM

1997, Peterson and Boyd 1998). The northern parcels of the proposed Lesser Prairie-

Chicken ACEC are within the core of the remaining Prairie-Chicken habitat in New

Mexico (Bailey and Williams 2000, Bailey 2002). The southern parcel of the proposed

ACEC contains the remaining majority of the species habitat on public land, as well as a

large portion of historical lek sites on public lands in New Mexico (Morrissey 1995,

BLM 1997, Peterson and Boyd 1998, Bailey 1999 and 2000). Extirpation within the

southern portion of the Lesser Prairie-Chicken range, including the southern parcel of the

proposed ACEC, is imminent (Johnson et al. 1999). Given these urgent circumstances,

the BLM has an opportunity and a duty under FLPMA to conserve and restore the Lesser

Prairie-Chicken within both of these parcels by immediate designation and protection of

this habitat as an ACEC.

Land Ownership Percentages within exterior boundaries of
Proposed Lesser Prairie-Chicken ACEC
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Figure 2. Land ownership of the proposed Lesser Prairie-Chicken ACEC. The majority of BLM
Lands within the core of Lesser Prairie-Chicken habitat currently have no special protections. Within the
proposed ACEC's northern parcels only 3% of BLM lands have any special status, and management
prescriptions remain contrary to the requirements of Prairie-Chickens. Within the proposed ACEC's
southern parcel, no special status lands have been designated. While there are private and state lands
within the exterior boundary of the ACEC, only BLM land would be included in the ACEC designation.

Petitioners

Primary petitioner Forest Guardians is a non-profit conservation organization located in

the southwestern United States. Forest Guardians seeks to preserve and restore native

wildlands and wildlife in the American Southwest through fundamental reform of public

policies and practices. The organization has approximately 2,000 members, most of who

reside in New Mexico and Arizona.

Members engage in wildlife viewing, outdoor recreation, and other activities

throughout the Southwest and are particularly concerned with the management of public

lands that are essential to the recovery of the Lesser Prairie-Chicken. The health and

integrity of ecosystems throughout Western public lands is an important to these
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members' aesthetic, scientific, and recreational enjoyment of public lands. Forest

Guardians and its members are particularly concerned with the conservation of the Lesser

Prairie-Chicken and the native ecosystems that it depends upon for survival.

Petition author Jon-Paul Oliva is a conservation biologist and graduate (M.S. Evolution

& Ecology, 2001) of the University of New Mexico, Albuquerque and has expertise in

plant and community ecology. Jon-Paul has over four years of professional experience in

researching and studying a variety of threatened, endangered and sensitive plant and

animal species. Jon-Paul is also a Geographic Information Systems (GIS) analyst and

uses this tool to model habitat and understand landscape level phenomena affecting

endangered, threatened and sensitive species.

Jim Bailey. Ph.D. - Jim Bailey is a private citizen and expert biologist on Lesser Prairie-

Chickens with an interest in promoting the conservation and recovery of New Mexico's

populations of Lesser Prairie-Chickens.

New Mexico Audubon Council - The New Mexico Audubon Council is an independent

non-profit organization representing five local Chapters of the National Audubon Society

in New Mexico whose mission is to conserve and restore natural ecosystems, focusing on

birds, other wildlife, and their habitats. The New Mexico Audubon Council represents

more than 4,000 members in New Mexico. In 1997, the New Mexico Audubon Council

led the effort to petition the New Mexico State Department of Game and Fish to study the

status of the Lesser Prairie-chicken for possible listing under the New Mexico Wildlife

conservation Act. That study resulted in a recommendation that the State Game

Commission list the Lesser Prairie-chicken as threatened in New Mexico.

Audubon New Mexico- Audubon New Mexico currently represents 4500 members and 4

local chapters in New Mexico. The mission of Audubon New Mexico is to promote the

conservation and restoration of ecosystems, focusing on birds and other wildlife through

advocacy, education, stewardship and Chapter support, for the benefit of New Mexico

citizens of today and tomorrow. Audubon New Mexico is organized to be a State Field
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Office of the National Audubon Society in New Mexico. Audubon New Mexico is an

organization of members that use education and advocacy to further our interest in

providing wildlife conservation in New Mexico. For over 18 years we have worked with

Federal, State and Local resource agencies and councils to further our interest in

providing protection and conservation of New Mexico's rich wildlife heritage.

Animal Protection of New Mexico - Animal Protection of New Mexico, Inc. (APNM) is

a statewide nonprofit organization that advocates the rights of animals by affecting

systemic change that results in their humane treatment.

Chihuahuan Desert Conservation Alliance - The Chihuahuan Desert Conservation

Alliance (CDCA) was originally started in 1986 as the Carlsbad Concerned Citizens for

Responsible Land Management and the name was changed to CDCA in 1995. CDCA is

involved in a wide variety of activities including outdoor and public education, tree-

planting and soil conservation projects, construction of nesting platforms for herons,

monitoring of wild populations of birds and other animals, bird-banding activities, and

other conservation activities. CDCA also takes a stand and gets involved on a wide

variety of environmental and environmental justice issues.

New Mexico Chapter of Republicans for Environmental Protection (NM-REPAmerica) -

NM- REPAmerica consists of New Mexicans from across the state who are committed to

restoring the Republican Party to its proud heritage of conservation and care for the

environment.

Republicans for Environmental Protections Environmental Education Foundation - The

REP Foundation is a tax-exempt charitable institution dedicated to educating and

building a conservative constituency for environmental protection.

Southwest Environmental Center - The Southwest Environmental Center is a non-profit

organization dedicated to protecting the environment in southern New Mexico and

neighboring areas through grassroots education and activism. SWEC's mission is to

foster understanding and concern for the Southwest's natural heritage, and promote action

for its protection and restoration.
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Defenders of Wildlife - Defenders of Wildlife is dedicated to the protection of all native

wild animals and plants in their natural communities. Defenders programs' focus on what

scientists consider two of the most serious environmental threats to the planet: the

accelerating rate of extinction of species and the associated loss of biological diversity,

and habitat alteration and destruction.

T & E, Inc. - T & E, Inc. is a not for profit, private foundation dedicated to the

appreciation and preservation of our native flora and fauna. T & E, Inc. has funded in the

past and continues to fund research projects devoted to the Lesser Prairie-Chicken and

believes there are many other valuable resources that will also benefit from ACEC

designation.

Biology of the Lesser Prairie-Chicken

Habitat and Habitat Use

Current habitat of Lesser Prairie-Chickens in New Mexico is almost entirely contained

within the shinnery-oak-grassland community type. This community type is

characterized by the shinnery-oak (Quercus havardi), which can co-dominate with sand

sagebrush (Artemisiafififolia) and is mixed with mid and tall grasses that are usually

taller than the shinnery-oak itself (Peterson and Boyd 1998). Within the community type

the major sub-types in New Mexico consist of; 1) shinnery-oak with sand bluestem and

little bluestem, 2) Shinnery-oak lacking bluestem but rich in gramas, dropseed and three-

awn grasses and, 3) sandhills, dominated by shinnery-oak with sparse grass cover

(Peterson and Boyd 1998). The shinnery-oak communities of eastern New Mexico are

found in sandy soils with low amounts of clay, a high soil permeability and very low

rates of water erosion. Shinncry-oak is rarely taller than 2 ft. high, but has a

disproportionately large underground stem system that serves a vital function in sand and

soil stabilization (Peterson and Boyd 1998). The root system of shinnery-oak are usually

horizontal within a few feet of the surface, but roots have been reported up to 30 ft. deep

where shifting dunes have repeatedly buried and exposed plants, forcing the formation of

new roots and shoots (Peterson and Boyd 1998). Shinnery-oak is also a long-lived
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species, with individual shoots having lifespans of 5-12 years and clones reaching sizes

of up to 7,000 m2. Shinnery-oak commonly attain ages of hundreds and probably

thousands of years (Peterson and Boyd 1998). The longevity of individual clones of

shinnery-oak help explain its slow means of reproduction. Plants are almost never known

to reproduce by seed, instead relying almost entirely on clonal reproduction. The lateral

movement of shinnery-oak into adjacent areas is exceedingly slow, with plants failing to

encroach on old fields surrounded by shinnery-oak and left fallow for over 50 years. In

the rare cases of shinnery-oak expansion into abandoned fields, the rate of expansion is

slow, up to 30 ft. over a period of 50 years (Peterson and Boyd 1998). Although the

shinnery-oaks do not reproduce sexually, they do produce large acorn crops. The buds of

the shinnery-oak swell in early to late March and the leaves open in April and May. If

drought conditions are severe, plants may fail to leaf out in the spring, but may leaf out

later in the season if moisture becomes available (Peterson and -Boyd 1998). Shinnery

oak produce acorn crops approximately every 3 out of 10 years locally, with crops

occurring somewhere every year but not more than twice in five years in a given location

(Peterson and Boyd 1998).

Habitat of the Lesser Prairie-Chicken consists of four seasonally used components: lek

sites (late February- early May), nesting sites (late April- mid June), brood rearing sites

(late May-late July) and wintering sites (Taylor and Guthery 1980b, Davis 1981, Riley et

al.I993b, Riley and Davis 1993, USFWS 1998, Giesen 1998, Bailey and Klingel 1998,

Applegate and Riley 1998, NRCS 1999).

Lek sites are traditional and are used annually, although sites can be occasionally

relocated in response to disturbances such as fire or conversion to agricultural areas

(Giesen 1998). Lek sites are used for display purposes and as such are typically found on

a locally high area such as a hill or ridge, or a grass flat, Copelin 1963, Taylor and

Guthery 1980b, USFWS 1998, Giesen 1998). Lek sites are characterized by a limited

amount of low, sparse vegetation, usually grasses (Davis et al. 1981). Probably because

of these characteristics, Lesser Prairie-Chicken leks are known to be associated with

prairie dog towns, as well as other disturbed areas such as roads or abandoned oil and gas

well pads (Davis et al. 1981, Morrissey 1995). Habitat surveys have shown that good
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Lesser Prairie-Chicken habitat can support approximately 1-2 lek sites per square mile

(Morrissey 1995, Bailey 1999).

Males gather on lek sites in early spring, typically in the early morning and at dusk,

with display activity peaking in early April (Giesen 1998, USFWS 1998). Males are also

known to gather on lek sites during the fall, usually in lower density than during the

spring, and breeding has not been reported (Taylor and Guthery 1980b, Giesen 1998).

Males utilize vocalizations, called "booming" and posturing to attract females, who may

visit lek sites 2-3 days prior to the initiation of mating (Giesen 1998). Food sources

during this period of time are primarily plant based and include seeds, leaves, flowers and

buds with shinnery-oak leaf galls, catkins leaves and acorns provide 60-70% of the food

supply for the birds (Davis et al. 1980, Taylor and Guthery 1980b, Riley et al. 1992,

Giesen 1998, Peterson and Boyd 1998, USFWS 1998).

The shinnery-oak-grassland community characterizes nesting habitat within New

Mexico, and studies have repeatedly shown that female Lesser Prairie-Chickens prefer

nesting habitat where rangeland health is excellent (Copelin 1963, Davis et al. 1979,

USFWS 1998, Bailey 1999, Bailey et al. 2000). Successful nests are usually within

bluestem clumps, primarily where residual vegetation cover is dense and where bluestem

comprises greater than 25% of the vegetative cover (Davis et al. 1981, Giesen 1994).

Vegetation height also strongly influences nesting success, with the most successful nests

having a range of cover heights of 43-81 cm. with an average of 67 cm. (Riley et al.

1992, Giesen 1994,USFWS 1998). Vegetation density is always greater at nesting sites

than in the surrounding rangeland, and is always greater at successful nests than at

unsuccessful nests (Riley et al. 1992, Giesen 1994). The basal area of bluestem clumps is

also important to nesting success, with successful nests having thicker and wider basal

areas than unsuccessful nests (Riley et al. 1992). The regular distribution of suitable

bluestem clumps is also important, as isolated patches of suitable nesting habitat provide

a reliable target for predators and are correlated with decreasing nest success (USFWS

1998). Additionally, when grass cover is less abundant, Prairie-Chickens may become

more dependent on shrub and forb cover for nest sites, resulting in decreased nesting

success (Morissey 1995).
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Lesser Prairie-Chickens select a nesting site within approximately 1.8 miles of the lek

site (Giesen 1994). Because nesting occurs in early spring before the seasonal growth of

bluestem, Prairie-Chickens are highly dependent on the persistence of residual grasses

from the previous years for nesting cover and protection from predators (Davis et al.

1979 and 1981, Taylor and Guthery 1980b, Riley et al. 1992, USFWS 1998). Once a

nesting site is selected, hens lay an average clutch of 10-12 eggs and the incubation

period lasts from 24-26 days after the last egg is laid (Giesen 1998). Food sources during

nesting are again primarily seeds, leaves, flowers and buds with shinnery-oak leaf galls,

catkins, leaves and acorns providing the majority of the bird's food supply (Davis et al.

1980, Taylor and Guthery 1980b, Riley et al. 1992, Giesen 1998, Peterson and Boyd

1998, USFWS 1998).

Brood rearing habitat within New Mexico is also within the shinnery-oak-grassland

community (Davis et al. 1979, Taylor and Guthery 1980b, Giesen 1998, Peterson and

Boyd 1998). Brood rearing habitat is characterized by a greater cover of shinnery-oak

and forbs than the surrounding areas. Areas of bare ground that provide enough space for

the chicks to move freely are essential for successful brood rearing. Hens prefer areas of

taller shrub cover than do birds without broods, and the density of grasses is lower and

the height of grasses shorter than at nesting sites (Davis et al.1979, Riley et al. 1992,

Riley and Davis 1993). Active sand dunes with shinnery-oak cover are common in brood

habitat (Bailey 2000). Prairie-Chickens are more tolerant of mild to moderate

disturbance levels, such as fire and grazing, within brood habitat than within nesting

habitat (Davis et al. 1979). Good quality brood habitat also provides an abundant supply

of insects, which are the main food source for chicks during the summer season (Davis et

al 1980, Taylor and Guthery 1980b, Riley and Davis 1993). The insects consumed by

Prairie-Chicken broods are primarily grasshoppers (Acrididae and Tettigoniidae) and

treehoppers (Membracidae) which comprise up 60-90% and 30% of the diet, respectively

(Davis et al 1980, Riley and Davis 1993). For adults, insect utilization can approach 55%

(Davis et al. 1980). The reliance on green vegetation as a food source decreases during

this period to approximately 23%, but the relative proportion of shinnery-oak acorns

increases to approximately 21% (Davis et al. 1980).
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Autumn and winter habitat within New Mexico is also within the shinnery-oak-

grassland community, with agricultural fields supplementing the habitat (Giesen 1998,

Bailey 1999). Beginning in the autumn, birds of different broods assemble into flocks

where they roost in the shinnery-oak-grassland communities (Taylor and Guthery 1980a).

Bailey (1999) speculated that although Prairie-Chickens are known to utilize waste grain

fields as a supplemental food source, fields far from shinnery-oak cover might attract

predators and enhance predation during the autumn-winter season. Reliance on shinnery-

oak as a food source is high during this period, with leaves, catkins acorns and insect

galls providing the primary constituents of the diet. In the autumn, use of shinnery-oak

constitutes between 36-50% of the Prairie-Chicken diet, primarily acorns and insect galls

(Crawford and Bolen 1976, Riley ct al. 1993). The primary animal component of the

Lesser Prairie-Chicken's autumn diet consists of short-homed grasshoppers (Acrididae),

which makes up approximately 15% of the food source (Riley ct al. 1993). Importantly,

Crawford and Bolen's study found that even though waste grain fields were present,

autumn food utilization was still primarily shinnery-oak acorns and insect galls,

suggesting that Prairie-Chicken utilization of waste grains is minimal, except in the

absence of suitable shinnery-oak grassland communities (Crawford and Bolen 1976).

The winter diet of the Lesser Prairie-Chicken is characterized by a decreased utilization

of insect food sources and an increased reliance on vegetative food stuffs. Use of

shinnery-oak acorns increases dramatically, with one study reporting that acorns

comprised 69% of the winter diet (Davis et al. 1979, Riley ct al. 1993). Prairie-Chickens

also rely on wild buckwheat (Eriogonum annuum) as a food source during the winter

season, with Riley et al. (1993b) reporting that the grain comprised 15% of the bird's

winter diet.

The Lesser Prairie-Chicken relies on a mosaic of varied landscape and community sub-

types within the shinnery-oak grassland community as habitat throughout the year (Riley

ct al. 1993, Bailey 1999). The bird's close association with the shinnery-oak-grassland

community type in New Mexico is because this vegetation is critical for both food and

cover. The lekking behavior of the Prairie-Chicken is dependent upon the exposed knolls
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and ridges that characterize lek sites. Nesting and brood rearing phases of Lesser Prairie-

Chicken reproduction are particularly sensitive to plant community composition, with

nesting success being highly correlated with the density and height of bluestem

(Andropogon spp.) for nest concealment, and brood rearing success with the health of

shinnery-oak dominated areas for concealment and as a source of insect food stuffs. It

should be noted that Prairie-Chickens are not dependent on free water during any phase

of the life cycle, but instead appear to meet their moisture requirements from insects,

vegetation and dew formation (Morrissey 1995, Giesen 1998).

Geographic Distribution and Abundance

Historical

Historical reports suggest that Lesser Prairie-Chickens were locally abundant

throughout eastern New-Mexico, the Texas panhandle, western Oklahoma, southwestern

Kansas and southeastern Colorado, with small populations possibly existing in

northeastern Colorado and extreme northwestern Nebraska (Colvin 1914, Ligon 1927,

Bailey 1928, Taylor and Guthery 1980b, USFWS 1998). The approximate total area of

this historic distribution was reported to be 358,000 km2 (Taylor and Guthery 1980b,

USFWS 1998).

The historic distribution of the Lesser Prairie-Chicken in eastern New Mexico was

widespread and included all or parts of Union, Colfax, Harding, Quay, Guadalupe, De

Baca, Curry, Roosevelt, Lea, Chaves and Eddy Counties (Ligon 1927, Bailey 1928).

Ligon (1961) reported an 'ancestral' distribution lying cast of the Pecos River Valley in a

north-south band approximately 75 miles wide. The approximate total area of this

historic distribution was reported to be 9864 mi2 (Bailey and Williams 2000).

The pre-twentieth century abundance of Lesser Prairie-Chickens within their historical

range is not precisely known. Estimates varied widely, with one estimate of over two

million birds in Texas alone (Litton 1978, U.S.F.W.S. 1995). Bailey and Williams

(2000) estimate, perhaps more reliably, that during an undefined period when the

maximum historic range was occupied, the total population was roughly 125,000 birds.
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While these numbers range widely, the general consensus in the literature is that pre-

twentieth century abundance was relatively high but declined considerably after 1920

(Taylor and Guthery 1980b, Applegate and Riley 1998, Giesen 1998, Peterson and Boyd

1998, USFWS 1998, Bailey 1999, Bailey and Williams 1999, NRCS 1999,Giesen 2000,

Sullivan et al. 2000, among others). Within New Mexico, population estimates for the

years 1949 and 1961 were approximately 40-50,000 birds, and had declined to 8,000-

10,000 birds by 1968 (Sands 1968, USFWS 1998). Crawford (1980) estimated the New

Mexico population of Lesser Prairie-Chickens in 1979 to be approximately 10,000 birds.
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Lesser Prairie-Chicken Range & Land Ownership

Leover Prairie-Chicken Range
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Figure 3. Historic and current range of the Lesser Prairie-Chicken. Once abundant throughout their
range in eastern New Mexico, the Lesser Prairie-Chicken is extirpated from 56% of its former range and
persists only as sparse and scattered populations in another 28% of that range. The core of the remaining
populations is only 16% of its former range (Bailey and Williams 2000, Bailey 2002).
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Current

The distribution of Lesser Prairie-Chickens has been greatly reduced since about 1920,

and recent estimates suggest that the species occupies only 8-10% (28,640-35,800 kM2)

of its historic range (Taylor and Guthery 1980b, USFWS 1998, Bailey and Williams

1999, Bailey 2002). Lesser Prairie-Chickens exist today in southeastern Colorado, south-

central Kansas, western Oklahoma, southeastern New Mexico and the Texas panhandle

(USFWS 1998). In Colorado, Lesser Prairie-Chickens have been extirpated from three of

the six counties that they are once thought to have inhabited, and today are found only in

Baca, Prowers and Kiowa Counties. In Kansas, Lesser Prairie-Chickens once occupied

38 counties and today occupy 34. In Oklahoma, Lesser Prairie-Chickens once occupied

an estimated range of 10,143 km 2 and today occupy approximately 1,162 km2,

corresponding to an 89% decrease from historic range size. In Texas, Lesser Prairie-

Chickens once occupied an estimated 13,663 km2 and today occupy approximately 5,732

km2, corresponding to a 58% decrease from historic range size (USFWS 1998).

Within New Mexico, Lesser Prairie-Chickens once occupied an estimated 38,085 km2

and today occupy approximately 16,757 km2, corresponding to a 56% decrease from its

historic range size (Bailey and Williams 2000). The species is widely considered to be

extirpated from the northeastern portion of its historic range, including all of Union,

Harding and Quay Counties (USFWS 1998, Bailey and Williams 2000, Bailey 2002).

The last confirmed sightings in these areas were from a NMDGF employee in 1993, and

a 1998 NMDGF and U.S. Forest Service (USFS) survey of 190 miles of public road in

Union County detected no active Prairie-Chicken leks (Bailey 2000). The most recent

survey in this area was conducted by the USFS in 2002, with negative results ( J. Bailey,

personal communication).

The central portion of the Lesser Prairie-Chicken's historic range is home to the

remaining "core,, populations of Prairie-Chickens in the state (Figure 3). The first

comprehensive survey of these areas was conducted in 1998 and 1999 by NMDGF

biologists over 17,716 km2, with 5,618 km2 of historic range excluded because of either

unsuitable habitat, a lack of basic habitat characteristics or a lack of access (Bailey and
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Williams 2000). The survey results showed that Prairie-Chicken leks were not detected

on 14 of 28 route-transects, in either year (Bailey and Williams 2002). Thirteen of these

routes were above 340 N, suggesting these populations in DeBaca and Guadalupe

counties are probably nearing extirpation (Bailey and Williams 2000). In contrast, survey

data collected by NMDGF north of Highway 380 but south of 34IN have yielded stable

numbers in recent years, with 9 out of I I routes surveyed having at least one active lek in

both 2000 and 2001. This area contains the "core" of present day Lesser Prairie-Chicken

populations, and corresponds to just 16% of its historical range (Bailey 2002).

NMDGF survey data indicate that Lesser Prairie-Chickens are nearing extirpation

south of Highway 380 in southeast Chaves County. Of the two routes in this area, no

leks were detected in 2000 and only one lek on one route was detected in 2001 (Bailey

2002). Similarly, Best (2001) detected no leks in this region on ten routes in 2000 and

2001. BLM surveys of historical lek sites south of Highway 380 have yielded

qualitatively similar data, with only 18% of leks surveyed categorized as active, versus

27% active leks north of Highway 380 (Bailey 2002). These data support the conclusion

of Bailey and Williams (2000) that Lesser Prairie-Chickens are nearing extirpation south

of highway 380 in southeast Chaves County (Bailey 2002).

A significant portion of the unoccupied range lies below 33° N latitude, in the

extreme southeastern portion of New Mexico including the Querecho Plains. The

Carlsbad Field Office of the BLM has approximately 30 historical leks within the Plains.

The 1998 NMDGF survey located only one active Prairie-Chicken lek and a subsequent

New Mexico Natural Heritage Program (NMNHP) survey found no active leks, as did a

2001 survey (Bailey 1999, Best 2001, Bailey 2002). These populations of the Lesser

Prairie-Chicken south of 330N are very close to being extirpated entirely from their

historic range (Johnson et al. 1998, Bailey 1999 and 2002).

Today, the Lesser Prairie-Chicken survives in relative abundance in only 16% of its

former range in New Mexico (Bailey and Williams 2000). Small and scattered

populations persist south of Highway 380 and in parts of DeBaca and Guadalupe counties

and comprise another 28% of the species former range (Bailey and Williams 2000). The

18



Lesser Prairie-Chicken is gone from 56% of its historical range in New Mexico (Bailey

and Williams 2000). Prairie-Chicken populations of southeastern Chaves County have

become sparsely distributed, and may also be in danger of extirpation, as may be the

populations above 340 N in DeBaca and Guadalupe counties (Bailey 2002). The current

distribution of the "core" Lesser Prairie-Chicken population is concentrated in southern

Roosevelt, northern Lea and east-central Chaves counties (Figure 3, Bailey 2002).
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Figure 4. Active and Inactive Lek Sites, 1998-2000. The number of active lek sites in east-central and
southeastern New Mexico has declined throughout the 1990s to all-time lows, particularly in the areas
south of U.S. 380.
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The New Mexico populations of Lesser Prairie-Chickens are thought to have increased

in numbers during the 1980s, before declining to all time lows in the 1990s (Bailey 1998,

Bailey and Williams 2000). The NMDGF surveyed hunters to estimate the numbers of

birds harvested from 1983-1993 and found that the number of harvested birds declined

sharply from a high of 4000 in 1988 to a low of 244 birds in 1993 (Morrissey 1995,

Bailey and Williams 2000). Survey results from the BLM Caprock Wildlife Area by

both BLM and NMNHP biologists have shown that Prairie-Chicken numbers in this

management area have declined from population counts recorded in the 1971-1981

period. Morrissey reported that the estimated population within the Caprock Wildlife

Area declined from 2600 in 1983 to 935 by 1995 (Morrissey 1995). Recent data

collected within the Caprock Wildlife Area north of Highway 380 indicate that the

populations in this area may have stabilized, with active leks/lek site visited being 0.18 in

2000, 0.25 in 2001 and 0.26 in 2002 (J. Bailey, personal communication). Data from the

Roswell field office for 2002 also supports this conclusion. BLM personnel surveyed 34

active leks with an estimated 365 birds, with the number of active leks in the period

1999-2002 increasing from 16-34 (Davis 2002). This trend of population stabilization is

encouraging, but the numbers are still far below the population levels of the 1970's, a

period with comparable moisture.

Additional survey data from BLM biologists collected in west-central Lea County on

lands managed by the Carlsbad Field Office (CFO) during the period 1985-1998 have

shown even more dramatic declines in Prairie-Chicken populations. These surveys

reported a high of 160 birds on 20 leks in 1987, a figure which by 1998 had declined to

only six birds on one active lek (Figure 5) and by 2001 had declined to only two birds on

one active lek (Bailey 2002). CFO personnel reported one active lek in 2002 with seven

males, northeast of Eunice (Davis 2002). The CFO personnel also audibly detected

Lesser Prairie-Chickens near an historic lek site in 2002 (Davis 2002).
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Figure 5. Population trends of BLM Lesser Prairie-Chickens. Populations of Lesser Prairie-Chickens,
as estimated by lek surveys, have been steadily declining. Populations of both the Roswell and Carlsbad
Resource areas have hit unprecedented lows in the 1990s and early 2000s, despite the fact that survey effort
was higher than ever. From Smith et al. 1998.
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Data reporting reproductive success supports the conclusions of survey data suggesting

that Lesser Prairie-Chicken population trends are declining. Age ratios (juveniles/hen)

for the period 1958-1968 averaged 3.7 juveniles/hen, but had declined to an average of

0.65 juveniles/hen in 1989 and 0.59 juveniles/hen in 1995 (Bailey 1999).

Current data indicate that Prairie-Chicken abundance is most stable on Prairie-Chicken

Areas (PCAs) managed by the NMDGF. Surveys of 10 of these sites have reported low

but stable or increasing population numbers for the years 1996-1998. Active numbers of

leks in these areas increased from 11 in 1996 to 32 in 1998, as did the estimated number

of birds (29 in 1996 and 181 in 1998) (Johnson et al. 1998). The most recent data from

the PCAs show this trend continuing. Survey data from 2002 found a total of 132 active

leks, with an estimated 533 birds (Davis 2002). In contrast, NMDGF surveys on

randomly located roadside routes in east-central New Mexico during 1998-2002 suggest

declining overall populations, although the trend is not statistically significant (Davis

2002). This evidence suggests the effectiveness of grazing exclosures in affecting the

recovery of Lesser Prairie-Chicken populations. However, the PCAs in this area are

small and isolated patches of habitat totaling just 87.9 km2 (figure 1).

Based on these data, Lesser Prairie-Chickens have been extirpated from their historic

range in northern New Mexico and nearly extirpated from their historic range south of

33° N. They persist in sparse and isolated populations in Curry and north Roosevelt

County and in southeast Chaves County. Thus the remaining "core" populations of

Lesser Prairie-Chickens in New Mexico occupy only 16% of the species historic range,

and are found within south Roosevelt and north Lea counties as well as east-central

Chaves County, on private lands, BLM lands including part of the Caprock Wildlife

Area, and NMDGF PCAs (Bailey 2002).

Threats

The Lesser Prairie-Chicken populations in east-central and southeastern New Mexico

face a variety of both natural and human caused threats. The major threats to Prairie-

Chicken populations include drought, degradation of habitat caused by livestock grazing,

habitat loss and habitat fragmentation, oil and gas development, control of shinncry oak

23



through the use of herbicides; rangeland conversion for other uses, and a lack of adequate

protections. The majority of the threats to the Lesser Prairie-Chicken intensify as the

local populations become smaller and more isolated. Likewise, the effects of drought are

multiplicative when occurring simultaneously with those of livestock grazing and other

habitat degradation. The following narrative will outline the major impacts of these

threats, as well as their interactive effects, on Lesser Prairie-Chicken populations.

Drought

Drought is a recurring phenomenon within the geographic range of the Lesser Prairie-

Chicken in New Mexico. Even normal precipitation events are sporadic and typically

localized. Periods of below average precipitation can have even more severe impacts

when interacting with the effects of livestock grazing and other human disturbances.

There have been periods of major drought recorded in these areas during the 1930s,

1950s and l990s (Merchant 1982, Morrissey 1995, Bailey 1999). Bailey (1999)

summarized the effects of the most recent drought of the 1990s on the prognosis for

survival of the Lesser Prairie-Chickens. Using data from precipitation records, he

concluded that the 1990s droughts were not as severe as those of the earlier twentieth

century. The dramatic declines seen in Prairie-Chicken population numbers were the

result of an interaction of drought with other factors, primarily habitat fragmentation,

habitat degradation and livestock grazing. In east-central and southeastern New Mexico,

within the current range of the Lesser Prairie-Chicken, forage demand is high, and

grazing pressure continues to be high, even during periods of drought. As habitat

fragmentation and population isolation increases, the impact of stochastic events like

drought on the survival of Lesser Prairie-Chickens becomes more severe (Merchant

1982). Such negative interactive phenomena are well known from population biology

studies of wide-ranging organisms (Brussard and Gilpin 1989, Soule et al. 1992, Bolger

et al. 1997).. Since drought affects the growth of vegetation, and spring and summer

droughts can reduce the amount of grass cover, drought has the potential to result in

decreased nesting success and increased predation on Lesser Prairie-Chickens. Because

Prairie-Chickens depend on residual vegetative cover for nesting habitat, the effects of

drought will be most severe in the following year to two years, during the nesting period.

In fact, Bailey (1999) reported a weak correlation between precipitation occurring 16-28
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months prior to nesting surveys and measured Prairie-Chicken abundance (lek surveys),

as did Smith and Johnson (1998). Merchant (1982) also found similar depressive effects

of drought on factors affecting Lesser Prairie-Chicken survival, including decreased

number of nesting attempts, decreased nesting success, lower brood sizes and greatly

reduced spring-summer survival rates of adult female Lesser Prairie-Chickens.

Livestock grazing

When periods of drought coincide with intense livestock grazing, grass cover may be

reduced substantially for a period of years, resulting in increased predation and mortality,

and decreased nesting success as compared to the effects of drought alone (Merchant

1982). In addition, grazing results in the decrease of Prairie-Chicken food plants and

modification of the plant communities away from grasses and towards forbs and shrubs

and short grass rangeland pioneering communities (Litton et al. 1994). Lesser Prairie-

Chickens have either disappeared or have been reduced severely in numbers where

Prairie-Chicken habitat has been excessively grazed (USFWS 1998). Jackson and

DeArment (1963) found that the interactive effect of drought and livestock grazing was

the single most important factor affecting the recovery of Lesser Prairie-Chicken

populations in west Texas following periods of drought. The dependence of Lesser

Prairie-Chickens on the narrowly occurring shinnery-oak-grassland community makes

the species particularly sensitive to over utilization of the grass component of the

community by livestock (USFWS 1998). Effects of grazing intensity on the soil

permeability and soil moisture content have been documented (Crawley 1997, Taddese et

al. 2002). Soil productivity is inversely related to grazing pressure in arid ecosystems,

with ungrazed areas retaining soil moisture longer, resulting in higher grass production

than in heavily grazed areas (Crawley 1997, Brown and Archer 1999). This effect is

expected to intensify during periods of drought when grazing pressure remains constant

(USFWS 1998). In addition, the over-utilization of grass cover by livestock reduces both

grass height and the homogeneity of clump distribution on the landscape, factors which

have been repeatedly shown to affect nesting success, presumably through increased

predation (Taylor and Guthery 1980b, Riley et al. 1992, USFWS 1998, Bailey 1999).

Recent research on grazed pasture areas in Lesser Prairie-Chicken habitat has
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documented the absence of senescent grasses that provide optimal nest sites (Johnson et

al. 1998). The importance of these findings cannot be understated. The reliance of Lesser

Prairie-Chickens on residual tall grasses for quality nesting cover means that grasses

grown in July through mid-September need to survive ungrazed and untrampled for 9-10

months to provide the necessary quality nesting habitat. Grazing during this period, even

relatively light intensity grazing, is likely to adversely affect the Lesser Prairie-Chicken's

nesting success and should be avoided wherever Prairie-Chickens are important fauna (J.

Bailey, personal communication). The 1997 Roswell Resource Area Proposed

Management Plan/Final Environmental Impact Statement, approved in the October 1997

Record of Decision, while expressly authorizing livestock grazing within the Mescalero

Sands ACEC, recognizes that "this (livestock grazing) could negatively influence or

impair natural ecological processes meant to be protected..." (BLM 1997). In addition,

the NRCS continues to subsidize fence and water development costs on private lands in

the adjacent areas to promote livestock grazing. This practice results in the degradation

of Lesser Prairie-Chicken habitat on private lands, and increases the importance of BLM

Land as a habitat refuge for the Lesser Prairie-Chicken (J. Bailey, personal

communication).

Habitat Loss and Landscape fragmentation

Several factors have contributed to loss of Prairie-Chicken habitat and habitat

fragmentation, including conversion of rangeland to agricultural fields, loss of open

rangeland to land development and oil and gas exploration and drilling activities,

livestock grazing and tebuthiuron application. The initial conversion of rangeland to crop

lands in the later nineteenth and early twentieth centuries did not apparently negatively

impact Lesser Prairie-Chicken population numbers, and the widely spaced fields were a

small enough component of the habitat that they actually increased food supplies for the

species (Crawford 1980, Bailey 1999). After this early period, continuing conversion of

rangeland to other uses began to detrimentally affect Prairie-Chicken populations

(Copelin 1963, Jackson and DeArment 1963, Crawford 1974, Crawford and Bolen 1976).

Today, Prairie-Chickens are entirely gone from areas where more than 37% of the

rangeland has been converted to other uses, and have declined from areas where more
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than 20% of the land has been converted (Copelin 1963, Crawford 1974). While much of

the rangeland within the historic range of the Lesser Prairie-Chicken in New Mexico has

not been converted to cropland, these figures are important because 59% of the historic

Prairie-Chicken range is privately owned and, as such, has little or no federal or state

protections (Bailey 1999).

The BLM reported on the amount of habitat disturbed or lost solely to right-of-way

activities, primarily roads, within five townships managed by the Carlsbad Field Office.

The minimum loss of habitat was 1.2 km2 over a total of 99.4 km and the maximum was

3.75 km2 over a total of 322.5 km., with an average of 2.5 km2 of habitat lost over an

average 220.5 km. per township (BLM 1994: 3-31). It is important to note that this

average loss of almost 3% of the remaining habitat includes only 5 of the approximately

30 townships that contain the BLM's "core Prairic-Chicken habitat", and does not

include habitat loss due to oil and gas well pads, land conversion, use of tebuthiuron or

livestock grazing. The report concluded:

"The cumulative loss of habitat within occupied Lesser Prairie-Chicken range is a

major limiting factor in the management of the population and to their overall population

dynamics..." (BLM 1994: 3-31).

Habitat fragmentation is a result of the same processes that produce habitat loss, but is

accompanied by a separate set of effects on native species. Habitat fragmentation leads

to the isolation of populations, a factor that limits genetic dispersal and increases the

sensitivity of small populations to stochastic events such as drought and fire (Brussard

and Gilpin 1989, Soule et al. 1992, Bolger et al. 1997). Small and isolated populations

may suffer from inbreeding depression and genetic drift as a result of reduced genetic

variability (Westemeier et al. 1998). In a related phenomenon, fragmentation of habitat

also creates barriers to population dispersion and colonization, as well as restricting

males' abilities to find mates, leading to a loss of reproductive potential (Morrissey

1995). Habitat fragmentation can also lead to the partitioning of habitat patches that are

too small to contain an individual's home range (USFWS 1998). Such small patches may

not contain the full range of habitat sub-types necessary to support Lesser Prairie-
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Chicken mating, nesting, brood rearing and over-wintering requirements. Based on

Crawford and Bolen (1976) and Copelin (1963), Bailey (1999) reported that a minimum

area of 31 km2, with at least 63% rangeland is necessary to support a stable Lesser

Prairie-Chicken population. Average individual female non-nesting home range size is

2.31 kM2 , and the average individual female nesting home range size is 0.92 km2 (Riley

et al.1994).
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Figure 6. Distribution of Oil and Gas well pads and infrastructure. Lesser Prairie-Chicken habitat in
the east-central and south-eastern portions of the bird's range in New Mexico has been disturbed by over
80,000 oil and gas well pads and accompanying infrastructure.
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Oil & Gas Development

One widespread land conversion phenomenon that has been taking place on public

lands since the second half of the nineteenth century is the conversion of rangeland for oil

and gas well pads and associated facilities, roads and pipelines (Figure 5). Bailey

reported an average of 16,187 m2 of land required for an oil or gas well pad, although the

number varied widely (1999). The roads created for oil and gas activities are known to

attract off road vehicle users, a factor which may lead to further habitat degradation

(Bailey 1999). An extensive network of above ground power lines and other support

structures has also been erected to provide power to the well pad machinery (Figure 5).

The effect of this infrastructure development has been to provide nesting, roosting and

foraging sites to ravens (nest predators) and other predatory birds (e.g. Red-tailed Hawk,

Great Homed Owl) that would not commonly occur in the shinnery-oak-grassland

community (Smith, personal communication). In addition to the effect of oil and gas

development on habitat loss and predator populations, there is strong anecdotal evidence

that the noise from these activities disrupts Prairie-Chicken lekking behavior, further

affecting reproduction success and decreasing usable habitat (Smith et al. 1998). In one

study, in the extreme southeastern portion of the historic New Mexico range, only one of

29 historic leks was found to be active, with oil pump noise being moderate to high at

45% of the sites and low at 28% of the sites (Smith et al. 1998). The authors concluded

that significant noise pollution from oil and gas well pad operations may be playing a role

in extirpating the Lesser Prairie-Chickens from areas south of 330N through interference

with the male vocalizations and attraction of mates during the lekking season. A recent

report by researcher Best (2001) recommended the removal of restrictions on oil and gas

development in the Carlsbad Resource Area, in part based on the misconception that

Lesser Prairie-Chickens never consistently occupied the area south of highway 380. The

report contains a number of faulty assumptions too lengthy to review here, but the

purpose of the report is clearly to endorse the position of the petroleum industry, that

areas where Lesser Prairie-Chickens have been extirpated should be opened to oil and gas

activities. This critique has been supported by a number of independent reviewers,

including reviewers from the New Mexico Natural Heritage Program and the Wildlife

Management Institute (Johnson 2001 unpublished, Carpenter and Riley 2001
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unpublished). The study fails to recommend sound habitat management procedures that

would allow for the recovery and re-colonization of birds back into areas of historical

occupancy. A few important critiques of the document include; 1) a failure to review the

majority of Lesser Prairie-Chicken grey literature, a significant source of information for

this species, 2) a failure to consult recognized historical reports from widely cited

omithologists, including F.M. Bailey and J. Ligon 3) an erroneous assertion that Prairie-

Chickens never permanently occupied areas south of highway 380 and, 4) incorrect

reporting on historical lek activity, including the number of active leks south of highway

380 discovered by BLM biologists in the years 1998-2001, historical lek records between

US 82 and the Eddy-Chaves County line, and historical lek records south of US 62-180

(Johnson 2001, unpublished). In recognition of the negative impacts of oil and gas

development on the Lesser Prairie-Chicken, the BLM does not currently allow new

drilling within 200 m. of a lek site, with certain exceptions. However, the Fish and

Wildlife Service (2001) has reported that current restrictions on new oil and gas drilling

within 200 m. of a lek site are inadequate to protect the species nesting habitat, because

Prairie-Chickens are known to nest within a 3 km. radius of leks.

Applications of Tebuthiuron

In addition to the detrimental effects of grazing noted above, a significant additional

adverse effect is the application of tebuthiuron to remove shinnery-oak (Morrissey 1995,

Peterson and Boyd 1998, Bailey 1999). This form of land conversion has been widely

used by the livestock industry, as well as federal and state land managers to convert

shinnery-oak rangelands to grasslands for use by cattle. Jackson and DeArment (1963)

found that the application of herbicides was a primary factor limiting the recovery of

Prairie-Chicken populations. The authors documented a decrease in Prairie-Chicken

numbers the year following application of herbicides, concomitant with a 25% decrease

in shinnery-oak cover and a total cessation of acorn production for two years following

the application. The importance of shinnery-oak for cover and as a food source has

already been described in detail above. In addition, the sandy soils in which Shinnery-

oak are found are subject to very high rates of wind erosion. The soil stabilization
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characteristics of shinnery-oak make it important in natural erosion control, a factor that

alone should preclude its widespread removal (R. Peterson, personal communication).

Shinnery-oak rarely reproduces sexually, relying primarily on vegetative reproduction to

persist (Peterson and Boyd 1998). Historical reports document the failure of shinnery-

oak to expand into old fields, even after fifty years and even when the fields are

surrounded by mature stands of shinnery-oak (Peterson and Boyd 1998). Therefore, the

application of tebuthiuron in shinnery-oak-grassland communities is particularly

detrimental to Prairie-Chickens because shinnery-oak removal is virtually permanent

(Peterson and Boyd 1998). Peterson reported that the BLM has applied tebuthiuron to

over 404.7 km2 in east-central and south-eastern New Mexico. Although the BLM halted

application of herbicides on the Caprock Management Area beginning at its inception in

the 1960s, brush control with tebuthiuron resumed prior to 1984, despite the fact that the

BLM's Roswell Area Biologist expressed concern that the use of tebuthiuron may be

harming Lesser Prairie-Chicken populations (Morrissey 1995).

A recent BLM proposal to use Tebuthiuron on the Bogle-Vest Camp Allotment in

Chaves County, ostensibly for the benefit of the Lesser Prairie-Chicken, shows that the

BLM still fails to acknowledge the detrimental effects of Tebuthiuron application on the

shinnery-oak-grassland community and the Lesser Prairie-Chicken. The proposed

Tebuthiuron application would impact 18.6 km2 of the total 40.5 km2 of shinnery (46%)

within the allotment. Thus, almost half of the existing community will be affected. The

application area is based on the existing BLM guidelines that call for tebuthiuron

treatment in areas where the relative density of shinnery oak is greater than 40%, a

methodology that is flawed. Because the absolute density of oak is not specified, an area

may have very little vegetation at all, but if oak comprises greater than 40% of the

relative density of the vegetation, tebuthiuron may be applied (Bailey 1999). The effect

of even 'light' tebuthiuron application in halting acorn production in subsequent years

has already been addressed. The Environmental Assessment (EA) for the proposed

project takes for granted that the proposed action is needed to enhance wildlife habitat,

but fails to demonstrate how the proposed action will do so.
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Predation

Prairie-chickens are known to have a variety of natural predators within their range in

New Mexico. Known Prairie-Chicken predators include coyote, fox, raccoon, snakes and

raptors. Because of their large clutch sizes and ground nesting habits, Prairie-Chickens

are especially vulnerable to nest predation. The impacts of predators upon Lesser Prairie-

Chicken numbers depend on the predator / prey ratio and also on the quality of Prairie-

Chicken habitat as it relates to escape cover (Bailey 1999). As habitat becomes degraded

by factors such as grazing and brush eradication with tebuthiuron, escape cover quality is

also degraded and Prairie-Chickens become more susceptible to predation.

Lack of Adequate Protections

Within New Mexico, the Lesser Prairie-Chicken has state protected status in name

only. The Lesser Prairie-Chicken is listed in the state Game Code as a 'protected species'

and currently the hunting season on the bird is closed. U.S. Forest Service managed land

in New Mexico does not afford the Lesser Prairie-Chicken any special protective status

(Morrissey 1995). The U.S. Fish and Wildlife Service has declined statutory protection

of this species under the ESA, although the agency admits it warrants listing (USFWS

1998). The New Mexico State Land Office (SLO) holds 21% of the historic range lands

of the Lesser Prairie-Chicken. Although the SLO is currently undergoing an internal

restructuring to allow for the integration of land management for native flora and fauna,

its primary mandate is to generate revenue for state beneficiary institutions (Bailey 1999).

As such, the SLO provides no current protections for the Lesser Prairie-Chicken. The

New Mexico Department of Game and Fish manages over 85 km2 on 29 PCAs in

Roosevelt, De Baca and Lea Counties. Bailey reported that habitat on at least two of the

PCAs has been degraded by careless oil and gas development, and that several of the

areas are not completely fenced to exclude livestock and trespass cattle and fence repair

continues to be a problem (1999, J.Bailey, personal communication). Additionally, these

small managed areas are probably not adequate to maintain diverse populations of Lesser

Prairie-Chickens in the face of the continued threats to the species throughout its range.
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The BLM in New Mexico has done extensive monitoring of Lesser Prairie-Chickens in

recent decades (Bailey 1999). The BLM's response to threats facing the Lesser Prairie-

Chicken cannot be underestimated, as it controls 19% of the overall historic range and

53% of the historic range of the species in southeastern New Mexico (Bailey 1999). The

BLM Roswell Field Office Management Plan / EIS (RMP) restricts oil and gas activities

during the mating season in recognition of the probable detrimental effects of oil and gas

noise on Prairie-Chicken mating success (RMP AP3-5). Additionally, the BLM will not

allow new drilling within 200 m. of a lek site, with certain exceptions. However, the Fish

and Wildlife Service (2001) has reported that current restrictions on new oil and gas

drilling within 200 m. of a lek are inadequate to protect the species nesting habitat,

because Prairie-Chickens are known to nest within a 3 km. radius of leks.

The RMP also commits to avoiding core Prairie-Chicken areas when locating rights-

of-way and recognizes Prairie-Chicken needs in defining the BLM's objectives for

shinnery-oak-dune communities, RMP 2-71 and RMP 2-47, respectively (Bailey 1999).

Unfortunately, BLM guidelines for application of tebuthiuron are still inadequate. The

RMP calls for chemical control of shinnery-oak only in areas where oak is greater than

40% of the vegetative community. However, the minimum size area that may be

measured for treatment is not specified and neither is the absolute density of oak having

greater than 40% of the vegetative composition. Therefore, an area may have very little

vegetation at all, but if oak comprises greater than 40% of the relative density of the

vegetation, tebuthiuron may be applied (Bailey 1999).

In 1979 the BLM committed to constructing 21 exclosures of 0.08-0.6 km2 each to

provide nesting habitat for the Lesser Prairie-Chicken, a commitment that was never

acted upon and finally rescinded in 1984 (Bailey 1999). The BLM also supported the

treatment of 404.7 km2 of shinnery-oak with tebuthiuron during the period 1984-1993

despite objections raised by the NMDGF. Finally, the BLM was to have initiated a study

of Prairie-Chicken populations in 1995, but the study was canceled due to budget cuts

(Morrissey 1995). The BLM established standards for livestock grazing in January of

2000 and a final Record of Decision was released in 2001, listing the Lesser Prairie-

Chicken as a special status species and outlining the prescription for management.
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However, the management prescription does not recognize the necessity of residual

vegetation as wildlife cover, or as nesting cover for the Lesser Prairie-Chicken (BLM

2000, BLM 2001).

Importantly, re-introductions of Prairie-Chickens have been tried over a dozen times,

with no success (Giesen 1998 and 2000). Wild Lesser Prairie-Chickens have been

translocated in New Mexico and Colorado to areas of the species' historical range where

it had been extirpated. Although the normal movements of birds are confined to 3-4 km.

of lek sites, with occasional reports of flocks traveling as far as 40 km., translocated birds

have traveled hundreds of km. to return to their points of capture (Taylor and Guthery

1980a).

ACEC Criteria

To be nominated, potential ACECs must meet relevance and importance criteria as

outlined in BLM manual 1613. The following narrative will detail the relevance and

importance of the proposed Lesser Prairie-Chicken ACEC.

Relevance

The proposed Lesser Prairie-Chicken ACEC meets, at a minimum, three of the

relevance criteria as outlined in the BLM Manual 1613 (Criteria 1, 2, and 3). First, the

area contains "a significant historical, cultural or scenic value" (Criterion 1). The

proposed Lesser Prairie-Chicken ACEC contains a significant historical value in that it is

home to a once wide-ranging bird species that has co-evolved with the shinnery-oak-

grassland ecosystem of eastern New Mexico. Ample historical evidence exists to

document the impact of these once abundant birds and their habitat on the historical

communities of east-central and southeastern New Mexico (Ligon 1927, Colvin 1914,

Ligon 1927, Peterson and Boyd 1998). Colvin (1914) reported that "flocks of 500 or

more" birds gathered to feed on the waste grains of the earliest agricultural fields that

were converted from the native shrub-grasslands. Writing of the shinnery-oak-grassland

community type, Josiah Gregg remarked in 1844:
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There was not a drop of water to be found... An immense sand-plain... being entirely

barren of vegetation in some places, while others were completely converted with a

extraordinary diminutive growth which has been called shin-oak... heavily laden with

acorns... (from Peterson and Boyd 1998).

Today, both the once ubiquitous Lesser Prairie-Chicken and the shinnery-oak-

grasslands they inhabit are dwindling due to land conversion, brush control, livestock

grazing and oil and gas development (Copelin 1963, Jackson and DeArment 1963,

Crawford 1974, Crawford and Bolen 1976, Taylor and Guthery 1980b, Riley et al. 1992,

USFWS 1998, Bailey 1999). The establishment of the proposed Lesser Prairie-Chicken

ACEC would help to ensure the preservation of this historical and culturally valuable

component of the short-grass prairie of east-central and southeastern New Mexico.

Second, the proposed Lesser Prairie-Chicken ACEC is "a fish and wildlife resource"

(Criterion 2). The area includes habitat for many threatened, endangered and sensitive

species of wildlife including the Black-tailed Prairie Dog and the Sand Dune Lizard, each

of which currently merit listing under the ESA (Table 1). A complete list of shinnery-

oak-grassland community associates is included in Appendix A.
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Table 1. Sensitive species, in addition to the Lesser Prairie-Chicken, within the proposed ACEC.
Source: NMNHP NHIS database.

SI - Critically Imperiled
S2 - Imperiled
S4 - Apparently Secure
B - Breeding
N - Non-breeding

G2- Imperiled
G3- Vulnerable
G4- Apparently Secure
G5- Secure
TU- Subspecies Unrankable

FWS - U.S. Fish and Wildlife Service
USFS-U.S. Forest Service

Federal State ABI State ABI Global
Species Listing? Listing? Rank? Rank? Sensitive?

Baird's Sparrow N Threatened S2N G4 FWS
(Ammodramus bairdii)

Ferruginous Hawk
N N S2B,S4N G4 FWS

(Buteo regalas)

Western Burrowing Owl
N N 54BS4N G4TU FWS

(Athene cunicularia hypugea)

Swift Fox (Vulpes velox) N N S2 G3 USFS

Arizona Black Tailed Prairie

Dog (Cynomys ludovicianus Candidate N S2 G4 N

arizonensis)*

Sand Dune Lizard (Sceloporus FWS
Candidate Threatened S1 0 2

arenicolus) USFS

Texas Homed Lizard
N N S4 G4G5 FWS

(Phrynosoma cornutum)

White-tailed Deer
N Sensitive S4 G5 N

Odocoileus virginianus texana

-; omen quesuon 51111 clsts avoul U1C pOSSIDIC suUbTpMilic salus OI UMrLam ul awduonb Lspecalay am t neL II s utanzsa L34abi OI
southern New Mexico (Hubbard 1992). However, the full species is itself a candidate for ESA listing (67 Fed. Reg. 40657-40679
(June 13, 2002)).

Baird's Sparrow - The Baird's Sparrow is an endemic species of the northern Great

Plains that winters in southern New Mexico, south-eastern Arizona, western Texas and

Northern Mexico (http://mountain-prairie.fws.gov/bairdssparrow/facts.htm). The Baird's

Sparrow prefers taller to mixed grass prairie habitat. The bird exhibits little site fidelity

from season to season, being found primarily where rangeland conditions are very good

to excellent. Baird's sparrow populations have declined throughout the species range due
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to habitat loss from livestock grazing of grasslands and the conversion of native prairie

and grasslands to agricultural lands (http://mountain-

prairie.fws.gov/bairdssparrow/facts.htm). The nomadic nature of the Baird's Sparrow

suggests that the species will become increasingly more rare in southeastern New Mexico

as long as the shinnery-oak-grassland community continues to be degraded by livestock

grazing and conversion to other uses.

Ferruginous Hawk - The ferruginous hawk is found in open habitats such as grasslands,

shrubsteppes, shrublands, deserts, and the outer edges of pinyon-pine forests throughout

western North America (http://arnica.csustan.edu/esrpp/fh.htm). The birds are common

in New Mexico, including the shinnery-oak-grassland community of south-central and

southeastern New Mexico throughout the winter months. Ferruginous hawks depend on

only a few prey species, including cottontails, black-tailed jackrabbit, ground squirrels,

and pocket gophers (http://amica.csustan.edu/esrpp/fh.htm). Ferruginous hawk

populations continue to decline throughout the species range, principally due to habitat

loss through conversion to agriculture and other land uses, livestock grazing of

rangelands and population control of the small mammals that serve as the species food

source (http://amica.csustan.edu/esrpp/fh.htm).

Western Burrowing Owl - The burrowing owl is found in the open desert grasslands

and shrublands of the American west from Canada to Mexico

(http://amica.csustan.edu/esrpp/burowl.htm). The burrowing owl is capable of digging

its own nest sites, but often nests within the abandoned dens of other animals, including

prairie dogs. The burrowing owl is an opportunistic feeder, and the many insects of the

shinnery-oak-grasslands make up a large part of its diet, as do small ground dwelling

mammals such as mice, rats, gophers and squirrels

(http://amica.csustan.edu/esrpp/burowl.htm).

Swift Fox - The Swift Fox occurs within widely scattered and isolated pockets of

remnant short and mid-grass prairie throughout the western United States. Swift Fox

utilize dens throughout the year, either digging their own or enlarging the burrows of

other animals (USFWS 2000). The Swift Fox are opportunistic feeders, and will eat
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* small mammals, birds, insects, fruits and carrion. The Swift Fox has decreased

southward from its historical distribution, which was once from Canada to Mexico.

Today the species is extirpated from Canada, Montana and the Dakotas, and is found in

smaller numbers in Wyoming, eastern Colorado and Kansas, but is found throughout

most of its historic range in Oklahoma and New Mexico (USFWS 2000). Swift Fox

populations are threatened primarily by conversion of rangeland for agricultural

purposes, hunting and the widespread use of strychnine used to kill wolves and coyotes

(USFWS 2000).

Arizona Black-tailed Prairie Dog - Prairie dogs are not commonly found within the

shinnery-oak-grassland community type and are not found at all in areas where tall

grasses are abundant (Peterson and Boyd 1998). Evidence suggests that the presence of

prairie dogs in the shinnery-oak-grasslands is the result of livestock grazing of tall

grasses, and the destruction of prairie dog predators (Peterson and Boyd 1998). Despite

their historical absence from the shinnery-oak-grassland community, prairie dogs have

played an important role in the ecology of Lesser Prairie-Chickens in recent times, as

their colonies have been known to be associated with lek sites (Davis et al. 1981,

Morrissey 1995, Bailey 1999).

Sand Dune Lizard - The sand dune lizard is the only reptile species restricted to the

shinnery-oak-grassland community, and within New Mexico the lizard is limited to the

south-eastern portion of the state (Peterson and Boyd 1998). The sand dune lizard occurs

mainly in deep sand areas, but forages under the shinnery oak and is usually found within

4-6 ft. of an oak (Peterson and Boyd 1998). Treatment of shinnery oak with tebuthiuron

is prohibited within the known habitat of the sand dune lizard, but continued livestock

grazing as well as oil and gas development threatens the long term survival of the species

(Bailey and Painter 1994).

Texas Horned Lizard - The Texas horned lizard is found throughout large parts of

Texas, Oklahoma, Kansas and New Mexico in the arid and semi-arid grassland and

shrubland communities. The lizards live primarily in sparsely vegetated, sandy areas

with nearby colonizes of harvester (Pogonomyrmex spp.) ants
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http://www.tpwd.state.tx.us/nature/wild/reptiles/thlizard.htm). The lizards are ant

specialist feeders and eat primarily harvester ants, but will feed on other insects such as

grasshoppers, isopods and beetles

(http://animaldiversity.ummz.umich.edu/accounts/phrynosoma/p._cornutum$narrative.ht

ml). Texas homed lizard populations have declined recently, principally due to the

invasion of the imported fire ant, Solenopsis invicta, loss of habitat through land

conversion processes, and the use of pesticides on harvester ants

(http://animaldiversity.ummz.umich.edu/accounts/phrynosoma/p._cornutum$narrative.ht

ml).

White-tailed Deer - The white-tailed deer is thought to be restricted to the shinnery-oak-

grasslands within New Mexico, and the shinnery-oak-grassland is the principal

community type that harbors this subspecies throughout its range in the southern Great

Plains (Peterson and Boyd 1998). The acorns of shinnery oak are a principal food source

for the White-tailed Deer, along with forbs and other plants of the shinnery-oak-

grasslands. There is some confusion as to the subspecies present in the shinnery-oak-

grasslands of New Mexico. Bailey (1905) and Ligon (1927) ascribed the white-tailed

deer to its own seperate subspecies, while modern sources typically describe the species

as a member of the subspecies texanus (NMNHP database, unpublished).

The continuing degradation of the shinnery-oak-grassland community type, considered

together with the fact that the New Mexico BLM controls almost 75% of the remaining

Prairie-Chicken habitat in public ownership makes the proposed Lesser Prairie-Chicken

ACEC invaluable for maintaining biodiversity within the shinnery-oak-grassland

ecosystem of east-central and southeastern New Mexico and in promoting the recovery

and continued existence of the Lesser Prairie-Chicken as well as the additional sensitive

species described above.

Finally, the proposed Lesser Prairie-Chicken ACEC is important as "a natural process

or ecosystem" (Criterion 3). The area contains the majority of the remaining shinnery-

oak-grassland habitat on public lands that the Lesser Prairie-Chicken requires for survival

within its range in New Mexico. This habitat is becoming increasingly degraded through
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brush control, land conversion, livestock grazing and oil and gas development (Bailey

2000, USFWS 1998, Riley et al. 1992, Taylor and Guthery 1980b, Copelin 1963, Jackson

and DeArment 1963, Crawford and Bolen 1976, Crawford 1974). Because the vast

majority of this ecosystem exists on private lands that are largely unregulated, the

proposed Lesser Prairie-Chicken ACEC is critical in maintaining and restoring the

historical quality and health of the shinnery-oak-grassland ecosystem, and preserving this

habitat for both the survival of the Lesser Prairie-Chicken and as a reservoir of

biodiversity for this threatened ecosystem.

Importance

The proposed Lesser Prairie-Chicken ACEC meets, at a minimum, two of the

importance criteria as outlined in the BLM Manual 1613 (Criteria I and 2). First, the

area contains "more than locally significant qualities which give it special worth,

consequence, meaning, distinctiveness, or cause for concern, especially compared to any

similar resource" (Criterion 1). The Lesser Prairie-Chicken's original range

encompassed 358,000 km2 throughout eastern New-Mexico, the Texas panhandle,

western Oklahoma, southwestern Kansas and southeastern Colorado, with small

populations possibly existing in northeastern Colorado and extreme northwestern

Nebraska (Colvin 1914, Ligon 1927, Bailey 1928, Taylor and Guthery 1980b, Morrissey

1995). Today, its known range has been reduced by 92%, and of the species remaining

range, only 5% remains in public ownership. Significantly, of the remaining lands in

public ownership, the New Mexico BLM controls almost 75%, thereby making the

proposed Lesser Prairie-Chicken ACEC regionally important as both a habitat reserve

and "genetic bank" vital to the survival and recovery of the species over its entire current

and former range (Taylor and Guthery 1980b). Additionally, the continued degradation

of this public rangeland through livestock grazing, brush control, oil and gas development

and land conversion makes the area an immediate cause for concern. Finally, as the

remaining BLM lands represent the majority of Prairie-Chicken habitat on public lands,

the proposed Lesser Prairie-Chicken ACEC clearly has special worth compared to similar

resources, the majority of which exist on private lands. The area is already, and
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continues to be of major interest to birdwatchers worldwide, who visit the Caprock

Wildlife Area from around the world (Dr. Kris Johnson, personal communication).

Second, the area "has qualities or circumstances that make it fragile, sensitive, rare,

irreplaceable, exemplary, unique, endangered, threatened, or vulnerable to adverse

change" (Criterion 2). The Fish and Wildlife Service, in reviewing the 1995 petition to

list the Lesser Prairie-Chicken as endangered or threatened, gave the petition a

"warranted, but precluded" ruling, and continues to find the species imperiled,

acknowledging:

"based on all currently available information, we find that the threats to the Lesser

Prairie-Chicken, as outlined in the 12-month finding, remain unchanged and Lesser

Prairie-Chickens continue to warrant federal listing as threatened" (Fish and Wildlife

Service 2001).

The proposed Lesser Prairie-Chicken ACEC contains the majority of the remaining

shinnery-oak-grassland habitat on public lands that the species requires for survival

within its range in New Mexico. This habitat is increasingly subject to eradication

through the use of tebuthiuron for conversion to grasslands for cattle grazing, both on

public and private lands. The continued degradation of this area through brush control,

livestock -grazing and oil and gas development clearly makes it both "fragile" and

"vulnerable to adverse change", as has been repeatedly documented (Copelin 1963,

Jackson and DeArment 1963, Crawford 1974, Crawford and Bolen 1976, Taylor and

Guthery 1980b, Riley et al. 1992, USFWS 1998). Finally, the well- documented failure

of shinnery-oak to revegetate areas that have been converted to other land uses clearly

makes the shinnery-oak-grassland habitat within the proposed Lesser Prairie-Chicken

ACEC "irreplaceable" (Peterson and Boyd 1998).
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Figure 7. Management areas for BLM Lands within the proposed Lesser Prairie-Chicken ACEC.
Two different management areas are proposed by the petitioners. The Adaptive Management Area
contains stable populations and is designed to develop a management plan for the ACEC. The 5-year
moratorium areas target populations where conditions are critical and emergency protections are needed.
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Suggestions for Special Management

The petitioners propose the following management recommendations for the proposed

Lesser Prairie-Chicken ACEC. The petitioners believe that in order to ensure proper

management, a committee of state, federal and academic wildlife specialists should be

convened to draft a comprehensive adaptive management plan for the shinnery-oak-

grassland ecosystem and Lesser Prairie-Chicken habitat within the proposed Lesser

Prairie-Chicken ACEC. The primary and overriding purpose of all management actions

undertaken by this committee or by the agency within the ACEC boundaries must be to

recover and sustain Lesser Prairie-Chicken populations. The committee should also re-

convene on a regular basis to systematically review the results of the management plan

and implement any necessary changes.

The petitioners propose that the committee should develop and implement an adaptive

management strategy for the Lesser Prairie-Chicken ACEC, with the following

guidelines. In light of the continuing decline of Prairie-Chicken population numbers and

habitat conditions, the petitioners have delineated areas of critical importance, where

populations are sparse and disconnected and/or extirpation is imminent (Moritorium

Areas, Figure 7). These areas include the populations south of highway 380 and north of

330 N, the Querecho Plains populations and adjacent historic habitat, and the isolated

northern populations adjacent to U.S. 70. Within these areas, the petitioners propose a 5-

year moratorium on livestock grazing, as well as new oil and gas activity to allow for an

emergency habitat recovery period. Monitoring of habitat conditions and Lesser Prairie-

Chicken leks should be used to test the hypothesis that conditions for the species will

improve during the 5-year moratorium.

The remaining portion of the proposed Lesser Prairie-Chicken ACEC contains the

"core" populations of the Lesser Prairie-Chicken, and consists mainly of the Caprock

Wildlife Area (Figure 7). Lesser Prairie-Chicken populations in this area are more stable

and in less imminent danger, therefore the petitioners propose that this area be used to

test adaptive management methodologies for enhancing and sustaining Lesser Prairie-

Chicken habitat. These methodologies may include conservative livestock grazing, as
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well as herbicide applications, so long as the activities promote the recovery and stability

of Lesser Prairie-Chicken populations. All management strategies implemented by the

committee within the Adaptive Management Area should be applied with rigorous

experimental design. It is the belief of the petitioners that this Adaptive Management

Area can be used to develop sound criteria for recovering Lesser Prairie-Chickens, and

that these criteria can then be applied to the other parts of the proposed Lesser Prairie-

Chicken ACEC, once the emergency moratorium has ended. The Petitioners respectfully

furnish the following list of suggestions for testing within the Adaptive Management

Area based on eliminating the previously mentioned threats to the Lesser Prairie-

Chicken:

1. Experimental reductions in livestock grazing within the Adaptive Management

Area of the proposed Lesser Prairie-Chicken ACEC. Active lek sites should be

used as experimental unit; with treatments applied to randomly selected,

geographically independent lek sites. A minimum of five lek sites should be used

for each grazing treatment. Treatments should include no grazing on at least 2.6

km2 within 2.4 km. of lek sites and light intensity grazing (after June 30) on at

least 2.6 km2 within 2.4 km. of lek sites.

2. A permanent ban on the use of Tebuthiuron. The lethality of the herbicide

tebuthiuron on shinnery oak precludes its safe application. If herbicides are

deemed useful by the management team to retard growth of shinnery oak and

promote grass cover, other less lethal herbicides should be used in place of

tebuthiuron.

3. An expansion of the restrictions on certain oil and gas related activities during the

lekking season. Based on the USFWS 2001 report, current restrictions on new oil

and gas drilling within 200 m. of a lek are inadequate to protect the species, which

is known to nest within 3 km. of a lek. These restrictions should be extended to

areas within a minimum of 1.5 km. of an active lek.

4. Special management of the corridor areas that link the known east-central and

southeast populations of Lesser Prairie-Chicken to facilitate migration and genetic

exchange between these increasingly fragmented populations.
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5. Encourage the use of the Conservation Reserve Program for any qualifying

adjacent state and private lands within the external boundaries of the proposed

Lesser Prairie-Chicken ACEC, to facilitate recovery of healthy shinnery-oak-

grassland community conditions on non-public land.

6. Pursue the acquisition of private lands from willing sellers, as well as land

exchanges with the New Mexico State Land Office within the boundaries of the

proposed Lesser Prairie-Chicken ACEC.

The Adaptive Management Area also contains a number of large, tebuthiuron treated

pastures where high concentrations of the herbicide were applied (Figure 7). These areas

have been treated to enhance conditions for livestock grazing and surveyors have

repeatedly failed to locate birds nesting or raising broods within the treated pastures (K.

Johnson, personal communication). Therefore, the petitioners suggest that these areas be

exempt from the livestock management recommendations discussed here, and that

livestock grazing simply comply with all applicable federal law in these areas.

In addition to the recommendations above, the petitioners also respectfully submit the

following recommendations to apply to BLM lands within the whole of the proposed

Lesser Prairie-Chicken ACEC:

1. All of the area within the proposed Lesser Prairie-Chicken ACEC should be

withdrawn from "locatable mineral" entry, non-energy mineral leasing and salable

mineral entry.

2. Collection of plant material should be prohibited unless authorized by special

permit, and then only for educational or scientific applications.

3. Vehicular traffic should be restricted to "designated" roads only, all other roads

should be closed to all but administrative uses.

4. Recreational activity and access to the proposed Lesser Prairie-Chicken ACEC

should be limited during the lekking season by special permit.

5. Management for recreational purposes should be limited to primitive recreational

opportunities only.
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6. No authorizations for new rights of way within 1.5 km of an active lek should be

allowed.

7. The intentional introduction of any exotic plants or animals should be prohibited.

Conclusion

The protection of habitat on a large enough scale to protect ecosystem processes and

allow for the continuation of stable community structures with a minimum of outside

intervention is increasingly recognized as critical for the long-term survival of at-risk

species (Soule and Simberloff 1986, Soule et al. 1992). The Lesser Prairie-Chicken

populations of east-central and southeastern New Mexico occupy the largest remaining

area of relatively intact shinnery-oak-grassland habitat on public lands (USFWS 1998,

Bailey 1999). The majority of existing Prairie-Chicken habitat occurs on private land.

Due to the limited feasibility of regulating activities on private lands, the prospects for

recovering the species in these areas are less hopeful than on public land. This further

elevates the relative importance of public lands for recovering the species. The New

Mexico BLM controls almost 75% of the species' remaining habitat that is in public

ownership, making the proposed Lesser Prairie-Chicken ACEC one essential component

to the recovery of the species over its entire current and former range (Taylor and

Guthery 1980b). The petitioners believe that the proposed Lesser Prairie-Chicken

ACEC is on a scale large enough to provide for the recovery and maintenance of stable

Lesser Prairie-Chicken populations in a fully functioning ecosystem. The unique

combination of factors affecting the survival of the Lesser Prairie-Chicken presents an

outstanding opportunity for the BLM to take the lead in conserving and recovering this

species and for protecting the shinnery-oak-grassland ecosystem it inhabits.
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Appendix A. Wildlife Species of Chaves, Eddy and Lea Counties, NM; Shinnery-
oak-grassland associates
Source: Biota Information System of NM (http://fwie.fw.vt.edu/states/nm.htm)

SDecies Common Name Species Scientific Name
4

Tiger Salamander
Couch's Spadefoot
Plains Spadefoot
New Mexico Spadefoot
Ornate Box Turtle
Collared Lizard
Longnose Leopard Lizard
Greater Earless Lizard
Lesser Earless Lizard
Texas Homed Lizard
Roundtail Horned Lizard
Sand Dune Lizard
Eastern Fence Lizard
Side-blotched Lizard
Chihuahuan Spotted Whiptail
Prairie Racerunner
Great Plains Skink
Texas Blind Snake
Glossy Snake
Ringneck Snake
W. Hognose Snake
Night Snake
Desert Kingsnake
Milk Snake
Coachwhip
Gopher Snake
Texas Longnose Snake
Ground Snake
Plains Blackhead Snake
W. Diamondback Rattlesnake
Western Rattlesnake
Desert Massasauga
Turkey Vulture
Swainson's Hawk
Red-tailcd Hawk
Ferruginous Hawk
Golden Eagle
Merlin
Lesser Prairie-Chicken
Great-homed Owl
Northern Flicker

Ambystoma tigrinum
Scaphiopus couchii
Spea bombifrons
Spea multiplicata
Terrapene ornata
Crotaphytus collaris
Gambelia wislizenli
Cophosaurus texanus
Holbrookia maculata
Phrynosoma cornutum
Phrynosoma modestum
Sceloporus arenicolus
Sceloporus undulatus
Uta stansburiana
Cnemidophorus exsanguis
Cnemidophorus sexlineatus viridis
Eumeces obsoletus
Leptotyphlops dulcis dissectus
Arizona elegans
Diadophis punctatus
Heterodon nasicus
Hypsiglena torquata
Lampropeltis getula splendida
Lampropeltis triangulum
Masticophisflagellum
Pituophis melanoleucus
Rhinocheilus lecontei
Sonora semiannulata
Tantilla nigriceps
Crotalus atrox
Crotalus viridis
Sistrurus catenatus edwardsii
Cathartes aura
Buteo swainsoni
Buteojamaicensis
Buteo regalis
Aquila chrysaetos canadensis
Falco columbarius
Tympanuchus pallidicinctus
Bubo virginianus
Colaptes auratus
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Appendix A. Wildlife Species of Chaves, Eddy and Lea Counties, NM; Shinnery-oak-
grassland associates. Source: Biota Information System of NM (http://fwie.fw.vt.edulstates/nm htm)

SDecies Common Name Species Scientific Name
Scissor-tailed Flycatcher
Dark-eyed Junco
Brown-headed Cowbird
Desert Cottontail Rabbit
Thirteen-lined Ground Squirrel
Ord's Kangaroo Rat
N. Grasshopper Mouse
Coyote
Kit Fox
Swift Fox
Common Gray Fox
American Badger
Mule Deer
White-tailed Deer
Jerusalem Cricket

Tyrannusforficatus
Junco hyemalis
Molothrus ater
Sylvilagus audubonji
Spermophilus tridecemlineatus
Dipodomys ordii
Onychomys leucogaster
Canis latrans
Vulpes macrotis
Vulpes velox
Urocyon cinereoargenteus scottii
Taxidea taxus berlandieri
Odocoileus hemionus
Odocoileus virginianus texana
Stenopelmatus mescaleroensis
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Purpose of Work

The purpose of this project was to conduct a baseline survey for Lesser Prairie-Chickens (Tymnpanuchus
pallidicinclus) in the proposed National Enrichment Facility (NEF) site near Eunice, New Mexico (T21 S,
R38E, Section 32).

Methods

Lesser Prairie Chicken (LPCH) surveys were conducted at six listening stations. Stations were placed in
and around the NEF site and spaced 0.5 to 1.0 miles apart (Figure 1; Table 1). Station locations were
marked with a Garmin geographic positioning system (GPS) in differential correction mode.

Surveys were designed to identify the sounds of courting males on leks during the lekking period.
Between 12 hour before sunrise and 2 hours after sunrise, each station was surveyed for up to 20-minutes.
The close spacing of points and long survey duration maximized the ability to detect LPCHs. The
stations were surveyed in the opposite order on the first and second mornings. Field data sheets are
attached to the end of this document. All bird species detected in the survey area were recorded and are
listed in the Appendix.

Vegetation in the survey area was evaluated for potential to provide LPCH habitat. Vegetation transect
surveys conducted in 2003 were reviewed, and a general assessment of potential habitat in the area was
made.

Table 1. Survey station latitude and longitude in decimal degrees (WGS 84
datum).

Survey Station Latitude Longitude
LP1 32.4311557 -103.0645315
LP2 32.4328675 -103.0825277
LP3 32.4410576 -103.0824883
LP4 32.4464499 -103.0923249
LP5 32.4427806 -103.073244
LP6 32.432821 -103.0993294

Results

No LPCHs were detected during the surveys and no visual sightings or aural detections were made (Table
2). The closest known LPCH lek to the NEF site is in the northern part of the same township (T21S,
R38E). We are unable to disclose the location of this lek in this document.

Vegetation sampling conducted in 2003 indicated the predominant vegetation community on the NEF site
is Plains sand scrub (GL Environmental, Inc. 2003). In this community, shinoak (Quercus havardii) is
the dominant plant species. A variety of other shrubs and grasses adapted to sandy soils occur in the
project area (GL Environmental, Inc. 2003). Additional plant communities in the survey area include
grassland and mesquite woodland (Figures 2-7).

Overall, the potential LPCH habitat on the site is of moderate quality and minimal area. Along the north-
south gravel road in the center of section 32, and northwest of the NEF site in the southeast quarter of
section 30, Plains sand scrub provides the best potential habitat for LPCH in the survey area (Figures 3
and 6). Although this habitat type may be important to LPCH (Massey 2001), three vegetation
characteristics on the NEF site may make the habitat of low suitability to LPCH. These characteristics
include relatively low grass and shrub canopy cover (16.7% and 9.6%, respectively; GL Environmental
2003), scattered-to-dense honey mesquite (Prosopis glandulosa) stands, and relatively short grass height.
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The eastern portion of section 32 harbors dense mesquite and provides no suitable LPCH habitat. In
addition, just west o fs ection 32 the shinoak-grassland communities merge into shortgrass prairie and
provide no suitable LPCH habitat.

Through the life cycle of the facility, the habitat is expected to become less suitable to LPCH because of
the reduction in Plains sand scrub vegetation due to construction and the addition of structures and
disturbances that will likely discourage use of the site by LPCH.

Table 2. Summary of surveys conducted and weather conditions
Survey Date Time Temperature (TF) Mean Wind Speed Comments

(mph)
5 April, 2004 No LPCHs detected

Start 06:39 47 6 Light, intermittent sprinkles
End 08:52 53 5 Rain lessened

6 April, 2004 No LPCHs detected
Start 6:04 48 3 Clear and cool
End 8:29 52 5 Clear and cool

In the project area, potential LPCH predators include the Swainson's hawk (Buteo swainsont). A pair of
Swainson's hawks appeared likely to nest in the north-central part of section 32. An adult hawk was
observed making undulating courtship display flights during the 6 April visit. A second Swainson's
Hawk pair was observed making courtship displays southwest of section 32. Along a private road in
section 33, power lines provide ample raptor perches.

The potential for human disturbance in the area is high. A waste disposal site, gravel quarry, and county
landfill are located within approximately one mile of the center of Section 32. There also is a
contaminated soils cleanup facility located approximately two miles west of Section 32. Railroad tracks
run east-west through the northern part of Section 32 (Figure 6).

Potential Impacts

In the project area, potential negative impacts to LPCH are limited. No LPCHs were detected and there is
little potential habitat in the survey area. In addition, high human disturbance and predator potential in
the area make it unlikely that LPCHs will colonize the area.

Cumulative regional impacts to LPCH are predicted to be low because of limited habitat availability in
the immediate project area, the absence of LPCH on the site, and the apparently small number of known
LPCH areas near the site. Although the cumulative effects of losing small habitat patches is a real
concern for the viability of LPCH populations, the effect of losing isolated sub-optimal habitat patches
currently not used by LPCH may be small. This project will likely remove approximately 1-3 krn2 of
potential habitat from the potential LPCH range, which is small relative to the currently occupied range of
LPCH in New Mexico (estimated at 16,757 km2 as of 1999 by Bailey and Williams 2000).

Literature Cited
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1999. Prairie Naturalist 32:157-168.
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Figure 1. Map of the survey area showing survey stations LPl-LP6 in and around the NEF project site
(T21S, R38E, section 32). From USGS 7.5 minute quad Eunice, N. Mex.
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Figure 2. Habitat at survey station LP 1 (north aspect)
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Figure 3. Habitat at survey station LP2 (north aspect)
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Figure 4. Habitat at survey station LP3 (south aspect)
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Figure 5. Habitat at survey station LP4 (south aspect)
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Figure 6. Habitat at survey station LP5 (north aspect)
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Figure 7. Habitat at survey station LP6 (north aspect)
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Appendix. Common and scientific names of bird species detected in the survey area.

Common Name
Swainson's Hawk
American Kestrel

----. _~Scaled Quail
Killdeer
Mourning Dove
Ash-throated Flycatcher

-Loggerhead Shrike
Chihuahuan Raven
Cactus Wren
Bewick's Wren
Northern Mockingbird
European Starling
Vesper Sparrow
Lark Bunting
Red-winged Blackbird
Eastern Meadowlark
Great-tailed Grackle
House Finch

Scientific Name
Buteo swainsoni
Falco sparverius
Callipepla squamata
Charadrius vociferus
Zenaida macroura
Myiarchus cinerascens
Lanius ludovicianus
Corvus cryptoleucus
Campylorhynchus brunneicapillus
Thyromanes bewickii
Minimus polyglottos
Sturnus vulgaris
Pooecetes gramineus
Calamospiza melanocorys
Agelaius phoeniceus
Sturnella magna
Quiscalus mexicanus
Carpodacus mexicanus
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VI. Introduction

Waste Control Specialists, Inc. (WCS) proposes to permit a Class I hazardous waste
landfill pursuant to 40 CFR Part 270, 31 TAC Chapter 305 (C) and (D) and 31 TAC
Chapter 335. This report, which addresses the geologic aspects of the Resource
Conservation and Recovery Act (RCRA) Part B Permit Application, has two
companion reports which focus on the various engineering and geotechnical
considerations of the Part B Permit Application. These two companion reports,
provided under separate cover, were prepared by AM Environmental, Inc. (AME) of
Austin, Texas (engineering design) and Jack H. Holt and Associates, Inc. (JHA) also of
Austin, Texas (geotechnical evaluation). Where engineering design and/or geotechnical
aspects of the geologic report are addressed by one of the other two reports, this fact is
noted in the geologic report table of contents as well as noted within the geologic report
text.

The proposed WCS landfill site is located in northwest Andrews County, Texas,
approximately 30 miles northwest of the City of Andrews (Figure VI.A.1). This site
rests on a gently sloping plain with a natural slope of approximately 0.5 degrees. The
site is underlain by Quaternary windblown sands, the Tertiary Ogallala Formation, and

the Triassic Dockum Group.

Portions of the Ogallala Formation serve as the regional aquifer for the Southern High
Plains. However, the proposed WCS landfill site is located on the western edge of the
Caprock Escarpment where the Ogallala Formation has been mostly eroded away and
appears to be locally dry.

Regionally, the erosional remnants of the Ogallala Formation are typically cemented
with caliche and produce water only in relatively low topographic areas, following wet
weather periods. However, the vertical downward migration of groundwater from the
Ogallala Formation appears to be locally impeded by many feet of low hydraulic
conductivity claystones, siltstones, and interbedded silty sandstones which comprise the
upper portion of the Dockum Group.
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A summary of the regional and local topography, 'physiography and geology is
presented in Section VI.A. of this report. Section A. I. contains a discussion regarding
the active geologic processes, including: fault identification; seismicity; surface
lineations; and land surface subsidence. The potential for erosion is discussed in a
separate report provided by AME.

A regional and local physiographic and topographic discussion is provided in Section

A.2. A discussion regarding the regional geology,- including surface geology-and

stratigraphy, is contained in Section A.3. The regional discussion addresses the
conditions that exist in the area of West Texas and Southeast New Mexico.

Results of the site subsurface soils investigation are presented in Section A.4. The

subsurface structure, stratigraphic complexity, and the general hydrogeologic
framework of the -proposed WCS_ landfill site are discussed in this section. The
subsurface investigation procedures and geotechnical properties of the subsurface soils
are discussed in a separate report provided by JHA.

Section VI.B. of this report provides a detailed discussion of the regional and local
groundwater conditions. This discussion includes a review of regional aquifers

(Section B.i.) as well -as a presentation of local groundwater conditions and the
underground sources of -drinking 4 water, (USDW) (Section B.2.). The -detection
monitoring system is discussed in a separate report provided by AME.

Section VI.C. of this report pertains to groundwater monitoring exemption, while
Section VIM. focuses on unsaturated zone monitoring: Records regarding local oil and
gas wells are provided in Appendix A. Soil boring and well completion logs are
provided in Appendix B.; Shallow geophysical logs are provided in Appendix C.
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VI.A. Geology and Topography

A.1. Active Geologic Processes

Active geologic processes consist of faulting, seismicity, surface lineations, land
surface subsidence and the potential for surface erosion. These processes are discussed
in the following section, except the potential for surface erosion. This is discussed in
the companion engineering design report prepared by AME.

A.1.1. Identification of Faults

Reigional Tectonic Processes
The proposed WCS landfill site is located within the Permian Basin region of West
Texas. The Permian Basin derives its name from the fact that it is underlain by
extensive deposits of Permian sediments.

The proposed landfill site is situated over the north central portion of a prominent
structural feature known as the Central Basin Platform (Figure VI.A.2). The Central
Basin Platform is a deep-seated horst-like structure that extends northwest to southeast
from Southeast New Mexico to eastern Pecos County, Texas. The Central Basin
Platform is flanked by two prominent structural depressions known as the Delaware
Basin and the Midland Basin.

From the Cambrian to late Mississippian, West Texas and Southeast New Mexico
experienced only mild structural deformation that produced broad regional arches and
shallow depressions (Wright, 1979). The Central Basin Platform served intermittently
as a slightly positive feature during the early Paleozoic (Galley, 1958). During the
Mississippian and Pennsylvanian, the Central Basin Platform uplifted along ancient
lines of weakness (Hills, 1985). The Delaware, Midland, and Val Verde Basins began
to form out of the previously existing broad limestone shelf and shale basin.

Late Mississippian tectonic events uplifted and folded the platform and were followed
by more intense late Pennsylvanian and early Permian deformation that compressed and
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faulted the area (Hills, 1963). Highly deformed local structures formed ranges of
mountains oriented generally parallel to the main axis of the platform (Wright, 1979).
The overall structural configuration of the Periniian'Basin was essentially completed by
the end of Wolfcampian time (early Permian) (Stone and Webster, 1983).

This period of intense, late Paleozoic deformnation was followed by a long period of
gradual subsidence and erosion 'that stripped the-Central Basin Platform and other
structures to near base-level (Wright, 1979). The'expanding sea gradually 'encroached
over broad eroded surfaces and truncated edges of previously'deposited sedimeiniary
strata. These strata included new layers of arkose, sand, chert pebble conglomerate
and shale deposits, which accumulated as erosional products along the edges and on the
flanks of both regional and local structures. Throughout the remainder of Permian, the
Permian Basin slowly filled with several thousand feet of evaporites, carbonates, and
shales (Stone and Webster, 1983).

From the end of the Permian'until late Cretaceous, there was reilatively little tectonic
activity except for periods of slight regional uplifting and downw'arping (Stone and
Webster, 1983). ' During the early'Triassic, the region was slowly'uplifted and'slightly
eroded. These conditions continued until the late Triassic, when gentle" downwarping
formed a large land-locked basin in which the terrigenous deposits of the Dockum
Group accumulated-in alluvial flood'plains' and as-de'taic and lacustrine deposits
(McGowen, et.'al. 1979).

The late Cretaceous to early'Tertiaiy marked the beginning of the aramide Orogeny,
which formed'the Cordilleran Range to 'the west of the Permian Basin.- This orogeny
uplifted the region to essentially its present position, supplying sediments for the
Pliocene Ogallala'Formation and initiating the present hyjdrologic regime (Stone and
Webster, 1983). There have'been no major'tectonic events within the' Permian Basin
since that time, exceptIfor a period of minor volcanisn-`during the late'Tertiaiy in
northeastern New Mexico (Stone and Webster, 1983). Slight Tertiary movement along
Precambrian lines of weakness may have opened joint channels which allowed the
circulation of gioundwater into Permian evaporite layers (Hills, 1985).' The near-
surface regiotial structure may be l&dally' nodified by differential subsidence related to
groundwater dissolution'of Permian salt deposits (Gustavson et. al. '1980).

2 . .Terra Dynamics Incorporated
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Rezional Faulting
Two types of faulting were associated with early Permian deformation. Most of the
faults were long, high-angle reverse faults with several hundred feet of vertical
displacement that often involved the Precambrian basement rocks (Hills, 1985). The
traces of these faults are shown on the Precambrian structure map provided in Figure
VI.A.3. The second type of faulting is found along the western margin of the platform
where long strike-slip faults, with displacements of tens of miles, are found
(Harrington, 1963) (Figure VL.A.4).

The large structural features of the Permian basin are reflected only indirectly in the
Mesozoic and Cenozoic rocks, as there has been virtually no tectonic movement within
the basin since the Permian (Nicholson and Clebsch, 1961). The east-west and north-
south regional cross-sections provided in Figures VI.A.5 and VI.A.6 illustrate this
relationship. Figure VI.A.5 reveals the draping of the Permian and Triassic sediments
over the Central Basin Platform structure, located approximately 7,000 feet beneath the
present land surface. The faults that uplifted the platform do not appear to displace the
younger Permian sediments. The northernmost fault on Figure VI.A.6, located at the
Matador Uplift, terminates in lower Wolfcamp sediments.

A further comparison of the structure of the Devonian Woodford Formation (Figure
VI.A.7) to the structure of the younger Upper Guadalupe Whitehorse Group (Permian)
(Figure VI.A.8) indicates that the structure of the younger strata is intimately related to
the older structure. However, structural mapping of the younger strata does not
indicate the upward continuation of this faulting into the overlying, shallow section.
Therefore, the regional information does not indicate the presence of post-Permnian
faulting within the regional study area. In addition, the local information does not
indicate Holocene displacement of faults within 3,000 feet of the proposed WCS
landfill site. This local information is discussed fully in Section A.4.2.

Seismicitv
The Central Basin Platform is an area of moderate, low intensity seismic activity, based
on observational data obtained from the National Geophysical Data Center of the
National Oceanic and Atmospheric Administration (NOAA, 1992). A computer search

Terra Dynamics Incorporated
VI.A. -3



for all recorded -seismic activity within a 250'km' (155 mile) radius of the proposed
'WCS landfill site (32.433N, 103.05W) provided a list of 84 seismic events (152 total,

-68 suspected duplicates) during 'the period from 1931 to 1992 (Table VI.A.i,'Figure
VI.A.9). Seismic activity within the 'regional area has been reported as recently as
1992 (Table VI.A'1). However, all documented seismic events are located at distances
which exceed the required search distance of 3,000 feet from the proposed WCS
landfill site.

The proposed WCS landfill site is'located'within an earthquake risk area zone of (1),
which represents an area where' only 'minor' 'damage is expected as'sa result of
earthquake activity (Algermissen, 1969) (Figure VI.A.l0). This is due, in part, to the
relatively low level of tectonic activity'occurring within the regional study'area.' While
data are insufficient to equate any seismic activity with' specific tectonic structures or to
indicate the tectonic stress'levels and direction, the seismic activity that has occurred
within the region is postulated to be associated with salt dissolution or movement along
faults near oil and gas secondary recovery operations (Davis et. al., 1989). A search of
Texas Railroad Commission (TRC)'and New' Mexico Oil Conservation Commission
(OCC) records conducted by Geosource, Inc., Austin, Texas, revealed no secon ry
recovery operations within a three-mile radius of the proposed WCS landfill site.'

Surface Lineations
Surface lineations are straight'physiographic features. Surface lineations are typically
identified based on a review of surface geologic' maps, surface 'topography maps,
LANDSAT images and/or'high 'altitude aerial photographs (Finley and Gustavson,
-1981).' In the'Southern'High Plains, surface lineations typically fall into a combination
of six categories: '1) linear stream segments;, 2) drainage lines along linear valleys; 3)
prominent 'topographic breaks '(scarps); 4) galignent of '-playa lakes; 5) geologic
contacts; and 6) anomalous ground surface color tones based on aerial photographic
data. More than 4,600 surface lineations'have been identified in the area of the
Southern High Plains, ranging in length from' 1.2 -miles'up to 40 miles (Finley and
Gustavson, 1981).

Surface lineations are often associated with subsurface joint patterns and faults (Finley
and Gustavson, 1981). Fractures form in geologic material along planes of weakness
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where cohesion has been lost (Dennis, 1972). Joints, unlike faults, are defined as
fractures along which movement has been negligible or absent (Dennis, 1972). The
development of joints is an indication of the brittle behavior of rock, and is most
evident in the Triassic and Permian sandstones within the area of the Southern High
Plains (Finley and Gustavson, 1981). The poorly consolidated sediments of the
Ogallala Formation do not exhibit well-developed jointing patterns. The caliche
caprock material often exhibits an irregular, nearly orthogonal jointing pattern. Since
few surface faults have been recognized and mapped in the Southern High Plains, it is
the jointing of the geologic material that exerts the greatest control over regional
surface lineation patterns (Finley and Gustavson, 1981).

Several mechanisms can account for the relationship between surface lineations and
subsurface jointing. Joints form preferential planes that can be exploited by surficial
and subsurface weathering processes. Consequently, drainage systems in the Southern
High Plains are often classified as surface lineations, since their linear orientation is
controlled by the joint systems that they exploit (Finley and Gustavson, 1981). In
addition, joints can be propagated upward into geologically younger sediments, by the
differential compaction and dissolution of underlying materials (Stone and Webster,
1983; Finley and Gustavson, 1981).

In the Southern High Plains, the orientation of subsurface joints and their associated
surface lineations is controlled primarily by historical tectonic and structural trends
(Finley and Gustavson, 1981). As shown in Figure VI.A. II, the dominant direction of
orientation for surface lineations in the Southern High Plains is northwest to southeast,
with a secondary orientation direction of northeast to southwest. Figure VI.A.11
shows a surface lineation with a northwest-southeast alignment in the approximate
vicinity of Monument Draw. This feature is located in northern Andrews County about
14 miles from the proposed WCS landfill site. This is the closest lineament to the
proposed landfill site observed by Finley and Gustavson (1981). Their data do not
indicate the presence of surface lineations at the site.

Surface lineations were identified in the vicinity of the proposed WCS landfill site,
based on an analysis of NASA color-infrared aerial photographs (Figure VI.A.12).
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These lineations, including one that is inferred through the proposed WCS landfill site,
correspond to linear drainage features and ground 'surface color'tone anomalies.

The lineation inferred through the proposed WCS landfill site appear's as an anomaly in
-the ground surface color tone on a NASA color-infrared aerial photograph (Figure
VI.A.12). This anomaly may be caused by'shaddws, changes in 'soil' moisture and
vegetation etc. (Finley and Gustavson, 1981) and appears to be link8d to relatively

abrupt topographic variations.

A.1.2. Land Surface Subsidence

Land surface subsidence can be induced by fluid withdrawal or can' be naturally

occurring. Most commonly, fluid withdrawal is associated with groundwater pumpage
and oil and gas production activities.

Subsidence Associated with Fluid Withdrawal
The water-bearing zones of the Ogallala Aquifer consist of poorly consolidated to
unconsolidated sands and gravels at a depth greater than 300 feet belo'w the ground
surface (Knowles et. al., 1984). The aquifer is typically under water table conditions.
Despite the potential withdrawal of groundwater in the general vicinity of the proposed
WCS landfill site, pressure declines associated with groundwater pumpage are probably
insufficient to induce significant subsidence. -

Oil production is occurring in the area from consolidated' sediments 'at depths greater
than 3,000 feet. Therefore, no subsidence is expected to occur'from' the withidrawal of

brine or oil and gas. No evidence'of subsidenc;e related to fluidi'ithdriawal was found
in the reviewed literature (Section VI.E.).'

j .. . -, ' , I. i * -

-Naturally Occurring Subsidence ' -

Subsidence can also be naturally occurring and result from sedimexnt compaction and/or
subsurface dissolution of soluble: strata. "As discussed previously, joint/lineaament
systems. can be associated with sediment compaction and' dissolution' (Finley and
Gustavson, 1981).
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A zone of active salt dissolution and subsidence has been noted by Gustavson et. al.
(1980, 1981) in Permian strata of the Northern Texas Panhandle. Collapse features are

evidence of such subsidence. However, no salt dissolution collapse features are noted
within the study area based on a search of the available literature. Shallow depressions

are noted in the study area. However, these depressions can be attributed to eolian
deflation, caliche caprock solution and compaction, animal activity, and differential

compaction (Collins, 1990).

A.1.3. Potential for Erosion

The potential for erosion is discussed in the companion engineering design report

provided by AME.

A.2. Physiography and Topography

A.2.1. Physiographic Setting and Climate

Phvsiographic Setting
The proposed WCS landfill site is located in West Texas, which lies within the
southern portion of the North American Great Plains Physiographic Province (Stone
and Webster, 1983). The site is situated in northwest Andrews County, Texas on the
southwestern edge of the Southern High Plains (Llano Estacado) (Figure VI.A.13).

The Llano Estacado is an elevated area of low relief undulating plains encompassing a
large area of West Texas and Eastern New Mexico. It is bounded by the Western

Caprock Escarpment along the Pecos River Valley to the west and the Eastern Caprock
Escarpment developed by the headward tributaries of the Colorado, Brazos, and Red

Rivers to the east (Stone and Webster, 1983) (Figure VI.A.13). The Basin and Range
Physiographic Province lies to the west of the Southern High Plains. The Rolling
Plains Physiographic Province lies to the east and the Edwards Plateau lies to the south
of the Southern High Plains. Cities on the approximate boundary of the Llano
Estacado include Arnarillo, Texas to the north, Big Spring, Texas to the east,
Midland/Odessa, Texas to the south, and Roswell, New Mexico to the west.
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Climate
The proposed 'WCS landfill site' lies within' an area of temperate, arid climate. The

average annual precipitation is approximately 14.5 inches (Figure VI.'A.'14),' with more
than' 70 percent of the precipitation occurring between early- May and 'late October
(TNRIS, 1992). 'The mean annual'ma'xiinum temperature is '77.40F and the mean
annual minimum temperature is 49.40F. The maximum average daily temperature of
95.5°F'occurs 'in July and the minimum 'average daily temperature of 29.50F occurs in
January. 'The average annual wind speed is 10.4 miles per hour with the prevailing

direction being southwesterly in thee'winter and south to southeasterly in the summer.
The average free water evaporation exceeds precipitation by'about 58 'inches per year
(Conner et. al.; 1974).' -

A.2.2. Topographic Features, Soil and Land Use

Regional Toyoraphv - - i -

The proposed WCS landfill site'is Ilocated on'a 'gently sloping plain. The regional slope
is toward the'southeast' at 8 to 10 f'eet per mile (Reeves, 1966), with the local slope
oriented toward the southwest at 25 feet per mile (Plate VI.A.1). Regional topographic
features include the Pecos Rive'r Plain to the south and west,'the Mescalero Ridge to
the ndrthwest, Monument'Draw and Rattlesriake Ridge 'to the'west, and the Llano
Estacado'to the' north "and east'(Nicholson and Clebsch, 1961) (Figure VI.A.13 and
Plate VI.A.2).

'The Southern' High Plains can be characterized by relatively flat topography, cut by
regioial sudface drainage features 'and punctuated by playa lakes (Stone and Webster,
1983). Drainage is not well defined and consists' of ephemeral streams that channel
runoff into the playas.

The Mescalero Ridge defines ihe'western edge of the Llaxo Estacado. It'is a nearly
'perpendicular 'cliff, faci'g -west io southwest. The'ridge ihas 'a relief of nearly'i50 feet
in western Lea County,'lNew Mexico',!but'displays very iittle relief in eastern'Lea
County or western Andrews County'due to' a heavy cover of done sand. 'The south to
'southeast'sloping Pecos River Plai6n, to'the'west, is"co'ered with dune sand resulting in
a low-relief undulating topography.
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The only major regional drainage feature is Monument Draw, which is located to the
southwest of the site, in Lea County, New Mexico (Plate VI.A.2). Monument Draw
runs between the proposed WCS landfill site and Eunice, New Mexico. The draw
begins with a southeasterly course to a point north of Eunice where it turns south and
becomes a well defined cut approximately 30 feet in depth and 1,800 to 2,000 feet in
width. The draw does not have through-going drainage and is partially filled with dune
sand and alluvium (note: a second Monument Draw is shown on Plate VI.A.2 in
northern Andrews County; this draw is a separate feature not to be confused with the
draw in Lea County, New Mexico). East of Monument Draw is a north-south trending
topographic high known locally as Rattlesnake Ridge. This poorly defined ridge
parallels the Texas - New Mexico State line and crests about 125 feet higher than
Monument Draw (Nicholson and Clebsch, 1961).

Large-Scale Local Topographv Within the Boundary of the Proposed Landfill Site
The ground surface elevation within the boundary of the proposed WCS landfill site
ranges from a high of 3,487.56 feet relative to mean sea level (MSL) in the extreme
north central section to a low of 3,422.74 feet MSL in the southwest corner over a
linear distance of approximately 4,600 feet (Plate VI.A.3). A relatively abrupt
topographic slope break occurs along the central portion of the proposed WCS landfill
site, south of a line from surveyed grid locations 10-F, 8-F, 6D, 4-D and 2-D.

Small-Scale Local Topography Within the Boundary of the Proposed Landfill Site
Small-scale topographic features within the boundary of the proposed WCS landfill site
include two highs, five closed depressions (locally referred to as "buffalo wallows")
and a subtle surface water drainage feature (Plate VI.A.3).

A total of three of the local topographic depressions are located in close proximity to
each along the southwestern margin of the proposed WCS landfill cell (Plate VI.A.3).
The largest of these depressions (located at grid location 8-E) is about 400 feet by 300
feet with approximately one to two feet of vertical relief. The next largest of the three
depressions (located near grid location 8-F) is nearly circular with a diameter of 300
feet and approximately three to four feet of vertical relief. The smallest of the three
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depressions (located between grid location 7-D'and 7-E) is about'300 feet by 200 feet
in size with approximately one to' two feet "of vertical relief.

A subtle surface water drainage feature is headed in the area immediately to the west of
the three-topographic depressions discussed above. This drainage feature accounts for
approximately 12 feet' of topographic incising over a run of'approximately 500 feet.
Field observations of this surface water feature indicate channel flow in the upper
reach, with a rapid transition to'sheet flow at its terminal end to the south.

A fourth topographic depression is located near grid location 2-D, along the eastern
boundary of the proposed WCS landfill 'cell.' This depression has dimensions of 200
feet by 100 feet and 'approximately four feet of topographic relief.

A fifth topographic depression is located near grid location-l0-A;, along' the northwest
corner of the proposed WCS landfill site. This depression has dimensions of around
125 feet by 200 feet and approximately one to two feet of topograp c'relief.'

LoCal topographic highs are' located along the southwest 'margin of the proposed WCS
landfill cell. The largest high (located between grid 10-E and'10-F) is crescent-shaped
with the long axis' measuring appr-oximiately 600 feet and the short axis measuring about
300 feet. This topographic high has a vertical relief of one to two feet. The other
topographic high (located between grid 8-E and 9-E) measures about 100 feet by 200
feet with less than two feet of vertical relief.

Local Topoeraphv Outside the Boundar of the Proposed Landfill Site
Local topographic features outside the boundary of the proposed WCS landfill site
include three depressions to the west,' a spring to the west and three'highs 'to the north
(Plate YI.A.3). Baker Spring is located I,925 feet west and 360 feet' south of the
northwest'corner of the proposed WCS landfill site, in Lea County, New Mexico. The
water surface elevation at Baker Sprmign was surveyed at 3,440.82 feet MSL on
February 2, 1993. 'Reports by lobal residents indicate'that this spring is no longer
active, and that the loss of spring activity may be linked'to blasting activities at a
nearby rock quarry (Vance, 1993). Site observations suggest that the historical source
of Baker Spring may be attributed to seasonal seepage from the base of a surface
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outcropping of Ogallala Formation sediments. Field observations regarding the
topography surrounding Baker Spring indicate evidence of historical quarrying activity.

Area Soils
hle soils at the proposed WCS landfill site consist of dune sand mixed with organic

material overlying weakly to strongly cemented caliche (Conner et. al., 1974; Turner
et. al., 1974). The top soil depth ranges from 2 to 24 inches. The shallow caliche

consists primarily of cemented dune sand and cemented Ogallala Formation sediments.

Area Land Use
The proposed WCS landfill site is located on land owned by the Flying "W" Diamond

Ranch. This property, and the property immediately surrounding the proposed WCS

landfill site is presently used as rangeland for cattle, requiring approximately 60 acres

to sustain each head (Vance, 1993)

Other uses of land within the vicinity of the proposed WCS landfill site include: drill

sites for oil and gas wells (a producing oil well is located near the southwest comer of
the property); quarrying operations; and the surface recovery of oil field wastes.
Surface quarrying of sand and gravel is conducted approximately one mile to the west

of the proposed WCS landfill site, in New Mexico. The oil field waste recovery
facility is adjacent to this rock quarry.

A.3. Regional Geology

A.3.1 Regional Surface Sediments

The geologic formations that outcrop within the region range from Quaternary through
Triassic in age and include: Quaternary Alluvium (Holocene), Windblown cover sand
(Pleistocene), and the Tahoka Formation (Pleistocene); the Tertiary Ogallala Formation
(Pliocene); the Cretaceous Fort Terrett Formation; and the Triassic Dockum Group

(Chinle Formation). The Hobbs Sheet of the Geologic Atlas of Texas showing the area
surrounding the proposed WCS landfill site is provided on Plate VI.A.2.
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Alluvium. Windblown Cover Sand. 'and Tahoka Formation
Floodplain deposits of fluvial origin outcrop at the surface to 'the west and southwest of
the proposed WCS landfill site. These sediments are Holocene and possibly
Pleistocene in age and were deposited along the course' of Monument Draw in New
Mexico (Plate VI.A.2).

Windblown cover sand of Pleistocene age'is found immediately north' of the proposed
WCS landfill site, to the east along Highway 176,' and at 'numerous other locations in
Andrews, Gaines and other counties in Texas shown on Plate VI.A.2. This windblown
cover sand ranges up to 10 feet in thickness and is calcareous, grayish 'red, 'fine to
medium-grained quartz with silt and caliche nodules common (Barnes, 1976).

The Tahoka Formation is of Pleistocene age and consists of lacustrine clay, silt, sand,
and gravel (Barnes, 1976).' The clay and silt is sandy, indistinctly bedded to massive,
and consists of various shades of light gray and bluish gray. The sand is gray, "fine to
coarse-grained quartz,"friable, ,and grades to gravel at the margins of the deposits.
These sediments occur approximately four mile's east of the proposed WCS landfill site,
near a topographic depression located north of Highway 176. The Tahoka Formation
also outcrops at Whalen Lake and Shafter Lake in Andrews County, at San Simon Sink
in New Mexico, and at a few other locations as shown on the Plate VI.A.2.

Oeallala Formation
The Pliocene Ogallala Formation. consists of 'fluviatile sand, silt,' clay, 'and gravel
capped by caliche (Barnes, 1976). The sand deposits of the Ogailala Formation consist
of fine to medium-grained quartz grains, which are silty and calcareous. Bed forms
range from indistinctly bedded to massive, crossbedded, unconsolidated to weakly
cohesive with local quartzite lenses. The sand intervals of the Ogallaia Formation
occur in various shades of gray and red.

Ogallala Formation silt and clay deposits are reddish brown, dusky red, and pink and
contain .caliche nodules. - Gravels occur as basal conglomerates in intra-formational
channel deposits, and consist primarily'of 'quartz, quartite, sandstone, limestone,
chert, igneous 'rock,' and metamorphic' rock.'- The' c-appiing caliche' is hard, sandy,
pisolitic at the top, -and produces caprock along Mescalero Ridge. Development of the
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local caliche horizon probably occurred relatively recently, after the deposition of the
Pliocene Ogallala Formation.

Within the southern region of the Llano Estacado, the Ogallala Formation lies
unconformably above either Triassic or Cretaceous rocks, and occurs as an apron of
coalescing alluvial fan lobes which extend eastward from the Rocky Mountains. This
alluvial outwash plain was dominated by braided streams and extends from South
Dakota to the Texas Panhandle (Seni, 1980).

The headward erosion of the major rivers, such as the Pecos River in New Mexico and
the Canadian, Colorado, and Brazos Rivers in Texas, and their various tributaries has
regionally modified the surface expression of the Ogallala Formation (Figure VI.A. 13).
Consequently, portions of the Ogallala Formation have been erosionally removed,
exposing deeper, older stratigraphic units. In addition, winds and streams have locally
eroded the Ogallala Formation, exposing Cretaceous rocks around some saline lakes in
the southern part of the Southern High Plains (Plate VI.A.2). The Ogallala Formation,
in the regional area shown on Plate VI.A.2, ranges from 0 to 100 feet in thickness
(Barnes, 1976).

Fort Terrett Formation
A very isolated occurrence of the Fort Terrett Formation is exposed in a rock quarry
approximately one mile west of the proposed WCS landfill site (Plate VI.A.2). This
formation consists of limestone and shale deposited in a marine environment. Fort
Terrett limestones are light gray to grayish yellow in color and are mostly fine gained,
argillaceous, thin to thick bedded and massive. The shales are calcareous and thinly
laminated and occur in shades of dusky yellow, yellowish gray, light olive-gray, and
dark gray (Barnes, 1976).

The possibility exists that the Fort Terrett Formation sediments mapped at the rock
quarry east of the proposed WCS landfill site (Plate VI.A.2) may actually be caliche.
This is based on the fact that no Fort Terrett Formation sediments were observed
(during on-site field activities) at an outcrop at Baker Spring, which is immediately east
of the quarry. An exposure of highly cemented, concretionary and pisolitic caliche was
observed at Baker Spring, which could be confused as a Cretaceous marine limestone.
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However, the. silt, sand and gravel ciontent of the limestone material -at Baker Spring
indicates that it is caliche, and it is suggested 'that this'caliche.material may' be' the same
material that was mapped by 'Barnes (1976) as'-the Fort Terrett Formation at the

adjacent rock quarry.

Dockum Group - Chinle Formation

The Chinle Formation is the uppermost unit of the Triassic Dockum Group'in eastern
New Mexico and western Texas (Nicholsorn% and Clebsch, 1961). The Chinle
Formation consists of red and greenish micaceous claystone, -thinly interbedded with

fine-grained 'sandstone (Barnes, 1976).; The Chinle Formation is exposed in a rock
quarry in New Mexico approximately one mile west of the site (Plate VI.A.2).

In Texas, the DockumrGroup consists of shale, sandstone, !siltstone, limestone, and
gravel. These shale sediments are typically micaceous, thinly bedded, and variegated.
The Dockum Group lies immediately beneath the Ogallala Formation at the proposed
WCS landfill site and ranges up to 1,400 feet in thickness within the region.

;. l. . , .. . . -, - -. - . . .- . .

A.3.2 Regional Stratigraphy ' .' ' .-

.Groundwater resources are commonly referred to as underground sources of drinking

water (USDWs). The base of the Dockum Group (Santa Rosa 'Formation) is

considered to be the base of the lowermost aquifer 'capable of providing usable

groundwater to the land surface in the regionallstudy area' (Nicholson and Clebsch,

1961). This formation lies unconformably' on top of the Permian Dewey Lake
Formation, with the base of the Docklim Group at a depth'of approximately l ,400 feet
beneath the proposed WCS landfill site.

The deeper formations of Permian age were deposited in a restricted-marine
environment and thus contain salt deposits which rmnalkthe groundwater produced from

them too brackish for use.' The- stratigraphic column for the Central Basin Platform

-area is: shown in Figure VI.A.15;' Included'on the column are ill 'stratigiaphic units
from the Precambrian to Recient time.' Howvever, for 'the purpose-of this regional
discussion, only the Permian Ochoan units through the Recent units will be reviewed.
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To better understand how the local geology relates to the regional stratigraphy,

information was obtained from oil and gas operations in Andrews County, Texas and
Lea County, New Mexico. A search of the oil and gas well records within a one-mile
radius of the proposed WCS landfill site was conducted by Geosource, Inc., Austin,

Texas, in November 1992.

Geosource, Inc. utilized public and private sources of data to identify producing and
abandoned oil and gas wells or well tests located in the area. Table VI.A.2 lists the

sources of information reviewed and briefly describes the information which can be
obtained from each source. There are 12 operating or plugged wells located within a
one-mile radius of the site. A map showing the location of oil and gas artificial

penetrations within the area is included as Figure VI.A.16. A tabulation of the oil and
gas wells is included as Table VI.A.3. Records of these wells are provided in

Appendix A.

A detailed analysis of the regional and local subsurface stratigraphy was conducted
based on a review of the drilling records and/or electric, nuclear, and lithologic logs
from 17 individual locations. The data set consists of all available log data for the area
on file with Petroleum Information (PI) within the boundaries of Figure VI.A.17. A

total of two regional stratigraphic cross-sections were constructed using these data and
are shown as Plates VI.A.4 and VI.A.5. These cross-sections depict the major
stratigraphic units that occur within 2,000 feet below ground level (BGL) in the vicinity
of the site. Review of these cross-sections does not indicate the presence of local

faulting. The locations of the cross-sections are shown in Figure VI.A.17. The

individual well logs used to prepare the cross-sections have been named and numbered

for cross-referencing purposes.

Permian Units
The Permian sediments consist of the Wolfcamp, Leonard, Guadalupe, and Ochoa
Series (Figure VI.A. 15). The Ochoan sediments are important to this discussion
because they are immediately below the USDW. In addition, the Ochoan stratigraphy
provides information pertaining to the deeper structure beneath the site.
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-The Ochoah Series section represents the top of 'the Permian strata, and in the Central
Basin Platform area consists primarily of the:- Salado Form'ation; the Rustler
Formation; and the Dewey Lake Formation (WTGS, 1976). The Salado Formation,
which rests unconformably on the Tansill Formation, consists of a thick, regionally
extensive evaporite unit composed dominantly' of salt and lesser amounts of anhydrite

and'minor amounts "of mudstone (McGillis and Presley','1981). The Salado Formation
ranges in thickness from approkimiately, 750 feet in' the area of 'the Central Basin
Platform to over 2,000 feet in the Delaware Basin.

The Rustler Formation consists of a maximuri 'of 375 feet of dolomite and anhydrite
with an irregular basal zone of red sand, c'onglomerate, -and variegated shale (Jones,

1953). The Rustler Formation represents the youngest anhydrite in the Permian Basin.

The Dewey Lake Formation lies''conformably' on the Rustler Formation and consists
mainly of fine-grained red sandstone and siltstone with some arihydrite, but no salt. It
ranges in thickness from 250 to 300 feet in Andrews County'(WTGS, 1961).' -Although
there is'an unconformity found at the top of the Dewey Lake Formation, which
separates it from Triassic deposits, in many places the nature of this contact is not clear

(Stone and Webster, 1983). The Ochoan units have a combined thickness of over
3,000 feet and indicate a similaristructural trend'as the lower Permian units.

A portion of the Ochoan stratigraphic sequence (i.e., Salado'Formation,' Rustler

Formation, and Dewey Lake Formation) is shown on Cross-sections A-A' and B-B'
(Plates VI.A.4 and VI.A.5). -The upper contact of the Salado Formation, in the area of
the proposed WCS landfill site, is 'at a depth 'of approximately 1,595 feet BGL at

location #13 and 1,828 feet BGL at location'#15.

The Rustler Formation top occurs at a'depth' of approximately 1,356 feet BGL at
location #13 and 1,615. feet BGL at location #15; 'The total thickness of the Rustler
Formation ranges from 210 feet at location'#4 to 237 feet thick at location #12. -

The erosional surface of the Dewey Lake Formation slopes regionally to the southeast
(Nativ, '1988). 'The upper- contact of the Dewey Lake Formation 'in the area' of the
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proposed WCS landfill site is at a depth. of approximately 1,217 feet BGL at location
#13 and 1,382 feet BGL at location #9.

Triassic Units
The Triassic Dockum Group disconformably overlies the Permian stratigraphic
sequence within the regional study area (Figure VI.A.15). The Dockum Group is
comprised of a series of fluvial and lacustrine mudstone, siltstone, sandstone, and silty
dolomite deposits (McGowen et. al., 1979) which range up to approximately 1,400 feet
thick in the area of the Central Basin Platform. These sediments accumulated in a
variety of continental depositional settings, including braided and meandering streams,
alluvial fan deltas, lacustrine deltas, lacustrine systems, and mud flats (McGowen et.
al., 1979).

Figure VI.A.18 shows the inferred paleogeographic setting that existed during the
deposition of the Dockum Group. The terrigenous clastics deposited in the Permian
Basin area were mainly derived from older sedimentary rocks that accumulated in
Texas and New Mexico. The maximum preserved thickness of Triassic rocks (2,000
feet) occurs in the Midland Basin (Nativ, 1988).

The Tecovas Formation represents the lowermost lithologic cycle of the Triassic
System. It consists primarily of claystone and siltstone. However, the Tecovas
Formation is absent throughout portions of the Central Basin Platform.

The Trujillo Formation (i.e., Santa Rosa Formation of New Mexico) represents the
middle lithologic cycle of Dockum Group deposition. The Trujillo (Santa Rosa)
Formation is characterized by a sandy lower interval that becomes increasingly muddy
in the upper section. The upper lithologic cycle of the Triassic System, or Chinle
Formation, exhibits similar overall upward fining, except in the area of the
northwestern Midland Basin, where sand from an eastern source was deposited during
the upper Triassic cycle (McGowen et. al., 1979). Figure VI.A. 19 presents an isopach
(i.e., thickness) map of the upper Dockum Group.

The stratigraphic sequence of the Triassic Dockum Group (i.e., Santa Rosa Formation
and Chinle Formation) is shown on Cross-sections A-A' and B-B' (Plates VI.A.4 and
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VI.A.5). The upper contact of the Santa Rosa Formation in the area of the proposed
WCS. landfill site is 'at a depth' of approximately 965' feet BGL at location '#13 'and
1,202 feet BGL at location #14. The geophysical log characteristic shows the Santa
Rosa Formation to be a massive sandstone body. The total thickness of the Santa Rosa
ranges from 230 feet at locations #15 and #17 to 305 feet thick at location #12.

The upper Dockum Group (Chinle Formation)'top occurs at a'depth of approximately
48 feet BGL at location #9 (immediately south 'of the'proposed landfill site) and 93'feet
BGL at location #14. The total thickness of the upper Dockum Group ranges' from 955
feet at location #13 to 1,125 feet thick at location #4. The cross-sections show the
fluvial nature of the upper Dockum Group with interbedded sandstone, siltstone, and
clay lenses. The erosional surface of the Triassic Dockum Group is also quite evident.
The, Dockum Group is overlain -in some areas of the Southern High Plains by
Cretaceous rocks and in other areas by the Ogallala Formation.

Cretaceous Units -' '
The Jurassic stratigraphic sequence is not found in the Permian Basin '(Figure
V.A.15). Therefore, the 'Cretaceous' (Comanchean -Series) sediments- rest
disconformably upon the Triassic Dockum Group.' These sediments are found' in
southeast-dipping isolated erosional remnants' (Figure VI.A.20)' as much' as 100 feet
thick (Cronin and Wells, 1963). Note that the'iubcrop -map shows that Cretaceous
rocks have been eroded away beneath the proposed WCS landfill- site. 'Therefore,
while Cretaceous rocks are found in'the region, no Cretaceous units are'shown' on the
accompanying stratigraphic cross-sections (Plates VI.A.4 and VI.A.5).

Cretaceous rocks 'were deposited in an'epineritic' and littoral environment on a slowly
subsiding shelf (Nativ, 1988). The base of the'Cretaceous System in the Southern High'
Plains is composed of basal sands' of the Trinity Group.- These light gray' to reddih
gray sediments consist of nearly pure quartz;sands with t scatter1d lenses of gravel
(Stone and Webster, 1983). They are poorly consolidated and form a blanket-like
deposit that is 10 to 25 feet thick in the southeastern High Plains area.

The sediments of the Fredericksburg' Group rest unaconformably on top of the Trinity
Group deposits and consist predominately'of'caleareous'rock s.'- These strata consist of'
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light-gray argillaceous limestone interbedded with shale at the base, becoming more
massive marly limestone near the middle and grading into interbedded dolomite, shale,
and sandstone at the top (Stone and Webster, 1983).

Tertiary Units
Within the regional study area, the Ogallala Formation (Pliocene) rests disconformably
upon either the Triassic Dockum Group or the Cretaceous sediments. Figure VI.A.21
presents the structure of the base of the Ogallala Formation, which corresponds to the
erosional surface of the underlying Cretaceous and Triassic units. The Ogallala
Formation contains both coarse fluvial conglomerate and sandstone and fine-grained

eolian siltstone and clay (Nativ, 1988).

Seni (1980) believed that the depositional environment of the Ogallala Formation and
the overlying Quaternary deposits produced a series of overlapping, humid-type alluvial
fans. Three fan lobes were identified (Figure VI.A.22) whose grain size varies as a
function of the distance from the major channel system. After further investigation, it
was noted that the grain size of the Ogallala Formation clastics is controlled by the
topography of the underlying mid-Tertiary erosional surface (Gustavson and Winkler,
1988). Coarse fluvial clastics were deposited in paleovalleys, while finer eolian
sediments covered upland areas (Nativ, 1988). Eolian clastics also overlie the fluvial
sediments in the paleovalleys as sand and silt sheets. The Ogallala Formation typically
ranges from 0 to 200 feet thick in the south portion of the Southern High Plains. The
thickness of the Ogallala Formation reflects the underlying paleotopography.

A resistant calcite layer called the caprock caliche lies at or near the top of the Ogallala

Formation (Nativ, 1988). Caliche develops as an authigenic accumulation of calcium
carbonate that results from soil-forming processes, precipitation from groundwater, or
some combination of both (Stone, 1985). The processes governing the development of
caliche are discussed fully in Section A.4.3.

The Ogallala Formation and Dockum Group are easily discernible on electric logs from
nearby oil and gas wells and are shown on Plates VI.A.4 and VI.A.5. Because the top
of the Dockum Group is an erosional surface, the elevation of the contact between these
two formations varies significantly over relatively short distances. The thickness of the
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Ogallala Formation in the area shown by the cross'sections ranges from 48 feet at
location #9 (immediately south of the proposed landfill site) to 93 feet at location #14
(approximately three miles north of the site). This thickness determination assumes
that all material overlying the Dock-um Group consists of Ogallala Formation
sediments. This is based on geophysical log signature, and includes some amount of
surficial deposits and caliche cemented surficial deposits.'

A.4. Site Subsurface Soils Investigation:---

A.4.1. Investigation Procedures

Site operationsvwere conducted from November, -1992 through February, 1993. 'These
operations included: the drilling of continuous cores and soil borings; geophysical

logging; and the installation of piezometers and monitoring wells. All soil borings
.were described using the Unified Soil Classification System''`(USCS). A summary of
,.soil boring, well completion and selected'geologic data is provided in'Table VIA.4.

Soil boring and well completion logs are provided in Appendix'B.- Geophysical logs
are provided in Appendix C. A detailed discussion of the site subsurface 'investigation
procedures is provided in the companion geotechnical report provided by JHA.

A.4.2. Subsurface Structure

'A discussion of, the regional subsurface structure is provided in' Section A.1 and A.3.
This analysis of faulting, 'seismicity and the' oveia'l regional subsurface structure is
based on a review of the available published literature, and is based on the construction
of two deep geologic' cross-sections (Plate VI.A.4 'and V.ILA.5).` i These two cross-
sections were developed from available oil and gas industry data.''

The site subsurface structural analysis is 'based on data resulting from the' site
investigation: 55 i continuous cores; eight 'geophysical logs; -.and four' shallow
exploration borings (Table VI.A.4).- The -structu'ral interpretation derived from this

'information is summarized in ten shallow geologic cross-sections 'A-A' tihirogh J-J'. A
cross-section-location map is'provided as iFigure'VI.A.23. b The' 10 -shallow cross-

.sections are provided as Figure VI.A.24-through VI.A.33. A'structure map on top of
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the Dockum Group is provided as Figure VLA.34. In addition, two orthographic
projections of the Dockum Group surface are provided as Figure VI.A.35 and
VI.A.36, and a depth to the top of the Dockum Group map is provided as Figure
VI.A.37.

The regional subsurface structural data indicates no evidence of post-Permian faulting
or warping within the local study area. The site subsurface data supports this regional
analysis. The local geologic cross-sections (Figure VI.A.24 through VI.A.33) indicate
horizontally configured intervals of primarily silty claystone, siltstone and sandstone
within the shallow Dockum Group (Chinle Formation) sediments. While individual
lithologic intervals range from isolated to laterally extensive, the local depositional
framework within the Dockum Group indicates no evidence of faulting or warping.

Paleotopographic Surface of the Dockum Group
The buried surface of the local Dockum Group indicates a paleotopographic expression,
which is consistent with published information (Reeves, 1966; McGowen et. al., 1979;
Dutton and Simpkins, 1986). As shown in Figures VI.A.34, VI.A.35 and VI.A.36, an
apparent ridge runs in a roughly northwest/southeast direction through the middle of
the local study area. The "D" survey line, or local cross-section G-G' (Figure
VI.A.30) runs along the approximate axis of this structural feature.

This ridge has the general appearance of a east/southeast plunging anticline when
viewed from above (Figure VI.A.34). However, local cross-sections A-A', B-B', C-
C' and D-D' (Figure VI.A.24, VI.A.25, VI.A.26 and VI.A.27, respectively), which
cut profile views across this apparent structural ridge, do not indicate a similar
anticlinal warping of the underlying stratigraphic intervals. Rather, these cross-sections
indicate a generally horizontal configuration of shallow Dockum Group sediments.

The Dockum Group sediments are locally overlain by nine to 54 feet of top soil,
windblown silt and sand, caliche, and the gravel, sand, silt and clay deposits of the
Pliocene Ogallala Formation. A disconfonmable contact exists between the underlying
Dockum Group and the overlying Ogallala Formation (Gawloski, 1983). The
depositional record of most of the Tertiary System (Miocene through Paleocene), as
well as the entire Cretaceous and Jurassic Systems, is not present in the local study
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area. This represents a missing tirne-rock intdrval of approximately 169 milliobn'years.
Erosion of this time-rock interval, including a portion of the Triassic Dockurn'Group,
occurred prior to the deposition of Ogallala Formation sediments (Gawloski, 1983;
McGowen et. al., 1979;- Dutton and'Simpkins, 1986). It is this'erosional activity,
combined with some amount of scouring associated with' thetiransportation of Ogallala
Formation sediments which has locally shaped the surfa:6e of the Dockuum Group,
giving it the paleotopographic appearance indicated in'Figures VI.A.34, VI.A.35 and
VI.A.36.

General Relationship Between Local Surface Topoziraphj and Docku m Structure
The local surface topography is partially dApendairit on the'structure of the 'underlying
Dockum Group. The surface of the Dockum Group -slopes rapidly to the south and
-north,-off of the axis of the Dockum Group'ridge (Figure VI.A.34).' The local ground
-surface topography slopes rapidly to the south off of the axis of the'underlying Dockum
Group ridge 'and flattens along the southern margin of the study area (Plate-VI.A;3).
This is in strong similarity to the underlying Dockum Group structure. However, the
ground surface topography continues to gently climb toward the north of the underlying
Dockum -Group ridge,' despite the:fact that the Dockum' Group structure drops off
toward the north.

The thickness of'sediment overlying the'Dockum Group is related to Dockum Group
structure -and ground surface topography; ' The'difference' between ground 'surface
elevation and underlying Dockum Group structure elevation can be expressed in the
form of the depth (below ground level) to the'top of the' Dockum Group, which is
referred to here as overburden thickness. 'As' shown min' Figure VI"A.37, the overburden
sequence within the local study area is thinnest along 'anarcuate band extending
approximately from location' 9-H to location l-E. A comparison of the overburden
thickness trend (Figure VI.A.37) to the Dockum Group structure (Figure VI.A.34) and
local topography' (Plate -VI.A.3) shows' that this band 'of thinnest overburden
corresponds to the area where the local topography rapidly drops-off, in effect coming
closest to reaching the surface of the underlying Dockiim Group.' However, 'south' of
this band of thinnest overburden, the ground surface topography flattens-out to a slope
of approximately 0.5 degrees,;while the underlying Dockum Group structure continues-'
to drop-off toward the south at a slope of approximately three degrees (six times greater
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than topography). As a result, the overburden thickness increases along the southern
portion of the study area.

To the north of the band of thinnest overburden, the topography rises at a gentle rate
while the structure of the underlying Dockum Group begins to drop-off on the northern
flank of the local Dockum Group ridge. Consequently, the overburden thickness
increases in the northern portion of the local study area.

Small-Scale Dockum Group Structural Features and Buffalo Wallow Development
Localized drainage depressions such as playa lakes and buffalo wallows characterize
much of the topographic surface of the High Plains, and are attributed to a variety of
causes, including: differential compaction; eolian deflation; the transportation of
sediment by animal activity (thus the name buffalo wallow); the dissolution and
subsidence of the underlying caliche cap; as well as the dissolution and subsidence of
underlying Cretaceous limestone and Permian evaporite sediments (Nicholson and
Clebsch, 1961; Reeves, 1966; Gustavson and Finley, 1985; Collins, 1990). Within the
local study area, a relationship may exist between the formation of buffalo wallows and
the existence of underlying structural depressions in the surface of the Dockum Group.

Small-scale features are apparent on the surface of the local Dockum Group. Figures
VI.A.34, VI.A.35 and VI.A.36 show that the Dockum Group ridge, which extends
through the center of the local study area, is pock-marked with low-relief (i.e.,
approximately four to nine feet deep) structural depressions. One such depression was
explored by a series of four shallow borings (less than 31 feet deep) and one deeper

continuous core (depth of 100 feet ) near location 2-D. At this location, a bowl shaped
structural depression in the surface of the Dockum Group corresponds to an overlying
topographic depression, locally referred to as a buffalo wallow.

Both the depression in the surface of the Dockum Group, and the overlying buffalo
wallow, have a relief of approximately four feet. However, cross-section D-D' (Figure

VI.A.27), which passes beneath this topographic depression, does not indicate a similar

down-warping of sedimentary intervals beneath the depression. Instead, cross-section
D-D' indicates horizontally configured stratigraphic intervals beneath location 2-D.

Therefore, it is unlikely that the structural depression beneath 2-D is due to the
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dissolution and slumping of underlying Dockum Group or deeper Permian' evaporite
-layers. The structural depression in the surface of the Dockum Group is probably a
reflection of a small-scale paleotopographic depression scoured into the 'surface of the
Dockum Group prior to the local deposition of Ogallala Formation sediments.

The results of the coring and soil boring activity at location 2-D suggest that partial
dissolution of the shallow caliche cap may have contributed to the development of the
buffalo wallow. The continuous core drilled within the buffalo' wallow (location 2-D)
encountered only six feet of caliche cap, -consisting primarily of calcium carbonate
cemented silt and sand. However, four exploration -soil borings drilled along the outer
rim of the buffalo wallow (location 2-D(A), 2-D(B), 2-D(C) and 2-D(D)) encountered
a thickness of caliche cap ranging from'5.7 feet to 15.'6 feet, with an average thickness
of approximately 10.2 feet. -This suggests that a portion of the caliche cap material
may have been dissolved at the surface or beneath the buffalo wallow at 2-D. Surficial
dissolution of caliche cementation and subsequent'removal by deflation may explain the
development of buffalo wallows (Nicholson 'and Clebesch,- 1961). In addition,
dissolution of the deeper portion of 'the caliche,' and 'subsequent slumping of the
overlying caliche cap, may have initiated the topographic expression of the buffalo
wallow or simply propagated a pre-existing topographic surface depression.

The drilling results at location 2-D indicate sediment depletion within' the buffalo
wallow. The depth from' ground surface 'to the top of the Dockum -Group is 'given in
Figure VI.A.37. The thickness of material'overlying the Dockum Group locally thins
in the vicinity of 2-D. 'This can be explained by the removal of surficial material near
location 2-D by eolian deflation or by the transportation of soil fromfthe depression' by
animal activity. The buffalo wallow is presently covered with a thick carpet of
vegetation, which would be expected to greatly diminish the effect of eolian deflation.
However, this buffalo wallow presently appears to-be frequented by livestock, resulting
in possible sediment removal on their hooves and fur. This pattern of current livestock
activity at the buffalo wallow may. be indicative of the historic use of the site by North
American Bison (i.e., buffalo). ''

The topographic and structural depression at location 2-D 'may establish a surface water
and ground water relationship which' has 'been integral in -the development" of the
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buffalo wallow. The buffalo wallow probably serves as a seasonal collection point for

surface water. The coring and soil boring process at location 2-D indicated that the
buffalo wallow contains approximately two feet of organic-rich soil, compared to less
than 0.4 feet of soil along the rim of the buffalo wallow. In addition, the significantly
increased density and length of grass and shrub growth within the buffalo wallow
suggests increased available moisture.

This potential surface water and groundwater relationship is supported by the fact that
the coring activity within the buffalo wallow encountered saturated conditions within
the shallow sand and gravel immediately overlying the Dockum Group. However,
cores and soil borings surrounding location 2-D did not produce water. This suggests
that ponded surface water within the buffalo wallow is able to infiltrate into the
subsurface, but is forced to pond beneath the buffalo wallow, possibly due to the
structural depression in the underlying Dockum Group. This infiltrating surface water
may increase the rate of caliche dissolution beneath the buffalo wallow and, therefore,
may help to propagate the growth of the 2-D buffalo wallow. A complete discussion of
the site groundwater conditions is provided in Section B.2.

If a local relationship exists between buffalo wallow formation and Dockum Group
structure, then it is likely that buffalo wallows would be more abundant overlying
Dockum Group structural highs. It is here where structural depressions are most likely
to be closed (i.e., bowl-shaped) and, therefore, capable of ponding shallow
groundwater. Such a relationship may be suggested by the abundance of buffalo
wallows within the local area roughly bounded by survey locations 7-D and 7-E
through 1l-D and 10-F (Plate VI.A.3). This area directly overlies a broad structural
high in the surface of the Dockum Group (Figure VI.A.34).

A.4.3. Subsurface Stratigraphic Complexity

The local subsurface stratigraphic framework is presented in ten shallow geologic cross-
sections (Figures VI.A.24 through VI.A.33). These cross-sections are based on the
results of the site coring, soil boring and geophysical logging program. A total of 59
soil boring logs are presented in Appendix B. A total of eight geophysical logs are
provided in Appendix C. A percent siltstone and sandstone isopach map, which
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delineates the local sediment distribution pattern in the shallow Dockum Group, is
provided as Figure VI.A.38. A stratigraphic column is provided as Figure-VI.A.15.

Surficial Materials - <:Ad

The site is overlain by a thin: veneer of two feet or less of organic-rich'top soil. The
top soil consists of moist, brown silty sand which contains abundant vegetation debris
and roots. The top soil commonly contains well.rounded,-white, black, red, pirik'and
opaque quartzitic gravel and gravel fragments,! as well as caliche fragments.' These

gravel and.caliche fragments appear ;tohave weathered out of underlying caliche-
cemented Ogallala Formation sediments. .

Caliche -

Within the local study area, the top soil horizon is underlain by a variable sequence of
calcium carbonate cemented,. calcrete duracrust capping, material: (i.e., 'caliche).
'Caliche is common throughout the Southern High Plains or Llano Estacado, and forms
the resistant beds of the Caprock Escarpment along the western and eastern imargins of
the Southern High Plains (Gustavson and Finley, 1985). Caliche typically forms in
arid to semi-arid climates, where seasonal_ precipitation. dissolves and vertically
transports low magnesium calcite from the surface soils into the deeper soil, where it is

precipitated in the vadose zone of the C soil horizon (Leeder,'-1982), or at the'vadose

zone/phreatic zone interface (Braithwaite, 1983).

Thick sequences of caliche such as those encountered within.the local study area,'are

probably remnants from the Pleistocene, and may record epis6dic-accumulations of
carbonate in response-to Pliocene-Pleistocene climatic fluctuations'(Leeder, 1982).
Common sources of calcium in the shallow subsurface include weathered rock products
and organic sources such as lichen, fungi, algae and'bacteria (James-and Choquette,
1984). The primary factors controlling caliche .formation include: meteoric
precipitation rate; carbon dioxide content of meteoric water and icarbon dioxide
donation by organic material (increased carbon dioxide concentrations increase the rate
of calcium carbonate dissolution);. and temperature (increased' temperature pr6motes
calcium carbonate precipitation) (James and Choquette, 1984). -
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A local surface exposure of caliche, Ogallala Formation and Dockum Group sediments
was observed at Baker Spring (Plate VI.A.3). At this location, the caliche cap consists
of: approximately six feet of white, highly fractured calcium carbonate cemented
feldspathic and quartzitic silt and very fine grained sand; overlying approximately 12
feet of white and pinkish white, massive caliche with extensive concretionary nodule
growths (i.e., pisolites) and feldspathic and quartzitic silt and very fine grained sand;
resting on top of approximately six feet of pinkish white, calcium carbonate cemented
feldspathic and quartzitic silt, sand and gravel which becomes less cemented with
depth. This lower six feet of caliche material appears to be calcium carbonate
cemented Ogallala Formation sediments. This caliche altered Ogallala Formation
material has an irregular basal contact and indicates a gradational transition into
primarily uncemented Ogallala Formation sands and gravels below.

Caliche was encountered during the drilling program and was observed to be laterally
extensive throughout the local study area, ranging up to 47 feet thick at location 7-A
(Figure VI.A.24 through VI.A.33). As seen in the cross-sections, the local caliche cap
thickens toward the north and south margins of the study area, similar to the overall
thickness trend of the combined overburden sequence (Figure VI.A.37).

The caliche encountered during the drilling program is similar to the caliche exposed at
Baker Spring. Matrix color ranges from white to pinkish white, with varying degrees
of cementation, hardness, fracturing and pisolitic concretions. The caliche horizon
contained varying amounts of feldspathic and quartzitic silt, sand and gravel fragments
with a general trend of decreased cementation and increased silt, sand and gravel

content with depth. In many areas, the caliche cap material included altered eolian silts
and sands, as well as cemented Ogallala Formation sediments. Open fractures and
vugs were observed within the caliche horizon.

Oallala Formation
As discussed in Section A.3.2, the Ogallala Formation records a period of fluvial
deposition during the Pliocene (3 to 11 million years ago). The Ogaflala Formation
had a source area in the Rocky Mountains, and was deposited as an eastern-thinning
apron of coalescing alluvial fans (Seni, 1980).
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A local surface exposure of caliche,' Ogallala Formation and Dockum Gro'up sediments
was observed at Baker Spring (Plate VI.A.3).` The Ogallala Formation sediments
consist of approximately six feet of caliche iemented feldspathi& andd'quartzitic &silt,
sand and gravel, resting on top of approximately. 15 feet of planar crossbedded and
trough crossbedded sand and gravel, which is indicative of a high energy fluvial system
(Seni, 1980). Sediment color ranges from pinkish tan to dark brown with red, pink,
white, black and opaque'quartzitic gravel clasts:and granitic cobbles. The base of the
Ogallala Formation has a sharp and irregular contact with the underlying' dusky red
siltstone and claystone of the Dockum Group.

Ogallala Formation sediments were encountered in numerous' soil'borings throughout
the local study area (Figure VI.A.24 through VI.A.33). These sediments consist'of
feldspathic and quartzitic sand and gravel with silt and clay, and appeared consistent
with the -surface exposure 'at Baker'Spring. ::For the purpose'of general classification
and cross-section preparation, that portion .of the Ogallali- Formation' that has' been
cemented as part of the overlying caliche cap, is represented in' the cross-sections as
caliche. However, it should be noted that a sigriificant portidn'of the caliche cap within
the local study area consists of altered Ogallala Formation 'sediments. ' TLe following
discussion focuses on the uncemented Portion of the Ogallala Formation, below the
base of the caliche cap.

Caliche alteration of the Ogallala'Formation, 'combinied with incomplete recovery of
caliche-cemented' and uncemented Ogallala Formation Isamples during' th'e coring
program, hampered the accurate' recognition and' classification 'of the Ogallala
Formation 'sedinents. Therefore," an accurate thickness -(i.e., isopach) 'map' of the
Ogallala Formation could not be 'prepared as -part of the geologic' investigation.
However, the geologic cross-sections (Figure VI.A.24 through VI.A.33) provide a
general means for determining the local thickness trend of Oiallala Formation.

The local thickness trend of the Ogallaa Formation is partially related to the structure

of the underlying Dockum Group. As shown in the local cross-sections'A-AI,:B-B', C-
C', -D-D' Wand. J-J'. (Figure VI.A.24, VI.A.25, VI.A.26, ' VI.A.27 and VI.A.33,
respectively), the thickness-of the .Ogallala Fonnation generally increases off of 'the
northern and southern flanks of the underlying Dockum Group ridge (Figure VI.A.34).
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In addition, small-scale structural lows in the surface of the Dockum Group generally
contain an increased thickness of Ogallala Formation. This is particularly evident on
cross-sections G-G' (Figure VI.A.30), where Ogallala Formation sediments appear
thickest in structural lows between locations 9-D and 7-D, and between locations 5-D
and 2-D. This general thickness trend is due to the fact that the Ogallala Formation

occurs as an erosional remnant throughout much of the Southern High Plains area
(Seni, 1980). As a result, thicker sequences of Ogallala Formation sediments often
correspond to structural lows in the underlying formations. It is in these structural
lows where the Ogallala Formation is partially protected from erosional activity. In
addition, it is within these structural lows where a portion of the Ogallala Formation
rests below the base of caliche cementation and is, therefore, clearly recognizable as
the Ogallala Formation.

Ground surface topography also determines the local thickness trend of the Ogallala
Formation. As discussed in Section VI.A.4.2, the overburden is thinnest where the
ground surface has been eroded closest to the surface of the underlying Dockum Group.
Since much of the local Ogallala Formation is tied up as cemented caliche, the
thickness of the Ogallala Formation has a similar thickness trend as the entire
overburden sequence. This general relationship is illustrated in Figure VI.A.37.

Dockum Group
As discussed in Section VI.A.3.2, the Dockum Group records a period of fluvial-
deltaic and lacustrine deposition within a restricted continental basin during the Triassic
(180 to 260 million years ago). The source areas for the Dockum Group included: the
Llano Uplift area to the east; the Amarillo Uplift, Wichita Mountain Uplift and
Arbuckle Mountain Uplift to the north and northeast; the Sierra Grande Arch and
Sangre De Cristo Uplift to the northwest; the Sacramento Uplift to the west; and the
Diablo Platform to the south (Figure VI.A. 18) (McGowen et. al., 1979).

In Texas, the Dockum Group is stratigraphically divided into three formations: the
basal Tecovas Fornation (siltstone and claystone); the middle Trujillo Formation
(sandstone and siltstone); and the upper Chinle Formation (claystone and siltstone)
(Gawloski, 1983). The Trujillo Formation of West Texas is analogous to the Santa
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Rosa Formation of New Mexico. -The portion of the Dockum Group encountered at the
-site is classified as part of the Chinle Formation.'

A thin surface outcrop of Dock-um Group sediments exists at Baker Spring' (Plate
.VI.A.3). At this location, approximately five feet of dusky red colored 'siltstone and
claystone is* exposed at the base' of a highwall of caliche and Ogallala Formation

* sediments. . The upper surface of the Dock-umr Group is irregular and indicates an
eroded, disconformnable contact with' the overlying Ogallala Formation.

The Dock-um rGroup was penetrated to a maximum' depth of 300 feet below ground
level (location 9-G) during the on-site soil boring program.' "Continuous cores, drill
cuttings and geophysical logs' were used to characterize this' shallow portion of 'the
Dock-urn Group at the site. This information is presented in 10 hydrogeologic cross-
sections (Figure VI.A.24 through VI.A.33). In addition, the general distribution of
Dockum Group silt.and sand is presented in Figure VI.A.38. ' ' -

Based on the results of the on-site drilling program, the Dockum Group consists
primarily of reddish brown,- maroon and purple siltstone and clayston'e with intervals of
reddish tan and greenish gray siltstone and sandstone. Howev er, as shown in the cross-

sections, -a number.of cycles of predominantly mudstone 'and' siltstone/sandstone
deposition indicate the 'variable depositional history arid 'complexity of the local
Dockum Group. -. '

TIhe portion of. the Dockum Group encountered during the on-site drilling program can
be divided into three major depositional cycles: 1) a loweri-interval consisting of
siltstone with -some claystone, below an'approximate elevation of 3,250 'feet MSL;2)
an intermediate -interval of primarily claystone with some siltstone and sandstone,
within an approximate elevation range from 3,250 to 3,325 feet MSL; and 3) an upper
interval consisting of siltstone and sandstone with some claystone above an approximate
elevation of 3,325,feet MSL. These thre 'depositional cycles are particularly well
defined in cross-sections A-A'. and J-J' (Figure VI.A.24'and VI.A.33, re'spectively.

- .7.

The upper and lower. depositional cycles represent periods of 'increased'depositional
activity. Reddish brown, massive'-to 'parallel-laminated 'cliystones typically indicate

* . .
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lacustrine or prodelta sedimentation, while greenish gray and reddish brown, parallel-
laminated and cross-laminated siltstones and very fine grained sandstones indicate delta-
front deposition (McGowen et. al., 1979). A predominant greenish gray coloration of
the siltstones and sandstones indicates deposition during periods of high lake levels
(i.e., high stand), which corresponds to periods of relatively high rainfall rates.
During these periods, the fluvial system is actively transporting material to the basin
from distant source areas. This sediment is rich in lighter colored granitic minerals and
often contains flakes of mica and biotite. A predominant reddish brown coloration of
the siltstones and sandstones indicates deposition during periods of low lake level (i.e.,
low stand). This is when rainfall rates are relatively low, and tile fluvial system is no
longer transporting sediment into the basin from distant source areas. The primary
sediment source consists of pre-existing Triassic strata located along the margin of the
lacustrine basin.

The middle depositional cycle represents a period of relatively quite lacustrine
deposition. This interval consists primarily of reddish brown, maroon and purple
claystone with some siltstone and sandstone. The claystone intervals record periods of
both high stand and low stand lacustrine deposition. However, a predominance of
maroon and purple, worm-burrowed claystone is indicative of high stand lacustrine
deposition. A dominantly reddish brown and purple claystone, mottled with greenish
gray, is indicative of high stand mud flat deposition. Mud flat sediments also exhibit
clay and mineral infilling of fractures (i.e., mud cracks) and contain disseminated
calcium carbonate cementation and caliche nodules. Siltstone and sandstone intervals
that do not exhibit observable grain size sorting trends are typically the result of fan
delta deposition associated with low stand braided stream systems. Massive, reddish
brown claystones which exhibit abundant worm burrows and slickensides are associated
with low stand lacustrine and mud flat deposition (McGowen et. al., 1979).

The local distribution pattern of Dockum Group sandstone and siltstone indicates a
sediment transportation network which is oriented in a general west to east direction.
A percent sandstone and siltstone map was generated for the uppermost depositional
cycle (Figure VI.A.38). The sandstone and siltstone within the upper depositional
cycle exhibits a sinuous to dendritic distribution pattern, with a distribution axis
running through the middle portion of the local study area. This configuration is
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-consistent with' ther&gional'distributi '6 patte'm which indicates an east to northeast
progradation -of Dockurn Group sands' extendingj' from 'a 'ssource area in the Diablo
Platform to the west/southwest (Figure VI.A.39).

A sandstone and siltstone distribution map for the lower depositional cycle was not
generated due the'minimal number of borings which penetrate'this interval. However,
a geophysical logging program' was conducted at eight deep locations at the proposed
WCS landfill site, which provides information regarding the lateral continuity of the
lower depositional cycle. These logs, combined with the results from the continuous
coring/soil boring program, indicate a lateially continuous-sandy silt interval within the
lower depositional cycle, at an approximate subsurface elevation of 3,225 feet to 3,250
feet MSL (Figure VI.A.24'and VI.`A.33). -

The geophysical log' signature observed in Figure VI.A.24 and&VI.A.33 can also be
seen on the two deep cross-sections (Plate VI.A.4 and VI.A.5) within the same
approximate subsurface elevation range. As shown on the two deep cross-sections, the
long axis of this sandy silt interval is oriented in a generally southwest to northeast
direction. This interval is shown on Plate VI.A.5 extending over four miles from
location #12 to location #15. As shown on Plate VI.A.4, the short axis of this sandy
silt unit extends a minimum distance of 1.3 miles from location #4 to location #9. The
southwest to northeast distribution pattern of this lower cycle sandy silt interval is
consistent with the distribution pattern of the upper cycle (Figure VI.A.38) and is
consistent with the regional Dockum Group sand distribution pattern (Figure VI.A.39).

A.4.4. Hydrogeologic Framework

The local hydrogeologic framework consists of unsaturated caliche and Ogallala
Formation deposits overlying Dockum Group sediments which appear to be under both
confined and water table conditions. Saturated conditions were encountered in the
Ogallala Formation beneath the buffalo wallow at location 2-D. However, the Ogallala
Formation did not yield water from any of the borings surrounding the buffalo wallow,
or at any of the other locations at the proposed WCS landfill site.
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This isolated occurrence of shallow groundwater in the Ogallala Formation is attributed
to the localized perching of groundwater within a shallow depression in the
paleotopographic surface of the Dockum Group immediately beneath the buffalo
wallow. Based on the results of the site-wide drilling program, this isolated occurrence
of shallow Ogallala Formation groundwater does not constitute an aquifer. See Section
VI.A.4.2 for a complete discussion of local Dockum Group structure and its
relationship to the 2-D buffalo wallow. A complete discussion of the local
hydrogeologic system is provided in Section B.2.

A.4.5. Geotechnical Properties of the Subsurface Soils

A discussion of the subsurface soil geotechnical properties is provided in the companion
report provided by JHA. Selected data based on laboratory permeameter testing are
used in the discussion of local groundwater conditions contained in Section VI.B.2.
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; VI.B. Facility Groundwater

B.1. Regional Aquifers

The High Plains Aquifer of West Texas consists of water bearing units within:
Quaternary alluvial deposits;' the Pliocene Ogallala Formation; and Creatceous rocks
(Nativ and "Gutierrez, 1988). Regionally, the Ogallala Formation is 'the primary
component of the High Plains Aquifer (Dutton and Simpkins, 1986). The High Plains
Aquifer is viewed as one,' hydraulically connected 'aquifer system;, and groundwater
typically~ exists under both unconfined and'confined conditions.

B.1.1. OgaUala Aquifer

The Ogallala Aquifer is the primary freshwater aquifer within the regional study area
and serves as the principal source of groundwater in the Southern High Plains (Cronin,
1969). The general characteristics of the Ogallala Formation, which have been
discussed previously in Sections A.3.1,'A.3.2 and A.4.3 indicate the fluvial origin of
the Ogallala Forrmation. There is complex vertical and lateral variability found within
the Ogallala Forination.

Regionally, the Ogallala Formation thickens-to the north and: west.' The 'saturated
thickness- of the Ogallala Aquifer ranges from a few feet to approxim-ately 300 feet in
the Southern High Plains (Nativ, 1988). - Groundwater within the Ogallala Aquifer is
typically under- water table conditions, -with a regional hydraulic gradient toward the
southeast - (Figure'-VI.B. 1) ranging from 'approximately 10 feet/mile (Stone' and
Webster,. 1983) to 15 feet/mile (Kn'owles et. al.', "I984). -:Theaverage hydraulic
conductivity of the Ogalala Aquifer ranges from i foot/day (Knowles et. al., 1984) to
27 feet/day (Stone and Webster, 1983).

The Ogallala Aquifer is recharged'primarily through the infiltration of precipitation.
The rate of recharge is believed to be less than 1 inch/year (Stone and Webster, 1983).
Groundwater discharge from the Ogallala Aquifer occurs naturally through springs,
underflow, evaporation and transpiration, but is also removed artificially through

^. . .Terra Dynamics Incorporated
VI.B.-- 1;



pumpage and catchment. Currently, the rate of withdrawal exceeds the rate of recharge
for much of the Ogallala Aquifer (Stone and Webster, 1983).

Water quality data for three Ogallala Aquifer wells, located within two miles of the
site, resulted from a review of Texas and New Mexico state records for western
Andrews County, Texas and eastern Lea County, New Mexico. These water well
locations are tabulated in Table VI.B. L.a, and water quality data for these wells are
presented in Table VI.B. I .b. The well locations are spotted on Plate VI.A. 1.

Review of the water quality data indicates that the local Ogallala Aquifer contains fresh
to slightly saline water (TDS < 3,000 mg/L). The TDS value for well 26-40-201
(1,070 mg/L) is slightly above the Recommended Secondary Constituent Level of
1,000 mg/L (25 TAC Chapter 337). However, the Ogallala Formation does not appear
to be water bearing at the proposed WCS landfill site.

Tertiary-Quaternary Aquifer
The Tertiary-Quaternary Aquifer is a minor regional aquifer and is not present at the
proposed WCS landfill site. Quaternary-age alluvium occurs as channel deposits
composed of alternating thickly bedded calcareous silt, fine sand, and clay that overlie
Ogallala Formation and Chinle Formation sediments along Monument Draw (Nicholson
and Clebsch, 1961). From the north end of Monument Draw southward, groundwater
moves through both the Quaternary alluvium and through the large outliers of the
Ogallala Formation underlying the Eunice Plain area. The sediments along Monument
Draw and under the Eunice Plain to the west of the draw have an average saturated
thickness of about 30 feet (Nicholson and Clebsch, 1961). The bulk of the water in the
Tertiary-Quaternary Aquifer is derived by underground flow from the Laguna Valley
area to the north-northwest, as local recharge by precipitation is probably negligible.
East of Monument Draw, the buried Triassic strata form a north-trending barrier which
is reflected topographically by Rattlesnake Ridge (Nicholson and Clebsch, 1961).
Groundwater flow is diverted southward by this barrier. In the Rattlesnake Ridge area,
the base of the Ogallala Formation is generally above the water table.
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B.1.2. Cretaceous Aquifer

The Cretaceous Aquifer of the Southern High Plains is typically considered as part of

the High Plains Aquifer (Nativ and Gutierrez, 1988). Recharge t6 the Cretaceous
Aquifer is provided by overlying Quaternary and Ogallala Formation sediments in
Texas, and by upward leakage from the underlying Dockumn Group 'in eastern New

Mexico. The regional hydraulic gradient of the Cretaceous Aquifer is tbward 'the

southeast (Figure VI.B.2).

The Cretaceous Aquifer in'the Southern High Plain's consists of: a' basal unit - Trinity

Formation sandstone; an 'intermediate unit Edwards Fo'rmation' limestone; 'and an

upper unit - Kiamichi/Duck'Creek Formation'sandstone and limnestone. 'Where present

in the subsurface, the Cretaceous Aquifer is used in' the Southern High 'Plains as a

'primary source of'groundwater (Nativ and Gutierrez, '1988). However, within

Andrews County, the Cretaceous Aquifer is onily'present in the extreme 'southeastern
portion of the county. Therefore, the Cretaceous Aquifer is not considered to be of

importance to this report and is not discussed further in this section.

B.1.3. Dockum'Group Aquifer''

The Dockum Group regionally consists of Triassic fluvial and lacustrine clay, shale,

siltstone, sandstone and conglomerate. The Dockum Group is divided into three

stratigraphic units (bottom section to top section): the Tecovas For'mation; Trujillo

Formation (analogous to' the Santa'Rosa'Formation) -and Chinle Formation;' The

Tecovas'Formation is not'present~within the regional or local 'study area.' Water from

the Dockum Aquifer is used as'a replacement for, 'or' in combination with the qgallla]
Aquifer as a regional source for' irrigation, stock and municipal 'water (Dutton and

Simpkins, 1986).
- - -' e .. -..-- . : .. -- - .:'

Lower Dockum Aquifer " -:;. -'

Topographically controlled groundi ater '.basin divides were devel6ped during the
Pleistocene, by the erosion of the Pecos and Canadian River valleys (Figure VI.B.3).

Prior to the development of these groundwater' basin' divides, 'the lower Dockurn
Aquifer was recharged by precipitation on its outcrop area in eastern New Mexico

(Figure VI.B.3, view a and b). However, since the development of the Pecos and
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Canadian River valleys, the lower Dockum Aquifer in Texas has been cut-off from its
recharge area. Without recharge, the lower Dockum Aquifer experiences a net loss of
groundwater from withdrawal by wells and by seepage (Figure VI.B.3, view c and d)

(Dutton and Simpkins, 1986).

Hydraulic head levels, hydrochemical facies analyses and groundwater oxygen isotope
values for the Dockum Aquifer, compared to the High Plains Aquifer, indicate that the
confined Dockum Aquifer is separated from the overlying High Plains Aquifer by the
thick confining claystones of the upper Dockum Group (Dutton and Simpkins, 1986).
Groundwater oxygen isotope values indicate that the confined Dockum Aquifer was
recharged in eastern New Mexico during a cool climate, at elevations above
approximately 5,900 feet MSL (Dutton and Simpkins, 1986).. However, due to the
Pleistocene cut-off of the lower Dockum recharge area, current recharge is negligible
(Figure VI.B.3). Therefore, groundwater within the lower, confined Dockum Aquifer
is "old" (up to 3 million years old) and storage is irrevocably depleted by pumpage.

The regional hydraulic gradient of the lower Dockum Aquifer, which is toward the
southeast, is presented in Figure VI.B.4. It can be inferred from this map that the
potentiometric surface of the water bearing zones within the lower Dockum Group is
located at an approximate elevation of 3,100 feet MSL (350 feet BGL) in the area of
the proposed WCS landfill site.

Upper Dockum Aquifer
The upper portion of the Dockum Group (Chinle Formation) serves as an aquitard in
the regional and local study area (Nicholson and Clebsch, 1961; Dutton and Simpkins,
1986). This is supported by the fact that the hydraulic head of the lower Dockum
Aquifer is significantly lower than that of the overlying Ogallala Aquifer throughout
much of the regional study area (Figure VI.B.5). This relative head difference,
approximately 200 to 300 feet in western Andrews County, suggests that the lower
Dockum Aquifer is receiving essentially no recharge (Nativ, 1988). The primary
limiting factors on recharge include: the aquitard characteristic of the upper Dockum
Group; and the cut-off, by the Pecos River Valley, of historical recharge areas in
eastern New Mexico (Figure VI.B.3).
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Permeable zones do. exist within the upper Dockurnm Group "which produce- low
quantities of good to poor quality water. Recharge to the upper Dock-urn -Aquifer is
provided by 'vertical' infiltration 'of - precipitation from the' overlying -units of the

Quaternary-Tertiary Aquifer and High Plains Aquifer. This occurs where relatively
permeable zones within the Dock-um Aquifer are in contact with the overlying aquifer
units (Nicholson and 'Clebsch, 1961). -Within 'the regional 'study -area,: the' flow
direction in the upper Dockurn Aquifer system,'is toward the east, away from outcrop
areas to the west (Dutton and Simpkins, 1986). -

B.2. Local Groundwater Conditions"' '

The local groundwater system consists 'of unsaturated caliche and Ogallala Formation
deposits resting on top of Dockum Group sediments' which appear to' be under both
confined and water table conditions. ' Saturated conditions were 'encountered 'in" the
Ogallala Formation beneath the buffalo wallow at location 2-D.>' However, the Ogallala
Formation did not yield water from any of the borings surrounding the buffalo wallow,
or at any other locations within the local study area, and therefore does not'constitute
an aquifer., This isolated occurrence of Ogallala Formation groundwater is attributed to
the localized perching- of groundwater within ' a shallow depression' in the
paleotopographic surface of the Dockum Group" immediately beneath ' the buffalo
wallow (see Section VI.A.4.2 for a complete discussion of local Dockum Group

* structure and its relationship to the 2-D buffalo wallow). 'Water bearing units within
the shallow Dockum Group consist -of isolated to laterally 'extensive prodelta and delta-
front siltstones and sandstones.

B.2.1. Uppermost Aquifer

.The uppermost aquifer at the site consists of'the saturated portion of the Dockurn
Group.- Insufficient data are currently available to conclusively determine"'the chariacter
of the uppermost aquifer. This is due to the fact that'the water levels in many of the 12
groundwater monitoring wells and piezometers, which were installed as part of the field
investigation, have not yet equilibrated. In some cases, this water level equilibration
period 'currently exceeds 90 days (Table VI.B.2). 'However," four of the piezometers
installed have approximately reached stabilization,' and form ihe basis for the following
discussion. Regardless of which portion of the local Dockurn Group is ultimately
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defined as the uppermost aquifer, the results of the on-site drilling program and deep
cross-section preparation indicate an interval of underlying clay that is in excess of 30
feet in thickness (Figure VI.A.24 through VI.A.33; Plate VI.A.4 and VI.A.5).

Hydraulic Gradient
Water level elevations at four on-site piezometers have approximately reached static
conditions. The water elevations at these locations range from 3,322. 11 feet MSL
(150.23 feet BGL) at location ll-D, to 3,257.45 feet MSL (181.10 feet BGL) at
location 2-G (Table VI.B.2). Based on this preliminary information, a east/southeast
gradient of approximately 75 feet per mile (0.014 feet per foot) is inferred for the local
Dockum Group (Figure VI.B.5). This information corresponds well with the regional
potentiometric surface map (Figure VI.B.4), which indicates a southeast hydraulic
gradient for lower Dockum Group. The regional potentiometric surface map (Figure
VI.B.4) also indicates a potentiometric surface for the lower Dockum Group of
approximately 3,100 feet MSL in western Andrews County.

Aquifer System
As shown in the cross-sections at locations 2-G, 7-G and 11-D (Figure VI.A.24 and
VI.A.33), the present hydraulic head level in these piezometers extends well above the
top of the completion interval. This suggests that the water bearing intervals at these
locations are under confined conditions. However, the water levels in the supplemental
wells installed in the claystone above these water bearing intervals have not. yet
equilibrated. Therefore, it can not be confirmed at this time whether the head levels in
piezometers 2-G, 7-G and 11-D, indicate confined conditions or simply reflect the
uppermost zone of saturation within the surrounding claystones (i.e., water table
conditions).

The water level at piezometer 4-C has equilibrated, and is within the completion
interval (Figure VI.A.29). This indicates that the Dockum Group sandstone in which
piezometer 4-C is completed, is under water table conditions.

Nested wells have been installed at three locations at the site (4-G, 6-B and 9-G), to
obtain data regarding vertical hydraulic gradients. Once water levels reach static
conditions, a more complete understanding of the local hydrogeologic system will be
gained.

Terra Dynamics Incorporated
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Groundwater Seepage Velocity
As discussed above, the analysis of the-preliirnary water lev'el data from four of the
on-site piezometers, indicaies ' hydraulic' gradient of approximately 75 feet per mile
(0.014 feet per fo6t) towards the southeast (Figure VI.B.6). Since water levels at the
site' have not reached static conditions, no'field testing'(i.e., slug testing' or aquifer
pump testing) has been performed to this point to evaluate in-situ hydraulic
conductivity values. The fact that most wells at the site require' many weeks for their
water levels to -reach static'conditions, provides a 'qualitative indication 'of relatively low
hydraulic conductivities for the local Dockumn Aquifer.'

Since in-situ *purnping or 'slug' test data -are not currently available, hydraulic
conductivity-values based on laboratory permeameter testing results were used." These
hydraulic conductivity values were derived from the'testing of subsurface soil samples
obtained during the on-site drilling program. -Porosity values are'based'on assumptions
from Walton (1991). A discussion of the permeameter testing, and other geotechnical
testing programs, is provided in the compjarion report prepared by JHA.

Groundwater seepage velocities were calculated for three types of lithologic material:
claystone, siltstone and sandstone. The highest measured hydraulic conductivity values
available, derived from laboratory permeameter testing, were used to calculate the
seepage velocity for' each of the three lithology types. 'In addition, the assumed
porosity value'for each lithology was selected from the low end of the'published range
(Walton, 1991), to maximize the -calculated seepage velocity. Groundwater seepage
velocities were calculated using Darcy's Law as follows:

v . = (Kin) (dhldl)' (Freez6e and Cherry, 1979, p 71)

where:'

v = seepage velocity

K = hydraulic conductivity ' ' .

n = porosity

dh/dl = hydraulic giadient ' '

Terra Dynamics Incorporated
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The results of these calculations are summarized as follows:

Lithology K (cm/sec) n (0.20 =20%) (dh/dO) V (ft/day) V (ft/year)

claystone 1.76 x 10-8 0.10 0.014 7.0 x 10-6 0.003
siltstone 3.20 x 10-6 0.25 0.014 5.2 x 10-4 0.2
sandstone 2.58 x 106 0.25 0.014 4.3 x 10-4 0.2

Groundwater Oualitv Data
Water quality samples have not been obtained from wells at the site. This is due to the
fact that the wells have not equilibrated and have not been developed. However, a
search of available state water quality data for Texas and New Mexico provided a
groundwater analysis of a Dockum Aquifer well within two miles of the proposed
landfill site (Table VI.B.L.b and Plate VI.A.1). This well is used as a groundwater

monitoring well (MW-79) at the nearby Parabo, Inc. facility. The chemical analysis
indicates slightly saline water (1,000 < TDS < 3,000 mg/L). The TDS (2,386
mg/L), sulfate (359 mg/L) and chloride (723 mg/L) values are above the
Recommended Secondary Constituent Levels (25 TAC Chapter 337) of 1,000 mg/L,
300 mg/L and 300 mg/L, respectively.

B.2.2. Aquiclude

As discussed in Section VI.B.1.3, the Chinle Formation of the Dockum Group serves
as a regional aquitard (Dutton and Simpkins, 1986). The portion of the Dockum Group
encountered during the on-site drilling program consists of a complex assemblage of
Chinle Formation claystone, siltstone and sandstone. As discussed in Section
VI.B.2.1, laboratory-measured maximum hydraulic conductivities for site-specific
Chinle Formation samples range from 1.76 x 10-8 cm/sec for claystone, to 3.20 x 106
cm/sec for siltstone and 2.58 x 106 for sandstone. These hydraulic conductivity
values, combined with the massive to horizontally bedded character of local Chinle
Formation, indicate that it will serve as an effective aquitard or aquiclude.

B.2.3. Underground Sources of Drinking Water (USDW)

An inventory of water wells within a 2-mile radius of the proposed landfill site was
performed, based on existing state agency records. This information is summarized in

Terra Dynamics Incorporated
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Table VI.B.I1;a, and the well locations are posted on Plate VI.A.1'. The 2-mile search
area was initiated when no wells were found to be located within one mile of the site.
A summary of groundwater quality analyses for these wells is provided in Table
VI.B. 1 .b.

Based on geophysical log response and limited water chemistry data (Table-VI.B.l.b),
the Dock-um Group appears to contain moderately saline water (TDS < 10,000 mg/L).
The underlying Permian units contain salt deposits and are not locally used as a water
supply. Therefore, the base of the local USDW is determined to be at the base of the
Dockum Group (i.e., approximately 1,400 feet BGL).

As discussed in Section B.1.1, the primary source of potable groundwater within the
regional area is the Ogallala Aquifer. However, as discussed in this section, the base
of the local USDW is considered to include water bearing zones within the lower
Dock-urn Group. The local groundwater system will be insulated from proposed landfill
activities at the WCS facility by the aquitard characteristics of the upper Dock-um
Group, and by the proposed landfill design and engineering controls. The proposed
landfill design and engineering controls are discussed in the companion report provided
by AME.

B.3. Detection Monitoring System

The detection monitoring system, including proposed well system (Section VI.B.3.1)
and sampling parameters (Section VI.B.3.2), is discussed in the companion report
provided by AME.

Terra Dynamics Incorporated
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VI.C. Exemption from Groundwater Monitoring for an Entire
Facility

WCS does not, at this time, wish to request an exemption from groundwater
monitoring for the proposed landfill facility.

Terra Dynamics Incorporated
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NI.D. -Unsaturated Zone Monitoring

This section does not apply to this Part B Pennit Application, because the proposed
WCS facility is not a land treatment unit and is not associated with any Corrective
Action.
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Subject: Report of Preliminary Subsurface Exploration
Proposed National Enrichment Facility
Lea County, New Mexico
MACTEC Project 3043031049/0001

Dear Mr. Clarkson:

We at MACTEC Engineering and Consulting, Inc., (MACTEC) are pleased to submit this Report of
Preliminary Subsurface Exploration for your project. Our services, as authorized by you, were
provided in general accordance with our proposal number PropO3Knox/404, Revision 2, dated
September 2, 2002.

The purpose of this preliminary exploration was to develop information about the site and
subsurface conditions that could be used for assistance in determining the feasibility of
constructing the proposed facilities at the site. This report describes the work performed, and
presents the results obtained and our preliminary geotechnical exploration.

The preliminary exploration does not provide the necessary information to complete the design of
the facilities. When specific project details concerning building and pavement locations and the
foundation loads and site grades are developed, subsequent and more detailed exploration and
analysis will be necessary to provide the final geotechnical design parameters.

Thank you for the opportunity to provide our professional geotechnical services during this phase
of your project. We will be pleased to discuss our recommendations with you and would welcome
the opportunity to provide the geotechnical engineering services needed to successfully complete
your project.

Sincerely,

MACTEC ENGINEERING AND CONSULTING, INC.

Matthew B. Haston Marshall Lew, Ph.D., P.E.
Senior Professional Senior Principal

MBH/ML:sjm

MACTEC Engineering and Consulting
1725 Louisville Drive * Knoxville. TN 37921-5904

865-588-8544 * Fax: 865-588-8026
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EXECUTIVE SUMMARY

We were selected by Lockwood Greene to perform a preliminary geotechnical exploration for the
proposed National Enrichment Facility. The proposed project site is located north of New Mexico
Highway 234 in the western portion of Lea County, New Mexico. The objectives of our
preliminary exploration were to develop information about the site and subsurface conditions that
could be used for assistance in determining the feasibility of constructing the proposed facilities at
the site.

The exploration consisted of drilling five test borings in the proposed building area to depths of 40
to 100 feet. The major findings and recommendations of our subsurface exploration are as follows:

* Underlying an approximately~two-foot veneer of loose eolian sands,2the
soil test borings encountered Quaternary age firm to very dense silty sands.
Zones of rocklike calcium carbonate cemented soils (caliche) were
encountered at varying intervals within this zone. Underlying the upper
sandy soils, Triassic age very hard clays were encountered at depths of 35
to 40 feet. Each of the borings terminated in the clay soils at their
predetermined depths.

* Ground water was not encountered'in the borings performed for this
exploration at the time of drilling. Based upon information from other.
explorations at this site and adjacent sites, we do not expect ground water
to present difficulty during construction considering the preliminary
maximum excavation depths.

* Shallow spread foundations bearing in the firm and better sandy soils such
as those encountered in the soil test borings may be preliminarily designed
using the allowable bearing pressure of 7,000 pounds per square foot.

* The upper loose eolian sands are not likely suitable for direct shallow
foundation support or for the subgrade support of new engineered fills,
pavements, or grade slabs. Therefore, we recommend that where
encountered within building areas, these upper loose sands be stripped.
from the site during mass grading.

This summary is only an overview and should not be used as a separate document or in place of
reading the entire report, including the appendices. Further, this'is a preliminary exploration and
does not provide the information for the final design of the proposed facilities. Additional field
exploration, engineering analysis, laboratory and field testing may be required to develop the final
geotechnical design parameters. We recommend the owner retain MACTEC to provide these
services based on our familiarity with the project, the subsurface conditions, the intent of the
preliminary recommendations, and our experience in this area.
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1.0 OBJECTIVES OF EXPLORATION

The objective of this preliminary exploration was to develop information about the site and subsurface

conditions that could be used for assistance in determining the feasibility of constructing the proposed

facilities at the site and to aid in the development of a construction cost estimate and design basis. The

preliminary exploration does not provide .the necessary information to complete the design of the

facilities. When specific project details concerning building, pavement, and railroad spur locations and

the foundation loads and site grades are developed, subsequent and more detailed exploration and

analysis will be necessary provide the final geotechnical design parameters. An assessment of site

environmental conditions or an assessment for the presence of pollutants in the soil, rock, surface

water, or ground water of the site was beyond the proposed scope of this exploration.

2.0 SCOPE OF EXPLORATION

The scope of services for this preliminary exploration has included a site reconnaissance, drilling

the five requested soil test borings at the locations selected by Lockwood Greene within the

proposed project area, and visually classifying the soil, samples obtained from the standard

penetration testing.

We collected two undisturbed and six bulk samples in conjunction with the drilling for laboratory

testing. California bearing ratio (CBR), compaction, Atterberg limits, grain size, and moisture

content laboratory tests were conducted on selected bulk samples to evaluate their suitability for

use as engineered fill and to determine a representative CBR value for preliminary design purposes.

Resistivity, pH, Atterberg limits, grain size, and moisture content laboratory tests were conducted

on selected samples obtained during the standard penetration testing to evaluate the. index

properties of the site soils, aid in the classification of the soil type, and to assist in the evaluation of

the corrosion potential of the site soils.

3.0 PROJECT INFORMATION AND SITE CONDITIONS

Project information was provided in a "Request for Proposal" (RFP) from Mr. Philip Clarkson of

Lockwood Greene, dated August 18, 2003. Also provided was a drawing entitled "Conceptual Site

Plan" (Drawing SKC-006), by Lockwood Greene, dated September 2, 2003. The drawing shows

the preliminary location of the proposed facilities in relation to existing site features and existing
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topography, Lockwood Greene also provided a copy of a geotechnical exploration performed by

others at a nearby site for informational purposes.

The proposed project is to consist of the construction of a National Enrichment Facility (NEF)

north of Highway 234 just west of the New Mexico-Texas state line, near Eunice, New Mexico.

The NEF is to be comprised of several building modules which will cover a combined total area in

excess of 1,000,000 square feet. The individual building modules are to be of reinforced concrete

frame construction with precast concrete exterior wall panels. The walls will act as shear walls

providing lateral support for the structure. Based upon the provided drawing, several individual

concrete storage pads are to be constructed to the north of the building area. These concrete pads

cover an area having plan dimensions of approximately 1,000 by 2,000 feet. Also proposed for

construction as part of the NEF are various paved access drives and parking areas, above ground

storage tanks, cooling towers, and ancillary security and visitor center structures.

Maximum individual total column foundation loads are reportedly in the range of 400 to 1,300

kips. We understand much of the total column load is dead load. The project is in the preliminary

planning phases at this time and information regarding finished grade elevations of the proposed

facility has not been provided. Based upon the provided information, the finished floor is to be at

about Elev.3414 feet. Site grades within the proposed project grading area range from Elev. 3402

to 3424 feet. We understand the proposed construction will not include basements or subsurface

pits of more than five feet in depth.

Based upon a review of the provided topographic drawing, site grades range from about Elev. 3455

feet in the northeast corner of Section 33 down to about Elev. 3380 feet in the southwest corner of

Section 32. The site is covered by sparse vegetation consisting of grasses, brush, and cacti.

Surficial soils are loose sands. An existing unimproved road crosses the central portion of the site

in a north-south orientation. A subsurface pipeline crosses the site in a northwest-southeast

orientation.

4.0 AREA AND SITE GEOLOGY

4.1 PHYSICALSETTING

The topography in southeastern New Mexico generally consists of broad plains and gently rolling

hills with locally some bluffs and shallow river valleys. The geologic structure is relatively simple,
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generally consisting of flat-lying to gently warped sedimentary rocks ranging in age from Permian

to Pliocene.

The site is located in the Great Plains physiographic province. In the project area, the Great Plains

province is divided into two sections, the Pecos Valley section and the Southern High Plains

section (Doleman, 1997). Mescalero Ridge, an escarpment (steep cliff) located about ½ mile to the

northeast of the project site, is considered the boundary between the two sections. The primary

difference between the two sections is the topography: the topographically lower Pecos Valley

section is characterized by an irregular erosional surface while the topographically higher Southern

High Plains section is a large flat mesa that slopes very gently to the southeast (Doleman, 1997).

The site is located in the Pecos Valley section of the Great Plains. Topography in this area was

formed by erosion of the Tertiary age fluvial deposits and localized exposure of the underlying

Mesozoic and Paleozoic rocks (Doleman, 1997). In the project area, the topography slopes gently

to the southwest (at a gradient of approximately 15 feet per mile) and the surface geology is

characterized by Quaternary age eolian (wind blown)., deposits that. mantle the underlying

Quaternary and Tertiary age sediments. Local variations in local topography are reflective of the

thickness and distribution of the eolian deposits.

4.2 REGIONAL GEOLOGY

The southeastern portion of New Mexico (and. adjacent West Texas) is located in a geologically.

stable area known as the Permian Basin: This large subsurface structural basin, named for the

geologic period in which it was formed, is a broad, down-warped area filled in with thick

sequences of sedimentary rocks. During the late Cretaceous to early.Tertiary time, tectonic uplift

(mountain-building processes) to the west of the Permian Basin resulted in a structural high in the

area that is now the Rocky Mountains and the -southern extension of the Rocky Mountains

(including the mountain ranges to the west of the project area). Erosion of this structural high

provided the source area for sediments that now make up the younger Tertiary and Quaternary age

formations that are locally exposed in the site vicinity.
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4.3 LOCAL GEOLOGIC CONDITIONS

4.3.1 General

In the project area, the bedrock is relatively shallow (within 40 feet of the ground surface) and

consists of sedimentary rocks of the Triassic age Chinle Formation. The Chinle Formation bedrock

consists of a thick sequence of massive, unsaturated red, reddish purple or green claystone and

siltstone with some localized fine-grained sandstone interbeds. The bedrock is overlain by

approximately 35 to 40 feet of Quaternary age alluvial sediments. Based on published geologic

maps and geotechnical reports for other projects in the area, the Quaternary age materials are part

of the Gatuna Formation and consist of moderately cemented sand and gravel. The Gatuna

Formation materials are mantled with a thin veneer of eolian (wind blown sand).--

4.3.2 Geologic Materials

The materials encountered in our geotechnical borings at the site consist of Quaternary age eolian

sand (wind-blown dune deposits) that is predominantly dry reddish brown silty sand. The upper

loose eolian deposits were generally encountered to depths of up to two feet below existing ground

surface in the exploratory borings. However, in areas where sand dunes have formed, the actual

depth of the eolian soils is likely more than 2 feet.

Quaternary age alluvial deposits of the Gatuna Formation underlie the eolian deposits. As

encountered in our borings, these alluvial deposits consist of dry, light yellow to reddish yellow,

dense to very dense sand and silty sand. The sand is fine- to medium-grained, slightly to

moderately cemented, and locally contains subangular to rounded gravel and caliche.

Dark red and purple, very hard high plasticity clay (claystone) of the Triassic age Chinle Formation

uncomformably underlies the dense Gatuna Formation materials. As encountered in our borings,

the Chinle Formation bedrock is at a depth of about 35 feet at the location of Boring B-2 and at a

depth of about 40 feet at the location of Borings B-i, B-3, B-4, and B-5. In Boring B-3, drilled to a

depth of approximately 100 feet beneath the existing ground surface, the very hard high plasticity

clay was encountered from a depth of 40 feet to the maximum depth drilled (100.5 feet).
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4.3.3 Ground-Water Conditions

Ground water was not encountered in the borings drilled at the site'as part of our investigation.

Also, ground-water wells being drilled in the eastern portion of the site by others (at the same time

of our field investigation at the site) did not encounter water to a depth of about 220 feet

(maximum depth drilled at the time of our investigation).

Based on the information from geotechnical investigations for other projects in the immediate area,

the depth to ground water is greater than 150 feet in the general site vicinity. Ground water was

not encountered in exploratory borings drilled as part of an investigation east of the site (between

the site and the Texas border) within the 250-foot total depth explored (Weaver Boos & Gordon,

Inc., 1998). Also, piezometers installed for a project in Andrews County Texas (located

approximately ½-mile east of the site) indicate that the depth to ground water ranged from

approximately 150 feet to 188 feet beneath the existing ground surface in January 1993 (Jack H.

Holt, Ph.D. & Associates Inc., 1993).

4.4 TECTONIC SETTING

4.4.1 General

The tectonic regions in the project area (and in the state of New Mexico) can be defined based on

historic seismicity and tectonic (structural) history. The project site is located within the

seismically stable Permian Basin. The Permian Basin is defined by a broad subsurface structural

feature composed of a series of Paleozoic age (greater than 250 million years before present)

sedimentary basins whose last episodes of large-scale subsidence occurred during late Permian

time (about 250 million years before present). The structural relief of these basins now exists as

subsurface features buried beneath a thick sequence of younger, relatively undeformed sediments.

Relative structural stability has been maintained since Permian time within this region as indicated

by a lack of deep-seated, active faults within the post-Permian strata.

A prominent subsurface structural feature within the Permian Basin is the Central Basin Platform

(CBP). The project site is located in the CBP where the top of the Permian deposits are

approximately 1,400 feet below the ground surface, where outside the limits of the CBP, the

Permian deposits are much deeper (Weaver Boos Consultants, Inc., 1998). The Permian deposits
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are primarily limestone and constitute the main reservoir rocks for the oil and gas fields in the

general area.

The Permian Basin is bounded on the west by a seismically active area known as the Rio Grande

Rift. The Rio Grande Rift is a major continental rift extending north-south through the state of

New Mexico from north of Taos to south of Las Cruces. The overwhelming majority of active

faults in New Mexico are located within the boundaries of the Rio Grande Rift.

The seismically active Basin and Range province borders the western margin of the Rio Grande

Rift. This province is characterized by fault block mountain ranges commonly bounded by range

front normal faults separated by intervening valleys. The valleys are typically formed on structural

grabens overlain by valley fill sediments derived from the adjacent mountain blocks. Major

development of basin and range structures occurred from late Tertiary (5 million years before

present) to Pleistocene time (11,000 years before present) and continue into the present time. A

number of fault offsets of late Tertiary age along the western flanks of the Guadalupe, Delaware,

Sacramento and San Andres Mountains are observed within the Basin and Range physiographic

province in Trans-Pecos, Texas.

Leveling surveys between El Paso, Texas and Carlsbad, New Mexico and the historic seismic

record for the New Mexico and West Texas regions support the interpretation that current tectonic

activity is occurring in the Rio Grande Rift and the Basin and Range province while the Permian

Basin (in which the site is located) remains stable and tectonically or seismically quiet.

4.4.2 Faults

The majority of Quaternary age faults within New Mexico are mapped along the north-south

trending Rio Grande Rift located approximately 180 miles west of the site.

According to Machette et al. (1998), Quaternary age faults are not identified in New Mexico within

100 miles of the site. Quaternary age faults within 150 miles of the site include the Guadalupe

fault, located approximately 115 miles west of the site in New Mexico, and in Texas, the West

Delaware Mountains fault zone, East Sierra Diablo fault, East Flat Top Mountain fault, and the

East Baylor Mountain-Carrizo Mountain fault located 110 miles southwest, 120 miles southwest,

120 miles west-southwest, and 120 miles southwest of the site, respectively.
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4.43 Seismicity

Current research indicates that the Rio Grande Rift and the adjacent Basin and Range tectonic

province are seismically active and the Permian Basin (in which the site is located) is considered to

be seismically quiet or inactive. As previously indicated, the overwhelming majority of active

faults in New Mexico are located within the boundaries of the Rio Grande Rift. The majority of

seismic activity reported in New Mexico for the period 1869 to 1998 is concentrated along the rift

(Sanford, Lin, Tsai, and Jaksha, 2002). However, even though the Permian Basin is considered

seismically inactive, there is a documented cluster of seismic activity in the Central Basin Platform

area since the mid-1960s (U. S.-Department of Energy, 2003). In this area, the spatial distribution

of epicenters correlate with known locations of oil and natural gas fields and is believed to be

induced by production, secondary. recovery, or waste injection activities within this natural gas and

petroleum province, rather than seismic sources (Sanford, Lin, Tsai, and Jak-sha, 2002; U. S.

Department of Energy, 2003).

5.0 SUBSURFACE CONDITIONS

Subsurface conditions were explored with five widely spaced borings drilled in general accordance

with the procedures presented in Appendix A. The boring locations were selected by Lockwood

Greene and boring depths were selected by MACTEC. The borings locations and elevations shown

on the Boring Location Plan (Figure 2) and the Soil Test Boring Records were surveyed by others

prior to the field exploration. . .

Subsurface conditions encountered at the boring locations are shown on the Soil Test Boring

Records in Appendix B. These Soil Test Boring Records represent our interpretation of the

subsurface conditions, based on the field logs and visual examination of the field samples by one of

our engineers. The lines designating the interfaces between various strata on the Soil Test Boring

Records represent the approximate interface locations.

The soil test borings drilled at this site typically encountered Quaternary age eolian and alluvial

silty sands underlain by Triassic age clays. A discussion of the origin of these materials is

presented in Section 4.0 of this report.
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The upper eolian silty sand soils were encountered to a maximum depth of about two feet at the

soil test boring locations. These sandy soils were observed to be loose. It should be noted that in

areas where these soils have accumulated and formed dunes, the thickness of the eolian sands will

be more than two feet. Dunes having estimated heights of up to about eight feet were observed

during the field exploration. The upper approximately one foot of the eolian sands were observed

to have fine roots and various organic materials.

Silty sand soils of Quartenary age were encountered underlying the surficial eolian deposits. These

soils were classified as firm to very dense based upon their Standard Penetration Test (SPT)

resistance values which ranged from 20 to in excess of 100 blows per foot. Calcium carbonated

cementation was noted within this zone to a varying degree, with zones of caliche encountered at

irregular intervals. Fine gravel was observed in some of the split-spoon samples from the soils

within this zone.

Triassic age high plasticity clays were encountered underlying the Quaternary age sands at depths

of 35 to 40 feet. These materials were classified as very hard based upon SPT resistance values

which ranged from 53 to in excess of 100 blows per foot. Each of the soil test borings drilled as

part of this project were terminated in the Triassic age clays at the predetermined depths.

6.0 GROUND-WATER CONDITIONS

Ground water was not observed in the test borings at the time of drilling. Also, it was reported that

ground water was not encountered in borings drilled at the site by others for water well

development to depths of 220 feet. For safety reasons, the borings drilled as part of MACTEC's

scope of work were backfilled promptly after drilling; consequently, long-term measurements for

the presence or absence of ground water were not obtained.

Fluctuations in the ground-water level occur because of variations in rainfall, evaporation,

construction activity, surface run-off, and other site-specific factors. Given the proposed

preliminary excavation depths, we expect ground water will not present significant construction

problems for this project. The selected contractor should, however, be prepared to promptly

remove surface waters which could impact construction activities.
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7.0 PRELIMINARY FOUNDATION RECOMMENDATIONS

As previously noted, this exploration was for assistance in preliminary planning and design for the

proposed NEF facility. Five borings, with an average spacing of 1,700 feet, across the proposed

site for a project of this size are not sufficient to adequately define subsurface conditions for final

design purposes. While these borings do, in our professional opinion, provide a sound basis for

assistance in judging the feasibility of developing the site, there is insufficient information for

developing specific, final recommendations for site preparation and foundation type or types and

design parameters. The following information, therefore, should be considered as preliminary

recommendations, subject to refinement when additional project details are available so that a more

detailed program of borings and field or laboratory testing can be performed.

Assuming subsurface conditions encountered at the boring locations are representative of

subsurface conditions elsewhere on the site, subsurface conditions generally appear to be suitable

for the proposed construction supported on a system of shallow foundations. Footings bearing in

the firm and dense sandy soils below the upper loose eolian (wind deposited) soils may be

preliminarily designed for an allowable bearing pressure of 7,000 pounds per square foot (psf).

The upper loose eolian deposits were generally encountered to depths of up to two feet below

existing ground surface in the soil test borings. However, in areas where sand dunes have formed,

the actual depth of the eolian soils is likely more than two feet. If the eolian deposits are not

removed as a part of mass site grading, it will be necessary to extend the foundation excavations

into the underlying firm or better sandy soils to achieve the recommended preliminary allowable

bearing pressure and reduce the likelihood of excessive differential settlements; therefore, we

recommend that the upper eolian soils be removed during mass grading in structural areas.

The preliminary geotechnical and structural data available at this stage precludes performing rigorous

settlement analyses. However, based upon the available data, our preliminary analyses indicate that

spread footings bearing in the firm or better sands below the upper eolian soils as described above may

be preliminarily assumed to be subject to maximum total settlements of up to about one inch for

column loads of up to 1,300 kips. Under these circumstances, differential settlements may range up to

½h of an inch between similarly loaded columns. Settlements between differentially loaded or closely

spaced columns would likely be more than the aforementioned values.
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The behavior of a shallow foundation with respect to settlement-is dependent upon a variety of factors.

The information provided herein is intended to demonstrate the feasibility of shallow foundation

support. Excessive differential settlement between adjacent columns, while uncommon in the firm or.

better soils such as those encountered in the borings, can cause structural and architectural damage. A

more thorough exploration and analysis will be required to accurately estimate the range of expected

total and differential settlements which may be expected when project specifics have been developed.

8.0 PRELIMINARY SITE PREPARATION RECOMMENDATIONS

Existing vegetation, surficial organic containing soils and loose eolian sands should be stripped and

removed from the construction area. Typically, the upper approximately one foot of the site soils

were observed to contain fine roots and limited organic materials. The colian sands were

encountered to depths of about two feet at the soil test boring locations; however, sand dunes were

observed across the proposed building locations during the field exploration. These sand dunes are

likely composed of loose sands and should therefore be stripped from the site as part of mass

grading. Based upon our observations, sand dunes of up to eight feet in height will likely be

encountered during grading. We recommend that prior to the preparation of the final bid

documents, additional geotechnical exploration be performed to evaluate the depth to which the

upper loose eolian sands may be encountered, especially with regard to the dune areas.

Information regarding the use of the upper loose sands for use as new fill is presented in the

Engineered Fill section of this report.

After stripping the site and before placing new fill, we recommend the exposed subgrade in the

building and pavement areas be proofrolled to detect unsuitable soil conditions. Proofrolling

should be done after a suitable period of dry weather to avoid degrading an otherwise acceptable

subgrade. Proofrolling should be performed with a heavily-loaded dump truck or with similar

approved construction equipment. The proofrolling equipment should make at least four passes

over each section, with the last two passes perpendicular to the first two.

We recommend the exposed subgrade and proofrolling operation be observed and documented by

our personnel. If unstable conditions are encountered at the subgrade level, our geotechnical

engineer will make appropriate recommendations to the owner's representative for dealing with the

conditions.
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Earth moving, selective borrowing and soil compaction will be required to achieve the final grades

proposed for this project. Contractors bidding on this work should be supplied with this

preliminary geotechnical information as well as supplemental exploration results because bids

based on such data are generally more competitive, time schedules are more accurate and potential

cost overruns are smaller as a result. Typical information required for grading operations would

require further refinement of the items listed below in relationship to the selected site surface

elevations:

* Classification tests to identify soil type

* Existing soil moisture contents to plan moisture content control measures

* Additional compaction tests to determine the maximum dry density and
optimum moisture content for verifying the adequacy of compaction
operations

* Evaluation of the compaction test results and recommendations of proper
compaction procedures such as lift thickness, proper equipment types,
moisture content control measures, etc.

* Further delineation of the stratification of materials to be excavated

9.0 DIFFICULT EXCAVATION

Construction of the proposed NEF will require excavation of the existing site soils to get within the

range of the preliminary finished floor at about Elev. 3,414 feet. Based upon the limited number of

borings performed for the preliminary exploration, much of these materials may be removed using

conventional earthmoving equipment. However, zones of very dense soils and caliche were

encountered above the proposed finished floor elevation. Therefore, such materials will likely be

encountered during site grading. Heavy excavating equipment with ripping tools could be required

to remove much of these materials. Materials sufficiently hard to cause refusal to the power auger

equipment used to drill the borings were not encountered during the preliminary exploration.

Typically, there is no sharp transition between uncemented and cemented soils in geologic settings

such as this site. The caliche encountered during this exploration could be penetrated by the

mechanical auger used to drill the borings and can likely be excavated without blasting. It is,

however, often difficult to excavate these materials without the use of specialized equipment or

blasting, especially if harder or more extensive zones of caliche are encountered during site

grading. The excavation of very dense soils or caliche in confined excavations, such as for shallow
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foundations or utilities, is often extremely difficult. The ease of excavation depends on the quality

of the grading equipment, skill of the equipment operators, and geologic structure of the material to

be excavated. Materials that cannot be penetrated by the mechanical auger often require blasting

prior to removal.

10.0 PRELIMINARY SEISMIC CONSIDERATIONS

10.1 SITE COEFFICIENT AND SEISMIC ZONATION

The site coefficient, S, for seismic design of the proposed buildings can be determined as

established in the Earthquake Regulations under Section 1629 of the Uniform Building Code

(UBC) 1997 edition. Based on Figure 16-2 of the 1997 UBC, the site is located within Seismic

Zone 1. In addition, based on our review of the site soil conditions as encountered in our borings

and local geology, the Soil Profile Type may be assumed to be Type Sc as defined in Table 16-J of

the 1997 UBC.

10.2 LIQUEFACTION

Liquefaction potential is greatest where the ground-water level is shallow, and submerged loose,

fine sands occur within a depth of about 50 feet or less. Liquefaction potential decreases as grain

size and clay and gravel content increase. As ground acceleration and shaking duration increase

during an earthquake, liquefaction potential increases.

Ground water was not encountered in our borings drilled to a maximum depth of 100 feet below

the ground surface. In addition, it was reported that a boring on the site drilled for water well

development did not encounter water at a depth of 220 feet. Also, the soils at the site were dense to

very dense. The absence of ground water near the surface would make* the potential for

liquefaction remote.
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11.0 COMPACTED FILL RECOMMENDATIONS

We recommend compacted fill be constructed by spreading acceptable soil in loose layers not more

than 8 inches thick. The soils used within the proposed construction areas should be compacted in

lifts to at least 95 percent of the modified Proctor maximum dry density (ASTM D 1557). The

upper 24 inches of fill beneath pavements and upper 12 inches beneath grade slabs should be

compacted to at least 98 percent of the modified Proctor maximum dry density.

As a general rule, the moisture content of the fill soils compacted to 95 percent of the modified

Proctor density should be maintained within +3 to -3 percentage points of the optimum moisture

content as determined from the compaction test. This provision may require the contractor to dry

soils during periods of wet weather or to wet soils during warm or dry periods. The fill soils

should have a plasticity index (PI) of less than 15, and a maximum dry density of no less than 90

pounds per cubic foot (pcf).

A sample of potential borrow material was collected from Borings B-3 and B-4 and tested to

determine the maximum dry density, optimum moisture content, natural moisture content, and PI.

These tests are used to determine if the soil is suitable for use as engineered fill.

The laboratory test data indicate potential on-site borrow soils are typically dryer than the optimum

moisture content. Since some of the natural moistures are substantially less than optimum moisture

content, the contractor should anticipate wetting of the borrow soils will likely be required to

achieve adequate compaction. Our laboratory test data also indicate the potential on-site borrow

soils have maximum dry densities and PI values within the recommended ranges. In our opinion,

the laboratory data indicate the potential on-site borrow soils are suitable for use as compacted fill.

Additional testing should be performed to verify the suitability of the proposed borrow materials

prior to final design or the initiation of site grading. The results of the laboratory tests along with a

description of the test procedures are provided in Appendix C.

If calcium carbonate cemented soils (caliche) are to be used as engineered fill, it is imperative this

material be reduced to particles having a maximum dimension of six inches by the excavation and

compaction equipment. Sufficient quantities of soil should be mixed with these materials such that

voids do not result between the pieces of caliche and so that the fill meets compaction

requirements.
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The upper eolian sands removed as part of site stripping are likely suitable for use as engineered fill

provided the organic content of these materials is within an acceptable range. It is our preliminary

recommendation that soils having an organic content of less than two percent, when subject to

organic loss on ignition testing, are suitable for use as engineered fill. The upper approximately

one foot of the eolian sands were observed to contain fine roots and organic materials. The upper

eolian sands are likely to have in-situ moisture contents well below the materials optimum moisture

content and the addition of water will be necessary to achieve the recommended degree of

compaction.

12.0 CORROSION POTENTIAL

Corrosion is a major factor in reducing the service life of metal and concrete structures within the

soil. Therefore, measuring the corrosion potential of soils is an important consideration when

designing or selecting protective measures for buried structures or potions of structures.

There are several measurable soil properties which may be used to estimate the potential

corrosiveness of a soil. These properties include resistivity, pH, chloride concentration, and sulfide

content. Resistivity and pH are the two soil properties which have the greatest influence on

underground corrosion and are relatively easily measured.

The electrical resistivity of a soil is measured in the laboratory by immersing the probe of a

conductivity meter into a prepared slurry of soil sample and deionized water. Split-spoon samples

from the depths of 5 and 10 feet were combined and tested from Borings B-2 and B-4. The measured

resistivity of these samples was 7,400 and 2,100 ohm-centimeters for the samples from Borings B-2

and B4, respectively.

The pH of a soil is a measure of the hydrogen-ion concentration and indicates the intensity of acidity

or alkalinity of a soil. A pH value of 7 indicates neutrality; higher values, alkalinity; lower values,

acidity. Soil pH values were determined by immersing the probe of a pH meter into a prepared slurry

of soil sample and deionized water. The pH values were 7.99 and 7.93 for the samples from Borings

B-2 and B4, respectively.

Based upon published information, the measured pH and resistivity values place the site soils in the

non-corrosive to questionable range for corrosion potential.
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As the sample from Boring B4 fell within the questionable range, we recommend further evaluation

of the potential for corrosion. This evaluation will likely include additional pH and resistivity tests,

as well as testing of the soil's sulfide and chloride concentration. Measures such as special coatings

or cathodic protection for buried steel structures or the use of admixtures or chemically resistant

cement for concrete protection may be required depending upon the results of such testing.

13.0 PRELIMINARY PERCOLATION RATE

Percolation testing was conducted at the proposed NEF site in general accordance with the

procedures presented in Title 20, Chapter 7, Part 3 of the New Mexico Administrative Code

(NMAC). Percolation testing was performed at locations approximately 25 and 75 feet east of soil

test Boring B4. The test holes were each drilled to depths of about 10 feet below existing ground

surface in the silty sand soils such as those encountered in the upper portion of the subsurface

profile across the site. Each hole was filled with water to a depth of about lh feet below existing

ground surface; therefore, the upper loose eolian sands are not represented in the percolation test

results.

The, measured percolation rates for the two test locations were 6.7 and 10.0 minutes per inch.

Averaging the two test results, as is suggested in the NMAC, the percolation rate of 8.4 minutes per.

inch is recommended for the preliminary design of systems leaching into materials similar to those

tested. Additional percolation testing should be performed once information concerning specific

drain field locations and elevations has been developed.

14.0 PRELIMINARY CALIFORNIA BEARING RATIO INFORMATION

Two remolded CBR tests were performed on bulk soil samples collected from auger cuttings. The

samples were obtained from the depths of 5 to 10 feet in Boring B-3 and from ground surface to 15

feet in Boring B4. Since the as-molded densities and moisture contents differed somewhat from

the targeted values, interpolation and extrapolation of the CBR data were required to estimate the

CBR values at 95 percent of the modified Proctor maximum dry density at optimum moisture

content. The CBR test results are attached in Appendix C.

The CBR values corresponding to 95 percent of the modified Proctor maximum dry density at

optimum moisture were estimated to be 34.4 and 10.5 for the samples from B-3 and B4,

respectively. We recommend the lower CBR value of 10.5 for use in preliminary design purposes.
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Additional testing should be performed to evaluate the CBR values of proposed fill soils prior to

the completion of the final design.

15.0 RECOMMENDED ADDITIONAL GEOTECHNICAL EXPLORATION

This exploration is preliminary in nature and should be used for general site planning and

feasibility evaluation only. Due to the relatively limited information available at this preliminary

stage of the project, preparation of a complete report of geotechnical study with specific

recommendations for foundation design and site preparation will require significant supplemental

exploration and analysis. Project details and performance criteria should, however, be initially

further developed. As project details are developed, additional exploration, field and laboratory

testing, and engineering analysis will be required. Additional field testing may include items such

as more soil test borings, the collection of relatively undisturbed and disturbed samples, and

possibly in-situ testing. Additional laboratory testing may include triaxial shear tests, consolidation

tests, direct shear tests, grain size testing, unit weight, Atterberg limits, moisture content and

compaction tests. Field resistivity testing may be used in conjunction with laboratory pH, chloride

content, and sulfate tests to further evaluate the corrosion potential of the site soils. The

geotechnical engineer should be retained to consult with the designer during design development,

design and construction phases to be sure that the recommendations are properly interpreted and

further developed as necessary.

16.0 BASIS OF RECOMMENDATIONS

The preliminary recommendations provided herein are based on the subsurface conditions and on

project information provided to us; they apply only to the specific project and site discussed in this

report. If the project information section in this report contains incorrect information or if

additional information becomes available, you should convey the corrected or additional

information to us and retain us to review our recommendations. We will then modify them if the

new information has rendered them inappropriate for the proposed project. As mentioned

previously, additional exploration and analysis along with interaction of the design team will be

required to develop final recommendations for foundation design and site preparation.

Our exploration services include storing the collected samples and making them available for

inspection for a period of 30 days. The samples are then discarded unless you request otherwise.
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FIELD EXPLORATORY PROCEDURES

Soil Test Boring (Hollow Stem)

Soil test borings and sampling operations were conducted in general accordance with

ASTM D 1586. The borings were advanced by mechanically turning continuous steel hollow-stem

auger flights into the ground. At regular intervals, soil samples were obtained with a standard 1.4-

inch I.D., 2-inch O.D., split-tube sampler. The sampler was first seated 6 inches to penetrate any

loose cuttings and then driven an additional foot with blows of a 140-pound hammer falling'30

inches. The number of hammer blows required to drive the sampler the final foot of penetration

was recorded and is designated the "standard penetration test (SPT) resistance." Proper evaluation

of the penetration resistance provides an index to the soil's strength, density, and ability to support

foundations.

Representative portions of the soil samples obtained from the split-tube sampler were examined by

our engineer to assign manual soil classifications. Representative portions of the split-spoon

samples were then placed in containers and shipped to our laboratory. Test Boring Records are

attached, graphically showing the soil descriptions and penetration resistances.

Boring Backfill

The borings were backfilled shortly after drilling for safety purposes. We backfilled the borings

with auger cuttings to the ground surface.

You are advised that, even with this backfill technique, there is the possibility of future borehole

subsidence depending on actual subsurface conditions, surface drainage, etc. The property owner

should monitor the boring locations over time to discover subsidence and make any necessary

repairs.

Bulk Samples

Bulk samples of several soil types obtained at various elevations were collected for testing to

determine the suitability of soil for reuse as engineered fill, its maximum dry density and CBR

value.
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Undisturbed Sampling

The relatively undisturbed samples were obtained by pushing a section of 3-inch O.D., 16-gauge

steel tubing into the soil at the desired sampling level. The sampling procedure is described by

ASTM D-1587. The tube, together with the encased soils, was carefully removed from the ground,

made airtight, and transported to our laboratory.
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KEY TO SYMBOLS AND DESCRIPTIONS

SOIL TEST BORING RECORDS



GROUP TYPICAL NAMES GROUP TYPICAL NAMES Undjsturbed Sample
YMBOLS SYMBOLS _________ 1.5-2.0 =Recovered (ft) I Pushe(f

TOPSOIL .&7 CONCRETE Split Spoon Sample Auger Cuttings

Rock Core D_ ________________ _ L__ 60-100 = RQD / Recovery Dilatometer
ASPHALT DOLOMITE No Sample Crandall Sampler

Rotary Drill Pressure Meter

GRAVEL LIMESTONE - Water Table at time of drilling _ No Recovery

_ Water Table after 24 hours

I FILL SHIALE

I~~i LIESTONEISHALE- Limestone withSUBSOIL shale intetbeds

Correlation of Penetration Resistance
- ALLUVIUM b: SANDSTONE with Relative Density and Consistency

I SAND & GRAVEL SILT & CLAY
No. of Blows Relative Density No. of Blows Consistency

_. _..I_ 0 - 4 Very Loose 0-2 Very SoftCOLLUVIUM l SILTSTONE 5-10 Loose 3 - 4 Soft
11-20 Firm 5-8 Firm
21-30 Very Firm 9-15 Stiff

t1~I RSDU Sf o31-50 Dense 16-30 Very StiffSIDU1M - Sof to firm AUGER BORING Over 50 Very Dense 31 -0 Hard.
._._._._. Over 50 Very Hard

I RESIDUUM - Stiff to very hard I[I UNDISTURBED SAMPLE ATTEMPT

BOUNDARY CLASSIFICATIONS: Soils possessing characteristics of two groups are designated by TO 7 AdLINII)
combinations of group symbols. OX TO SYMBOLS AND

DESCRIPTIONS
SAND GRAVEL ____________________SILT OR CLAY Cobbles Boulders

Fine I Medium Coarse Fine Coarse M A C 7II7 E C
No.200 No.40 No.10 No.4 3/4" 3" 12"

U.S. STANDARD SIEVE SIZE Ax _A
MACTEC Engineering and Consulting, Inc.Reference: The Unified Soil Classification System, Corps of Engineers, U.S. Army Technical 1725 Louisville DriveRefemrence The Uni35d Vo 1RKevoille. Tennessee 37921-5904Memorandum No. 3-3 57, Vol. 1, March, 1953 (Revised Api,1960)_ 865-s8as44 I Faxe: 865-588O26
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AND REMARKS

SEE KEY SYMBOL SHEET FOR EXPLANATION OF
SYMBOLS AND ABBREVIATIONS BELOW.

L
E
G
E
N
D

E
L
E
V

(0)

SAMPLES PL (%) NM (%) LL (%)

D
E
N
T

T
Y
P
E

N-COUNT
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MEDIUM SAND

341S.4-
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VERY DENSE. DARK RED, DRY. FINE TO MEDIUM * * -3408.4
SILTY FINE TO MEDIUM SAND WITH CLASTS OF
CEMENTED SAND

: :.:

VkKY LJDkNb, LKti I KklJLjlz Yr.LUWLjKT.ILI I
FINE TO MEDIUM SAND WITH CLASTS OF CEMENTED
SAND

SPT-4 _

15-25-28

21-30-26

15-30-37.

50/66

1.0-2.0

50/6-

5016-

50/4-

-339S.4

-3393.4

_ _ __ -- 10

.~ _ 1

\ 20

…~25

. _ _ …30

… - - - 'AA

UD-I

SPT-5
I

SPT6

0Jr

0

Cn

0~

;

_ . . __ . .. IRR _ -4
VERY DENSE, LIGHT REDDISH YELLOW. SILTY FINE
TO COARSE SAND WITH SOME SUBANGULAR TO
ROUNDED FINE GRAVEL

SFT-7

_~~~~~~~~ .__ _ . .... _ ... __.__...r733S34-
VERY HARD, DARK RED, DRY, HIGH PLASTICITY
\LAV

Z . ,, ,,w,

I , ' SPT-S E 50/6-

BORING TERMINATED 40.5- ;
I

_ _ 37RS A . . . . . .
10 20 30 40 50 60 70 S0 90 100

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING A SAFETY HAMMER. NO
GROUND WATER ENCOUNTERED AT TIME OF PROJECT: NEF - Lea County, New Mexico
EXPLORATION. BACK FILLED ON 9/912003.

DRILLED: September9,2003 BORING NO.: B-I

PROJ. NO.: 3043031049/0001 PAGE 1 OF I

TllS RECORD IS A REASONABLE nTERPRETATION OF SUBSURFACE
CONDmONS AT THE EXPLORATION LOCATION. SUBSURFACE
CONDmONS AT OTHER LOCATIONS AND AT OTIER TIMES MAY DIFFER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE. TRANSITIONS
BETWEEN STRATA MAY BE GRADUAL
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I
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31 10I G ( MOREMARKS: STANDARD PENETRATION RESISTANCE TESTING e _ W
PERFORMED USING A SAFETY HAMMER NO I

I

GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION. BACK FILLED ON 9/9/2003.

PROJECT: NEF - Lea County, New Mexico

DRILLED: September 9,2003

PROJ. NO.: 3043031049/0001

BORING NO.: B-2
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EXPLORATION. BACK FILLED ON 9/1012003.
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LABORATORY TEST PROCEDURES

Atterberg Limits

Originally, the Atterberg Limits consisted of seven "limits of consistency" of fine-grained soils. In

current engineering usage, the term usually refers only to the liquid limit (LL) and plastic limit

(PL). The LL (between the liquid and plastic states) is the water content at which a trapezoidal

groove of specified shape, cut in moist soil held in a special cup, is closed after 25 taps on a hard

rubber plate. The PL (between plastic and semi-solid states) is the water content at which the soil

crumbles when rolled into threads of 1/8 inch in diameter.

The LL has been found to be proportional to the compressibility of the normally consolidated soil.

The PI is the calculated difference in water contents between the LL and the PL. Together the LL

and PI are used to classify silts and clays according to the Unified Soil Classification System

(ASTM D 2487). The PI is used to predict the potential for volume changes in confined soils

beneath foundations or grade slabs. The LL, PL, and PI are determined in accordance with ASTM

D 4318.

Moisture Content

The moisture content in a given mass of soil is the ratio, expressed as a percentage, of the weight of

the water to the weight of the solid particles. This test was conducted in accordance with

ASTM D 2216.

Grain Size Distribution

Grain Size Tests are performed to aid in determining the soil classification and the grain size

distribution. The soil samples are prepared for testing according to ASTM D 421 (dry preparation) or

ASTM D 2217 (wet preparation). If only the grain size distribution of soils coarser than a number 200

sieve (0.074-mm opening) is desired, the grain size distribution is determined by washing the sample

over a number 200 sieve and, after drying, passing the samples through a standard set of nested sieves.

If the grain size distribution of the soils finer than the number 200 sieve is also desired, the grain size

distribution of the soils coarser than the number 10 sieve is determined by passing the sample through

a set of nested sieves. Materials passing the number 10 sieve are dispersed with a dispersing agent and
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suspended in water, and the grain size distribution calculated from the measured settlement rate of the

particles. These tests are conducted in accordance with ASTM D 422.

Compaction Tests (Moisture-Density Relationship)

Compaction tests are performed on representative soil samples to determine the maximum dry density

and optimum moisture content. The results of the tests are used in conjunction with other tests to

determine engineering properties relating to settlement, bearing capacity, shear strength, and

permeability. The results may also be used as a standard to determine the percent compaction of any

soil embankment.

The two most commonly used compaction tests are the standard Proctor test and the modified Proctor

test. They are performed in accordance with ASTM D 698 and D 1557, respectively. Generally, the

standard Proctor compaction test is run on samples from building areas and areas where moderate

loads are anticipated. The modified Proctor compaction test is generally used for analyses of highways

and other areas where large building loads are expected. Both tests have three procedures, depending

upon soil particle size:

.11 I' 'p-q 7 -12*,. ,? :uScreee Sizer; "be . )A
'U1f &~~~~ammifer1~ '-Hdrnrer-: 4. Mold?,-j~.~ Q'IffaeiAiiM4 INufimber~oft "'Blows -per,-,,,

Standard A 5.5 lb. 12" 4" No. 4 sieve 3 25

(D 698) B 5.5 lb. 12" 4" No. 3/8" sieve 3 25

C 5.5 lb. 12" 6" 3/4" sieve 3 56

Modified A 10 lb. 18" 4" No. 4 sieve 5 25

(D 1557) B 10 lb. 18" 4" No. 3/8" sieve 5 25

C 10 lb. 18" 6" 3/4" sieve 5 56

Test results are presented as a curve depicting dry unit weight versus moisture content. The

compaction method used and any deviations from the recommended procedures are noted in the

report.
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Laboratory California Bearing Ratio Tests

The results of the compaction test are utilized in compacting the test sample to the desired density

and moisture content for the laboratory California Bearing Ratio test. The California Bearing

Ratio, generally abbreviated CBR, is a punching shear test and is a comparative measure of the

shearing resistance of a soil. It provides data that is a semi-empirical index of the strength and

deflection characteristics of a soil that has been correlated with pavement performance to establish

design curves. The CBR is used with empirical curves to design pavement structures.

A laboratory CBR test is conducted according to ASTM D 1883. A representative sample is

compacted to a specified density at a specified moisture content. The test is performed on a 6-inch

diameter, 4.585-inch-thick disc of compacted soil that is confined in a steel cylindrical mold. The

sample is compacted in accordance with Method B or D of ASTM D 698 or D 1557. These

compaction procedures are outlined in this report in the section on compaction tests.

CBR tests may be run on the compacted samples in either soaked or unsoaked conditions. During

testing, a piston approximately 2 inches in diameter is forced into the soil sample at the rate of 0.05

inches per minute to a depth of 0.5 inches to determine the resistance to penetration. The CBR is

the percentage of the load it takes to penetrate the soil to a 0.1-inch depth compared to the load it

takes to penetrate a standard crushed stone to the same depth.
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Table C.1
Soil Data Summary

Index and Compaction Properties

8-2 1 SS j 5 1 4.1 NP 16.7

B-2 SS 25 3.9 NP 18.9

B-2 Ss 5
7.99 7.400

B-2 SS 10

B-3 SS 5
7.5 26 17 9 31.0

B-3 SS 10

B-3 BULK 5 -10 122.9 10.8 4.3 NP 24.8

B-3 SS 45
11.A 60 23 37 91.9

B-3 SS 50

B-3 SS 70
13.7 50 18 32 96.1

B-3 SS 75

B4 SS 5
7.93 2,100

B-4 SS 10

B4 BULK 0-15 122.8 9.6 3.2 NP 22.8

B-5 SS 5
2.8 NP 21.6

B-5 SS 10

Bulk - Bulk Sample
SS - Standard Penetration Test Sample
NP - Non-Plastic

Prepared By VY1~1 Date oi-15-03 Checked , a D-($- 3B
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130

125

V
a- 120

0
C

> 115
I-

10

110

105

ZAV for

Sp.G.=

2.80 l

0 5 10 15 20 25 30

Water content. X

Test specification: ASTM D 1557-02 Procedure B. Modified

Elev/ Classification Nat. Sp.G. LL PT 1 > % <
Depth USCS AASHTO Moist. 3/8 in No.200

5-10' SM A-2-4(0) 4.3 % NT NV NP 0.0 % 31.2 %

TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 122.9 pcf Brown silty sand

Optimum moisture = 10.8 %
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1.0 INTRODUCTION

Provision VI.Q. of Permit No. HW-50358 requires, among other things, the submittal of a

summary of all background ground-water quality values, ground-water monitoring analyses,

ground-water flow rates, and statistical calculations. In addition, Provision lII.J.6. states: The

permittee shall determine the ground-water flow rate and direction in the uppermost aquifer for

upgradient, downgradient and supplemental detection monitoring wells required by this permit

at least semi-annually. The documentation shall include a calculation of ground-water flow rate

and direction, and a contour map of piezometric water levels in the uppermost aquifer based, at

a minimum, upon concurrent measurements in all monitoring wells. The results and

documentation shall be included in the annual report required by Provision Vl.X [sic]. This

report is submitted to fulfill the cited permit requirements for report year 2002.

In addition to the presentation of the required information, a discussion of the status of the

current detection monitoring program is provided. Technical issues and concerns regarding the

current program are identified and action items for addressing these issues and concerns are

presented.

WMSMFINAC01098.O2=2002 REPORT
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2.0 BACKGROUND INFORMATION

The permit, as originally issued, required the installation and sampling of both upgradient and

downgradient monitoring wells near the landfill. The locations of the detection monitor wells are

shown on Figure 2-1. During the first year of groundwater monitoring WCS was to collect and

analyze samples from the upgradient monitoring wells on a quarterly basis to determine the

background concentrations of specified monitoring parameters in the groundwater. Each

downgradient monitoring well was to be sampled semi-annually after the first year of monitoring.

For each sampling event, four separate samples from each downgradient well were to be

collected and analyzed for the specified monitoring parameters. The semi-annual data for the

downgradient wells were to be compared to the background values using the Analysis of

Variance (ANOVA) statistical procedure.

For many of the constituents, the reporting limits that were available during the first year of

monitoring (1997) were higher than those available in subsequent years. For numerous

parameters, primarily metals, statistically significant increases were determined and it was

suggested that a more appropriate statistical method might be employed. In addition, it was

suggested that rather than performing interwell comparisons of downgradient to upgradient, the

more appropriate comparison might be intrawell comparisons, comparison of the constituent

concentration in each well to the previous constituent concentrations in that well. A permit

modification request was submitted to the TNRCC by letter dated April 30, 1999 and was

subsequently approved on October 28, 1999, which among other things allowed the use of

intrawell comparisons using the Fischer's Exact Test statistical method. In addition, the

modification allowed for arsenic, barium and vanadium to only be monitored and reported until

the first semi-annual sampling event in 2000, at which time the statistical analyses for these

parameters were to be resumed with a new baseline data set.

The following action items (shown in italics) were proposed in the 2001 Annual Groundwater

Monitoring Report for resolution of technical concerns and issues identified with the detection

monitoring program. The status of each item is indicated following the item.

1. Applicable characteristics of the uppermost aquifer, including hydraulic conductivity,
effective porosity, and hydraulic gradient will be evaluated to determine the most
appropriate interval of time between sample events to ensure that independent

WCSMFINALX1098.0212002 REPORTn
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samples of groundwater are obtained to the greatest extent technically feasible. An

initial evaluation of the appropriate sampling interval has been completed and

discussed in this report.

2. Alternative procedures for collecting samples representative of the groundwater

quality at the point of compliance will be investigated to identify the least intrusive

and most effective method for sample collection. Sample collection procedures have

been assessed and recommended modifications are included in this report.

3. Leachate samples will be collected from individual leachate collection system risers

and analyzed separately forpriority pollutant volatile organics, semi-volatile organics,

metals, and PCBs. Samples were collected and analyzed. Complete analytical

results will be submitted with a permit modification request to change the current

detection monitoring parameters.

4. Significant constituents in the leachate will be evaluated to identify those constituents

that are anticipated to be the most mobile constituents in the groundwater. Analytical

results for the leachate samples have been reviewed to identify more appropriate

detection monitoring parameters. Documentation will be submitted with the permit

modification request to change the current detection monitoring parameters.

5. To the extent that groundwater data is available for the leachate constituents

identified in Item 4., the distribution of the data will be evaluated and potentially

viable statistical evaluation methodologies will be identified and assessed. This

activity is underway and the results of the evaluation will be submitted with the permit

modification request to change the current detection monitoring parameters.

6. Statistical evaluation methodologies for constituents that have not typically been

detected or are not anticipated to be naturally-occurring in the groundwater will be

researched and candidate methods identified. This activity is underway and the

results of the evaluation will be submitted with the permit modification request to

change the current detection monitoring parameters.

7. An application for modification of the permit will be prepared to provide the results of

the action items listed above and request appropriate changes in the permit and the

WCS\FINALS01098.02\2002 REPORTn
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CE,.

sampling and analysis plan. A Class 11 permit modification request to change the

sampling methodology is being submitted in concert with this report. A Class 2

permit modification request to revise the analytical parameters and statistical

procedures will be submitted by May 2003.

During 2002, numerous activities relating to refinement of the detection monitoring system were

performed. These activities included surveying the locations and top of casing elevations for all

of the wells and piezometers that were identified as potentially completed in the water bearing

zone of interest; monthly measurement of depth to groundwater and determination of water

level elevations in those wells and piezometers; alteration of purging and sampling procedures

for the DW and MW wells as agreed with the TCEQ staff; and participation in several meetings

and other communications to inform members of the staff of the TCEQ about the status of these

activities and their results. This report presents the data and the findings of the activities

performed relative to the detection monitoring system in 2002. Sections 3.0 and 4.0 provide

information on the groundwater gradient and velocity evaluations. Section 5.0 discusses the

analytical results and the conclusions from evaluation of those results. Section 6.0 presents

conclusions and proposed activities for 2003 to further refine the understanding of the complex

hydrogeology of the site and develop a more appropriate detection monitoring system.
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* * *Cii
3.0 2002 GROUNDWATER GRADIENT EVALUATION ACTIVITIES

Provision IllI.J.6 requires at least semi-annual groundwater elevation measurements in the
upgradient and downgradient groundwater monitoring wells and determination of rate and

direction of groundwater flow. The 2002 groundwater gradient and flow rate were determined

based on the methods and recommendations of the 18 December 2001 Groundwater Gradient
Monitoring Report, a copy of which was included as an appendix to the 2001 Annual
Groundwater Monitoring Report. The determination of the 2002 groundwater gradient and flow
rate is discussed in Section 4 of this report.

The general purpose of the 2001 Groundwater Gradient Monitor Report was to present the
results of a review of data from the site's upgradient and downgradient wells, supplemented with
existing data from other areas of the site, to more accurately generate an groundwater gradient
map and determine flow rate of the water bearing zone of interest, so that the collected

information could be as a tool to evaluate and update the groundwater monitoring program
based on site-specific conditions. The 2001 Gradient Report recommended several activities to
be conducted during 2002 in order to improve the quality of available data to be used to refine
the determination of the groundwater gradient and flow rate at the site. The activities identified
to be completed in 2002 included:

* Identification of existing monitor wells and piezometers that may be useful in developing

a site wide groundwater gradient map;

* Performance of a top of casing survey for each of these existing monitor wells and

piezometers,

* Conduct hydrogeologic analyses of the identified monitor wells and piezometers to
determine if the identified monitor wells and piezometers have been completed in a zone

that reflects the hydrologic head of the water bearing zone of interest;

* Measure groundwater levels during the year and determine which of the monitor wells
and piezometers constructed in the water bearing zone of interest have static water

levels and are not continuing to be affected by purging and sampling activities; and
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* Select monitor wells and piezometers that accurately reflect the static hydrologic head of

the water bearing zone of interest that can be utilized to construct the groundwater

gradient maps.

The activities recommended for 2002 have been completed and the results are presented in the

following subsections. In addition, responses to TCEQ comments, as outlined in Items 4 and 5

of a 2 May 2002 letter, are addressed.

3.1 SITE MONITOR WELLS AND PIEZOMETERS

The monitor wells and piezometers which were identified as being those most likely screened in

the water bearing zone of interest consist of:

Downgradient
Wells

DW-32A

DW-32B

DW-33A

DW-33B

DW-34A

DW-34B

DW-35A

DW-35B

DW-36A

DW-36B

Upgradient
Wells

MW-1A

MW-1 B

MW-2A

MW-2B
MW-3A

MW-3B

MW4A

MW-4B

Supplemental
Wells

2-G

4-G2

4-G3

7-G

6B-2

A-22

A-24
NMB-23

NMB-24

Supplemental
Piezometers

TP-0001

TP-0002

TP-0003

TP-0004
TP-0005

PM-0003

PM-0006

PM-0009

PM-0012

3.2 SURVEY DATA

Surveying of the site monitor wells and piezometers was conducted by West Texas Consultants,

Inc. Surveying of the TP and PM series piezometers was conducted in October 2001, and the

remaining identified monitor wells were surveyed in March 2002. Piezometer and monitor well

location coordinates and top of casing elevations are summarized in Table 3-1.

The survey resulted in an adjustment in the top of casing elevations of all of supplemental wells

and to many of the upgradient and downgradient wells. The 2002 survey indicated that the top

of casing elevations of the supplemental wells are approximately 9 feet lower than previously
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surveyed. The new survey resulted in only minor adjustments for the upgradient and

downgradient wells. The adjusted survey results have been incorporated into the reported

groundwater gauging data for the 2002 reporting period.

3.3 HYDROGEOLOGIC DESCRIPTION OF THE SITE

The boring logs and well completion diagrams for each of the identified wells and piezometers

were analyzed to determine if the wells and piezometers were completed in the water bearing

zone of interest. The analyses of the data included construction of geologic cross sections,

groundwater gradient maps based on groundwater elevations from validated wells and

piezometers, and a structure map of the top of the water bearing zone of interest.

The two geologic cross sections are depicted in Figures 3-1 and 3-2. Section A-A' and B-B' are

generally orientated east-west. Section A-A' is located north of the landfill and is approximately

8,000 feet in length. Section B-B' is located through the landfill area and is approximately 9,000

feet in length. Boring logs and well completion diagrams for the identified wells and

piezometers are presented in Appendix A. As depicted on the geologic cross sections, surface

caprock is continuous across the site and varies in thickness. Underling the caprock,

interbedded clays and claystones with transmissive zones of siltstone and sandstone are found.

The first transmissive zone is described as a sandstone to silt and is encountered at elevations

ranging from 3,393 to 3,359 feet msl. This zone appears to be laterally continuous across the

site. While the strata was not shown in NMB-23, this well is not within the permitted facility

boundary. Further, the log for this boring is very general, so the strata may be actually be

present but not identified. Groundwater has never been encountered in this zone. In the area

of the landfill, there are five monitor wells (SW series) completed in this zone; none of these

wells has ever yielded any groundwater. To the east of the landfill, piezometer TP-0002 is also

screened in this zone and has been dry since construction in August of 2001..

The second transmissive zone is a sandstone to siltstone. This zone appears to be

discontinuous across the site. Where absent, it grades into a silty clay. Where present, it is

encountered at elevations ranging from 3,307 to 3,273 feet msl. Piezometer PM-0012 is

screened into this zone and has been dry since construction in August of 2001. Piezometers
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PM-0009 and TP-0003 are also completed in lenses of the second transmissive zone and have

encountered groundwater.

The third transmissive zone is the water bearing zone of interest in which the landfill's

upgradient and downgradient monitor wells are screened. This zone is laterally continuous

across the site and is encountered at elevations ranging from 3,280 to 3,225 feet msl. This

zone is generally described as a sandstone and silt. Wells and piezometers screened in this

zone indicate it is saturated and confined, with hydraulic heads (distance above top of

transmissive zone) ranging from approximately 40 feet to 130 feet.

3.4 STATIC CONDITION OF WELLS AND PIEZOMETERS

Due to the low hydraulic conductivity of the water bearing zone of interest, the static

groundwater elevations of wells disturbed by sampling activities do not fully recover between

sampling events and have not fully recovered to date. Therefore, the groundwater elevations

that were recorded during the year are not reflective of the actual static groundwater elevation of

the water bearing zone of interest. To determine which wells and piezometers have not

recovered from past sampling activities, hydrographs of the groundwater elevations during 2002

have been constructed for each of the wells and piezometers. The hydrographs are included in

Appendix B as Hydrograph Plots 3-1 through 3-36.

The hydrographs indicate the upgradient (MW series) and downgradient (DW series) wells did

not equilibrate during 2002 from past groundwater sampling activities.

The 2002 hydrograph for Monitor Well NMB-23 indicates that the well is recharging. A review of

the hydrograph from 2001 for NMB-23 (Hydrograph Plot 3-15)-also indicated that the well was

recharging. A review of the facility records indicates this well was installed for groundwater

gradient purposes in September 1998 and has never been sampled. Gauging data during 2002

indicates an increase in the groundwater elevation of approximately 14.5 feet (1.2 feet per

month). Gauging.data from July through December 2001 indicates an increase in the

groundwater elevation of approximately 5.75 feet (1.15 feet per month). The total thickness of

the groundwater in the well by the end of 2002 was approximately 139 feet. With the well being

constructed in September 1998, 51 months ago, the well has recharged at an average rate of

2.72 feet per month since construction.
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3.5 EVALUATION OF WELLS AND PIEZOMETERS FOR GRADIENT MONITORING

The monitor wells and piezometers which were identified as being those most likely screened in

the water bearing zone of interest are listed in Section 3.1. A tabulation of these identified

monitor wells and piezometers and the circumstances that either support or do not allow for the

use of these data points in developing the final groundwater gradient map are shown on Table

3-2.

An additional review of the identified wells and piezometers listed in Section 3.1 was also

conducted by comparing the groundwater elevation measurements from these points to one

another in the form of groundwater gradient maps. Groundwater gauging events occurred

monthly throughout 2002 for the identified wells and piezometers.

The list of the identified wells and piezometers that was transmitted to site personnel to be

gauged during 2002 erroneously excluded well 4G-2. As was suggested in the TCEQ letter

dated 2 May 2002 (Item 4), the water level shown on Figure 5-17 for well 4G-3 was inconsistent

with the water level reported in Tables 4-1 and 5-1 of the 18 December 2001 Gradient Report.

The water level shown for well 4G-3 on Figure 5-17 of the Gradient Report was actually the

water level for 4G-2, as shown on Tables 4-1 and 5-1 of the Gradient Report. (With regard to

the other comment in Item 4 of the 2 May 2002 TCEQ letter, the correct groundwater elevation

for well G2 was 3298.73. The elevation of 3298.23 shown on Figure 5-17 was an error.) As

noted in Item 5 of the 2 May 2002 letter, based on the cross-section shown in Figure 3-2, it does

appear that well 4G-2 is the well that is completed in the water bearing zone of interest and that

well 4G-3 is completed in a thin and essentially dry siltstone zone below the water bearing zone

of interest.

After completion and evaluation of the cross-sections, site personnel were requested to gauge

well 4G-2, and on 24 January 2003, the well was gauged. The January 2003 elevation was

compared to the 2001 data for 4G-2 and the level was within 0.5 feet. Therefore, the

groundwater elevation appears to be stable through 2002 and the groundwater elevation

recorded on 24 January 2003 was used in the evaluation of the groundwater gradient for the
water bearing zone of interest

Piezometers TP-0002 and PM-0012 were included in the points identified in Section 3.1 as

potential sources for groundwater elevation data representative of the water bearing zone of
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interest. These piezometers have been determined from the cross-sections to be completed in

the first and second transmissive zones and are dry; therefore, they were not used to construct

the final 2002 groundwater contour maps for the water bearing zone of interest.

Figure 3-3 is a groundwater contour map utilizing all wells determined to be completed in the

water bearing zone of interest, as identified in Section 3.1. If a specific well or piezometer

caused an anomaly in the contouring, such as a significant depression or mounding of the

groundwater, that point was evaluated to determine the possible cause and the resultant

usefulness in characterizing the groundwater gradient of the water bearing zone of interest.

These anomalies are identified and discussed below.

The groundwater gradient map depicted in Figure 3-3, in concert with the hydrographs

discussed previously, indicates that the groundwater elevation in the wells downgradient of the

landfill (DW series) are depressed due to past sampling events. Consequently, these wells

cannot be relied on at this time as accurately reflecting the static water level elevation of the

water bearing zone of interest.

Piezometer TP-0003 has an anomalously low groundwater elevation resulting in as apparent

depression of the groundwater contours in the area of the piezometer. A review of the cross

section (Figure 3-2) indicates that TP-0003 is completed in the discontinuous siltstone lens

located above the water bearing zone of interest. Therefore, groundwater elevation data from

this point was not considered representative of the water bearing zone of interest and was not

used in the development of the final site gradient maps (see Section 4).

Piezometer PM-0009 has a groundwater elevation that results in an apparent mounding of

groundwater in the area of the piezometer. A review of the completion record for this

piezometer indicates that the bottom of PM-0009 is at an elevation of 3269.65 feet msl. Based

on the structure map of the top of the water bearing zone of interest (Figure 3-4), the elevation

of this zone in the area of PM-0009 is approximately 3255 feet msl. As a result, it is believed

that this piezometer is not screened in the water bearing zone of interest and therefore was not

used in the development of the final site gradient maps discussed in Section 4.1.
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4.0 GROUNDWATER RATE AND DIRECTION

Based on the groundwater elevations (Table 4-1) from the identified wells and piezometers that

have been determined to be properly screened and have stabilized groundwater levels,

groundwater gradient maps have been constructed from semi-annual gauging events recorded

in May 2002 and September 2002 (Table 4-1).

4.1 GROUNDWATER GRADIENT

Figures 4-1 and 4-2 are the groundwater gradient maps which result after considering the above

discussions in Section 3.5. These two figures represent the groundwater elevation data

collected during the Spring and Fall 2002 groundwater monitoring events, and also include the

groundwater elevation for well 4G-2, which was collected in January 2003. As discussed

above, the January 2003 groundwater elevation for well 4G-2 is within 0.5 feet of the water level

elevations measured for this well in 2001, and it has not been sampled or purged since 2001.

The groundwater elevation at this well, however, is not consistent with the groundwater

elevations for the other wells determined to be suitable for gradient determination. Given the

apparent anomalous water elevation at well 4G-2, a separate set of groundwater gradient maps

for the Spring and Fall 2003, excluding the groundwater elevation data for well 4G-2, were

constructed and are shown in Figures 4-3 and 4-4.

The reason for the anomalous water level in well 4G-2 in unclear. Given that well 4G-3 is

completed in a lower, thin siltstone that is believed to be essentially dry, and that well 4G-3 is

very near well 4G-2, it is possible that there is leakage from the water bearing zone of interest

into the lower siltstone formation, thus depressing the water level in 4G-2 somewhat. This is

inconclusive and bears further evaluation to determine the use of 4G-2 in the future

groundwater gradient determinations. For now, both sets of groundwater gradient contours are

being presented, although the gradient calculated without well 4G-2 is used in the determination

of the groundwater flow rate below.

The groundwater gradient maps for Spring and Fall 2002 are similar in both the indicated

direction and gradient. The groundwater flow direction is to the south-southwest at an average

gradient of 0.017 feet per foot across the site.
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Future equilibration of the groundwater in the upgradient MW series wells and in NMB-23 will

allow for additional control north of the landfill. It is estimated that groundwater recharge to

NMB-23, based on its current recharge rate 14.5 feet per year and an anticipated decrease in

the recharge rate as it near equilibration, will be fully recharged by early to mid of 2004. It is

estimated that to fully recover DW-32A will have to reach an elevation of approximately 3315

feet msl. Currently, the well will require approximate recharge of 65 feet to fully recover. At the

current recharge rate of approximately 30 feet per year, it is estimated that DW-32A will require

more than 2 years to fully recover. Potential modification of the sampling frequency of the

downgradient DW-35 and DW-36 series monitor wells may provide sufficient time for these

wells to equilibrate between monitoring events, thereby providing additional control along the

southern perimeter of the landfill. Nonetheless, an additional piezometer is proposed to be

constructed to the southwest of the landfill to supply an additional control point in the area to the

south and west of the landfill.

4.2 GROUNDWATER VELOCITY

The velocity of the groundwater in the water bearing zone of interest has been calculated based

on the groundwater gradient, the hydraulic conductivity, and the porosity using the following

expression:

Ki
Groundwater velocity=

The hydraulic conductivity of the water-bearing zone of interest at the WCS facility has been

calculated by evaluating groundwater recharge data as a rising head slug test, using the

Hvorslev method. Groundwater elevation data were collected from recharge of monitor well

DW-36A following the purging and sampling activities in September 2001. Data from DW-36A

were chosen for the evaluation because, based on past experience, recharge rates in the 36-

series wells are greater than in the other DW wells. Use of the more rapid recharge data will

result in a more conservative or higher hydraulic conductivity than from wells with slower

recharge. The hydraulic conductivity calculations are included in Appendix C. The calculation

based on site-specific conditions resulted in a hydraulic conductivity of 6.13E-08 cm/sec.
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The hydraulic gradient in the water-bearing zone of interest is approximately 0.017 ft/ft based on

the 2002 groundwater gradient maps previously presented. A porosity of 15% was used for

calculation of velocity, based on published literature. The literature review included porosity

ranges as stated in Groundwater and Wells; F.G. Driscoll, Ph.D., Applied Hydrologeology C.W.

Fetter, Jr., Groundwater Hydrology, H. Bouwer, and Groundwater, Freeze and Cherry.

Generally, the porosity of consolidated sandstone ranges from 3% to 30%.

Therefore, the calculation of the groundwater velocity is:

Groundwater velocity= Ki

Hydraulic conductivity (K) = 6.13E-08 cm/s

Hydraulic gradient (i) = 0.017

Porosity(0) = 0.15

6.13E -08cm/sec x 0.017 ft/ft x 86,400seclday x 365day/yr x lfY30.48cm
0.15

= 0.0072 ft/year, or 0.0006 ft/month

If we assume a porosity of 0.30, the velocity would be 0.0036 ft/year, and if we assume a

porosity of 0.05, the velocity will be 0.022 ft/year.

4.3 DISCUSSION OF GROUNDWATER SAMPLE COLLECTION

An evaluation of groundwater recharge data and the groundwater gradient in the water bearing

zone of interest at the WCS site has been performed. The purpose of the evaluation was to

estimate the amount of time necessary for "new" groundwater to be available for sampling

based on site-specific conditions. "NewI" groundwater is desired to be sampled at each

monitoring event so that independent samples are collected for data evaluation purposes, as

required by applicable regulations.

The sampling procedure, including purging the well dry before sample collection and the sample

volume itself, removes an approximate volume of 3.8 ft3, as calculated below.
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Water column height =40 ft

Unit volume within the well bore for a 4" well

Sample volume required for current monitoring parameters

(one sample set only)

= 0.087 ft3/ft depth

= 3 gal = 0.401 ft3

Total volume (V) of water removed for sampling
V = (40 ft x 0.087 ft3Wft) + 0.401 ft3

V =3.8 ft3

This volume does not consider the volume of water that is drained from the sand pack when

bailing the well to dryness, which results in a conservative calculation of the volume of water
removed, relative to the actual amount of water that has to recharge the well for sampling.

The radius of influence of this volume of removed water in the water-bearing zone of interest is
estimated at 0.733 ft, as calculated below.

Volume (V) of water removed * 3.8 ft3

Water-bearing zone of interest screen length (h) = 15 ft

Water-bearing zone of interest porosity (0) = 15 percent

l"v-
xO xh

238ft T

/UXO. 154 5ffi

radius = 0.733 ft

Using the same range of potential porosities as described above, the radius of influence for a

porosity of 0.30 would be 0.52 ft, and the radius of influence for a porosity of 0.05 would be

1.27 ft.
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In order for "new" and "independent" groundwater for a sampling event to occupy a well after a

sampling event, groundwater must flow under natural conditions from the upgradient end of the

radius of influence to the downgradient end, i.e., a total distance of 2 x 0.733 ft, or 1.466 ft.

Another way to say this is that although one would expect water to refill the well from 360

degrees, only the water from upgradient is new water, or water that has not been sampled

previously. Therefore, it takes water that moves twice the distance of the radius of influence to

be new water.

The minimum time taken for "new' groundwater to occupy the sampling volume and provide an

"independent" sample is about 2,443 months (1.466 ft divided by 0.0006 ft/month) for a porosity

of 0.15, 3467 months for a porosity of 0.30, and 1385 months for a porosity of 0.05.

If the wells are not purged prior to sampling, the volume of water removed from each of the

wells to collect one sample set will be approximately 3 gallons, or 0.401 ft3, for analysis of the

current monitoring parameters. The radius of influence from removal of this volume of

groundwater would be 0.476 feet assuming the average case of 15% porosity. Based on this

radius of influence, it would require approximately 793 months for 'new'v groundwater to migrate

past the well to provide an independent sample at a hydraulic conductivity of 6.OE-8 cm/sec.

WCS is preparing a permit modification request to eliminate purging of the detection monitoring

wells prior to sampling, since they are still recharging after a six-month monitoring interval, and

therefore the groundwater present in the wells is as 'fresh' as it would be if purging occurred.

These calculations approximating site-specific conditions of the water-bearing zone of interest

demonstrate that the interval between sampling events must be much longer than six months in

order to collect independent samples from the monitoring wells at each sampling event.
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5.0 GROUNDWATER SAMPLING AND ANALYSIS

Groundwater samples were collected from the third transmissive zone on a semi-annual basis,

in general accordance with the provisions of Permit No. HW-50358-001. Some adjustments to

the sample collection procedures were made in 2002, in consultation with the TCEQ permits

staff. Sampling and analytical procedures are described below.

Downgradient monitoring wells were purged for the first semi-annual event in late January/early

February to allow the groundwater to recharge approximately 60 days prior to sample collection

in April and May of 2002. Purging was accomplished by evacuating all water within the well

casing using a bailer. Purging of the wells in prior years was conducted using an electric pump.

The upgradient wells were not purged for the Spring 2002 monitoring event.

In the Spring 2002 monitoring event, four sample sets were collected from all downgradient

monitoring wells in accordance with permit requirements, with the exception of wells DW-32A

and DW-33A. In these two wells, the groundwater did not recharge enough to supply sufficient

water for the collection of four sample sets. Samples from the downgradient wells were

analyzed for all parameters currently specified by the permit. A single sample was collected

from upgradient wells MW-3A, MW-3B, MW-4A, and MW-4B during the Spring 2002 monitoring

event. Each of these samples was analyzed for the metal parameters identified in the permit.

As agreed in a meeting with TCEQ staff on 29 August 2002, downgradient well pairs DW-32

through DW-34 were not going to be purged prior to the Fall 2002 monitoring event. However,

site personnel had completed purging of well pairs DW-34 through DW-36 on 25 August 2002,

so well pairs DW-32 and DW-33 were not purged prior to this event. Purging was again

accomplished by evacuating all water within the well casing using a bailer. The upgradient wells

were not purged.

In the Fall 2002 monitoring event, four sample sets were collected from all downgradient

monitoring wells in accordance with permit requirements. Samples from the downgradient wells

were analyzed for all parameters currently specified by the permit. A single sample was

collected from upgradient wells MW-3A, MW-3B, MW-4A, and MW-4B. Each of these samples

was analyzed for the metal parameters identified in the permit.
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As discussed in the semi-annual report documenting the Fall 2001 sampling event, included in

the Annual Report for 2001, metal pieces from an electric line used to gauge the water level in

DW-36A separated from the e-line and dropped to the bottom of the well. All metal objects,

other than the stainless steel nipple and a magnet encased within stainless steel (lost when

trying to recover the e-line parts), were recovered from this well prior to the Fall 2002 sampling

event, but after the well was purged.

Groundwater samples were analyzed by Severn Trent Laboratory in Denver, Colorado.

Summary tables of the 2002 and previous analytical data are contained in Appendix D. CJI

prepared these tables by adding the 2002 data to the tables prepared last year for the 2001

Annual Report. Last year's tables were developed by review of previously assembled tables

prepared by others and verification of the 2001 and 2000 data, with a combination of complete

reviews for parameters with significant detected values and spot checks for data that were

reported as non-detects. The consolidated laboratory reports for the Spring and Fall 2002

events are provided as Appendices G and H, respectively.

5.1 STATISTICAL DATA EVALUATION OVERVIEW

In accordance with Permit Provision III.J.4., the monitoring data for each downgradient

monitoring well were statistically evaluated using Fisher's Exact Test and the previously-

established background database. In addition, the metals data from the upgradient wells

collected for the Spring and Fall 2002 monitoring event were also evaluated statistically, using

the same procedure. Results of the statistical evaluations of all parameters that were detected

in either the Spring or Fall 2002 monitoring event are tabulated in Appendix E. Of the 28

monitoring parameters that are statistically evaluated, the only parameters that were detected at

quantifiable levels in the Spring and/or Fall 2002 monitoring events were: barium, chromium,

cobalt, copper, lead, nickel, silver, vanadium, and zinc. Results of the statistical evaluations that

were determined to be significant through application of the Fisher's Exact Test to the

background data are summarized in Table 5-1. Parameters that were indicated as significant

detections in one or both of the monitoring events are barium, chromium, cobalt, lead, nickel,

and copper.

The current analytical laboratory's reporting limits constitute quantification levels. Estimated

concentrations of analytes are reported when the analytical results indicate the presence of an
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analyte at levels below the quantification level. Since the current statistical procedure is based

on the number of detections, regardless of concentration, the estimated concentrations reported

below the quantification limit are not considered to be detectable values for the purposes of

statistical evaluation. Each of the parameters with apparent statistically significant detections is

discussed further in Section 5.3.

5.2 QUALITATIVE EVALUATION

A qualitative evaluation was conducted of the cumulative data for the parameters that were

identified as having statistically significant increases in one or more of the DW wells. As part of

this evaluation, the data for these parameters in the DW wells were plotted over time. The data

plots are provided in Appendix F. Results of this evaluation are discussed below.

Barium

The data for barium in the DW wells are shown graphically in Plots 5-1A through 5-IJ in

Appendix F. Detections of barium were first reported in Fall 1998, after detection limits lowered

to 0.01 mg/L from the previous value of 0.4 mg/L or greater. Barium is detected in both the

upgradient and downgradient wells. Historically, quantified detections were most frequently

reported in the range of 0.01 mg/L (which is the reporting limit) to 0.03 mg/L, although

occasional values on the order of 0.04 to 0.09 mg/L have been reported.

The background dataset for barium was allowed to be re-established under a permit

modification approved in October 1999, due to the elevated reporting limit of 0.4 mg/L or greater

during the initial background period. Barium was detected at this lower reporting limit during the

new background period (Fall 1998 through Fall 1999) in all DW wells. However, barium

detections were reported in one or both of the first two semi-annual events of the background

period and the third semi-annual event in well pairs DW-32 through DW-34, but only in the third

semi-annual event of the background period in well pairs DW-35 and DW-36. The reason for

this difference is not known. DW-35 and DW-36 were sampled thr6e times, two at the lower

reporting limit, before barium was routinely detected, whereas DW-32 through DW-34 were

sampled quarterly for a year and for one semi-annual event before the barium detection limit

dropped and barium was detected.
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Subsequent to the collection of the new background dataset, barium detections have increased

in frequency. Barium has been detected at quantifiable levels in virtually all wells, including the

MW wells, in all monitoring events since the Fall 2000 event. This increase in frequency of

quantifiable barium concentrations may reflect the fact that these wells did not yield sufficient

water at construction for proper development and removal of sediment fines from the drilling

process.

In the 2002 data, the barium results from the sample sets collected from the downgradient wells

generally exhibited greater variability than in prior years. (Since only one sample was collected

from upgradient well pairs MW-4 and MW-5, the potential variability at upgradient wells in 2002

cannot be assessed.) In most cases, a marked increase in reported concentrations is observed

from the initial sample set through the subsequent sample sets. Initial concentrations are

consistent with historical concentration ranges, while the higher concentrations'are frequently an

order of magnitude greater than historical concentrations. The variation in reported

concentration of the sample sets is believed to be associated with the amount of entrained

sediment in the samples, since total metals are analyzed. In general, the amount of sediment

increases as the sample sets are collected and groundwater nearer to the bottom of the well

casing is sampled. Naturally occurring metallic elements in the sediment, which are not mobile

in the groundwater, will be dissolved by the acid digestion step in the analytical procedure,

resulting in higher detected concentrations as the amount of sediment increases. The

increased sediment that was apparently encountered in the 2002 groundwater samples may

reflect the fact that these wells did not yield sufficient water at construction for proper

development and removal of sediment fines from the drilling process, and/or may be influenced

by changes in the well sampling procedures.

Chromium

The data for chromium in the DW wells are shown graphically in Plots 5-2A through 5-2J in

Appendix F. Prior to Fall 1999, chromium was not detected in the DW wells, with detection

limits ranging from 0.01 to 0.10 mg/L. In Fall of 1999, detection limits lowered to 0.005 mg/L

and chromium detections were reported Chromium has historically been detected in both the

upgradient and downgradient wells, with quantified detections most frequently reported in the
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range of 0.005 mg/L (the reporting limit) to 0.010 mg/L, although occasional values on the order

of 0.012 to 0.015 mg/L have been reported.

The statistical tables in Appendix E were originally developed by others, and subsequently

reformatted and revised by CJI to reflect 2001 and 2002 detections. Review of the tabulated

data for chromium in Appendix D and the source file for the statistical tables in Appendix E

indicates that the source file used the chromium data for Spring 1999 through Spring 2000 as

the background dataset. These data are more appropriate for use as the background dataset

for chromium, given the elevated reporting limits that were embodied in the original background

periods; however, it does not appear that re-establishment of the background dataset for

chromium was expressly authorized by the October 1999 permit modification.

Subsequent to the collection of the new background dataset, chromium detections have

increased in frequency, although quantifiable concentrations are not reported as routinely for

chromium as they are for barium. Chromium has been detected at quantifiable levels in one or

more monitoring events since the Fall 2000 event in all wells, including the MW wells. Given the

hydrogeologic characteristics of the transmissive zone as discussed in Sections 4.1 and 4.2,

this increase in frequency of quantifiable chromium concentrations is believed to reflect the

transition of more nearly dnew" water to the well in the more recent data.

In the 2002 data, the chromium results from the sample sets collected from the downgradient

wells generally exhibited greater variability than in prior years. (Since only one sample was

collected from upgradient well pairs MW-4 and MW-5, the potential variability at upgradient

wells in 2002 cannot be assessed.) In most cases, a marked increase in reported

concentrations is observed from the initial sample set through the subsequent sample sets.

Initial concentrations are generally consistent with historical concentration ranges, while the

higher concentrations are two to ten times greater than historical concentrations. The variation

in reported concentration of the sample sets is believed to be associated with the amount of

entrained sediment in the samples, as discussed for barium.

Lead

The data for lead in the DW wells are shown graphically in Plots 5-3A through 5-3J in Appendix

F. Early monitoring data for 1997 and 1998 indicated lead was typically not detected at
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reporting limits varying from 0.004 to 0.02 mg/L. However, a number of detections at

concentrations ranging from 0.02 mg/L to 0.33 mg/L were reported in both the upgradient and

downgradient wells during this time period, based on data previously tabulated by others. Lead

results for 2001 and 2002 are most typically not detectable at a reporting limit of 0.003 mg/L or

estimated concentrations below that reporting limit.

In the 2002 data, the lead results from the sample sets collected from the downgradient wells

generally exhibited greater variability than in prior years, although not to extent exhibited by the

barium and chromium data. (Since only one sample was collected from upgradient well pairs

MW-4 and MW-5, the potential variability at upgradient wells in 2002 cannot be assessed.) In

some cases, a marked increase in reported concentrations is observed from the initial sample

set through the subsequent sample sets. Initial concentrations are generally consistent with

historical concentration ranges, while the higher concentrations are typically two to ten times

greater than historical concentrations. A singular, anomalously high lead concentration (0.079

mg/L) was reported for the third (and final) sample set collected from DW-33A in Spring 2002.

The variation in reported concentration of the sample sets is believed to be associated with the

amount of entrained sediment in the samples, as discussed for barium.

Nickel

The data for nickel in the DW wells are shown graphically in Plots 54A through 5-4J in

Appendix F. Prior to Fall 2000, nickel was not detected in the DW wells, with detection limits

generally ranging from 0.01 to 0.10 mgIL In Fall of 2000, detection limits lowered to 0.005

mg/L, and quantifiable nickel concentrations have been reported in at least one sample from

each of the DW wells since that time. Nickel was also detected in upgradient wells MW-1A,

MW-1 B, MW-2AA, MW-2B, and MW-3A in the Fall 2000 event, one of two monitoring events for

which all MW wells were analyzed for nickel at a reporting limit of 0.005 mgIL. The nickel data

from Fall 2000 forward contain a substantial fraction of non-detect or estimated concentrations

below the reporting limit of 0.005 mg/L. Quantified detections are most frequently reported in

the range of 0.005 mg/L (the reporting limit) to 0.020 mg/L.

In the 2002 data, the nickel results from the sample sets collected from the downgradient wells

generally exhibited greater variability than in prior years. (Since only one sample was collected

from upgradient well pairs MW-4 and MW-5, the potential variability at upgradient wells in 2002
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cannot be assessed.) In most cases, a marked increase in reported concentrations is observed

from the initial sample set through the subsequent sample sets. Initial concentrations are

generally consistent with historical concentration ranges, while the higher concentrations are

two to ten times greater than historical concentrations. The variation in reported concentration

of the sample sets is believed to be associated with the amount of entrained sediment in the

samples, as discussed for barium.

Copper

The data for copper in the DW wells are shown graphically in Plots 5-SA through 5-5J in

Appendix F. Early monitoring data for 1997 and 1998 indicated copper was typically not

detected at reporting limits varying from 0.02 to 0.03 mg/L. However, a number of detections at

concentrations ranging from 0.02 mgIL to 0.087 mg/L were reported in one or more samples

from MW-4A, DW-32A, DW-32B, DW-33A, and DW-33B during this time period, based on data

previously tabulated by others. Copper results for 2001 and 2002 contain a substantial number

of non-detectable or estimated concentrations at a reporting limit of 0.005 mg/L, but also contain

a substantial number of quantifiable concentrations generally ranging between 0.005 and 0.01

mg/L.

In the 2002 data, the copper results from the sample sets collected from the downgradient wells

tended to exhibit a somewhat greater variability than in prior years, although the variability was

much less pronounced in comparison to that exhibited by the previously discussed metals.

(Since only one sample was collected from upgradient well pairs MW-4 and MW-5, the potential

variability at upgradient wells in 2002 cannot be assessed.) An increase in reported

concentrations from the initial sample set through one or more of the subsequent sample sets is

observed in some cases, while others are relatively stable or do not display a consistent pattern.

Reported copper concentrations even in wells with increasing copper concentrations trends

were generally consistent with historically observed concentrations. The lesser variation in

reported copper concentrations for the sample sets indicates that the copper content of the

entrained sediment is not as significant as the previously discussed metals.
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Cobalt

Cobalt concentrations for 2001 and 2002 were typically not detectable or estimated

concentrations below the reporting limit of 0.01 mg/L. However, quantifiable concentrations of

cobalt were reported in well DW-33A. In Spring of 2002, one of the three samples from DW-

33A was reported to contain cobalt at 0.025 mg/L, and two of the four samples collected from

DW-33A in Fall 2002 were reported to contain cobalt at 0.012 and 0.016 mg/L. Detection limits

for prior years varied between 0.01 and 0.05 mg/L Relatively isolated detections of cobalt were

reported in the historical data tabulation for both upgradient and downgradient wells, ranging

from 0.025 to 0.065 mg/L. Plot 5-6A in Appendix F. depicts the cobalt concentration record for

DW-33A.

5.3 DISCUSSION OF APPARENT SIGNIFICANT DETECTIONS

The apparent significant detections of certain metals that occur naturally in soils and

groundwater clearly represent false positive results given the construction of the landfill, the

climate of the region, and the hydrogeology of the site. The landfill is a state-of-the-art design

with a double liner system, a leachate collection system over the upper liner, and a leak

detection system between the liners. The upper transmissive zone, in which the SW wells are

completed, has been and remains consistently dry based on semi-annual gauging of the SW

wells. While numeric evaluation of the potential for a release to reach the groundwater has not

been performed, qualitative evaluation indicates this potential to be remote. Further, even if a

release could have occurred and could have reached the groundwater, the results of the

gradient evaluation (see Appendix C) demonstrates that the rate of groundwater movement is

so slow that it would take on the order of 10,000 years for the groundwater to move from the

downgradient limit of the landfill unit to the nearest downgradient well, using conservative

assumptions about the properties of the saturated transmissive zone.

The apparent significant detections are discussed in more detail below.

Barium and Chromium

The initial background datasets for barium and chromium were replaced with subsequent data

collected at appropriate detection limits. However, the very slow rate of groundwater movement

makes the collection of a valid background dataset, merely comprised of near-independent
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observations in lieu of truly independent observations, virtually impossible. Initial calculations of

the potential time to obtain 'new' water between monitoring events indicate that many years, if

not decades, would have to transpire between sampling events to ensure truly independent

measurements. The more recent data with significantly greater frequencies of detection than in

previous years with the same analytical reporting limits reflects a gradual transition in

groundwater chemistry over time, consistent with the very slow rate of groundwater movement.

Barium and chromium concentrations in the initial sample sets are consistent with the

concentration ranges in the background dataset; increasing concentrations in the subsequent

sample sets are associated with the presence of increasing amounts of entrained sediment.

Conner. Lead and Nickel

The background data for copper, nickel and lead are all comprised of a significant portion of

non-detect results at reporting limits that are substantially greater than current reporting limits.

As a result, the current statistical test yields apparent statistically significant increases based on

low level detections that are well within the typical concentration ranges observed for these

parameters. Concentrations of lead and nickel in the initial sample sets are consistent with the

concentration ranges in the background dataset; increasing concentrations in the subsequent

sample sets are associated with the presence of increasing amounts of entrained sediment.

Reported concentrations of copper even in wells with increasing concentration trends over the

sample sets were generally consistent with historically observed ranges.

Cobalt

The reported concentrations for cobalt in 2002 are less than previously observed values. The

apparent statistically significant increases for cobalt in DW-33A are a result of the non-detect

results for cobalt in the background data at a reporting limit that is substantially greater than the

current reporting limit.
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6.0 CONCLUSIONS AND 2003 ACTIVITIES

6.1 Water Bearing Zone of Interest

Sections 3.0 and 4.0 presented data, information and results of various evaluations of the water

bearing zone of interest. From this it has been determined that the water bearing zone of

interest is not uniform in hydraulic conductivity characteristics.

New Mexico Well NMB-23, which is reported to never have been purged or sampled, has yet to

equilibrate since it was first completed in October 1998. It recharged during 2002 at a rate of

approximately 14.5 feet per year. It is estimated that the groundwater will reach equilibration by

early to mid 2004, based on the estimate that the groundwater will stabilize at an elevation

approximately 5 feet above its current level and that the rate of recharge to the well will

decrease as it nears equilibration. Contrasted with NMB-23, New Mexico Well NMB-24, which

is approximately 1600 feet south of NMB-23 and was also installed in October 1998, reached

equilibrium prior to October 2000. As evidenced by the information presented in Section 3.0,

the detection monitoring wells do not recover between the semi-annual monitoring events when

the wells are purged and four "replicate" samples (i.e., four sample sets) are collected.

Because of the previous lack of recovery of the detection monitoring wells, particularly at DW-32

which is located near the southwest comer of the landfill, there is inadequate undisturbed

groundwater elevation control in the vicinity of the southwest corner of the landfill. To address

this issue, three additional activities will be undertaken to increase groundwater elevation

control in this area. First, in concert with this report, a Class 1' permit modification request is

being submitted to the TCEQ to .change sampling procedures to eliminate purging and require

collection of only one sample set, rather than four "replicates". This will significantly reduce the

amount of water removed a each monitoring event, thereby decreasing the time required for

groundwater levels to recover. Second, a letter will be submitted to the TCEQ requesting that

the DW-32 wells not be sampled as part of the Spring 2003 sampling event, which is currently

scheduled to be conducted during April 2003. As discussed in Section 4.1, if the DW-32 wells

are not sampled in the spring, and the wells are not purged and only one sample set is collected

from the wells in subsequent sampling events, it is anticipated that it will take more than two

years for the DW-32 well pair to fully recover to provide valid groundwater elevation data. In

order to more timely fill the data gap for the groundwater elevation in the vicinity of the
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southwest corner of the landfill, WCS will install a piezometer completed in the water bearing

zone of interest, at the location shown on Figure 6-1, for the sole purpose of determining

groundwater elevations in the future.

Given that the nature of the water bearing zone of interest is highly variable, and based on

observed development characteristics after completion of the new piezometer, alternate

development techniques may be implemented in order to facilitate well development and

groundwater equilibrium. If the groundwater recharge rate of the proposed piezometer

responds in the same manner as NMB-23, then natural development and gradient equilibrium

will take several years. NMB-23 is currently developing at a rate of approximately 14 feet per

year and the well is estimated to be relatively near to reaching equilibrium. If it becomes

evident, after measuring the water level frequently for two months, that the proposed piezometer

is not developing such that equilibrium will be achieved within six months, then it is planned to

add water to the well to a level near the anticipated equilibrium elevation. Such action may

result in more timely data collection from the piezometer to fill the gradient data gap near the

southwest comer of the landfill.

6.2 Detection Monitoring Program

As noted above, a Class 11 permit modification request is being submitted in concert with this

report. This permit modification request seeks revision of permit provision III.H.1 to allow

groundwater sample collection without first purging the wells, as is currently required by

provision III.H.1. This is requested because the monitor wells do not fully recover between

sampling events (see Section 4.1) and therefore the groundwater available for sampling in the

wells is equally as "fresh" or representative of groundwater from the formation as it would be if

purging were continued.

The Class 11 permit modification request also seeks authorization to implement an alternate

sampling procedure to that which is currently required by permit provision IlI.J.1.b. and 30 TAC

§335.163(7)(A), as provided under 30 TAC §335.163(7)(B). The purpose of this request is to

allow collection of only one set of samples for each well for each detection monitoring event.

Section 4.3 presents information that demonstrates that independent samples cannot be

collected during one sampling event. Groundwater velocity is so slow that 'new" water does not

move into the well so as to be able to collect an independent sample even at a six-month
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sampling interval. This Class 11 permit modification request is being submitted in order to

implement the no purging and alternate sampling with the Spring 2003 sampling event, which

will be conducted in April.

An additional permit modification request will be submitted to the TCEQ by May 2003 to

authorize different analytical parameters for the detection monitoring program and more

appropriate statistical evaluation methodologies. It is anticipated that this Class 2 permit

modification request will be acted upon prior to October 2003, when the fall groundwater

monitoring event is scheduled.

6.3 2003 Activities

The additional piezometer will be installed by no later than the time of the Spring 2003 sampling

event. Appropriate geological logging will be performed of the boring in order to collect

additional geologic data in the area of the new piezometer.

Water level measurements will be collected for the previously selected wells and piezometers,

installed in the water bearing zone of interest, every other month. Well 4G-2 will be added to

the list for the continuing water level measurements. Well 4G-2 will be further evaluated to try to

determine if the well is representative of the static water level of the water bearing zone of

interest.

A plan will be developed for additional transmissive zone characterizations, which may include

but are not limited to: identification and selection of appropriate historical boring cores for further

evaluation and testing, additional historical boring geophysical log comparison and evaluations,

and slug testing of selected wells/piezometers. The plan will be transmitted to the TCEQ for

review and comment prior to the Spring 2003 sampling event.
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TABLE 3-1
WASTE CONTROL SPECIALISTS

MONITOR WELL TOP OF CASING ELEVATIONS (ii
to h ~ S e0 S 00 0 S

3-- , ,3,461. 52. -' ' 3461:520 0 ;6873779.52 '!561 178'95A:
DW32B 3461.46 3461.440 -0.02 6873775.51 561187.80

DPWX33AK j .23'46499 3,465.000 , 0.01 .',,6873728.26. '56132108'
DW33B 3465.12 3465.150 0.03 6873724.02 561329.87

- .3468:70 3468:650 -0.05 6873673,92 , 561463.85 X
DW34B 3468.94 3468.910 -0.03 6873669.60 561472.83

D W 5 2 '; . 84 6 7.8 .. . - . 4 7 7 0. 0.0 9 .- 6 87362 1 .7.4 . - ? 5 I . 7 -
DW35B 3467.95 3467.870 -0.08 6873618.32 561592.62

SE.)W, 36A8 ;~3g67,~59 -l;3467.,520 , .0.07. , 6873577.70 < i , 5617p8;27,
DW36B 3467.93 3467.790 -0.14 6873574.37 561717.37

t1MB,-23; ' .:3467M8& '*, 3476.830 8.980 6876221.09 ,55932828 $JJL
NMB-24 3439.15 3448.110 8.960 6874754.32 559238.66

~M"W.. ,.-;. B8,0.,79; ' ,,,:3489:670 , .8.880 , 6875849.83.. '561434,-1'
MW1B 3480.61 3489.627 9.017 6875855.32 561442.62

*ocMW,2A. ... : ;, '3481.72 :...:.3490.728 .. ,. 9.008 , ,f6875934r,4 .56i158.00'4;
MW2B 3481.93 3490.919 8.989 6875939.12 561567.30

?3tAW 3A. .;48 ,3 9.953 -. 8.913~ . .687601 100 ..J561687 O5
MW3B 3483.10 3492.020 8.920 6876015.93 561696.15

YUvW Y.0 A. ;J3484s70 , _ 2 ,493.637 . , ;.8:937 -- : z6876099M58 ,i56i8p, 586
MW4B 3484.74 3493.720 8.980 6876104.92 561814.61

A, 22,99 6 Q360 00; S 1. -34'680-,94040 H W,,, :687048635r, ,.566J868
A-24-99 3464.20 3473.160 8.960 6870962.73 567389.93
,,2G6' t ' -7 a440)70 ,' '3449.650 . "8.890s' ,'6871955,132 '-564673
4G-2 3440.22 3449.180 8.960 6872424.69 563497.51

S >+, 4,39.8,8t Ae t3449. 12.. , j;- . -9.232 :.`T` ;.6872426.30,.' ;.:563467i22
6B-2 3487.07 3496.050 8.980 6875082.71 563755.97

!r RO f 3 157,4 ` .` ,,L-r2 134 57;560 - .. ` ... :8.99 -- , ,, .6873076.60 . -562,23.75,5
TP-0001 3485.38 NA NA 6875530.62 567764.77

~TP Q0 2 ~ ?~ A 46 . ~ 47?~ 1.'-AN A ' `6 872824 80 O U 56 5 Q 9 ~ 5
TP-0003 3487.98 NA NA 6872640.64 568169.40

Ur3' 0.404 489:05 .- ;, to'-,NA _ .. NA. :..1.. .6874473.A0., ,566j8,6Q43
TP-0005 3488.35 NA NA 6874805.18 567481.73
RM 00AOQ3 : .345799 N . . . NA :.:.6874858:36^ 56744548Q.;
PM-0006 3489.59 NA NA 6874526.98 566142.11
EMt0009 e3483'03.: .! N. NA ..t6872792.'74/,6 7'459A53-
PM-0012 3474.66 NA NA 6872795.55 566424.2i
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ITABLE 3-2
STABILIZED GROUNDWATER/SCREENED INTERVALS

Monitor Stabilized Properly Groundwater
Points Groundwater Screened Data

DW-32A NO YES NO
DW-32B NO YES NO
DW-33A NO YES NO
DW-33B NO YES NO
DW-34A NO YES NO
DW-34B NO YES NO
DW-35A NO YES NO
DW-35B NO YES NO
DW-36A NO YES NO
DW-36B NO YES NO
MW-1A NO YES NO
MW- B 'NO' YES NO
MW-2A NO YES NO
MW-2A NO YES NO
MW-3A NO YES NO
MW-3B NO YES NO
MW-4A NO YES NO
MW-4B NO YES NO

2-G YES YES YES
4-G2 YES YES YES
4-G3 YES NO NO
7-G YES YES YES
6B-2 YES YES YES
A-22 YES YES YES
A-24 YES YES YES

NMB-23 NO YES NO
NMB-24 YES YES YES
TP-0001 YES YES YES
TP-0002 NO NO NO
TP-0003 NO NO NO
TP-0004 YES YES YES
TP-0005 YES YES YES
PM-0003 YES YES YES
PM-0006 YES YES YES
PM-0009 NO NO NO
PM-0012 NO NO NO
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TAB-.. 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS

MEi
>4k~Jev .bon> iftat DpITr GWElevationWol O~E~,tniDae ie'1t3 oatDph~ W .Elevadon (Date>Tm 'tU4oa~ph G ilvfo rlp, 5 D yt m ~ ,TttPphi>I W~(t&~t~ 4 ~ t~ Li s ftk ta~et~hl> gftttTTim .4rtW(f.___________

-1'0W32A\ --,3461t,52L >1122102 1305 ~215.49 2t 231i.9O0rZ r~,-3246.03Zr -2125/02 41324 2111.18 'i~231:90-, r&,3250.:34ir 7 1 >1T7 ... i
DW32B 3461.46 1/22102 1309 200.11 248.80 3261.35 2/25/02 1329 195.19 248.80 3266.27

=D33 2.~z464'.99,1~!s½. 1/22102 1314 .222.57, %k234:64PM x'M-3242:42F~ -2/25/02 1335 219.99 >t~'234.84 AM3245.00N _____

DW33B 3465.12 1/22/02 1318 211.41 247.15 3253.71 2/25102 1339 207.46 247.15 3257.64 ____

-DW34A- ~~Ž3468:7W0~% 1/22/02 1322 198.62 tŽ 238;'40V>%i 'rW327O.08:%i- 2/25/021.4344 495:51 ;28Ok s273A9 _____ ______

0W348 3468.94 1/22/02 13241 201.52 252.94 3267.42 2/25/02 1348 197.65 252.94 3271.29 ____ _____

9 DW35A,,Ž IW;t~3467.86,t 1122/02 .1329 u1 91 ~54. ~~235:82:R, ~,N3276322's,, 2/25/02 1352 189.91 '~,-235.82: ~27t9-, 2128102 1409 .190.33 ~,;&235.82 .3277.53

DW35B 1 3467.95 1/22/02 1331 191.49 250.59 3276.46 2/25/02 1357 189.86 250.59 3278.07 2/28/02 1029 189.77 250.59 3278.18
~D3P< v475KS1/22/02 1,334 ;190.86-j ~%4241.00~,;<, >it,,327&73'i; 2/502102'8.1 s121.O 3278:4A:"y~z~>t$7j,_____

0W36B 3467.93 1/22102 1336 190.98 255.52 3276.95 2/25/02 1409 189.27, 255.52 3278.66 2/27/02,1355 189.19 255.52 3278.74
4J;MB-23z 4¼4L5~~/211O2 :1428 139.97T ysj,264:06,-s1~1 wt,,3327,88t, 2/22/02 I11 53 A .1389 ~;s,264.06i'... t;~3329.06x tY ;" .,~

NMB-24 3439.15 1/21102 1434 116.19 232.87 3322.96 2/22/0211139 116.16 232.87 3322.99 __________

?,MWiA-r, '~73480.79Y9y 1/21/02 .1444 :151fAlz ;s,26O:'47i.4l~ WC3329.687~t 2/22/02 1.147, 146:'48 ~1?260.47sx .>;w<332321Ž' '',A,'. ~W~NQ .

MW1B I 3480.61 1/21102 1446, 142.02 274.84 3338.59 2/22/02 1152 140.89 274.84 3339.72
~ZMW2AV .I>3481;72t,. 1a/2102 .14491 >158.58 Z~264;25&&% ~iZZ3323A4Z.T' 2/22/02 I1156 156M 1 .50 ~2B4.,2 5y >3 3 25:22c2 ~2, 4¼ ____

MW2B 1 3481.93 1/21102 14511190.56 277.55 3291.35 2/22/02 1159 185.22 277.55 3296.71 ____

~'-MW3k4I-k'4s3483.O4vQ-, 1/21/02 :1455 154.56V t268;0MB,: f£-3328A48s4 2/22/02 1203 -152.98 &"r5268.0O 33.&4 ,'' • ____

MW3B 1 3483.10 1/21/02 1456 153.81 263.15 3329.29 2122/02 1206 152.26 283.15 3330.84 ____

~MWMA: £wU~3484',70!;- '1/21102 :1458 -139.781 ,,;27.>1:45:T~ gm~3344.92'>t .2/22/02 1209 4139,0 i7.5, >24.5M.~ s4r4_____
MW4B 3484.74 1/21/02 1500 139.63 286.50 3345.11 2/22/02 1212 138.94 286.50 3345.80

VA;-22;99& aor3480.00-~. '1/21102 l537, .168.69> ..c.255.O0`w zt,329lt3tN3 -2/22/02 :1325 167.91 25Ot¶:>32.9x_____
A-24-99 3464.20 1/21102 1532 158.09 267.00 3306.11 2/22/0211318 159.26 267.00 3304.94

flt's2G I 34.76Tho 1/21/02 1523 151:69 'n,,250,00V Mt3289:07'Oi~ 2/22/02 1308 ;150.'80 ~t-250.'00tŽ :t29.6r n:?( _____

"4G-2 1 3440.22 1157.64 200.00 3282.58 157.64 200.00 3282.58 __________

1,4G3t ,,,,-3439.88>.S 1/21102 1517 238.27 ~26:26>*P, -v~Yc3201.6IMM 2/22/02 1301,238220 <?26.6 -r M320.1:683;! nkW?&> : ______ ______

6B-2 1 3487.07 1/21/02 15061137.61 272.00 3349.46 2/22/02 12171136.43 272.00 3350.64 __________

n,~7,G~N Iw\13448.57A%~ 1/21102 1621 1138.,35 ~~2215.004t ~•Ž3310.22Y 2/22/02 1500 .138.04 W 215.00vilt -Wzk;3310.53f> tk_____ _____

TP-0001 3485.38 1/22/02 14221 98.5 242.30 3386.88 2/22/02 1348 98.50 242.30 3386.88 _____ _____

aTP.0002r i~w3436;l4rc 1/22/02 1349 122.62 X~Al22.94:,:, t~>13313:52tR 2/22/02 1434 .'122.62 ~-z!122.94&,f $Z ,,43313.5241 Ml - '

TP-0003 3487.98 1/202 1408 225.81 230.40 3262.17 .2/22/02 1333 223.78 230.40 3264.20 __________

4P>'40004):2g3489.05:-1,,, 1/22/02 1502 133.85 ,%1230.55c~, 3355.20z 2/22/02 4356 4l34.07 ~,h230:55>? az!~3354.98 .,» ,M___________
TP-0005 3488.35 1/22/02 1450 119.72 233.30 3368.63 2/22/02 I1340 I119.62 233.30 3368.73 __________

:PM-'00O3. Ž,3487L99,s4-% 1/22/02 -1435 ~11,9.73 ~1 212.3327i'. ts-3368.26¾'' 2/22/0211344 1l9,77 212.33n~ ~r368.22.tz, m>ai lr t , __________

PM.0006 3489.59 11/28102116371134.08 134.60 3355.51 2/22/02 1353 134.26 134.60 3355.33 __________

>PM-0009, zt4303&1280 64 1173 133A 3365.68c~Z 2/22/02 >1446 100.82 '4.1213WA38, $-t 382.ZW V ->~ "IA _________

PM-0012 3474.66 11/28/02116061184.081 184.25 3290.60 2/2/02 1441~ 184.25 ________________

WCS\FINALUO1O98.O2\2002 REPORfl
T030127..GROUNOWATER ELEVATION.XLS Page 1 N4G-2 groundwater elevation was recorded on 1/24/03.



TAb__ 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS

(I
NoWei tIO&4evnion Mate3 dIme FDtffi TotalDepth W i Ievation p TTD ate M-lnme .DtWs, TotaliDepth GWfElevation

e.DW32At , 346t52t 311/02 1414 ,209;43 +231&90,> F3252.09, 3/26/02 .1218 227;28 I.w23t9O 9 '3234'24s1
DW32B 3461.46 3/11/02 1101 193.45 248.80 3268.01 3/26/02 1222 235.37 248.80 3226.09

;,DW33A. t83464.99 1 .3/8/02 e1400 z218.67>. f 234:64;;< ,> 3246:32~qi 3126102 1227 230.34 1i 23464'i2 Ah3234.65>',
DW33B 3465.12 3/8/02 1047 207.61 247.15 3257.51 3126/02 1231 239.11 247.15 3226.01
XDW34A: .es3468g70 ,> 3/8/02Z ,858' 194187Z 4 238.40P .3273:83fk 3/26/02 J1235 222.94 oN238:40e. 324.76 .
DW34B 3468.94 317102 1323 196.71 252.94 3272.23 3/26/02 1238 238.67 252.94 3230.27

ODW35A& -.. '3467T86.T ^ T .w r .'x 3/26/02 1240 20504 235,82R§ .3262 82 2
DW35B 3467.95 3/26/02 1242 204.11 250.59 3263.84

tpDW36Ac .346759 '2' -3113/02 1227 201t52 *w9241.00-t T.t3266.07.Z~ 3126/02 3245 205'.36 i,?K-241-00-eit >E 326Z23 t-o
DW36B 3467.93 3/26102 1247 204.41 255.52 3263.52

gNM8-23i f3467:85 - , g. 3/26/02 1130 137i72 W4264.06: * 5 S 3330A 3>.'7f
NMB-24 3439.15 . 3/26/02 1134 116.13 232.87 3323.02

M,}MW1-P 11v53480.79-,'OP 'agxs _(e > 3m,,;9tffi;;-.-Ng c~tw< 3126/02 .1-143 i146'25 =260;V4.&- ;,/s^T 33354*-i5
MW1B 3480.61 3126102 1147 139.81 274.84 3340.80

VMW2A °.'*3481U72,7 zi t 3126102 1149 ,154.62 R 264.25.; 3327%10
MW2B 3481.93 3/26102 1151 180.40 277.55 3301.53

wMW3At; ~3483104-. , 5 3126/02 1155 151§ = 2680,2,,3331-54 .,
MW3B 3483.10 3/26/02 1158 150.81 283.15 3332.29

o.MW4AMXi 3484: 70 _ S. e 3/26102 _200 138:35 '27M1,45t5 t'3346.35.e,-
MW4B 3484.74 3/26/02 1202 138.22 286.50 3346.52

:?A-22-99w .?t3460,00W -3s o~w5 " _ _ t 3/26/02 1334 .16756 X255&00"4 °23292.44v
A-24-99 3464.20 =__ 3126/02 1329 159.61 267.00 3304.59
r~-2GsPq S 3440.764r A 5 3 s 3i26102 .1320 150.38 ','4250.00s9 .e, 3290,38i
**4G-2 3440.22 _ 157.6 200.00 3282.58

it4G 3~' w r3439.8R& . xs 3/26/02 _1315 23807 o246:261 tz A-3201 81- ;
6B-2 3487.07 3/26/02 1306 135.90 272.00 3351.17

.M 3.7GM2! f :i3448:57<n w , . i , f 3126102 ,1251 137.61 _-215:,00:W4 --, 3310967
TP-0001 3485.38 3126/02 1357 98.31 242.30 3387.07

is.Tp-0002 3 7 j___,______ .v 3/26/02 1414 .122.63 '!I2294z;~ ts -13313. 5Vs'33
TP-0003 3487.98 3126102 1343 221.58 230.40 3266.40

sjTP.P0004s3 z')s3489.05 r f T Xx Rs 3/26/02 1404 134:04 A 230,55- K,^3355,01,s,
TP-0005 3488.35 _ 3126/02 1350 119.51 233.30 3368.84

yPM-0003W .s-3487,99. V3 s . ., ;s. .:z i s 3126102 -1353 .1963 21233sv 3368 36
PM-0006 3489.59 _ 3126102 1401 134.27 134.60 3355.32

IPM:0009t '.,m3483103.'' f ' ft,. ; z' ., 3136/02 1340 s90-77 ^213.38. to339Z26',
PM-0012 3474.66 . 3/26102 1403 r d 184.25

WCSWFRNALM1098.02N2002 REPORT\
T030127_GROUNDWATER ELEVATIONXLS Page 2 **4G-2 groundwater elevation was recorded on 1/24/03.



TAL- - 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS

CI
WeID fOCEeton .Dt gme4t ;JoaDet GW Ejevation qDater, MM DiW4 GWMEleVaton ~gDate'~ J~ime '<t-IjoalDpttG Elevation

X;DW32At: 3415 - 4Il0/02Zi* 227.71 :~c319~ T~ M 323381 S~~w419I02 t's224.86 &219~~33.6 Vk-~ ____

DW32B 3461.46 ___ ____ _____ 4119102 228.07 248.80 3233.39 _ ___;~DW33A', e36.9~ 4/110OZ. :rt229,35 -~234.64, ;-N',3235.-64;t 4119102 228.78 Wz234.64t,~g t~,3236.21hh. * _____

DW33B 3465.12 ____ _____4/19102 229.91 247.15 ;,3235.21 _ ___9~DW34AV Z~3468.70. ; M~-m-~ ~ i9~~ 4/19/02 a? 1452:g3840 &<248s'. ~ t ~4 ____

0W4 468.94 - -4/19/02 225.91 252.94 3243.03 ____

s4DW35N Ui3467.86 ~-i ___ v ~I tS6iC 4/19/02 -Ž?198.3 5'S235.82Z W 294~:43/2'40 9W~256 3270.80D 3B 3467.95 - -4/19/02 198.13 250.59 3269.82 4/30/02 1035 196.7 250.59 3271.27
rD 3A 4T5- ;1t- u~s ~t~4 q111 MA/912O• 981 ¾Y~24t1O0S~ wc3269.49M4 4/30/02 :815 198.6' -nz. e241-.00 3269.00

D 38 36.3 _____4/19/02 198.00 255.52 3269.93 4/29/02 1410 196 .7 255.52 3271.26~;NM8B-23y1 vYt3467.85,-~ FMx W~ j ~ ~- ptyg~ ~ 2 '>p _________

NMB-24 3439.15 __________

MW1B 3480.61 - - -- - -
4 *$*! ¶A7

kMW2AtA rz,3481.:72 :''< t W $ T$Ptl ¶$:L; >•g>4 _____ ______
MW2B 3481.93 - - -p"'t' -

w.? MWAw~ s¾3483.04IO Zt~' s' -t A$O'7____________

MW3B 3483.10--- 
, . - --

MW4B 3484.74 - - - _____- - - _____- - -

-"A-22-99~ ", tt3460.0D& , t Vh '7 <Zc *$% !* -4p, ~-
A-24-99 3464.20- w iZ. supzmt@- . -

2GN. ?344016PY ~,"_____
-4G-2 3440.22 - t(_____

~~K4G-3"U ->343 9.8 8 n4 $ rY tu e- - ~.t*4~ WeC_____

6B-2 3487.07 - ----- 4 ~.~~

TP-0001 3485.38 - - - _____ ~ ,>,, 7
TP-0003 3487.98 -- _____

tJP;-0004'-. MF3489.057v~~ l-r ury v 'Žct- - kT'ms zx * w , ~ _____ ____

TP-0005 3488.35 - - ____ _____ - - -'-.'- -~PM-0003 , t3487,.99,~,~ ~ A -%49'f ______~2t~:C-j-q- ,~'- .Y ~ ____
PM-0006 3489.59 - - - __________ - - --- -tPM-0009 Nt483.03% ~£> 5- , P:$~ .S474'ck '< V ~ X3~~r~','f rw v- )Az ;$ 7t'_____ ____

PM-0012 3474.66 - -----

WCS\F1NAL001098.02UOO02 REPORT\
Page 3 T03027 GOUNWATE ELVATIN.XS Pae 3"4G-2 groundwater e!bvation was recorded on 1/24/03.



TAB__- 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS

Noi
MWeiilJDs TOCOEIevation ;*Datej Mtme nDtW, 4-otaI;QeptW ,GWMElevation ElOateg -TIme tDtW . 0Toe9Qpth! SW-Eevation

eDW32A't 'f.8^tf3461t52wv 'i5/1/02~ 1040 223375 *.ri 231A907'Az- n3237377rA4x. 5/29102 1417 225.52 23t90' 's3236.00i:
DW32B 3461.46 5/1/02 1043 224.98 248.80 3236.48 5/29/02 1421 226.72 248.80 3234.74

TDW33k o'-i.3464:99S s .5/102 -1027 227. 92 3234:64i '3237 07.4 5/29/02 1428 230.56 s&f>234.64 1 -'- 3234;'43 2-
DW33B 3465.12 5/1/02 1023 225.68 247.15 3239.44 5/29/02 1434 228.92 247.15 3236.20

sDW34N N-f 3468' 70>' ,s: v- z , 5/29102 1437 215.93 e 238A40e v,,g3252,77i.
DW34B 3468.94 5/1/02 855 220.85 252.94 3248.09 5/29/02 1440 224.37 252.94 3244.57

KDW35AX -~3467t86cV <-p i Vt:^ n. 2 t ,. s 5/29102 1446 1 99.. 1 3r235'82" >e ,,,3268&.75 ..
DW35B 3467.95 - 5/29/02 1449 198.91 250.59 3269.04

tDW36AN N7,>3467,59r g; '>, _ __ e 5/29/02 _1452 99.50 V'241t00.A .3268.09 '7'
DW36B 3467.93 - 5/29/02 1456 199.39 255.52 3268.54

' NMB-23e zZE 3467M 85 .5/6/02M 1309 j136S37; e;j 26406 - MU'3331t48u, 5/28/02 1430 135,65 7g.a264:06 I- ~'3332.20.'
NMB-24 3439.15 5/6/02 1313 116.13 232.87 3323.02 5/28/02 1436 115.92 232.87 3323.23
°MW.1 AM e3480i179s 5t6/02 1320 t143W 8 s260.4T ,.3336 99. 5/28/02 1444 142.62 ,260.474e ss3338.17

MW11B 3480.61 5/6/02 1323 138.48 274.84 3342.13 5/28/02 1448 137.94 274.84 3342.67
2MW2Av. 3481472x i5/6t02 1325 o15Z 38 e4264.253 Wv3329:34 f 5/28/02 1453 s51.26 sw264.25 4 t 333Q*45;w

MW2B1 3481.93 5/6/02 1327 174.86 277.55 3307.07 5/28/02 1457 172.11 277.55 3309.82
>, MW3AM 7f '3483.047.V -5/2/021455 3 149W72 x,.268 003^ 'M3333.32F 5/28/02 1501 449:58 --M':268.00.e s3333:46^.%

MW3B 3483.10 5/2102 1505 149.22 283.15 3333.88 5/28/02 1504 148.89 283.15 3334.21
MW4A't ,'3484K70r,-; s>5t1t5/2/^e 1510 ;137,,57; 2x8. .27a1.45W w.3347 13 5/28/02 1510 13743 ., 27,1A45 --,3347:27
MW4B 3484.74 5/2/02 1520 137.46 286.50 3347.28 5/28/02 1513 137.30 286.50 3347.44
-A'22-995 ,ve3460:00-s i5 /02 1 355 167,7 -n-X255.5 OO00 , K3292:30 0 nat! 5/30/02 010 i169.00 V4255: O 3291:00 s

A-24-99 3464.20 5/6/02 1359 159.61 267.00 3304.59 5/30/02 1015 160.56 267.00 3303.64
2G it73440;76s ,g5t6/02 1338 149 94' .250-00? e3290.82- 5/30/02 1036 151 Y38 7250;.00 t 3289538
*^4G-2 3440.22 157.64 200.00 3282.58 157.64 200.00 3282.58

,fr4G'3' zs,,ere3439.88 25/6/020 -1343 237.'89 t 246s26T xmM3201X99nv 5/30/02 1026 2373J72 va,246;26tm <.e .3202%16'ts.:
6B-2 3487.07 5/6/02 1333 135.49 272.00 3351.58 5/29/02 1510 138.37 272.00 3348.70

e '7Gs .rg'§3448:57' t5/6/0210' 1500 5142.56 :21 500 ,,3306.01V t, 5/29/02 .1500 M3B'84 n.215:00, 3309.73 > V;
TP-0001 3485.38 5/6/02 1418 98.16 242.30 3387.22 5/30/02 1401 98.18 242.30 3387.20
GTP-0002 /3436.14vn ,5/6/02. s1348 1122;6T >--122 94.z fY3313:53me 5/30/02 o1343 122.53 =-1122.94m> M@r3313.616 '
TP-0003 3487.98 5/6/02 1404 218.66 230.40 3269.32 5/30/02 1410 216.77 230.40 3271.21
grP-0004 7s^3489.05-V '5/6/021 ,1426 S134M,86 .230-55O y3354§19s 5/30/02 15 133:64 w230;55, <3355.41
TP-0005 3488.35 5/6/02 1412 119.32 233.30 3369.03 5/30/02 1407 119.31 233.30 3369.04
PM.0003 11*33487i99As a5/6/021 1415 4119:43' -*212.33s 170' 3368:56rsi 5/30/02 .1404 5l9Ai -212.33" t>3368;58o-.\''
PM-0006 3489.59 5/6/02 1423 134.27 134.60 3355.32 5/30/02 1353 134.20 134.60 3355.39
PMp0009 4 s348.03:3 r 5/6102j 1434 dg95.96, 213,38- 3.3387.074., 5/30/02 1415 86,73= 1338~zt 339630kb
PM-0012 3474.66 5/6/02 1443 184.25 5/30/02 1349 DRY 184.25

WCSW1NAL\O1 098.02\2002 REPORTg
T030127-GROUNDWATER ELEVATIONXLS Page 4 **4G-2 groundwater elevation was recorded on 1/24/03.



TAB_- 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS

an
WelmlD n t~ DWTOCt.Elevation MDt~ me Ot TtariDepth', GW*Elevation 0 ae"',, Xme ~,rw kotal~Depth'! GW'Elevation

'DW32A, j 2o346t152 8^ 6125102 41149 Q223AY <r23t19O. S3238.42s. -7/30102 4228 220.06 231:90>, -A241:46-',-
DW32B 3461.46 6/25/02 1151 219.16 248.80 3242.30 7/30/02 1231 209.78 248,80 3251.68

XDW33A° [,3464.992W 6/25/02 ,1157 '228.46 2.34!649 :43236.53 c5< 7/30102 1237 225:67. 2 234t64 '....3239.32
DW33B 3465.12 6/25/02 1200 221.65 247.15 3243.47 7/30/02 1239 215.95 247.15 3249.17

,DW34N gAe' 3468;70 6t25/02 ;1203 ' 209518 !23540 X ,;3259;52 ?o 7130/02 1242 203:28 v,2358:40,2 ';; P 'z,'3265.42 tu

DW34B 3468.94 6/25/02 1205 215.48 252.94 3253.46 7/30/02 1244 207.44 252.94 3261.50
DW35A% V,9;.zA3467M-869 6125102 1209 196,13 - 235 82ZM !x9M1327V.73-T3, 7/30/02 1247 <193K73 2235:82 .i3274A3 '9

DW35B 3467.95 6/25/02 1211 196.02 250.59 3271.93 7/30/02 1249 193.71 250.59 3274.24
DW36AI s3467T.9ra:.' 6/25/02 '1216 195.92 :K §241.00, , 327v12672 7130/02 !1252 193;16 I241?.00--Tz *.9K-3274A43 .6o
DW36B 3467.93 6/25/02 1218 195.98 255.52 3271.95 7/30/02 1255 193.26 255.52 3274.67

kNMB-23! uZ3467M85 6124/02 1257, 134978 94 264~06, tQ'3333071:- 7/29/02 1121 :133'22 .26C406.A' ; 334;63 47'
NMB-24 3439.15 6/24/02 1302 115.81 232.87 3323.34 7/29/02 1126 115.54 232.87 3323.61

gMW1As .3480,J79; 6/24/02 1308 141M6 k-260.47fMM m-N3339t33;Pq .7/29/02 1131 140.21 .4260m47,> 3340.5eWy
MW1IB 3480.61 6/24/02 1311 137.42 274.84 3343.19 7/29102 1134 136.90 274.84 3343.71

-MW2Aok >348*t72R 6/24/02 1315 15014' 6 N264:25# i3331'.585 7/29102 1139 148!86 ,264!25f^. n<3332. 86'
MW2B 3481.93 6/24/02 1317 169.13 277.55 3312.80 7/29/02 1141 165.08 277.55 3316.85

tMW3AM mq3483.04M°ri 6/24/02 :1320 i148A6 V'.s268:002t-, ." 3334158 M, 7129/02 :1144 ,147.-37 =268.00 V 3335.67
MW3B 3483.10 6/24/02 1322 147.82 283.15 3335.28 7/29/02 1147 146.77 283.15 3336.33

.MW4Ao n 3484.70-*, 6/24102 11326 ,136.93 111 27,1'45- 'tS3347.77k ...... 7J29102 ,1,149 136:42 's.;271A45.i i, r 3348;28Bi,
MW4B 3484.74 6124102 1328 136.86 286.50 3347.88 7/29/02 1151 136.43 286.50 3348.31
A-22-99; l3460.:00 >g 6/24/02 1402 >16a-45' :,;25500? .3291.55' 7/30/02 1345 467M81 t255.00M F '<, 3292.' 19 "6-;

A-24-99 3464.20 6/24/02 1357 159.47 267.00 3304.73 7/30/02 1341 158.81 267.00 3305.39
22G4 440.76 6/24/02 1346 .150.63 250.00gs P-Oi 3290.13;'Xv 7130102 .1357 150.22 ZV250 '00' :,.3290 54,

**4G-2 3440.22 1157.64 200.00 3282.58 157.64 200.00 3282.58
!'y4Gz3M. 1gS,-3439.88,m 6/24/02 '1340 '237i6lf ntt'246.26m& tk5 3202.27-F 7/30102 1402 237551 5055246.26Mz', 93202.37.N- i

6B-2 3487.07 6/24/02 1332 136.92 272.00 3350.15 7/30/02 1308 136.00 272.00 3351.07

k ,47G.%!&- ;ffi3448;57Test 6/25/02 1,144 f137i9'f : 215:00,: 3310.67' 7130/0211259 137470 VA 215:00 g z'z3310.87.'Ss5
TP-0001 3485.38 6/24/02 1424 98.66 242.30 3386.72 7/30/02 1319 98.32 242.30 3387.06
'TP.0002 -'W-;f3436,14, 6/24/02 51350 4122,54' M,122.94 1' 43313&60n M 7/30102 's1354 122:55 4 22:94'.* 83313.59-> 5<N

TP-0003 3487.98 6/24/02 1409 214.78 230.40 3273.20 7/30/02 1330 211.38 230.40 3276.60

JTP-0004 '<'-,3489:05': 6/24/02 1431 .133;67i 5Z2302551; 'f 8.3355.38M' 7130102 x1316 133.54 '230:55 5 3355.51
TP-0005 3488.35 6/24/02 1418 119.34 233.30 3369.01 7/30/02 1325 119.45 233.30 3368.90

PMW003 w~-p>3487MZK 6/24102 1421 119544 t52F2125:33r X, iAF,3368:55= 7/30/02 1322 4119.51 bC212M33- 53368:48 >.'

PM-0006 3489.59 6/24/02 1428 134.22 134.60 3355.37 7/30/02 1314 134.23 134.60 3355.36

PM-0009 H~i5 3483:031im 6124t02 1414 C 85;83; C C213:'38' '5 :.3397.'20 7/30/02 1336 587:02' ' 213.38 - >5'3396.01F '

PM-0012 3474.66 6/24/02 1436 DRY 184.25 7/30/02 1350 DRY 184.25

WCSMFNAL'01098.02=202 REPORM
T030127-.GROUNDWATER ELEVAM1N.XLS Page 5 *a4G-2 groundwater elevation was recorded on 1/24/03.



I

TAb.d 4-1
WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS Cii

&WeIIO .TOC.EIevation ~ate . Time Ri;tW rotaPDepth' GW:Elevatloe NL¾aatte pfIe ) tW TotaIGpepth GWtEleVation

:DW32A FM* .3461.52,pql' 9V P ________ ssssstwl f. m 8/27/02Y _1444 ,216:591231,90t. :3244.,93y
DW32B 3461.46 8/27/02 1448 203.85 248.80 3257.61
:DW33A S.2-34648.99 t V -8I27S 1453 223A44 i2364S,* m 3241.55 t.
DW33B 3465.12 . _ 8/27/02 1456 212.69 247.15 3252.43

i DW34X aI 3468.707s-.-t ns8/25/02 .1300 199;93 M238.404t: -. 3268:77$"* i81271025 < S 232;59 -0238:40? ;*'3236.1 1A -'
DW34B3 3468.94 8/25/02 900 203.16 252.94 3265.78 8/27/02 248.03 252.94 3220.91
*DW35Ax ~m~3467-.86,. A 8122/02Z T818, 200D79 se235,82,0 s-s3267.07s 48I27i02 , 226:54 S.R235:82. , i)324.132w~e;
DW35B 3467.95 8/21/02 1305 192.37 250.59 3275.58 8/27/02 217.99 250.59 3249.96

~DW36AW s,3 4 67i59Z t8/2102-; e505 s197A0 st241.00m. Y3270X9r ,8(27102^< v,6,A %222:3, -;g-241VO00l5 l3245.29;'
DW36B 3467.93 8/20/02 1330 191.85 255.52 3276.08 8/27/02 217.89 255.52 3250.04
NMBB-23 iv93467 85, " R i C ,.? *8I27l02: 1308 131 18 2640614 =3336.67F
NMB-24 3439.15 8/27/02 1314 115.29 232.87 3323.86
.MW-1 Al '3480,79t-"i.t<,t4',x/ vGi f&E 1,77 6k>,,m RV>-t: ^.8/27/02t; _3 39.2B ;.:260A7r6* e.~ 73341 51 w,
MW1B 3480.61 . 8/27/02 1323 136.42 274.84 3344.19

aMW2AI e 3481J72-ts-s ; s S8/27/02-s 1326 147:87Z .es264025E sx'*3333:85, :
MW2B 3481.93 8/27/02 1329 163.09 277.55 3318.84

aSMW3A6 i>3483:04 9 > _____ 8/27102,- -1333 146.511. Ki268.00;m R,3336:53 . 8
MW3B 3483.10 _ 8/27/02 1336 145.94 283.15 3337.16

iMW4A'9 e13484:70M: K9 _____ 4 ,8/27/02il ;1339 036,14 ''271l45m 4523348.56i

MW4B 3484.74 8/27/02 1341 136.07 286.50 3348.67
~A-22-999;4 RN 43460 0Z9 Ri.vT'aijto , >9 .............. 4 0y -VsitDP ........x By-elgve ^+ >
A-24-99 3464.20
5 2G ,*ti Sir*' 3440.,76 , 9>20e- 5 _ _ f - Y!'__,_Yt
**4G-2 3440.22 - . - 157.64 200.00 3282.58
~4G-3~ I 3439.'W8-,,'~ rs _ _ __ __ _ __ __ _

68-2 3487.07 8/27/02 1346 137.73 272.00 3349.34
Rm7G7 aci9 F3448.57<-M ____ __ S i 58/27/02'1 1518 s 139.139 W'215:00x M3309:44'-
TP-0001 3485.38 _ _

TP-0003 3487.98 = =
xTPR000 t.3489.O550 iAf ________ :M-m m N. * T ,e
TP-0005 3488.35 _ = =
PM -003 s 3487 99ik s. 5Mjl r ___ __ _s<4

PM-0006 3489.59 _ =
PM-OOO9 m :3483103teL5 ,W; e _ _ _ ___ Y j , "* . _____t

PM-001I 3474.66 - I -

WCS'FINALCD1098.02=2002 REPORTn
T030127-GROUNDWATER ELEVATIONALS Page 6 *P4G-2 groundwater elevation was recorded on 1/24/03.
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GROUNDWATER ELEVATIONS
CI-

1wl.% TCElyvn ffiMaef~r Tm t~eM GW . e
wWok T c Ie a ~ n D t Ti eQt~ T tl D pl W E e a o~ ateli Ti e liotW v T t I e~ W Elevation

DW32B 3461.46 _
DW33A1 -=3464 ; 99M & -t -ts _ _ _ _ _ _ _ _ _ ,s ,s '; : s '
DW33B 3465.12

iDW34A: ,3468.70 :.; 8128102 ' 23W5."S2 231875 ? 4238.40O :3236:95s:wx 8130102 y c-9 230*51 v9238:40,? 'r-3238 22vt9
DW34B 3468.94 8/28/02 247.47 252.94 3221.47 8(30/02 246.5 252.94 3222.4

,DW35AX 3467 .86 8 8/28/02 vn', 225&i17. v235.M82, 3242.69- twl 8/30/02 w4 ?2229g 9i~xe235,829 'I ~,3244.96:,;
DW35B 3467.95 8/28/02 216.94 250.59 3251.01 8/30/02 215.5 250.59 3252.49
7 DW36A' '346L59 •i- 8/28/02 9 1 y22018 %241;00t -zs3247C'4,1S'rf 8130102 9o 217S1 .O2400 V 2i3250.52c-a

DW36B 3467.93 8/28/02 216.54 255.52 3251.39 8/30/021 214 255.52 3253.89
NMB-23 T~f7.3467,85 'n.'. 1. rt2. - 4t,?.,Nn Al f

NMB-24 3439.15 ___ ____

~M W 1 A f :> 3 4 8 0 .7 9 C. '. rS 9, 9 s- ?? 2S '9 ~i, % sii9 . ; S v~ s < s <,9§X-iSS' ~s9;/fiw-'ek,4??
MWIB 3480.61

M W 2k 1?vvs 3481 J-2. ?-4 f? .:^9s^ so, 92 ?_________N fs s'w?^AWz-tx2^ s~~f9,>

MW2B 3481.93
e~MW3A PW3483'04-F24 r '4,
MW3B 3483.10 . _

ss MMM9 i x'44 0's *?92'S-,;iS>i? af' ^-Za4870 S<S if7 77it,7.v..... A 797''X? "fs9g'm 77,77177 7'p^7-, 7 - 7777
MW4B 3484.74

A-22-99 Oz,3460.000&>' 8/28/02 *1119 s168.64 R255'00s, b 2329V136-v ;, - ?
A-24-99 3464.20 8/28/02 1115 158.59 267.00 3305.61
s2G % 9,3440J'k76- 8128/02 1059 151.12 1;fA250.O0>4, Nf53289.6498./ 0-~, i _ A7 _____s

**4G-2 3440.22 157.64 200.00 3282.58 157.64 200.00 3124.94a4G-.3 .t S-S3439.88t 8/28/02 '1053 '237.A41 75246.26- N,3202:47;i 2 AL? z. pW,;A r
68-2 3487.07

cm,$7G<A-T7& s3448 57WtM,,zgsS:sS.,,^O. s,?S t,,s , WKZ.-tB -lffr e, ;5g S s4t M AAi~,iJ

TP-0001 3485.38 8/28/02 1135 98.32 242.30 3387.06
TP40002 t8/34361 4-S 8/28/02 ,,1102 12257. ?I22M94Z9' i 3313,57i.4 t -
TP-0003 3487.98 8/28/02 1125 208.46 230.40 3279.52 .
TP -0004 tm-3489.05,9- 8/28102 1t140 .133;51- 1230.55;Q t 3355054'7 4e,,r, . . s -
TP-0005 3488.35 8/28/02 1130 119.35 233.30 3369.00
PMW0003 ZZ~,3487,W995- 8/28/02 i1132 ;119A45 ,W212.33? - 3368:54xW ? 7 S s

PM-0006 3489.59 8/28/02 1138 134.24 134.60 3355.35 .
PM-0009 9 ,3483;03.f :8/28/02 11<10 e88,65 l2I1338'm "-3394 35r.* MMM _______ SSA ;__o
PM-0012 3474.66 8/28/02 1106 DRY 184.25 = =

WCS=FnNAL\O1098.02O002 REPORTn
T030127_GROUNDWATER ELEVATIONYLS Page 7 **4G-2 groundwater elevation was recorded on 1/24/03.
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WASTE CONTROL SPECIALISTS

JANUARY - FEBRUARY 2002
GROUNDWATER ELEVATIONS

'ME

e 00,G2Elevatiry {jDateY 2Time iDtt%9,ota1$DePth GWfIevatlon WDate. Time Gt MTota DepthV SVWEIeVation

? DW32X, 4; 23.461.52 22 X,?2j 2 N.~,RMS2^t~. ?.V .;way 9 35.0 ? VM § 9M,2/02 1.15T 215:82 MN,231Mr,~ 90 <>3245.70 9,,

DW32B 3461.46 9/12102 1154 201.13 248.80 3260.33
w W33Ak - 3464:99' M M 4r&5 9 1,7 y NM .159 s22s 9/12202 _ 2262 sC234 64M ?"3242JW3?;

DW33B 3465.12 _ 9/12/02 1201 211.30 247.15 3253.82
~DW34A ;-3468.&70 9/3/02 'q<p9j, 227.96 238:40. s'3240.74 ,. 9/1,1/02 i1533 224s 64 2w.EA 238:404i9 9 3244:06 i
DW34B 3468.94 9/3/02 244.48 252.94 3224.46 9/11/02 1530 240.94 252.94 3228.00
4DW35~ !? 3467.86 Sa 9/3/02 A 216.66 ' 235.82~ <Y3251S 2ka' 9/11/02 1j506 '209.22 t235,82', .3258.64,9
DW35B 3467.95 9/3/02 212.57 250.59 3255.38 9/11/02 1502 207.93 250.59 3260.02

7 W36A 2 7346L59 9/3/02 ?vS; 4 211\974 ',241 t0; 2 .3255.62 S 911,1/02 459l20l85 ,241200 .r32607 44
DW36B 3467.93 9/3/02 210.51 255,52 3257.42 9/11/02 1455 206.19 255.52 3261.74

INMB-231 73467.85' g* -4 S *. 9/12/02 ,755? :130'22 7;264.06 .y53337;63 i
NMB-24 3439.15 = 9/12/02 801 115.28 232.87 3323.87oMW1t 29/12/02 3807; 138:9T ? '260.474. .s_13341 88 ?
MW1 B 3480.61 - 9/12/02 809 136.27 274.84 3344.34

22MW2Ai M 'i3481.72: '9'* "' -l... ... 9/12/02 Y2 47' xYG,'812i' 4A 264#25A V. .3334,312 02 8-2
MW2B 3481.93 - 9/12/02 815 161.38 277.55 3320.55

4;MW3AMM, 5-< 3483.048 3.04 .. . ____ 9/12/02 ?819: ,,146..,g '*268.00.k. : 5r,3336 85 1 2
MW3B 3483.10 = 9/12/02 822 145.63 283.15 3337.47

vY. MW4A,;e 2U,., 3484JQVVi W 2v '.5n ,,s.Sr 2s=2^wiSY 2 4sM S 9/12/02 a41 84 36M 07. 2 27s1A.5.s '.Y t~.W4.3

MW4B 3484.74 = 9/12/02 826 135.99 286.50 3348.75
IA-227-99t yY.3460.00vY's O _ _ % s w 9112/02 915w 16833 ?2554002 -3291t67ss
A-24-99 3464.20 _ 9/12/02 920 157.38 267.00 3306.82
1;z2GM~ e~,c344 0.76-'2," f "4,Z .WiA 9/12/02 F902i 150.68, '?a250.00wv ~~x~,3290.08 'ko'

**4G2 3440.22 . 157.64 200.00 3282.58
,' 4G-3E ss3439.88 ¢ ¢ v a 9/12/02 1 856 M23735 Y.G246.2680v- '2s s 3202153 1i

6B-2 3487.07 - - 9/12/02 830 137.02 272.00 3350.05
*s,.-7G' - s 3448:572# v -h l- i 2 5 9/12/02 .7456 .13838 , 215.00 .7,3310.99.

TP-0001 3485.38 - 9/12/02 937 98.40 242.30 3386.98
'TPA0002 j, 3436A14-2, 7777 . s 9/12/02 850t 122:57; w,&i122,94'5- '.3313.57s
TP-0003 3487.98 = 9/12/02 925 206.72 230.40 3281.26
sTP. _0004' f-,3489.05 _ 2, - . 3 9112/02 94/1 0 4
TP-0005 3488.35 - 9/12/02 931 119.41 233.30 3368.94
PM^0003 I. 34877.99,~A UCWW- _____ ssn 9/12/02 A 933" tv 'i1¢ -212.33 3/
PM-0006 3489.59 - 9/12/02 942 134.24 134.60 3355.35
PeM0009 V- ^,3483.03,.; ss ' .S t* >;v; 9/20 .t.950, '~,82. ^950213 388. '913941 2
PM-0012 3474.66 - -9/12/02 846 DRY 184.25

WCSWFINALV1098.02=20O2 REPORT\
T030127-GROUNDWATER ELEVATIONXLS Page 8 **4G-2 groundwater elevation was recorded on 1/24/03.



TAb.... 4-1
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GROUNDWATER ELEVATIONS

(I'

ei ,10~TCilElevatiorv, y Date~ ~TMe' 0DX,~o~et G;~vtjn~a~~in oVOt~~WE~ain~ao m rDtWvj ,,TOtqIDepthl G EevtOrr

~032. 3461t52', ,10129102 1440 M20.98 N,.%231.90uwX, 20.4~ 11125102 <10581 218.38 ~=,231M;90; v,3243<1W4 ~.2J20102 1-108 215.43 ~,Ml't90. 3246.09
DW32B 3461.46 10129102 1442 205.32 248.80 3256.14 11/25/02 1100 200.45 248.80 3261.01 12/20/02 1110 196.77 248.80 3264.69

4)MW3 MM'3464.99-45 -M' ~ ' .1 1/25/02 ; .1 7 2451" ~234.64,: 34048 12120102 :1118 '222.41 234.64:, .3242.58
0W33B 3465.12 _____ _____11125102 1120 212.56 247.15 3252.56 12/20102 1122 209.97 247.15 3255.15

tDW34A', Wi3468.70. A.""K 11/25/02 I.123 :212.04 . 3.O~~.266Z 12/20/02 .1130 :207.48 1-238.40 ', .:3261.22
DW34B 3468.94 -11/25102 1126 219.71 252 94 3249.23 12/20102 1132 212.96 252.94 3255.98

.DMW35A MK3467686T~ K.7. . 11125/02 1128 ~199.27: 4235.82v~, ~~3268.591N, -12/20102 '1135 <197.06Ir'~-235.82 .-- 3270.8
DW35B 3467.95 _____ _____11125/02 1131 199.13 250.59 3268.82 12120102 1137 196.991 250.59 3270.96

'ODW36ANi 47.9'. 10129)02 ~12433 '229''241'.00 ko~ '3246.M~ 1:1/25I02 <1134 '199.03 N. 241.00; &.,,. 3268.56 .4 ;12/20/02 1l141 1196.59 lr t241.00 - . .3271
DW36B 3467.93 10/29/02 1430 202.75 255.52 3265.18 11/25/02 1136 199.05 255.52 3268.88 12120/02 1143 196.64 255.52 3271.29

,NMBL123,W M3467MZ85~ .10129102 10451.127.62 '~Z6.6~ :4T~3340.23~3.r ~1l125102 -1312 .126.32, :26.06< 63341tS3. 1!~ 12/19102 1254 125.29 ,~o264.096 3 342.56
NMB-24 3439.15 10129102 1051 115.21 232.87 3323.94 11125102 1316 115.38 232.87 3323.77 12/19/02 1300 115.38 232.87 3323.77

"'MW1A,' ~~3480.79?W'~ 10129102 1104 '137.78' TK20'7~,~ 'I-'330,K .,1125102 1321' :137il8 A,260.A7A~ -3343.61A4 12119/02 .1307 ~136.65: l',260.47. .3344.14
MW1 B 3480.61 10129/02 1106 135.6 274.84 3345.01 111/25/02 1323 135.06 274.84 3345.55 12/19/02,1309 134.57 274.84 3346.04

WMMW ' -3481,72, ~' .10/29/02 1110 146.08 ~z' ,264.25>. '1 35.44;.1/50212 .1533 z264;25~2 ,.13336.M9 A12119/02 :¶3j, A144165 1'6.2. 3370
MW213 3481.93 10129/02 1112 158.35 277.55 3323.58 1 1125102 1327 156.58 277.55 3325.35 12/19102 1313 155.12 277.55 3326.81

WMWA't; ~v1 3483.04;! .10/29102 "1116,146.32 57268.00,:.g~,3336.72f:s~ .11125102 1329 '145.'34 -I268.00vl Zr33;7, .12/19/02 4315 S144.61: ~, 265.00 3338.43
MW3B 1 3483.10 10/29/02 1118 145.72 283.15 3337.38 11125102 1331 144.78 283.15 3338.32- 12/1902 1317 144.05 283.15 3339.05

:/~MW4A~ klP3484702'1? .10129/02 -1121 ..18.i ~27,1t45~'; ,vM3348.60?rv;' .11/25/02 1333 .135. 64 72M4 -z1' ,349.06 12/1/02131 13.27 -271.45 3493
MW4B 1 3484.74 10/29102 1124 135.94 286.50 3348.80 11125/02.1335 135.57. 286.50 3349.17 12/19/02 1321 .135.19 286.50 3349.55

,'A-22-.994- -3460.00,~~ 401029102 -.13372 '168.02 7 255.0G0 329198 11125102 '142411.69.71' ;250~~202~212/20/02 .1008 1 68.97 ;255,00 3291.03
A-24-99 1 3464.20 10129/02 1332 159.64 267.00 3304.56 11125102 1420 161.84 267.00 3302.36 12/20/02 1015 160.39 267.00 3303.81

i~ ,2G4-A~l 3440.76,,l 10129/02 .1 322 ;1 50 09 .~%250.00A-'~ ~i3290.67,'M1.1/25/02 .1408 A151.92 ~25.0~ 288~. 12/2002 .1024 150.82 '~!'250.00. 3289.94
"4G-2 3440.22 157.64 200.00 3282.58 157.64 200.00 3282.58 157.64 200.00 3282.58

0~33.8( 10/29/02 <1312 237.18VI7246.26~~z 4227~.2 11/25/02 .14021237.616 .p 4.2,~ ~ $20272., 2/2/0 1029 :237.09 ,262 227
613-2 3487.07 10/29/02 1137 135.81 272.00 3351.26 11/25/02 1339 140.59 272.00 3346.48 12/19/02 1324 138.64 272.00 3348.43

'7G4 ' 3448.57: '.. 10129/02 1424 ' 138;8%~ ~..4215.-00V~< ;~~3309.77.~;~ .11125/02 1139 439.26 q$~10 '• % ~3309.31,. 1 2/20/02 1.147 137.9111v: 21 5.00 3310.66
TP-0001 3485.38 10/29/02 1357 98.32 242.30 3387.06 11125/02 1441 98.38 242.30 3387 12=12002 1407 98.31 242.3 3387.07~.TP4000 K.3436.14-~- 10129/02 13822.8 ~12ZN94. ~A~31.6' 11125/02 1412 ',2.~122. 2294131354 12r20/02 1340 122;59.:124 3313.55
TP-0003 3487.98 10129/02 13441 200.04 230.40 3287.94 11125/02 1430 193.87 230.40 3294.11 12/20/02 1355 188.35 230.4 3299.63
JTP.0004'1 .,z.173489.051~ 10/29/02 -1405 2133.55 F-,,230.55'~ '~V3355.5~*- 1.1125/02 .1448 .133.86 -,-i230.55vz~ .3511~ 121220/02 ~1415 .:133.8; <.230.55 3355.25
TP-0005 3488.35 10129/02 1351 119.34 233.30 3369.01 11125/02 1436 119.45 233.30 3368.9 12/20/02 1401 119.39 233.3 3368.96
MOW 000~ 3487.M99, 10/29102 1353 .119143 2,'12.33U&: ik3368.56,;)~ 1:1/25102 1438 419.54 . 212.331 K'338M 12)20/02 '1403 A119.5~ '-~212.33 3368.49

PM-000 3489.59 10129/02 1403 134.26 134.60 3355.33 11125/02 1446 134.29 134.60 3355.3 12/20/02 1412 134.29 134.6 3355.3
:PM-XX09 ~'483.03,ls .10/29/02 ,1410 '83.02.~ :~,-213.38~-.; ;.3400.-01-1 11/125/02 1452 .-82,97k~. 21 38 R3400.08 ,: 12/20/02 1351 ::83.07,~ *.:,1338 399.96
PM-0012 3474.66 10129/02 144184.25 . 11125/02 1457 dry 184.25 1_____.12/20/02,1346 dy _184.25 _____

WCS'AFINALV0O98.0212002 REPOR'n
Page 9 TO3O27OOUNOATE ELEATIN.XL Pae 94G-2 groundwater elevation was recorded on 1/24103.
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TABLE 5-1
SIGNIFICANT DETECTIONS FOR 2002

BY SAMPLING EVENT AND CONSTITUENT

BARIUM CHROMIUM COPPER LEAD NICKEL COBALT

DW-34A DW-32A DW-32B DW-34A DW-32B

DW-34B DW-32B DW-33B DW-33A

DW-35A DW-33A DW-34A DW-33B

DW-35B DW-33B DW-34B DW-34A . -

DW-36A DW-34A DW-35A DW-34B

DW-36B DW-34B DW-35A

DW-35A DW-35B

__ DW-36A

DW-36B

DW-34A DW-32A DW-34A DW-34A DW-32A DW-33A

DW-34B DW-32B DW-34B DW-34B DW-32B

DW-35A DW-33A DW-35A DW-35A DW-33A

DW-35B DW-33B DW-35B DW-35B DW-33B

DW-36A DW-34A DW-36A DW-36A DW-34A

DW-36B DW-34B DW-34B

DW-36A DW-35A

DW-35B

DW-36A

DW-36B

WCSWINALo1098 .02\2002 REPORT
T030127_TABLES_1.doc
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GEOTECHNICAL INVESTIGATION

ENGINEERING ANALYSIS

FOR

WASTE CONTROL SPECIALISTS INC.

LANDFILL PROJECT

ANDREWS COUNTY, TEXAS

INTRODUCTION

A Geotechnical Investigation and Engineering Analysis for

*the above referenced project located in Andrews County, Texas

was authorized by Mr. Allen Messenger of A.M. Environmental,

Austin, Texas on 15 October 1992. The purpose of the

investigation was to determine subsurface soil conditions and

materials at the site and to obtain samples for laboratory

testing. Based on our boring logs and laboratory tests an

engineering analysis was performed to determine foundation

stability, slope stability and soil permeability as well as

other design parameters for the proposed hazardous waste

landfill.

-SCOPE

The scope of the project included the following:

1. Reconnaissance of the project site to observe physical

features, vegetation and access to the property.
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2. Surveying grid system on the site on 500 foot intervals and

obtaining elevations at each grid point. Topographic

survey of entire site and areas outside the site for a

distance of 1000 feet.

3. Mobilization and demobilization of office trailer, storage

building, electrical service, equipment, van truck, logging

trailers, water tank and drill rigs to the site.

4. Drilling, logging and sampling 55 soil borings using air

rotary and air coring to depths of 100 feet to 300 feet.

5. Drilling, logging and sampling 12 soil borings to depths of

45 feet to obtain rock cores.

6. Wrapping and packaging core samples in core boxes and

properly storing on site prior to shipping to laboratory.

Transporting samples to the laboratory in Austin, Texas.

7. Laboratory testing including but not limited to Unified

Soils Classifications, Moisture Contents, Unit Weights,

Atterberg Limits, Unconfined Compression Tests,

Pdrmeabilities, Triaxial Tests, Consolidation Tests,

Moisture/Density Relationships and Direct Shear Tests.

8. Installation of eight monitor wells (4 inch PVC) and six

piezometers (2 inch PVC) and coordinating the installation

of wells with Terra Dynamics, Inc.

9. Monitoring groundwater levels in open bore holes prior to

plugging and in water wells and piezometers.

10. Plugging of all bore holes with cement bentonite slurry.
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11. Preparing a written engineering report with grid survey,

topographic survey, boring location plan, soil boring logs,

laboratory test results and water level data. Preparing

engineering analyses including soil permeability, slope

stability, foundation stability, settlement analyses and

recommendations for landfill design.

LOCATION AND SITE DESCRIPTION

The proposed landfill site is located in Andrews County,

Texas approximately 34 miles west of Andrews, Texas on State

Highway 176 (see location on State Highway Map - Figure 1). The

site is located approximately 0.5 miles north of the Highway on

the Flying t'W" Diamond Ranch. The initial grid survey area

consists of approximately 485 acres of undeveloped ranch land.

The landfill area will be 100 acres in size with approximate

dimensions of 1100 feet by 4000 feet.. The terrain consists of

gently sloping grass covered ranch land with scattered small

mesquite trees. The proposed landfill site is bordered by a

gravel ranch road on the west that parallels the Texas-New

Mexico state line. An oil well location exists approximately

2500 feet south of the landfill site. An overhead power line

borders the site on the east. The site slopes gradually from

north to south changing in surface elevation from approximately

3480 feet to 3440 feet above mean sea level.
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Several surface depressions exist on the landfill site and

are locally referred to as buffalo wallows. These depressions

are believed to have been formed by the dissolution of the

carbonaceous caliche deposits near the surface or from natural

depressions in the Triassic red bed clay formation below.

SITE SURVEY AND GRID LAYOUT

The project site was selected by Mr. Allen Messenger after

preliminary borings indicated shallow depths to red bed clay in

the area. Grid layout with approximate size of 6000 feet by

4500 feet was surveyed by Mr. James E. Tompkins, (R.P.S.)

Engineering and Surveying of Andrews, Texas. Grid points were

staked on the site at 500 foot intervals. Grid points were

lettered from north to south A through J and numbered from east

to west 1 through 13. The Texas-New Mexico State line running

north to south has a bearing of N 0 0'0' 1 W. The grid lines A

through J have a bearing of S 650 0' 0" E. The grid lines 1

through 13 have a bearing of S 250 0'0" W.

Additional surveying was performed by Tompkins Engineering

and Surveying to provide adequate topographical information both

inside and outside the grid to depict surface physical features

on a one foot contour interval. The benchmark for the project

is located at the state line marker located...1600 feet north of

State Highway 176 with an elevation of 3484.75 feet MSL. A Grid

Survey and Topography Map is shown in Figure III.
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FIELD INVESTIGATION

The drilling and sampling was accomplished with a 1974

Model Midway 1300 and 1977 Model Midway 1500 owned and operated

by Scarborough Drilling, Inc. from Lamesa, Texas. These truck

mounted rigs are equipped with direct rotary table, 550 CFM air

compressors, mud pump, 2 7/8 inch diameter drill stem, 3 1/2

inch drill stem, tri-cone roller bits, drag bits, 3 foot core

barrel and 10 foot core barrels.

Initially all holes were continuously sampled by air coring

with 4 3/4 inch O.D. Christian Core barrels producing 2 1/8 inch

diameter core samples. Where bit wear was excessive in hard

limestone or conglomerate then tri-cone roller bits were used

until hard layers were penetrated. Where soft layers were

encountered and recovery using air coring was poor, split spoon

(1.4 inch diameter) samples were obtained using rig pull-down.

The investigation consisted of drilling, logging and

sampling a total of 55 bore holes (see Generalized Boring

Location Plan - Figure IV). Of the 55 holes a total of 14 holes

were continuously air cored in the upper caliche (hard limestone

and sandstone deposits) to depths ranging from 9 feet to 53 feet

deep. The remaining holes were drilled with straight air rotary

in the upper caliche layers and cuttings were continuously

sampled, logged and visually classified. All 55 holes were

continuously sampled (air coring) from the top of the red bed

(Triassic) using both split spoon samples and 2 1/8 I.D.

5
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Christianson core barrels. Continuous coring intervals varied

from lengths of 4 feet to 10 feet depending on the type of soils

encountered.

The initial investigation consisted of drilling and

continuous air coring all bore holes to depths of 100 feet with

selected holes extended to depths of 200 feet. At six

piezometers and three monitor well locations the bore holes were

extended to depths ranging from 260 feet to 300 feet and either

continuously cored or air rotary drilled and cuttings were

logged to accurately describe the geology and classify the

soils. These nine holes were also used for geophysical logging

that was coordinated by Terra-Dynamics, Austin, Texas. The

geophysical logs and core logs were then compared and correlated

by Terra-Dynamics. A total of 12 holes were drilled with a CME

55 Rig equipped with a mud rotary NXB Christianson Wireline

system (1.875 diameter core) for the purpose of obtaining rock

cores from the upper limestone (caliche) formation. These holes

varied in depth from 12 feet to 36 feet below the existing

grade. The total recovery as well as Rock Quality Designation

(RQD) is shown on the individual boring logs. All rock cores

were visually classified and logged in the field and samples

were wrapped with plastic and stored in wooden core boxes and

transported to the lab. A table depicting boring numbers, grid

locations, boring depth and date of boring is shown in the Soil

Boring Summary in Appendix II.
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All core samples were examined and visually classified,

logged in the field prior to wrapping and placing in cardboard

core boxes. Grab samples from air rotary cuttings were also

visually classified and logged and placed in ziploc plastic bags

and stored in cardboard boxes. All core boxes were properly

labeled with boring number and grid location, date, sample

intervals and transported to the laboratory of Jack H. Holt &

Associates, Inc. in Austin, Texas for testing and storage.

LABORATORY TESTING

The laboratory testing program included tests to determine

the engineering characteristics and properties of the soil and

rock samples obtained from the drilling and sampling program.

These tests include soil classification, shear strength, )
plasticity, density, moisture, grain size analysis, and

permeability. All laboratory tests were run in strict

accordance with ASTM Standards using up-to-date calibrated

testing equipment and apparatus as required by those standards.

The laboratory testing program was performed under the

supervision and direction of Dr. Jack H. Holt, Ph.D., P.E.

Listed below is a list of the specific laboratory tests *and

their appropriate ASTM Designation:

1. Classification of soils according to the "Unified Soil

Classification System" (ASTM D2487-90).

2. Sieve Analysis of soils including Minus No. 200 Mesh

Sieve and Hydrometer Analysis (ASTM D-422-63).

7 )

JACK H. HOLT Ph.D. & ASSOCIAT" INC-
* BARTON SKYWAY
AUWr1t= TOCAS 7W

f 512/4074066



3. Moisture Content of Soils (ASTM D-2216-90).

4. Unit Weight Tests.

5. Atterberg Limits Tests including Liquid Limits,

Plastic Limits (ASTM D-4318-84).

6. Unconfined Compressive Strength - clay soils (ASTM D-

2166-91).

7. Unconfined Compression Tests - rock specimens (ASTM D-

2938-68).

8. Triaxial Tests.

9. Permeability Tests using both flexible wall and rigid

permeameters (ASTM D-5084-90).

10. Moisture-Density Relationship Tests using Modified

Proctor (ASTM D-1557-91) and Standard Proctor (ASTM D-

698-91).

11. Consolidation Tests.

The results of all laboratory tests can be found in

Appendix I. Laboratory test results are also shown on the

individual boring logs at the appropriate depth.

SUBSURFACE CONDITIONS

The subsurface soil conditions are described in more detail

by the attached Logs of Borings found in Appendix II. In

general the soil conditions consist of a thin (one foot or less)

layer of brown organic sandy silt overlying a formation of white

or tan caliche. The caliche consists of crumbly to very hard

cemented sand, conglomerate limestone rock, sandy silt and
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gravel. At the base of the caliche strata lies a sand and

gravel layer that varies in thickness from 0 feet to 20 feet.

The depth of the caliche layer including the sand and gravel

strata below ranges from approximately 9 feet to 53 feet across

the investigated area.

Below the caliche lies a formation of reddish brown silty

clay (red bed clay) that extends to termination of the borings

at 100 feet to 300 feet below the existing grade. The red bed

clay consists of a highly consolidated impervious mottled

reddish brown-gray clay, purple-gray silty clay, and yellowish

brown-gray silty clay. Siltstones and sandstones are found at

various depths and thicknesses across the grid area and vary in

color from red, tan, gray, pink and yellow. The depth to the

top of the red bed (Triassic-Dockum Group) varies across the

site from 9 feet (B-24) to 53 feet (B-1) and generally averages

12 feet to 30 feet deep through the center of the grid area

between Grid Lines C and E.

The red, reddish brown or purple silty clay soils range in

moisture content from 2.5% to 25% and generally average 8% to

12% in most of the borings.

Dry density of the clay soils range from 116 PCF to 145 PCF

and average 132 PCF.

Liquid Limits of the clays range from 35% to 55%.

Plasticity indices vary from 24 to 38. The clays vary in

percent passing the 1200 Mesh Sieve from 87% to 99.8%.
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A total of 36 vertical permeabilities and 6 horizontal

permeabilities were run on the reddish brown silty clays,

sandstones and siltstones. Vertical permeabilities range from

<l.OOx 10-9 cm/sec to 1.76 x 10-8 cm/sec for the clays.

Horizontal permeabilities range from 1.63 x 10-9 cm/sec to 1.1o

x 10-8 cm/sec. The siltstones and sandstones found at depths of

56 feet to 90 feet range in vertical permeability from 2.58 x

10-8 cm/sec to 1.93 x 10-6 cm/sec. The horizontal permeability

averages 6.53 x 10-7 cm/sec. The siltstone at a depth of 208

feet has a permeability of 2.06 x10 8. The permeability tests

were run according to ASTM D-5084-90 using a flexible wall

permeameter under a constant head. De-aired tap water and a

.005N Ca S04 solution was used for the permeant liquid. The

permeabilities were calculated on both the inflow and outflow

and then averaged for the final result. The plot of Q x L vs T

x A x H for selected tests are shown graphically in the Steady

State Permeability Plots in Appendix I. Shown in each graph is

the plot for both inflow and outflow through the sample. The

slope of straight line is the permeability in cm/sec. A summary

of permeability test results including boring number, grid

location, soil classification, depth are shown in Permeability

Test Results, Appendix I.

Unconfined compression test on the clay soils range from 13.9

TSF to 49.7 TSF with an average of 30 TSF.
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GROUNDWATER

Water level measurements were made on open bore holes at 24

hours and 48 hours after completion. All borings were found to

be dry with the exception of B-7, B-4, B-10, B-20, B-30, B-20,

B-41 and B-41S. Groundwater was found at a shallow depths only

in borings B-41 and B-41S at 26 feet and 32.4 feet respectively.

Groundwater or damp sandstone/siltstone was encountered during

the drilling operation only in Borings B-7, B-21 and B-48 at

depths ranging from 200 feet to 220 feet below the existing

grade.

Piezometers (2 inch PVC pipe) were installed at four

locations (B-4, B-7, B-10 and B-20) with screened intervals

ranging in depths from 170 feet to 257 feet below the existing

grade. Water level measurements ranged from 149.8 feet to 187.8

feet below the existing grade on 14 January 1993.

Additional piezometers were installed at boring B-30 and

boring B-39 . These holes were dry at the time of this report.

Monitor wells were installed at grid locations 4-G, 9-G, and 6-B

to better define saturated zones and obtain hydrological data

for various zones. Details on construction of these wells are

r depicted in the State of Texas Well Reports in Appendix III.

Water level measurements for all piezometers and wells are found

in the Water Level Measurements, Appendix III. The groundwater

hydrology is discussed in more detail in the Terra Dynamics

Report.
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FOUNDATION STABILITY

The landfill floor elevation will be established at 3,400

feet. Maximum depth of the waste material will be 76 feet. A

16.5 foot thick cap is planned for the crest section which

slopes at 3% grade back to the containment dike. The clay cap

will be covered with a filter fabric and 2 feat of top soil. An

8 foot thick liner system will be placed between the waste

material and the impervious clay formation. A typical landfill

Section is shown below.

FIGURE VI

Typical Landfill Section
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Side walls of the slopes are lined with 10 feet of

compacted clay where the sands, gravel and rock exists. The

side wall is lined with 3 feet of compacted clay soil where cut

into the existing red bed clay. The floor liner is 8 foot

thick. Allowable bearing capacities for settlement and slope

stability analysis are based on laboratory strength tests of the

rock and in-situ clays, siltstones, sandstones and compacted

clay liner. Allowable bearing capacities with each stratum are

shown together with a corresponding Factor of Safety.

TABLE I

Allowable
Stratum Bearing Factor
Description Capacity. PSF Safety

1. Compacted silty clay 10,100 2.3

2. Weathered limestone with
layers of rock & sands 35,000 3.5

3. Natural bedded clay 14,600 3.0

Assuming a maximum waste height of 98.5 feet to include

16.5 feet of compacted clay at the crest and an 8 foot liner,

..the maximum pressure on the floor will be approximately 9,190

-PSF. Considering these conditions, it is apparent the

supporting soils have adequate strength to support the landfill

with an acceptable margin of safety.

A. Slone Stability - The slope stability of the landfill

containment section was analyzed for the periods

during construction and after completion. An analysis

was made considering a containment side slope of 2:1;
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1.5:1 and a slope of 1:1. Computations for stability

were based on the following criteria developed from

laboratory tests using conservative results.

SLOPE CRITERIA

DEPTHS a13  C'1  U 1 + a 3  o'l - a 3

2 2

29 - 30 34.5 132.0 83.3 48.8
51.0 208.0 129.5 78.5

23 - 25 34.5 154.0 94.3 59.8
51.0 200.0 125.5 74.5

WHERE:
a' = Normal Stress (PSI)
a3 = Confining Stress (PSI)

Design parameters:

1. Friction Angle (4) = 360

2. Unit Weight y = 135 PCF

3. Effective Cohesive Shear Strength C' = 260 PSF

The slope stability analysis was made using the computer

program (PC STABL 5M) adopted by the Federal Public Road

Administration. This program was developed by the University of

Purdue under a federal grant program and is widely used

throughout the U.S.A.

The computer analysis calculates the ten most critical

failure circles based on the selected slope, friction angle O,

cohesion and whether or not a compacted clay liner is

considered. The analysis computes the factor of safety for each
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failure circle. A graphical analysis depicting 10 failure

circles for each of the failure planes at various slopes are

shown in Appendix IV. The most critical condition is

highlighted'by arrows. Slope conditions were considered without

the clay liner and omitting the effects of the cohesive strength

of the clays. Listed below in Table II are the results of the

analysis.

TABLE II

SLOPE STABILITY ANLYSISSUlcklY OF

COMPUTER SLOPE
NO. RUN (H:V

1 1:1

2 1.5:1

3 1.5:1

4 2:1

C'
u _(PSF)

36 260

36 260

360 260

36¢ No
Cohesion

36e No
Cohesion

360 260

WITH LINER
W/O LINER

With Liner

W/O Liner

With Liner

W/O Liner

With Liner

W/O Liner

MINIMUM
FACIC OF
SAFETY

1.54

1.52

1.73

1.47

1.90

2.36

5 2:1

6 2:1

C' = Effective Cohesive Shear Strength

All of the computer analysis were run with an internal

friction angle (4) of 360. This is considered to be a

conservative figure based on laboratory tests of the insitu

clays. The analysis clearly shows that a 2:1 slope with or

without the compacted clay liner will provide a safe stable

condition with a safety factor of 2.36. Computer run number 4
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and 5 indicate even under saturated conditions the 2:1 slope

would be stable.

B. Settlement Analysis - The groundwater table at the most

shallow depth is 150 feet below existing ground surface (as

of 2/15/93) and is not a consideration for calculation of

settlement. Therefore only elastic settlement is

considered and consolidation is not a factor. Since the

waste repository is considered as a flexible foundation and

therefore the elastic settlement is given by:

Se = Cd qB (1- p2s/Es)

Where Se = elastic settlement
Cd = a parameter accounting for the shape of

the load area
q = distributed load
B width of the foundation
pa = Poisson's ratio of the soil
Es = Young's modulus of the soil

Based on the unit weights given in Figure VI, page 12, the

maximum elastic settlement (Se) at the center of the waste

repository when the complete landfill is loaded is calculated to

be 2.45 inches (see Appendix IV for our calculations).

BORE HOLE GROUTING

All bore hoes were grouted with a cement/bentonite slurry.

The bore holes were grouted after all water level measurement

were made and drilling was completed on the site. Because of

the hard dry clays and the absence of groundwater bore holes

generally remained open and there was little or no problem with
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caving or sloughing. Each hole was measured prior to grouting

to verify the depth was within one foot of the original drilling

depth. If not, the holes were redrilled with air rotary and the

bore hole was grouted immediately by pumping grout through a 2

inch PVC tremmie pipe from bottom to surface.

The grout mixture consisted of a ratio of 94 pounds

portland cement per 5 pounds bentonite per 12 gallons of water.

The grout was mixed at a local concrete redi-mix company within

2 miles of the site. The grout was poured into the open bore

hole from the chute of the redi-mix truck. Where caving or

sloughing of holes was a problem than centrifugal pump and

tremmie line was used to ensure that grout was forced from

bottom to top of the hole.

The original bore hole depth, the depth prior to grouting,

date grouted, truck number and amount of cement/bentonite used

was recorded by the technician.

REMARKS

This report has been prepared in order to aid in the

evaluation of this property and to assist the architect and

engineer in the design of the project. It is intended for use

with regard to specific projects discussed in general herein and

any substantial changes in locations or grades should be brought

to our attention so that we may determine how this may affect

our conclusions. If during the proposed construction, the soil

strata are found to differ from that reported here, we should be
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notified immediately. This report contains soil boring logs

which are for the purpose of arriving at foundation criteria and

are not to be used by the excavation contractor in arriving at

rock hardness or rock depth. The procedures, tests and

recommendations of this investigation and report have been

conducted and furnished in accordance with generally accepted

professional engineering practices in the field of foundations,

engineering soil mechanics and engineering geology. No other

warranty is either expressed or implied.

. '.-

JHH/mco
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Attachment IV.5.B

Soil Laboratory Analysis



GRA I N SIZE DISTRIBUTION TEST REPORT
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* RED F/C SAND. LITTLE SILT. TR CLAY SMj A-2-4

Project No.: 95042.10 Remarks:
Project: LEA COUNTY LANDFILL BORING: B-101

* Location: HOBBS. NEW MEXICO
DEPTH: 20.0'

Date: 1-7-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.
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_________-_- - - - - - - - - - - ---------- - ------ -- - -- - -- - -- - -- -

Date: 1-7-98
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
___--------__-_-_________

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED F/C SAND, LITTLE SILT, TR CLAY
USCS Class: SM Liquid limit: NA
AASHTO Class: A-2-4 Plasticity index: NA

Notes

Remarks: BORING: B-101 DEPTH: 20.0'

Fig. No.:.

Mechanical Analysis Data
___-_______________________-_ ____________________________________________.

Initial
Dry sample and tare= 436.70
Tare = 0.00
Dry sample weight = 436.70
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0

e for cumulative weight retained= 0
.Sieve Cumul. Wt. Percent

retained finer
0.375 inches 0.00 100.0
# 4 1.20 99.7
# 10 2.90 99.3
# 20 1.10 97.2
# 40 4.50 90.4
# 60 13.80 71.9
# 100 27.80 44.1
# 200 36..40 27.0

Hydrometer Analysis Data

Separation sieve is number 40
Percent -# 40 based on complete sample= 90.4
Weight of hydrometer sample: 50
Calculated biased weight= 55.31
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1



Specific gravity correction factor= 0.978
Hydrometer type: 152H Effective-depth,.L= 16.294964 - 0.164 x Rm

' Elapsed
N time, min

C \,.-. 1.0
2.0

-- -3.0-
* 4.0

8.0
16.0
30.0

-60.0 -

125.0
330.0'

1410.0
2850 .*0

Temp, Actual.
deg C reading
22.0 14.5
22.0 13.5
22.0 12.5
22.0 11.5
22.0: 11.0
22.0' 10.5
22.0';10.0
22.0 '9.'5
22.0 8.5
23.0 -'8.0
23.5 7.5
22.5 7.0

Corrected K' ' Rm- Eff. Diameter
reading depth mmu
10.4 0.0129 15.5 13.8 ,0.0479
'9.4 0.012.9',14.5 '13.9 0.0341
8.4 "0.0129" 13.5' 14.1 0.0280
7.4 '0.0129: 12.5 14.2 0.0244
6.9 0.0129' 12.0 14.3'- 0.0173
6.4 .0.0129 11.5 14.4 0.0123
5.9 '0.0129 11.0 '14.5 0.0090
5.4 0.0129. 10.5 14. 6 0.0064
4.4 - 0.0129 9.5 14.7 0.0044
4.2 0'.0128 -9..0 14.8 0.0027
3.8 .0.0127 8.5 14.9 0.0013
3.0 0.0128 8.0 15.0 0.0009

Percent
finer
18.4
1B.6
14.9
13.1
12.2
11.3
10.5
9.6
7.8
7.4
6.7
5.4

Fractional Components '

Gravel/Sand based on #4 sieve ;
*Sand/Fines based on #200 sieve
' 3 in. = 0.0 , GRAVEL = 0.3 % SAND = 72.7 -
k iSILT = 19.9 , t CLAY = 7.1' (%-CLAY COLLOIDS _ 5.7)

D85=, 0.34 D60= 0.202 D50= 0.169
D30= 0.0878 D15= 0.02809 *D10= -.0.00714
Cc = 5.3518 Cu'= 28.2813

I . . .

- I - - , - "
.- . .

. . . .. .
I

I ' t .

I, . 1.



GRAIN SIZE DISTRIBUTION TEST REPORT
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0 100 10.0 1.0 0.1
GRAIN SIZE - mm

0.01.

ITestl% +3"l % GRAVEL I % SAND I % SILT 1 % CLAY
.j9 0.0 0.0 79.8 1 1.4 J 8.8

__LL_ _ P I D85_ | D6 0  D5 0  | D30 | D1 5  Do1 cc Cu

iNA _ _j0.3420.212 0.184 0.127 10.0519 0091._6 4

MATERIAL DESCRIPTION USCS 1 AASHTO

* RED SAND. LITTLE SILT. TR CLAY SC A-2-4

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 102

| Location: HOBBS. NEW MEXICO

DEPTH: 20.0'

Date: 12-22-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



as .n.LL% 0 HaL0DU.L.LiVAM lzol LJLItt J.bbL. LIU .: >

_______________ -- ---------------------------------- - - - - - --- _____.

Date: 12-22-97
Project-No.: 95042.10 -
Project: LEA COUNTY LANDFILL

- --- ---------------------------- ------

Sample Data
-_________________-_________-_--_------------------.-------------___-_________
Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SAND, LITTLE SILT,-TR CLAY-
USCS Class: SC Liquid limit: NA
AASHTO Class: A-2-4 Plasticity index: NA

Notes

Remarks: BORING: 102 DEPTH: 20.0'

Fig. No.:-:
_____________________________________________________________________________..

Mechanical Analysis Data
______________________________________________________________________________

Initial
Dry sample and tare= 123.00
Tare = 0.00
Dry sample weight = 123.00
Sample split on number 10 sieve
Split sample data:
Sample and tare = 50 Tare 0 Sample weight = 50

,--. Cumulative weight retained tare= 0"
*e for cumulative weight retained= 0
- ieve Cumul. Wt. Percent

retained finer
# 4 0.00 100.0
# 10 0.20 99.8
# 20 2.00 95.8
4 40 4.80 90.3
# 60 14.40 71.1
# 100 31.50 36.9
# 200 39.90 20.2

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 99.8
Weight of hydrometer sample: 50
Calculated biased weight= 50.08
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.75



- -

Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Tempt
deg C
23.5
23.5
23.5
23.0
23.5
23.5
24.0
24.0
24.0
24.0
24.0
24.0

Actual
reading
10.0
9.5
9.0
9.0
8.5
8.5
8.0
8.0
7.5
7.5
6.5
6.0

Corrected
reading
7.3
6.8
6.3
6.2
5.8
5.8
5.5
5.5
5.0
5.0
4.0
3.5

K' Rm Eff.
depth

0.0127 11.0 14.5
0.0127 10.5 14.6
0.0127 10.0 14.7
0.0128 10.0 14.7
0.0127 9.5 14.7
0.0127 9.5 14.7
0.0126 9.0 14.8
0.0126 9.0 14.8
0.0126 8.5 14.9
0.0126 8.5 14.9
0.0126 7.5 15.1
0.0126 7.0 15-.1

Diameter

0.0483
0.0343
0.0281
0.0244
0.0172
0.0122
0.0089
0.0063
0.0044
0.0027
0.0013
0.0009

Percent
finer
14.3
13.3
12.3
12.0
11.3
11.3
10.6
10.6
9.7
9.7
7.7
6.7

Fractional Components
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
e + 3 in. = 0.0 e GRAVEL = 0.0 e SAND = 79.8
a SILT = 1-1.4 t CLAY = 8.8 (%a CLAY COLLOIDS = 7.0)

D85= 0.34 D60=
D30= 0.1274 D15=
Cc = 15.6495 Cu =

0.212 D50= 0.184
0.05188 D10= 0.00490

43.2016



C
GRA I N SIZE DISTRIBUTION TEST REPORT

o

* n C l
C "

. _

- n

C C

_ _l_4 on
e

_ a a . _ _

100

'90'

so

70
Li

Z 60
LL
I--
z 5 0

Li

wi 40

30

20

10

W rl -I I 11111111 1 ---1111111 1 1 11 W -I_ filIli lXl e 1: 11 1-1 1 111111 ---
. . 1111 W . I -- 1111 15 --- I 1111 '.f W . .
--I I 1 1 11 X I W X \= 4 E-W 1
:4 -I I 1 1 11 X-WT IL : W
U HX3 ;1i111111- t<( H2]< W
-| 1 1S: 11111111 - TT xTx IL -: W r

xr nLLL _ TTr
.. 111,111H 1. .1:1i11111.1; 11.111141'1'.SII.II.IIT .' re. . . . . . . . . . . . . . . . . .

1I I I I0L * III
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GRAIN SIZE -:

0. 1
rmum

0.01 O.O

I

Test|r +3"1 % GRAVEL I % SAND SILT % LAY
* 10 0.0 0.0 1 73.6 9.2 -§17.2

I I117____

| _-LL P_ i D8s5| _ D601 0°50 0D30 I D15 | DO Cc Cu

*| NA |NA 0.245 0.176 1j0.154 |0.09291 .---|_ | -__

I _ N A I I 0 1 7 6 - _ _ - T - _ _ 1 -; -- i C

MATERIAL DESCRIPTION - USCS -AASHTO

* REDISH BRN SAND. LITTLE CLAY. TR SILT SC A-2-4

Project No.: 95042.10 --Remorks:.

Project: LEA COUNTY LANDFILL BORING: 103

| Location: HOBBS. NEW MEXICO
DEPTH: 5.0'

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



Date: 12-18-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
________________________--_____________-______________________________________

Location of Sample: HOBBS, NEW MEXICO
Sample Description: REDISH BRN SAND, LITTLE CLAY, TR SILT
USCS Class: SC Liquid limit: NA
AASHTO Class: A-2-4 Plasticity index: NA
__---__________________ -___-__ - ___- _______- ___-____ ____________

Notes
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ … - - - - - - - - - -- - - - - - - - -- - -

Remarks: BORING: 103 DEPTH: 5.0'

Fig. No.:
________________________-_-__-________________________________________________

Mechanical Analysis Data

Initial
Dry sample and tare= 100.50
Tare = 0.00
Dry sample weight = 100.50
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
-e for cumulative weight retained= 0
.iieve Cumul. Wt. Percent

retained finer
# 4 0.00 100.0
# 10 0.10 99.9
# 20 0.10 99.7
# 40 0.50 98.9
# 60 7.00 85.9
# 100 25.90 48.2
# 200 36.80 26.4

…_____________________________________________________________________________.
Hydrometer Analysis Data

…_____________________________________________________________________________
Separation sieve is number 10
Percent -# 10 based on complete sample= 99.9
Weight of hydrometer sample: 50
Calculated biased weight= 50.05
Automatic temperature correction
Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.73



Hydrometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed
-time, min-

1.0
> ~2.0

' al' - 3.0
4.0
8.0

16.0
30.0-
60.0

125.0 -
330.0

1410.0
2850.0

Temp,-Actual Corrected
deg C reading 'reading
23.0 13.5 10.7
23.0 13.0 10.2
23.0- 13.0 10.2
23.0 12.5 - 9.7
23.0 12.5 9.7
23.0 12.0, 9.2
23.0 '12.0 9.2
23.5 12.0 9.3
-24.0 11.5 -- 9.0O
24.0 '11.5 9.0
24.0 11.0 8.5
24.0 11.0 8.5

0.012
0.012
0.012
0.012
0.012
0.012
,0.012
0.012
0.012

.0.012
0.012

m .Eff.
depth

8 14.5 13.9
8 14.0 -14.0
8 14.0. 14.0
8 13.5- 14.1
8 13.5 14.1
8 13.0 14.2
8, 13.0 14.2
8 13.0 '14.2
7 12.5- 14.2
7 12.5 14.2
7 12.0 :-14.3
7 12.0 14.3

Diameter

0.0479
0.0340
0.0277
0.0241
0.0170
0.0121
0.0088
0.0062
0.0043
0.0026
0.0013 '
0.0009

Percent
finer
20.9
20.0
20.0
19.0
19.0
18.0
18.0
18.3
17.6
17.6
16.6
16.6

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve

+ 3 in. = 0.0 % GRAVEL = 0.0 A SAND = 73.6
' SILT= 9.2 %-CLAY = 17.2 (%CLAY COLLOIDS,= 16.6)

D85= 0.25. D60=
D30= 0.0929

-0.1.76 U5 0= - 0.-154

. . . . I

. I - ..

.3'. '3

- . . & .. ,' 3
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GRAIN-SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm

JTest% +3" % GRAVEL % SAND | SILT . CLAY
* 11 0.0 0.0 82.2 8.4 9.4

_ LL Pi D8 5  D6 0  D5 0  D30 | D1 5  D 10 cc Cu

* NA NA 0.251 0.187 0.167 0.124 10.0580 0.0062 13.26 j30.0
MATERIAL DESCRIPTION USCS AASHTO

* RED SAND. TR SILT & CLAY SC A-2-4

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 104

* Location: HOBBS. NEW MEXICO
DEPTH: 4.0'

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: at
________--- - -- - -- - -- - -- ------------------------- ------ --- -------- __ _

Date: 12-18-97 :
Project No.: 95042.10:
Project: LEA COUNTY LANDFILL

.~~~~~~~~- - - - - - - - - =- ========

Sample Data
… - - _--_ _ _ _ _ _ _ _ _ _

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SAND, TR SILT & CLAY
USCS Class: SC Liquid limit: NA'
AASHTO Class: A-2-4 Plasticity index: NA

… - _ .- _ _ _ _ _ _ _ _ _ _ _ _ _

- Notes

Remarks: BORING:-104 DEPTH: 4.0' -

Fig. No.:

Mechanical Analysis Data

Initial -

Dry sample and tare= 160.90
Tare = 0.00
Dry sample weight = 160.90
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
- Cumulative weight retained tare= 0
*e for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
# 20 0.10 99.8
# 40 0.70 98.6
# 60 7.70 84.6
# 100 29.50 41.0
# 200 41.10 17.8

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.68
Specific gravity correction factor= 0.993



l -
- - -

Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp, Actual
deg C reading
23.0 9.5
23.0 9.0
23.0 9.0
23.0 8.5
23.0 8.5
23.0 8.0
23.5 8.0
23.5 8.0
24.0 7.5
24.0 7.5
24.0 7.0
24.0 7.0

Corrected K
reading
6.7 0.0130
6.2 0.0130
6.2 0.0130
5.7 0.0130
5.7 0.0130
5.2 0.0130
5.3 0.0130
5.3 0.0130
5.0 0.0129
5.0 0.0129
4.5 0.0129
4.5 0.0129

Rm Eff.
depth

10.5 14.6
10.0 14.7
10.0 14.7
9.5 14.7
9.5 14.7
9.0 14.8
9.0 14.8
9.0 14.8
8.5 14.9
8.5 14.9
8.0 15.0
8.0 15.0

Diameter
tmn
0.0498
0.0353
0.0288
0.0250
0.0177
0.0125
0.0091
0.0064
0.0044
0.0027
0.0013
0.0009

Percent
finer
13.2
12.2
12.,
11.3
11.3
10.3
10.5
10.5
9.8
9.8
8.8
8.8

Fractional Components
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
%' + 3 in. = 0.0 %' GRAVEL = 0.0 % SAND = 82.2
a SILT =. 8.4 % CLAY = 9.4 (ak CLAY COLLOIDS = 8.8)

D85= 0.25 D60=
D30= 0.1240 D15=
Cc = 13.2587 Cu =

0.187 D50= 0.167
0.05801 D10= 0.00622

30.0262



GRAIN SIZE DISTRIBUTION TEST REPORT
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0.1
- mmu

0.01 0O.0O

ITestl% +3"1 % GRAVEL I : % SAND | % SILT - 1f CLAY
1 10.01 0.0 . 6.0 46.3 )47.7

I _ _ 7 , I . . ..

LL | P I . D85 D6 0  D50 - D3 0 I D15 D 1 0 CI CU

* NA 1 NA = _ 0.0022 0.00101 __ _ 1
MATERIAL DESCRIPTION .:. uscs AASHTO

* RED SILTY CLAY. TR SAND - . .. CL -

Project No.: 95042.10 -. Remarks:
Project: LEA COUNTY LANDFILL BORING: 104
* Location: HOBBS, NEW MEXICO

DEPTH: 60.0'

Dote: 12-10-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

- - ---- --- …-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sample Data
_____________________________________________________________________________-

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 104 DEPTH: 60.0'

Fig. No.:
____________________________--_-_-____________________________________________

Mechanical Analysis Data
___________-__________________________________________________________________

Initial
Dry sample and tare= 447.00
Tare = 0.00
Dry sample weight = 447.00
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0.

e for cumulative weight retained= 0
-sieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
# 20 1.00 98.0
$ 40 1.50 97.0
# 60 1.80 96.4
# 100 2.20 95.6
# 200 3.00 94.0

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1
Specific gravity of solids= 2.7
Specific gravity correction factor= 0.989



Elapsed Temp, Actual Corrected K Rm Eff. Diameter Percent
time, min deg C reading reading depth mm - finer

1.0 23.0 50.0 46.2 0.0130 51.0 7.9 0.0365 91.3
2.0 23.0 49.0 '45.2 0.0130 50.0 8.1 0.0261 89.3
3.0 23.0 47.5. 43.7 0.0130 48.5 8.3' 0.0216 86.4
4.0 23.0 47.'0 43.2 0.0130 48.0 '*8.4 0.0188 85.4
8.0 23.0 46.0 42.2 0.0130:''47.0 8.6 0.0134, 83.4

16.0 23.0 45.0 41.2 0.0130 -46.0 8.8 '0.0096 81.4
30.0 23.0 43.0 39.2 0.0130 .44.0 9.1 0.0071 77.5
60.0 23.0 41.0 37.2 0.0130 42.0' '9.4 0-.0051 73.5

125.0 23.0 36.5 32.7 0.0130 37.5 ,10.1 0.0037 64.6
330.0 22.0 31.0 26.9 0.0131 32.0 11.0 0.0024 53.2

1410.0 -22.0 21.0 -16.9 0.0131 22.0- 12.7 '0.0012 33.4
2850.0 23.0 17.5 13.7 0.0130 18.5 13.3 '0.0009 27.0

…___________________________________________________________________________..
- Fractional Components .

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
* + 3 in. = 0.0 * GRAVEL = 0.0 % SAND = 6.0
* SILT = 46.3 * CLAY =,47.7. ( CLAY COLLOIDS = 29.1)

D85= 0.02 D60= 0.003 'D50= 0.002 -
D30= 0.0010

.- . ;_

. :., - 7 . - 1 ! - -

.__ I '�' I _- , . -



PERMEABI
TEST DATA:
Specimen Height (cm): 6.32
Specimen Diameter (cm): 6.39
Dry Unit Weight (pcf): 114.9
Moisture Before Test (%): 10.5
Moisture After Test (7.): 17.5
Run Number: 1 *.
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Back Pressure(psi): 17.2
Diff. Head (psi): 9.8
Flow Rate (cc/sec):2.37x 10-4

Perm. (cm/sec): 5.79x 10--a

LITY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 104

DEPTH: 60.0'
Visual Description: RED SILTY CLAY,

TR SAND
Remarks:

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content ():

Percent Compaction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
2000000 100000 300000 400000

0

ci
U

Ii

-i
0

0
4J

IJ-

4

m
w

0.

16

32

48

64

80

1 x 10-7

a x 10-8

6 x 10-B

4 x 10-B

2 x 10--B

1 x 10-a

-I …

0 30 60
HYDRAULIC GRADIENT

90
- dH/L (cm/cm)

120

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-8-97 Lob No.: 4

Tested by: JWM

PERMEABILITY TEST REPORT Checked by: WSG

VEAVER BOOS CONSULTANTS, I NC. Test: CH - Constant head



. -PERMEABILITY TEST DATA
=== = =

.(Poject Name:
e No.:

oject Location:
Project No.:
Sample Identification:

PROJECT DATA

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 104
DEPTH: 60.0'i
4
RED SILTY' CLAY,
TR SAND
CORE-

.

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date':
Remarks:

12-8-97

Permeameter Type:
Tested by:

--Checked by:
Ifornce - -~ elms

FLEXIBLE WALL,
JWM

-WSG
f;J _ aron%�- .n 1nA

- -- --- ---- --- ---- --- -- --- -- - -- -- - -- - - - - - -- - -- - - - - - -

PERMEABILITY TEST SPECIMEN DATA

i.ameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.515 in
in

2.52 in

1
2.488 in
2.49 in

Before test:.

2
in
in
in

6.39 cm

,.After test:
+ - . ;,

.1 - 2
in in

2.506 in in
in in

2.51 in 6.37 cm

2
in

6.32 cm

3 1
in 2.498 in

2.50 in

2'
in

6.34 cm

3
in

Moisture, Density and
Specific Gravity:'
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.70
411.90
372.70

0.00
10.5 9

114.9 pcf
0.3185
60.8 3'

438.00
372.70

0.00
17.5 %-

115.2 pcf
0.3163
102.2 a

EE WEAVER BOOS CONSULTANTS, INC. - -DATA SET 1



a- _______ - __ _ _ _- -

Cell No.: 4 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 OC

0.0 psi
0. 0 psi

1.00
1.00
0.0 OC

PERMEABILITY TEST READINGS DATA'

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12-/12/97
12/12/97
12/13/97
12/14/97
12/15/97
12/15/97
12/15/97
12/16/97

13:19:00
16:55:00
11:46:00
15:33:00
6:32:00

12:12:00
16:36:00
6:29:00

0 27.0
12,960 27.0
80,820 27.0

180,840 27.0
234,780 27.0
255,180 27.0
271,020 27.0
321,000. 27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

5.80
9.50

26.50
50.90
63.40
68.10
72.00
84.00

84.60
81.00
64.80
41.20
29.20
24.40
20.80
9.00

0.00
3.65

20.25
44.25
56.50
61.25
65.00
76.90

t Pressure = 27.0 psi Differential Head =
G.ddient = 1.086E 02 Flow rate = 2.370E-04
Permeability, K27.00 = 6.810E-08 cm/sec, K200

9.8 psi, 686.2 cm H20
cc/sec R squared = 0.99990
= 5.791E-08 cm/sec

r E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 1
.============ =========== ============ =========== =========== =========
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1Test1% +3" 1 % GRAVEL 41 % SAND .. I % SILT .- | X CLAY

*5 00.0 0.6 67.2 12.2

I -I 1-, ,, -- _ __ _ -'' -- '--_'_- -

|LL.| Pl I D85I D60I D50 1 . D30| D1 5'. D10 | CC | CU

*| NA T NA 0.279 |0.197 0.176 1 0.135 0;.-0869 | - _T_:_|
I _ _ T _ _ _ _ I I I l _ _ I _ _ I I _

MATERIAL DESCRIPTION USCS. AASHTO

* GRAYISH BRN F/C SAND.LITTLE SILT.TR FINE GRAVEL SM A-2-4

Project No.: 95042.10 Remorks:
Project: LEA COUNTY LANDFILL BORING: B-105

* Location: HOBBS. NEW MEXICO
S-9

Date: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER .BOOS CONSULTANTS, INC. Figure No.
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Date: 1-30-98
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

______________-------- -------- --------___------------- -- --- ________-

Sample Data
______________________________________________________________________________

Location of Sample: .HOBBS, NEW MEXICO
Sample Description: GRAYISH BRN F/C SAND,LITTLE SILT,TR FINE GRAVEIL
USCS Class: SM Liquid -limit.: NA
AASHTO Class: A-2-4 Plasticity index: NA

Notes

Remarks: BORING: B-105 S-9

-- -Fig. No.:...

Mechanical Analysis Data

Initial
Dry sample and tare= 105.70
Tare = 0.00
Dry sample weight = 105.70
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent.
retained finer '-~

0.375 inches 0.00 100O0
4 0.60 99.4

v 10 2.60 .97.5
# 20 4.20 96.0
# 40 6.50 93-9
# 60 22.20 79.0
# 100 66.70 36.9
# 200 92.80 12.2

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
+ + 3 in.---= 0.0 a GRAVEL= 0.6 a SAND = 87.2

t FINES = 12.2

D85= 02S .fD60= 0.197 D50= 0_176
D30= 0.1346 D15= 0.08690-



GRAI* SIZE D1ISTRIBUTI.ON TEST e REPORT
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0 C
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.GRAIN SIZE - mm
. 0;01, -

|Test|% +3"1 7. GRAVEL I 7 SAND 7 . SILT r CLAY |
* 6 0.0 48.8 42.6 8.6

LL |P D8 5  D6 0 1 D50 I C U

| NA | NA 10. 6| 5.90 |4.5 |.95 0.186 0.102 J 6.31 { 57.5

MATERIAL DESCRIPTION lJSCS ;AASHTO

* ROSE & WHITE F/C GRAVEL & SAND. TR SILT GP-GM-- A-i-a

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 8-105

* Location: HOBBS. NEW MEXICO
S-38

Date: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS,. *NC. Figure No. -



W-

------------------------------------------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Date: 1-30-98
Project No.: 95042.10
Project: LEA COUNTY LANDFILL.

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: ROSE & WHITE F/C GRAVEL & SAND, TR SILT
USCS Class: GP-GM Liquid limit.: NA
AASHTO Class: A-1-a Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- _ _ _ _ _ _ _ - _ - _- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Notes

…__ _ _ _ _ _ _ _ _ _ _-_- __ - _ -_ _ _ _ _ _ _ _ _
Remarks: BORING: B-105 S-38

Fig. No.:
-_ _ -_--____--_________---- _-- __------_____________

Mechanical Analysis Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -_ _ _ _ - -_ - -__ _ _ _- - - - --_ _- - - - - - _ _ _ _ _ _ _ _ _ _ _ _

Initial
Dry sample and tare= 229.10
Tare - 0.00
Dry sample weight =* 229.10
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer.

.1 inches 0.00 100.0
.75 inches 9.50 95.9

*-J.5 inches 21.20 .90.7
0.375 inches 43.70 80.9
# 4 111.70 51.2
# 10 159.70 30.3
# 20 172.40 24.7
# 40 179.30 21.7
# 60 187.30 18.2
# 100 200.20 12.6
# 200 209.30 8.6

…_____________________________________________________________________________.

_ Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 00 0 .GRAVEL = 4B.8 a SAND = 42.6
% FINES = 8.6

D85= 10.56 D60= 5.895 D50= 4.576
D30= 1.9521 D15= 0.18642 D10= 0.10245
Cc = 6.3096 Cu = 57.5440
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jTestl% +3" 7. GRAVEL |% SAND | SILT % CLAY

*4 0 32.9 .60.6 6.5

| LL Pi ID85 D60 - D50 D_30 D D1 o-0  CC c | U
* NA NA 7.00 4.12 _3-_23 1 ' 16 0 178 . 0. 1.26 2.60 |32.

MATERIAL DESCRIPTION USCS AASHTO

ROSE & WH I TE F/C SAND. SOME F/M -GRAVEL. TR SILT-' SW-SM- A-1-Q

Project. No.: 95042.10 Remarks:
|Project: LEA COUNTY LANDFILL BORING: B-105
| Location: HOBBS. NEW MEXICO

S-39

Dote: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, 1-N| Figure No.
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Date: 1-30-98
Project No_.: .95042.10
Project: LEA COUNTY LANDFILL

Sample Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-__ _ _-_ _ _ _ _ _ _ _ _ _ _ _.

Location of Sample: HOBBS, NEW MEXICO
Sample Description: ROSE & WHITE F/C SAND, SOME F/M GRAVEL, TR SILT
USCS Class: SW-SM Liquid limit: NA
AASHTO Class: A-1-a Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-___-__-_ _ _ _ _ _ _ _ _ _.
Notes

…__ _ _ _ _ _ _ _ _ _ _ _ _-__ _-_ _-_-_ _ _ _ _ _ _ _ _ _.
Remarks: BORING: B-105 S-39

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 192.90
Tare = 0.00
Dry sample weight = 192.90
Tare for. cumulative weight retained= 0

Sieve Cumul. Wt. Percent..
retained finer..

-0.5 inches 0.00 100_0
.375 inches 1.40 99.3

# 4 63.50 67.1
# 10 12.2.20 36.7
# 20 138.40 28.3
# 40 144.00 25.3
# 60 153.00 20.7
# 100 169.60 12.1
# 200 180.40 6.5

___-__________________________________________________________________________

Fractional Components-

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 a GRAVEL = 329 a. SAND _= 60.6
a FINES = 6.5

D85= 7.00 D60= 4.116 D50= 3.232
D30= 1.1601 D15= 0.17762 D10= 0.12575
Cc = 2.6002 Cu = 32.7341
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_Test1% +3- 7 GRAVEL I 7SAND % SILT 7CLAY
* 2 0.0 0.0 1.6 45.8 J 52.6

| LL -PI D8 5 . - D5 0 [ D3 0 | D1 5  D1 0  c Cu

NA NA T T0.0018 j. ' 0009 7 - L |

MATERIAL DESCRIPTION USCS -AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks: -
Project: LEA COUNTY LANDFILL BORING: 108

* Location: HOBBS. NEW MEXICO
DEPTH: 60.0'

Date: 12-10-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.
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Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ -_ _ _ -_ -__ _ _ _ _ _ _ _ _- _ - _ _ _ _ _ - _ - _-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 108 DEPTH: 60.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 293.70
Tare = 0.00
Dry sample weight = 293.70
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0

a for cumulative weight retained= 0
sieve Cumul. Wt. Percent

retained finer
X 10 0.00 100.0
# 20 0.10 99.8
# 40 0.20 99.6
# 60 0.30 99.4
# 100 0.40 99.2
# 200 0.80 98.4

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1
Specific gravity of solids= 2.72
Specific gravity correction factor= 0.985



------- I - -- XI __ - -1 - __ __

Elapsed Temp, Actual Corrected K .km Eff. Diameter Percent
time, min deg C reading reading depth mm - finer

1.0 23.0 52.5 -48.7 - 0.0129 53.5 7.5 0.0353 95.8
2.0 23.0 '52.0 '48.2 ' 0129 '53.0' 7.6 0.0251 94.8
3.0 23.0 51.5 -_47.7 0.0129 52.5 7.7 *0.0206 93.9
4.0 23.0 51.0 '47.2 0.0129 52.0 7.8 0.0180 92.9
8.0 23.0 50.5-'- 46.7 0.0129 51.5' 7.8, 0.0128 91.9

16.0 23.0 50.0 46.2 0.0129, 51.0' -7.9 0.0091 90.9
30.0 23.0 49.5 '45.7 0.0129 50.5 8.0 -'0.0067 89.9
60.0 23.0 45.0 41.2 0.0129 46.0 8.8 0.0049 81.1

125.0 23.0 40.0 36.2 0.0129 41.0 9.6 0.0036 71.2
330.0 22.0 33.5 29.4 0.0130 34.5 10.6 0.0023 57.9

1410.0 22.0 23.0 18.9 0.0130: 24.0 ,12.4 0.0012 37.2
2850.0 23.0 19.0 15.2 0.0129 20.0 13.0 0.0009 29.9

_____________________________________________________________________________

Fractional Components -
_____________________________________________________________________________.

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve

- t + 3 in. 0.0 9 GRAVEL = 0.0 a SAND = 1.6 -
!k SILT =-45.8 ' CLAY = 52.6 (I CLAY COLLOIDS = 32.7)

D85= 0.01 D60= 0.002' D50= 0.002
D30= 0.0009

a . . .

i

q .
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PERMEAE
TEST DATA:
Specimen Height (cm): 6.97
Specimen Diameter (cm): 6.10
Dry Unit Weight (pcf): 137.7
Moisture Before Test (%): 4.7
Moisture After Test (2): 9.0
Run Number: 1 0
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0

Back Pressure(psi): 16.1
Diff. Head (psi): 10.9
Flow Rate (cc/sec):5.a2x i0o--5

Perm. (cm/see): 1.54X 10-8

1ILITY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 108

DEPTH: 60.0'
Visual Description: RED SILTY CLAY.

TR SAND
Remarks:

Maximum Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compacti.on:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
2000000 100000 300000 400000

0

0

0
-J

UJ

-j

U

3U
0.

4

8

12

16

20
1 x 10--7

8 x 10--8

6 x 10--8

4 x 10'-8

2 x 10-5

I x 10-8

1J117 - - -�__ -.- - -

-

0

0 30 60 90
HYDRAULIC GRADIENT - dH/L (cm/cm)

120

Project: LEA COUNTY LANDfILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-8-97 Lob No.: 2

PERMABILTY TST RPORTsted by: JWM

PEEAVE1BOOS CONSUTANPOTS Checked by: WSG
HEAVR B OS ONSU TAN S , I NC . Test: CH - Constant head



PERMEABILITY TEST DATA

PROJECT-DATA

; P-oject Name:
e No.:

.oject Location:
Project No.:'-
Sample Identification:

Lab No.:
Description:

- -Sample-Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:

-Remarks:

Permeameter Type:
Tested 'by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10 -
BORING: 108
DEPTH: 60.0'
2
RED SILTY CLAY,
TR SAND
CORE

12-8-97

FLEXIBLE WALL
-'JWM '"
WSG
CH - Constant.head

PERMEABILITY TEST SPECIMEN DATA

.-ameter:
Top:
Middle:
Bottom:
Average:

1
in

2.403 in
in

2.40 in

Before test:
2 - ". ' ..

in
in
in

6.10 cm

After test:

%2 . .

.. I1
in

2.401 in
in

2.40 in

in
in
in

6.10 cm

Length:

Average:

1
2.745 in
2.75 in

2
in

6.97 cm

3 1
in 2.786 in

2.79 in

2
in

7.08 cm

3
i.

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.72
471.10
450.10

0.00
4.7 t

137.7 pcf
0.1889
54.5 %;

490.70
450.10

0.00
9.0 %_

135.9 pcf
0.1995
98.5 C

'E 1 -WEAVER BOOS CONSULTANTS, INC. -DATA SET 2
… = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =



Cell No.: 2 Panel No. : Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 °C

0. 0 psi
0. 0 psi

1.00
1.00

0.0 °C

PERMEABILITY TEST READINGS DATA-

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12ji2/97
12/12/97
12/13/97
12/14/97
12/15/97
12/15/97
12/15/97
12/16/97

13:18:00
16:54:00
11:45:00
13:32:00
6:31:00

12:11:00
16:35:00
6:28:00

0
12,960
80, 820

173, 640.
234, 780
255, 180
271, 020
321, 000;

27.0
27.0
27.0
27.0
27.0

* 27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

6.00
7.00

11.60
17.70
20.70
21.80
22.60
25.40

86.20
85.20
80.80
75.30
72.20
71.10
70.30
67.40

0.00
1.00
5.50

11.30
14.35
15.45
16.25
19.10

'-t Pressure = 27.0 psi Differential Head =
% dient = 1.100E 02 Flow rate = 5.821E-05
Permeability, K27.00 = 1.808E-08 cm/sec, 1200

10.9 psi, 767.3 cm H20
cc/sec R squared = 0.99773
= 1.537E-08 cm/sec

PA .E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 2
. = ===== ==== == ===== = = = = === == == ===== =



MOISTURE-DENS'I-TY RELATIONSHIP TEST
C, - 113

112

U
0.

a,
C

L
,0

11 1

110

109

108

ZAV f C

Sp.G.'

2.72

0 5 10 15 20

Woter content. %
Test specification: ASTM D 698-91 Procedure A, Standard

25 30

Elev/ Ciassification Not. SpG LLI> % P

Depth USCS AASHTO Moist. SP__. . L Pi No.4 No.2

=_CL = 2.72 1 0.0 % 98.-

TEST RESULTS MATERIAL DESCRIPTIO,

Maximum dry density - 111.9 pcf RED SILTY CLAY.

Optimum moisture 9.5 2 TR SAND

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 108

Location: HOBBS. NEW MEXICO DEPTH: 60.0'

Dote: 12-16-97

MOISTURE-DENSITY RELATIONSHIP TEST

-WEAVER' BOOS CONSULTANTS, INC. Fig. No.
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PROJECT DATA

ject no.:
Project:
Location 1:
2:
Remarks 1:
2:
3:
Material 1:
description 2:
Elevation or depth:
Fig no:

12-16-97
95042.10
LEA COUNTY LANDFILL
HOBBS, NEW MEXICO

BORING: 108
DEPTH: 60.0'

RED SILTY CLAY,
TR SAND

SPECIMEN DATA

USCS classification: CL A;
Natural moisture: SI
Percent retained on No.4 sieve: 0.0
Percent passing No. 200 sieve: 98.4
Liquid limit: Plastic limit:

kSHTO classification:
,ecific gravity: 2.72

Plasticity index:

TEST DATA AND RESULTS

Tvoe of test: Standard, ASTM D 698-91 Procedure A

Max dry den= 111.9 pcf
Opt moisture= 9.5 a

-== =WEAVER BOOS CONSULTANTS, INC.--
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JTestlv +3" I GRAVEL I % SAND -% SILT j% CLAY
3 0.0 I 0.0 2.8 . 53.8 j 43.4

| _ LL_|_P Dgs | -D60 D50..3 D30 D0 D Cc Cu
* NA |-NA- -- l~ -0.00.31 0.'0011 ..

MATERIAL DESCRIPTION USCS -AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 ' emarks

Project: LEA COUNTY LANDFILL

* Location: HOBBS. NEW MEXICO
. | DEPTH: 80.0'

Date: 12-10-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, I NC. Figure No.
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Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 109 DEPTH: 80.0'

Fig. No.:

Mechanical Analysis Data
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -_-_ __-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- -

Initial
Dry sample and tare= 336.20
Tare = 0.00
Dry sample weight = 336.20
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
e for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

# 10 0.00 100.0
# 20 0.20 99.6
# 40 0.40 99.2
# 60 0.70 98.6
# 100 1.00 98.0
# 200 1.40 97.2

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction onfy= 1
Specific gravity of solids= 2.67
Specific gravity correction factor= 0.995
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Elapsed
time, -min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
285O 0

Temp, Actual
. deg C reading
-23.0 '51.0
-23.0 48.5
23.0 47.0 '

' 23.0 46.0
23.0'
23.0'
23.0
23.0
23.0
22.0'

' 22.0
23.0

44.0
41.0
38.0
35.0
31.0
27.5
21.0
1 5.

Corrected
reading-
47.2 , .:
44.7
43'.2
42.2
40.2
37.2
34.2
31.2
27.2
23.4
16.9
11.7

K .. Rm

0.0131'- 52.0
0.0131 49.5'
0.0131 48.0
0.0131 47.0'
0.0131 45.0
0.0131',42.'O
0.0131 39.0
0.0131 '36.0
0.0131 32.0
0.0132 28.5
0.0132 22.0
0.0131 16.

Eff.
depth
7.8
8.2
8.4

'a8.6
-89
9.4

.. '9 .9
'10.4'

11.0
'11.6
12.7
~ L13-.6

Diameter
01 n0 3

0.0364
0.0264

'-0.0219
10.0192

;'0.0138
0.0100

'0.0075
0.0054
0.0039

'' 0.0025
0.0013
a .0009

Percent
finer
93.9
88.9
85.9
83.9
80.0
74.0
68.0
62.0
54.1
46.6
33.7

91 2

- '' ' Fractional.Com'ponents' , .
____________________________________________________________________________..

. r_ .. An e , aBAA' Ad4$ C;AtEA .'''''''
_ _. . %. Cv= j cLu U bfL '' t* b.f C

Sand/Fines based on #200 siev
%.t.+ 3 in. = 0.0 % GRAVEL
a SILT = 53.8 a CLAY = 43.

D85= .0.02 D60= 0.005 DS
D30= 0.0011

e
= 0.0 '-SAND= 2.8
4 - (I CLAY COLLOIDS

0= 0.003

= 26.7)

I

Io...

:

I

.I

. S .

. . .. . . .

* - - i-.. -



PERMEAB
TEST DATA:
Specimen Height (cm): 5.72
Specimen Diometer (cm): 6.43
Dry Unit Weight (pcf): 107.3
Moisture Before Test (%): 12.3
Moisture After Test (%): 21.8
Run Number: 1 a
Cell Pressure (psi): 30.0
Test Pressure(psi): 25.0
Back Pressure(psi): 20.3
D;ff. Heod (psi): 4.7
Flow Rate (cc/sec):1.59 x 10--4
Perm. (cm/sec): 7.25 x 10--8

I L I TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 109

DEPTH: 80.0'
Visual Description: RED SILTY CLAY.

TR SAND
Remarks:

Maximum Dry Density (pcf):
Optimum Moisture Content (%):

2 A

Percent Compaction:
Permecmeter type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
5000000 250000 750000 1000000

0

0

u

-J

Li.
C,

C)
IN
E
U

-Y

I

a:

Li0.

14

28

42

56

70

1 x 10--7

8 x 10-8

6 x 10--8

4 x 10--B

2 x 10^-8

I x 10--8

H- � 1-------t I I
__ � *� -- zlzI I I VITI…L

I _ I __ *t: *1I __

I *I. -. - I…-
I t�J I�
I :1

I-

- - - -'- !.....i -

iii I _ ----- I-

0 15 30 45
HYDRAULIC GRADIENT - dH/L (cm/cm)

60

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS, NEW MEXICO File No.: 95042.10

Date: 12-3-97 Lob No.: 1

Tested by: JWM
PERMEABILITY TEST REPORT

Checked by: WSG
VEAVER BOOS CONSULTANTS, .1NC. Test: CH - Constant head



-PERMEABILITY TEST DATA

PROJECT DATA

.(' Poject Name:
- e No.:

Jjject Location:'
Project No.:
Sample Identificat

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698
Opt. Water Content
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 109
DEPTH: 80.0'
1
RED SILTY CLAY,
TR SAND
CORE.

.12-3-97 -

FLEXIBLE WALL

WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Bef e t .s.

Before test:-

.,ameter:
- Tor):
- Middle:

Bottom:
Average:

Length:

Average:

1
in

2.531 in
in

2.53 in

1
2.253 in
2.25 in

2
in ,I
in -
in

6.43 cm., -

2 -3-- -
in in

5.72 cm

- 'After test:
. r -

1_ . - 2
- in 'in

2.508 in -in
in in

2.51 in 6.37 cm

.'
2.301 in
2.30 in

2
in

5.84 cm

3

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.67
358.70
319.40

0.00
12.3 a-

107.3 pcf
. 0.3560

59.4 I

389.00
319.40

0.00
21.8 S.

107.0 pcf
0.3578
104.4 k

- E .1 WEAVER BOOS CONSULTANTS, INC. DATA'SET 3
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Cell No.: 1 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00

0.0 OC

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/ 6/97
12/ 7/97
12/ 8/97
12/ 8/97
12/ 8/97
12/ 9/97
12/ 9/97
12/ 9/97
12/10/97
12/10/97
12/10/97
12/11/97
12/11/97

14:51:00
11:10 :00
6:50:00

10:34:00
17:08:00
7:15:00
12:39:00
17:48 :00
7:25 :00

13:25:00
17:01:00
7:32:00
12:37:00

0
73,140

143,940
157,380
181,020
231, 840
251,280
269, 820
318, 840
340,440
353,400
405, 660
423,960

25.0
25.0
25.0

* 25.0
25.0

* 25.0
* 25.0
25.0
25.0
25.0
25.0
25.0
25.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

12.00
26.30
38.80
41.20
45.10
53.40
56.70
59.70
67.30
70. 60
72.60
80.50
83.20

81.40
68.70
56.60
54.40
50.50
42.20
39.20
36.40
28.80
25.60
23.60
16.00
13.40

0.00
13.50
25.80
28.10
32.00
40.30
43.45
46.35
53.9
57.2
59.20
66.95
69.60

Test Pressure = 25.0 psi Differential Head = 4.7 psi, 328.8 cm H20
Gradient = 5.746E 01 Flow rate = 1.590E-04 cc/sec R squared = 0.99911
Permeability, K27.00 = 8.523E-08 cm/sec, K200 = 7.247E-08 cm/sec

'E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET -



GRA I N S I ZE D I STR I BUT I ON TEST REPORT
1 C..C 1

.EC C

e

. *%

- _
M I

. _1 C C

- n * A
008o a a .0 0

- l C - (1
"f f "f f . .- t100

'90

80

w

mlml .' .I 4I
rT r .... ,,, , , _

. .U
70

Z 60
L

Z 50

w 40
CL'

30

I

T t: I 1 1-1^ -- -- 11 - ETLx

XL ~~~~~T-11- TT-:--T1 W-TII_

: :X 11| T T-- If 41 1- Il- Xt:TW

20

10

O L
2010 100 10.0 . 1.0 I -0.1

"GRAIN SIZE -,mm
0.01 0_~. 0

1TestI1% +3" 1 % GRAVEL I -_% SAND % SILT I % CLAY
1 *5 1 0.0 0.4 10.0 56.5 33.1

I__ i I I -
:D -. 5 ... cc

LL I D I I |D 5  | D30 | P| o | c. _u

4A NA | -10.0049 |O.0Ol5 0.00lO |I __

MATERIAL DESCRIPTION ;_.-_T ---uscs__ -- T AASHTO

* RED SILTY CLAY. LITTLE SAND -CL A-4

Project No.: 95042.10 ' Remarks:

Project: LEA COUNTY LANDFILL . BORING: 110

* Location: HOBBS. NEW MEXICO
DEPTH: 90.0

Dote: 12-23-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.
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Date: 12-23-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_-__-_-_ _ _ _ _ _ _ _ _ _ _ _.

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, LITTLE SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: A-4 Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_-_-_-_ _ _ _ _ _ _ _ _ _ _ _

Notes

Remarks: BORING: 110 DEPTH: 90.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 427.40
Tare = 0.00
Dry sample weight = 427.40
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sazmple weight = 50
Cumulative weight retained tare= 0

e for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
0.375 inches 0.00 100.0
# 4 1.80 99.6
# 10 1.80 99.6
# 20 1.80 96.0
# 40 2.50 94.6
# 60 3.00 93.6
# 100 3.40 92.8
# 200 5.00 89.6

______________________________________________________________________________

Hydrometer Analysis Data
________________________________________-_____________________________________

Separation sieve is number 10
Percent -# 10 based on complete sample= 99.6
Weight of hydrometer sample: 50
Calculated biased weight= 50.21
Automatic temperature correction

Composite correction at 20 deg C =-4

Meniscus correction only= 1



--- ----- _J %, I____ _. ,,
Specific gravity correction factor= 0.980
Hydrometer type: 152H Effective depth L= 16,.294964 -. 0.164 x Rm

Elapsed Temp, Actual Corrected K --, Eff. Diameter Percent
time, min deg C reading, reading depth ,mm, finer

-~ 1.0 22.5 45.5 42.0 0.0129 46.5 ,8.7 0.0379. 82.1
2.0 22.5' 44.0 40.5 0.0129 45.0 .8.9 0.0272 79.1
3.0 22.5 '43.0 39.5 0.0129'.44.0 9,.1 0.0224' 77.2
.0 22.5 '42.5 '39.0 0.0129- 43.5 9.2 0.0195 76.2

8.0 22.5 40.0 36.5 0.0129 .41.0 '9.6 0.0141 71.3
16.0 22.5 37.0 33.5 0.0129 38.0 10.1 0.0102 65.5
30.0 22.5 34.0 30.5 0.0129 35.0 10.6 0.0076 59.6
60.0 22.5 30.5 27.0 0.0129 31.5 '11.1 0.0055 52.8

125.0 22.5 '26.5 23.0 0.0129 27.5 11.8 0.0040 45.0
330.0 23.0 21.5 ,18.2 0.0128 22.5 12.6 .0.0025 35.5

1410.0 23.0, ,16.5 13.2 0.0128. 17.5 13.4. 0.0012 25.7
2850.0 23.0 10.0 . ,6.7 0.0128 11.0 .14.5 0.0009 13.0

Fractional Components
_____________________________________________________________________________.

If,_ ntan &.S -_ AAP. .

Sand/Fines based on-#200 sieve
% + 3 in'. = 0.0 ' GRAVEL
% SILT 56.5 t CLAY = 33.1

D85= 0.05 D60= 0.008 D50-
D30= --0.0015 D1S=- 0.'00095

Iz

0.4 ,r SAND =10.0
(% CLAY COLLOIDS = 17.1)

0.005

I

I

.. I . A4

i . I.

. _ . _

7 1



PERMEABI LI TY TEST
SAMPLE DATA:

REPORT
TEST DATA:
Specimen Height (cm): 7.10
Specimen Diameter (cm): 6.36
Dry Unit Weight (pcf): 103.0
Moisture Before Test (%): 13.8
Moisture After Test (%): 24.4
Run Number: 1 0

Cell Pressure (psi): 35.0
Test Pressure(psi): 27.0
Back Pressure(psi): 16.6
Diff. Head (psi): 10.4
Flow Rate (CC/SeC):1.18 X 10--4

Perm. (cm/sec): .58 x 10--8

Sample Identification: BORING: 110
DEPTH: 90.0'

Visual Description: RED SILTY CLAY. LI;
SAND

Remarks:

Maximum Dry Density (pcf):
Optimum Moisture Content (%):

2 A

Percent Compacti.on:
Permeameter type: FLEXIBLE WALL
Sample type: CORE

0 250000
TIME - t (sec)

500000 750000 1000000
0

0

Q'o

>
U

-J
0

0
-J
LL

13

26

39

52

65
1 x 10--7

8 x 10-8

6 x 10--B

4 x 10-B

2 x 10-8

I x 10-8

1711111 ii L.�

1i�uii
I 7f 1 I� I.:j

_I_ 1T1�--
� I I…I.--

4

it
0

UCJW
_E

Q

X

I.

F-

-J

m

c:
Q~

03-

0 30 60
HYDRAULIC GRADIENT -

90
dH/L (cm/cm)

120

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-18-97 Lab No.: 1

Tested by: JWM
PERMEABILITY TEST REPORT Checked by: WSG

VEAVER BOOS CONSULTANTS, INC. Test: CH - Constant heod



- I PERMEABILITY TEST DATA

PROJECT DATA , I

^P-)ject Name:
e No.:

_.:oject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

-Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:

'-Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10 -
HOBBS, NEW MEXICO
95042.10
BORING: 110 -
DEPTH: 90.0'-

RED SILTY CLAY, LITTLE
SAND
CORE'

' 12-18-97

FLEXIBLE WALL

WSG
CH - Constant.head

' ~PERMiEABILITY TEST -SPBCIMEN DATA-'--

.rt
I

D.iameter:
Top:

* Middle:
Bottom:
Average:

Length:

Average:

1
', in

2.502 in
in

2.50 in

1
2.705 in
2.80 in

be!Lore1 LesL:

2 '
in'
in

.I.',1
in

2.505 in

LL."r Lu:b6

in in
6.36 cm ,, , .2.51 'in

2 ' _ 3 ' I
in in 2.802 in

7.10 cm 2.80 in

,2'
'in
in
in

6.36 cm

2
in

7.12 cm

3
ir

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.74
422.80
371.50

0.00
13.8 '.

103.0 pcf
. 0.3979

57.3 E.

462.00
371.50

0.00
24.4 'j

102.5 pcf
0.4009
99.8 %C

~~ ~. . . . . . ...-- .. - .. . ._ . . . I .

i %E 1 'WEAVER BOOS CONSULTANTS, INC. , DATA SET 7
; . . . =--- -- - - - --- --- ---- - - -
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Cell No.: 1 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

35.0 psi
35.0 psi
1.00
1.00
27.0 0C

0.0 psi
0.0 psi

1.00
1.00
0.0 OC

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/-22/97
12/22/97
12/22/97
12/23/97
12/23/97
12/23/97
12/23/97
12/24/97
12/24/97
12/24/97
12/26/97
12/26/97
12/27/97

7:32:00
13:04:00
17:15:00
6:47:00

11:57:00
14:02:00
17:03:00
7:48:00

12:10:00
13:30:00
8:38:00

13:36:00
13:08:00

0
19,920
34,980
83,700

102,300
109, 800
120, 660
173,760
189,480
194,280
349,560
367,440
452,160

27.0
27.0
27.0

*27.0
27.0

*27.0
.27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

4.40
7.20
9.20

15.90
18.40
19.40
21.00
28.50
30.60
31.40
52.60
55.00
69.60

80-.60
78.00
76.00
69.60
67.20
66.20
64.70
57.60
55.40
54.80
35.00
31.60
19.20

0.00
2.70
4.70

11.25
13.70
14.70
16.25
23.55
25.7'
26.4.
46.90
49.80
63.30

Test Pressure = 27.0 psi Differential Head = 10.4 psi, 733.0 cm H20
Gradient = 1.033E 02 Flow rate = 1.380E-04 cc/sec R squared = 0.99924
Permeability, K27.0 0 = 4.213E-08 cm/sec, K20 0 = 3.582E-08 cm/sec

. E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 7
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GRA IN S IZE D ISTR IBUTIJON TEST -REPORT
C ... . . . ..

en

* ..

C% cm
C

. %C
q.

o o a
_ _

o a 8
_ _ 040 -f.100

90

80

Z 60
LL

Z 50

w 40
L..

30

20

10

I

[I1 I -, . . I
0 I .J III
200 100

:1
10.0 - 1 .0 I..

GRAIN SIZEP
0.1

- mm
0.01 0.0

... S.- D . . I

JTest1 x +3-1 | % GRAVEL I % SAN D X 7 S ILT | IV C LAY
* 5 0.0 0.0 | 9.4 72.7 ] 17.9_i = I,

LL8[5 0 0 1 D iD 10  C~ Cu
|LL |Pi Dr, | 6 D50' D.30 D15 Dl c

* NA NA _ 0.0141 0.0047 0.0015 0.0010 0.86 27.2

___ __ I. -__= _ ___ _ ____ __ _

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. TR SAND . CL

Project No.: 95042.10 .- . . | Remarks:
Project: LEA COUNTY LANDFILL BORING: 110
* Location: HOBBS. NEW MEXICO

DEPTH: 230.0'

Date: 12-10-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.
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Date: 12-10-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

_______________________________________----------------_----------- ----__ _ _ _

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 110 DEPTH: 230.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 335.30
Tare = 0.00
Dry sample weight 335.30
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
-Cumulative weight retained tare= 0

e for cumulative weight retained= 0
sieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
# 20 0.00 100.0
# 40 0.10 99.8
# 60 0.30 99.4
# 100 0.80 98.4
# 200 4.70 90.6

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ …7 _ _ _ __- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Hydrometer Analysis Data

…_________________________________________-____________________________________
Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4

Meniscus correction only= 1
Specific gravity of solids= 2.68
Specific gravity correction factor= 0.993



nly UJ Lvhltev I..A. .y frD =A.

-Eiapsed Temp, Act
time, min deg C rez

1.0 -23.0' 37,
2.0 '23.0 '34,
3.0 23.0 33,
4.0 23.0': 32.
8.0 23.0 29.

16.0 23.0 26.
30.0 23.0 24.
60.0 23.0 21.

125.0 23.0 17.
330.0 23.0' '14.
1410.0 23.5 '10.
2850.0 23.5 8.

c%&=JL.&L L1- .LW .AJ.-z'*U %* v .. L'.v1 -'v. h v .,

:ual
iding
.5
.5-
.0
.0
.5 ''
.0
.0
.0
.5
.0
.0
.0

Corrected
reading,

--34.2 -'
31.2 ;
29.7
28.7

'26.2
'22.7

' 20.7
' 17.7
14.2
10.7
6.8
4.8

K R,

0.0130 38.5
0.0130' 35.5
0.0130 34.0
0.0130 33.0
0.0130 30.5
0.0130' 27.0
0.0130 '25.0
0.0130 22.0
0.0130 18.5
0.0130 15.0
0.0130 11.0
0.0130 9.0

Eff.
deptl
10.0
10.5
10.7
10.9

-11.3
11.9
12.2
12.7
13.3
13.8

'14.5
-14'.8

Diameter
n Tm

0.0412
0.0298

-0.0246
-'''0.0215
-0.0155
0.0112
0.0083

'0.0060
-0.0042
0'.0027
0.0013
0.0009

Percent
finer
67.9
61.9
58.9
56.9
52.0
45.0
41.1
35.1
28.1
21.2
13.5
9.5

Fractional Components '

Gravel/Sand based on 14 sieve -
.!='n.PP4" J hm nn nn ' .. V: -
-- ,F *- W. Tr~ ---------v gg v; -

W'+ 3 in. = '0.0 k GRAVEL = 0.0'
* SILT = 72.7 --- % CLAY = 17.9 --- R

.~ . I

'SAND = 9.4
CLAY COLLOIDS = 10.4)

I I

D85=
D30=
Cc =

0.06: D60= .0.026 D50= ' 0.014
0.0047 D15=' 0.00150 D10_' 0.00097
'0.8610 Cu = 27.2270

. .

. .

I
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-

. . . .. .. . .
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PERMEAB I LI
TEST DATA:
Specimen Height (cm): 4.82
Specimen Diameter (cm): 6.17
Dry Unit Weight (pcf): 118.6
Moisture Before Test (%): 9.6
Moisture After Test (7.): 15.3
Run Number: 1 a
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.Q
Back Pressure(psi): 16.1
Diff. Head (psi): 10.9
Flow Rate (cc/sec):6.97 x 10--5
Perm. (cm/sec): 1.25x 10^-

TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 110

DEPTH: 230.0'
Visual Description: RED SILTY CLAY.

TR SAND
Remarks:

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content (7):

Percent Compacti6n:
Permeameter type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
2000000 100000 300000 400000

0

0
U

>

U

-J

0

0
-'

U.

0

0

-J

LU

m
0.

6

12

18

24

30

1 x 10--7

8 x 10-8

6 x 10-8

4 x 10^-8

2 x 10--8

I x 10-8

- -. - 1 .1- 1 1 1 1 _ _ I II

t>-ii-i--I-
X I I 1Xt 1 1 C I T .

__ ____A-_-______ _

0 40 80 120
HYDRAULIC GRADIENT - dH/L (cm/cm)

160

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS, NEW MEXICO File No.: 95042.10

Date: 12-12-97 Lab No.: 5

Tested by: JWM
PERMEABILITY TEST REPORT Cected by: WG

VEAVER BOOS CONSULTANTS , I NC. Test: CH - Constant head



---------------------------------------------- ----- ---- .

PERMEABILITY TEST DATA

= = = = = = = = = = = =================

PROJECT DATA

P---)ject Name:
e No.:

&roject Location:
Project No.:
Sample Identificati,

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698)
Opt. Water Content:
Date:
Remarks:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10 -

on: BORING: 110!-
DEPTH: 230.Oi
5
RED SILTY CLAY,
TR SAND
CORE

.112-12-97 '-

Permeameter Type:
Tested by:
Checked by:
,Test type:

FLEXIBLE WALL,
JWM .
WSG
CH - Constant.head

PERMEABILITY TESTSPECIMEN DATA

Before test: ; After test:

.iameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1 2 -
-- in ~ in

2.431 in in
in in

2.43 in 6.17 cm
. . . .

I . in
- in

2.456 in
in

2.46-in

3 1
in 1.873 in

1.87 in

2
in
'in
anI I in

6.24 cm

2
in

4.76 cm

1
1.899 in
1.90 in

2
in

4.82 cm

3

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.68
300.50
274.30

0.00
9.6 a-

118.6 pcf
* 0.2914

62.2 9a

316.30
274.30

0.00
15.3 9'
117.8 pcf
0.2961
97.5 t

1 WEAVER BOOS CONSULTANTS, INC. . DATA SET 6
… = = = _ = = = = = = = = = = = _ = _ = = = = = = = = = = = = = = = = = = = =



CONSTANT EEAD PERMEABILITY TEST CONDITIONS DATA

Cell No.: 5 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00
0.0 OC

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/15/97
12/15/97
12/15/97
12/16/97
12/16/97
12/16/97
12/17/97
12/17/97
12/17/97
12/18/97

.. 12/18/97
12/19/97
12/19/97

8:26:00
12:13:00
16:37:00
6:30:00

12:45:00
16:27:00
6:39:00

12:34:00
16:47:00
6:43:00

15:09:00
7:41:00

12:54:00

0
13,620
29,460
79,440

101, 940
115,260
166, 380
187, 680
202,860
253,020
283,380
342, 900
361, 680

27.0
27.0
27.0
27.0
* 27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

4.10
5.30
6.50

10.30
12.00
13.00
16.60
18.10
19.20
22.60
24. 60
29.00
30.30

84.70
83.70
82.60
79.10
77.60
76.70
73.20
71.80
70.80
67.40
65.40
61.20
59.90

0.00
1.10
2.25
5.90
7.50
8.45

12.00
13.45
14.5r
17.9G
19.90
24.20
25.50

Test Pressure = 27.0 psi Differential Head = 10.9 psi, 765.7 cm H20
Gradient = 1.588E 02 Flow rate = 6.970E-05 cc/sec R squared = 0.99986
Permeability, K27.0 0 = 1.466E-08 cm/sec, K200 = 1.247E-08 cm/sec

' 'E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET '



GRAIN SIZE DISTRIBUTION -TEST; REPORT
oC CC

C. 0.,
-~ ~ - -- , ~ o4 o .0 o -

100

90

80

70
hJ

Z 60
LL

Z 50
LU

Li 40
QL

30

20

10

INI I jj * I

* I
11:1 Id 1: [I It 1 A l

0
200 100 10.0 -1. 0

GRAIN
-O.t

SIZE - mmT
0.01 O.C

. .

lTestl7e +3"1 7. GRAVEL 1 % SAND - - I SILT . % CLAY
6 I 0.0 1.1 j 24.4 59.6 .14.9

LL P I D851 D60 D50 D3 0  D15 D 0 Ccd. CU
* _NA NA 0.1 7 0  0.°0357 0.0090 0.0020

_ MATERIAL DESCRIPTION . . USCS AASHTO

* RED SILTY CLAY. SOME SAND. TR FINE GRAVEL:' CL-

Project No.: 95042.10 Remorks:'-'
Project: LEA COUNTY LANDFILL BORING: 110

* Location: HOBBS. NEW MEXICO
DEPTH: 350.0'

Dote: 12-15-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: b

Date: 12-15-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

_========================================================================.-

Sample Data
__----__________________-___________-__________- _____________

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, SOME SAND, TR FINE GRAVEL
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ … - - - - - - - - - - - - - - - - - - - - - - -

Notes

Remarks: BORING: 110 DEPTH: 350.0'

Fig. No.:-
______________________________________________________________________________-

Mechanical Analysis Data
_________._____________________________________________________________________-

Initial
Dry sample and tare= 444.50
Tare = 0.00
Dry sample weight = 444.50
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
.Cumulative weight retained tare= 0

*e for cumulative weight retained= 0
sieve Cumul. Wt. Percent

retained finer
0.375 inches 0.00 100.0
* 4 5.00 98.9
# 10 5.20 98.8
* 20 1.10 96.7
# 40 2.10 94.7
# 60 4.20 90.5
* 100 .7.90 83.2
* 200 12.30 74.5

_______________________________________________________________________________

Hydrometer Analysis Data
___________________________________--__________________________________________

Separation sieve is number 10
Percent -# 10 based on complete sample= 98.8
Weight of hydrometer sample: 50
Calculated biased weight= 50.59
Automatic temperature correction

Composite correction at 20 deg C =-4

Meniscus correction only= 1



Specific gravity correction factors 0.970
Hydrometer type: 152H Effective depth L= 16.294964 - 0.164 x Rm

* Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0

1410.0
2850.0

Temp,
deg (
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.5
23.0
23.0
23.5

Actua,
: readil
.32.0
27.5
26.0
24.0
22.0
20.0
18.5.
16.0
14.0
12.0
10.0

... 9 .0

- Corrected
ag reading
--28.7
.24.2
22.7
20.7
18.7
16.7

-15.2

_12.7
10.8
8.7
6.7
5.8

KR'm Eff.
depth

0.0126 33.0 10.9
0.0126 28.5 11.6
0.0126 27.0. 11.9
0.0126. 25.0 12.2
0.0126. 23.0 12.5
0.0126 21.0 12.9
0.0126 19.5' 13.1'
0.0126 17.0 13.5
0.0126 15.0 13.8
0.0126 13.0' 14.2
0.0126 11.0' 14.5
0.0126 10.0 14.7

Diameter
mm-- -
0.0417

- 0.0304
0.0251

* 0.0221
.0.0158
-0.0113
0.0083
0.0060
0.0042
0.0026
0.0013
0.0009

Percent
finer
55.0
46.4
43.5
39.6
35.8
32.0
29.1
24.3
20.7
16.6
12.8
11.1

Fractional Components

'Gravel/Sand based on #4 sieve
Sand/Fines based;on #200,sieve-.;
+ 3 in. = 0.0 a GRAVEL= 1.1 SA4D =24.4

t SILT = 59.6 % CLAY = 14.9 (a CLAY COLLOIDS = 11.6)

D85= 0.17 D60= 0.048 D50= 0.036
D30= 0.0090 !D15=, 0.00203

. . I I . .

. 1. . .

I . . .

- . � .1 . 7 '

I

, . I

.:

.j
* , .



PERMEAB
TEST DATA:
Specimen Height (cm): 5.93
Specimen Diameter (cm): 6.15
Dry Unit Weight (pef): 106.8
Moisture Before Test (x): 13.4
Moisture After Test (7): 21.9
Run Number: 1 *
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Back Pressure(psi): 16.3
Diff. Head (psi): 10.7
Flow Rate (cc/sec):1.07x 10-v4-
Perm. (cm/sec): 2.4t x 10^-8

I LI TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 110

DEPTH: 350.0'
Visual Description: RED SILTY CLAY. SOm-

SAND.. TR FINE GRAVEL
Remarks:

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compaction:
Permeameter type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sea)
2000000 100000 300000 400000

0

-J

0

0

'a

-J

L.

6

1 2

18

24

�������1�…

- - t .�- -�- - - - - - - -

U
cii

I-

-J

M

a.

30

I x 10-7

8 x 10--8

6 x 10-8

4 x 10.-8

2 x 10.-8

I x 10^-8

0 35 70 105
HYDRAULIC GRADIENT - dH/L (cm/cm)

140

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS, NEW MEXICO File No.: 95042.10

Date: 12-11-97 Lob No.: 1

Tested by: JWM
PERMEABILITY TEST REPORT

Checked by: WSG
VEAVER BOOS CONSULTANTS, I NC. Test: CH - Constant head



E TTEST A -----------------------
PERMEABIL= YTEBST DATA

; Project Name:
*e No.:

k.,.oject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt.-Water Content:
Date:-
Remarks:

PROJECT DATA

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 110
DEPTH: 350.0'
1
RED SILTY CLAY, SOME
SAND, TR FINE GRAVEL
CORE

12-11-97

Permeameter Type: FLEXIBLE WALL
Tested by: JWM
Checked by: - WSG
Test type:- CH - Constant .head

-PERME-BILIT-A - - - - -- - - -

- ~PERMEABILI'TY TEST'SPECIMEN DATA

D i~ameter:
Top: -
Middle:
Bottom:
Average:

1 in

2.423 in

2.42 in

Before test:

2
- in

. -i ., . I

in
.1in .,.m ,

.6.15 cm ..

After test:
. . I I

Il -2
in

--2.408 in ;
in

2.41 in

in
. . iin,
.. : in

6.12 cm

Length:

Average:

1
2.334 in
2.33 in

2
in

5.93 cm

3 1
in 2.350 in

2.35 in

2
in

5.97 cm

3
ir

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.79
342.00
301.60

0.00
13.4 %

106.8 pcf
0.3870
59.2 %a

367.50
301.60

0.00
21.9 a
107.4 pcf
0.3836
98.0 a

… … .E. R- -B-. IN . T S - -4

( .E 1 WEAVER BOOS CONSULTANTS, INC. DATA SET 4
… .. =====================================



- - -

CONSTANT BEAD PERMEABILITY TEST CONDITIONS DATA

Cell No.: 1 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 0 C

0.0 psi
0. 0 psi

1.00
1.00

0.0 OC

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/-15/97
12/15/97
12/15/97
12/16/97
12/16/97
12/16/97
12/17/97
12/17/97
12/17/97
12/18/97
12/18/97

8:25:00
12:11:00
16:35:00
6:28:00

12:43:00
16:25:00
6:37:00

12:32:00
16:45:00
6:41:00

10:32:00

0
13,560
29,400
79,380

101, 880
115,200
166, 320
187, 620
202, 800
252,960
266, 820

27.0
27.0
27.0
27.0
*27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

5.50
7.50
9.50

15.40
18.00
19.50
25.00
27.20
28.80
34.00
35.40

83.60
81.90
80.10
74.40
72.00
70.60
65.30
63.10
61.60
56.50
55.10

0.00
1.85
3.75
9.55

12.05
13.50
18.90
21.10
22.6F
27.8C
29.20

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.274E 02 Flow rate = 1.075E-04
Permeability, K27.00 = 2.836E-08 cm/sec, K20 0

10.7 psi, 755.4 cm H20
cc/sec R squared = 0.99922
= 2.411E-08 cm/sec

- '.E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET ;



GRA I N. S I ZE D STR I BUT-I ON TEST REPORT
- .

C

C CC

V r.M
W

0 0reN 0 . .o 0_

100-

90

80

70

w
z 60
LL-

z 5 0

w 40

30

20

10

11IT ill

IN
Al

-I Id

. 'I'l'ri II .1 :

.-1 I" .I_
20I

. _ . ,

D 100 - 10.0 i _0

-GRAIN SLZE
_D_.1

- _f= - --. I

0.01
-fl-n

Testl%. +3 I1 % GRAVEL % SAND I V.SI LT - .CLAY
* 3 0.0 32.9 60.6 7.

_ LL .PI D85 * D0 D50 4D3 - 'Dls jjc Cu
* NA NA 7.O0 4.12 Z.3.23 1.16 ' 0.178 0.126 {.2.60} 32.7

MATER IAL DESCRIPTION . iUSC S AASHTO

* LIGHT PINK COARSE SAND.SOME-FINE GRAVEL.,-TR SILT - | s-#SM- A-1-a

Project No.: 95042.10 Remarks:
Project: LEA COUNTY LANDFILL BORING: B-111

Location: HOBBS. NEW MEXICO
S-35

Date: 1-30-98

.GRAI.N SIZE DISTR.IBUTION TEST REPORT

WEAVER BOOS CONSUT AT S V tC. F;gure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 3
…__ _ _ _ _ _ _ _ _ _ _ _ _-__ _ _ _ _-____-_ _ _ _ _ _ _ _ _ _

Date: 1-30-98
Project No.: .95042.10
Project: LEA COUNTY LANDFILL

… ======================= ===== = = = = = = _

…

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: LIGHT PINK COARSE SAND,SOME FINE GRAVEL,TR SILT
USCS Class: SW-SM Liquid limit: NA
AASHTO Class: A-1-a Plasticity index: NA

_______________________________________________________._______________________

Notes
_____________________________________________________________________________-

Remarks: BORING: B-111 S-35

Fig. No.

Mechanical Analysis Data __

Initial
Dry sample and tare= 192.90
Tare = 0.00
Dry sample weight = 192.90
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percenit.
retained finer

0.5 inches 0.00 .100A
!.375 inches 1.40 99.3
-4 4 -63.50 67.1
# 10 122.20 36.7
# 20 138.40 28.3
# 40 144.00 25.3

-# 60 153.00 20.7
# 100 169.60 12.1
# 200 180.40 6.5

…__ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
Fractional Components

Gravel/Sand .based on #4 sieve
Sand/Fines based on #200 sieve

+ 3 in.'= .0.0 a GRAVEL = 32.9 aSAND = 60.6
DEFINES = 6.5

D85= 7.00 D60= 4.116 D50= 3.232
D30= 1.1601 D15= 0.17762 D10= 0.12575
Cc = 2.6002 Cu = 32.7341



GRAIN SIZE DISTRIBUT4,N TEST .REPORT
C

C *' C Ili
C C C

. .,

100

90,

80

70

Li- zr-, o
Z360
LL

z 50
Li
(.M
w 40

30

0
a
N*

a to ° 8

V I- 1:

Kill
IIN I I--I

Rl .1

-2 A f% -1 fl% -1 el

20

10

0

4'uu . uv v.v~ * I .v u. 4

GRAIN SIZE - mm
W.wl . W.�

-

Test|7- +3" % GRAVEL % SAND X SILT | CLAY
*2 0.0 51.0 40.6 8.4

| LL Pl I D85 D 060 D 050 | D30 | D15 00 cc CU

* NA.. NA 8.51 5.68i 4.83 2.98 0.601- 10.153 10.22 37.,

MATERIAL DESCRIPTION USCS AASHTO

* ROSE & WHITE F/M GRAVEL & SAND.-TR SILT GP-GM' A-l-a

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 8-111
* Location: HOBBS. NEW MEXICO

S-39

Dote: 1-30-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER -BOOS CONSULTANTS, lNC. Figure No.



'2X.ft1±m U m±3uKrt-r'r L)AA ' Test 2o'-. 2
_________________--- - __---- - - - - - - - -----__ _- -____ -- - -- ____________-

Date: 1-30-98
Project'IM: '.3sZ:;O
Project: LEA COUNTY LANDFILL

Sample Data
_____________________________________________________________________________.

Location of 'Sample: HOBBS, 1W M-EXITU
Sample nascription.: ROSE & WHITE F/M GRAVEL & SAND, TR SILT
USCS Class: GP-GM Liquid limit: NA
AASHTO Class: A-1-a Plasticity index: NA

Notes

Remarks: BORING: B-111 S-39

Fig. No._

MechanitcI Arrlyss- Data

initial
Dry sampl-e and-tare-= 212.7T
Tare = 000
Dry sample weight = 212_70
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer.

0.75 inches o.000 100.0
.1.5 inches 6.80 96.8
J.375 inches 21.30 .90.0
4 4 108.50 49.0
4*10 165.90 22J.0
4 20 178.80 1.5.9
# 40 183.20 13 9
# 60 187.10 12.0

-4 100 191.60 9_9
.# 200 194.90 8.4

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on. #200 sieve
' + 3 in = 0.0 '1 GRAVEL = 51 .0 I SAND = 40 .6
a FINES = 8.4

D85= 8.51 D60= 5.682 D50= 4.831
D30= 2.9795 D5= Q.60117 mO' 0.1:5Z77
Cc = 10.2212 Cu = 37.1963



GRAIN SIZE DISTRIBUTION -TEST REPORT
. .. -...

. .

C~ C C

. "
I

Ci
C

C;- C;.

". Co

q0. W.'4 *q
0

o o

- ft -ft.o100

90

80

70
WLi

z 60
LL

z 50
Li
0

W 40
0-

30

20

10

HIT IA IA AI fIA ' l

0
uv .vww I v. v

.. ..

GRAIN
:U . §

q p -. mmn

V .V -

"-I"- �' -
ITestI7. +3"1 % GRAVEL I X-% SAND - | % SILT I X CLAY

*1 12 10.0 0.0 -1.4 I 60.9 37.7

-' I '' '_

LL Pi D85 | D60 | D50-| D30_J D | DIO C | Cu
* NA NA 0.03810.0014 0.0010 0.0009 0.34 6.2

If L U P1D I . _ _ _ _" _' . _ _ _ _ . ' . ' ' _ _

MATERIAL DESCRIPTION ,USCS . AASHTO

* RED SILTY CLAY. TR SAND - CL

Project No.: 95042.10 - -. .. Remarks:
Project: LEA COUNTY LANDFILL BORING: 111

Location: HOBBS. NEW MEXICO
DEPTH: 80.0'

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST LAXA lesc No.: iz
______________----___-__------_______------__________________________________.-

Date: 12-18-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_- _-_ _ _ _ _ _ _ _ _ _ _- _-_ _ _ _ _ _ _ _ _ _ _ _ _ _

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 111 DEPTH: 80.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 396.10
Tare = 0.00
Dry sample weight = 396.10
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight 50
Cumulative weight retained tare= 0
*e for cumulative weight retained= 0

.Sieve Cumul. Wt. Percent
retained finer

# 10 0.00 100.0
# 20 0.00 100.0
# 40 0.00 100.0
X 60 0.10 99.8
# 100 0.30 99.4
# 200 0.70 98.6

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.7
Specific gravity correction factor= 0.989
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Elapsed
time, min

C ', 1 0..,
2.0

. - ,3.0
4.0
.8:0

.16.0
' 30'.0

';60.0
125.0
330.0

1410.0
,--2850.0

Temp,
, deg (
23.5
23.5
23.5
23.5:
'23.5
23 .5
-23.5
24.0
24.0
24.0
24.0
24.0

Actual
reading

Correc
readir

49.5
47.0
45.0
44.0
43.0
:39.0
36.0
'32.0
'28.0
.23.0
'16.0,
7.0

46.8
44.3
42.3

* 41.3
40.3
36.3
33'.3

' ,29.'5
25.5
20.5
'13.'5
,4.5,

:ted x
Ig

0.0129
0.0129
0.0129.
0.0129
0.0129
0.'0129
'0.0129
0.0128
0.0128
0.0128
0.'0128
0.0128

Rm -Eff.

50:.5-
48.0
46.0-
45.0
44.0
40.0
37.0
33.0
29.0
24.0
17.0
8.0

depth
* 8.0'
8.4

-'8.8
.8.9

92.1
-9.7

;10.2
- 10.9
-11.5
* 12.4
.13.5
15.0

Diameter
,nmm
0.0365
0.0264
0.0220
--0.0192
'0.0137
0 .0100
0.0075
0. 0055

- 0.0039
.0.0025
,0.0013
0.0009

'Percent
finer
92.6
87.6
83.7
81.7
79.7
71.8
65.9
58.2
50.3
40.4 '
26.6
8.8

.

* ' Fractional--Components

Gravel/Sand based on #4 sieve;
Sand/Fines based on #200 sieve
a+3 'in. =, 0.0 GRAVEL = 0.0 SAND'= 1.4
a SILT = 60.9 a CLAY = 37.7 (,CLAY, COLLOIDS,= 13.7)

D85= , 0.02 D60= -0.006 D50= 0.004.
D30= -- 0.0014 D15= 0.00102 D1O= 0.00095
Cc = 0.3361 Cu'= 6.1589 ',

-
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GRAIN SIZE DISTRIBUTION TEST REPORT
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01L
200 100 10.0 1 .0

GRAIN
0.1

SIZE - mm
0.01

Test|7. +3" 7 % GRAVEL % SAND SILT 7. CLAY
*113 0.0 0.0 1.2 68.9 29.9

LL Pl D8 5  D6 0  D5 0  D3 0  D15  Dlo cc Cu

* NA NA 0.0041 0.0020

MATERIAL DESCRIPTION USCS AASHTO

* RED SILTY CLAY. TR SAND CL

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL BORING: 111

* Location: HOBBS. NEW MEXICO
DEPTH: 140.0'

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 13
____________---------_- ------------ _-----,--- ----- ------------ ________-

Date: :2-18-97 -

Project No. 95042.10-
fad Project: LEA COUNTY LANDFILL

._________________------------_----------------- --- -- --- _ _ _ _ _

Sample Data

Locationof Sample:, HOBBS, NEW MEXICO
Sample'Description: RED SILTY CLAY, TR SAND '- '!.

USCS Class:' CL Liquid limit:,NA
,.AASHTO Class: Plasticity index:'NA

-.-Notes.--
_____________________________________________________________________________.

Remarks: BORING: 111 DEPTH: 140.0'

Fig. No.:

.Mechanical Analysis -Data.-

Initial
Dry sample and tare= 456.80
Tare = 0.00
Dry sample weight = 456.80
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = So
( Cumulative weight retained tare= 0

' e for cumulative weight retained= 0
Sieve Cumul. Wt. Percent

retained finer
# 10 0.00 100.0
# 20 0.00. 100.0
# 40 0.00 100.0
# 60 0.10 99.8
# 100 0.30 99.4
# 200 0.60 98.8

_____________________________________________________________________________

Hydrometer Analysis Data
______________________________________________________________________________

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction oniy= 1
Specific gravity of solids= 2.7
Specific gravity correction factor= 0.989



Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0
330.0
1410.0
2850.0

Tempt
deg C
23.0
23.0
23.0
23.0
23.0
23.5
23.5
23.5
24.0
24.0
24.0
24.0

Actual
reading
51.0
49.0
48.0
47.0
45.0
42.0
38.0
33.5
27.0
20.5
13.0
10.5

Corrected
reading
48.2
46.2
45.2
44.2
42.2
39.3
35.3
30.8
24.5
18.0
10.5
8.0

0

0.0130
0.0130
0.0130
0.0130
0.0130
0.0129
0.0129
0.0129
0.0128
0.0128
0.0128
0.0128

Rm Eff.
depth

52.0 7.8
50.0 8.1
49.0 8.3
48.0 8.4
46.0 8.8
43.0 9.2
39.0 9.9
34.5 10.6
28.0 11.7
21.5 12.8
14.0 14.0
11.5 14.4

Diameter
mm
0.0361
0.0261
0.0215
0.0188
0.0136
0.0098
0.0074
0.0054
0.0039
0.0025
0.0013
0.0009

Percent
finer
95.3
91..
89.3
87.3
83.4
77.7
69.8
60.9
48.4
35.5
20.7
15.7

Fractional Components
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_-_-_-_ _ _ _- _ _ _ _ - _ -_-_ _ _ _ _ _ _ _ _ _ _ _ _

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in. = 0.0 e GRAVEL = 0.0 % SAND = 1.2
a SILT = 68.9 a CLAY = 29.9 (a CLAY COLLOIDS = 17.0)

D85= 0.02 D60=
D30= 0.0020

0.005 D50= 0.004



GRAIN.SIZE DISTRIBUTION TEST REPORT
C . .. . , . . ..

C £ C-..

'n -

Ci
.

CiC

oa 0 a0
-r .. .. w - *

-f Ift -f

o g
_ 14..00 "

100

90

80

70

Z 60
L.

z 50
w

w 40
a.

30

20

10 I17�'
1F�A IflA I A� A I A Al A A

0

uv I vu 4w.v a .vI J - . I

-GRA IN S IZE -. -mm

v.v .

Test7. +3" X GRAVEL I % SAND %SILT | ) CLAY

* 7 0.0 0.0 0.6 - 64.1 35.3

t .
|.t | Pl Dgs___ __-_- D50 |-D 3 0 D- D15  I 0o Cc Cu

j NA | NA 0OD00371L-°° 0.00141

_ _ I _ _ _ _ _ _ - -_ _ 1 _ _ _ _ _ ._-._

MATERIAL DESCRIPTION -USCS -AASHT

* RED SILTY CLAY. TR SAND CL

_ _ _ _ _ _ _:__ _ _-__ _ _-__ _.__ _ _-__ _ _.__ _-_ -. ::. .: - -

Project No.: 95042.10 - Remarks:-

Project: LEA COUNTY LANDFILL BORING: 111

* Location: HOBBS. NEW MEXICO
DEPTH: 200.0'

Date: 12-4-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.
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----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Date: 12-4-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data
…__ _ _ _ _ _ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _ _

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: Plasticity index: NA

Notes

Remarks: BORING: 111 DEPTH: 200.0'

Fig. No.:
______________________________________________________________________________

Mechanical Analysis Data

Initial
Dry sample and tare= 372.50
Tare = 0.00
Dry sample weight = 372.50
Sample split on number 10 sieve
Split sample data:

Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
-e for cumulative weight retained= 0
Aieve Cumul. Wt. Percent

retained finer
4 10 0.00 100.0
4 20 0.00 100.0
# 40 0.10 99.8
# 60 0.20 99.6
4 100 0.20 99.6
4 200 0.30 99.4

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.00
Automatic temperature correction

Composite correction at 20 deg C =-4.5

Meniscus correction only= 1
Specific gravity of solids= 2.77
Specific gravity correction factor= 0.974



- -- -- - - *--- a . - * - - - - ^ ^

* Elapsed
time, min

1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

125.0

Tempt Actual
deg C reading
23.0 51.5
23.0 49.0,,
23.0 48.0
23.0 47.0
23.0 45.0
23.0 42.0
23.0 39.0
23.0 35.0
230 30.0

Corrected
. reading
47.7
45.2
:44.2
43.2
41.2
38.2
35.2
31.2
26.2

K Rm Eff. Diamete
depth mm

0.0127 52.5 7.7 0.0352
0.0i27 50.0 8.1 0.0256
0.0127 49.0 8.3 "0.'0211
0.0127 148.0 8.4 0.0184
0.0127 46.0 8.8 0.0133.
0.0127 43.0 9.2 '0.'0097
0.0127 40.0' 9.7 "0.0072
0.0127 36.0 10.4 0.0053
0.0127 31.0 11.2 0.0038.

r Percent
finer
92.9
88.0
86.1
84.1
80.2
74.4
68.5
60.7
51.0

330.0 22.0 -24.5 20.4 0.0129 25.5 12.1 '.0.0025 39.8
1410.0 22.0 18.5 14.4 0.0129 19.5 13.1 0.0012 28.1
2850.0 23.0' 17.0 13.2 0.0127 18.0''13.3 0.0009' 25.7

Fractional Components

Gravel/Sand based on #4.sieve
Sand/Fines based on #200 sieve
% + 3 in. = 0.0 . GRAVEL.= 0.0 % SAND= 0.6-
% SILT 64.1 %V CLAY = 35.3 (%-CLAY COLLOIDS =26.4)

D85= 0.02 D60= 0.005 D50= 0.004 '-
fl< -- n nn l A

1.J1= U . UVV.L1
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PERMEAB I LI
TEST DATA:
Specimen Height (cm): 5.32
Specimen Diameter (cm): 6.15
Dry Unit Weight (pcf): 115.6
Moisture Before Test (%): 9.7
Moisture After Test (%): 17.1
Run Number: 1 0 2
Cell Pressure (psi): 30.0
Test Pressure(psi): 27.0
Back Pressure(psi): 16.1
Diff. Head (psi): 10.9
Flow Rate (cc/sec): 5.W x I0^-S
Perm. (cm/sec): i.it xo--s

TY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 111

DEPTH: 200.0'
Visual Description: RED SILTY CLAY.

TR SAND
Remarks:

Maximum. Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compaction:
Permeometer type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
2000000 100000 300000 400000

0

0
0

ta

-J

0

0>
D

4

8

12

16

- - -- 1 -

� �

0C.)

N.!

I

-J

m

Cd0

20

1 x 10--7

a x 10-8

6 x to--s

4 x 10--

2 x 10-8

1 x 10--8
0 40 80 120

HYDRAULIC GRADIENT - dH/L (cm/cm)
160

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-8-97 Lob No.: 3

Tested by: JWU
PERMEABILITY TEST REPORT

Checked by: WSG
VE-AVER BOOS CONSULTANTS, .INC - Test: CH - Constant head



PERMEABILITY TEST DATA
…P====…JCTA================… =

PROJECT DATA

Project Name:
.e No.:

_oject Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt.. Water Content:.
Date:
Remarks:

Permeameter-Type:
Tested by:-
Checked-by:
Test type:

-- - - - . - - -.-- - - -

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10 ;
BORING: 111
DEPTH: 200.0'
3
RED SILTY CLAY,
TR SAND
CORE

2-8-97 ; I..

FLEXIBLE WALL
31WM
WSG ;
CH - Constant head

PERMEABILITY TESTZSPECIMEN DATA
.. ~~ ~ ~~~~ . - .. . ..

Diameter:
Top:
Middle:
Bottom:
Average:

.1
in

2.420 in
in

2.42 in

Before

2

test: -

in
in
in

- - After test:.
.: . . . . .2

1 ;. . I . , .. .

~.2.
in in

2.431 in in
in in

2.43 in 6.17 cm6.15 cm

Length:

Average:

1
2.094 in
2.09 -in

2
in

5.32 cm

3 i
in 2.073 in

2.07 in

.2
in

5.27 cm

3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
*Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.77
320.70
292.30

0.00
9.7 a

115.6 pcf
0.3314
54.3 e

342.30
292.30

0.00
17.1 t

115.7 pcf
0.3307
95.9 k

. . . . . . . . ., , .. . . , . . . . , . .. .. , . . . . .. . _: - . I. . . . ~ . I . . -

* . . .. = === z

{; E 1. WEAVER BOOS CONSULTANTS, INC . - DATA SET 5
... = = = = ====================================



v't -C vAlAW .arJ.J6AJJ. A . A A A^ - _ A -

Cell No.: 3 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

30.0 psi
30.0 psi
1.00
1.00
27.0 0 C

0.0 psi
0.0 psi

1.00
1.00
0.0 OC

PERMEABILITY TEST READINGS DATA

CASE DATE
D X
S R

TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW
VOLUME-cc
AVERAGE

S X 12/i2/97
12/12/97
12/13/97
12/14/97
12/15/97
12/15/97
12/15/97
12/16/97

13:19:00
16:55:00
11:46:00
15:33:00
6:32:00

12:12:00
16:36:00
6:29:00

0
12,960
80,820

180,840
234,780
255, 180
271,020
321, 000'

27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

8.10
9.20

14.40
20.40
23.20
24.20
25.00
27.20

8 5- 40
84.20
79.60
74.10
71.40
70.50
69.90
67.80

0.00
1.15
6.05

11.80
14.55
15.50
16.20
18.35

:'t Pressure = 27.0 psi Differential Head = 10.9 psi, 763.8 cm H20
. Adient = 1.436E 02 Flow rate = 5.583E-05 cc/sec R squared = 0.99305
Permeability, K27.00 = 1.310E-08 cm/sec, K200 = 1.114E-08 cm/sec

P8 .E 2 WEAVER BOOS CONSULTANTS, INC. DATA SET c



GRA I N SIZE DISTRIBUTION TEST -REPORT
C C %,~ £

- s% 1 0- 0 0 0I
-f t f . - ft. -f

a 8
_ el

100

-.90

80

- 70

w
Z 60
LI-

I--
z 50

w 40

30.
20

20

10

*.AInn nA IA Al AA nA

0
2Cwv , vv av . w

GRAIN SIZE -.mm
v.v . v.v

[Testl7 +3"l X GRAVEL I % SAND I % SILT i % CLAY
* 14 0.0 . ! -7.2 51.0 . 41.8

| __ N-A --D 85  | 0 3 0  1D15  |Dlo Cc Cu

NA NA D 0.0038 ii L. H ..
|_ _ :_ -_ -,_ r -,_ _ _ _ _ -_ .-

MATERIAL DESCRIPTION _USCS :AASHTO

* RED SILTY CLAY. TR SAND - CL

Project No.: 95042.10 -. Remarks:

Project: LEA COUNTY LANDFILL BORING: 111

* Location: HOBBS. NEW MEXICO
DEPTH: 485.0'

Date: 12-18-97

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.



%Jr-l.lA 0f 1 n 1Jz1Lo ;zIU1-lV"MG I~zz sim t u Lbt "v.;
-_______________-------_ _- -- ---------- - - -__ _- __- ___------____________

Date: 12-18-97
Project No.: 95042.10
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: HOBBS, NEW MEXICO
Sample Description: RED SILTY CLAY, TR SAND
USCS Class: CL Liquid limit: NA
AASHTO Class: A-4 Plasticity index: NA

Notes

Remarks: BORING: 111 DEPTH: 485.0'

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 409.50
Tare = 0.00
Dry sample weight = 409.50
Sample split on number 10 sieve
Split sample data:
Sample and tare = 50 Tare = 0 Sample weight = 50
Cumulative weight retained tare= 0
e for cumulative weight retained= 0

.sieve Cumul. Wt. Percent
retained finer

# 4 0.00 100.0
# 10 0.10 100.0
# 20 0.90 98.2
# 40 1.50 97.0
# 60 2.10 95.8
# 100 2.80 94.4
# 200 3.60 92.8

Hydrometer Analysis Data

Separation sieve is number 10
Percent -# 10 based on complete sample= 100.0
Weight of hydrometer sample: 50
Calculated biased weight= 50.01
Automatic temperature correction

Composite correction at 20 deg C =-3.5

Meniscus correction only= 1
Specific gravity of solids= 2.75



lCydrometei ty&�- 152H Effective depth L= 16.294964 - 0.164 x Rm

Elapsed
time, ain

%.S 1.0
2.0
3.0
4.0
8.0

16.0
30.0
60.0

-125.0
'330.0
1410.0

'2850.0

Temp,
degC
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.5
24.0
24.0
24.'0
24.0

Actual
reading
46.0
43.5
42.0
41.0
39.0
36.0
33.0
31.0
28.0
25.'0
21.0
19.5

I. - ;.. . -,, -I .I .I,.I-. .

Corrected K Pm
readin '
43.2 0.0128 47.0
40.7 0.0128' 445-S
39.2 0.0128 43.0
38.2 0.'0128' 42.0
36.2 0.0128 40.0
33.2 0.0128 37.0
30.2 0.0128 34.0
28.3 0.0127 32.0
25.5 --0.0126- 29.0
22-.5 -0.0126 26.0
18.5 0.0126- 22.0
17.0 0.0126, 20.5

Eff. Diameter
depth Tmm
'8.6 0.0374'"
j 9.0 0.0271

) 9.2 0.0224
I 9.4'' 0.01.96

9.7 0.0141
10.2 0.0102
10.7. .0.0076

' 11.0 -0.0054
) 11.5 :0.0038-

)12.0 0.0024
) 12.7 '0.'0012

i12.9 0.0009

Percent
finer
84.4
79.6
76.6
74.7
70.8
64.9
59.0
55.4
49.8
43.9
36.1
33.2

Fractional Components

Gravel/Sand based on #4 sieve. -' ,, ,
Sand/Fines based on #2.00. sieve , ,A ; -

-Eyo + 3 in. = 0.0 .. w -RKAVEL- = -U.
SILT = 51.0O % CLAY = 41.8-

U - S1-ANDV- -7 -- --
(R CLAY COLLOIDS = 34.5)

0 .0 .0 4D85= 0.04 D60=

i .

.0.008 D50=
I

. - j

I

i



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
520 N. Mcigan Av. CicagoM IL 60611 . (312) 67-0041
1944 N. Griffth Ndo, Unit C, Grffith, IN 48319 - (219) 923-9609

WATER CONTENT DETERMINATION

Project LEA COUNTY LANDFILL
Location of Project HOBBS. NEW MEXICO
Description of Soil:_
Tested By: JM

Job No.: 95042.10
Date of Testing: 12 4-97 THROUGH 12-18-97
Date of Weighing:_

Boring No. 108 108 104 108 109 102 101

Sample No. 215' 100' 60.0' 150.0 120.0' 20.0' 20.0'

Container No. (cup) sS A AN AA AN A-12 A-12

Wt. of cup + wet soil 88.9 78.0 92.3 89.5 104.5 143.0 469.1

Wt. of cup + dry soil 82.7 67.9 84.7 82.2 97.3 138.5 451.6

Wt. of cup 14.7 15.1. 14.8 15.1 14.9 16.0 15.9

Wt. of dry soil 68.0 52.8 69.9 67.1 82.4 122.5 435.7

Wt. of water 6.2 10.1 7.6 7.3 7.2 4.5 17.t.

Water content (w)*% 9.1 10.9 10.9 8.7 3.7 4.0

Boring No.
Sample No.
Container No. (cup) _ L _

Wt. of-cup + wet soil

Wt. of cup + dry soil _

Wt. of cup

Wt. of dry soil

Wt. of water

Water content (w)* %

'w = (wt. of water/wt. of dry soil)1 00

Remarks:

CPreectsk\95042X1012watcon4s
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WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
520 N. Michigan Ame., Chcago~ IL 60611 a (312) 670-0041
1944 N. Griffh hd, Unit C, Grifft IN 46319* (219) 923-96-9

ORGANIC AND WATER CONTENT DETERMINATIONS
ASTM D2974

Project: LEA COUNTY LANDFILL
Location of Project: HOBBS, NEW MEXICO
Description of Soil:
Tested By: JM & WSG

.Job No.: 95042.10
Date of Testing: 12-16-97 THROUGH 12-18-97
Date of Weighing: '__
Oven Temperature: 60*C
Furnace Temperature: 440"C

MOISTURE CONTENT . -- -
BoringNo. - 111 - 103 104 | 1i1 | 110.- -| -_-_|

Sample No. 140.0' 5.0' 4.0' 485.0' 9 =

ContainerNo. (cup) 45 - 106 222 TZ 45 IT
Wt. of cup + wet soil 127.8 94.5 -118.9 98 188.1 - _-_IT

Wt. of cup + dry sol- 121.6 92.9 ;117.8 89.3 175.1 | -_-_-_|

Wt.of cup 48.7 51.4'' - 54.4 14.8 48.6 IT
Wt of dry soil 72.9 41.5 63.4 74.5 126.5 - ':_-

Wt.ofwater 6.2 1.6 -. 1.1 8.7 . 13 -

Water content (w)*% 8.5 '3.9 1.7 11.7.- 10.3 ________

ORGANIC CONTENT : . . .; -__-
Boring No. '111 103 104 - -111 - 110 -

Sample No. 140.0' 5.0' 4.0' - 485.0'- 90.0' - T 1 7
Container No. (cup) . 45 4106 222 . 190 - - 45 - |

Init. wt. of cup + oven dry'soll 121.6 92.9 - 117.8 - 126.9 175.1 .

Final wt. of cup + burnt soil 119.4 -92.5 117.4 124.3 169.9 .

Wt. of cup 48.7 551.4 54.4 52A -- 48.6 -

Wt. of oven dry soil 72.9 41.5 63.4 74.5 126.5 -

Wt.Loss ! 2.2 0.4 - 0.4 2.6 5.2 - _-

Organic content (LO1)-% 3.0 1.0 0.6 - 3.5 -- 4.1

*w = (wt. of waterlwL of dry soii)1 00
*LOI = (wt. loss/wt. of dry soil)*100

Remarks:

k-. -

cu^prqetes\042\1Ml2orwtrds
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WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
520 N Michigan Ame, Chicago. IL 60611 - (312) 670-0041
1944 N. Griffth Bi., Unit C. Grffth, IN 46319- (219) 923-9609

ORGANIC AND WATER CONTENT DETERMINATIONS
ASTM D2974

Project: LEA COUNTY LANDFILL
Location of Project- HOBBS, NEW MEXICO
Description of Soil:
Tested By: JM & WSG

Job No.: 95042.10
Date of Testing: 123-97 THROUGH 12-16-97
Date of Weighing:
Oven Temperature: 60'C
Furnace Temperature: 440tC

MOISTURE CONTENT
Boring.No. 109 108 111 110 110 '111

Sample No. 80.0' 60.0' 200.0' 350.0' 230.0' 80.0'

Container No. (cup) 190 106 45 45 106 190

Wt. of cup + wet soil 113.8 121.8 134.7 124.9 137.5 159.2

Wt of cup + dry soil 106.5 117.8 123.7 115.5 131.0 145.5

Wt of cup 52.4 51.4.' 48.7 48.7 51.4 52.4

Wt. of dry soil 54.1 66.4 75.0 66.8 79.6 93.1

Wt. of water 7.3 4.0 11.0 9.4 6.5 13.7

Water content (w)% 13.5 6.0 14.7 14.1 8.2 14.7

ORGANIC CONTENT

Boring No. 109 108 111 110 110 | 111 |_ l

Sample No. 80.0' 60.0' 200.0' 350.0' 230.0' 80.0'

Contairer No. (cup) *. 190 106 45 45 106 190

Init. wt.of cup + oven dry soil 106.5 117.8 123.7 115.5 131.0 145.5

Final wt.-of cup + bumt soil 103.0 117.1 121.4 113.6 129.4 140.6

Wt. of cup 52.4 51.4 48.7 48.7 51.4 52.4

Wt. of oven dry soil 54.1 66.4 75.0 66.8 79.6 93.1

Wt. Loss 3.5 0.7 2.3 1.9 1.6 4.9

Organic content (LOI)'% 6.5 1.1 3.1 2.8 2.0 5.3

*w = (wt. of watertwt. of dry soil)-100
LO01 = (wt. Iosstwt. of dry soil)'100

Remarks:

: .

;_;I

c\prCqoctS195042%10k12agwtr.,ds



WEAVER BOOS -CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
520 N. MIichim AW.. ChcAg IL 60811 * (312) 670-0041

- 44 N. Gfth BNi, Unt C. Gffith. IN 46319- (219) 923-96M

SPECIFIC-GRAVITY TESTS
ASTM D854

Project LEA COUNTY LANDFILL
Location of Project: HOBBS. NEW MEXI

Job No.: 95042.i -

-Date of Testing: 12-8-97 THROUGH 12-22-
-__-_- Date of Weighing:'_ ____

:CO.

Description of Soil:
Tested By: WSG

. I I i . . . .

z . I . I .

JarNo. -:'-- 1 2 3 4 5 1 1

Boring No. ; B B-1 09 B-Ill 8-110 - B-1 ll

Depth 60.0 ' 60.0' 80.0' 200.0' 350.0' 230.0' 80.0'

Oven Dry Wt. (A) g 130.6 117.8. 130.5 110.7 I113.7 112.6 111.0

Wt. Pycn & Water (B) g 1440.0 1440.Q 1440.0 1440.0 .1440.0 1440.7 1440.1

Wt. Pycn, Water & Soil (C) 9 1522.3 1514.5. 1521.6 1510.8 1512.9 1511.3 1510

TemperatureC- 23 23 23 23 23; 19.0 23.5

Temp. Correction (D) 0.9993 0.9993 0.9993 0.9993 0.9993' 1.0002 0.9992

s pecific Gravity 2.70 2.72 2.68 2.77 2.79 2.68 2.70

Jar No. 2 3- 4 5 - 1 _ ____'

Boring No. -B-111 B-104 B-111 B-103 B-110 T |
Depth' 140.0' 4.0' 485.0' 5.0' 90.0' -

Oven Dry Wt. (A) g 115.7 102.0 110.3 -81.3 -103.3

Wt. Pycn & Water'(B) g. 1440.1' 1440.1 1440.1 1440.1 1440;0 _

Wt. Pycn, Water & Soil (C) g 1513.0 1504.0 1510.3 1491.6 1505.6

Temperature °C 23.5 23.5 23.5 23.5 - 23.0

Temp.' Correction (D) 0.9992 0.9992 0.9992 0.9992 '0.9993

Specific GravitY 2.70 2.68 2.75 2.73 2.74

,.

SPECIFIC GRAVITY = A x D
Ze A+B-C

Remarks:

a~ce~5042Z10'pg.,ds
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GRAIN SIZE - mm
v . . v .v .

.,

iestl7. -+3- 7. GRAVEL I 7 SAND 7. SILT |7. CLAY
.1 18 0.0 I 0.0 95.7 4.3

|LL | Il D85 D60 | D50 | D30 | D75 D1o | Cc | Cu

*|NA | NA 0.258| 0.204 10.187 0.157 0.107 0.0902 1.34 2.3

MATERIAL DESCRIPTION USCS AASHTO

* REDISH BROWN SAND SP A-3

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL SAND i

* Location: HOBBS. NEW MEXICO
3.0' BGS

|Dote: 1-7-95

GRAIN SIZE DISTRIBUTION TEST REPORT

[ WEAVER BOOS CONSULTANTS, INC. Figure No. _



GRAIN SIZE DISTRIBUTION TEST DATA Test No.:
… __…_____

Date: 1-7-98 -

Project No.: -95042.10-
Project: LEA COUNTY LANDFILL

'- SamDle Data

Location of Sample:'HOBBS, NEW MEXICO
Sample Description: REDISH BROWN SAND
USCS Class: SP Liquid-limit:' NA
AASHTOClass: A-3 , Plasticity index::NA ,:

Notes…t

Remarks: SAND X1 3.0' BGS

Fig. No.:

Mechanical Ahalysis -Data'

Initial.
Dry sample and tare=' 423.80
Tare , 0.00,
Dry sample weight = 423.80 -
'Tare for cumulative weight retained= 0' ,

Sieve Cumul. Wt. Percenit:,,
. '~ ~. retained finer. ''

, ,0.00 ±uv..:
- 20 0.30 99.- -.
40 2.60 99.4

# 60 71.20 83.-2
# 100 318.10 24.9

- # 200. 405.40 -- 4.3 - -

Fractional Components

GraveliSandbasedon #4 'sieve
-Sand/Fines based-on #200-sieve '
a + 3'in.= 0.0 ' GRAVEL =.0.'0 '-SAND = 95.7
- aFINES = .4.3

D85= 0.26 D60;- 0.204 -D50= ''0.187
D30= 0.1567. D15=: .0.10715 Dl0=- 0.09016 -

Cc = 1.3351 Cu = 2.2620

.. :..
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4-

C C

r-
o 0 0 a

_ _ _0
.ft .~ -f

to g

100 . . .
- ...-.-- �*a*�-*-1-*r

90

80

70
c:

60

LA.

3G

z 50
w

20

C1
Li40

30

20

1 0

.....I - -

KII -�I F. --JH zi

\ u 14.'0 L III

200 100 10.0 1.0

GRAI N
0.1

SIZE - mm
0.01

%Test7. +3-1 7 GRAVEL | 7 SAND % SILT % CLAY
*1 16 0.0 0.0 95.4 4.6

LL | Pl D5 D6 0  D 5 0  D30 D1 5  D10 cc Cu

NA | NA 0.343 0.240 0.216 0.173 0..139 0.122 1.02 2.0

I_______ I -_______ -______ _______I ===______ ___________ _____ _ =_______ _____

MATERIAL DESCRIPTION USCS AASHTO

* RED SAND SP A-3

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL SAND 13

* Location: HOBBS. NEW MEXICO
SURFACE

Date: 1-7-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC Figure No.



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 16
___________-- - -- -- - -- - -- - -- - ------__ _ _-----__ _ _ _ _----------- --------- __ _

- Date: 1-7--98 , , * ,,
Project 'No.: 95042.10

1 >Project:'LEA COUNTY LANDFILL

Sample Data

Location ofSample': HOBBS, NEW MEXICO
Sample Description::RED SAND
USCS Class: SP , Liquid-limit:,NA'
AASHTO Class: A-3 Plasticity index. NA

.Notes
------ ----- ----- ------ ----- ----- ----_---_-----_----_---__---------------_- __ _ __ _

- Remarks:! SAND #3 SURFACE

NO.':
Fig. No.: - -' - -- I- - - , - - -

.Mechanical Analysis Data

Initial
- Dry sample and tare= - 418.'70
Tare 0.00 ,
Dry sample weight = 418.70
Tare for cumulative weight retained= 0

Sieve' CCumul. Wt. Percent.''-
retained ',finer '

( # 4 0.00 100.0
10 ' 0.30 99.9
20 ' 0.70 99.8

#-40 10.60 ' 97.5
# 60 152.50 63.6' ,
- 100 . 337.70 :19.3
# 200 399.60 - :4.6

Fractional Components

Gravel/Sand based on #4 sieve -
Sand/Fi~nes based on:#'200 sieve
' + 3-in.- 0.0 ' GRAVEL = 0.0 , SAND - 95.4
a FINES = 4.6

D85= .0.34 D60-' 0.240 -D50=. 0;216----
D30= 0.1732 'D15= 0.13868 D1O= '0.12218 '-
Cc-= 1.0233- Cu - 1.9634

S
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GRAIN
0.1

SIZE - mm
0.01

ITestI% +3 _ % GRAVEL % SAND I % SILT I CLAY
17 0.0 0.0 98.9 1.1j i~ ~ .
LL PI D85 D60 50 D 3  | 15 DD Cc c

*| NA NA NA 0.389 0.308 0.280 0.215 0.169 0.156 0.96 2.0

-I _ _ _ _ _ _II _ _ _~i _ __

MATERIAL DESCRIPTION USCS AASHTO

* RED SAND SP A-3

Project No.: 95042.10 Remarks:

Project: LEA COUNTY LANDFILL SAND #5

* Location: HOBBS. NEW MEXICO
SURFACE

Dote: 1-7-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No .



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 17

Date: 1-7-98
Project No.: 95042.10 - ,:,

Q Project: LEA COUNTY LANDFILL ,

Sample Data

.Location of Sample:'HOBBS, NEW MEXICO - -.

Sample Description:"RED SAND
USCS Class: SP Liquid limit: NA

---AASHTO Class: A-3 Plasticity index: NA
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _-__ _ _ _ _ _ _ _-___-__ _ _ _ _-_ _ _ __- _ _ _ _

Notes

-Remarks: SAND. #5 SURFACE

Fig. No.:,.. . ,.;- .. -

* . .- -.. .. Mechanical Analysis.Data -- --

-' Initial
Dry sample and -tare= -438.70
Tare = 0.00 ,
-Dry sample weight = 438.70
Tare for cumulative-weight retained=,. 0. -- -

Sieve Cumul. Wt. Percent,'
retained finer'

*-I Io 100.00 -1.00.0 .
20 0.60 ,99. ...

.. 40 24.40 94.4
# 60 266.30 39.3
r 100 . 406.60 . 7.3 .
u 200 434.00 ; 1 . 1  .

, , . .. .. Fractional Components -

Gravel/Sand based on #4 sieve
Sand/Fines based on- #200 sieve -
'i + 3 in. = 0.0 V GRAVEL = 0.0 SAND =98.9.
- FINES 1.1,

D85= 0.39 D60= 0.308 D50= 0.280 .

D30=- 0.2153 D15= 0.16904 D1O= 0.15649
Cc-= 0.9605 Cu-= 1..9702 :

. .. .-



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
200 S. KhbganAvLe., ChkaA IL 60604 - (312) 922-1030
' 944 N. Grflth Bhd., UrAi C. Grff4i. IN 46319 * (219) 923-0609

Constant Head Permeability Test (ASTM D 2434)

Project: LEA '
Location of Project:
Description of Soil:_

COUNTY LANDFILL
HOBBS. NM

Job No.: 95042.10
Date of Testing: JAN. 6. 1998 .
Tested By.: WSGRED SAND

Sample Reading Sampe Intormation Date Head Time Time Total time Total Flow K=(ClLyAht Average
Number Number Lengri. cm Area. crm2 Tested h. cm Start End L sac 0. ml cwVsec K

SAND 41 1 11.0 81:07 1/6/98 99.70 540 190 4.79E-04

3.0' BGS 2 11.0 81.07 16M 99.70 660 210 4.33E-04

3 11.0 81.07 1f6/98 99.70 600 180 4.08E-04

Average _4.40E__4

_ ______m

0pC:0CtM5G410-1--4



WEAVER BOOS CONSULTANTS, INC..
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
200 S. Michigan Ame. Chiago. IL 60604.- (312) 922-1030

C '1`44 N. GrifTdh Bhd.. Uni C. Griffith. IN 48319 * (219) 923-9609

Constant Head Permeability Test (ASTM'D 2434)

Project: - -LEA COUNTY LANDFILL
Location of Project: HOBBS, NM
Description of Soil: RED SAND

I .Jb o. 95042.'10-
. .. Date of Testing: -JAN. 6. 1998

I1 'Tested By.: WSG

Sample Reading Samiple blormatiowt Date Head rime Time Total tine Total Flow K- (QLY/Aht Average

Number Number Length. cm Area. cM2 Tested h. cm start *End. L sec 0. ml cm/sec K_____

SAND 03 1 10.0 81.07 lima8 99.70 30 110 4.54E-04 ______

SURFACE 2 10.0- 81.07 .1/6/98 99.70 :300 - .... SO-- -3.7IE.04 _____

3__ 10.0 81.07-- 1MOM9 99.70 - 3 8.5 - *3.51E-04 _____

Average ___ ___ - - -. ~3.92E.04

4 4. *-4-+ 4. 4. 4

______ I.______ I 9 - � AK. . .4>:>.. ___________

_____ j II _____ _____ _____ F - - -� I � ...I..-.-

c,.prcjects\9S042%¶0rcnh3.xls



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS
200 S. Kcnhigan Ave.. ChVcag. IL 60604 - (312) 922-1030
-944 N. Grffth Bhd.. Unit C. Griffith. IN 46319 - (219) 923-9609

Constant Head Permeability Test (ASTM D 2434)

Project: LEA COUNTY LANDFILL
Location of Project: HOBBS, NM
Description of Soil: RED SAND

Job No.: 95042.10
Date of Testing: JAN. 6. 1998
Tested By.: JWM

Sample Reading Sample hIformaton Date Head rime Time Total tme Total Flow K--(OLyAt4 Aveage
Number Number Leng. crm Area. rm2 Tested h. cm Start End t. se 0. mt cmlwc K

SAND X5 1 10.0 81.07 1/6/98 99.70 540 180 4.12E.04

SURFACE 2 10.0 81.07 1/6/98 99.70 540 170 3.89E-04

_-3 10.0 81.07 1/6/98 99.70 540 165 3.78S-04

Average 3.93E-04

______ _______ ==______ ______ _____ _ _

c:9prcits\95042\10c 5nhdS.s



GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE - mm -
v.v |

r_� -, _� ,
fTestI% +3"t % GRAVEL I % SAND = 1. % SILT r. CLAY1

0 5 0.0 0.0 98.0 0 2.0

|_LL | PI_| D85 |_ D60| D50 D3O D15  D*10  Cc- _ C_

*_|_| _|0.349 0.244 0.218 0.175 -0.144 0.1 12 1.13 12.2

I I I I . I . I L ,. 1 . I _ _

MATERIAL DESCRIPTION USCS | AASHTO

* REDDISH BRN SAND. TR SILT SP | A-3

Project No.: 0016-02-05 Remarks:

Project: LEA COUNTY LANDFILL SAMPLE: 1A

* Location: LEA COUNTY. ILLINOIS

UNWASHED

BORING: 500S OW

Dote: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

-WEAVER BOOS CONSULTANTS, INC. Figure No. _



-- - - - - -- - - --== =5= =----- --- ______

GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 5
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _

Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

_ _ _ _ _ _ _ _ _ _ _ _ -- -_-- _ _ _ _

Sample Data

Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP Liquid limit:
AASHTO Class: A-3 Plasticity index:

Notes

Remarks: SAMPLE: 1A UNWASHED
BORING: 500S OW

Fig. No.

Mechanical Analysis Data

Initial
Dry sample and tare= 323.20
Tare = 0.00
Dry sample weight = 323.20
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
4 0.10 100.0

a 10 0.30 99.9
# 20 6.80 97.9
# 40 7.20 97.8
# 60 121.50 62.4
# 100 272.50 15.7
# 200 316.80 2.0

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve

+ 3 in. -= 0.0 a GRAVEL = 0.0 a SAND = 98.0
a FINES = 2.0

D85= 0.35 D60= 0.244 D50= 0.218
D30= 0.1754 D15= 0.14421 D1O= 0.11194
Cc = 1.1285 Cu = 2.1752



GRAIN SIZE DISTRIBUTION TEST REPORT-
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GRAIN SIZE - mm

_ . ,

fTestl% +3"1 % GRAVEL I ISAND -| % SILT I % CLAY |
6 0.0 0.2 95.7 ' - 4.1

| LL PI D8 5  D6 0  D50 D3 0  D1 5 -, *D1 0  | _Cc_ | Cu1 0.308 0.220 0.200. |0.163 j0.132 0.117 | 1.03 1.9

MATERIAL DESCRIPTION USCS -.- AASHTO

* REDDISH BRN SAND. TR SILT SP A-3

Project No.: 0016-02-05 Remarks:

Project: LEA COUNTY LANDFILL SAMPLE: 2A

| Locotion: LEA COUNTY. ILLINOIS
UNWASHED

BORING: SOOS 210W

Dote: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No. _



GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 6
___- _________________-_______-_-_ _______

Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP Liquid limit:
AASHTO Class: A-3 Plasticity index:

Notes

Remarks: SAMPLE: 2A UNWASHED
BORING: 500S 210W

Fig. No.:

Mechanical Analysis Data

Initial
Dry sample and tare= 312.90
Tare = 0.00
Dry sample weight = 312.90
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
4 0.50 99.8

* 10 0.70 99.8
# 20 1.30 99.6
X 40 7.50 97.6
# 60 88.20 71.8
1 100 241.30 22.9
# 200 300.10 4.1

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
a + 3 in.0= 0.0 a GRAVEL = 0.2 a SAND = 95.7
a FINES = 4.1

D85= 0.31 D60= 0.220 D50= 0.200
D30= 0.1633 D15= 0.13213 D10= 0.11722
Cc = 1.0328 Cu = 1.8793



GRAIN SIZE DISTRIBUTION TEST REPORT
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j 00 9 0.0-- 8.0

.1 - lo C , ,. .u

| LL | PI D85 | D60  @ s D3Q '| 015 | 010 l cI|-c1 0.284: 0.209 0.190 0.155 0.120 0.0986 1.16:- 2.1
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MATERIAL DESCRIPTION U . :SCS 1 AASHTO

* REDDISH BRN SAND. TR SILT SP-SM A-3

Project No.: 0016-02-05 Remarks:

Project: LEA COUNTY LANDFILL SAMPLE: 3A

* Locoaton: LEA COUNTY. ILLINOIS
UNWASHED

BORING: 500S 700W

Date: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.
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GRAIN SIZE DISTRIBUTION TEST DATA Test No.: 7
___---____________ -______ -_ -___-_____________- _________________
Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

Sample Data
___--------______-____-_______
Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP-SM Liquid limit:
AASHTO Class: A-3 Plasticity index:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- - - - - - - - -_- -_- -__,_-- -_ _- -_ _ _ _ _ _ _ _ _ _ _ __-- - - -

Notes

Remarks: SAMPLE: 3A UNWASHED
BORING: 500S 700W

Fig. No.:-

Mechanical Analysis Data

Initial
Dry sample and tare= 298.20
Tare = 0.00
Dry sample weight = 298.20
Tare for cumulative weight retained= 0'

Sieve Cumul. Wt. Percent.
retained finer

# 4 0.00 100.0
10 0.50 99.8
20 0.90 99.7

# 40 4.70 98.4
# 60 69.20 76.8
# 100 216.40 27.4
# 200 274.30 8.0

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines based on #200 sieve
% + 3 in. = 0.0 t GRAVEL = 0.0 % SAND = 92.0
a FINES = 8.0

D85= 0.28 D60= 0.209 D50= 0.190
D30= 0.1545 D15= 0.11995 D1O= 0.09863
Cc = 1.1574 Cu = 2.1208



GRAIN SIZE DISTRIBUTION TEST, REPORT
C
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MATERIAL DESCRIPTION - USCS AASHTO

* REDDISH BRN SAND. TR SILT SP-SM A-3

Project No.: 0016-02-05 Remarks:

Project: LEA COUNTY LANDFILL SAMPLE: 4A

* Location: LEA COUNTY. ILLINOIS
UNWASHED

BORING: 500S 1200W

Dote: 7-21-98

GRAIN SIZE DISTRIBUTION TEST REPORT

WEAVER BOOS CONSULTANTS, INC. Figure No.

( . -.I.



KAIV bIZUS VIsrKTkBUT-UN *TES' LDArA 'rest Vo.: 8
__________________---_ _ _--- - - - - -- - - ----_ _-_----_ _ _ _ _ _- --- _- _ _ _ __ _ _ _ _ _.-

Date: 7-21-98
Project No.: 0016-02-05
Project: LEA COUNTY LANDFILL

Sample Data

Location of Sample: LEA COUNTY, ILLINOIS
Sample Description: REDDISH BRN SAND, TR SILT
USCS Class: SP-SM Liquid limit:
AASHTO Class: A-3 Plasticity index:

Notes
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- - - - - - -_-_- -_ _ _ _ _ _ __-- - - _ - -_ -_ _ _ _ _ _ _ _ _ _ __-- - -

Remarks: SAMPLE: 4A UNWASHED
BORING: 500S 1200W

Fig. No.:

-. Mechanical Analysis Data

Initial
Dry sample and tare= 319.40
Tare = 0.00
Dry sample weight = 319.40
Tare for cumulative weight retained= 0

Sieve Cumul. Wt. Percent
retained finer

0.375 inches 0.00 100.0
7 4 0.40 99.9

10 0.70 99.8
# 20 1.70 99.5
# 40 7.60 97.6
# 60 85.40 73.3
# 100 248.40 22.2
X 200 300.00 6.1

Fractional Components

Gravel/Sand based on #4 sieve
Sand/Fines-based on #200 sieve
a + 3 in. = 0.0 a GRAVEL = 0.1 a SAND = 93.8
ak FINES = 6.1

D85= 0.31 D60= 0.219 D50= 0.198
D30= 0.1620 D15= 0.10952 D10= 0.08800
Cc = 1.3630 Cu = 2.4860



WEAVER BOOS AND GORDON, INC.- . -
>, ENVIRONMENTAL AND GEOTECHNICAL ENGINEERS

.

200S. higanAve, Chia, IL 60604 *(312) 922-1030
1944 N. GrtTSh Blvd. Uni C. Gdtrith. IN 46319- (219) 923-9

Constant Head Permneability Test (ASTM D 2434)

Project: Lea County Landfill

Location of Project Lea County, Ilinols

Description of Soil: Reddish Bm Sand, TR Sit

Classification: Uscs: SP AASHTO: A-3

Remarks: Sample: I Washed

Boring: 500S OW

Job No.: 0016-02-05o

Date of Testing: 7-17-98.

Tested By.: JWM

Sample RseVg Sim* kdoT-tioon DW* Heed Two TMe ToWe tme Toul Flow K-(QLYAM AV-wo

Number Number Length. ar k. m2 Tested b. cm Start End t. sac 0. mnd cm/sec K

1 7.0 20.27 7117198 119.00 .300 690 6.67E-0

2 7.0 20.27 7/17198 119.00 40 _ 1570 5.42E-03 :

3 7.0 20.27 7117198 119.00 . - 360 695 4.80E-03

= 4 '7.0 20.70 7/17t98 119.00 420 650 4.40E-03

Avege _ . - -- . . 5.32E-03

I . . I : -, .

;,!. , . I I

'. . I I. - .. I
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1 * .
TEST DATA:
Specimen Height
Specimen Daamete
Dry Unit Weight
Moisture Before
MoiSture After I

PERMEABILI TY TEST REPORT
SAMPLE DATA:

(cm): 7.29 Sample Identification: BORING: 111
tr (cm): 6.07 DEPTH: 80.0'
(pcf): 114.7 Visual Description: RED SILTY CLAY. TR
Test (%): 15.9 SAND
.est (7.): 23.7 Remarks:

1
Run Number: 1 *
Cell Pressure (psi): 36.0
Test Pressure(psi): 27.0
Back Pressure(psi): 16.0
Diff. Head (psi): 11.0
Flow Rate (cc/sec):i.-.36 10--s
Perm. (cm/sec): 3.78x iO--9

Maximum Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compaction:
Permeameter type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
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\.*. 1

Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-16-97 Lab No.: 2

Tested by: JWU
PERMEABILITY TEST REPORT Checked by: WSG

VEAVER BOOS CONSULTANTS, INC. Test: CH -Constant head



- - =- ---------------------- - ------- - - - -

PERMEABILITY T3ST DATA
== = == = = == = = == = = == ==…= = = = ======= =

C -ect Name:

T -No.:

i ject Location:
Project No.:
Sample Identificati,

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698)
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

PROJECT DATA

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10

on: BORING: 111
DEPTH: 80.0'
2
RED SILTY CLAY, .TR
SAND
CORE

*12-16-97

FLEXIBLE WALL
JWM - .
WSG
CH - Constant head

- PERMEABILITY TEST SPECIMEN DATA

Before test: - After test:

--a~meter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

I
.in

2.389 in
in

2.39 in

1
2.870 in
2.87 in

2 - I - 1

in
> . . .

.L.L4I.

in -I

6.07 cm .'

in
2.510 in-

I . .. X. in
25 in

2.51 in

2
in
in

. . in
6.38 cm

2
in

7.36 cm

2
in

7.29 cm

3 1
in 2.898 in

2.90 in

3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.70
448.90
387.40

0.00
15.9 a

114.7 pcf
0.3194
91.3 %a

479.40
387.40

0.00
23.7 'g

102.9 pcf
0.3894
100.5 a

r 1 -WEAVER BOOS CONSULTANTS, INC. DATA SET 8
… ====================================



CONSTANT READ PERMEABILITY TEST CONDITIONS DATA

Cell No.: 2

Run Number:

Panel No.: Positions:

21

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

36.0 psi
35.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00
0.0 'C

PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

FLOW.
VOLUME-cc
AVERAGE

S X 12/23/97
12/23/97
12/23/97
12/24/97
12/24/97
12/24/97
12/26/97
12/26/97
12/27/97
12/29/97
12/31/97

13:03:00
14:02:00
17:03 :00
7:48:00
12:10:00
13:30:00
8:39:00

13:37:00
13:08:00
6:16:00
8:03:00

0
3,540

14,400
67,500
83,220
88, 020

243,360
261,240
345,900
493,980
673,200

27.0
27.0
27.0
2.7.0
2?7.0

.27.0
27.0
27.0
27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

7.80
8.30
9.20

11.80
12.20
12.30
15.80
15.90
16.60
18.00
19.20

77.50
77.00
76.30
74. 60
74.20
74.10
71.80
71.70
71.00
69.80
68.80

0.00
0.50
1.30
3.45
3.85
3.95
6.85
6.95
7.65
8.95

10.05

Test Pressu-e = 27.0 psi Differential Head = 11.0 psi, 770.1 cm H20
Gradient = 1.056E 02 Flow rate = 1.359E-05 cc/sec R squared = 0.88804
Permeability, K27.00 = 4.449E-09 cm/sec, K200 = 3.783E-09 cm/sec

P- 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 8
=~~~ ~ ~~~~~~~~~~~~~~~~~~~~~ ~ -s - - - - - - - - - - - - - - -
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PERMEAB I

TEST DATA:
Specimen HeIght (cm): 6.79
Specimen Diameter (cm): 6.20
Dry Unit Weight (pcf): 118.0
Moisture Before Test (7): 11.0
moisture After Test (,.): 17.0
Run Number: 1 S

Cell Pressure (psi): 38.0
Test Pressure(psi): 27.0
Sock Pressure(psi): 15.9

Diff. Head (psi): 11.1
Flow Rate (cc/sec):l . to--
Perm. (cm/sec): 3.52 x l0--9

LITY- TEST REPORT
- iSAMPLE DATA:

Sample ldentification: BORING: .111
- DEPTH: 140.0'

Visual Description: RED SILTY CLAY, TR
SAND

Remarks: -

2 A
Maximum Dry Density (pcf):
Optimum Moisture Content (Z):

Percent Compaction: .
Permeometer type: FLEXIBLE WALL
Sample type: CORE

0 250000
TIME - t (sec)

500000 750000 1000000
0
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*I I I I.I11 1 7 IL L

0 30 60 90
HYDRAULIC GRADIENT - dH/L (cm/cm)

120

Project: LEA COUNTY LANDFILL ^- Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

Date: 12-16-97 Lob No.: 3

Tested by: JWM
PERMEABILITY TEST REPORT ecked by: WG

Checked by: WSG

VEAVER BOOS CONSULTANTS, I NC. .Test: CH - Constont heod
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PERMEABILITY TEST DATA
= P=R=J=C= == ==T

PROJECT DATA

P- Iect Name:
t ^No.:

Project Location:
Project No.:
Sample Identification:

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks:

Permeameter Type:
Tested by:
Checked by:
Test type:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: 111
DEPTH: 140.0'
3
RED SILTY CLAY, TR
SAND
CORE

12-16-97

FLEXIBLE WALL
.JWM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA
,. . . .I

Before test: After test:

.uameter:
Top:
Middle:
Bottom:
Average:

Length:

1
in

2.440 in
in

2.44 in

1
2.675 in
2.68 in

2
in
in
in

6.20 cm

1
in

2.463 in
in

2.46 in

i
in 2.690 in

2.69 in

2
in

-6.79 cm

3

Average:

2
in
in
in

6.26 cm

2
in

6.83 cm

453.20
387.30

0.00
17.0 a

115.1 pcf
0.3170
99.0 a

in
3

Moisture, Density and
Specific Gravity:
Wet-Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.: I
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.70
430.00
387.30

0.00
11.0 a

118.0 pcf
D.3002

69.4 a

P. 1 - WEAVER BOOS CONSULTANTS, INC. DATA SET 9
… = = = = = = = = = = = = = = = = = = = = =



CONSTANT HEAD PERMZABILITY TEST CONDITIONS DATA

Cell No.: 2

Run Number:

-Panel No.: Positions:

: 21

Cell Pressure: --
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

38.0 psi
35.0 psi
1.00
1.00
27.0 OC

0.0 psi
-0.0- psi
1.00
1.00

0.0 'C

PERMEABILITY TEST READINGS DATA
. I

CASE
D X
S R-

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN - OUT

FLOW
VOLUME-cc
AVERAGE

S X -12/23/97-
12/23/97
12/24/97 -
12/24/97
'12/24/97
12/26/97
12/26/97
'12/27/97
12/29/97
12/31/97

14:03:00
17:04:00
-'7:49:00.
12:11:00
13:31:00
8:40:00

13:38:00
13:09:00
6:17:00
8:04:00

0
10,860
63,960
79,680
84,480

239, 820
257,700
342,'360
490,440
669, 660

--27.0
'27.0

27.0
'27.0
-27.. 0'
- 27.0
* .27.0
'27.0,

'27.0
27.0

17.0
17.0
17.0
17.0
17.0
'17.0
17.0
17.0

* 17.0
17.'0

5.70
6.10
7.00
7.40
7.'50
9.60

10.00
11.00
.13.00
15.'20

83.10
83 .00
82.20
81.80
81."70
79.60
79.20
78.00
75.60
73.00

0.00
0.25
1.10
1.50
1.60
3.70
4.10
5.20
7.40
9.80

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.151E 02 Flow rate ='1.'439E-'05
Permeability, K27.00 = 4.143E-09 cm/sec, K20 0

11.1 psi,' 782.3 cm-H20
cc/sec R squared = 0.99888
= 3.523E-09 cm/sec

... . . .. ..i
. I

I. j

I I

. I

*, . . .v

s '2''' '- WEAVER BOOS CONSULTAflTS, INC. DATA SET 9
… -=====================================…_, . . . ..



PERMEAB
TEST DATA:
Specimen Height (cm): 7.43
Specimen Diameter (cm): 5.99
Dry Unit Weight (pcf): 108.6
Moisture Before Test (%): 14.6
Moisture After Test (%): 24.7
Run Numoer: 1 *
Cell Pressure (psi): 39.0
Test Pressure(psi): 27.0
Bock Pressure(psi): 15.9
biff. Head (psi): 11.1
Flow Rote (cc/sec):.54 u 10--b

Perm. (cm/sec): 2.73 z 1-9

ILITY TEST REPORT
SAMPLE DATA:
Sample Identification: BORING: 11t

DEPTH: 485.0'
Visual Description: RED SILTY CLAY.

SAND
Remarks:

TR

Maximum Dry Density (pcf):
Optimum Moisture Content (%):

Percent Compaction;
Permeameter type: FLEXIBLE WALL
Sample type: CORE

TIME - t (sec)
5000000 250000 750000 1000000'

0

U
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90
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Project: LEA COUNTY LANDFILL Project No.: 95042.10

Location: HOBBS. NEW MEXICO File No.: 95042.10

-Dote: 12-16-97 Lob No.: 4

_ Tested by: JWM
PERMEABILITY TEST REPORT Ceced by: JWS

Checked bC : WSG I

VEAVER -BOOS CONSULTANTS.. I NC. Test: CH -Constont head
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PERMEABILITY TEST DATA
=====RC= = = = = = = = = ==

PROJECT DATA

sect Name:
! No.:
inject Location:
Project No.:
Sample Identification

Lab No.:
Description:

Sample Type:
Max. Dry Dens.:
Method (D1557/D698):
Opt. Water Content:
Date:
Remarks: -

Permeameter Type:
Tested by:
Checked by:
Test type:

1:

LEA COUNTY LANDFILL
95042.10
HOBBS, NEW MEXICO
95042.10
BORING: Ill
DEPTH: 485.0'
4
RED SILTY CLAY, TR
SAND
CORE

*12-16-97

FLEXIBLE WALL
JWM
WSG
CH - Constant head

PERMEABILITY TEST SPECIMEN DATA

Before test: After test:

Diameter:
Top:
Middle:
Bottom:
Average:

Length:

Average:

1
in

2.360 in
-in

2.36 in

1
2.925 in
2.93 in

2 '1 I
in
in - -

.in
5.99 cm -

in
- 2.430 in

in
2.43 in

2
in
in
A n

6.17 cm

2
in

7.42 cm

2
in

7.43 cm

3 1
in 2.922 in

2.92 in

3
in

Moisture, Density and
Specific Gravity:
Wet Wt. & Tare:
Dry Wt. & Tare:
Tare Wt.:
Moisture Content:
Dry Unit Weight:
Porosity:
Saturation:

Sample Parameters:
2.75
418.00
364.70

0.00
14.6 ai

108.6 pcf
0.3675
69.2 a

454.80
364.70

0.00
24.7 .

102.5 pcf
0.4028
100.7 %

T 1. -1 - WEAVER BOOS -CONSULTANTS, INC. DATA SET 10
…------==



CONSTANT HEAD PERMEABILITY TEST CONDITIONS DATA

Cell No.: 4 Panel No.: Positions:

Run Number: 1 2

Cell Pressure:
Saturation Pressure:
Inflow Corr. Factor:
Outflow Corr. Factor:
Test Temperature:

39.0 psi
35.0 psi
1.00
1.00
27.0 OC

0.0 psi
0.0 psi

1.00
1.00
0.0 OC

___________________________________E__ME____ILIT____TEST_________I__G____D__TA
PERMEABILITY TEST READINGS DATA

CASE
D X
S R

DATE TIME ELAPSED
(24 hr) TIME-sec

GAUGE
PRESSURE-psi
IN OUT

BURET
READING-cc
IN OUT

S X 12/2-3/97
12/23/97
12/23/97
12/24/97
12/24/97
12/24/97
12/26/97
12/26/97
12/27/97
12/29/97

- 12/31/97

13:04:00
14:03:00
17:04:00
7:49:00

12:11:00
13:31:00
8:41:00

13:39:00
13:09:00
6:18:00
B:04.:00

0
3,540

14,400
67,500
83,220
88,020

243,420
261,300
345,900
494, 040
673,200

27.0
27.0
27.0
27.0
27.0
27.0

* 27.0
.:/.27.0

27.0
27.0
27.0

17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0

7.70
7.90
8.60

10.00
10.30
10.40
12.00
12.20
13.00
13.80
14.70

..

84.40
84.2P
83.90
83.00
82.70
82.60
80.80
80.60
79.70
78.90
77.80

FLOW
VOLUME-cc
AVERAGE

0.00
0.20
0.70
1.85
2.15
2.25
3.95
4.15
5.00
5.80
6.80

Test Pressure = 27.0 psi Differential Head =
Gradient = 1.054E 02 Flow rate = 9.538E-06
Permeability, K27.0 0 = 3.208E-09 cm/sec, K200

11.1 psi, 782.7 cm H20
cc/sec R squared = 0.93547
= 2.728E-09 cm/sec

?A'7-'.. 2 WEAVER BOOS CONSULTANTS, INC. DATA SET 10
== h = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTAL AND GEITECHNICAL.tGINEERS
0 S2.00 I; L G.4-. (312)=9-1
AA4 N. Grdfi3. UraC.GtfWL IN 46319 -*C

Constant iead Permneability Test iASTMD 2434)-

Project L.EA COUNTY LANDFILL
Location' of Project HOBBS. NM
Description of Soil:_
Boring No.: BI0y

. . . .

- Job No.: 95042.10
--__-__ Date of Testing; JAN. 28, 19 98

:Tested By.: JWM

Sampla .Readkng sampw h*omsfiaa Dfta - tad, 'mg IMM tm~ e Total Fkw KmQ~yAM Average

Niumber Number Leng ern Akea. c2 Tested K-On ewat EsM t see 0. ml afkhm ______

39 1 7.0 20.2 112Mi8 12lZ - 300 385 3-64E-03 _____

_ __ 2 7.0- 20.27 1r2868W -. .42 410 - 2.77E-03 ____

*3 7.0 .20.27 I2M8* IZI.-* -6296 .2..2E-03

_ _ _ _ A w raa _ _ _ _ - _ _ _ - - - -

C~recfts95cO4TMOSL1,)&



WEAVERBOOS.CONSJLTAUITSs JNC.
ENVRONMELAL.ANDGEOECHNI'_ .-

.200 S VdAva=ic L0 (312) * 2Ott

14 N GrhfilhB d. Ur*C. Gr. IN 46319* (219Y-wa

Constant-Head-Permeability Test (ASIIQ2434

Project LEA COUNTY LAND
Location ofPeroect. HOBBS. NM
Descrinprt of Sa-.
Boring No11a I1

FILL Job No.- 95042.10
Date of Tesr n JAN. 28. 1998
Tested Sy.: -JWM-

Sample Rwdi Smpl&WwmmA= De* Hed r=4 Tme Tctgtm Totl Fkw K.(QL3 Amag*
Number th Lyon Ln rm 2 TAm esut , . .Rt Et__-__ .m l _Arc

39 - 7.0 .20.27 ' 1-/ I-= -60 . 410 1.M _.

2 7.0 .27 1- - .t'" - 0 350 1-51 _-_._.:

3 7.OL 2.27 &28. I2t.. 720. 325 _ __._ .

A:_a-e _ __=_

capqectwY-l:3wm "



WEAVER BOOS CONSULTANTS INC.--
ENVIRONMENWALAND GEMECHNICAL ENGINEERS

( S. 200 S. P;chgz. C IL80604 . (312) 922-13
-; 44K Grfl .L, Un4C, 6, 46319 . (219}3O=

Constant Head Permeability Test (ASTI D 2434)

.I.

Project , LEA COUNTY LANDFILL
Location-of Project: HOBBS, NM
Description of Soil:______
Boring No.: 8I4-

Job No.: 95042-10
Date of Testing: JAN. 28, 1998
Tested By.: JWM

SamPe- R.dkV S.Mpz&k. ' D_* :eed TOW TIMe- 7bm Toa Flow K*(QwAM
NumtNer NUmTr cm A . am2 Tested h.= Strt End Ls' . ml : : . . -IK

35 I 7.0 20.27 1M2M8 121A . 40 745 2MIIE-.M.

2 7.0 20.27 1.1M I2: * . 460 .. 7E-C

S 7.0 20.27 M =1.t '60 435 = . -. :

-___ ____ 2__E-'

C4ecs\95Z2%11 Ml.1 t15ds5



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTALAND GEOTECHNICALENGINEERS
.20 S. Ndhgm Am.' Chkago, L 60604. (312) 922-00
* 4 N. GrffdH-L. Unk C G, W4 48319. (21%*=-6

Constant Head Permeability Test (ASTR D 2434)

Project- LEA COUNTY LANDFILL
Location of Project__OBBS. NM.
Description of SoiI:
Boring No.: B105.

Job No: 95042.1 -
Date of.Testing JAN. 28, t998
Tested By.:* JWM-

Sample Re.din w- . DOW Head Te.* e r Ta To&I FIa. K=0LYt. AWZ A ge.
Number Number LeoM cm Ame =2 Tested b.= Sn Etd. L -t Q.rml .a: o: K

38 1 7.0 12V9& 1 21.0 M . M4O 50 tI9E04 ._ ._ .

.. -2 7.0 2QZZ VM8BS t& 1 . _.__ 25 .A3C .'..

- - - - - - -

i~t X.1

cpVjecM95042%19W504



WEAVER BOOS CONSULTANTS, INC.
ENVIRONMENTALAN GEOTECHNICALENGINEERS
200 S. Vdhiga. Ch;cgo L 60604. (312) 22130.

; - 4 N. GrM B,. UnlC, Grlh K 46319 -(219=92

constant Head Permeability Test (ASTM. D 2434)

Project LEA COULTY LANDFILL
Location of Project HOBBS, Nl
Description of Solt
Boring No.: S105

Job No.: 95042.10
* Date of Testing: JAN-L281998
* Tested By.: JWM

SwnpW Radi 8m Spda 1ao D0". Hea. Time Tr T=aLtm= ToWl Fla- K{Qaie
Nwnbe Numbe Lerctk cm Ara& cm2 Testad h. cm Stt End t se Q. ml CT w K

. 9 7.0 2027 1I2B98 . 121.9 600 - - *395 * .. 3 __

2 _ .20.27- .MM 12L9 6= 30so-,03 _

3 7.0 202 17 2 9 121.9S =66 345 IA8E-03

Averw e .___ __ __ t E -03

I ____________.__.___= ==_

I1 __ __ ___,=



Terra Dyrnamics Iicorporacted SOIL BORING LOG
-

A W.ction: F S
-- ANDREWS CO. LANDFILL SITE

I Project No.:
I 92-152

Date Drilled: - - '1oringl No.]G id No.:
I- 11/15/92 - . B-2- ~ 7-C

Log By: * - -
- .IA. W-EEGAR

-.- .

I Drilling Metnod & Bit Sizes:
0'-338 MUD ROTARY
38--TD - - AIR ROTARY-

I

DrillingCorpon D Sample Method(s): 2" SS
LAMESA. TEXAS 1 2 1/8'- CB

Driller. Totol Dept-:
LANE SCARBOROUGH - 215- BGL

Survey Dot-:
- Northing: 7650.8990

Ecsting: -12296.2097
Ground Surfcce Elev. (MSL):

3,479.43

Remarks: MUD ROTARY BOREHOLE DRILLED ON 1/11/93 NEXT TO ORIGINAL -
BOREHOLE. LOG IS COMPOSITE OF BOTH BOREHOLES.

_
.

- Unified Soil Clossificction/Description
(Color. Texture. Structure. Groin Size)

Sttv C AY fC-) contWued frorn prev .us p

.l

-less plastic. more friabl, below 52; s: moist to err.

- -- - I

R.e 'AME: A-LO7C.OWC -1 - I ,> .,,,. ,, - - .11 ~ . . .. . ... . .- ,- I-



SOIL BORING LOC
Date Drilled:

11/19/92
]Eoring No.. Grid No.:

I 8-2 p 7-C

Sample Method(s):

Survey Doto:
Northing: 7650.8990
Easting: 1229S.2097

Ground Surface Elev. (MSt):

3.479.43

LANE SCARBOROUGH I

-Totol Depth:
215' SCL

-Remcrks: VUO ROTARY BOREHOLE DRILLED ON 1/11/93 NEXT TO OR2GINAL
BOREHOLE. LOG IS COMPOSITE OF BOT, BoREHOLES.

Unified Soil Clossificotion/Description
(Color. Texture, Structure, Grcin Size)

Di

- SiSty CLAY (CL) continued frorn previous Cegc.

9r-- 1WS5 .lt AYtC) dovstone: mot-teC dkr. ed. trownsh yelluo
.occ, cluS' ons of Cole ylowu nc lIncer

IctninCteC OZeeS Cs c ccac:cC rus:y rec Cencritic
pcttern tnrouznout - Ce0z31re D0C1tC rencr.:s v. morc-
cry- pole elI4 -nclusions cre sI r. sotcteC S.H:y pCrtimgs
trhrow rqoc

106' - t19' v Avc scie Cs Oco-e: Dt vel. sty flds.cionfl on now
js ro t e.. * . ,occ senct atervols Ot C .10 thICk aurn*y tue tO



Terra Dynamics Incorporated -_SOIL BORING LOG
Location: Project No.: Dcte Drilled: . Boring oGrid No

ANDRZWS CO. LANDFIlLL SITE S2-152 - B/2 -- *|--2 7-C

SLo E -y urilling memnoc cc wit b:zes:L A. WFEEGAR - O-38 . MUD ROTARY
1 38 -TD . AIR ROTARY

Drilling Company: Scrple Method(s): 2' SS
SCARBORO~UGH DRILLING. INC. S2mpe Mthods): 2 S

LAMESA.' TEXAS 12/8C
Driller. Total Depth:

LANE SCARBOROUGH - 215' BGL

Survey Dcta:
Northing: 7650.8990 -
Easting: 12296.2097

-Ground Surface Elev. (MSL):

3,479.43

Remarks: MUD ROTARY BOREHOLE DRILLED ON 1/11/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE O- BOTH BOREHOLES.

- Recovered~
Unified Soil Clessification/Description Depth Graphic Ft. Strctigraphic

(Crlor. Texture, Structure, Grcin Size) (feet) Log IScr Ft.
.~~'Intervci

.. - - !I . , I I I I 2S I
1- 0SLTSTO.JcIKIŽ whiter Carbonate eeneted s1e vft _

C rb es vIlee cr Ic.nontea am c eroS -cr e
DeC111cd -w ye io- incusions ong ydlo--rolonc D CCa~ng_ _;bouncories mICc anc ColttC 0os cancerott a. UR
DecCng ouncres_ _

.. ;-t __ _ _

IIII2.5

14t15'ebdde8 etaystone reds rw:7.5

14 n- C 1_ 31tcrne-ts ttirucgout ncrca cry.
M-yt 9 cor onate cemeqted laove hroaneut - L

Uese oaers hawve wrerurVr bounatlbes 0ut Co not disrup_
peCm cm structure. L /

145. - 184' d cloystonj: reCds3 brow. with c=Pcrent
LUSteJad wiotn ter cray caystane. lhcrct supt
meosture: slightly SPtry. *_/ /

3.5

1 .N AM: A

fLE KAJAE: A-LOCc.OC. a 5 l



SOIL BORING LO'
Date Drillec:

_ I/15/92
Boring No.: Grid No
I 8-2 7-C

I

Sample Method(s):

Totol Depth: .
215-' i3G

Survey Date:
Northing: 7650.8990
Easting: 12296.2097 -

Grcund Surface Elev. (MSL):

3.4.79.43LANE SCARBOROUGH

Remarks: MUD ROTARY BOREHOLE DRI'IED ON 1/11/93 N-XT TO ORIGINAL
SCREHOLE. LOG IS COMPOSiTE OF SCTH BOREHOLES.

Unified Soil Clossifiection/Description
(Color. Texture, Structure. Grain Size)

I' %v fr.- continued from previous pege.

18a - t92- 511v SAND Iulj scndstone. v. )Cte*brown* vte scne
cIra cemenk pink eg Dmi cn d rMinera aogL
sa-tg mknco 11'scr. harc Cry.



a

0O().I Terra ct.ynamics Iricorpor'dted- SOIL BORING LOG
LocAtion: Projeit No.: Dote Drilled: No.: Grid No

ANDREWS CO. LANDFiLL SITE 92-152 - 11/19/92 3-2 1 7-C

Log By: Driiling Methoc & Bit Sizes:
-.- A. WEEGAR .- 38 MUD ROTARY

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 385-TD AIR RCTARY Survey D dta:--
Drilin cm-le Methd($: 2 SSNorthing: 7650.2990

DrillinCCAoRmPCRnGH RILLING. INC. Sample-Methodts): 2Ec SS Ecsting:. 12296.2097

: LAVESA.- TEXAS - -. /8 c Grcund Surface Elev. (MSL):

Driller: Total Depth: - 347943
LANE SCARBOROUGH .4.4..

RemCrKs: MUD ROTARY BOREHOL- DRILLED ON 1/11/93 NEXT TO OR!GINAL
BOREHOLE. .LOG -IS COMPOSITE .OF. BOTH BOkRiOLES. -

I JRea vred
Unified Sail Classification/Description : Depth Gr|phic tt.

(Color. Texture, Structure. Grcin Size) !(feel) Log Intcrvch
_ _ _ _ __ _ _ _I I __ _ I _

200-2i5- S;itv ClAY VCL_) v. dork mcroon sl iylty cICYIO*iS.
With oc~cC3,onc light greenish gVry mottling cnC
pink dendritic motUing: britUte Cry.

-21 C-

DRILL OUT
TO 205

CJ=lNcs

Grc,;cwicl color chCagc to dusky red t>le10
.210'.

TOTAL TO W-2-5V I _ _ _ _ -

-22 C-

-225-

-23C-

-243-

I1. .*

FILE NAUS: A-Loc7C.Dwc



Terra Dyrarmics Incorporated| SOIL BORING LOdC
Location: Project No.: Dote Drilled: Boring No. Grid No.:

ANOREWS CO. LANDFILL SITE o2-152 01/18/93 3-43 7-0

Log By: Drilling Method & Bit Sizes: Survey Dtc:
A. WEEGAR AIR ROTARY Northing: 7197.7520

Drilling ComanvC Sample Method(s): tin
SCARS UGH DRILLING. INC. STSPO;CRBAELEastig: 12084.9454

LAMESA. TEXAS Grzund Surface Elev. (MSL):

Driller Total Depth: 3.471.23

Remarks: -

.. f ... ...

Unified Soil Vcassification/Des:ription
(Color. Texture. Structure. Grain Size)

Depth
(feet)

Gronhic
Log

Recovered
Ft.

Ft.
, Somoled

Strati;rphic
Intervcl

W, __, ._. _-

o.-0.5. T° SOIL brown: sitty saned oren;e rmateriel:
mocist.

O.W-19 tA* tCwr. yr1lowisn Pnk: eCeciunm Cerzonete:
cemented sit and v9g sone grove tfrc~s
mod. harCd dry.

-
l

-hard streaks below 7.5.

t9'- 2 CALTr yellowixii wnitir colcium ceroortetj
cermented sand crtd groie: send is fg eucrt:
end fels ter aneuler to subrouncee: gcel is
dark. pink and opeouC que.tzite nd feldspar
ongular to subrounaec: mod. soft cry.

2S-26 ~ CGrceev SAND (S*A pinLisl ton. vfq to c; qucrt:
feicspcr sanC suuroUnidrd to rounedc dark.
pine end opeauc eucrtz and felcsc. grseI:
suSrouncea to roundesC loose: cry.

26~-3 ~ Sts CtLY fCI- meroon: slty edays:one: Olocky
fracture: non picstic; dry.

S oits C1 Ay IL' dusky red Coystone with
aeriCotic rnowing of yelow. ton ond ;rzy. st.
soopy, blocily frc:ture. mod, dense: cry.

Flu _kMJ. %-tCG7O.OW3

I _

Fr

DORU. OUT
TO 27:

L00 WuIWzs

OCAL&LAA
MASS

,I

!

I



Terra Dynamics -Incorporated -_-.SOIL BORING LOG
Locotion: * Project No.: Dote Drilled: Boeing No.: rid No.:

ANDREWS CO. LANDFILL SITE 92-152 01/18/93 6-43 7-D
Log By:

A. WEEGAR
Drilling Method & Bit Sizes:

AIR ROTARY
I Survey. Data:

Drilling Compcnyv
SCAR3OROUGH DRIL!ING. INC. Somple MOethod(s):

LAMESA. TEXAS -SPLU SPOON. COR. 6ARRE!

Driller. i tc Depth:

Northing: 7197.7520
Ecsting: 12084.9454

Ground Surface E3ev. (MSL):
3.471.23

Remarks:

Strctigrzphi:
Interval

- reduced purplc color below sr: possible vertical
fracture with black minerclite-iafn along frecture
plane at 57.: crumbly to 61-.

. . --

61.--S Sttv G AY (C- rusty *ec silty Claystone with
qreenisrt gray nclusions increasing c ontent
tow.re bese: aocky fracture: dry.

6S-69.e ... S~ C- AY (C. purplish red with heavy
Mottling of g9-efisn gray inclwuians;
Cufcbl). Cry.

69.J-96- ve...... VS:t,, nCt rusty red v. silty CWZystane
wttr. sw.tic icrge mottling of yellow
greenis n gray layers end inclusions of
coiciurr. ccroonate rich Materiel " from 71C-
76o): trace ace kinciusicnis blocky frceture;:
dry.

lLE k--: A-LOG7;.DWG
*I-



Terra Dynamics Incorporated'

Location:
ANDREWS CO. LANDFILL SITE

| Project No.:
I 92-152

Log By. I Drilling Method & Bit Sizes:
AIR ROTARY

Survey Data:

Northing: 7197.7520
Eastirg: 120S4.9454Sample Methodis):

SPUT SPOON: CORE BARREL

Total Depth: 100
Ground Surface Elev. (MSL):.

3.471.23

Unified Soil Clossificction/Description .
(Color. Texture, Structure. Groin Size)

- possible 9wimrcy sfickenside 84.

- possible prinmcry scktjesde 95.



Terra Pynarcic.s Incorporated SOIL BORING LOG

Lrcject No.: Date Dr'lled: ' orin No.*rd NO.-
o ADREwS c. LANDnLL s - 92-152 11/19 - 11/20/S2 13-3 7-E

Lo5 8y A.WEGTDrillin Method & Bit Sizes: v Dotc 4
A. W-EEGAR O'- -9 MUD ROTARYNotig57460EX___ _ _ __ _ __ _ _ __ _ __ _ -TD -AIR ROTARY Not n : 67 4 4 0

DriCling ARBOnOU G c Sample Method(s): 2'SS & 3'C3 EcBtin: t1873.6823
DrlinCARSO SA. DRILING INC. -Ground Surface Elev. (MS...):

Driller: Total Deptn-''' 3465.56
JOHN/LANE SCARBOROUGH . 100' .

Remarks: MUD ROTARY BOREHOLE DRILLED ON 1/9/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE OF BOTH 3OREHOLES.

Unified Soil Clcssification/Descriptian Depth Graphic Ft Strotigraphi:
- (Color, -Texture; Structure. Grcn -'Size) (feet) Log I Ft. I Interval

C 7- CA1'? !Sul p~nkish white ccrbonote cemented sit -s 'n L
v. ear( ScAit..C a groins are VSg - Cg whteC. pinJ. opacQue

[ 3
* .. r

9 - 16 *SS v SAULC ANO PVrl f'SW- v. sace prcn: v vt- fq 5cnC 10
- wn.te. on cc cowe *ic): sij t2rouchout _ _ccoconcte rM ur I~<r.te¢Wtc:-ce roun crle -D-r..y.4

.~G I Al a ..r °ZTr!!-de or/OCoe

16.5 - 15.2 v.Oaw StT *' v pole rocwn. loose w/ .imlusions of _
ccilcne k grOvel: Cry. ' JIIIf .11 1

1r.2' - 20o - - -A" fr lzoiatI-.led ck. (0. brownish yelo.. cnc _TASSI

'ccosonci ncls;ons co t pole yi lo. ayone: y -. I1
cry. 20-

21 - 25E na.dusk, ree clston: hacstrntor at- Li moist: -
-oT.5. slPc1eri' basal conct bosec rn dcuL.

26 - 32'. S3v CLAe fC*I reddish brown: crurnoiy hOrizontolly ./
orrentec o. wags airoupou; cry, DCt eonw ctct icsto

-, ',, ~-30- //
-' ~~~~~~o. Cre...,.,, ... __ ///

32'- 40' e kV mottleC rei-zrown harC firnm; V. densr. _ _ 1 '

Sippe-7. acctIcont~c: frem 0riller. _ 2

.' 'i 2

n' K 5E.0' j°C2W

nLL KAJC A-.OCE DWC



TerraC Dyntamics Irncorporated| SOIL BORING LO0
Locction: Project No.: Octe Drilled: Baring No.:|Grid No..

ANDREWS CO. LANDFLL SITE _2-152 11/19 - 11/20/92 I B-3 7-E
Drilling Method & Sit Sizes: Sre aaLog ly. uvy aaA. WEEGAR 0j :16 MUD ROTARY Norhi= 6744 60

T__ _ _ __ _ _ _3__ _ _ __ _ _ _AIR ROTARYNotig 67 .4 0

Driilling Comoany: , atn:18362
CARBOROLJSH DRILLING, INC. Semple Method(s): 2-ss & 3C Eastung:urac 11873.6823

LAMESA. TFXAS. Ground Surfo e EleV (MSL):
Driller Total Depth: 3.465.56

JOHN/L-AN- SCAREOROUGH ICO 3GL

Remarks: MUD ROTARY BOREHOLe DRIL ED IN 1/9/93 NEXT TO ORICIt4ALA
BOREHOLE. LOG IS COMPOSItr OF 30TH BORiO-ES.

Unified Soil Classiricctior./Description JDepth Graphic Retovered
-- (Color, Texture. Structure, Groin S`ze) (feet) Log _ |F IntervaclI ISam~pled Inter____

-4 - t; S~tv C tAY (Ct reddish brown: ecystne w*/ stt Dcrting L - - c
enc mnuason. cendritic pC.e- common. sl- Dortins end L
inclusicfs are lignt gray. tdiCk CrbonCated teat Stanent L -dong parting hard; canoby, try. ccs* cocci from

.45

.. IN_ _ _/*_

1.2

60 - 65.Jey Sit L gray and red siltscnt e yerlow_/ 4
cicyzione amnouater~ vf; inica -rcqs within siWts1ont
silt-siZed k t;tO.haujOtc rrod. tru ut; d: -d Crumbly.
wOrtased cay Con tent to-WaC Zsc dry. _ i i 1 i

__________ _ _ ret

60 -78SltN C-'r (CIL ous~y fee end mo-tVed W/ week red
c gs.neten coC n:iKt re cgsn bron0 CRAB)

Caumbly mod, hord. lightet C cmicasts a70- aln t
dCendritic pattern wjfjiiri ath 'ien e ster Fcry. S |

75 2_91.5_

miea trogs. tnrauroajt u~s~$onre: . ags.1- tiowdednabla i Kl /
- pattrnml wtt°;n caso ne; q ightiet gayclro ysvcotenr file tubes I M
below *5' ttorC mad. oenu; c Cr cross-r c c below ss L. l /

0 ~-e0-/.
rx. .W A-LG7L: iG I



- Terra .DyLarnics Irncorporated SOIL BORING LOG
Location: Project No.: Date Drilled.:orn NolGrid No.

ANDREWS CO. LANDFILL SITE 92-152 11/19 - 11/20/92 -93rin
Drilling 11'MUD9ROTAR

Log By: -:DOliln Method & it Sizes: Survey Data: -
O'-TD . AIR ROTARY Northing: 6744.4660

DrillingCmn: Sample Method(s): 2-SS &Easting: 11873.6823:
. SCARBOROUCGH DRIWLLNG. INC. Yce Grounc Surface E2ev.5 3('SL:

LAM4_SA. TEXAS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Driller: -Total Depth: 3.4,_
JOHN/AANE SCARBOROUGH 100o SBL

Remarks: MUD ROTARY BOREHOL-E DRILLED ON 1/S/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE 0F BOTH 3OREHOLES.

Unfld- oil ept GrahicRecovered~U ed- Soil Clossification/Description |Depth| Ft. Stratigraphic
(Color. Texture. Structure. Grain Size) | (feet) L o Ft. Interval

S3 ty (CA 1 s) e 'am&s esovc ' -

-5-

93- - 94.5- CIY fCi 8 dk. fedfthi groy C!0y3:One: har v. dense: ary.

TOTAL OEPTH AT 100-

nfL fAME: A-LOC7L-WG | *



U-L

Terra Dywnamics Incorporated SOIL BORING &
r WELL COMPLETION LOG

Loccrion: - Project No.: Dcte Drilled: Boring No.: Grid No.:
ANDREWS CO. LANDFILL SITE 92-152 [ 11/20 - 11/22/92 9 -4 I-C J

Log By:
A. WEGAR

Drilling Method & Bit Sizes:
AIR ROTARY

DrillinS C om i IN Sample Method(s): 2; SS
Dri CAORle OCR RILLING. INC.

LAMAESA E-XAS CONTINUOUS: 2W/9 C3
Driller~ Total Depth:

270' 3QL

Survey Data:
Northing: 5838.2525
Easting: 11451.1737

Ground Surfcce Elev. (MSL):
3,444.17

Top -of PVC Casing Elev.:
3.446.21

Remarks: DESCRIBED ON 1 1 /27/92: GEOPHYSICAL LOG HOLE DRiLED ON
1 /23/93 20- FROM 7-G CORE HOLE - LOG CJTTINGS FROW 230C-270

Unified Soil Classification/Description Lithic Depth IL Well
(Color. Texture. Structure. Grain Size) Log (feet) | Design

. r ODid. Locking
_3_.0,E E^ etC wi-h

_ _ 2.70O 9 -xpanc ng Plug
L _ _4J (4x4s6) Sloped

. Su.;.ce Pod
00/ - . ! . .O-l.9 TOM St reddis" bro.. sondy silt vg I ht

mico frogsC root materiel; arumbly? dry. - Concrete Surftce

A.9-VS tA'lC'0 * pinkish A-ite Ccro. cemented * Seal
silt cnd sOe v. hcrd chalky. vtg sand grains a, wbite. ._
pink. black & opaque (gronitic) material: some I .
quortzite gravel: dry. _

3
5 rCL C eddtsrOre- Dro & pAC e eor: same as
8 CoZv; ory. boscl contact a criller. I t - v

SASE OP OGALLALA - TIASSC TOP . _ 13 O1i Open

8-C2.2 o _e et' (ul- lomincted oinx satstone and weak red 12 Sorenoleclaystone; ok. sal frogs. througncut: crumbly. cJy. 1 .

I0 I 1 3

:2.Z-14' Stv y AC- (C'-1 weak red clayffne: witn sitstone clong 2" J s
partings and as hiclusions moc. dense: s. arumoty /1

14.-3c.r ZS. crw tCA-' mottled reddish browr and whit_
eaeyltone- Contorted end aemeritie sil'stonc esV /la
poatigs en inclusions. hcer: derse: dry.

25
0 f h 2 0~r .. '* 2

30.7--51.o- silty c, fee I weak rec ond poill re: mottitd V M
siltstone: trcce v!g r-Ica frogs.: carbonized /L /
lea otfrcs.: harc: mod. crumoly blocky. socpy dry. E - 3 y

. ' *' -F--E NAMC. A-=W7CA.DWG



Terrra Dynamics Incorporated SOIL BORING &
.__ . . -WELL COMPLETION LOG

LocAtion: Project No.: Date Drilled: Saing No. N
ANDREWS CO. LANDFL SITE 92-152 ll/20 - 11/22/92 | -- 4 l 7-G

Log By:.'
A. WE--GAR

Drilling Method & Sit Sizes:
- AIR ROWARY

DrSing Company:OG . . Sample Method(s): 2 SS
LAMESA. TEXAS CONTINUOUS: - - 2Yt CS

Driller Total Depth:
. . 1270'- BGL

Survey Data:
Northing: 5838.2625
Easting: 11451.1737

Ground Surface eElev. (MSL):
I. -^ 3,44.17

Top of PVC Casing Elev.:-
3.'446.21

Remarks: CORE ,ROM 0-230
DESCRI3ED ON 11/27/92: GEOHYSICAL LOG HOLE

1/23/93 20- FROM 7-G COR-- HOL- - LOG CUTTINGS I

Unified Sail Clcssificction/Deseription . Lithic
(Color. Texture, Stru:ture. Groin Size) Log

-, -I- Well
Design

SIty C eLA LI some description as
preAus pcge.

5 ic. 0pen
7-z P Cahole

-2 PVC Ccsing

k recCish gray (puroie) zelow 46' w/dendritic
pottern enC infus'ons of brownisn ydelow.

S:.S-77 Oev ls 7 (utL lig5: gray silts:one: Icninoated
en c ras-IsmfiCCtec w/ weak red vfS --
mica fro;.: mod. dense: hard: concoiCol frcc:ure
to blocky cnCd S. fissile: dry.

sandy bela.. sr; vfq sand alang cross-Iamnmcted
pertinge: *Vfg - f; mica frogs.: ecrt. plan:
re'Tnaiis and fra;s.

I
rz-C Nom- A-Loc-CA.w.-





Ter-ra Dy.namics Incorporated ''SOIL BORING &
_ _ _ _ _ _ _ _ _ WELL COMPLETION, LOG

Loction: . Project No.: Dote Drilled: Boring No.: Grid No.:
ANDREWS CO. LANDFILL S:TEr 92-152 11/20 - 11/22/92 I 3-4 7-C

Log By: A.. WEEGAR Drilling Method & 8it Sizes:
- AIR ROTARY - -

Drilling Company-H Sornpie Methcd(s): 2 SS
SCARBOROUG CDRILLING. INC. CNIUU:2~C

LAMESA.ONTSINUOUS:____ ___ ___ ___CS_

Driller. * Totol Depth:
: - - 270' 8 GIL -

_ _ _ _ _ ____ ___ _. _ . _ 27 _ L

Survey Data:
Northing: 5838.2525
Easting: 11451.1737

Ground Surface Elev. (MSL):
3.444.17

Top of PVC Ccsing Elev.:
- 3,446.21

DESCRIBEED ON 11 /27/92: GEOPHYSICAL LOG HOLE DRII IED ON
1/23/93 20' FROM 7-G-COR2 HO E - OG CUTTINGS --ROM 230-2

Unified Soil Clcssificotlor/Description - Lthic Depth FL
(Color, Text ure, Structure. Grain Size)

_ _ _s . ~I .I1_1/
-Y.-.-Y

Sliv n¶w rC L' sGe as previous page.

I

. . I
-56 Dic. Open

Bomodt

- 2- PVC casing

., I

;, I

; . I I

. .

5

1

I
ni Z NALIZ. A-LO37CZWG



I 1 SOIL BORING '&Terrca Dyrcamics Incorporcted
A WELL COMPLETION LOGI

Loction: Project No.: Date Oril!ed:, - oring No.:FCrid No.:
| ANDREWS CO. LANDFILL SITE 92-152 j 11/20 - 11/22/92 I -4 7-C

Log By. I Drilling Method & Sit Sizes: -
A. WEEGAR - AIR ROTARY

Drilling Company: Scmple Method(s): 2' Ss
SCARBOR OUGH DRILLING. INC. CONTINUOUS: 2SS CJ

LAM ESA. TEXAS ____ ____ ____ ____ ____ __CS

Driller I Totcl Depth:
270 6GL

Survey Data:
Northing: 5828.2625
Ecsting: 11451.1737

Ground Surfcce Elev. (MSL):
3.444.17

Top of: PVC Ccsing Elev.:
3.446.1 1

Remarks: CORE FROM 0'-230'DESCRIBED ON 11/27/92:' GEOPHYSICAL LCG
1/23/93 20' -ROM 7-G CORE HOLE - -OG CU-.

Unified Scil Clossificotion/Description
(Color. Texture, Structure. Grain Size)

Ss1tv Q¶ j 'CL)- scm a's
vrev cus pcg*.

. fil' (0t ,Qmottted oand dtncitic
"igt1t olive bro-n. grajoh brown and
-cok red: crumbly. sccy. dCy.

17S-17 2c SrL No recaism brown .;tr,
tubes. mottling end lawinations of

Sihf greoy. concoidcl fracture to
crumbly.mod. heremod. dense:
st. socoy cry.

187-203.S Sedv Cleyvev SLt NuO grading tron
dk reddisn brown to lignt grey below
ISI: hard: blocky frcc!ure: cress-

lominotedCvfg send frogs. throu~hout
moist.

I
I

I

- 5 ODi. Open
Sowehole

_ 2- PVC Ccsing

-173.5

-sentonite Stal
i Pellets

I

183.5

1*5

-Fter Send
(:6-40)

-2' Sch. 40
PVC Wen
S:reen.
.010 Slots

TILE AM Nt A-LOC7r.OW^-



Terra Dynamnics IrLcorporcated - SOIL BORING &._ '_._._._ WELL COMPLETION LOG
ANDREWS CO. LAND.ILL Project No.: Date Drilled: ng No.:Grid TNo.:

ANRES O.LADFLLSiE92-152 11./20 1-11/22/92- 6-

Log By: A
A. WE-EGAR

Drilling Method & Sit Sizes:
AIR ROTARY

Drilling Companyf Sml ehds: 2S
SCARSaR OUGCH DRILLING. INC. cOmeNTsOUS 2'> SCB

LAMSESA__TEXAS CONTINUOUS_______________

Driller . Totcl Depth:
270 EGL

Survey Datc:
Northing:. 583B.2625
EEasting: 11451.1737

Ground Surface Elev. (MSL):
. .3.4t4.1 7

Top of PVC Ccsing Elev.:
.I - 3446;21

Remarks: CORE FROM 0'-230', -IDESCRIBED ON 11/27/92: GEOPHYSICAL LOG HOL- DRILLED ON
1/23/93 20 FROM 7-G CORE HOLE'- LOG CUTTINGS FROM 230--270'

Unified Soil Classific-tion/Description
(Color. Texture, Structure, Groin Size)

I I

Stv. -N-y V IT- fu' some as previous ;cge.

*.1

203.5-206' Cloviv S~lt (~ru red siltstone. moC. IhardO
crumciaI Iemsnited; vfg rnica and dk. m'r.
frogs.: Cry.

206-215 Sc'dv S's T ("1- light gray siltstone: hare
blocky fracture: cross lcminated: vfq sand
vf; pink & dk. min.trags.; moist.

215'-23O' S't. CI LA IC-1 tee doystane: moad. hard.
Cruritly, biaCky to cencoido! ftc:ture;
St. socpy. cry.

coicr change to dusky red below

230-250 ClOv, fQ 1 maroon clays:
cnimnzir. cry.

flXE NA)AI: A-LOC7CA.ODW



Terra, Dy.namics Incorporated SOIL BORING &
. . WELL COMPLETION LOG

Location: Project No.: Octe Drilled: 3 9oring No.: Grid No.:
ANDREWS CO. LANDFILL SITE 92-152 11/20 - 11/22/92 B-4 7-G

'og By. Drilling Methcd & Bit Sizes: Survey Data:
A. WEEGAR AIR ROTARY Northing: 5838.2625

Drilin Smpl Metod~): 2 Ss - E-asting: 11451.1737CCAoRanGH Sample Method(s): 2 Ground Surfcce Elev. (MSL):
LAMESA. TEXAS CONTINUOUS: 21A' CB 3.444.17

Driller Tatal Depth: Top of .PVC Casing Elev.:
270' 3GL 3,446.21

k CORE FROM 0'-230-
Remarks DrSCRIBED ON 11/27/92: GEOPHYSICAL LOG HOLE DRILLED ON

1 /23/93 20- -ROM 7-G CORE HOLE - LO, CUTIrfNGS ~ U230'270'_______________

Unified Soil Classificstion/Description ILithic 1epthl " , Well
(Color. Texture. Structure. Grain Size) I Log (fee 1L 1  Design

I - . 3 I0

.CA ({t1 maroon doystoneI s3. scpy. crumnIy.

, ry.

Heavy mottled w/ greenish gray. purrle,
mustard yellow.

-245-

-2S=C-

250-26V Sltv C AY (C 1 maroon silty doystonh wI h11MY
mottling of greenisn gray. Pu.-PI and mustrd yeVl0w
brittle and crurmbly. dry.

- less silt below 2S.

265-270 C A (CL rrmcroon cloystone wl enottling of gSeaisFh
gray c"a rustzrd yellow; sacSy. crumry. cry.

TCTAL OV'TH - 270_ -271-

I

FC- NAME: A-LCC7CA.DWG



Te'rrc Dn s Ico.rorated SOIL BORING LOG
Location: Projec; No.: Date Drilled: . oi6ng No.:|Grid No.:

ANDREWS'CO. LANDFILL Si ,_ 92-152 - 12/15/92 8-23 . 7-1

Log By: . WEGA
_ A. WEEGAR

Drilling Method & Bit Sizes:
-- AIR ROTARY

Drilling -Company: pG. INC- Semple Method(s):

LAMlESA. TEXAS 2 SS. 3 CB
Driller: . Total Depth:

JOHN SCARBOROUGH - -1

Remarks:

Survey Dc.a:
- Northing: 4932.0522
.Ecsting: 11.028.4705

Ground Surface E!ev. (MSL):
3,429.13 --

Unified Soil Classification/Description
(Color. Texture. Structure. Grain Size)

','

O' - 2 . TS 04 brown ailty sonde ornic: mobst. |

2- 2S3' e'C Sr? pinc: cola. ecrD. cemented sit with sand end and C: _
9rcuol It creese in gravel content with dOtt: soft Cry.

2.3'- 25' cAtIc-t groy4sh white: gravel frop. throughout: herd. try

25' - 37_ Slt v SAN!) ICIA pnl end ton: vf% c, some Ond sity
.ona witn red. Pnk. Dlock and occue aurtzite gfavel. sane
and grovel is subOrundec tc wel.l rounced. loose: Cry.

._ 4
37: -4 -- -e

. bro'nsm rcc e hcrg; SI. SO..y blocky
2U -. 25mOattgroyish b tcateC: framCts.gS. Eureo

DlU OtJ.

LCC OlJUtCS

PUx NAwE A-LOG71.-WO .1. I



Terra. Dynamics Incorporated SOIL BORING LO'
Loca'ion: ,Project No.: Dote Drilled: aring No.: Grid No

ANDREWS CO. LANDFILL SITE 92-152 12/18/92 8-23 7-I

Log By. Drilling Method & Bit Sizes:
AIR ROTARYA. WEEGAR

Drillin 1CCA'R'3PO°R8OGH DRILLING. INC. Sample Method(s): -

LAMESA. TEXAS 2' Ss. 3 Cs

Driller J Total Depth:
JOHN SCARBORO)UGH j101'

Survey Data:
Northing: 4932.0522
Easting: 11 C28.4705

G-ound Surfcce Eiev. (MSL):
3.429.13

Remarks:

54* - 59.5. Rev Cl-v-v SP (ui. Igiht greenish gray cloyy siltstene with scnd
tirougnou-; sand a vrg Ctr mic and oiotite flkes througnou;
srnall low-ingle cross-bedding thir interbecs of cly end
rounded cloy nodule= hireased cloy content towrC CCse: mod.
hard. Chalky: blocky frocture: Cry.

59S - 6:- Clove. St- (Vt' eross-bedCed ;ght greenil grey aed dusky red
clary itsta'e grfding into dusky reo creywy sdtstone: trace
sm II rid: frogs.: moc. hard: blocety 1racture dry.

61- - 71.2 Sitv SAND tSu) soeakced oaocriance _th white. live and
aparwe v le tcnd groins in greenish gray yelow ondC wite sitty
m~r a 0ic. Corb. Cemented s5ly scndstafte; smail biatite and
med. micC Rlakes throughout low angle cress-bedding W/groy
ard ousky red sity clay rio-ul) do5s and layers hroughout:
mod. herd: dusty. blocky fracture: a>ri

71.2 - 1* aVt- CLAY (CL. intertedded dusky red cloysaone and Cloyey
tsitone; mice frogs. within sll:s:onre ntervris increasing Clay

content toward base: greenism, grey hnirled tuses ant incusions
throauhou-a mo. hard; s1. soaay bocky frccture with
cruribly ones: cry.

'iL: NtAJU: A-LO371.DWG

1:



'*e Terra Dynamics: lncorporated SOIL BORING LOG
Location: C- ProNe: : No. Dc.e Drille: SBrin No rid No.:

ANDR-zWS CO. LANDFILL SITE 7 215 21891I82
9215 1/1/9

Lag By-
A. WEEGAR

: Drilling Method & Sit Sizes:
I IAIR ROTARY

DrilnComany:. TEXSSample Method(s): -
LAMRB ROL A. DRILLING. INC. 2' Ss. .3, Cs -

- _L M S . T E X A S _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Driller. Total Depth-
JOHN SCAREOROUGH 10V

Survey Dctc:
Northing: 4932.0522
Ecsting: 11028.4705

Ground. Surface E!ev. (MSL):
3.429.1 3

Remari.s:

Unified Soil Clcssification/Description
(Color. Texture. Structure. Grcin Size)

-. -: 1 A" * :- some CS cbov.

TOTA! DO Th 101'

.- ._F
..`_

. . .,- j .

...._
_ . . . ._

.,: _F

.

;LE NAM_. A-LOW7L.Ow tI
. . . . . . ...



i

Terra D-ynatmics Incorporated I
Location: Projet No.: D

ANDREWS CO. LANDFILL SITE 92-1r2 N

Log By: Drilling Method &. Bit Sizes:
R.UMGOWEN AIR ROTARY

Drilling Company, Sample MetnoCs):
SCARBOROUGH DRILLING. INC. SPULT SPOON: CORE BARREL

LAMESA. TEXAS

Driller Toicl Depth:
100-

Remarks:

Unified Soil Classification/Description D
(Color, Texture, Structure, Grain Size) (f

oToo 'Ma- Ch. trown. sit and senc. withIorganic Materil. looslt =ry = ` - r
O.B-6.0 CAV*Tr it tcn-ccic. cementea send ced sit.

vtg-15 cucrm sone soft. dry.

6.o.-Z9* 'Si* u e fewedu-tc.. scenC and sit.
vt9 qucrz teicsoor s:nC locsc dry.

- coliehs cennenting s$ccered L

- chert frc;s-pebblesiZed secttered
23r-26'

r. I-

29---V rf twil caicitic amd micritic L
cemented soand on silt. concretion
rigs in micrite. scandstOnt_
lithocistS in micritic motrix.
sonstonr lithiclosts hoae silica
eonCretions. It gray. to tMn hard.
dry.

36-42.5. qANI n"el Vn MOW¶- t-* red
Zrown. tg qucm: sare. cucrtz
pe~bIes rounded to subroundee to
ongulcr. sott. dry.

ELE NAME: A-LoCCe.:W0

wae Drilled:
01/23/93

Boring No.:IGrid NL
3 8-49 1 8-3

Survey Data:

Northing: 8315.3752
Ecsting: 12C54.S457

_ %Ground Surface Elev. (MSL):

3,481.91

_,e .,ee

epthj
eet)

C - .

10

-10-

-15

-20-

254

.303

35-

.4-

Graphic
Log

Recoveretl
F.L

Ft.
_Sc -oled

Stratigraphic
Intervcl

_ __ ._ _-

DK"L ouro :
_O ,e.

tCC um~cS

.:'

SOIL -BORING LO0
_.

I

I

I

I
i

Ii

a ___________



Terra Dynamics Incorporated_ SOIL BORING LOG
LocAtDon: Project"No.: Dote Driled: L DoriL SN o 92rd No.

ANDREWS CO. LANDFILL. SITE - 92-152 j 01/23/93 84 -
2- .4 r- I-

Log By: -] -- .- Drilling Method & 3i: Sizes: Survey Datc:
-'R. McOWEN I AIR ROTARY .1.

Drilling Comocn Sample Methodfs):

' LAMcSA. TXAS SPUT SPOON: CORE BARREL -

Driller: - - - Tctol Depth: .0 -

_ _ _ __ _ _ _ I _ __ _ _ _

Northlng: 133I.3I7.2

Ecsting. 12054A.457
Grcund Surfcze Elev. (MSi):

3.481.91

Remarks:

Unified Soil Classificction/Description
-(Color. Texture, Structure. Groin Size)

- A- -e CRIv$ *Sw1 sme as c00ve.

42.f.--1OOC ' : *CLAYC red with yellow mottling: ory,
picz1,..

- purple. red and yellow mottlinq: 'a-s50%

- brftU: cry.

- increase in purple coloring
b:ritle. Cry.

- ercnge red CelIV .ith rec. yellow. greenisn-
Wfhite one purpe k riottlneg
,o;ecrs ta nove mixed cloy Closts.

- orenge red. red. yellow. purple rno:tled
without -csts; bri:1e: cry.

RI NAM E. IA-LCZ3-.wG |



Terra Dynamics Incorporated ,,I
SOIL- BORING LOG.~ . .

Location: - | Project No.: Dc:e Drilled: BEoring No.:1Gid No.:
ANDREWS CO. LANDFILL S1Tr 92-152 - 01/23/93 -E-49 8-3

Log By: Drilling. Method & Sit Sizes: Survey Data:
R. MAIOWN AR ROTARY Northing: 831 5.37-2

Drilling Company: g
SCARBOROUGH DRILLING. INC. Sample Method(s): Eosting: 1205.4457'

LAMESA. TEXAS~ - SULT SPOON; CORE SARRELEsig 10445

Driller Total Depth: 9rcund Surface 3lev. (MSL):
100' 3.481.91

Remarks:

Unifled Soil Clossifica-ion/Description IDepthl Grephic: RFtovee Stratigrophic
(Color, Texture. Structure. Grain Size) L(feet) Log Intervca

.S .- 8G ed

- vef'tkcfly er6"et frees a, c=f C. Be-65.

- heCIeC frc:ure orieted 60 from renieo at Ct :?ro. 99.
'CTAL DEPTH - 100'

I
L
[

Ios

L

r
I-

L

r. 2'

L
L

LH
F

-I1C

L
II
.L: C

1 Not ?

_ p2,,7.5
I Ntt *

. I Noti *

/1 20

%RA? *.9

Not

)Eass

-I

I1LE tNE-: A4-LV913.WG



Terra. .Dyamics' ncorp orated'- SOIL BORING LOG
L-=icn ce rle:Borng No.: Grid Nc.

Lo.ation: AN-. LANProject No.: Date Drilled: -- | .^ 3
-' .ANDREI& O LANDFILL SITE 92-1t2 01/23/93 No 8-

Log 6y. .I: Drilling Method & Bit Sizes:' --
L 8~. A-WEEGAR/R. MeGOWEN ..- Dr.i-- - AIR ROTARY -

Driling omocr ISample Method(s):
SCARBOROUGH DRILLING, INC.--,- CORE BARRE: SPLIT SPOON : -

LAMESA. TEXAS __ _ _ _ _ _ _ __ _ _ _ _ _ _

Driller:- Total Depth:
__ _ _.__ _-__.__ _ _ _- -_ _ _ _ _I -. 1 01 . O * - - - ---

Survey Octa:

tNorthing: - 7862.1723
Easting: 11843.1039

Ground Surfcce Elev. (MSL):
: 3.477.37

Remarks:

Unified Soil Clcssification/Description
(Color. Texture._Structure. Groin Sizt)

O'0*-O Tn- -t- sandy Sat orgen~e matefico: brown.

O.5-16. -wr white to it. teun cciete dhemented
scnc end Sat: vfq qit. Send: witm litftoclastS
of sandastone in cclcite matrgr. soft drilling.

16'-26' CV!CjW gray to ton. mCkritiC and COCiti.-
cernented sond' sat to eccaiicnoi gravell
scndstone lithoecsts with saiCo ConCftt;On$
around them:; litrhociests demented with
probCtli dolarnitt. quar:: and fe]dspcr sent end
pewbes; S.ica chis (Caneoidcl).

26'-2 S SAK'O 0C- C2AVtL ISVA: river peC gravel with
wft,t1S?' Send and Satt. qraded: angular to

23'-37'SAND CaO tRAVrf (SMl river oea grovel with~
reed-sn send anC xIt.~ ;raded: CnguiCr to
founded.'

37T-G6 el I'v (c'' red cCIy ~.itl Scene size Calcite
incus.ons: Soft; MOW.

FLE NAME. A-LOC8-.OWZ -

0

I



Terra Dyn cmics Incorporated SOIL BORING LOC
Location: . Project No.: Dcte Driled: Boring No.: Grid Nc

ANDREWS CO. LANDFILL SITE 92-152 01/13/93 B-37- 8-C

Log A. WEGAR/R. MCGOWEN Drilling Method & Sit Sizes:
AIR ROTARY

Drilling Company: Scmple Method(s):
SCARBOROUGH DRILING. INC. CORE BAR2EL SUT SOON

LAMDESA.TEXAS Totl BARREL: SPLIT01'OON

.Driller: Total Depth: 10 -

Survey Data

Northing: 7862.1723

Ecstir.g: 11843.1039
Ground Surface Elev. (MSL):

3,477.37

Remcrks:

Unified Soil Clossification/Description
(Color. Texture. Structure, Grain Size)

- yeao. mottlhig bot:om O.S (41.7-42): Iess
moist c

- groy/rgreen doy nocules at 45- ~porox. 0.15S.

6V-8I� 
yeIlo..'�h pkk. mottled green. yeilo.

Vl-81, C1 an gra yellosh pink. mottled grean. yellow.
red onC gray clay. dry. bnlttlr. almnost tzicish.

- red doy with slicglt yeCow motling: soft
plostiU moist.

- reddsh orenge with yellow nettling end
gray/green nodules of cloy yracuaIly drying out.
over cry (1.6- caove ocse a. recovery).

- 'poxe eni'o clay witm mice flokes.

FLEC NnwE A-LOGC5.DC
I. I



Terra' Dyncrmics. Incorporated 'SOIL BORING LOG

Location: =tet No.: Date Drilled: Boring No .:.rid No.:
ANDREWS CO. LANDFILL SiTs , 92-152 01/13/93 B-37 8-C

Log By: -
A. WEEGAR/R. UCGOWEN

Drilling Method & 9it 'Sizes:
. AIR ROTARY

Drilling Comocny SapeMt1 ~)
SCARBOROU GH DRj.L'JING. INC. Scrnple Methodts):'

LAMESA. iE XAS - - CORE BARREL. SLIT SPOON

Driller ' Totol Depth:
. 101*

Remarks:

Survey Data

Northing: 7862.1723

Easting: 118Z3.1039

G~rcund Surface Eqev. (MS_):

3.477.37 ,

Unified Soil CIcssificction/Description,
(Color. Texture. Structure. Grcin Size)

eiDe
'i feeee

S A S v 5 LAv (CLI- 'red clay kite ddeC sth peI s
-- Wm,'.Sn Vteer 3SIlsOne. !

. I

,,

8'.-91. £, v IC'e reC-ct'ce w2tM= fet' clcy r Iotues
scattcftc tritTe with mWcc flcike=.

IE 5 .
L
I

:I

TOTAL D!?TH - 101'
I-

I. I ... t

.- . . I

. II

-. 1!

I
r

r-, .

nFr NA4E. A-LOCC8Z.Dw;
I .. -I.. . -.



Terra Dynamics Irncorporated SOIL BORING LOG.
Locztion: | Proje:t No.: DOte Drilled: Bo-ing No.: Grid No.:

ANDRES CO. LANDFILL SITE 92-152 12/14-15/92 9-18 8-0

Log. By: Drilling Method & Sit Sizes: Survey Data:
A. WEEGAR AIR ROTARY Northin;: 7409.0953

Drilling Compny:s7g 16178
SCARBORO'KCH DPILWNG, INC. Sample Method(s): Grou~ndgurac E1631.7184

LAMESA. TEXAS CORE BARREL Ground Surf'ce Elev. (US.):

Driller: Total Depth. .
LANE SCARBOROUGH 100'

Remarks:

Unified Saol Clcssification/ODscription
(Color. Texture. Structure, Grain Size)

Depth
(feet)

Graphi-
Lcg

RecoveredFt ot.
rt.S7amld

Strotigraphic
Intervals

0 _-/Scrnpled |_ .

.. s e�? . _ .a*.. .. I ^|_ __#__1. S_%.0; _.1' , *(1 SU- grown uitv scflg oreonlc glan; nnrn; crv.

1 - 10.S - CA ICilr ominkisM -tite and grayish ton: Ceocum coroonete
cemented. miCrocrys3cline: v. hard Cry.

10.5' - 12.25 CeLtCM pinkish wnite: mod. ct-: Cry. E

12.25 - 17' ChllC'ur. Pinkisn white cnd grcyiSh ton clcium ecVenctc_
cemeented microcrystcstime. v. hard- cy.

. L.
.I

17- 22' CAe "
5  

ltVt odik cctc. ccrb. cemented 7r0wel: "nle.
rec. and dkC. tan grcvcl. subrounded to rcuneM mod.
here dry.

R2C
22 30 ir, t>~lv SAN2 1SW' pinjsh ton; fg - C9 cat. Sand; _el

rounceC suorounoeC to w-e rounded Qwuo?'ite gro,-el: white.
tam. pink and dk. clas-ts loose; ery basal contact withi
criler. -2!

i-

O-

oRpt our

LOC
t-.TIhCs

OCALLJJ.A
I I

7U

30t- 45' SCL AV 'Ct* mottled dusiky red, yellow. purWVe oned iiN9t
gray coy. moC. here: st. plostic deIse: mois-

NR I MA

I - - -

NA

7777; 4
-wa . w w X . ..

- inceseC purple colOCtion belOW 35.

I40-VIIIA

4

12/
FIL NAME: A-Locto.Dwo

1 I



Terra, Dynamics 1ncorporatted- '-SOIL BORING LOG
Locztion: Project No.: Dc-e DrileC:- Boring No.: Grid No.:

ANDREWS CO. LANDFILL SITE 1 ¶2/14-15/92 - e-18 I 8-D

Log By:
- A. WEEGAR

Drilling Method & Sit Sizes:
AIR ROTARY

Drilling CornDony: . , -
SCARBOROUGH DRILLING. INC. - tOd_ sARRE:

LAMESA. TEXAS - CORE BARRCOL

Drill:r. Total Depth: 100

Survey -Data:
Northing: .7AD9.0953
Ecsting: '.1631.7184

Grcund Surface Elev. (MSL):

3,471.93

Remarks:

Unified Soil Clcssificotion/Descri;tion
(Color. Texture. Structure. Grcin Size)

I

CLAY (Ci) mo'oon clay wih shlignt mottling of ight gray and
purpie. mac. herC: W. pliatic cerse; mO3SL

45' - 71t. STVeltl. Sltv CLAV (CLN hegv'ly rnottled dusly red. -noroon. purple.
yenoW onc groy. norc: ZloC~y C:-ure: Cry with accCsionCf
zones of dense. moist Cl y.

- switeled out btst used pao' bit.

- prircriy dusky red .;th slight roay ten onC purple nottting.

71t-100 Cv IV AV *i I mottled dJ~y red. li~g: gray aed purpIe: trece
iee rags.. ncrC. v. CfumamY. wlcky frecture: cry.

fnli NAME. A-L3.a::P.Dh- | . . . ' .



Terra Dynramics Incorporated SOIL BORING LOG
Location:

ANOREWS CO. LANDFILL SI`E
Project No.:

1 92-152
Dote Drilled:

12/14-15/92
Boring No.:IGrid No.:

I B-1a I 8-D

Log By: A Drilling Method & Bi: Sizes: Survey Doto:
A. WEiGAR AIR ROTARY Northing: 7409.0953

Drilling Comp-ny: Sample Methcd(s): Easting: 11631.7184
SCARBOR OUGH DRILLING. INC. C SARREL Ground Surface Elev. (MSL):

LAMESA. TEXAS CORE___ __ __ _A ___RE _ __

Driller: Totol Dept.: 3,471.98
LANE SCARBOROUGH 100'

Remarks:

; Unified Soil Clossificotion/Description Stht irchc JRecoveregdphic
(Color, Texture. Structure. Groin Size) (feet)J Log | _ _| Intervals

I-P I S..... ..
9t V L rf!L sace as ovo

- becominfg eicreosingy crumbly below 92'

TOTAL OET,4 - 100'

-P5SJ NR

I

-10

- (AR
.I (GRAS)

_ _l

_lI

0123:z

L~2*__

b-

SF.
a

6. 0

to

FILz NAUC k-LoCa.cw: - I



. Terra Dynarmics Incorporated JSOIL -BORING LOG
LoaotionD Project No.: Dote Drilled: - 30Boring No. Grid No.:

92-152 - 12/20/92 B-'2 8-E

Log By: : Drilling AIethod 4 it Sizes: Survey Dctc:
o A WEGA M AIt ROTARY Northing: 6955.8008 -

Drilling _cmrcny Scmple Method(s):

LAMESA. TEXAS SP!:T SOOh: CORE BARREL

Drille_ Tocl Depth:
LANE SCARBOROUCH .1

Eastins: 11420.4446
Ground Surface 'lev. (MSL):

3.465.58

Remarks:

Unified Soil Clcssification/Description DePt Grchic Ft.Strctirphic
(Color. Texture. Struc-ure. Groin Size) (f -ee Log S p

- - t-80-

K4.-_93. C- tA fC t CaOrk meroon claystone with friottlin; of -imk;sh
gray and tubes of greenish qror. hcrc W. socy. blocky
fracture: Cry. IC

7.7

_go_-

g3.4'.-g6.s( Al (CV pvur0le/gCy .. th mottling of pinkist tar.;
rntnly. dry. 95/

Sc-iCI.4 Clev-'- ST' f-cuw " greenish gray clcyey siltstone _ _ I I I 10

.itn Ck. me oon Clays:One ncrusions cnd thin
ayers; ttcicky one pictey r*cture: hde4 sl. rno;s: $._ I _4

tl-lSu Iterbeaed creenis_ _y sltsteIr
one ousxy red and pinkisn vello. silty sanrstoner
sand is vi; cuort with vfq mica anrd biotite L || |
frg-nents: sandstone ts coeic. cocr. emenented t 1
hare: blocky fracture: with Noatey freature in [ - II
silttone intervair. dry.

105 -121.!- Sut SAND !SU). white. pink and elive sand with L .
greenish gray and pinkisn tar silty mnariir scnd h I i
vit with sou to medium tricc and biatite loker. -I *.
Vard: blocky fractufe: Cry. bescl contoc:. I la

C.1 ci 1/.

*rji~jj to

IU NAMEL A-LOCG!-D10w



*1

Terra Dynamics Incorporatedc
-sI

- SOIL BORING LOt
Locotton: Pro-ect No.: Date Drilled: |Borng No.:|Gnd Nc

ANDREWS CO. LANDFILL SITE | 92-152 1!/20/S2 | -3-2 8-E

Log ByG Drilling Method & Bit Sizes: Survey Data:
A. WFGAR ROTARY Northing: 6955.8008

Drillin Cn S pIe Method(s): Easting: 11420.4446
UCAR3"'nGH DRIUJING. INC. Ground Surface Elev. (MSL):,

LAMESA. TEXAS SPU- SPOON: CORE BARREL 3.465.58
Driller Total Depth:

LANE SCARBOROUGH

Remcrks:

Unified Soil Classificotion/Description Depth Graphic Recoved iStrotigrconic
- (Color. Texture. Structure. Grain Size) (feet) Log Ft. InteSvel

121.3'-1V Sztv C i' (t' dusty red Ac macon nth grayish purple mott!in
acruIy; Cry.

-(2 (A

.3

I t tR

S.'

10

I43

~I
TOTAL OEPTH - 11W

I ~F3-I
Ft

L ---

16^-

--I Z

nlLr NXAE. A-Loc!-w I



Telrrra Dynamics'-Ircorporated SOIL BORING LOG
Location: Project No.: Dcle Drilled: ri onng Nc jGrcNo

-ANDREWS CO., LANDFILL SITE I 21212/29/S2 I833I-
Log By: .R

' P.' GRANT
Drilling Method & Sit Sizes:

- AIR ROTARY

Drillin; Ccrnpany: D ;N Sample Methodps)o
S:ARBOROUJGH DRILLNG. iNC.SapeMtds)

LAMESA. TEXAS - SPLIT SPOON; CORE SARREL
Driller: , Total Depth:

UAN- SCAR310ROUGH 100' ---.

Survey Data:
- Northing: 6502.8105

Ecsting: 11209.2032
Ground Surface Elev. (MS .):

:3.466.96

Remarks:

Unified Sail Classification/Description -o
(Color. Texture. Structure. Grain Size) If
O-t *0S01 bro-n: sa~w sZen: moa- |

1'-24- CA hite sandy st; ealcium earD. cemnent hare. cry.

-

tecavered
Ft.

Sarmplec

Strcti;rczhc
Interval

-

- VRuL OUT TO 25.
WITH ROCK BIT.

.
.

-Ogallala qcaVejs ct 5' are hitci. pin4lcW.. quCotaite

-mete grevels btob- 110% eaose boe.a 10'.

-gravel and actie send streto at 8:crills eesiy-. light
Ian cutlw'gs: St. moist.

- ellow satly clay in Vattern foot af O;ltlcc .itt. same Smell
t@uflo~d gravels.

I - UD4. LO.' VROad
WuTnhN5

2-3 CLAY tCL dark readisn-bro-n claystone: ii. ziast;=
-crum1*I d ense: SI. tnaise: yena. mattlims: #%.te
burtw l) nfiltings present;Si reactive to 140.

3L9'-42' S',!.CAyŽ reddjsn-bra~n Saty ClayStane: greet-
gray. y'l3 lite rmottrin g: a.omply. =aPI-S slightly

h.uree:no, recctive wi~fn mci: demss. cry, si. soepyf

OCALLAA

IRIASS

-I:NAME: A-LOC3F.OWC
. I -



. Northing: 6502.8105
Easting: 11209.2032

Ground Surfcce Elev. (MSL):

3.466.96

Unified Soil Classificoticn/Description C
(Color. Texture. Structure. Groin Size) IC

- gradctiondl la sly sand at 42. I
F

SI? TY SAPND) , bro-sh tom to whiter mattled inrowehout L
.!tn eo.. orwt. yey W. hord blockj qoc: t ad o t I
itr Ma to sben ulr dCcS eet, CO. CemeuteC Grains I

cdecr to - itt to aun miv fRcker. ecr (" io grounr.t
cry. beddhS & cross-beCren prteseine u ene stamms
possile borings. r

s8- 86b 1: L-r Ay ts- reddish bron doysbondr wth stt
IsstemuCtect. yelow & white fmottlin C u Cidritie Pattern

Cemnlon; no res:tuon to HO: mard: ocuky rc:L:; Cry.

- littls silt bedo- SO*.

- increasing *ilty intuaeds below 66; scattered clayey
silts (green w-itt); dry.

- decreosing sa: belaw 75.
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Terra-Dynactmics Incorporated - SOIL BORING LOC

Location: -- Project No.: Date Drilled: - 3ring No.:|Grid N.
ANDREWS CO. LANDFILL SITE 92-152 /22/92 ' -33 | 8-;

Log By: Drilling Method & Bit Sizes: Survey Dotc:
P. GRANT AIR ROTARY Northing: 6502.8105

Ecisting: 11209.2032
Drillinc Ccmpcny: Scmple' Method(s): Eastonc Src09.2032

S:AR3WOKOUH DRILLING. INC. SPI PO;CR ARLGround! Surface Elev. (MSL):
LA'A 0ESA. TEXAS SPLIT SPOON; CORE BARRE '4c

Driller. -: ,O Total Depth: , ,6' -.
LANE SCARBOROUGH '100

Remarks:

_ Rcov -
- ,Unified Soil Clossificction/Descripvion 'r-, .IDP rpi t Strctigrc,

(Color. Texture. Structure. 'Grain Size) ' (fee-.) Log.9 cnpe Intervcl

10

-. less silt towards 265.

. .

as'-Ito, -r_ A IC,-% reddish pufl*: cloystonei rnod. horC
crum.71y. dcnse: red & crow7n. fttling: try.

- Purple below SO*: ii. plcstic.

-c

~-c

_ .

/-

?6.

iD - a
TOTAL. 0O-PT - 10CO

- some oescrite" as above witt sligUy reddish
pur lO' co i pieces .L

-: C

.1

_,_

h2'

FILE NAUEL A-LCC8Y,.0 C



S1SOIL BORING LO,
Date Drilled: 8oring No.: Gri

12/18-819/92 3a-22 I

Survey Oatc:
Northing: 5596.6570
Easting: 10786.6818

Ground Surface Elev. (MSL):

3.437.08

'd N

8-



Terra Dynamics Incorporated SOIL BORING LOG
Location: Prcjc:t No.: Date Drilled: Boring No Grid No

-ANDREWS CO. LANDILL SITE S.-152 12-9-92 3-C

Log By: Drilling Method & Sit Sizes:
AIR ROTARY; MUD ROTARY 21.8'-32'A. WE-GAR

DrillinCornponj,, Sample Method(s):
tSCARBOR gH DRIL LING.--INC. 0Sml ~to~)

LAMES. T--XAS SPLIT SPOON: CORE BARREL

Driller Total Depth:
LANE SCARBOROUGH ' 100

Survey Doa:
Northing: 8073.4781
Eosting: 11389.9571

Ground Surfcce Elev. (MSL):
3.476.22

Remarks: MUD ROTARY BOREHOLE DRILLED ON 1/8/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE OF-BOTH BOREHOLES. --

Unifiec Soil Clcssification/Description
(Color, Texture, Structure. Groin Size)

- - OP SO' bro-m scnav s3t. loose: root materiid:moist

1 - 165. !PA- IZ.d! wnitt Ond V.. IGq- XCreyCC:CiUM CM1. seTrnfrtec s~iy sonc/scricy
IT75 L eQ 4e Send-gled PIn 1fin. trogs. end *q st rie enc rounc
Syavesiet Lmin. c9s.: ricrd cfurmitiy cry. Ilaturc. frcctures.

Increas~nq send end 8k. grovel content below 7

18L! - 28.5'CAU 4t~ nk and qroy £CCI~iufl corn. cementec 351t V.
1rbCCv frc'lture, concentric cr~tm rnCs r'mc

V1ocen: 6duletS celcite Crv 0o drawrl. ir. ouC tac~e svbfounded
e1-. 2ev t c 3s naturcl frccrw es~ Mois, Clan

- ?C. JT6 csO contaoct from' arvief.

2' - 3r qo liv ANP2(V vtg toe a;inkc grvel w/ red, tan, alive
-ael: e:SC C n drv,1

A .i 1 grey, mod, s oft: sl. ;lestic. sac;),

- 5 CL V rr" ,icraor. clasy. mad. o~ce;c' tcrmy,
m oo c C .w e. COi t 5

flLE N A onlA- O C C. W` '.V , - tou



Terra Dynamtics Incorporated| SOIL BORING LOG
Location:

ANDREWS CO. LANDFILL SITE
Project No.:

1 92-152
Date Drilled:

12-9-S2
30ring No.: Grid No.:
ES-13 19-C

7 -

Log By:
A. WEEGAR

Drilling Method & Sit Sizes:
AIR ROTARY: MUD ROTARY 21.8'-32'

Drillin CA0RmBROGH DRILLING. INC. Sample Method(s):
LAMESA. TEXAS I SPLIT SPOON: CORE BARREL

Driller Total Depth:
LANE SCARBOROUGH 100'

Survey Data:
Northing: 8073.4781
Ecsting: 11389.9571

Ground Surface Elev. (MSL):
3.476.22

Remarks: MUD ROTARY BOREHOL-- DRILLED ON 1/8/93 NEXT TO ORIGINAL .
_BOREHOL. LOG IS COMPOSITE OF BOTH BOREHOLES.

Unified Soil Clcssification/Description
(Color. Texture. Structure, Grain. Size"

- Orier from S' - 50a.

- IncreaseC mois:ure k plasticity ido. I..

-Use day bit from '5- - 60'.

-Use Dolga.bit ./ increse stoe Se~crotion
DOva .

FILE NKAM A-'.i9C.7CG !



Terra, Dyrnamics Inorporated -,,SOIL BORING LOG
iocation: Project No.: Date Drled: S3ring No: Grid No.:

| ANDREWS CO. LANDFiLL. SITE . 92-152 12-9-92 913 9-C

I Og By:
A. %EEGAR ,

Drillina Method & Sit Sizes:
AIR ROTAPY; MUD ROTARY 21.8'-32'

Drilling Copny Sa. eto~)
~R~.SCAROR GUH DRILLNG. INC.

. LAMESA. TE-XAS SPLiT SPOON: CDRE SARRE
Driller: Total Depth: -

LANE SCARSORCUGH OO'

Survey Datc: _
Northing: 8073.4781

- Ecsting: 11389.9571
Ground :Surface Elev. (MSL):

- 3.476.22 -

Remcrks: MUD ROTARY BOREHOLE DRILLED ON 1/8/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOSITE OF BOTH BORn4OiS.

Unified Soil Clcssification/Des:ription
- - (Color. Texture. Structure, Grcin Size)

0100- ' i Dugisv. mcroon wf wo- -f&aeeiis -gray mottn;:-:rsaCrec. S u. muy. st. socpoy. non-plas.ic cy.

TOTAL DEPTH AT 160

11
Depth Grephic
(feet)|. Log

Recovered

. ,

Ftr. NAME. A-LCc9C.OwO
I



I 1.I

*Terra Dynamics Incorporated
!

SOIL BORING LOa
4 

- f

Location:
ANDREWS CO. LANDFILL SITE

Project No.:
92-152

Date Drilled:
12/20/92

Boring No.:|Grid No.:
1 B-27 1 9-D

I
'_og By-.

A. WEEGAR
Drilling Method & Bit Sizes:

AIR ROTARY

Drillini Corprony Sample Method(s):
. SCARBOROUGH DRINLUG. INC. SPUT SPOON COR_ BARREL

LAMESA. TEXAS SLTSON OEBRE
Driller: LANE SCARBCROUGH Totcl Depth:

LAZARO CASTILLO 100o

Survey Data:
Northing: 7620.4057
Easting: 11178.6477

Ground Surface E3ev. (MSL):

3.472.74

Remarks: MUD ROTARTY BOREHOLE DRILLED ON 1/3/93 NEXT TO ORIGINAL
BOREHOLE. LOG IS COMPOS!TE OF BOTri EOREHOLES.

Unified Soil Classification/Descripticn
(Color. Texture. Structure. Groin Size)

0.-o. TO* O"-, br. sity send: araoinc material: moist
. , , .

-

V- 9, CAQlCwV- pfrnkish. 5rc4Sh -l~te: cell~urn car. cemvented sift
vnd g;rq-piK sCei. v. ricre; boacxy fircClure Cry'.

t1.5-2S CALlQ4 ,A n ~gd gray, MC-crrytcfline C2cic.jr camo
carcennC ra.races c rdt: *ry.

- increased gravel content bdo. 22'.

25'-27.5' S:Itv Croveliv SAND (GWj dark. white. pink. clear oan O0a4ue send and
gravel with pinkish tanl sift me~bC 2san is s;;r. to weS ra vfg-eg dwe
gravel is subf.: lease: cry. OG�W

mAs�c27.-5;S. S.11 nAY (C? du5sy red to maroon silty Cay witn

blue/gray mottfins throughout: mod dense: crumbly in
upore 4:; st. jlcstic k soapy Weow 31'. moist.

- yellow mottling belao 3.

FUt. NA4ME A-LO--90.DWC i



Terra Dynamics Irwcorporacted- 'SOIL BORING LOG
CLocaton SITE :Project N.: Dote Drilled:
ANDREWS CO. 0ADILST 2-152 12/20/92 I 8-27 1 9-D

Log By:
A. WEEGAR

Drilling Method '& Bit Sizes:
AIR ROTlARY

6 ___________________

Survey Dctc:
Northing: 7620.4057
Ecsting: 11178.6477

Ground Surface Eiev. (MSLQ:
Drilling Comoony: -

SCARBOR OUGH DRILLING. INC.
- LAMESA. TEXAS

aSomple Method(s):
SPLIT SPOON: CORE BARREL

Is



Terra Dynamics Incorporated SOIL BORING LOG1*

Location:
ANDREWS CO. LANDFILL SITE

Project No.:
_ 92-152

Octe Drilled: Boring No.:jGrid No.:
_ 12/20792 1 - B-27 - 9-D I

Log By:
A. WEEGAR

Driling Method & Sit Sizes:
AIR ROTARY

Drilling Cornoany: - SapeM1o~)
D SCARBOROUGH DRI LING. INC. Smple Method(s):

LAMESA. TEXAS U SPUT SPOON: CORE BARREL
Dller. LAZM_ CAMO Toto: Depth:

LANE SCARBOROUGH ' 1__

Survey Data:
Northing: 7620.4057
Easting: 11178.6477

Ground Surface Elev. (MSL):

3.472.74

Remarks: MUD ROTAR Y BOREHOLE DRILLED ON 1/3/93 NEXT TO ORIGINAL
BOREHOLE LOG IS. COMPOSITE OF BOTH BORE:IOLES.

.' ... - Unified Soil Classification/Description
(Color. Texture. Structure. Groin Size)

83.6r-100 SPtu CtAY (CN vriegcte~d dusky red. yefle-. cork gray
cnc purple adty daystone ith sitstont loyers; trace vfg
mkca frcgs. n sitstone interwr. btacky 'frcturte moaC
hard dry.

TOTAL DEOTH - 100-

-4

-i

-i
! , .

Ir- MW- A-L0C9D.DwC
I



Terra Dynamics Incorporacted- SOIL BORING LOG
L coticn: Project No.: Date Drilleds Boring No Grid Nc.:

- ANDREWS CO. LANDFILL SIlE - 92-152 01/20/93 F -46 9-E

Log By- Drilling Method & Sit Sies: Survey Dota:
A. WEEGAR.. . . - AIR ROTARY - - Northins: 7166.5723

Drilling Company: Scmpie Metnoo(s): . n_
SCARBORODUGH DR!LLING. INC. SPUT SPOON; CORE BARREL Ecsting: 10968.3576

LAMESA. TEXAS R - Ground Surfoce Elev. (MSL):

Driller: Totcl Depth: 3.46-.'3
....- 101--' 3.46.53 o .

Remorks:
. - .. . . .. ... .. ,- -... ..v..r-

Unified Soil Clossificotion/Description .-
- ._(Color. Texture. St. ucture. Grcin Size).

Depth
(feet)

Grcphic IFt.
Scrnoleit

Strotigrophic
.Interval

U- _-

TOP c0lL darkc brown: clayey scrid: y. organic .
rich: lolcmy. moaist. . MR

(OUW

2.5-1SCAI IYtr pinkish white olte un corentc _
cemented silt and vWi sonC e:trnctincty hord
and soft loyers hard laye are gcroisn tcn _
micrite with sat and vtg pink SCfC t-CCC
subrounced pink and ocoCue grovel. dcry

(CUB)

-10-

1,*-I r.A lI#r pinkish white calcium ccrbonacte _
- cemented sit end v'9 somne drk. bic:l -_

opoQue and red qtZte grovel frege. tl'ouhout-
loase: dry. _ _

1t'-2.S, 'Co.e'. SANO f',8_ pink vfq quct-z seic L_ -(G ).
block. acre. r*ec onC opcque grovel; v. looseG
moist. 20

CPA -,
orur;
Loc

OflCL1S2,0

OCAllALA

ThA'SlSMC
2O.51-28, - - CtA * fot' merocn: St. sotoe dense: S.

plcstic crumbly. tro:e COicjum certenote
nodules: moist. -

Ht

1 (GRAS)

-25w

-I -,/r
2

2"_.r2

_ _ _

]2

- - - - - - -

28-3r 1`1 Vr r'r \ heovily motti- yellow. bluish
gray end purple: s. soopy, dense: SI.
plosti: crumily, moist-dry.

2 ° 2
-Li

22 SS
1.

-:5~LŽSS
2

37'- 40.9 C tC ICIN maroon with Clests Ond treJ:
motl:.ng of groyism ou'u34 afc yellow: St.
soc;. dcense; sI. piestic crlur2ly to
Concoidot lre:tur'e moist.

- -~ ~ --

FILS WA4E. A-LOC2'L0WG
I � . I



Terra Dynctmics Incorporated
I I .

SOIL BORING LOG
Location: I Project Nc.: Date Drilled: Boring No.: Grid No.:

ANDREWS CO. LANDFILL SiTE 92-152 01/20/93 e-46

Log Ey- Drilling Method & Bit Sizes: Survey Data:
AIR ROTARY Ncrthing: 7166.5723

SCAR30R0UGH DRILLING, INC. Scmcle Method(s): Easting: 10968.3576
LAMESA. TEXAS SPUT SPOON: CORE BARREL Gon ufc lv MQ

Ground Surface Elev. (MSL):
Driller. Total Depth: . .

101 3.467.53

Remarks:

Untried Soil Clossificction/Dcscription Dt _rphcRtcovred tairpi
(Color, Texture. Struzture, Grain Size) (fepth Gr°9 phiceF Inetv-40 ,,,, . _aph

1'/II/I'

4.9-52s S t v - %AN O
1 

U'9 variegated to. yellow.
pink, grey eaCd wute sitstonit cnd sandstone
with cloy lamine end ctcrS: interteocec cid
cross-aeded send is vfg white cucrt. and pink
feldspor vfg to e; mica one bioite frogs, and
tlckez increcsed scnd content 0*eow *J: herd:
blocky frecture; calcium ccrOcncto cementwtion:
cry.

I4-

-aD-

I.

l1 'la

.. Saoe _____

*o0

.1
V1I

*I1I II I:: -, :
s2-569. t. ti tA-' (C' d Ccrk redcsn brown and reddisn

pur;ie sdty claystOnc witr. slight purple grey
dencritic motUong greenish gray closts end
worm burrows: Cens. blOCky fracture to
crumbly. dry. grodational ancnge to light dusky
red siltstone at base.

MR

1///I MR

I S !

-70

.59

10

9.4

' /

. 10

66.9-71 CQ.ev vr- T (utl light dusky red sitstsone and
cloystonec. caicl si filled frcctures. hcrd
blocky Vrcture dry.

.'; ,'; ', .
71-iOV Slchtv SJv t LAY (C* > reddish broan end

yeno-wsn ton signt'ry Sity cloystone with
?r4enish gryo layers and tjhbs; calcite filled

451 diogonol fractures commen.

r
L
I--

I A
7/O

a

It

nL. 14AUE A-LOCs-OWC - - - I



Terra,- Dynamtics Intco rporatece_|JSOIL BORING LOG
Aocation: Project No.: Date Drilled: Scring No.: Grid No.:
ANDREWS CO. LANDFILL SITE01/20/9 -46 9-

Log 8y:
A. WEEGAR

Drilling Method & Si" Sizes:
- AIR ROTARY

Drillng Company: S
SCAROR OUGH DRILWNG. INC. Sample Me'hod(s):

-LAMESA. TEXAS SPUT SPOON; CORE 3AR2EL.

Driier - -j Total Depth:
"' 101'

Survey. Data:

- Northinc: 7166.5723

Easting: 10956.3576
.... . .. .

. Gro-nd Surface Elev. (MSL):

3.467.53

Remarks:

Unified Soil Classification/Description
(Color, Texture, Structure, Grcin Size)

Sla";It fmr: i*-snCMes e -OVL

. _

- .

. . .

.

.,

TOTAL OETH - 101'

: _.

. . ,

, * ;

', * .,, '' .
. .. .

. .

. ' . . .

nZ NAME: A-LOC9U.WC .1



Terra Dynamics Irncorporated SOIL. BORING &
WELL COMPLETION LOC

Location:
ANDREWS CO. LANDFILL SITE

Project No.:
1 92-152

Date Drilled:
12/16/92. i/23/93

18oring

M. JOHNSON; A. WEEGAR I WELL COMPLETED ON: 1/29/93 I
. .

Corn1
INC.

Survey Data:
Northing: 6260.8293
Ecsting: 10544.8903

Ground Surface Elev. (MS!):
3.454.5S

Top o' PVC Ccsing E!cv.:

3.458.25

Drilling Method & Bit Sizes: AIR RO2TARY
I

Total Depth:
170'

Sample Method(s): CONTINUOUS FRCM 9- TO 170- USING SPUT SPOON
,AND CORE BARREL_

Unified Soil Classification/Description
(Color. Texture. Structure. Groin Size)

0W-3 rtHSJo .hite: so3e White silty Clay. sosme white
pebbles.

_ Sccrete Surfcce
seat

e 5= (dry) Benttonie/
Type I Portland
Cement Grout

Sle'4tf. Stv SAND fSLIl *hite. fine gro;ned slitshtl
orlqulee sane: ootite and mic: Pokes: numerous rip-up

= -tC end gray ctoy clasts sli;!itly HO reective:
permnecle.



Terra Dynamtcs Incorporated SOIL -BORING &
Dyr~ctics JWELL COMPLETION LOG

Location: Project No.: Date Drilled: .Borin No WriC/
ANDREWS CO. LANDFILL SITE -92-152 12/16/5 We1/2l3/93 | -I. 2-52 2/6/9,,.1/3/31 9-G(1'

Log BY'. ON .
I - M. JOHNSON; 'A. WE-GAR WELL COMPLETD ON: 1/29/93

Drilling Company:
-SCARSOROUGCH DRILLING, INC.

LAUESA. TEXAS .. _ _ _ _ . _. _..

Drilling Method & Bit Sizes: AIR ROTARY Total Depth: 17-
170D

Survey Dcta:
Northing. .6260.8293
Easting: 1C544.8903

Ground Surfoce Elev. (MSL):

3.454.55
Top of PVC Casing Elev.:

-3.458.25Sample Method(s): CONTINUOUS FROM 9'
AND CORE BARREL

TO 170' -USING SPLIT SPOON

Unified Soil Classificction/Description
(Color. Texture. Structure. Grain Size)

Well
: - Design

. . . .

S?; jtty S ANv same Cs czeve.

42.5-.50. S-'*v el Ay fe '"l duskcy red: mnod. hort &Y.
num~erous silty sanid lemifctiamsfl with depth
(slightly MCI reactive): some.9rey. White
mottling.

50-0 !vs !tA- (IC' 1 dusky redl rmot:. herd_ wary.
,Cry,. wmite efic Sye, mottling, some* vf grained
Saed Mleer tep.

B0-8 ~ ? C'A- (C' .- cusky red: hcrd: waxy, d ry.
wmite enc gray mottling.

5- (dry) Eenten;te/
Type I Portlond
Cement CGrut

%* 0.0. Scnea.
40 PVC Ccuing

,.

. i t.Z HAVE: A-LOCISCI.0WC



I.

Terra Dynamtics Incorporated I SOIL BORING &
IWELL COMPLETION L0

Location:
ANDREWS CO. LANDFILL SITE

Project N o.: Date Drilled: Boring No.: Gnid/
92-.52 12/16/92 1 N-2t 9 :)1_39 _ -1 1 -O

Log B M. JOHNSON; A. WEE-GAR WELL COMPLETED ON: 1/29/93

Drilling Compeny.
SCARBOROUGH DRILLING. INC.

LAMESA. TEXAS

Drilling Method & Bit Sizes: AIR ROTARY total Depth: 70

Survey Data:
Northing: 6260.8293
Eosting: 10544.8903

Ground Surface Elev. (MSL):
3.454.5S

Top of PVC Ccsing Elev.:
3.458.25

Sample Method(s): CONTINUOUS FROM 9' TO
AND CORE BARREL

70' USING SPUT SPOON

..

Unified Sol Classification/Description
(Color. Texture. Structure. Groin Size)

Grcphic
LoG

Rtgv C V (^' 1- saerc as above.

Sltv C Av fSul' reddish-brown. harc dry brown
cevorng ncrecsin; with deOth. some v! scnd
increosrng with depth. some grey motling. dry.

SItt ClAY `CLl dusky red ncret 0y some '$
sond. gray motting5

9V 2 SsAN ;Tf groyish white. vt to fg
sand. groins ore cngulor. b;otite ond mica Riokes:
some yellow. pinih nd green color. bottom I (one)
foot more yeltow. HC permecble: dry. v. slightly
HO reactive.

- Color becoming ton below 105 tt4: some
brown/yellow s-reoking .th deothl rip-up cloy
costs twhite).

ttC--tl9.$ Sric."v f l.VN TANOD fS 11 ton/yello-. tg sond.
thgnUy oigulor grcis dry. numerous b;otite
and mica flokes: some grey. browni s-reoiug
s:ighUy HM rea:ive: thin brown, yellow
lominotiont.

. . . .

kit

- 5 (dry) sentonite/
Typo I Portland
Cement Grout

-- % 0.0. Schet
40 PV Casing

. .

rn lAwC A-LOCSCt.ODW
I
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Terra Dynamics Incorporcted SOIL BORING &
-__ . .WELL COMPLETION LOG

Locotion: Project No.: Date Drilled: Poring No.:Gi
ANDREWS CO. LANDFILL SiTE I2-1_2 12/18/92; 1/23/93 e-N1 .9-G:)

Log By: .
. MI. JOHNSON: A. WEEGAR WELL COMP-LETED ON: 1/29/93.

Drilling Czrnpany: :
SCARaOR OUGH DRIWIG. INC.

LAMESA._TEXAS__ _ _ _ _ _ _ _ _ _ _ _ _

Drilling Method & Bit Sizes: AIR ROTARY Total Depth:
170'

Survey Ddtc:
Northing:- 6260.8293
_csting: 10544.8903

Ground Surface Elev. (MSL):
. 3,454.5

Top of PVC Casing Elev.:

. 3.458.25Sample Method(s): CONTINUOUS FROM 9'
AND CORE BARREL

TO 170' USING SPLIT SPOON

Unified Soil Classificcticn/Description
(Color. Texture. Structure. Grain Size)

Graphic
Loc

Deptl

-Rec. fg sand. from 11t.5- to 17.5.

117.5'-131.5 SI-*ty S'aV SANO (WUI' ton/yeIlo.. tS SenC.

., . . -. ,-

fgnray oncule greins: Oy. Aumerous mice ndC'
biortat tlees; sligntly C: rec:tive: thin yelow
Icmination. I .'

- Red. yllow cnd gray laminations. 9ottom

one forc: is grcy.

; .1

- 2 x 3ft. Cogs Md.
9wst. Mset

I3t5-:70 1s. CaL- £ u uky red: Inumerous gray
clay class (greenisn-wthite) with accasionaf
rnusscrd yellow maotling: moC. here: tloCky
fracture to st. crurbly. Cry.

.- 1�.

.. I

- . x 30 0.020
PVC Screen

- 9 Ml Olb. 8ogs
TUC 8/16 Sieve
Vnter Sand

, .

Fr KAME. A-LDOGc9CIWG



Terra' Dynamics Incorporated SOIL BORING &Tera. ymcmic ImorprctectWELL COMPLETION.'LO

LocOtion: Project No.: Date Drilled: Boring No.: Gnr/
ANDR2EWS CO. LANDFILL SITE - 12/16/92: 1/23/93 B-21 Well o.:

2__152 12___ _1____2__ i__2__3___89 0(1
Log Ey M. JOHNSON; A. WEEGAR WELL COMPLETED ON: 1/29/93

Drilling Company.
SCARBOROUGHd DRILLING. INC.

LAMESA. TEXAS

Survey Dota:
Northing: 6260.8293
Easting: 10544.8903

Ground Surface Elev. (MSL):
* 3.454.55

Top of PVC Casing Elev.:
3.458.25

Drilling Method & Pit Sizes: AIR ROTARY Totcl Depth: 170

S*mple Methd(s): CONTINUOUS FROM 9 TO 170' USING SPLIT SPOON
AND CORE BARREL

Unified Soil Ciassification/Description IGrcphicIDepthI
(Color, Texture. Structure. Groln Size) |Log j feet)l

sity ctAV .C as acobgve.

OTAL DEPTH - 170

I.

j -7U'

r1L= NAME: A-L=Cj1.0WC



C-13-
-

I Terra, Dynamtics -Incorporactedc W CSOIL-BOERING &
WELL COMPLETION LOG

Location: Project No.: DBte Drilled: , |oring NoT.:
ANREWS CO. LANDFILL SITE 92-1'52 1 12/16/92: V/2/93 | B-21- I 9-G(2)

La g By Survey Data:
9 M JOHNSON; A. WEEGAR WELL COMPLETED ON: 1/25/93 Northing: '6260.8293

D n ,y ' Ecsting: .- 10544.8903
Drilling Camorncy

SCAR30ROUGH DRILLING. INC. Ground Surface Elev. (MSL):
LAMESA. TEXAST:15oh '''344a

Drilling Method e' Sit Sizes: AIR ROTARY Total Deth: Top of PC Csin Elev.:

Sample Method(s): CONTINUOUS FROM 9 TO 223 USING SPLIT SPOON '
AND CORE BARREL . * ., ... ':

- Unified Soil Classification/Description
(Color, Texture. Structure, Grcin Size)

Grcjhic D
Log (I

V-S. CALlC14r- whlite: some whlite silty dlay. some white
pebbles.

MR

IV-15.S Sll~. CAV fCQ' duskcy red. hard-. 'wavy. drry
some wnltisn-gray mnottling.

some Veay mottling.

HRL

reet) rt.

~1~

01

*10

1*5

20-

25

10

Well
Design

.
.

-15s

X"

I ..

I.. -

3 45 1 5 Soped
CoceeSurfC.te PC:

Secret* Surface
/I sect

_5% (dry) Bentcnite/
Type I Portioiid
Cement Grout

I/ -% Ci.O. Sched.

2.3-2S' 5leFn SltvS §NDIS Pmk1Sh-#'MW1 Si sort o
v1-f9 oagular sone: some yellow rd green mottling
HI perm non-eeo:t;ve: cry. ,

25'-26' 1 ntk.Hracie
5y1-On a grons: r~y. K t-ci~k-M3 ecie

26'-3 i SZ K Iv Sitv SAND ISUI pinkisli-rel. vt-lg Cei-ulor
senC grains: Ha pemi numerous gray rip-up clasts:
Sorne yellaw. green mottling; dry. lighter color with

, deiptl'_.

i 11 I .! I
I I I ! i I

ILLrr

I i. ] :

3T-4..S. S;tyi jy v Ses3n flSu' whlte. Ane groined stisfttlz
angular scnC: biotite and mice ftakesr numerous rip-up
w"nie and gray cloy celsts: slivg y '30 reactive:
perinectle.

- _ _ :

r ILr NAUEC A-LOC9C=DVr





Terrca Dyjnmics Imcorporaqted SOIL .BORING &
.__ .WELL COMPLETION LOG
Locction: 'roject Nc.: Date Drille: woring Nc.: GnW No

ANDREWS CO. LANDFILL SITE~ PrjetIo. DtWDelldl No.:- - ANDREWS CO. LANDFILL SITE 92-152 12/16 92: 1/2/93 18-21 S-C(2)

Log By- O?~~ N /59 Survey Data:-
L M. JOHNSON:'A. WEEGAP WE'l C. M?'E~cD ON: 1/25/93 Northing: 6260.8293

Drilling Corpcn Easting: 1054-4.8903
'SCARBORJIGH DRILLNG. INC. Ground Surface Elev. (MSL):

LAMESA._TEXAS _ _ _ _ _ _ _ _ _ _ _ _ _

Drilling Method & Sit Sizes: AIR ROTARY - Total Depth: - -3* _ 5
, 223' Top of PVC Casing Elev.:

Sample Method(s): CONTINUOUS FROM 9' TO 223' USiNG- SPLIT SPOON - t57.85
AND CORE BARREL

Unified Soil Clcssificaticn/Description
(Color. Texture. Structure. Grain. Size)' ,' -

Graphic Depth
-Log I(feet) Pt.

ILz

. . Well
Design

7.. __ __ ___ -

I .-

8S-90 51" CLAY (SeJt reddish-beown: hard dry. brown
coorong increasing wth depth. Somie vfscnC
- creosing with deoth. some Sroy mottling dry.

go-9( S'tv Ct V C d cusky ree hard dry, sone vt
sanc. grey moting. -

0sricvv sIN SAN fs)- s roaysn white. M tc fg
scnd. raoins Co,* gnquc t ctite rand mica floker
same yellow. pink and green color. bottom I (ant)
foo, mort yellow. HC pernntoI4: rY. v. slightly
Ho reactive.

-Colw becoming ton bela- 105 ft.. sorne
.wit. aet.t: .ip-w* cioy

.ligmitly 'nu101 grons: cry. numerous bi'''te
a .o mica fcites. soe ray, brown s .re.kin;;
slightly MCo reoOive: thin brown. yellow
lc tinmftot .

5*

Vi; Crning

....

IFICr NA~rJ A-LOGC2C.0WG

........



Terra~ Dyrmctms Imcorporctec SOIL BORING &
WELL COMPLETION LOC

Location: _ I Project No.: DOte Drilled: lBorina Nc.: Gingl/
ANDREWS CO. LAND;1LL Sl._ | 92-152 12/i6/92: 1/2/93 I B-21 -

Log By:~ 1/25/93-.A.WEG Survey Data:. JOHNSON: A. WEEGAR WELL COMPLETED ON: 1/25/93 Northing: 6260.8293

Drilling Company: Easting: 10544.8903
SCARBOROUGH DRILLING. INC. 3 454 E

LAMESA, TEXAS______________

Drilling Method & Sit Sizes: AIR ROTARY Total Depth: 3.4.55
223 TOp of PVC Casing Elev.:

Sample Method(s): CONTINUOUS FROM 9' TO 223' USING SPLIT SPOON 3,457.85
AND CORE iARREL -__

Unified Soil Classification/Description Grph Dept Well
(Color, Texture. Structure. Grc n Size) ICo r (fee t)|h ! I -Design

* -ARed. soienC from 116.5' to 17.5. 1 0 I
17=S1;ehV SitV SANC fS, tCn/YC4w. f9 senld.

szagthty angular groinr. cry. numerous miec andt O /
biotite flaker ;igntly hcO rec.tive; thin yeoi. 70

-Rte. rt ond rafy lomfttiar Sottom

5= (dry) Sentann.
Type I Portland
Cement Grout

./ i'10 7.0 ScsIed.
40 PVC Csring

232 5'--19 pv ft t? Y 'CY v' ~dsiy red: nw'nerous gray j /I
day clsts (qyeenish-wht*) .ith occOsionl/
munStrd yeflow mOVUth7i mod. hcrc bloCky
frcCure to sL crumdrly. dry.

4

5C-

Sc

I FtLv. N~mEc A-L0OO9C2.DWG



I SOIL- BORING`&Terra Dryna~mics IWLcorL COILETIN L
>; - WELL COMPLETION LOG

ANDREWS CO. LANDFILL SITE
I Project No.: Dote Drilled:
1 92-152 1 12/'6/92. 1/2/I

18oring No*l.ll/ -

_ I

I 9 M. JOHNSCN; A. WEEGAR WEL. COMPLETED ON: 1/25/93

,H DRILUNG. INC.
;A. TEXAS

Survey Data: - -
Nerthins 6260.8293
Easting: 10544.8903

Grcund Surface Eiev. (MSL):
3.454.55

Top of PVC Casing Elev.:
3,457.85

.W.ll

Drilling Method & Sit S zes: AIR ROTARY Total Depth:
: 223'

_ .

Sample Method(s): CONTINUOUS FROM 9- TO 223- USING SPLIT SPOON
1AND CORE BARREL

h .

Unified Soil Clcssification/Description
(Color. Texture. Structure. G-oin Size)

I
: P -~ Well

.Design

F .. ..Sity CL.AY (C= ) sW as abow.

- rcfreesed mustgrd yella. mo:hng below

s o'..

- 45 sickenside at 186 with cclite
crystclZCttin along flip plant: increosed

Ce;sh 9rCy aiaritvc rnotting beo-
61Usl. weretsed crummly tistufe

beDaI 186.



I

Terra Dynamics Incorporated SOIL- BORING &
WELL COMPLETION, LOG

octon: AN R CO LANDFLProject No.: Dote Drilled: Boring No.: Gria/
Aoai N: RW O ANFL IE92-152Z 12/16/92- 1/2/93 8-2 Wll 2o.

Log By. M. JOHNSON: A. WEGAR WELL COMPU rTED ON: 1/25/93

Drillinet Ccmrrpanr
SCARBOROUGH DRILLING. INC.

I AbC.qA TGYXA

Survey Data:
Northing: 6260.8293
Eesting: 10544.8903

Ground Surface Elev. (MS'):
3.454.55

Top of PVC Casing Elev.:
3.457.85

Driliing Method & Bit Sizes: AIR ROTARY Total Depth:
1 ~ 2.23'

Sample Method(s): CONTINUOUS FROM 9'
AND CORE BARREL

TO 223' USING SPLIT SPOON

Unified Soil Clossificction/Oescript:on
(Color. Texture. Structure. Groin Size)

t19i -208. S e tv S~Itv CV j hly
mottlcd prwrarpy greenish gray and
purplisn gray 'ith cenrmtic colorig of
r.ddisn bfooW and mustard yIor. id.
soeao. blacky fracture and crumly.

-reducec $reenish gray mcttling betaw 201.

20&e-223 Sl fTuI *1 greenish gray siltttone: trace vfg mica
frcs.: htrd; blocky fracture moisL

- reddsh braon Clayey sitstane layer:
clasts and vertical seems from Zt-ZZ(4.

- faint cross-lcminatin betOw 220

TOTAL ODPr4 - 22S

oO
00
00

0

N _

a

I Bucket ( tcat.)
of 3/' Bent.
Pellets

I M jcket (5 CcdQ
Bentonite (Hand-
Minted) Prcgrneits

- 4x10 0.020
PVC Screen

- 2.5 1i0b. Bags
TkC 8/16 Siee
Filter Sand

-'%'

IrtE NAMJE. A-LO.j9CiZOWC



Terra Dynamics 'Incorporated - SOIL BORING &
._ WELL COMPLETION LOG

Location: - Project No.: Date Drilled: -9 Boring No.:.......... 'Grid,
ANDREWS CO. LANDflLL SITE 92-152 12/16/92. 1,723/93 E-21 ' 9-G(3)

Leg By: Survey Dcta:
M U. JOHNSON: A. W"-GAR WELL COMPLETED ON: 1/25/93 Northng: 6260.8293

Drilling-ornpny -- Eosting: 10544.8903
SCAR3OROUKGH DRILWN. INC. Ground Surfcce Elev. (MSL):

!.A1MESA. T-EXAS _ _ _ _ _ _ _ _ _ _ _ _ _ _
- 3.454.55-' -

Drilling Method & Bit Sizes: AIR ROTARY Total Depth:
*-- - -_00' . . ~ tcpof PVC Casing Elev.:

Sample Method(s): CONTINUOUS FROM 9' TO 231' USING SPLT SPOON
AND CORE BARRELQ GRAB SAMPLES EVERY 5' FROM 231. TO TD. -I

Unified Soil Clcssificcsion/Description
(Color. Texture. Structure. Groin Size) '' !Graphic

Log
Depth
(feet) sI-

,t..

' . Well
, ,Design -,

I Z -
e*~eits* Sloped
Concrete Sujrfcee

0.-9. ~ CAQQ-17~ whte: Somre white Silty clay, some white
pebbles.

BAS 0r ooCAU.i- - 1RIASSC MOP

W-2SS~ ~ t~ tAV Cfldusky red: here. wavy. drY.
somec wrni is-grey motltling.

IS.5-2Z Sl-.!,,St,,CLAY (C')', rmaroon. hcfd, *axy-. C-f.
some gray mottling-

23'-2S '.nt S.'r SAN" I LI- pkiksri-recL. well: sorted
vf-fg angular sand;. some yellow and~ green mottl;4~

NC! oerm nom-reectn.. dry.

25'-26' MAY-tY SAND (SLI- white. chatlky, MCI roe.-tin:
vr sano grc cry,

26'-30' l"'i SI', SAND SVSU' pinkisZl-fed. -A-fg angular
scIld qrati-. MCI Perm numerous gray Ip-ullp cicsts;
same yellow. agreen m rotttng:. dry. figntiti color with-
degm~.

30'-42.5' sistri-giCt 4 SANO rsyl: white. fine grainec slightIly
auar sartc biatite end rniac flakes: numefous rip-up

=ht land gray clay clasts-. S1.gfly MC: reactive:
pem~eable.

I

- Secrete Surc-e
2eo

o5% (*ry) Benton-to/
Tye I Portland
Cement Grout

40 PV

111t
[|I .

I ria xwE: A:-LocS9.O.wG



Terra Dynacrnics Incorporated SOIL BORING &
.__ .WELL COMPLETION LOG

Location: Project No.: S Dote Drilled oring No.:1 Wel 9o.:
ANDREWS CO. LANDFILL SITE 92-152 112/16/92: 1/2.3/93 I -211 9-G(3)

Log 3y:
M. JOHNSON: A. WErGAR WQ1 COMP TED ON: 1/26/93

Drillinc Compony
Dr CCARlURGH DRILLiNG. INC.

LAKRSA. TEXAS

Survey Dctc:
Northing: 6260.8293
Ecsting: 10544.8903

Ground Surfcce Elev.' (MSL):

3.,'54.55

Top of PVC Casing Elev.:
- 3.457.55

Drilling Methcd & Sit S'zes: AIR ROTARY Total Depth:
___ __ __ __ __ __ __ __ __ __ __ __ __ __ __ ___ __ _ _ __ __ __ __ __ __ __ ___300'_ __

Sample Method(s): CONTINUOUS FROM 9' TO 2;;' USING SLIT S?CON
AND CORE BARREL: GRAB SAMPLES EVERY 5 FROM 231' 70 TM.

Unified Soil Clcssification/Dtsznption Graphic Depth
(Color. Texture. Structure. Grain Size) Log (feet)

3-3
Sic"Tty S:1?V SANO ')d some as WOv. . [

42V5--50 S'tv C' AV reC dusky rec rnoC. hCe, cry. i-
numerous Sily sCn trminctUans .Sth dent
(slightly MCI recCtvr.: so2M gray. .nite 4 -
mottling. // 4

50'-60, S"Itv CLAV ICLI; disky rect moe. hard; wcy L
dry .white and grcy mettling. some vt ?rcined l
scnd necr top.

-55-

60- SPtv PI AY L(C I cushy red haor WCry. dry. i _
white end gray mottling.

70-

killR K
I rir N.U! A- o c.0WG



Terra Dyrnamics -Incorporated- COMLETION LOG
. . .WELL COMPLETION LOG

Lction: . - Project No.: Date Drilled: 5 oring N c.:. Grid
-_____CO.__LAND;1LL__Sl__r_.__.__92-152 _ _ 12/16/92: 1/23/93 -B-21 i

Log 8 y), Survey Data:
- M- . JOHNSON; A. WE GAR - WLL COMPETED ON: 1/26/93 Northing: 6260.8293

Drilig Compcnr.G, .. Ecstino: 10544.8903
gSCCA'RSOR TdU .KG. DRILLING. INC. Ground Surface . . (MSL):

LAMESA. TEXAS

Drilling Method & ait Sizes: AIR ROTARY Total Depth: .
. - Top of PVC Casing Elev.:

Sample Metnod(s): CONTINUOUS FROM 9' TO 231' USING SLIT SPOON 3.'57.65
AND CORE EARREEL GRAE SAMPLES EVERY 5' FROM 231' TO TD.' -

Unified Soil Cicssificction/Description.
(Color. Texture. Structure, Grcin Size)

I.Gr;phic
, Log

Depth,
(feet)�jlrze~

VT.L
. - .. Well

Design

: . ..-

.,
S;-*, L' AY9f=1_ Sam 0s C00~9.

BC-SO' . -v Lt A- 
1
'U" ircidsn-brow.f: hor&, dry br ownr

ooing c-ecsing wiv% depth. some vf Sto-.
IncS wg % ce;:th. so-me gray mattling. cry.

90SCs~lv~ C'-A ai ~dsliy, ret: hard cry. somec i
scric. grey mottlei;.

slc~~V.sAN' (su'- grayishi white. vI 'a tg
Se-nd. grain re a iulCr biCtite Ceid mICC fIkeS-

-some yVil0-. pin4 and green colse. t)Cottn I (one)
foot rmore yeflow HC1 permeable; dry, v. sliqnsy

Color becomnsn tci belo- 105 t:4 some
brewn/yefl0w Streakinig wi~t Ceptll: riP-up Clay
djclts (white).

/I

I

/

- S_ (dry) Ben :Onte/
Type I Portland
Cement Grout

-- 414i OD. Sched.
40 PVC Casing

I Igritly, onquie? grairis: try', numerous W;.tet
I and mice 1104ts: Sari. gray. bf~ror trqlok~ng-

gli;9tty MCI eac~t."C: trw, brol-k YWMGle
acm"Cton.

PLEFU NAUL .A-LC~G9'.0W0



Terra D~ynmctms Incorporated SOIL BORING &
r DWELL COMPLETION Los

LocRtioS:LProject No.: Dote Drilled: oring No.: Grid/
ANDREWS CO. LANDFILL SITE 92-152 12/16/92: 1/23/93 6-21 -G(:

Log By: 1/25/93 Survey Dotc:Log JOHNSON: A. Wr-EEAR 1 cO4LE N /25/93' Norlhinc! 8260-.22.5

M



Terra. Dynamics Incorpo edI SOIL BORING &
TWELL COMPLETION LOG

-

.

Locction:
ANDR-WS CO. LANDFILL SiTL

P iroject No.: Dcte Drilied: *oring No.: Ind/9 /Well NO.:
1 92-152 1 12/16/92: 1/23/93 1 8-21 I: 9-Gt3)

9 M. JOHNSON: A. WEEGAR . .WEL COMPLETED ON: 1/26/93
. .

Drillinq Comoony:
-SCAR9020UGH DRILLING. INC. -

- LAMESA. TEXAS -

Drilling Method & Bit Sizes: AIR ROTARY Total Depth:
.30G'- ..'

Survey Data: -
Northing: 6260.8293
Easting: 1O544.89C3

Ground Surface .iev. (MSL):
3,454.55

Top of PVC Casing Elev.:
3.457.65

Sompe Method(s): CONTINUOUS FROM 9' TO 231' USING SPLIT SPOON
AND CORE BARREL: GRAB SAMOLES EVERY.5' FROM 231' TO TD.

Unified'. Soil Clssification/Description .Graphic I~epth
(Color, Texture. Structure, Grcin Size) - Log I(feet)

i

Well
- Design

. .. 
.

SI.v CeL.1' (C-). sem~e as above. I'IA.

o4

,'- mncreased mustord yellow mat

1ao'.
tUng belowv '

-45'. l;ckcns1. at 186' w;V eClarte
crystaliZetiot. along stir plane, increased
F'etnish gray deencritic fctflng below

s8: . encreesed crumbly texture
bela. M86*

. ,

. .

.

-. 5. - ..

*1 nuL wmt4. A-LO.sc.Dwc



Terra Dynamics Incorporated I SOIL BORING &
WELL COMPLETION LO

LocAtion R O | Project No.: oate Drilled: Baoring No. Well/No.:
ANOREWS CO. LANDFLL'SIT | 92-152 12/16/92: 1/23/93 | 8-21 9-G(3)

Log By: Survey Data:
M. JOHNSON; A. WE:GAR WELL COMPLETED ON: 1/26/93 Northing: 6260.8293

Drilling Company Ecsting: 10544.8903
SCAR9ORdUGH DRILLWNG. INC. Ground Surface Elev. (MSL):

LAMESA. TEXAS ._3,454._5

Drilling Method & Sit Sizes: AIR ROTARY Total Depth: .
300' iop of PVC Casing Elev.:

Sample Method(s): CONTINUOUS FROM 9' TO 231- USING SPLIT SPOON 3.4S7.63
AND CORE BARREL: GRAS3 SAMPLES EVERY 5' FROM 231' TO MD.

Unified Soil Clcssification/Description rophicDepth r n I Well
(Color. Texture. Structure. Groin Size) Log lr - esign

.x_, . .. '///-
196'-20&3' Sfetl ty Ct AV MLt 'eov~y

matutc oornardly greenisth gray and
purplish gray w.th dendritiC coloring of
reddish Orown and miustard yellow Si.
soapy. blocky frec-ture and crumYbly,

-reduced greenish Sr-.y mattlng Deo. 201'.

is

20-r2.

2oSXr-zza ZILTN.1 greenish qrcy, siltstone; trace vfg mic
frags.: hard; blocky fraeture Moist.

- reddish brown dlayey Ziltstane Iayei's
dolats end vertical Seowns from 212--224.

'2C-

I- ,

-23C
I. 10

o.,rnscs

231t

0, Ir-,7/

4,

- 5: (C~Y, sentonte/
TyD* Portland
Cernent Grout

-4h, 0.1. Sc.9
4C PVC casng

- feint cross-larninction beiow 220'.

. -, ....

I __L_ NAME: A-___c;_.Dw_ I



TerractDyntmnics Incorporated SOIL BORING &
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ IWELL COMPLETION LOG

Location: Proje::t No.: . Date Drilled: Boring No.: Grlo/
ANDREWS CO. LANDFILL SITE 92-152 1216 2: 1/23/93 W2ell No.:_____________________________92-52 [1/1692 1/3/3 -21 9-0(3)

Lo g By: -,ISurvey Dotc:
M. JOHNSON; A. W-EGAR WELL COMPLETED ON: 1/26/93 Northing: 6260.8293

Ecsting: 10544.8903
Drillinc Campcny

SCAROR OMUCH DEIL'ANG. INC. . Ground Surface Elev. (MSL):
LAMESA. TEXAS 3.454.55

Total 300' Top of PVC, Casing Elev.:Drilling Mlethod & Bi; Sizes: AIR ROTARY TtlDepth: Tpo V cigre.

Sample Method(s): CONTINUOUS. FROM Se TO 231' USING SPLIT SPOON
AND CORE. BARREL: GRAS SAMPLES EVERY 5' FROM 231' TO TD. '

Unified Soil Clcsssification/Description Lith;c D ' e Well
(Color, Texture; Structure, Grcin Size'La; '(f , Design

t
233-24S S-Y " AY AV *I reddish brown and macrofn _

silty care:elne with greenish gray matting.

L

249-251' str f- greenish gray siltsone. |

2S1--2S, Sll-y-tYfv C t.l^* - reeisit bro-n and mcroon
silty cacystane with slight PurPlisl gray mottling.

257-26C.5' S;VT. CLAY IC' re maroon end pur~le sity
claoysone with grecnish gray Mattfirg.

24_

24C

-25t

-= 6 C-

26:-

27C-

2272-

0 0
0Cc

0 0

000
0 0
0
oo

0 0
0c°
,. _

000
ao

0 0
0 F'op

D 0
00P

0
o50

0*.

26C.5-291 V SItly CtAY 1W reddish brown and meroon
ery silty cjaystone itn heovy mottling of

rmusteNd yefloe and purDle. I:
L

[.

- 25:

- 260.5'

- 263'

- 273
-273'

- 275-

- 56 (dry) Bentonite/
syce I Portlend
Cement Grout

-2 Bucklets (5 Cdl.)
of 3/V' sent
Pellets

4-sIC' 0.020
PVC Screen

-2.5 1COtM. Bags
TUC 5/16 Sieve
ra:e Sand

... r=..I :.

.= I..

-Z-6�

I

-7;'.

. _

I F;L? NWCE: A-LO00.93.w0



Terra Dyncamics Incorporatedc SOIL, BORING &
WELL COMPLETION- LO

Location: Project No.: Date Drilled: a oring No.: Gna/
ANDREWS CO. LANDFILL SITE 92tS 12/1692 2: 1/2'9JE2 Well No.:9-2 12//2:123/93 21 9-G(3)

Log Bry Survey Data:
M. JOHNSON; A. WEEGAR WELL COMPLETED ON: 1/26/93 Northing: 6260.8293

Drilling Company: Ecsting: 105;4.8903
SCARBOROUGH DRILLING. INC. Ground Surface Eiev. (MS,):

LAM-SA. EXAS3,454.55
Drilling Method & Bit Sizes: AIR ROTARY Total Deptn: of C5as e

3CO' TOP of PvC Cosin,, Elev.:

Sample Method(s): CONTINUOUS FROM 9' TO 23V USING SPUT SPOON 3.457.65
AND CORE BARREL: GRAS SAMPLES EVERY 5' FROM 231 TO TO.

Unified Soil Clossification/Description Lithic Depth t" I Well
(Color. Texture. Structure. Groin Size) Log (fet) -esign

V S;ttv T At w'. g xne as oSaCD0

F-

S9C-

a _-

291--30W S~fy et AY fC1 - dcrk ¢eddism ron sity
Woystnfe.

TOTAL OEPTH - 300'
: _OC

_0

-1

L
I-;1C

-;1 .
. .

FL: NAME: A-LOCIO.ODW



Terra Dyna~cmic's Incorporated 'soIL BORING'LOG
Locction: 1rjc o:DteDild oinNc & o.

ANDREWS CO. LANDFILL SITE .roject N De iled - a| ng*.4 1  N-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _92-152 12-10-92 I - 4 9-H

Log By: W A Drilling Method & Bit Sizes: Survey Data:
A. ' :G AIR ROTARY Northing: 5807.9313

Drilling CompoS ple Me .Esing: 10'33.6242
SCARBURJUGH DRIWLNG. INC. Sa^-pl ThodO-):. Ground Surface rlev. (MSL):

.LAMESA. TEXAS SPLIT SPOON: CORE BARREL
Driller Total Depth: .: 3.39.66

LANE SCARBOROUGH 1 o

Remarks:
.,, ........ ......-.

Unified Soil Clossificatior./Descripticn
(Color. Texture. Structure. Grcin Size)

Depth
(feet)

Graphic-, I'*Ft.
Log *I ~Ft.

I Sampled

Strctigrcphic
Interval

o _ Tr° SI, brown silty sonc: orgnic ploDt mo:teief & tootS mois:.

* _ 0 CA, l 4* pinkish ten sanoy silt mod. hart crurntIy coicilt crystOS
conS e ,cmnalins end in wgt cry. Zasi caon:ect rroo aniler.

1Q.5 - t5 S it t' *AVM : mottled dusky med. yellow. pin< ene cry: crumly -
non-plcstiC; ccrb. plant material: micc frI;s.s; s!. acpy c-y.

0
l

51 3

I . . .t I _1 _ _

10A1
3.5

5-"
3

CCt.AtA

:RA.SS
B r _

I.,
.,_B.

*5T - 16.2' s r y s~tstee sot: CrUmoly. calky. veryihxg A791lt 1* ;W nu cnee fr_5 Ct- cr I
-

15.2 - 18.3 SiI,, SAlJD tSUh tdist brown send w/ greenism gray. silty met'ir.
same is granitic ft. subeng. to eng.: con-ains dk. min frogs.
enC mice frogs. mnod. hardc cru7bly. blecky fracture: strong
rueetion I/ HO to rnatrir drY. - I.7,

a

18.Z - 22. Ss* 1-¶ A" (ml aiternating loyers of greenish grey and mottled
ausry res end yellow, crumbly. sat. to mod. hcrd. blocey
frocwre; ecra. plant meterial mi:c frogs cry. -

-2 ; r) . . . . r

I

22- - 37.2 PIly SINO (rOSu flddish brown send ./ greenitn gry. silty maetri
Sane is gronitic fg. subong. to cng.: mod. re:tion w/ HO :o merixr
natural verticcl fractures: thinnly bedded end cross bedded soncs:ene
and sandy siltztone: mod. perr. to acid: cry. 25 . .

S

a

-30-

S

il

too

,i1j-. /

la-37.2- - aT V Sc~ee SILTfSONr 1Ull greenisn Troy siltstOnt and dlive ten
s:nsetone. sand as vIC. Subr.: thorl s utmCr ly. rmod. reoct;an to
HCl rm.ca tregs.: Ok. rn tregs: hons, to cross`3 acO:C Cry.

-en.

rLE t14E: A-LOCM.IWI v I r--

r



Terra Dynamics Incorporcated

Location: A Project No.:
- ANDREWS CO. LANDFILL Slitc § 2-152

Log By: Drilling Method & Bit Sizes:
A. WEE-GAR AIR ROTARY

Drilling JCA"oRmony RILIGIN.Sample Method($):
LAmESA. TEXAS SPLIT SPOON: CORE BA::REL

Driller Totcl Depth:
LANE SCARBOROUGH 100'

Remarks:

Unified Soil Clossification/Descripticn
(Color, Texture. Structure. Grain Size)

45 - 60.1 a v 5SANM (WUI: oliNe. rse and pink send w/ greenisn gray rncari
sond is vfg - eC angular to subrounded and poorty sorteC. mica &
dk min. frogs. tnrnugout mod. hardc L cur.ly, mod. perm. to
HC: no reCition wl HC: hori. cnd crossodaed: sligttly higher crgle x-
bedding one lorger groin send Vhan cboe: c:parent -ecthered ircn
.XidC zone thuroughout dry. Dosdl contact from driller.

60.1 - 51.70 ClAY fC 1 tcnnish yellow: sociy. plcsti= mod. her-r moist

61.70 - 65.75 L-v A C 1 dk. meroon St. ptostiC soapy. sticky. mod. hard
most core jommed in barrel.

65.75 - 75 0'ewv SCALV SILT UI >dusky red scrdy. ccyty siitstone: Ck. min. frcsS.
one mc: thiroughouto hare: blocky frceture: no reaction ./ MO:
non - permecble to Ht:: dry.

75 - 100 V Oavev Vt1 (VUI dusky red sktstons. nrc? cgi¶Cidcl c rc:ture.
mica ond dlc mn. frogs.: tUaenly leainctec: cry. cecsionol
straoks ot light greenish gray clay.

SOIL BORING LOU
Date Drilled:

12-10-92
IBoring No.:GriC No.:

I B_1 I 9-H
Survey Date:

Northing: 5S07.9313
Ecsting: 10333.6Z42

Ground Surface Elev. (MSL):

3,439.66

I
i XE -VUE. A-LCG9MtDWG I



Terra D ynamics Incorporated S OIL -BORING LOG
Loaton Project No.: Date Drilled, ,aring No.: Grid No.:Lcto:ANDREW~S CO. LANDFFILL.SITE 9 2-1Z2 '12-~10-92 F9-iS 9-H

Log 9y: Drilling Method & Sit Sizes: Survey Data:
. - A.:WEEGAR AIR ROTARY Northing: 5807.9313

DrillincCmny Sample Method(s):Eatn: 03.24- CCARO0ROUGH DRILULING. INC. SL OON COR- BARREL - Ground Surface Elev. (MSL):
LAMIESA. TEX AS ________ ON:_C___ ___ ____ ___ ___

Drille Total Depth: 3,439.66
LANE SCAREOROUG^H - - 100'

Remarks:

Sal JRecovred
Unified Soil Classification/Description Depth Graphic t Straticrophic

(Color. Texture, Structure. Groin Size) - (feet) Log - - t. | Intervl

. .- . * . . _______________

-. . _ . eI -- ' , _____.

V .vax SrLr , n as -oov. H it /

NR

TOTAL DET - i°- ' -

.nK~~~~~ -. O c - O G 0 ' . , , , . . . ' .- - ' . ' _ _ _ _ _

- K0

FULr NAM4E. A-LOc?,tQwc-



*1

Terra Dynamics Incorporated SOIL BORING LOG
DOte Drilled: |Boring Nc.:|Grid No

01/23/93 . -50 10-9

*1

I

Location:
* ANOREWS CO. LANOF1LL S1TE

Project No.:
I 92 -152

A

I I .7
. .

Log BY:
R. MUGOWEN

Drilling Mtthod & Bit Sizes:
AIR ROTARY

Oriling Cormpan . Szm;le Plethoc(s):
SCARBOROUGH DRILLING, INC. SPUT SPOON: CORE BARREL

LAMESA. TEXAS

Driller. Total Depth:
100'

Survey Data:
Northing: 8738.0161

Easting: 11148.0894
Ground Surface Elev. (USL):

3,480.41

Remarks:

Unified Soil Clossification/Description
(Color. Texture, Structure. Grain Size)

,O'.O.-1. To, SC'? dk. brown. send. siat oreonic material.
1oo2e. cry.

1C0oT *e? IL ton. caicitic cemented sit and
Scne. vig-tg quart2 send, soft. dry.

- reddish ton S-1O.

10-20 SAND f ton to reddisn ton vfg-fg Cuecr-
sone, scattered calditi: cemented send cdost
soft: coy.

20 -30' CAI 1>o- IL ton-groy colcitic aoi mcritic cemented
sene cnd s2it vfl-tg quert sand: micritie cerent
has concretieo rings sandstone ithoclosts with
salc* coneretions hi micritie motri3C heer. dry.

3O-52 S' SNO 1.d GQAWV (S IL ton.-groy vfg-fg
quartz scnC aend pebrles' ,eobles founded to
angular.

32.5'-7t.r CLAV ICLI red with whitish mottling; friable;
sot'; cry.

- sat nodules oppro' 1.5 at 36' and SS.

RLE NAU-- A-. IO8.ODWG I I



Terra Dynamics Incorporated -SOIL BORING LOG
Location: -roject No.: Date Drilled: BForing No. lrd to

ANDREWS CO. LANDFiLL SI t. 92-152 O 1/293 | _-50 10-3

Log By- Drilling Method & Bit Sizes: Survey Data:
R. McGOWEN AIR ROTARY

Northing: '8738.0161.
Drilling Comnoany: Sml lto~)

SCARBOROUGh DRILLING. INC. . Saple Uethod(s)- Easting: 1114¢.0894
LAMEESA. TEXAS SPLIT SPOON: -CORE BARRELCrndSfceEv.(S)

_ . _. _ _Grotund Surface Elev. (MSL):
Driller Total Depth: 700 3,480.41

Remarks:

;Unified Soil Classification/Descriptior. DepthI Graphic Ft Strcti;ra hic
(Color, Texture. Structure, Grc-n Size) (feet)- Lo, Jr Ft. Inte-vof

- cohesive: pICstic camp: yellrt arco purple slignt _
Motting.- ///l s

- purplish roe w'th yellow at 4S-45'. 2

- yeflo.w ottlig back at Sr. . ~;0 /

-Sa~ SIR F
.55 S// ' / .

- heated frocture onientad 30- from vettied. 5 tRt /t
NR '

-55

70-

71.5-73.5 R;. v t' sY { gre"nish whit neutes _
-novuleS) dry . brtile: verticl

fctts7 -73'.

03.S-o00 etAyLt t'- fitleC (I/A') froc.: ctlcite
Spar. orented 60 from verictl C: 7&0-. -755/

- red orznge wth )elo. end puple/ /
motUin; and greenish whitg n.eauIe. 10

.U .....- ) ......-.. I

rtE NA)J 2 A-LocICB.OWC. . -I. - ----



Terra Dynamics hIcorporatec SOIL BORING LOC0
Loceation:

ANDREWS CO. LAND. ILL SilE
Project No.:

_ 92-152
Date Drilled:

- 0:/24/93
Soring Nc.:|Grid No.:

1 3-50 1 10-3
Log By. Drilling Method & Bit Sizes: Survey Dctc:

R. MeCOWEN AIR ROTARY

Drlng SCompany:C. Scmple Method($): -Northing: 8738.0151
SCARBOR$OUGH DRILLING. INC. SLTPONCR-B2QEast'ing: 11148.0894

LAMESA. TEXAS SPUIT SPOON: CORE BARRC-a Itn:11809
.Ground Surfoce Elev. (USL):

Driller *Total Depth: 10, 340
100 3.480.4t

Remerks:

Unified Soil Clossification/Description 1Depth1 Crcph ReFt.red Strotigraphic
(Color. Texture. Structure. Grain Size) *, (feet) Log |rFtdl Intervcl

- .n

- 1/2I wofer of sp:ry colcite cvnenlted cloy and

- Cporox. 86 red, yellow ocn pur.'7e mottle, rno
whitishl noCules.

- 95--g7' .'itisn green coy noduleS s-cttered
O.'-0.7S'.

TOTAL GViPTi4 - 100

-- V//,//.
_ MR ?

-85

_ M R ?

-g0

-95p

-410-

21

- 2I

10.6

(..

4~

10.6

4.9

10.1

FnLE NAMt4 A-LOCIOe.Ow -W



Terra Dyynamics :Incorporated- SOIL BORING LOG
Location: Proiect No.: Dcte Drillel: Boring No.: Grid No.:ANDREWS CO. LANDFILL SITE 92-152 . . 1. 2 '93 - -36 IO-C

2 .1 , ,

Log y.. A. WEEGAR/R. McGOWEN Drilling Method c& Sit Sizes:
AIR ROTARY

Drillin; Comrpany: Sample Method(s):
* SCARBOROUGH DRILLING. INC. - CORE BARREL~ SPLIT SPOON

LAMESA. TEXAS
Driller: . Total Depth: -

100'

Survey Dctc:
Ncrthing: 82c4.7750

Ecsting: 10936.8294
Ground Surfcce Elev. (MS'-):

3.475.51

Remcrks:

Unified Soil Classification/Description
(Color, Texture. Structure, Grain- Size)

0*-O3' -. I C St aic. crowni. loose send oeri Ot
- . --0ogcmc ffiotref ci mioist.

O.S'-17
cncC sand. vfg Qua=1 SaC19 SOft. Dorc.Ir OUT

WTH ROCK'BIT
To 31'

- LOG
CJ1Thcs

17-29' CA' ICl..i gray to It~ton. cz~citic-rnucritic
cerintend slat and scnd: VI; gycr-_ One feldsccf - -

xened micri.c trcgments snow concretiens:
Scridlt*Me lathdolets with saijee "iS in -aleitic
matrix: COnlCOICCl slica fre-Mei-ets- ad

2S5 ~CL~AV (CL * red; scettered Coicltie send pertidefe
S01: onemost

-studl: nodules of greei% cley

- - -cbsenue of calcitOge uqo;s: leES Moist.

CCGAIL&AL

TR;AS-C

FILE NAM;-: A-LOCt OC.WO I I - I



I SOIL BORING LOG



Terra Dy jncamics Irworporated: SOIL BORING LOG
Location: - Project No.: Dote Drilled: Boring No. Grid No

ANDREWS CO. ANDFILL SITE -2-152 01/13/93 8- -36 10-C

Log By: Drilling Method & Bit Sizes:
-.. R.M WE-N . AIR ROTARY

Drilling Company: Sample Method(s):
SCARBOROUGH DRILLING. INC.- COR BRRLSLI SOO

LADiIESA. -X-S CORE E3ARREL: SPLIT SPOON
Driller: - Totcl Depth:

I r 1.- 10I0o - - --

Survey Data:

Northing: 8284.7750-

- Eostins. 10936.8294

Vround Surface Elev. (MSL):

-- 3.475.51

Remarks:

Unified Soil Classificction/Description
- (Color. Texture. Structure, Grain Size)

85-96 C L (Lt 1- pinkish~ ydtlo~ ut to increased
cntuent at ye.Iio to whtizlih 1e¶l Clay.

- grjeenclay nIodulesC21 OPrO .5
5* heiOW fracture 9 r. . t

-30' healed frc:ture 89'
-hard an~d brittle on~e Cry.

. -u~l -5

.- 1C0 rA- 1CL1 or.n;. ..lloe.

- ge fro healed 99.5s end gC.5.

TOTAL OETH - 1009

.. .

~IL NAU A-OIC.W -

-

-red I
Stratigraphic

I Intervals

I

. .



Terra Dynamics Incorporated

Location: .A Projec: No.: C
ANDRWS CO. 92-152

Log ByA A Drilling Method & Bit Sizes:
A. HWEEGAR AIR ROTARY

Drilling Compcny. Sample Method(s):
SCARBOROUGH DRLLING, INC. SPUT SPOON: CCRE BARREL

LAMESA._TEXAS________ ______

_ riller. Total Depth:
. ~100-

Remarks:

Unified Soil Classification/Description
(Color. Texture, Structure, Grain Size)

0.row q sly saand argon'd materli al| _

O.Z-S CALIh.1 yANowirS twhit: treoe dam and pink
qeg lanCd trogmunts soft: modo herd pinktis

ton leyrs; dry._

S'-lIa CALC1,4 wish white; herd trace vt9 stO cq
am and pnka sang frogs.; dry._

t8-2S Craveli SANO IMw ton: '9 to eg send.
angular to suaroundeec dark. white. pink and
opaq"u grerve througheout: angular loose: cry _

SVI. S'AY -C¶'1 marocn Cey. dense: st.
pLsteC mos._t.

nLz NAMUE A-LOc1ZO.Dwc

O

.SOIL .BORING LOL-
1

late Drilled:
01/18/93

Borirng Na.: Grid No..
I ' 3-4 1 10-D

* Survey Datc:

Northing: 7831.6956
Easting: 10725.4492

Ground Surface Elev. (MSL):

3.469.62

Oepth

reet)
Graphic

Log

Recovered,-,
Ft.

Ft.
;, Somnoled

Strctigrophic
Interval

U . _ _ _ __

l

MUL
CUT T O

21r.
LOGWC

OCALMA
1IMASS.

l



Te'rra Dfynamtmes Incorporcated SOIL BORING LOG

LoRction: - . Proje:t No.: Date Drill-d: Born No Grid No2
ANDREWS CO. LANDFILL SITE 92-152 . . - 01/18/93 E-44 10-D

Log Ay -G Drilling Method & Sit Sizes: Survey Daa:.
A. WEEGAR AIR ROTARY Northns: 7831.695D

SCARBOROUGH DRILLNG. INC., Scmple Method(s) Easting: 10725.4492
LAMESA. TEXAS -SPUT SPOON. COREi BARREL Gon ufc lv

Driller: To:cl Depth: 10 3.469.62

Remarks:

Unified Soil Clcssification/Description Depth Grphic vt. IStratigrc:hic
(Color. Texture, Structure. Grain Size) (fee) Log Ft. I Interval

--40 Somzled -

42.8 s-5.. Siltv SANC ISUN Multicolored $qeyish green. - 7
o ine nk saty scnds:one ene thtin _ _ .

g Itervols of scrndy sltstone: scit one .ppe L
oopeorcnce of v'g to fg ci.rt: and feleso- 45
sand with ig to ce mica one biOtite flakes: 45
eley enC yelow cloy eosti twoughct*

ncreose: cloy dosts hi basal 3. trace block
-nincrei:ation along bedding mo. haord;
cc!cum CofLonote cemented: blockj frtoture _ K __ ___ _

onC crunmly. Cry. -.

6Stv CLAY ICL purple ted W;t ecvy _e _
ma-5m~g at yewo. one gray: Is--.; m-11ce -r_5-

frogSS crumbly, dry. K /NR"

. __' __. ___ I II/
s5t6-60'SlC : A : r t rus:y fe* sity clays:one; _

cumolev_ cr /0

60-6t- 1-v- c, Al (C' purple red with heavy V
m"o~wung of yellow nen Srcy vt; mnieo roegs 11 z^ / 5g
tuDes one ihcluslons ot Sity/SaCCy Maeriaol q :
similr to that found at 42.8-53.4. crumbly.

6-Stv ''LA'V fC_ N olterno:ln; layers of purple/
rusy eec one neoav~ mottled yelle.. end
pinkish red silty claystone: ccacsioncl cIeCts /
end tubes C! greealan gray cl:y. blacky
frc.ture to crumoly. mod. ncrc: Cry.

-70

73-82- S.tv, AY (C d1 Cusky red sity dcystLne;
greerusn gray clcs s and tLbes throushou:/

. acnse: blocky frc ure: cry. 75

- pari.Cry slicke^sice Ct 7C.5 with ccl:iurr
carDonate CeementS5ior. alogn foc:ure
plone (30-45 angie).

nL%- -ME. A--0Gt1D0D ! -.



Terra, Dynamics Incorporated
Project No.:

92-152

Drilling Method & Sit Sizes:
AIR ROTARY

Scmple Method(s):
SPUT SPOON: COR- BARREL

Survey Data:

Northing: 7831.6956

Ecsting: 10725.4492

sGround Surface Elev. (MSL):

3.469.62
Total Depth: 100

Unified Soil Clcssificotion/Description
(Coior. Texture, Structure, Groin Size)

Sltv CLAY (CL11 rus'y red and hea'y mottled
with ycilow crz 5;roysh oumZle: grttnts;ray
acstS c:i tjees 1W0u-*out blocky frcacnxq
dry. .

es-1cm Slt CL AY (Ct'5 purpie daystmne wit? ytnlow
cnc 9reeis1n grey mottmSt. cruti.* greenish
grey Ubes Lthroughout: Cry.

M.T-AL CCPTm * lCo



Terra Dynamics Incorporated __SOIL BORING LOG
Locction: Project Nc.: Dote Drilled: 3oring No. Grid No..

ANDREWS CO. LANDFIL SITE - . - j2-'2 N12/1/92 e-1o 1O-E
92 2

Log By: - MO
A. WEEGAR: R. McGOWEN

Drilling Method & Sit Sizes:
AIR ROTARY

DrillinCARRGH DRLING INC Sample Method(s):
LAMESA. TEXAS SPLIT SPOON: COR- BARRL

Driler. Total Depth:
LANE SCARBOROUGH - - 100'

Survey Data:
Northing: 7378.4802
Eosting: 10514.3261

Ground Surface Elev. (.SLQ:
3,467.7D

Remorks:

.Soil Clossificotion/Description Depth Graphic otrctierchidUnified SolIDphGoh t._ tairpi
(Color. Texture, Structure. Grcin Size) F(feet) Log Ft. I/cntnpe

0-I TO-Se-4L, brown silty sen*d: Oegonc mcterelo'.:saft: loose: mcist.

1-- * ksh white: colciurn eorb. cementect herd:
PAE t~oirine; cry.

DRILL

11*

. 10- .

J
IY-B.Ce nvhlv AV frA 'pin sand witj wite, rec, blocic ano ape ue

po, el. sr '-c; 9 UCf.=: Weil rounajc: grovel is suer. to well
ruonced qucrnite; loose: _ry.

2 MhASSC
15-36 - I. S v 1 du;sky red with whitish gocrttling:.dense;.. . 2 0. 21

_ color Chenge to maroon with whitish rcy motUing below 21.

35-~~~~~. ' 2- ~'~-'''';-~3/

S.1;'*'v Slv r l AY FC'V dusky red: Crurr.l: rnoC. hcrdc dry. ,.27-flJ

s7-.--4l- Woss 1* ;r-.-b sh whitl*icYrC end ye clou ittstome. E5,ee

F. Cnoity. J.Mbly. cry. .

FUIX HAULT A-LOCICLOW. I



SOIL BORING LO%.
.

.

Date Drilled: fSoring No.: Grid No

Survey Data:
Northing: 7378.4802
Ecsting: 10514.3261

Ground Surface Elev. (MSL):
3,467.76

* Unified Soil Clcssifricticn/Oescription
(Color. Texture, Structure. Groin Size)

"Itv SANtO 'SU' Zoeckmed O33CtrZC4 Of red. Pk*. wtivte Cn4
9,egn Scrna wags. with nfte. yelle.e Ovd green mnatrnt; sni: is
vfq-fq. sube, to rounded: smoUl to large bic-ite anid mnico-~.'
flckes thirauglhout rviad. pwvrm. to MO. nio reaction itm Mc:
low angle CrOss-bedding' mad. hecrd: crclky. si. crumbly, dry.

Sbtv 1ANQf (SLO) tcp C.3:. sveckled red. *liite and green sand
la n~e yIw anz Sreen mai0Ju sclid fg. uncernentfc.

td~i-oral CS cve. MO rQ-upl dcIs: duding artalk ct 53.

Ptytv ~ C' LY' (CQ' mcroo-4 Crunlbly. mod. hard. very
slignutly mall.

62.a-70 S1;chtlv s;Ti. CLA' ML~~ dusky red; crumbly. mod. hcrel. dry.
numerous co-wfute silty day C221t5 with blc=X
S~eCkles, (fcaopy acsts) sonme Sat a Csts, (ten).

70-80- Sl aQtI Slt V- AY (CQ dusky reC: crumbly. mod. hord.
cry. gray-nate. ten mottling.



C) " - Terra Dyrnamcs Irncorporbrted| SOIL BORING LOG

N LocRNion: -- | Project No.: Date Drilled -oring No :lGrid No;ANREWS CO. 9LANDFILL SlTr- 92-152 12/16/92: 1

Aos ByA R Wrilling. Method & Bit Sizes: Survey Dotc:
A. UE.-EGAR; R. M'GOWEN .-- AIR RoTArY Northing: 7378.4802

-r , SCkBOmXan INC Sample Methcd': Ecsting: 10514.3261
C~CAORMS ORKUG HDRILLING. INC. -SLTSON OEAR.LGround Sur.face Elev. (MSL):

LA UESA. TEXAS ___L __T _ ___ ____ ____ ___ __ -A3.4 7.7

Driller- Total Depth:
LANE SCARBOROUGH 100 -

Remcrks:

Unified Soil Clcssification/Description | |.Strctircdhi
.(Color Texture. Structure, Grain Size) (feet) Log I-/Samjd |nterval

ColorOTextre. Sruc a - _ ___ ____t

JO-SC - Y (' duskv red.,sri ty 21oroom mod.
h L Wn mIotUlng_ crumy. _yR.

-85-.

90o-a1o. (-'AY (C' I mcroon mod. hore. les mnotwni/

ToA. _gSh* o r j 'C

14R

2 '- .______ _________/

TOTAL O'TH AA O1C' - - -

rumu~^_::1C;DV: 6 --- C-'



Terra Dymatics Incorporated | SOIL BORING LO_
Location: Project No.: Dote DOrilled: Boring Nc.: Grid N.

ANDREWS CO. LANODILL SITE 92-152 12/19/92 | B-25 I tO-F

Log Sy: Drilling Method & Bit Sizes: Survey Data:
A GAP AIR ROTARY Northing: 6925.4458

Drilling Copn Esi:100.96
SCABO R NCI Sample Method($): E~ig13296

DILLN INC Ground Surace Elev. (MSL):
Drler -AM=-SA. TEXAS SPLTa SPOON:CORE BARREL :3.467.67

Driller-^ UZARO '^AS TILLO totcl Depth:.
JOHN SCARBOROUGH 100.

Remarks:

* Unified Soil Clcssification/Deszriptian 0
(Co'or. Texture. Structure. Grcn Size) '

0O-C.3Y T_0P_0rLt arown sely sadorte 9._*cai rnefol:voit

0CAtOK$V grayish whitc: cotcum . cemented n tt
vfg pinkt sendc tro9S: coie~ ntrie growth rings: v. hcrc dry.

51-A3NE- groysh pink: cucr-2 sone one Srovel tnrougrout
moo. herd (Lo.. Satter tF'Ct cbosw): dry.

It--3.5 ,S1ttv Oreoetv SANO tSW)- oink and caQec1e sand grains. white
dartk and red groasd with Vinkish ton sitt matrie: send is
vtg-f^ sand and gravil is subrounded 1t rouncee quartz
oose; Cry.

1g.5-3A L' LV ft Q marco's /mottling at pisnt ry: dense: S.
soapy. loiky, fractcrre Cnhmmly in upper 2: moist,

r

eptV
eet)

Graphic
Log

Recovered
Ft.Ft.

Sa1-mpled

Strotigicphic
Intervc s

U . ., . . .
AV (OAW)-1

*5.

w10'

20-

25-

'0O

otu.^ out

TO S.5-
LOG

c t1TNr;S

Nt
rCPu)

NQ
CGWAE)

OCAt AA
, .- _ _ . _ . __.A

_ : " 2

flOA-C

22

NR atat

(aRM) I
pJsJ T°

1°.
_ St D wUSI5)t, Ct&V fCLt'- OeqSly red i p.Sksn gray mo-tufin trcc.

vtg mica frogs: mad. densCe moist.

'.7

Y I
-35-., - _

i~/~ 12

N ::_-h~38'- 83.2' e:r.eft'- S-en Vti. VL A Id)a. (st n.t pact
A

aor desvriptior). .7 __

R'. HAUZ A-LOG-.^;OWG I



Terra Dynamics Incorporated __1SOIL BORING LOG
LocRionS . . -Project No.: Dote Drilled: ring oGrid No.:

92-152 12/19/92 25 | 10-F

L,9 i A. WEEGAR I. Drilling Method & Bit Sizes:
I AIR ROTARY

Drilting Corpny.Sml Mto~)
7CARBORCTHD'RILLNG. INC.Sope etds)

LAMESA. TEXAS SPLUT SPOON; CORE BARR71
Driller' UZARO CASTI"LO Totoi -Depth:

JOHN SCARBOROUGH

Remarks:

Survey Data:
Northing: 6925.4458
Eosting: 10302.9162

Ground Surface Elev. (MSL):

3,467.67

. Unified :SoUi C:ossification/Description -
..._.. (Color. Texture. Structure, Groin Size)

41
SI~chtlv scries' Vlt CL C11. muklt~coloree motfing Of light t
green~sn groy, ycuo.. II, y tea Ono purpol sandy -
siltStong and ciaysttone silty claystoeh cicsts end lc~tn
flooting within a sandy Sltsntofn mtrir. scrid is vfg ajier--

-- with small M;Co floicts tlhrOugftOUt Caro. Plant Material:
-CciCcfeouS vent; ttbraoughout tria. dntse: V.. crumbly.

bloCk~y erOtUfV-. CfaYStOVi St. aOCOY. Cry. VCOb
Sitier toward base.

63.2-99 L1~-- V(L. kiterogdded pUrple and dusky red Silty Clay
with Clasts and layers of qreenan gray clayey sat: Vrig
mice trogS. withini Silty loyTfr CCfb. p141nt rrCteriCl
Common in CIOe zones. inoc. nare to 67: very
crumb~ly below' V: dry.

FVr NAM: A-Lo01Of.DwC I I



R

Terra Dyncamics Incorporated -SOIL BORING LOG
Location:

ANDRENS CO. LANDFILL SITE
Project No.:

I 92-152
Doe Drilled:

I 12/19/92
Bsoring No.:|Grid No.:

I B-25 1 10-F

Log By- Drilling Method & Bit Sizes: Survey Data:
A. WEGAR AIR ROTARY Northing: 6925.4458

.~~ . 'ssing: 10302.9162Driliing Compcny: Sample Method(s)
SCARBOROUGH DRILUNG. INC. SapeGthdr:ou~ndurac 1O~e2. (MSZ

LAESA. TEXAS SPLIT SPOON; CORE BARREL Gu 3 467.67

Driller. UZARO CASTILLO Totcl Depth: 100-
JOHN SCARBORCGJGH

Remarks:

Unified Soil Clossification/Description Depth| Grophic StratigraphIc
(Color. Texture. Structure, Grain Size) (feet0 Log -t. Intervois

s)*. ~¶ £~ tCl b. interoaed purple ene sdusky
rca sdty caoy w.itn clasts ctid atyers of gtceneissh
groy dacys) sdt vfg mica frogs. witnn zty
loyers cerh. plarit metriol commorn h doyey
:anes very crumbl. dry.

NR A

M pa ,

_ I M-R S

-9 1 Fi' I, 'i

-~5O_ p .
_a _ S

ss -ICC

TOTAL DrTp AT 100-

vev sj C- *C aus~y red ,.tn sgnt greensn grey
WOlUSOns: at's.; s.-grtly sooay

HR

_ _ a
-95-

T OC

- I tA

-40

-11 =-'-i 1 C-

:21-

-t2C-t

S

S

Lr' NAME. A-LOCIO?.OwC

I



-Terra Dynamics Incorporated SOIL BORING LOG
Locction: , rj_ N. caorlel:' -3ring No.:Jritd No.:

ANDREWS CO. LANDFILL SiTE 92-152 . Do - ,/11/93 -3 t 11-C
, .Jrli . _, t~ ., .' _ . ,.. e s - I

,, Drillitl Uethod cc Llt Siz-s:
Log 6y A. WEEGAR/R. GOWN - 0-3i.7 MUD ROTARY (HOLT) -'

.]31.7- AIR ROTARY (SCARBOROUCHI
Drilling Company: Sape etds)

D SCARBOROUGH DRIWNLG. INC. . SCRe AR ELt(SPUT POON.
LAMESA._TEXAS -C______________SPLITSPOON____

Driller 'Total Depth: -
1 0 , '

Survey Data:
I Northing: 8496.1i42

Ecsting: 10483.4609
Ground Surface Elev. (MSL):

3,474.91

Remcrks:

Unified Soil Classification/Description
-(Color. Texture. Structure. Grain Size)

o~o~l TOP Sol browrn s;tty scnC:. arscnie mnewicl .
.- IClO5C; mnoi5: . .

S0- 7 (V' I yellow to a9gnt tn caliclhe erneinted
,stt moc. Saf- dry.

5.5-1Z5 C,Jlv Sl-y (ANM t-Ct yellow to light tent
cicum nCrnemnec51t silt %sze as CSove):

overlying lighit tan/pink ccliche cemrnteCd saty
sand: everlying caliche cemented pink sand with
dark and red gravel. mod. soft with hncrecsing
hcrCness towcrs bcsCe.

1ZS 19.ar pink!sh brown ccciium Ccra./dclomituc
cemented sanme sit- Crcvel with concentric
;rowth clasts: appeotts as growth Clasts
biocting in metrir oV sikty sandy 9ravel: scnd
is vfg-ft Qu.-U a-IC feldsper gravel is Cork end
red: v. ncrdc non-frCctureCd.

19.3-23.8 e:LCAQ . whitisl tcn cold. ccD./dolomitic
cecented *ilty sand -ith clcsts of pink gravelly
SanC. whitish *cn silty sand is vrg CtM. and
f'eds ar with trcce dark gravel. pink ctlsts
cre gwitic vfq send cnc giovel partially
heal c ve-tcl fracture. v.-ncrC,

23.8'-22.r CA' 5Tr pinkish tgn sand wvith grovel; sand is
vtg-Ig qt: cnd felCsoar; sub *oundedc
grove! is anguler red, bacek and cOaqut: trace

- vugs (C mrm) enc diccgncl 1ractures: reCdced
*cementation in basal O.5% v. harde basal
contact from critt-breok.

2&r-30.7 Saedv CPAWIS FGWl pink send witl, eocue.
wn.te. aerm cnc re: gravel and cobbles sand
is vf- gravel one cozbies crgulor to well
rouriec; v. locse: becszt contact erom oratl
breck: red c'ay below 30.7'.

30.7-42' C CLAY A CIV 'dusky red: hare: cense; with white
-catc. cac. inclusions: mo;st yetO- cnc purple
mottling Defow 38.

|nLE NAUM: A-LOtCtC.DOW |





Terra Dynrmics Incorporated;jSOIL BORING LOG
Location: Project No.: TDote Drilled: IBoring No. Grid No

ANDREWS CO. LANDFILL SITE | 92-152 N . j 01/11/93 8-359 'I o11-C
Drilling Method & sit Sizes: Sre aa

Log S~ A. WEGAR/R.M-GOV60-31.7 MUD ROTARY (HOLTSreyDw
Log Y A. YWEiGARAR l'OWEN . 31.7- AIR ROTARY (SCARROHUCH) Northing: 8496.1842

Drilling ComonySml -to~)- ~otn:143A0SCARBOROUG RILING. INC. Sml ehds: atn:143~O
LAMES A.. IEXA CORE BARRL: SPUT SPOON Ground Surface Elev. (MSL):

Driller Total Depth: 3.474.91

Remarks:

Unifiea Soil Clcssificotion/Description
(Color. Texture. Structure. Groin Size)

Depth(feet)~ Graphic
Log

Recovered ,
Ft

>-. "Ft.

Strctigrophic
Intervols

Rn-

r " 'ijA;'1. ser. 'as aovew.

- verieol fracture at 52!-tY.3 inicin of
ferres oxide rnineraiCtiaf9 along fracture pfctne.

I . .

- green clay rodule approx. 0.2 t.

- purplisi color, rubolyt upper 1.o ft. -: -

-~ green clay nodleut approx. 0.2 ft.

- =011Verd'7reef Cl~ymrdults: O.CS~-0.1.
=- 100

i

i
I

I . -

10-

2C-~

FC- NAME: A-LOCIIC.DWC - L__ __ _ __



Te'rra, Dy mics Incorporated SOIL BORING &
, u .02) 75--S WELL COMPLETION LOG

Locaticn: Proiect No.: Date Drilled: Boring No.: IG60/
ANDREWS CO. LANDFILL SITE 92-*52 12/16-12/18/92 B-20 1

Log By: A. WEEGAR P. GRANT Driller . Survey Data:
0-1.30' 130' TO TO Northing: 8042.8943

Dniling Company: Total Depth: Ecsting: 10272.5320
SCARBOROUGH DRILLING. INC. o7c e;. ,Ground Surfoce cEev. (MSL):

-AMEA. TXAS3.470.04
Drilling Method & Bit Sizes: AR ROTARY Tap of PYC Casing ilev.:

3.472.23
Sample Method(s): 2 SS - 3C3: GRA- SAMPLES EVERY V FROM .

CONINUOUS: 201' TO _ I

Unified Soil Classification/Descriptio n Lithic Depth r IL Well
(Color. Texture, Structure, Grain Size) ' o(feet) / Design

- cS m ole _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _

0.4 !QE. ,: brown silty satd. leosc orgcn;c mnoterial moais.l
V-7 CAL'C1.IE* pinkish wnitu; cols. ecru. cemented 3l: wit vfg

scnc sQnd grorens ere pink cr.d opcque: mod. harcd
erumbly eoltlkyr dry.

r-18 CA'lCut brownish gray & pinkish brown: microcrystalline
wntn ccicite crystals vfg to cg sond thraouhout send is
brown, red and coacae qC- subrounded-well rounded:
v. Mord: dry.

. . _

0-

5-

10 -

15-

> a'- Di. Locking
Well CO with
Expanding Plug

(4x4x6 a Wooed
surZ.c PLd

77 G .L.

DRU-l-CUT
w/PO0C

SIT

NR
(CRAB)

. sch.
Casing

1S-20 pinkish whitC cola. Corp. cemented scrid and
20 rv t: *cnd is vfg-cg. stbr. to rd. atZ.; gravel is rreC
block. whit* and coague. 5i"r. to rd. quortzite:rnod. Mtora dry.

-

-217-
2 Govellv SAND MW)1- pinkish ten: vfg-cg ot2. scn subr. to2-722 rd.; erad ts wtt. blacek. rec and oPocue QuCrttite'
subr. to rd_ loose dry.

BASE Or OGALLALA - TRIASSO TOP

22--*6- CLAY (CtL maroon with greenish- gray cnd purile
mottlng; moa. hord; dense: 3t. pios:tc blcrky frc::ure:
moist.

- no mottling below 2'

25
252

2

2

4. 1 - £ - a - a

rilt Nomne: A- o-:12.0Witi



Terrat iDynamics Incorporated : SOIL BORING &
was-KSI2A ^ 7--118 WELL COMPLETION LOG

Locotion: - Project. No.: Date Drilled: Boring No.: Idnd :
ANDREWS CO. LANDFILL SITE 92-tS2 12/16-12/18/G2 B-20 -

Log By: A. WEGAR; P. GRANT Driller:
0-130' '30' TOMl

Drilling Company:
SCARBORO0UGH DRILLING, INC. Totl75'h: ,

LAMESA. TEXAS D

Drilling Mwethod & ESit Siztcs: -AIR ROTARY

Survey Dato:
Northing: -8042.8943
Eosting: 10272.5320

Grcund Surface Elev. (MSL):
. 3.470.04

Top of PVC Casing Elev.:
3.472.23

Sample Method(s):
CONTINUOUS:

25SS + 3'CB: GRAS SAMPLES EVERY 5' FROm -.

201 TO TD -
_

Unified Soil CIcssificotion/Descriotion
(Color, Texture, Structure. Grain Size) .1

I tecove
Lithic Depth FL
Log (feet) i

-color change to dusky fied ith gray ;nfiled tubes
en~d incIusOnS belo. ~61.

46-51.6' Somcy SILT (w Sir Weed mottling auskcy red and
Cfeenisn 47ray. traCe vfg sand gfasis. miaCe and
biotite flakes tlirougllau- mod. haC-C bloCky
frOCtUre. increased sand CarnIeflt..

casing

)

51.6-70.3- 57
1tv Ct A" (C! % Cusky red witn yeiiow. Sray end

purple mottn;: eCrDcnecceous plC t mc!::ia: mod. hard:
sl. soapy blocky frctjre: cry.

I . .

I I --
. . I

. I I

. 1-

I a � . -. .

NR -65-

-

. .

-

. . ... . _ ...

70.3Z-72.5' " ' eo"iY "atier GUSKY rea ana PirPlexity ctay ona (in Vinkmhl gray claycy Oit:
-n,.I.A.t0 ,sqn tnr.r- m if-e...t t.1.

?ones: mod. t aer sock traCCure: qdr.

-.2.5 5i. SO Ac fCv fl- dusky red .it. sitll motti;ng o
yc ow onc grar Clays:.it: mod. ht ed dense: blocky
troc~ure: dry. zsCI contC:t from cut:5n;.

! * . .

I
-ie Ncme: A-LCC.1O.DWt



TerraL Dynamics Incorporated
ISTK. ,XA^s (5312) 715-alaS

SOIL BORING &
WELL COMPLETION LOG

Location: - Project No.: Dote Drilled: IBoring No.:WGria/
ANDREWS CO. LANDFILL SITE 92-152 12/16-12/'8/92 |8-20 II-

Log By: A. WEEGAR; P.' GRANT
0-130' 130'.TO TD

IDriller:

Drilling Company: TotlDph
SCAR130ROUGH DRILLING, INC. ctc75eth

LAMESA. TEXAS 27a
Drilling Method &c iit Sizes: AIR ROTARY

Survey Data:
* Northing: 8042.8943

Easting: 10272.5320
Ground Surface Elev. (MSL):

3.470.04
Top a7 PVC Casing Elev.:

3.472.23
Somple Method(s):

CONTINUOUS:
2'SS + 3'CB: GRAB
201' TO TD

SAMPLES EVERY 5' FROM

�.1
Unified Soil Classification/Des:ription

(Color. Texture, Structure. Grcin Size)

I

e6--S7 Silt, e' A" (CL ;urpie -ith light gray motling;
crurnoly. cry.

-5- Open
Borehole

9J-105.6' oA rO' I pUrpig witn Signt grey Mottling:
. hordO v. defse: Si plastic: moost.

105.6*-151t'gl $ E' ay fO -dslky rted sity cleystone mottled
w th grey Ac pinkt in a oc,.Critic pottern. egnteims
irclusors of greemisn grcy silt herd: moo.
dense: blocky fracture: Cry.

Je NCome: A-L2CZ0wG

I



Terrca Dyrncmics Ir orporated SOIL BORING &
AJS1.5 - ' ' , p vn WELL COMPLETION LOG

Location: Project Nc.: Date Drilled: Bcring No*.:. Gnd/
- ANDREWS CO. LANDFILL SITE 92-152 12/16-12/18/92 E -20 1WeINB.:189 F2 1

Log BY' A. WEEGAR; P. GRANT
0-130- 130' TO TD

IDriller.

Oraling Company: a et: . - :-
SCARBORO7UGH DRILLING. INC. 27clDeth

LAMSA. TEXAS 275 .. -

Drilling Methcd & Bit Sizes: AIR RO 7ARY

Samie Method(s): 2 SS + 3'Cc; GRAS SAMPLES -VERY 5 FROM
CONTINUOUS: 201.TO TD

Survey Data: -
Northing: 8042.8943
Ecsting: -10272.5320

Ground Surface Elev. (MSL):
3. L70.04

Top of PVC Ccsing Elev.:

3.472.23

Unified Soil Clossification/Description
(Color. Texture. Structure. Grocn Size)

51t-v C' X% ICr cont: scrre descrztion as prevous

pc~..

- OX- geen-roy elcyey si (LL). dry.

- .25' V-een~sr- 9rcy s2ty day (c..cry.

___________ee~s~ pt;ot~ -itoiy-grtee metitng
Cn Cjus,oms rougheut Mod. hard; mod ccenS;
2.. P'ostie dry.

. ; j

Lithic I
Logj|

'Well
Design '

, .

rk. C-.Ie:; A-L-ca2c.owO



.

Terra' Dyrnamics Incorporctted
AUSTK 710 I (5|23 7t25|U&

SOIL BORING &
WELL COMPLETION L

___ -

,O
I

Location: Project lsao.: cDte Drilled: 1Boring No.: Welc/N,.
ANDREWS CO. LANDFILL SITPrrc 92-152 1o.2/16-12/'8/92 9-20 11-8

Log BY: A. WEEGAR; P. GRANT
0-130' 130' TC TD

Driller

Drilling Company. Tota Det
SCARBOROUGH DRILLING.. INC. c c2Dpth

LAVESA. TEXAS27

Drilling Method 5t 3it Sizes: A12 20TARY

Survey Data:
Northing: 8042.8943
Easting: 10272.5320

Ground Surfoae Elev. (MSL):
3,470.04

Top bf PVC Casing Elev.:
3,472.23

Sarrmple Method(s):
CONTINUOUS:

2'SS +4 3"CE; GRAS
201' TO Mf

SAMPLES EVERY 5- FROM

Unified Soil Classificction/Descripticn
(Color. Texture, Structure, Grain Size)

162.Y'-17r Ct AV ft' I- ;roysh-puvril* ci cystofe wit's gray-
green mottinig and larger inclusion& throwpo~ute
mod, herd: dense: SI. plcStlC; finely 'eir~ed with
calcite(?) ftlled fractures: dry.

-_ Ooen
Borendle

172-24S CtAV {Ct- reddish PurDMe with gray-green
moting and scattered inclusions: moC. hcre:
mod. de-Sse. St. Plastic Scattered CClCite(?)
frled veber. dry.

(Q.) same cs above but with te- veins.

(C.) soae as coove but no veins.
drill rete-2 mni./tt.

Fit Name: A-L0Z2G.DwG



- -- -.

Terra Dynamics 'Incorporated SOIL BORING &
mm 7s' ('V 72n5nV WELL COMPLETION LOG

Location: Project Na.: Dcte Drilled: ' 'oring Nca.:... Grad/
ANDREWS CO. -LANDFILL SITE 92-152 12/16-12/18/92 | 8-20 Wel-

Log Br.. A. WE- GAR-. P. GRANT - Driller....
' O-t30-- t30',TO -TO -- -

Drilinq Comnpcny:, To'.,
SCARBOR2OEUGH DTRILLING. INC. ,,e-- pt27-:

Drilling Method Sk it Sizes: AIR ROTARY, ..-

Survey DCo-:.
'Northing: 8042.8943
Easting: ' 10272.5320

Ground Surface Elev. (MSL):
3.47C.04

Top a'. PVC Casing Elev.:
3.472.23

Sample Method(s):
CONTINUOUS:

2 SS + 3tC; GRAS SAMPLES EVERY 5- FROM
201 TO TD .

Unified Soil Clcssificction/Descriptien,
(Color. Texture. Structure. Groin Size)

.-Well
' DesignI

AY LV s7'-- me 03 aovew.

at 201' w-'.tc1 Gwe to creag bit(fis'toa bwt) to Cr31
co-n untR cutt~ngs sno. sangC: beged cuttings every
5*; ftorne oujt to £

I

IS' Open~7 oreiola

-2.C *~ LO. gal.

7- BPCet tet i~ted

- fter
SanC

Screen~
.010 SL.OTS -

. . . . .

-Ie NC-mg: A-L0C2'.%DWC



Terra Dynamics Incorporated SOIL BORING &
AUSTK XXIS 0173S-4113 WELL COMPLETION LOG

LocIStl . Project No.: Dote Drilled: Borng No.: |GriI/
ANDREWS CO. LANDFILL S'IT 92- 12 12/16-12/18/92 B-20 Well

Log By: A. WEEGAR; P. GRANT Driller Survey Data:
0-130' .30'- TO TD -Northing: 8042.8943

Drilling Company: - TI Easting: 10272.5320
SARCOROUGH mRILnLING. INC. T 275: Ground Surface lev. (MSQ):

ILAM-ESA, 7EXAS3,7O
:3*470.0t4

Drilling Method & Sit Sizes: AIR ROTARY Top ofPVC Casing Elev.:

Sample Method(s): 2"SS + 3 CS: GRAB SAMPLES 7VERY 5' FROM
CONTINUOUS: 201' TO TD

Unified Soil Clossificction/Description Lithic Depth i I Well
(Color, Texture, Structure. Grcin Size) Log (feet) / Design

at 232- cuttings color 6tgnteried. but stilt (C..)
cs above.

243-24fr SINt CLAY (C'- l'ght tan Colo0
plus previous dcrcl day.

5-2

~so-
2V--260' CLA fCt reeddish purple with gray-green maoJing

anC scOttered 'mclusiOns: mad. hoar macL censs: s1.
plastic dry.

2.0. 5.0. Scn.
. 40 PVC Well

Screen .010
SLOTS

rilter Seare.

- co~lc=34

257' -

259'-

260' -
I I

2EV-275' Cla-. SI' STONi' (ut t dusky red end tcn suitsaont
.ith soystone interbeds greenish gray mottring throughout.
incteesed greenish gray sitstone below 270 feet brittle:
trace oa vfg. mica frcgs.: dry.

II

.t

_ t 75| Totcl Otetn - 275 teet

.4
V*e Nan'e: A-LOC2G.0V4
r. 11cName: A-t CG2G.Ol;

-
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Terra Dyn'amics Incorporated

. o Project No.:
L ANDREWS CO. LANDFILL SITE - 92-152

Log By: - Drfiling Method & Sit Sizes:
A. WEGAR AIR ROTARY

Drilling Company: scm;1e MethoC(s):
SCAR3OROUGH DRILLING. INC. SPLIT SPOON: CORE BARREL

LAMESA. TEXAS ._

Driller: Total Depth:
100'

Remarks:

Unified Soil Clcssificcticn/Description
(Color. Texture. Structure. Grair. Size)

0 _0 s ~ ~ ~ ~ To TOP 50 brown; 5itty SZ*.e ognctcewc

0.4-12 cziAIC poinkish whitc Cafe. cert.
cemented quart: salt onc scnlr moc. hcrd:
trace dark. red nC oaccoue Cucr:: ravwl
frC;s.: dry. -

2-1- -av ST * ful 4- pink: qur Sal and s5nd: stignt
Clc. ccrc cementation: loose: dry.

1S -24 S AY (r } reddisn brown sitty clay with
. wnste powoery colc. ccrbenate in layers

coceig vertical fractures disserinsteO
throughou- dense: si. Ctcstic mais:

S~tv CLAY ICLt reddish brown sity clay with.
graytsn ton one bluishg ray mottling anc oosts:
dense: 51. plastict moist.

- trace mottling below 31:.

FIZ NAME: A-LCC11.V.AC

: SOIL BORING LOG
Date Drilled: | cring No.: d No.:

_ 01/20/93 . | B-45 . | 11-E

Survey Data:

Northing: 7590.39

.- Easting: 10860.29
Grcund Surfcce EDev. (MSL):

-. 468.3

f"Aft AtA

TRJA5=



Terra Dynamics Incorporated SOIL BORING LO-.
Locaticn:

ANDREWS CO. LANDFILt. SITi--
Project No.:

1 92-152
Dote Drilled:

01 /20,/93
Eoring No.: Grid No.

I 9-45 I 11 -E
__________________________________ I- -

l . .

Log By:
A. WEEGAR

Drilling Method & Sit Sizes:
AIR ROTARY

Drilling CompanySc e Method(s):
SCARBOROUGH DRILLING. INC. 1Sc'pe eto s)

LAMESA. TEXAS SPUT SPOON: CORE BARREL

Driller. Total Depth:

Survey Data:

. Northing: 7590.39

Eosting: 108r0.29
Ground Surfcce Elev. (MSL):.

3.458.3

Remn-:rks:

Unified Soil Ctcssification/Description
C-'reri q…t u r.

39.4~S4.5Soasdy CS Sit-? (ULI mottled ten. bro-tn and rusty
rea Oiayey satstone i.th softd vfg whtte quaMt
sand grais$ throughout: trace v; mnicz fra;zL:
block mIteralization throughtout: rnod. hcrO.
blocky fracture; crumb~y 42'-43.5' cry.

4s6~455Sand Silly C-Ay C mustcar to qr~enish gray
cicsorte; sait otno vtg auart: sa:nd ?irauhout:.

4&35-47.6' St,,-,' Llea--y qlt - (V- V- yello.. toli on: gray
CSicyey Sslts-ar4 wtan -'itte one occu. vig quari:
sand grains antd vfg mice frogs.: mod. harC
hofizarltally lamineated: blocky fracture and

cnjmnoly. dry.
47.6'-54.9 SItv 'n'.r 'eUl yellow cnC groyi$-1 tall

s1tstong mrtrix witn Vt; wtnife. onj! net pinit
qucrt: ena feldspcr send greins vf9 to e; mica
and biotite flakes troau;nout cross-bedeord
blocky frocture dry.

r-e8.2 ~ Sttv CLAY ICL derk red silty daystone with
bku.sn gray mattlinT green sn gray cUioticel
zones end apparent -arm burrows D low 62:
burrows hove szndy mcterilt inceraoroted into
center oortion of burrow: tres blDtek
mitraclizfton tnroaugeut: blocky to concoicac
frecture: dense; moe. hlrc dry.

5C.2-oC0C ShIV Stltv C
t 
LAY (Ct . dat rec eeyseone witn

purpe and grey ma:tl.ng tthrougnmau yellow
and musterd eolorclion below S* with
greenish grey cicsts oan warn toles beio 70:
trces block miner3li:ation tnrougeut mod.
hord sl sacO)r blecky fracturt: cry.

- diagonal troctures froa 7t-79' fractures
arc at 4*Send bi;iretiortal (> e;d <); heated
with ccla. cVr. cemenftotCn ead iay.
occasional critl!lg-inCa.eed slicensides.

rl-r ,iWtjt A-LOCI1 E.OwCG-
*I



Terra Dynamics Incorpo'rcated' SOIL BORING LOG
_ Project No.: Dcoe Drilled: 19 oring No.: Grid No

ANDREWS CO. LANDFILL SITE- -- 92-152 01/20/93 8-45 11-I

Log By, Drilling Method & Si. Sizes: Survey Data:
- - A. WEEGAR . AIR ROTARY

Northing: 7590.39
SCARBOROUGH DRILLING. INC. Sapl Mthods) sting: 10860.29

LAMESA. TEXAS - SPLIT SPOON; CORE BARREL

Driller Total Depth: Ground Surface Elev. (MSL):~Oc 3.468.3

Remarks:

Recovered -

Unified .Soil Clcssificotion/Deseription Depth Graphic Fv. c Strctigraphic
(Color. Texture. Structure, Grain Size) (feet) Log / Ft. Intervcl

. '____ _ Samole

90-
,1en. .t _~ _V (//1 /~¶ bY.

increcsed purple ccior cnc crurrnmy teio. 91:.

TOTAL OC-Th * 100F -: 1C

.01

n1OC- LG

flLE NM.1. A--LOCILO.WO I



Terra Dytatmics Incorporated SOIL BORING LO0
L2caAuSn:-- _ Project No.: Dote DrIlled: Eating No. Grid No

ANDREWS CO. LANDFILL STE 92-152 1/24/93 B-51 12-i

Log By:
R. M'cGOWEN

Drilling Method & Bit Sizes:
AIR ROTARY

Oriling Comocny1 Sample Methcasj):
SCARBOROUGH DRIUWNG. INC. SPUT SPOON. CORE BARREL

LAMESA. TEXAS _

Driller Total Depth:
1 0O*

Survey Dota:
Ncrthing: 9160.6675

Easting: 10241.7105
Grcund Surface Elev. (MSL):

3.475.71

Rermarks:

Unified Soil Clossificction/Oescription
(Color, Texture. Structure, Grain Size)
.

TOO V. I dCt. bratwr sand. itt. organic
material; loOse dry.

. . . . .

IZ-t9
....

SAD (SM It. tcn to red ton. vtg-ft sgnd
.itn sccttered CCaSt o! colcitic cemented sand
and silt: ott loose dry.

5 -

t9-29 CALC1 
IL ton-gray clcritic micritirc cernmted send

ont ilt. vtSg-fg at: sand; sanestme lithocasts
_jth silica concretions hi micritic matrir.
concretion rings in micrite; arc; brittle: Cry.

29'-325 SANO od CRAVe 5f tan-l:. bran. sonm. tg
ouartZ to QU~rtZ PeODICS rnd CcODlec rounted
to cingutar'. sWtt dry.

325-3r Ci WY 1e ' red -it" "te minerlcIction (flaky.
nometoctie to HO). and some sit: soft: mst

3 7-1c CLAY (C1I red with yellow mottling. soft cry

- rec. yelol. one purple nnottJng at 39.

IME NAME A-=CO.2!8.Dw I I



Terra, Dynamtics. Incorporated-,"_SOIL BORING LOG
I L I Project No.: Dote Drilled: 3oring No Grid No.:

-ANDREWS CO. LANDFiLL SITE 92-152 - 1/24/.93 9-5t 12-9
Loc~t~n:7 ate Drlle :

I 'og Byr
- R. M'CGOWEN

Drilling Me:hod & Sit Sizes:
AIR ROTARY

Survey Data:

Drilling CoDmpanyINC. Sample Method(s):

LAMESA. TEXAS SPUT SPOON; CORE BARREL

Driller. Total Deoth: :
'": .

* Northing: -9160.6675

Easting: 10241.7105

Ground Surface Elev. (MSL):

3.475.71

Remrrks:

Unified Soil Clcssification/Descriptior.
(Color. Texture. Structure. Grcin Size),r,
Ct wCr *- ,one as aoove.

-re. ye ond Purole mottled: fron 5' Its 5.5
_cs f~~e and Xrjljc d cloc)-rolen enCWC ereom r ons red DiadC

-frorn 61tO 612cs red. yell*.. and ;urple
mottle::: brittle;.Cry.

flit.: NAME A-LOC12S.OwC
I



Terra Dynamics Incorporated| SOIL BORING. LO-
Loc A CLIon: Projeat No.: Date Drilled: 9oring Nc Grid N.

ANORWS CO. LANDFILL SI M 92-152 1/24/93 8-51 12-

Log By:
R. M'GOWEN

Drilling Method & Bit Sizes:
AIR ROTARY

DOiling SComARnyO:OJG DRILNG. INC Scrnple Method(s):

LAMESA. TEXAS S=UT SPOON; CORE BARRf--

Driller. Total Depth: 1 0*

Survey Data:

Northing: .9160.6675

Vasting: 10241.7105

Ground Surfc~e Elev. (MSV):

3,475.71

Remarks:

Unified Soil Clossification/Description
(Color. Texture, Structure. Grain Size)

Stratigrozhic
Inter;cl

0 AY Q I $sorme as above.

- rubble - 31.-ar

- red. yenow and purile mottled with whitish
green cayO nodules.

TOA!. or0-.4 . ioa*

__
. I

Viit NA'U: A-LOCtl2.0WO ...< I



C --; . Terra Dynamics In~corporated|
C

Location: Project No.: _
.--- -ANDREWS CO. LANDFILL STEc 92-152_

Log By: Drilfing Method &c Bit Sizes:_
-R. M'GOEN ~ AIR ROTARY

Drilling Company: Sample Method(s):
SCARBOROUGH DRILUNG. INC. SPUT SPOON; CORE BARREL

LAMESA. TEXAS

Driller: Total Depth:
- 1CO,

Remarks:

Unified Soil Clossificotion/Description
(Color. Texture. Structure. Grain Size)

o.o--oS soe sor- dit brew. saondC.ti an mgnic
- moteriol l oose: 'dry.

LQCeme ItedonI and celdtic cemented San: cend
- SUtvSt quwitz saneC sofce dry.

I_

4.0--.0' Sw0 od StTtS~kIL tam to tt. crown. WS-_
- . quartz witn scatteted ctan s of ! cuicitc

cetnente; sanCan soCt: sodtr dy..

9.0-215 - C r IL ton-gsn y. cclcitic and micritk
cernesnd and cad silt v:q-fu quartz sen

.concreion rhngs in micrite tregs ................ senoestone_
litnoeetots with siica conicretion; here. dry.

21W5-26' -. Saty SAND (SM% IL ton. %1q Quartz sand;_
, .- sortec; teunocea soft. cq _

2fi-30' ;ANQ o1C! GPAVCL ISw%O reddish brown. 15-_
rm9 cu~ortS and. rounced and SO-ted.
pebbles and cobbles. euor-.2 rounde: to_
anguicn. poorly sorted. Soft; dry.

30-77- C' Y fCL red. purple. and yello. mottled_
plaaCI . camp.

- Cry plastic less purple 37'-39.

MlL NAMLE'A-LCC12C.OWC

SOIL BORING LOG
Oate Drilled: Sairing No.: Grid No.:

01/24/93 B-52 12-C

Survey Data:

Northing: 8707.59

Easting: 10003.09
Ground Surface Elev. (MSL):

3.47,3.3

epth
feet)

0-O

5j-

Graphic
Log

Recoveredr'
Ft.

At.
-icmoled,

Stratigrc hie

DoUt

Lac
WM=h

OCAUALA

7tASAt



SOIL BORING LOG
Dcte Drilled: |Boring No.:|Grid No.:

01 /24J93 1 B-52 ' 'I1' 2--
Survey Data:

Northing: 8707.59

Easting: 10003.09

Ground Surface Elev. (MSL):
3,473.3 1

Unified Soil Classification/Description
(Color. Texture. Structure. Groin Size)

- red. purPle cnd yIelow mci-Jng wht* s1t nOdull
0.75 at approx 41.5. picstic; Cry.

- scattered nodules of yellow to white day.

- red. purple and yellow mottling; no nodules

- red-orcnge with yellow and purple mcttlin;
dry: britule.

- 0.75 ft. red-orange clay tith yellow and purple
mottling.



N
Terra Dynamics Incorportated SOIL BORING LOG

Location: | Project No.: Dcte Drilled: Boring No.: Grid No.:
ANDREWS CO. LANDFILL SITE | 92-152 O1/24'/93 | B-52 | 12-C

Lag By: R Drilling Method & Bit Sizes: Survey Data:
. R. M'OWQN AIR ROTARY

Northing: 8707.59
DrligSCAR2CZOUGH DRIILUNG, INC. Semple Methad~s):Nrtng87.5

LAVESA. TEXAS SPLIT SPOON: CORE BARREL Easting: 10003.09

Driller: Total Depth: Ground Surface Elev. (MSL):
100' 3,473.3

Remcrks:

Unified Soil Clcssification/Description | Depth Grcphic RaFt. e Strctigrcphic
(Color. Texture. Structure. Grcin Size) (feet) Lo5 S m Ft. Interval

- Nlucaed core b;t Ht * . 11- I l

al1--100 t Ay (r-W red. yellow anCd purple mottled. dry.
critte.

- pwPte cuttings

- purple clcy W;LI nodule c=;rex 2; of greenus'
white cloy.

-85_

-90'

-95.

2

MR

e e
HR ?

_____ ____10

MR

4

-

IR -

'� �3TOTAL DEPTH - 100'
11O ...

DO or =KE

-10

-11

J -- ' ____________________

FtL NAf : A-LoC12C.Dwc I
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Executive Summary

1he Andrews Industrial Foundation retained Dr. Ken Rainwater to evaluate the suitability
of the Waste Control Specialists, Inc. waste treatrnent, storage, and disposal facility currently
under construction in western Andrews County with respect to its potential impact on local and
regional groundwater resources. 7he site was already pennitted for acceptance of hazardous
wastes, and a new permit for low-level radioactive wastes is sought. Special concern was placed

on the possible presencc of the Ogallala aquifer at fte site locadon The identification of the s

presence or absence of the Ogallala aquifcr at hic site was based on the definition of an aquifer as
containing sufficient saturated permeable material to yield water to wells. The study approach
included review of permit documents, site visits, public meeting attendance, inspection of core
saroples, evaluation of water quality sampling, and review of published descriptions of local and
regional hydrogeologic information.

A TCport was dclivcrcd to thc Foundation in December, 1996, with these conclusions:
[1] Ile presence of a thick Triassic clay layer near the ground surface at the site mankes it an

excellent location for a properly designed and constructed landfill.
[2] A thin Stuatum at the site was originally identified as the Ogallala formation, but it does

not contain sufficient water for classification of the formation as an aquifer.
[3] Previous publications and recent field study of the local hydrogeologic conditions In

Andrews County show that the Ogallala aquifer is not present, and the shallow permeable
formation is actually the Antlers Sandstone.

(41 Publications about the regional hydrologic conditions in the Southern High Plains
implied the presence of water in the Ogallala formation throughout Andrews County. but the
assumed saturated thicknesses in the western portion are not well supported by field data.

[5] The siltstone layers in the Docku m group appear to be the uppermost water-bearing
zone and may be acceptable for monitoring, but their low permeability and possibly limited extent
do not mect the traditional definition of an aquifer.

[6] If properly constructed and operated, the landfill should have no impact on usable
groundwater in Andrews County.
It is recommended that the foundation continue to pursue the use of dtis site as a waste treatment,
stooage, and disposal facility. Proper design. construction, and operation should allow the site to
serve its purpose without damage to groundwater resources.
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Evaluation of Potential Groundwater JMpacts
by the WCS Facility in Andrews County, Texas

actb<ive man A;=ach

The primary objectivc of this report is to evaluate the suitability of the western Andrews

County site for the Waste Control Specialists (WCS) facility with spcific concern to the site's

impact on groundwater resources. This rtport was commissioned by the Andrcws Indxstrial

Foundation, Inc. (AMF, as an independent, impartial review of the suitability of the site for .

development as a hazardous waste treatment and disposal facility. Drs. Uoyd Urban and Ken

Rainwater originally collaborated in this study beginning in 1993, and each produced neports based

on data available at that time. The site received its permit in 1994, and construction began in 1996.

During 1996, Drs. Tom Lehman, Harold Gunrola, and Priyantha Jayawickrama were brought in to

address related geological and geotechnical issues as the site owners pursued a permit for low-level

radioactive waste disposal at this site. Dr. Rainwater composed this report as an update of the

1993 document, while the other scientists and engineers provided their own documents as

appropriate to the AIF. The WCS site is located at the western boundary of Andrews County,

north of state highway 176 and east of the Texas-New Mexico border. Due to the lack of

dependable fresh surface water, groundwatcr resources are precious in this county. The major

water-beazing aquifer in the Southern High Plains of Texas is the Ogallala formation, which

supplies water for agricultural and domestic purposes for much of the region. Site selection for

landfill installadons for safe, long-term disposal of hazardous materials in this region must

mrnimize or completely prevent future deterioration of tis waterresource. The state agency with

regulatory jurisdiction for this project is the Texas Natural Resource Conservation Commission

(TNRCC), and this agency actively enforces waste management regulations with intent of

groundwaterprotection.

A special concern of this mport is dctermination of the local characteristics of the Ogallala

fornation and other shallow permeable strata, as expressed in the, geologic setting and the storage

and transmission of water. Many citizens are concerned vvith the protection of the Ogallala aquifer

in the High Plains of Texas as the piimary water sourc for irrigation. rural famnilies, and many

I
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municipalities. Someusetheprsencc of the Ogallalaaquier asareasonto opposeanyindutril

andlor waste disposal procts that involve hazardous chenmcals ihat may somehow enter the

aquifcr. 7ere is debate as to whether the Ogallala aquifer is actually physically present at the

WCS site. Ihe definition of an aquifer is given by Frcze and Cherry (1979) as "a satrated

permeable geologic unit that can transmit significant amounts of water under ordinary hydraulic

gradients:' and also states that "an aquifer is permeable enough to yield economic quantities Of

water to wells" (p. 47). Todd (1980) defined an aquifer as "a formation that contaslm sufficient

saturated permeable material to yield significant quantities of water to wells and springs" (p. 25).

The operative words in these two definitions are "satated" and "pemeable,' implying water must

be present in adequate amounts to move through the geologic stratum. This investigation of the

subsurface hydrogeologic conditions at the proposed WCS site specifically considers whether the

formation, whether or not it is the Ogallala, at this location fits both these criteria for definition as

an aquifer.

The approach taken in this study can be described as a series of tasks. These tasks are

summarized in the following list:

[1] Review of the 1993 permit documents and recent site-specific hydrogeologic data;

*2) Visits to the WCS site;

[3] Attendance at TNRCC public meeting In Andrews to bear local concens;

[43 Inspection of core samples collected during subsurfacc investigation;

15) Recommendation and evaluation ofwaterquality sampling and analyses; and

16) Review of regional and local hydrogeologic information.

In this report, the efforts and results associated with each task arm briefly presented in separate

sections. It should be noted that this updated report benefits greatly from the recent work by Dr.

Tom L.hman on the description of the local geologic setting (Lhman, 1996). Te last section of

the report sununmarizes the major conclusions and rcomnmendations appropriate to the information

reviewed.

2
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Review of Pemi Dcments and Recent MonitoringDlata

Copies of Volumes II, IV, and V of the "RCRA Permit Application For A Hazardous

Waste Storage. Treatment, and Disposal Facility" (AME, 1993) werc provided by the design fum,

AM Environnental, Inc. (AME), of Austin, Texas. The nmterial of concern to the groundwater

evaluation in thcse volumes included the landfill engineering design documents (Vol. 11),

gotechnical investigation results and groundwater monitoring plan (Vol. IV), and local geologic

and hydrogeologic descriptions (Vol. V). These documents were submitted to the TNRCC for

regulatory review, Tbis report does not constitute another form of regulatory approval, but does

provide additional expert evaluation of the environmental suitability of the site for the proposed

facility. The regulatory agency is also interested in protection of groundwater resources, and the

permit application contains much useful SitC-specific information for evaluation of the possible

impacts. if any, of the site on the local and regional groundwater. The principal points associated

with the local groundwater are summarized in this section. AME also provided summaries of the

results of groundwater monitoring events since 1993 (Messenger, personal communication). The

regional geologic evaluation by Lehman (1996) was also used in evaluation of this information.

The main strength of this specific location for a hazardous waste landfill is the presence of a

thick natural clay (orclaystone) layerat less than 30.fr below the ground surface. Thisrod clay

material is refered to as the upper portion of the Triassic Dockum Group, somtimcs referred tpo

separately as the Chinl formation. The upper surface of this formaion has a local topographic

high directly beneath the proposed site as shown in Figure 1 (AME, 1993). IUbman (1996)

demonstrated that this local high is actually part of regional "Red Bed Ridge" that extends from

eastern New Mexico through western Andrews County southward to WiNier and Ector Counties.

At the WCS site, the clay layer is over 200 ft thick, with thre to four separte interbceded

siltstonelsandstone layers. The hydraulic conductivities of the clay and siltstone we measured in

the laboratory at 1.76x1O-f cnmsec (S.OxlO-5 ft/d or 3.7x104 gpdlft2 ) and 3.20xlO-6 c/sec

(9.1x10-3 frld or 6.8x1- 2 gpd/ft2), respectively. The natural permeability of the clay is in the range

of design hydraulic conductivity for engineered landfill lincr materials. The selection of the landfill

3
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dimensions takes advantage of the shallow depth to this low permeability material by locating the

bottom of the landfill excavation within the Triassic clay, completely penetrating the wort

permeable materials above the top of the Dockum gup. The constructed landfill double liner

system will rest atop the Triassic clay. The conventional double liner system includes two

geomembranes, two compacted clay layers, and one leachatc collection layer and one leachate

detection layer. Unless the Triassic clay has significant fractures, it should provide a good

foundation for the landfill construction.

nTe geotechnical investigation of the proposed site included collection of cores from a large

number of borings and installation of several monitoring wells in suspected water-bearing zones.

As previously stated, the Ogallala aquifer is thc principal regional freshwater aquifer. In the

geologic descriptions in the permit application, the geologic material above the Triassic clay was

refcrred to as the typical Ogallala formation, with a caliche caprock overlying a laycr of permeable

alluvial sands and gravels, but the thickness of the permeable sands and gravels was usually less

than 15 ft. Based on closc examination of the gravels in the exposure of the formation at the WCS

site and other outcrops in Andrews County, Lchman (1996) identified this material beneath the

caprock as the Antlers Sandstone, not the Ogallala formation. The Antlerq Sandstone has sufficient

sand and gravel content with limited cemeentation to have significant permeability, but the thin

formation apparently is not continuously saturated over significant areal extent in tiis vicinity.

Due to the low average rainfall amounts, the local high in the elevation of the top of the

Docklum group, and thc undulating shape of the top of the Dockum group, the permeable

sediments atop the Triassic clay do not store significant amounts of water in this western part of

Andrews County. Saturated sediments were only encountered beneath a local depression efcrd

to as a "buffalo wallow," and it was concluded that a siuilar depression existed in the top of the

Dockum beneath the surface depression, trapping the water in a small volume. Domestic and

windmill wells that exist in the area do not produce much water during dry periods. Although the

Ogallala formation was initially identified at the site, that identification was in error. No matter

what the shallow permeable formation is named, it apparently does not hold and transmit sufficient

S
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amnounts of water for development of wells. Control of stormwater drainage at the site may affect

the storage of water in the formation beneath the "buffalo wallow" 'other natural depressions, or

constructed impoundrents if the collected runoff is kept on site and allowed to infiltrate.

Within the Dockur group, three or four separate siltstone layers were ncoountcred in the

grid of borings. These materials were found to have laboratory-measured hydraulic conductivties

two orders of magnitude higher than the claystone. Screened monitoring wells were established in .

these zones at several locations within the grid. Thc water levels in these wells were measured

several times between November, 1992 and April, 1995. A complete listing, Table A-1, is

provided in the Appendix summarizing the well identities (based on original boring grid locations),

top-of-casing elevations, screened intervals, depths to water, and water surface elevations for

monitoring events by AME (Messenger, personal communication). Table I was derived by

grouping monitoring wells with approximately similar screened interval locations. Tletse groups

roughly align with the idcntification of three possibly continuous siltstone layers. Groups A and B

are unost likely the first siltstone, while groups C and D roughly correspond to the second and third

siltstone layers, respectively. The latral and vertical extents of these layers arm not completely

known.

Inspection of Tables A-I and I allows several important conclusions. First, when bailed to

dryness, the water levels in the wells typically took several weeks to return to static levels. This

delay indicated either low local permeability, little water volume in storage, or both controlled the

return of water to the screened interval. Second, the equilibrated water surface elevations at most

of the monitoring wcUs with similar depths of screcn were not close enough to imply hydraulic

continuity. For example, only well pars 4-C and 5-C in group B, 4-G2 and 9-G2 in group C, and

4-G3 and 9-G3 in group D had water surface elevations within a few feet of each other. Third, the

height of the water columns above the tops of the screens at wells 7-G. 2-G,, 1-D, 6-BI, and 6-

B2 were 44.3, 67.4, 107.13. 41.7. and 98.75 ft. respcctivcly. These values indicate that the water

in the siltstones at those locations was under pressurized confined conditions, yet the permeability

or discontinuity still restricted the flow.

6



AREVA PAGE 10/39: 05/04/2004 07:16 505-830-9528

Tablc 1. Well Screened Intervals and Water Lrvel Elevations Observed on April 19, 1995

Group with well ScreenTop Screen Bottom Water Surface
Simnllntervals Elevation (h) Elevation (Ft) Elevation (fi)

A 9-G1 3330.17 3325.17 dry

S-E 3312.28 3302.28 dry

5-C 3307.94 3287.94 3288.12

4-C 3307.55 3285.55 3288.79 .

4-GI 3294.56 3264.56 3260.65

6-BI 3295.66 3285.66 3337.36

C 7-G 3262.72 3232.72 3307.15

11-D 3241.07 3216.07 3348.20

4-G2 3249.69 3219.68 3245.16

9-G2 3248.99 3238.99 3242.36

6-B2 3220.26 3210.26 3319.01

D 2-G 3214.93 3189.93 3282.33

4-G3 3202.11 3197.11 3194.10

9-G3 3197.02 3187.02 3193.06

The total dissolved solids (TDS) contents of the water samples taken from these wells were

significantly higher (>1,800 mg/L) than typical regional values for the Ogallala aquifer (-500

mg1). In addition, the TDS valucs varied significantly between the wells in these layers, possibly

indicating little if any flow between the well locations. The upper siltstone layer was identified as

the "'uppermost aquifer" for monitoring purposes. Due to the difficulties In static water level

equilibration and development, dedicated sampling pumps were rccornmended for future

monitoring well installations. Further discussion of the hydrogeologic and geochemical data will

be given in a latersection of this report.

Site Visits

On July 28, 1993, DIs. Lloyd Urban and Ken Rainwater visited the proposed site. Allen

Mcsscnger and Andy Witteveld of AME conducted the tour. The site is currently part of the Flying

W Diamond Ranch, a short distance cast of Eunice, New Mexico. The property is used as a

working ranch, with limited dcvelopment for oil and gas wells. The grid of soil borings was still

7
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evident at the surface, as were the existing monitor wells. Mr. Witteveld described the bailer-

development procedure be was using to encourage increased flow in the screcned intervals of the

wells. Hc also provided prdlirinary water quality data from sampling cvcnts since the preparation

of the permit documents. Mr. Bill Vance, ranch manager, took the group over to the Monument

Draw area on the other side of the state line for viewing of the 20- to 30-ft high cutbank of the

draw. He also identified the Baker Spring location within the draw. No recent flow was evident at

the spring.

During 1996, severel visits to the site were made by Drs. Rainwater, Urban, Lehman,

Gurrola. and Jayawickrama. On July 17, 1996, D)rs. Rainwater, Urban, and Lehman visited the

WCS site for their frst view of the initial cell excavation, hosted by AME. Over the next three

months, various combinations of the five scientists and engineers made additional visits to the site

to gather geological and geophysical information about the vicWty.

public Meeting in Andrews

At thc rquest of the AIF, Drs. Urban and Rainwater attended a public meeting held by the

TNRCC at the High School Auditorium in Andrews, Texas, on the evening of September30,

1993. The purpose of the public meeting was to give local residents opportunity to ask questions

of the TNRCC about the landfill and the permitting process. It was apparent that civic group

support for the project was quite high, and that the AIF and AE had spent considerable effort

describing the facility design to the residents. The TNRCC staff raised no questions at that time.

In~ction of C Samples

On October 4, 1993, Dr. Rainwater visited the office of Jack H. Holt, Ph.D., and

Associates, Inc. (JHA) with Mr. Witteveld to visually examine core samples from selected

borings. Cores 6-B and 9-G, which are shown in ligure 1, represent locations in which almost all

of the different lithological were penetrated. Of particular concern in this examination was the

condition of the red claystone. In the samples from both cores, the red claystonc core was

typically continuous (few fracture planes not attributable to the sampling process), solid, and tight.

As indicated by the results of the laboratory hydraulic conductivity tests, the claystone was

8
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probably.naturally compacted by tbe weight of overburden duing deposition. Thc zones identified

as siltstono and sandstone wcrc typically grayish or white cohesive materials with fine grains of silt

or sand visible on the outside of the cores. The presence of the sand and silt apparently accounts

for the higher hydraulic conductivitics of these materials relative to that of the claystone. However,

the siltstone and sandstone did not appear to have enough porosity to allow significant flow under

typical natural gradients.

Rccom mendadgn and FEaluation of -Water OaliM Sampless

AME provided the results of the analyses of water samples collected on July 23, 1993,

from wells 2-G, 7-G, I I-D, and 6-B 1. The surface locations of these wells are shown in Figure

1. The samples were analyzed for several water quality parameters, including sorme maorions,

pH, and TDS. The major ion analyses are of primary concern to this report since ionic

composition of groundwater sometimes provides clues about hydraulic connections in the local

subsurface. For example, water quality in an aquifer generally deteriorates with distance from the

point of recharge, as more materials are dissolved. Also, the natuir and amount of dissolved

spccies can indicate the rock types through which the water moved. Table 2 summarizes the

results of the analyses. The concentrations of the ionic species were given by the laboratory in

tug/L. and then converted to millicquivalents'L (mcnL) to check forelectroneutrality. The

condition of electroneutrality in a water solution requires that the sum of the rneq/L of cations must

equal the sum of the moqfL of anions. 'he "ion %" column lists the portion that each ionic

constituent comprises in the major cations or anions as appropriate. The analyses for dtis samle

set included all of the typical major ions in natural waters except for bicarbonatc (HC0 3).

Table 2 shows that there was litlc similarity in the waters from the four wells. The

measured TDS varied from 1800 to 5500 mg/L In each sample, sodium (Na) was the dominant

cation and sulfate (SO4) was the dominant anion, but the relative concentrations varied by a factor

of almost 3. It is possible to check a major ion analysis by comparing the measured and calculated

71DS values. The reasured TDS is normally done with a conductivity meter based on the ionic

strength of the solution. nc calculated TDS is found by sunznding the toa mrnglL of the cations

9



Table 2. Water Quality Analyses for Sarrples Collected 7/23/93

WeU 2-G 7.G I ilD 6B- - 26-40-602(Ogallala)

Constituent g1L mcnq/L on %_ m e7/L ion % mgL meq/L ion % mL neq in % gL eqL in%

Cations
Ca 28 1.40 4.1 64 3.20 4.2 60 3.00 6.1 7 0.35 1.3 78 3.90 53.3

Mg 20 1.65 4.8 58 4.77 6.3 51 4.20 8.5 11 0.91 3.3 21 1.73 23.

Na 710 30.87 90.5 1560 67.83 88.8 960 41.74 84.7 590 25.65 94.0 36 1.57 21.4

K 8 0.19 0.6 22 0.56 0.7 13 0.32 0.6 15 0.37 1.4 S 0.13 1.7

Total 766 34.1 100.0 1704 76.36 100.0 1084 49.26 100.0 623 27.28 100.0 140 7.32 100.0

Anions
Cl 200 5.63 17.1 1157 32.59 38.6 290 8.17 24.4 200 5.63 23.1 39 1.10 15.3

S04 1300 27.08 82.3 2460 51.25 60.7 1200 25.00 74.7 900 18.75 76.9 39 0.81 11.3

HC03 nr nr nr nr 304 4.98 69.4

N03 12 0.19 0.6 33 0.53 0.6 19 0.31 0.9 0 0.00 0.0 18 0.29 4.0

Total 1512 32.91 100.0 3650 84.37 100.0 1509 33.48 100.0 1100 24.38 100.0 400 7.19 100.0

Neutral
SiO2 I - 13 11 13 43

TDS(mcas) 2600 5500 4000 1800 431

TS(sum) 2289 5367 2604 1736 583
TDS Error(%o) 6.4 1.2 21.1 1.8 15.0

ron Error(%) 1.8 5.0 19.1 5.6 0.9

Well 24-40-602 (Ogallala) - Flying W Diamond Ranch well, sampled by TWDB on 10/10/1990, included for comparison
TDS Error(%) = 100ITDS(sum) TDS(meas)l / (TDS(sum) +TDS(meas)]

Ion Error(%) = 100 rTotal Catons(meq/L)-Totbl Anions(meq/L)t I [Total Cations(meq/L) Total Anions(mcqlL)J
nr = not run
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(Ca, Mg, 14a, and K), the anions (Cl, SO4, N0 3 ), and neutral compounds (SiO.). The TDS

(meas) and TDS (sum) should agree within 5 percent, as shown for wells 7-G and 6B-1.

Electroncutrality is checked by comparing the total meqfL- of die cations with the total mcq/L of the

anions in what is called the ion balance error. The ion balance error should also be less than 5

percent for an acceptable analysis, as it is for wells 2-G and 7-G. When these two checks are not

consistent for all the analyses, especially when the TOS (sum) is less than the TDS (incas) for all

the samples, it is quite possible that one or more other significant ions should be analyzed in the

samples. Other errors could have taken place in one or more of the analyses which were

performed on the samples. Dr. Rainwater suggested to Mr. Witteveld that bicarbonate should be

added to the list of analyses for the next round of samples. A fifth water sample is included in

Table 2 forcomparison of typical local shallow groundwater quality to that in the Dockura group.

Well 26-40-602 is located on the Flying W ]Diamond Ranch near state highway 176, and this well

is occasionally monitored and sampled by the Texas Water Development Board (TWD)3). The

weU is referred to as an "Ogallala" well by the TWDB.

A second set of samples was collected by AME on September 21, 1993. from wells 2-G,

7-X, ll-D, 6B-I, and 6B-2. Table 3 summarizes the results of the ion analyses. Comparison of

Tables 2 and 3 show limited agreement between the two sets of analyses of wells 2-G, 7-G, II -D,

and 6B-1. This disagrcmcent is not surprising, considering the difficulty of purging and sampling

the wells in these siltstone layers. It is possible that them were sampling, handling, or analytical

errors between the two sample sets, but it is also possible that the chemical composition of the

water in the vicinity of each well has not been homogenized by mechanical mixing due to flow.

This question would hopefully be resolved as additional samples were collected from these wells in

subsequent monitoring events. The TDS values for wcll 2-G were similar, while the IDS values

were higher in September for wells 7-G, 1 l-D, and 6B-1. Well 6B-2 showed very poor

agreement between TDS (meas) and TDS (sum), and only well 7-G had acceptable agreement

between TDS (meas) and TDS (sum).

With the addition of HCO3 to the ion analyses, it was hoped that the ion balance enars

11



Table 3. Water Quality Analyses for Samples Collected 9/21,93

Well 2-G 7-G 11-D 68-1 6B-2 26-40.602(0 alala)

Constituent mgL meqJL ion % .g/ meq/L omelL ion %mL mcqlL ion %_

Cations 1. . . _ 9
Ca 53 2.65 12.2 170 8.50 10A 156 7.80 16.0 28 1.40 8.4 33 1.6S 11.5 78 3.90 23.3

Mg 25 2.06 9.5 55 4.53 5.5 33 2.72 5.6 1 1 0.91 5.5 12 0.99 60. 21 1.73 23.6
Na 387 16.83 77A 1560 67.83 82.6 870 37.83 77.8 324 14.09 84.9 264 t1.48 80.2 36 1.57 21.4

K8 0.20 0.9 49 1.2 1.'5 I 1 0.28 0.6 8 0.2 1.2 8 0.201 1.4 5 0.13 1.7

Total 473 21.74 100.0 1834 8.11 100.0 1070 48.62 100.0 371 16.60 100.0 317 14.32 100.0 140 7.32 100.0

Anions
Ca 200 5.63 15.6 1700 47.89 45.7 590 16.62 32.1 210 5.92 16.6 200 5.61 21.8 39 1.10 15.3

S04 1300 27.08 75.0 2600 54.17 51.7 1600 33.33 64.4 1200 25.00 70.1 740 15.42 59.6 39 0.81 11.3

HCO3 190 3.11 8.6 lS0 2.46 2.3 . 100 1.64 1.2 290 4.75 13.3 290 4.75 18.4 304 4.98 69A

N03 18 0.29 0.8 12 0.19 0.2 10 0.16 0.3 0 0.00 0.0 4 0.06 0.2 18 0.29 4.0

Total 1708 36.12 100.0 4462 104.71 100.0 23001 51 .75 100.0 1700 35.67 100.0 1234 25.87 100.0 400 7.19 100.0

NeutW a.
SiO2 10 22 10III 12 43-

TDS(meas) 2700 6900 4600 1900 431
TDS(wmn) 2191 6318 3380 2082 1563 583
TS Errr(%) 104 4.4 15.3. 4.6 24.9 15.0
-Ion Error(%) 24.9 12.1 3.1 36.5 28.7 0.9

Well 2440-602 (Ogilala) - Flying W Dimoni Ranch well, sampled by TWDB on 10/10/1990, included for comparison
TDS Eor(%) = 100 rrDs(sum))-TDS(meas)l/ [TDS(sum)+TDS(meas)J
Ion Error(%) = 100 rrotal Caoas(mcqA).ToWl Aiilons(meqtL)l / [Total Cations(mecq/L)+Total Anions(meqt)I
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would bcr duccd. In this sample set, however, only the analyses from well 1 1-D met the 5

prcent limit. It is diflicult to idcntify a specific explanation for the larger ion balancc -rrors.

Analytical laboratories sometimes have difficulty with these balances in saline waters duc to the

diffciing concentration ranges measurable in the different ion procedures. The cations are normally

quantified in elemental analysts by atomic spectrophotometry, which requires dilution of the

sample, whilc anions may be analyzed by ion chromatognaphy, titrations, colorimetry. or ion

specific electrode methods which may or may not require dilution. Thc diffcrent methods ar

soretimes interfered with by high concentrations of other compounds. In any case, the accuracy

of these analyses is in question. However, it is possible to make some useful comparisons. The

ion percentages were used to visually compare ion grouping among these water samples using a

trilinear, or Piper, diagram (Freeze and Cherry, 1979) in Figurc 2. From this figure, the watrsc at

all of the Dockum group wells are classified as Na-SOd4Cl dominated solutions. Note that the

sample from well 2640-602 plots far away from the Dockum samples, as a Ca+Mg-HCO 3 water.

The 26-40-602 water is essentially a much "youngez" water, more recently recharged froru the

atrnosphcre. Although the Dockum water samples show somewhat similar ionic distributions, the

large differences in their TDS values cannot be directly correlated to a reasonable flow

phenomenon in the siltstone.

Three more monitoring events occurred in October, 1993, January, 1994, and March,

1994. The results of these sampling events are summarized in Tables 4, 5, and 6, respectively.

The results from these thrce tvents compare somewhat more closely overall than the first two

sampling events. he ion and TDS balance errors often exceeded the 5 percent target. but the TDS

values are much more comparable across events. In addition. the concentrations of the ionic

constituents in each we1 arm much rmorn similar across events. When plotted on trilinear diagrams,

the results axe practically identical to those in Figurc 2 witiin the scale of that configuration, so

additional figures am not provided. Thc improved consistency is encouraging, and does not

change the conclusions drawn in the previous paragraph.

In sumnrnary, the ionic analyses of the sampled wells were useful in describing the potential

13
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Cations Anions

Figur 2. Trilinear Representation of Major Ion Analyses
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Table 4. Water Quality Analyses (of Samplcs Collected 10/20i93

Well 2-0 7 - - I D -6B3- 6B-2 26-40602(0 allala)

Constituent m gL lme/L ion % _mL meq/L ion % m eqL ion % g iJ n mI me ion % mR/l ion%

Cadons
Ca 72 3.60 10.4 126 6.30 6.3 158 7.90 12.6 42 2.10 8.5 33 1.65 4.4 78 3.90 53.3

Mg 36 2.96 8.6 106 8.72 8.7 68 5.60 9.0 17 1.40 5.7 15 1.23 3.3 21 1.73 23.6

Na 640 27.83 80.4 1940 84.35 844.0 1120 48.70 77.9 480 20.87 84.9 800 34.78 91.9 36 1.57 21.4

K 8 0.20 0.6 41 1.05 tO 11 0.28 0.5 8 0.20 0.8 7 0.18 0.5 5 0.13 1.7

Total 756 34.59 100.0 2213 100.42 1000 1357 62.47 100.0 547 24.57 100.0 855 37.85 10.0 140 7.32 100.0
Anions

Ca 180 5.07 11.2 1300 36.62 34.4 550 15.49 21.1 190 5.35 18.9 200 5.63 15.3 39 1.10 15.3

S04 11700 35.42 78.1 3200 66.67 62.5 2700 56.25 76.5 880 18.33 64.7 1260 26.25 71.3 39 0.81 1 1.3

HCO3 190 3.11 6.9 150 2.46 2.3 100 1.64 2.2 280 4.59 16.2 300 4.92 13A 304 4.98 69.4

N03 110 1.77 3.9 52 0.84 0.8 10 0.16 0.2 3 0.05 0.2 1 0.02 0.0 18 0.29 4.0

Total 2180 45.381 100.0 -47021.1065MI 100.0 33601 73.54 100.0 13531 2&.32 100.0 1761 36.82 100.0 400 7.19, 100.0

NcuiIa1
__S__iO2 - -1 - 125 43

DS(-meas) 2.500 6700 4400 18020 3

DS(sum) 2946 6927 4728 1913 2628 583

SError(*) 8.2 1.7 3.6 3.0 2.5 15.0

ton Emr(%) 13.5 _ 3.0 8.1 7.1 1.4 0.9

WeU 2440-602 (Ogalli) - Flying WDiaiond R h well, mped byTWDB on 10/10/1990 included forcorparism
TDS Err%) m 100 rTDS(sum)-TDS(mes)t I (TDS(mm}).TDS(rme)]
Ion Err(6)r -100 rroadl Ca smeoL)-Total Anions(mcctL)l / (Toal Csdons(mc4;L)+Tatal Anions(meq/L)]

0
0

0P.

-
0;ax



Table S. Water Quality Analyses for Samples Collected ln6-27,94

Well 2-G - 7- I ID - 6B-1 6-2 26-40602(0 galala)

Constituent mgIk IrneqdLLIn l% mgL mregL ion % mg1L meiLl ion - mg/L meq/L ion % mg/I mcQIL i ion % 9

Ca 94 4.70 7.7 186 9.30 8.3 194 9.70 13.7 46 2.30 4.9 34 1.70 2.9 78 3.90 53.3

Mg 42 3.46 5.7 104 8.56 7.6 19 1.56 2.2 9 0.74 1.6 9 0.74 1.2 21 1.73 23.6

NA 1200 52.17 85.9 2150 93.48 83.1 1350 58.70 83,2 1000 43.48 92.7 1300 56.52 95.3 36 I.57 21.4

K 17 0.43 0.7 44 1.13 I.0 24 0.61 0.9 15 0.38 0.8 13 0.33 0.6 5 0.13 1.7

Total 1353 60.77 100.0 2484 .11246 100.0 1587 70.57 100.0 1070 46.90 100.0 1356 59.29 100.0 140 7.32 tO0.0

Ci 200 5.63 11.5 150 42.25 37.0 730 20.56 27.2 230 6.48 21.9 230 6.48 132 39 1.10 15.3

S04 1900 39.58 80.8 3300 68.75 60.2 2S00 5Z08 68.8 890 18.54 62.6 1800 37.50 76.6 39 0.81 11.3

HC03 190 3.11 6.4 150 2A6 2.2 130 2.13 2.8 280 4.59 15.5 300 4.92 10.0 304 4.98 69A
N03 41 0.66 1.3 42 0.68 0.6 56 0.90 1.2 0 0.00 0.0 5 0.08 0.2 18 0.29 4.0

Total 2331 48.99 100.0 4992 114.14 100.0 3416 7S.68 100.0 1400 29.61 100.0 2335 48.98 100.0 400 7.19 100.0
Neutral
S102 I I - 12 12 14 12 43

TDS(meias) 2700 7100 4 1900 2700 431

(sum) 3695 7488 5015 2484 31703 583

a Ernxr%) 15.6 2.7 5.4 13.3 15.7 15.0

Jon Error(%) 10.7 0.7 3.S 22.6. 9.S 0.9

Well 24-40-602 (Ogalaa) -Flying W Diamond Ranch well, sampled by TWDB on 10/1011990, Included rot comparison
TDS Errtr($) t 100 rS=su )-TDS(mets)l /J[TDS(smmiTDS(mem)J
Ion Emxr(%) = 100 rrotal CWons(me4JL).TtW Anlons(,eq/L)l I (Tot Caions(mreqL)*To Ions(meq/L)]
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Table 6. Water Quality Analyses for Sanples Collected 3/17-18/94

Well 2-G 7-0 1 _-D 6B1.1 6B.2 26-40602(0 allala)

Condmtent rng fl5me L io% % ma mea/L ion % ma LmeqL ion % meqL I ion % mgJ m ion %

CatioUs
CA 84 4.20 8.9 200 10.00 7.6 180 9.00 9.3 31 1.55 3.7 30 1.50 3.0 78 3.90 53.3

Mg 26 2.14 4.5 98 8.07 6.1 56 4.61 4.8 19 1.56 3.7 12 0.99 1.9 21 1.73 23;6

Ns 930 40.43 85.6 2600 113.0 85.5 1900 82.61 85.3 890 38.70 91.6 1100 47.83 94.2 36 1.57 21.4

K 19 0.49 1.0 45 1.15 0.9 23 0.59 0.6 17 0.43 1.0 17 0.43 0.9 5 0.13 1.7

TOta 1059 47.26 100.0 2943 132.26 100.0 2159 96.81 100.0 957 42,24 100.0 1159 50.75 100.0 140 7.32 100.0

Anions
cl 220 6.20 15.0 1640 46.20 40.7 610 17.18 25.5 230 6.48 23.7 230 6.48 17.8 39 1.10 15.3

S04 1500 31.2 75.6 3100 64.58 56.9 2300 47.92 71.0 780 16.25 59.6 1200 25.00 68.7 39 0.81 11.3

11CO3 191 3.13 7.6 148 2.43 2.1 125 2.05 3.0 278 4.56 16.7 298 4.89 13.4 304 4.98 69.4

N03 48 0.77 1.9 13 Oi2 0.2 22 035 0.5 0 0.00 0.0 0 0.00 0.0 18 0.29 4.0

Total 1959- 41.35 100.01 4901 113A21 100.0 30571 67.50 100.0 12881 27.29 100.0- 1728 36.161 100.0 4001 7.19 100.0

Neuta1
S102 11 12 1 . 14 12 43

S(wGeas) 2660 7300 4650 1790 2200 431

(sum) 3029 7856 5227 2259 2899 583

Error) 6.5 3.7 5.3 11.6 3.6 15.0

EnrErw(%) 6.7 .7.7 17.8 21.5 16.5 0.9

0
0
ea

-I

I..

Well 24.40-602 (OWahal) - FIylnzW DizmoindRffh welt. smpled byTWDB on 10/1019 . tincladed for comparison

TDS Ex(t%) n 100 MDS(stm)-TDS(meam)l I rTS(m)+TDS(rnes))
too En%) = 100 llotal Cidoas(mecIf.)-Tota1 Anloas(mrecL)l /I'oal Cailons(meo)Total Anions(meq/L)I
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for flow and nixing in the sampled silssone. Although the TDS and ion error values are highcr

than those typically accepted in fresh water analyses, they arc not uncommon in more saline waters

with high ion concentrations that can cause interferences for some of the analytical techniques.

These results arc sufficient to verify the large difference in quality between the shallow fresh

groundwater and thc Dockum waters. In addition, thc large diffcrences in composition of the

Dockum water samples indicate little mrixing due to flow in the siltstone.

Review of Geologic and H1vdroZ~eoPojic Info~matign on Aridrws Uounty

As stated previously in this report, protection of existing groundwater resources is of

utmost concern in siting and design of hazardous waste facilities. The major high quality

groundwater source in the Southern High Plains of Texas is the Ogallala aquifer. In this section,

the direct impacts of the WCS facility on the Ogallala aquifer in both the local and regional scale arc

considered. The site investigation results from the pennit application (AM, 1993) and the

historical findings published in the professional literature are combined in this evaluation.

As stated previously, the shallow permeable formation in the site vicinity is evaluated under the

two aquifer criteria of [1] presence of geologic media that easily transmit water flow and [2]

presence of sufficient volume of water for flow to production wells. This section includes

discussion of geologic and hydrogeologic information from the AME (1993) permit documents,

existing literature descriptions, and the most recent field work by Lehman (1996). Please note that

all of the references prior to Lehman (1996) refer to the shallow permeable formation in western

Andrews County as the Ogallala formation. Lchman's (1996) clarification is presented at the end

of this section.

As reported in the hydrogcologic secton in the permit application (AME, 1993), the

borings drilled in the subsurface investigation encountered permeable sands and gravels identified

as the lower portion of the Ogallala formation. Saturated conditions in these sediments were only

rarely encountcred, and then orny beneath a surface depression. The saturated zone beneath the

"buffalo wallow" was not sufficient to allow water to collect in the borehole. The conclusion of

the site characterization was that the Ogallala formation is present beneath the site, but the

18
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formation does not contain an extensive, continuous volume of water suitable for-developmcnt.

The expcticnce of Mr. Vance with the shallow Ogallala well at the Flying W Diamond Ranch

corroborated this view, since the well was known to produce water only sporadically after sizable

rainfall events. Ihe mounded shape, as shown in Figure 1, of the top of the Dockum group,

apparently encourages water that infiltrates into the shallow permeable formation from the surface

to flow away from beneath the WCS site. It is also possible that rainfall may be so low n this'

location that soil and vegetation combinations in the area may prevent infiltration of significant

amounts of water.

Documents describing the Ogalala aquiferconditions in the Andrews Countyvicinity were

obtained from the TWDB and the holdings of the Texas Tech libraries. Six documents diecldy

addressed the groundwater resources in the county, but, as will be shown in the following

discussion. little accurate historical information exists that describe the conditions in the western

portion of the county.

In 1940, the Texas Board of Water Engineers published a report on the gruundwater

development in Andrews County (TBWE, 1940). This report was a compilation of drillers' logs,

well and test hole reports, and chemical analyses from wells in existence prior to 1940. The

reports referrd to a few hundred wells in the county, with most of the pumping wells in the

eastern two-thirds of the county near the city of Andrews. No wells were shown in the vicinity of

the WCS site.

Cronln (1961) presented a report on the occurrence and use of groundwaterin the Southerm

High Plains as part of ajoint effort between the U.S. Geological Survey (USGS), TBWE, and the

High Plains Underground Water Conservation District The report included a thorough discussion

of the regional lithology as understood at that time and a number of contour maps that showed the

elevation of the water table In the Ogallala aquifer, the elevation of the base of the Ogallala, and the

saturated thickness of the aquifer across the region. Figure 3, which shows the elevation of the

base of the Ogallala, provides no resolution of that quantity in the western one-fifth of Andrews

County. implying that acceptably accurate records were not available to the author. Figurc 4,
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which shows the clcyation of the water table in 1958. only indicates measured values in the

northeast comer of Andrews County. Figure 5. the contour map of saturated thickness in the

Ogallala, is directly related to the limited information in Figures 3 and 4. Figur S displays the

esimated saturated thickness at the intersection of state highway 176 and the state line, near the

WCS site, to be 0 (zero) fL The method used toderive this estinate was not explained in the

report. Apparently, the only appreciable Ogallala water storagc in Andrews County was believed

to be in the castern portion of the county.

The TWDB is now the state agency that manages the database describing the state's surface

and groundwater resources. Within this responsibility, the TWDB monitors groundwater levels

and water quality at selected locations around the state. This data is then used in modeling efforts

for projections of groundwater usage and storage for periods 20 to 50 years in the future. Three

TWD3B wells were identified within 2 miles of the WCS site (AME, 1993, Plate VI.A.1). A visit

was made on October 4, 1993 to the TWDB office in Austin to obtain the records for these three

wells. Well 26-40-201, owned by Mr. Ed Tinslcy, is located approximately 1.2 miles northeast of

the WCS site. Wells 26-40-601 and 26-40-602 (about 1200 ft cast of 26-40-601), both associated

with the Flying W Diamond Ranch, are located about 1.4 miles east-southeast of the WCS site.

Table 7 summarizes the repored water depth mcasurements at these wells. Without a site-specific

value of the elevation of the base of the Ogallala at wells 26-40-201 and -601, it is impossible to

estimate the local saturated thickness. Also, it appears that no water depth measurement was made

by the TWDB at well 26-40-602. Therefore, the wells monitored and reported by the TWDB

provide no assistance in estimating local stotage in the Ogallala aquifer. A total of four water

samples have been collected from the thre wells since 1974, with the most recent at well 26-

602 (Table 2). The water quality at wells 26-40-601 and -602 have been quite sinilar, as would be

expected due to their proximity. Well 26-40-201 has about twice the TDS of the other two wells,

due to larger concentrations of calcium, sulfate, and chloride.

Ashworth and Flores (1991) of the TWDB published a set of two maps that delineated the

arcal extents of the major and minor aquifers in Texas, along with a report which described the
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Table 7. WatcrDcpth Measuremrens at TWDB Wells NearWCS Site
(na information not available)

_ _ . _,

WDll Depth of Dale Depth to WaterSurface
Well (ft) Measured Water (ft) Elevation (ft)

26-40-201 na 11(25179 82.47 3408.53
. 1/13/93 87.14 3403.86

26-40-601 iia 12110/69 78.55 3411.45
_ 1/13193 80.03 3409.97

264602 80 na na na

criteria used to define the aquifer locations on the maps. Figure 6 is a color copy of their major

aquifer imp, which identifies the presence of the Ogalaala aquifer in virtually all of Andrews

County. The primary reference for this map was Cronin (1961). According to Ashworth

(personal communication), this classification was based on the presence of the geologic formation,

with only secondary consideration of she amountof water in storage at any given location. The

fact that thc western portion of Andrews County is identified as underlain by thc Ogallala aquifer

does not mean that the formation holds sufficient. if any, water for production. The publication of

the maps was intended to show regional distribution of the formations that serve as aquifers across

the state, not to define site-specific representation of available water.

Ashworth and others (1991) published an "Evaluation of the Ground-WaterResources in

the Southern High Plains of Texas" under the direction of the state legislature as part of a state-

wide effort to identify areas with potentially critical problens of groundwater quantity or quality in

the next 20 years. This report was supported by the TWDB's on-going computer modeling of the

aquifer's response to rocharge and withdrawal, later published by Peclkham and Ashworth (1993).

Ashworth and others (1991) included data describing historical groundwater usage in Andrews

County for municipal, agricultural, and industial purposes as well as contour taps of water level

changes and storage in the aquifer. Of particular interest to this study of the WCS site is Figure 7,

a regional contour map of the water table elevation that shows that the approximate altitudc of the

water cable in the Ogallala at the WCS location as of 1990 was 3400 ft This value of 3400 ft

cannot be accurate in the sitc-specific sense for the WCS site, since the elevation of the base of the
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Figure 7. Contour Map of Water Levels in Ogallala FoRsxatio, 1990
Source: Peckham and Ashworth, 1993)

26



05/04/2004 07:16 505-830-9528 AREVA PAGE 30/39

Ogallala at the WCS site ranges from 3400 to 3450 ft as shown in Figure 1. In addition, Figure 8,

a contour map of regional saturated thickness, shows an approximate saturated thickness for 1990

at the WCS site location of 50 ft. Tis thickness is also not possible at the WCS location since the

thikncss of the shallow permeable formation is less than 40 ft, most of which is caliche. Again, it

is not surprising that the regional information in the rcport by Ashwonh and others (1991) docs not

accurately reprcsent the conditions at the WCS site. The publication was intended to show regional

distribution of the water in the Ogallala fornation, not to define site-specific description of storage.

The detailed subsurface investigation reported in the penmit application (AME, 1993) provides the

necessary spatial resolution for description of the site-specific conditions for the proposed WCS

facility.

Two very recent publications of the TWDB also included Andrews County within their

study areas. Peckham and Ashworth (1993) described their efforts to calibrate a computcr model

for the behavior of the Ogallala aquifer in terms of changes in storage from 1980 to 1990. The

intent of the cffort was to align the model's output with the observed changes in water levels

during that decade by manipulation of the input to the model, especially local aquifer recharge. The

initial 1980 conditions assumed a saturated thickness of approximately 50 ft near the WCS site.

The rcport did not detail how the initial saturated thicknesses were assigned at specific points in the

region. It is interesting that the simulation of the 50-yr period fiom 1990 to 2040 with the

calibrated model showed no appreciable change in saturated thickness in the western half of

Ahdrews County. This result implies little withdrawal activity relative to that predicted for counties

with more uitigated acreage. Hopldns (1993) sumnarnized regional water quality information for

the Ogallala aquifer in Texas. Samples were collected and analyzed over a 6-yr period. The only

point of interest in this report is that only 4 wells were sampled in the western third of Andrews

County. The scarcity of wells in this poorly productive area limited the number of wells available

for analyses.

Lehman (1996) evaluated the literature and field evidence in western Andrews County as a

direct attempt to determine the prcscncc or absence of the Ogallala formation at the WCS site. His
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study indicated that the "Red Bed Ridge" that makes the WCS site so desirable is a regional feature

over 160 km in length and 5 to 10 km in width. His map of dih ridge extent is not included with

this report due to its large size. The ridge runs from the northwest to the southeast from thc state

line through Andrews County into Winkler and Ector Counties. It serves as a palco-drainage

divide that separates the Ogallala aquifer on thc northeast from the Cenozoic basin fill aquifer to the

southwest Directly above the ridge, the shallowpermeable sediments arc the Cretaceous Edwards

Limestone. Comanche Peak formation, or the Antlers Sandstone. These formations may be

overlain by a caprockcalichc, which in tum may have a thin venecr of younger sedinents. The

Ogallala likely pinches out near the line defined by Monument Draw in northern Andrews County,

and it may be hydraulically connected to the Cretaccous sediments. However, the lack or

developable groundwater resources in western Andrews County south of Monument Draw makes

it unlikely that significant flow could move from the WCS site northward to the producing areas in

Gaines County. At the WCS site, the shallow permeable formation was positively identified as the

Antlers Sandstone by its characteristic gravels and absence of Cretaceous Gryphaca shells that

occur in the Ogallala formation. The exposure of the Antlcr Sandstone at the WCS excavation and

other locations in Andrews County show that this formation is pencable. but it does not have

significant water storage for development of dependable water wells other than low-flow

-indmills. In light of these findings, the water wells monitored by the TWDB in the vicinity may

also noi be in the Ogallala formation. Groundwater collects in the Antlers Sandstonc only wher

the Triassic surface relief allows storage volurme. Te combination of low rainfall and high

evapotranspiration likely limit recharge to this formation in the site vicinity.

ln summary, the TWDB and TBWE generated several reports over the years that havc

included descniptons of the groundwater resources of Andrews County. In all cases, the vast

majority of the water in storage was located in the eastern portion of the county. Closc

examination of the contour maps in these reports rsults in estimated saturated thickness of the

Ogallala at the WCS site to be 0 (zero) ft. The shallow permeable formation at the site was

originally identfied as the Ogaflala in the subsurfacc investigation. Lehman (1996) showed that
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the Ogallaa formation is not present at the WCS site, nor is it present in a significant portion of

Andrews County. No matter what the name of the local shallow permeable formation is, the local

high in the upper surfarc of the Dockwn group apparently encourages water that infiltrates, if there

is enough for recharge, into this formation to flow away from the site. According to typical

definitions of an aquifer, both sufficient perreability and saturated conditions arm necessary for a

stratum to be an economical water source. The shallow permeable fomnation at the WCS site.does

not mcct both rquirements.

Qonclusion5 and Reeounmendatgons

After review of the permit documents and available information about the local

hydr6geology, the operation of the WCS facility should have no significant impact on local

groundwater rcsoures. The installation of the landfill with its bottom excavated through the

Antlers Sandstone formation into the red clays of the Dockum group should prevent transport of

contaminants into that shallow permeable formation. Thc conventional double lincr system

coupled with the thick Triassic clay foundation provide multiple barriers to contaminrant migration.

Careful operation of the facility during construction and over its useful life as controlled by state

and federal regulations should meet the objectives of safe disposal and protection of the

environment.

The Ogallala aquifer does not exist at the site. The shallow permeable formation is more

correctly identified as the Antlers Sandstone. Tis formation does not mcct both criteria for

classification as an aquifer at this location. The presence of the "Red Bed Ridge 'in the Dockm

group apparently cocourages water that infiltrates into the sands and gravels in the base of the

formation to move away to the northeast and southwest. The shallow permeable formation does

not contain sufficient water at this location for development with pumping wclls. Low rainfall and

high evapotranspiration in thiis area limit the potential for groundwater recharge.

It is rcommended that qucstions about the Ogallala aquifer as this site bc considercd bc put

aside as irrelevant based on the available information and landfill design. Emphasis should be

placed on thc positive features of te site, primarily the proximity of the Triassic clay as the
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foundation for the landfill bottom, in prcsc-ntation to regulatoty and public groups.

The siltstone layers in the Dockum group, identified as the "uppernmost aquifcr " for

monitoring purposes, also do not fit the two criteria for an aquifer in the water resource

development sense. The monitoring wells established in the siltstone am the only alternative for

detection of leachate in the remote possibility that thc landfill's multiple lincr systems fail. 'Mc lack

of a typical productive aquifer beneath the proposed site is an advantage, since that type oft n

could easily transport contaminants if the double liner system failed.
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Geology of the WCS - Flying "WI Ranch, Andrews County, Texas

1. Introduction

The general geological setting of the WCS - Flying "W" Ranch area in western Andrews

County, Texas, has been previously described in permit applications (e.g., AM Environmental,

1993) and unpublished reports (Lehman, 1996a; 1996b). These reports provide an adequate

overview of the regional geological setting and a detailed description of thc site-specific

conditions at the WCS facility. For example, Figure I shows the local topography of the "red

bed" surface as was determined by the thorough geoteclnical investigation done during the

design of the WCS facility (AME, 1993). An exploratory drilling program conducted from

March through June 1999 has greatly expanded the database on subsurface geologic conditions

and groundwater in this area. In this report, some pertinent general information from the earlier

documents is repeated, but attention is focussed instead on new detailed information that has

resulted from the recent drilling program.

Thirty-five air-rotary boreholcs were completed as piezometers on the WCS - Flying "W"'

Ranch (Figure 2). Three of the boreholes (L22, 23, and 24) were offset and drilled to greater

depth (#22B, 23f3, 24B). One borehole (#4) partially collapsed and remains problematic.

Detailed geologic logs for each of the 35 boreholcs are included as an appendix to this report.

This report provides the following:

[13 further delineation of the "Red Bed Ridge" beneath the ranch property,

12] description of each of the geologic units penetrated in the borcholcs,

(3] discussion of the relationship between the occurrence of groundwater and subsurface

geologic conditions, and

(4] methods used to discriminate deposits of the Ogallala and Antlers Formations.

Several figures arc included to document the subsurface geology and groundwater distribution,

and are discussed where appropriate in the report. Figure 2 shows the locations of five lithologic

cross-sections that are provided as Figures 3 through 7. Figures 8 through 10 map the elevation

of the "red beds," the thickness of the Antlers sand, and the areal distribution of saturated

thickness.

I
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2. Nature and Origin of the Buried Triassic "Red Bed Ridge"

2.1 General Information

The WCS-Flying "W" Ranch straddles a prominent buried ridge developed on the upper

surface of the Triassic Dockum Group "red beds." This feature is referred to informally as the

'Red Bed Ridge." Previous reports (e.g., Lehman, 1 996a) have described this feature, but the

recent drilling program provides additional information on its nature and extent (Figure 8).

The crest of the buried "Red B3ed Ridge" is a mile or so in width and extends for at least

1 00 miles from northern Lea County, New Mexico, through western Andrews County and into

Winkler and Ector Counties, Texas. The modem surface topography roughly coincides with the

trace of this buried ridge, but is in general more subdued. In Lea County, the buried ridge runs

parallel to and less than a mile northeast or southwest of the Mescalero Escarpment (Nicholson

and Clebsch, 1961; Ash, 1963; Cronin, 1969), and similarly in Winkler and Ector counties the

buried ridge coincides roughly with the western escarpment of the High Plains. The ridge is at

least in part a product of structural deformation, as underlying Triassic strata have subsided in

response to dissolution of Permian salt beds to the south and west of the ridge, underlying the

Monument Draw Trough, San Simon Swale, and Pecos River Valley (Maley and Huffington,

1953; Nicholson and Clebsch. 1961; Anderson, 1980; Baumgardner et al., 1982; Gustavson and

Finley, 1985). The ridge also roughly parallels the western margin of the buried Central Basin

Platform in underlying Penmian strata. However, the ridge is also in part a product of post-

Triassic erosion, which has removed part of the Triassic section both northeast and southwest of

the ridge. Cretaceous strata are absent southwest of the ridge. To the north and east of the "Red

Bed Ridge", the High Plains surface is relatively undisturbed, and underlying Cretaceous and

Tertiary strata are gently inclined to the southeast. In contrast, to the south and west of the ridge,

dissolution of underlying Penmian salt beds has resulted in deformation of the Triassic and

Tertiary strata, and the High Plains surface has been locally disrupted by subsidence.

Several authors have commented on the nature and importance of this buried ridge, but it

has not received widespread attention. Hawley (1984, pp. 161-162) regarded this as the position

of a major drainage divide in the sub-Ogallala topography, and that this divide separated two

major fluvial systems throughout Late Cenozoic time. Deposits of the Ogallala Fonnation lie to

the north and east of the buried ridge, while deposits of the ancestral Pecos River (variously

2
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mapped as "Cenozoic Basin Fill," Gatufia Formation, or Ogallala Formation) lie to the south and

west of this ridge (Reeves, 1972; Kelley. 1980; Hawley, 1984,1993). Hawley (1993) suggested

that use of the name "Ogallala Formation" could be restricted to deposits northeast of this divide,

whil the name "Gatudia Formation" could be used for equivalent deposits to the southwest.

Little or no sediment accumulated on the suunmit of the buried "Red Bed Ridge", where instead,

the "Caprock" Caliche developed directly on the exposed surface of underlying Triassic or

Cretaceous strata, or on a thin veneer of eolian sediment. Reeves (1972) indicated that basal

Ogallala gravels are present, at least locally on the crest of the ridge, suggesting that it may not

have been an effective drainage divide during the later phases of Ogallala deposition, It is

apparent that the buried ridge marks the position of a persistent ancient drainage divide between

the ancestral Pecos River (to the southwest) and the Brazos and Colorado Rivers (to the

northeast). It also roughly coincides with the modern drainage divide.

2.2 WCS - Flying CWI Ranch

The recent drilling program defined the extent of the "Rod Bed Ridge" on the ranch area

in greater detail than known previously, and provided fimher evidence for the origin of this

feature. Cretaccous strata overlie the summit of the ridge along its length. AM Envirornmental

(1993) had previously reported over 50 boreholes and well logs within the WCS site (Figure 1),

and these data points were considered in the construction of the 'Tred bed"-related maps within

Andrews County in this report. Weaver Boos & Gordon, Inc. (1997) also provided data at II

boreholes west of the state [ine and west of the WCS site. The "Red Bed Ridge" enters the

northwest comer of the ranch and extends to the WCS landfill area and southeastward to

Windmill Hill (Figure 3). From there, the ridge branches southward to the vicinity of well #30

and eastward to the vicinity of well #26. The southern branch likely terminates south of the

ranch boundary, while the eastern branch probably tracks the continuation of the ridge to the

south and east. Along the length of the ridge, the "Capiock" Caliche is exposed at or near the

land surface, and so generally corresponds to the mapped distribution of the Kimbrough soils or

Blakeney and Conger soil association (Figure 2; Conner ct al., 1974). Additional drilling is

necessary to establish the continued course of the "Red Bed Ridge" to the east; however, it likely

continues roughly south and east along the route of State Highway 176 where the Kimbrough and

Blakeney-Conger soils are present.

3
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The presence of the "Caprock" Caliche over the entire aiea, both north and south of the

Red Bed Ridge" suggests that the ridge is not the buried erosional edge of the Caprock

Escarpment, one of several possible interpretations of this feature. The ridge was present prior to

formation of the "Caprock" Caliche and subsequent erosional retreat of the escarpment of the

High Plains. Nevertheless, the absence of Cretaceous strata southwest of the ridge indicates that

at least part of the relief on this feature is a result of erosion.

On the WCS - Flying "W' Ranch, and along most of the length of the "Red Bed Ridge",

the southwestern flank of the ridge is more steeply inclined than the northeaster flank. The

decline in elevation of the basal sand interval of the Antlers Formation southwest of the ridge

(e g., Figure 4, well #15) suggests that some of the relief on the "Red Bed Ridge" is owing to

post-Cretaceous/pre-Late Tertiary structural deformation. However, the iregular southern

boundary of the ridge indicates that relief is likely not due to faulting, and may more likely reflect

a gentle fold.

3. Subsurface Geology

In this follovwing section, each of the geologic units documented in the WCS - Flying "V'

Ranch drilling program is described. The formations are given in ascending order (from oldest to

youngest). General information on the distribution and characteristics of each unit is provided,

followed by information specific to conditions observed in the WCS - Flying "Vn' Ranch area.

3.1 Chinle Formation (= Cooper Canyon Formation, Dockum Group: Triassic)

3.1.2 General Information

T distribution and regional characteristics of the Triassic Dockurn Group were recently

reviewed by Lehman (1994a, 1994b). The Dockun Group consists of five formations; in

ascending order these are the Santa Rosa, Tecovas, Trujillo, Cooper Canyon, and Redonda

Formations. These strata attain their maximum total thickness in excess of 1800 ft in the

subsurface of Yoakum County, and arc over 1000 ft thick in western Andrews County. The

uppermost unit in the Dockurn Group was traditionally (but incorrectly) referred to as part of the

Chinle Formation in the southern part of the High Plains region. More recently these strata have

been identified as the Cooper Canyon Formation (Lehman, 1994; Lehman et al., 1992). These
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1989) and Nativ and Gutierrez(1988). The entire local Cretaceous stratigraphic section consists

of six formations; in ascending order these are the Antlers, Walnut, Comanche Peak, Edwards,

Kiamichi, and Duck Creek Formations. In the Southern High Plains area, Cretaceous strata

attain their greatest preserved thickness in the vicinity of Yoakum County where they exceed 220

ft in total thickness. Southward from Yoakum County, the Cretaceous section thins and is absent

in some areas of Gaines and Andrews Counties, primarily due to erosion prior to deposition of

the OgallaIa Formation. In southern Andrews County, and areas further south, Cretaceous strata

are thicker and widely exposed.

Only the basal Cretaceous unit, the Antlers Formation, is present in the WCS.Flying "W"

Ranch area; although a small outcrop identified as Fort Terrett Formation (equivalent to the

Comanche Peak Limestone) is mapped immediately west of the ranch in Section 29 T.2 XS.

(Hobbs Sheet, 1976), and a thick bed of Cretaceous limestone is also exposed on the ranch in the

floor of a gravel pit in the wcst-central part of.Section 8 (Block A-39; see Figure 9). This

material is also likely a part of the Fort Terrett (= Comanche Peak) limestone. The "basal sand"

of the Cretaceous section in the High Plains region is identified as the Antlers Formation, but in

older literature is also referred to as the Antlers Sandstone, Trinity Sandstone, or Paluxy

Sandstone (see Fisher and Rodda, 1967). It is also referred to informally variously as the

"Antlers Sand" or "Trinity Sand." This unit consists of weakly cemented fine to mediurn-

grained quartz sandstone and chert-pebble conglomerate. Tc Antlers Formation varies

regionally from 10 ft to 80 ft in thickness (Nativ and Gutierrez, 1988). The thick areas comprise

several linear belts trending approximately southcastwardly across the High Plains, where the

Antlers Formation fills erosional channels incised into the underlying "red beds" of the Dockumn

Group (Fallin, 1989).

3.2.2 WCS - Flying "W"Ranch

No outcrops of the Antlers Formation are found in the WCS - Flying %," Ranch area, but

these deposits are exposed in the walls of the excavation at the WCS facility, and are present

within a few feet of the land surface in that vicinity. The Antlers Formation is present only in the

northwest and central part of the ranch area where it forms a buried erosional remnant along the

crest of the "Red Bed Ridge" (Figure 9). The top of the Antlers Formation is encountered in

borings at depths between 5 and 80 ft below ground surface. The subcrop of the buried Antlers

6
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Formation is expressed at the land surface, and corresponds roughly with the area bounded by a

subtle increase in slope at a topographic elevation of about 3450 to 3485 ft.

In the WCS - Flying "W" Ranch area, the Antlers Formation attains a maximum thickness

of about 70 ft and consists of three stratigraphic units; in ascending order these are [1) a lower

coarse-grained gravelly sand, yellowish brown in color (10 YR 7(2 to 716), between 10 and 30 ft

thick with distinctive multicolored chert gravel, [2] a very fine to fine-rained white (10 YR 8/2)

quartzose sand, consisting of nearly pure quartzarenite, 10 to 30 ft thick, and [3) an upper interval

of multicolored shale and mudstone, 5 to 45 ft thick. Where the upper shale interval is thickest,

it exhibits a stratigraphic sequence with white siltstone (1O YR 8(2) at the base, grading upward

to dark red or purple mudstone (10 R 414 or 5 YR 8/4 to 614), gray (S Y 7/2) shale, and an upper

layer of yellow (1O YR 7/6) calcareous shale or argillaceous limestone. The limestone layer at

the top of this interval may actually be the base of the Fort Terrett (= Comanche Peak) limestone.

It is exposed at the land surface in the floor of a gravel pit in Section 8 (Block A-39).

The upper shale interval (unit 3, above) is present only where the Antlers Formation

exceeds 40 fR in thickness, in the northwestern corner of the WCS - Flying "We Ranch area and

in the central area surrounding Windmnill Hill (see Figures 5, 7, and 9). Elsewhere in the area, the

Antlers Formation has been thinned or entirely removed by post-Cretaceous erosion, and younger

strata rest on the lower sandy strata of the Antlers or on the underlying Dockumr Group "red

beds'. Only the lowermost part of the Antlers Fonnation (unit 1, above) is present within the

WCS Facility boundaries and exposed in the walls of the excavation there.

Groundwater in the WCS - Flying "Wv Ranch area is found almost exclusively in the lower

sandy part of the Antlers Formation.

33 Ogallala Formation (Late Tertiary: Miocene)

3.3.1 General Information

The regional distribution and characteristics of the Ogallala Formation and the Ogallala

aquifer are well known (Cronin, 1961; 1969), and have been documented in numerous reports

(recently reviewed by Gustavson, 1990; Gustavson et al., 1991). Regionally, the Ogallala

Formation thins southward across the High Plains, and so is relatively thin in Andrews County,

which lies near the southwestern border of the High Plains. In the southern part of its
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distribution, the Ogallala Fonnation does not exceed 100 to 200 ft in thickness (Seni, 1980). On

a local scale, the thickness of the Ogallala Formation also varies from relatively thick sections

(typically exceeding 100 ft) dominated by gravel and coarse sand, to relatively thin sections

(typically less than 100 ft) dominated by finer sand and silt. The thick sections represent fluvial

paleo-valley fill deposits that trend southeastwardly across the High Plains. These palco-valley

deposits are marked by higher net thickness of sand and gravel, and a high percentage of sand

and gravel (Seni, 1980). Such areas generally correspond to the greatest saturated thickness in

the Ogallala aquifer. The broad areas where the Ogallala Formation is relatively thin or absent

represent "intedfluve" or upland regions between the paleo-valley axes, where fine-grained colian

sediments predominate. The Ogallala Formation is thin or absent over the top of remnant

Cretaceous bedrock "highs" on interfluves (e.g., Reeves, 1972), and may never have been

deposited in these areas. Where present in interfluve regions, the Ogallala has a low net sand and

gravel thickness and low percentage of sand and gravel. The interfluve areas correspond to

regions with lower saturated thickness in the Ogallala aquifer (e.g. Peckham and Ashworth,

1993; Nativ and Smith, 1987).

In northern Andrews County, northeast of the "Red Bed Ridge," the Ogallala Formation is

relatively thick and consists of fluvial sand and gravel deposits filling the southenost of the

paleo-valleys, which roughly coincides with the present course of Monument Draw in northern

Andrews and southern Gaines Counties. The Ogallala Formation is absent from central Andrews

County and areas southward where Cretaceous strata are present at or near the land surface in

most areas. The "Red Bed Ridge," including the WCS - Flying "W" Ranch area, is an interfluve

region.

3.3.2 NVCS - Flving "W" Ranch

The Ogallala Formation is not exposed in the WCS - Flying "W" Ranch area, but is present

in the subsurface along the niorth and east sides of the ranch boundary at a depth of 45 to 105 ft

below ground surface. In this area, the Ogallala Formation varies from 5 to 40 ft in thickness and

rests on Dockum Group "red beds 'or locally on the Antlers Formation (see Figures 4, 5, and 6).

These deposits consist of yellowish brown (10 YR 814) fine to medium-grained sand with

granulc-pebble gravel. Where the Ogallala deposits are greater than 20 ft thick, an upper interval

of very fine to fine-grained sand, slightly pink in color (5 YR 7/4) is present.
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Groundwater was found'in only three borings that penetrated the Ogallala Formation along

the eastern border of the ranch area.

3.4 ?Gatufia Formation ("Cenozoic Basin Fill": Late Tertiary - ?Quaternary)

3.4.1 General Information

Southwest of the "Red Bed Ridge," deposits in part equivalent in age to the Ogallala

Formation are present, but these have typically been identified informally as the "Cenozoic Basin

Fill" (Maley and Huffington, 1953) or 'Cenozoic Pecos Alluvium" (Ashworth and Flores, 1991).
They are at least in part equivalent to the Gatufia Formation (Kelley, 1980). Some of these

deposits have been mapped as Ogallala Formation (Nicholson and Clebsch, 1961; shown as "To"

on the Geologic Atlas of Texas, Hobbs Sheet, 1976), but may more logically be included with the

Gatuiia Fonmation, as suggested by Hawley (1993). In the WCS - Flying "Y Ranch area, these

deposits predate formation of the overlying "Caprock" Caliche, and therefore are equivalent in

age to the Ogallala Formation. Nevertheless, they differ lithologically from sediments of the

Ogallala. These deposits will be referred to here as the ?Gatuiia Formation, using the question

mark to indicate this uncertainty in formation assignment.

The alluvial fill of theLower Pecos Valley (including the Gatufta Formation) is at least 13

million years old (as old as the basal sediments of the Ogallala Formation; Powers and Holt,

1993; Hawley, 1993), and so downcutting and widening of at least the lower part of the Pecos

River Valley must have occurred before or during deposition of the Ogallala Formation. The

youngest part of the Gatuiia Formation is no older than 600,000 years.

The Pecos River Valley subsided in response to subsurface salt dissolution. A peripheral

zone of subsurface (Permian) salt dissolution surrounds the High Plains, with its inner boundary

generally coincident with the present escarpment of the High Plains (Gustavson and Simpkins,

1989). This peripheral belt of subsurface salt dissolution underlies the Pecos River Valley. A

curvilinear belt of subsurface salt dissolution also coincides with the buried Permian Capitan

Recf trend surrounding the Delaware Basin. Salt dissolution has occurred over the buried

summit of the artesian reef aquifer (Anderson, 1980; Baumgardner et al., 1982; Reeves, in

Gustavson et al., 1991). Extensivc salt dissolution over the Capitan Reef trend resulted in

subsidence of the Monument Draw Trough in Winkler and Ward counties, Texas and in the

9
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Delaware Basin beneath the Pecos Rivcr Valley (Maley and Huffington, 1953). Subsidence over

the reef trend resulted in a depression now filled with "Cenozoic Basin Fill," referred to locally

as the Monument Draw Trough. This belt lies 15 to 20 mi west-southwest of the WCS - Flying
"W" Ranch.

3.4.2 WCS - Flying "VP' Ranch

The ?Gatuiia Formation is exposed on the ranch only in a small area at Baker Spring

(Figure 2; Section 28, T.21S.). Approximately 15 to 20 ft of coarse, red, cross-bedded gravelly

sand, with scattered large boulders of sandstone and limestone, is exposed along the steep bluff

on the north and east side of Baker Spring, overlain by the "Caprock" Calichc. The base of the

?Gatufia Formation is not exposed at this location, but must lie at shallow depth because the

Dockum Group "red beds" crop out several hundred feet to the south. The ?Gatuna Formation is

present extensively in the subsurface along the southern and southwestern boundary of the ranch

area at depths from 45 to 115 ft below ground surface (see Figures 3, 4, 5, and 6). The ?Gatuia

deposits are very thin in this area, from 5 to 15 ft. and consist of fine to medium-grained sand and
sandstone with granule-pebble gravel. These sediments have a distinctive red coloration (10 R

614 to 5 YR 4/6-6/6). Deposits of the ?Gatufia Formation rest on Dockurn Group "red beds"
cvery where on the WCS - Flying "W" Ranch.

No groundwater was found in the boreholes in the ?Gatufia Formation, although

groundwater appears to be discharging from these deposits at Baker Spring (see Figurcs 3 and 7).

3.5 'Caprock" Calicbe (Late Tertiary - ?Quaternary)

3.5.1 General Information

Overlying all pre-Quaternary strata in the High Plains region is a thick bed of hard

caliche. This dense layer ofpedogenic limestone is often referred to informally as the "Caprock"

Caliche in the Southern High Plains region where it overlies the Ogallala Formation. It is usually

mapped as part of the Ogallala Formation. However, the term "Caprock Caliche has not been

accepted as a formally recognized stratigraphic unit, because in many areas it consists of several

superimposed caliche beds that formed at different times, and includes caliche that formed earlier
during deposition of the Ogallala Formation, as well as in more recent times, long after the end of
Ogallala deposition (Gustavson et al., 1991). Caliche developed on the surface of older
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Cretaceous rocks is mapped simply as "caliche" (shown as "Qcc" on the Geologic Atlas of

Texas, Hobbs Sheet, 1976), and not as part of the Ogallala Formation although it is identical in

composition and morphology to the "Caprock" Caliche and likely formed at the same time. The

term "Caprock" Caliche is used here in quotation marks to reflect this informal status and

uncertain correlation.

In areas such as western and southern Andrews County, where the Ogallala Formation is

absent or very thin, the "Caprock" is highly brccciated, pisolitic, and silicified; and it formed

directly on the eroded surface of older (Cretaceous) strata. Many of the exposures mapped as

Ogallala Formation in Andrews County (shown as "To" on the Geologic Atlas of Texas, Hobbs

Sheet, 1976) consist in reality only of "Caprock" Caliche developed on top of older Cretaceous

strata. In many cases, no actual deposits of the Ogallala Formation are present. In southern

Andrews County, and areas farther south, caliche developed on the surface of older Cretaceous

rocks is mapped simply as "caliche" (shown as "Qcc" on the Geologic Atlas of Texas, Hobbs

Sheet, 1976), and not as part of the Ogallala Formation.

The "Caprock" Caliche formed on the High Plains surface after deposition of the Ogallala

Formation (Late Miocene) and at least in part prior to deposition of the Blanco Formation (Late

Pliocene). It is likely that formation of the "Caprock" began when the High Plains surface was

isolated by erosional incision of the Pecos, Canadian, Brazos, and Colorado rivers (Osterkamp

and Wood, 1984).

3.5.2 WCS - Flving "W" Ranch

The "Caprock" Caliche is present over the entire ranch area, and the upper surface of the

"Caprock" is exposed at the land surface in many places along crest of the "Red Bed Ridge"

where erosion has removed the overlying cover of Quaternary windblown sediment (see Figure

2). Where the "Caprock" is present near the land surface, the thin Kimbrbugh soil, or Blakeney

and Conger soil association, Is developed (Conner et al., 1974). A complete section of the

"Caprock" is exposed along the north and east sides of Baker Spring, and in several gravel pits

(Figure 2; southeast Section 3 and west-central Section 8, Block A-39). The top of the

"Caprock" typically lies at a depth of 25 to 50 ft, but is found at nearly 100 ft in the southwest

comer of the ranch. The "Caprock" formed on the upper surface of the Antlers, Ogallala, and

ii



09/18/2003 09:01 5nql-Rqn-Q7n ___ __.__ _vv vzv-Jou BATE &5 Pax 03/12
-- - -- FM1 I- A LE&S PAGE 03/12

?Gatufia Formations and engulfs materials of these formations, particularly in its lower part. It.

evidently formed on a land surface with substantial topographic relief (see Figures 3 through 7)

The "Caprock" Caliche consists of hard, laminated, and pisolitic caliche with included

chert pebbles. It is typically 5 to 1O ft thick, but up to 20 ft thick in a few places. Where the

"Caprock" is thick, it has been partially replaced with nodules and layers of opal. It has a dense

brown (5 YR 6/4) laminated, pisolitic, and partly silicified upper layer that grades downward into

softer lighter colored (5 YR 814) caliche. Where it is exposed at the land surface, the "Caprock"

has degraded to form a broken rubble with fissure fillings and clasts of dark brown sand. Clasts

of degraded caliche. form a mantle of colluvium on slopes. In places, this degraded caliche

rubble is mapped as "other Quaternary deposits" (Qao) on the Geologic Atlas of Texas Hobbs

Shedt (1976).

The "Caprock' Caliche can be distinguished from younger caliche deposits in overlying

Quaternary strata (e.g., Blackwater Draw Formation) which are lighter in color, softer, lower in

density (owing to higher porosity), include abundant sand, and are not laminated or pisolitic.

The "Caprock- typically lies within the unsaturated zone. Groundwater was found within

the "Caprock" Caliche at one location (well #2).

3.6 Blackwater Draw Formation (Quaternary: Pleistocene)

3.6.1 Goeneral Information

The regional distribution and characteristics of the Blackwater Draw Formation were

reviewed by Reeves (1976) and Holliday (1989). These deposits were formerly referred to as the

"windblown cover sand' and are so designated on the Geologic Atlas of Texas (shown as lQt

on the Hobbs Sheet, 1976).

The Blackwater Draw Formation is colian in origin, and forms an extensive mantle over the

surface of the High Plains, diminishing in grain size from predominantly sand on the

southwestern side of the High Plains to clay on the northeast. Alluvial sediments of the Pecos

River Valley served as the source area for windblown sediment transported to the northeast onto

the High Plains surface (Holliday, 1989). Modern effective sand-transporting winds blow from

the west-southwest (Machenberg, 1984, 1986); grain-size trends and orientation of Pleistocene

vegetated dune ridges indicate that this has been the case for most of Quaternaxy time. Over the
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past 2 million years, most of the High Plains surface experienced periods of wind erosion and

deposition, alternating with periods of stabilization of the surface by vegetation, resulting in soil

formation and accumulation of the Blackwater Draw Formation (Holliday, 1989). Radiometric

age determinations on ash beds, and interbedded playa deposits demonstrate that deposition of

the Blackwater Draw Formation began prior to 1.4 million years ago and continued until at least

100,000 to 50,000 years ago (Gustavson et al., 1991). Intcrbedding of the Blackwater Draw

Formation with radiocarbon-dated playa basin deposits suggests that deposition continued at least

locally up to 3000 years ago (Gustavson et al., 1991; Holliday, et al., 1996).

:6.2 WCS - Flying "V"Ranch

The Blackwater Draw Formation is present at or near the land surface over much of the

ranch area, but is absent along the crest of the 'Red Bed Ridge", and is buried under younger

windblown sand in the northern and southern parts of the ranch (Figure 2). Where these deposits

are present at the land surface, the Viomas and Wickett soil association has developed (Conner

et al., 1974). A typical section of the upper part of the Blackwater Draw Formation is exposed in

the gravel pit along the common southern borders of Sections 16 and 17 (Figure 2; Block A-29).

Sediments of the Blackwater Draw Formation are up to 60 ft thick on the north side of area, and

as much as l00 ft thick on the south, substantially thicker than previously reported (typically less

than 10 ft according to the Geologic Atlas of Texas, Hobbs Sheet, 1976). The upper 5 to 15 ft of

these sediments consists of reddish brown (10 R 516 to 5 YR 516 or 616) clayey fine to very fine

sand with nodules of soft sandy caliche. Locally, the upper 5 ft is very clayey and contains a dark

brown (10 YR 5/2 to 5 YR 616) organic surface horizon. Sand grains have iron oxide and clay

coatings which give the sediment its distinctive dark red coloration. These grain coatings are a

result of soil formation (Holliday, 1989). The lower part of the Blackwater Draw Formation was

less affected by soil development (i.e., iron and clay illuviation), and is lighter in color (typically

5 YR 7/4 to 8/4) with many layers of soft sandy caliche. The lower 10 to 20 ft contains some

coarse to very coarse sand as well as layers of granule-small pebble gravel, and may be partly

alluvial rather than eolian in origin.

The Blackwater Draw Formation typically lies within the unsaturated zone. No

groundwater uas found in these deposits.
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3.7 Playa Deposits (Quaternary: Holocene)

;.7.1 General Information

The origin and history of playa basins on the High Plains has been a subject of study and

debate for nearly a century (reviewed by Reeves, in Gustavson, 1990 and Gustavson et al., 1991;

Holliday et al., 1996). Playa basins range in size from 30 ft to 1.5 milcs in diameter, though most

are less than halfa mile in diameter, and exhibit up to 30 ft of topographic relief. The basins

originated 30,000 to 10,000 years ago, although some may be older, and have partially or

completely filled with up to 3 to 30 ft of sediment since that time (Holliday et al., 1996). The

basins formed within the eolian "cover sands" of the High Plains (Blacekwater Draw Formation)

primarily by wind erosion, and hence are larger and more numerous where the "cover sands" are

thicker (Holliday et al, 1996). The basins typically hold water temporarily only after extended

periods of rainfall, and focussed infiltration of water through the floors of the playas may cause

dissolution of shallow soil caliche layers beneath the basin, resulting in subsidence and gradual

enlargement of the basins over time (Osterkamp and Wood, 1987; Wood and Osterkarnp, 1987).

However, Holliday et al. (1996) argued that dissolution-induced subsidence is not generally

responsible for the origin of playa basins. Formerly, buffalo (and more recently, cattle) may also

have played a role in enlarging the original depressions by transporting mud or dust out of the

basins on their hooves and hides. Playa basins are apparently a surficial phenomenon, and do not

reflect deep-seated subsidence or salt dissolution.

3.7.2 WCS - Fljina "WI' Ranch

Playa deposits are found only in one area, south of the WCS facility boundary (Figure 2;

vicinity of borehole t19). The deposits consist of 10 ft of dark brown clayey fine sand, underlain

by 5 ft of color mottled yellow and brown ("gleyed') clayey fine sand. The deposits occupy a

subcircular depression in the land surface, approximately 2000 R in diameter. This playa basin is

not active, since it is not known to accumulate surface runoff, and the deposits appear to be

undergoing erosion. An arcuate dune deposit (shown as "Qsd" on the Geologic Atlas, Hobbs

Sheet; 1976) bounds the northeastern margin of the depression (see Figures 2 and 4). There are

no mapped occurrences of Lipan clay soils (as are typically developed in the bottoms of modem

playas in this region) on the ranch area (Conner et al., 1974).

No groundwater was found in playa deposits on the WCS - Flying "W" Ranch.

14
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3.8 Windblown Sand (Quatermar: Holocene)

3.8.1 General Information

Recent deposits of colian dunes, now mostly stabilized by vegetation, are mapped as

"windblown sand sheets, dunes, and dune ridges undivided" (Qsu) on the Geologic Atlas of

Texas (Hobbs Sheet, 1976). These are probably equivalent in part to those referred to as the

Monahans Formation to the southwest in the Pecos River valley (Grcen, 1961; Machenberg,

1984). These surficial eolian deposits are younger than the Blackwater Draw Formation that they

overlie in many areas, and are typically 5 to 10 ft in thickness. In places these deposits are

undergoing active transport as modem dunes, but in most areas they are at least partially

stabilized by vegetation.

3.8.2 WCS - Flina "W" Ranch

Windblown sand deposits are present extensively in the north, northeast, and southwest part

of the area. Their distribution generally corresponds with the Jalmar and Penwell soil association

(Conner et al., 1974). Windblown sand deposits are up to 35 ft thick, and consist of light

yellowish brown (5 YR 514 to 7.5 YR 6/4) clean, very well sorted sand. In most areas, they form

a thin irregular veneer, 5 to 15 a thick, over the land surface, with the thickest accumulations in

northwest-southeast trending vegetated linear dune ridges. These deposits are distinguished from

similar sands in the Blackwater Draw Formation by their pale coloration (locally very pale; e.g.

10 YR 8/4), absence of iron oxide grain coatings, and absence of caliche nodules.

Deposits of windblown sand typically lie within the unsaturated zone. No groundwater was

found in these deposits on the WCS - Flying "I" Ranch.

4. Geological Control on Groundwater Hydrology

4.1 General Information

Three regional aquifers converge in central Andrews County. The "Ogallala aquifer"

.extends southward across the Southern High Plains into the northern part of Andrews County

(e.g., Cronin, 1969). The "Edwards-Trinity (Plateau) aquifer" extends northward from the

Edwards Plateau into southeastern Andrews County (eg., Ashworth et al., 1991). The "Cenozoic

Pecos Alluvium aquifer extends northward from the Pecos River Valley into southwestern

Andrews County (e.g., Ashworth and Flores, 1991). The boundaries between these aquifers are
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as yet poorly defined in Andrews County. Cretaceous strata on the High Plains, such as

documented here on the WCS - Flying "Wi" Ranch area, are thought to be in hydraulic continuity

with the Ogallala Formation; and they are included together as part of the "High Plains aquifer"

in many studies (e.g., Knowles ct al., 1984; Peckham and Ashworth, 1993) although the nature of

cross-fornational flow between these units is not well established. In such regional studies, the

WCS - Flying "W' Ranch area has been generally included within the distribution of the Ogallala

(High Plains) aquifer.

However, the WCS - Flying "XV' Ranch area straddles the "Red Bed Ridge," which exerts

control on local and regional groundwater flow. The "Red Bed Ridge" probably acts as a

regional groundwater divide, separating the Ogallala (High Plains) aquifer to the northeast from

the "Cenozoic Basin Fill" aquifer (or the 'Cenozoic Pecos Alluvium' aquifer of Ashworth and

Flores, 1991) to the southwest. Groundwater flow in the Cenozoic Basin Fill aquifer is to the

south-southwest, while flow in the High Plains aquifer is to the east-southeast (Nicholson and

Clebsch, 1961). The Triassic bedrock "high" beneath the overlying Cenozoic deposits interrupts

the groundwater table in many areas along its length. In northern Lea County, the crest of the

"Red Bed Ridge" lies above the water table in the Ogallala Formation to the northeast (Ash,

1963; see his sheet 1, cross-section A-A'). Similarly, in central Lea County, Nicholson and

Clebsch (I 961, their Plate 2) illustrated several areas where the water table in Cenozoic deposits

is interrupted by bedrock highs on the Triassic "Red Bed Ridge". In western Andrews County,

the crest of the "Red Bed Ridge" coincides with the belt of 0 to less than 20' saturated thickness

in the High Plains aquifer (Knowles et al., 1984).

4.2 WCS - Flying "W' Ranch

Groundwater is not present continuously beneath the WCS - Flying "VP' Ranch, but was

encountered in 17 of 35 boreholes completed (see Figure 10). Over 60 previous boreholes and

well logs, all of which located the "red bed" surface contact without finding water, were reported

by AM Environmental (1993) on the WCS site and Weaver Boos & Gordon, Inc. (1997) to the

west of the state line, and these data points were also considered in construction of Figure 10.

Groundwater occurs in two discrete areas, one in the northwestern comner of the ranch, and the

other in the central area surrounding Windmill Hill. In both cases the groundwater occurs almost
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exclusively (14 of 17 wells) within the basal sand unit of the Antlers Formation, and the limits of

observed groundwater (Figure 10) clearly correspond with the subcrop of the Antlers Formation

(Figure 9). The two groundwater-bearing areas are not connected, although the complete lateral

extent of both areas is yet to be established. The saturated thickness is typically less than 10 ft in

each area. The maximum saturated thickness observed is 25 ft in the northwestern area (Figure

10). Both areas are overlainby the upper shale interval of the Antlers Formation (unit 3, above)

which could conceivably act as a confining layer (see Figures 3 and 5). However, in most wells

the sand interval in the Antlers Formation is not entirely saturated. Water table elevations

suggest that groundwater here likely reflects local recharge and not regional lateral flow within

the 'High Plains aquifer." Ile many closed surface depressions along the crest of the "Red Bed

Ridge" could act as local recharge points (Figure 5). These depressions are not playa basins, but

have formed where the "Caprock" Caliche is at or near the land surface (e.g., see areas mapped

as Kimbrough soils; Conner et al., 1974) and are known to hold surface runoff after extended

periods of rainfall. One artificially deepened depression southeast of Windmill Hill (southeast

Section 4, Block A-39) retains a significant amount of surface runoff. High water table

elevations beneath the central area suggest that recharge may occur in the area southeast of

Windmill Hill (Figure 5, see Figure 10; sections 3 and 8, Block A-39).

These local "pockets" of groundwater do not appear to contribute groundwater southward

to the "Cenozoic Pecos Alluvium" (=Gatufia) Aquifer. No groundwater was encountered along

the southern border of the WCS - Flying "W" Ranch. The Gatuiia Formation was fully

penetrated in at least ten borings and no groundwater was found, although water appears to

discharge from the Gatufla Formation at Baker Spring. Similarly, in light of the declining water

table elevation and declining saturated thickness along the north and east boundaries of the ranch

area, the local groundwater "pockets" may also not contribute groundwater northward or

eastward to the Ogallala Aquifer.

The absence of groundwater at lower elevations to the south, steep decline in the water

table elevation, and low saturated thickness to the north and east together suggest that some

barrier to lateral flow of groundwater may exist. The nature of such a barrier is unknown.

Alternatively, it is possible that local groundwater flows laterally to the southeast beneath

Windmill Hill and discharges at the land surface where the elevation falls below the level of the

17
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local water table at incised drainages immediately cast of Sections 2 and 9 (Block A-39; see

Figure 10, Figures 6 and 7). The incised drainage in the southeast corner of Section 2 flows

intermittently eastward to an unnamed saline lake basin about I mile east of the WCS - Flying

"W" Ranch. Saline lake basins are known to be sites of groundwater discharge on the High

Plains (e.g.. Wood et al., 1992). However, the incised surface drainage here is not known to be

an area of spring discharge, but is dammed at points along its length, where it retains surface

runoff. Further exploratory drilling to the north and east of the WCS - Flying "W`7 Ranch is

necessary to firmly establish the limits of groundwater in these areas.

Similarly, it is not clear why the two areas where local groundwater occurs are not

connected. The basal sand interval of the Antlers Formation is present continuously between the

two areas (Figure 9), and elevations on the land surface, water table, and "'red bed" surface

suggest that lateral southeastward flow of groundwater could occur between the two areas

(Figure 7). No barrier to lateral flow is apparent. Groundwater flowing southeastward from the

northwestern area may be intercepted in the subsurface by a southwestcrly-directed drainage

(Section 16, Block A-29) to discharge at the land surface at Baker Spring (Figure 3). The lack of

groundwater in boreholes both north and south of Baker Spring drilled by Weaver Boos &

Gordon, Inc. (1997) in Lea County indicate it is also possible that groundwater may flow to

Baker Spring from the west or northwest This uncertainty might be resolved by installation of

an additional borehole between well location #16 and the WCS facility (i.c., in the northwest

corner of section 25, Block A-29) or west of Baker Spring in Lea County.

5. Discrimination of Ogallala and Antlers Deposits

5.1 General Inforwition

Because of uncertainties regarding the nature of cross-formational flow of groundwater

between Cretaceous strata and the Ogallala Formation, it is useful to discriminate these deposits

in the subsurface where possible. In recent reports, Cretaceous strata are often not separated

from the Ogallala Formation, and these are collectively included in the "High Plains aquifer"

(e.g., Knowles et al., 1984; Ashworth et al., 1991; Peckhaam and Ashworth, 1993). Nevertheless,

it may be important to distinguish these strata for regulatory considerations (e.g., Dutton, 1999).

18



{19/1 8/200U3 09: 81 505-830-9528
MIAKA'rwr -s rio

'~"~ ~PAGE 10/12

Determining exactly where the Ogallala Formation pinches out in Andrews County is

problematic. Existing compilations of water well driller's logs in the area are not very useful in

discriminating whether or not the Ogallala Formation is actually present, because in well cuttings

the hard caliche layers (such as the "Caprock" Caliche) are difficult for water well drillers to

distinguish from Cretaceous limestone beds (such as in the Comanche Peak and Edwards

*Limestone), and the sand and gravel in the Ogallala Formation is difficult to distinguish from that

in the Antlers Formation. The top of the underlying Dockum Group "red beds" is often readily

identified in cuttings by water well drillers, and so this interface is often reliably picked on logs.

In well cuttings it is often difficult to distinguish the Antlers Formation fron the Ogallala

Formation, because both units consist predominantly of poorly cemented sand and gravel. Sands

in the Antlers Formation are fine to mediurn-grained, white to yellow, and highly quartzose, with

brightly colored chert pebble gravel, dominantly comprised of pink, red, and black chert, and

white quartzite. Sand in the Ogallala Formation is fine to niedium-grained and sublithic, with

pebble gravel containing clasts of igneous and metamorphic rocks (quartzite, granite, rhyolite,

and gneiss), sedimentary rocks (limestone and sandstone), and abraded Cretaceous Gryphaea

shells (e.g., reviewed by Reeves, 1984).

5.2 WCS - Flying "W" Ranch

The excellent exposure in the walls of the excavation at the WCS facility leaves little doubt

that this unit is the Antlers Formation, and not the Ogallala Formation. It is identical in

composition to the same unit exposed to the east at Shafler and Whalen Lakes. Similarly, in the

surrounding subsurface where the upper shale interval (unit 3, described above) is present at the

top of the Antlers Formation, these deposits are readily identified because similar strata are not

known to occur in the Ogallala Formation Nevertheless, in many areas it remains difficult to

discriminate the Antlers and Ogallala solely on the basis of well cuttings.

In an effort to systematically discriminate deposits of the Ogallala and Antlers Formations,

samples of each unit were obtained from locations where their identification was certain. Two

samples of gravel from the base of the Antlers Formation were obtained from definitively

mapped exposures (SHA-5 from the western side of Shafter Lake in central Andrews County;

FLU-1 from a roadcut on FM 1269 north of Fluvanna in Scurry County). Two samples of gravel
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were obtained from water wells drilled to the base of the Ogallala Formation (AND-1 and AND-

2 from two wells in the Monument Draw paleo-valley adjacent to US Hwy 385 in northcentral

Andrews County). These were compared with a sample of gravel (WCS-I) collected from the

landfill excavation at the WCS facility. Approximately 1 kg samples were washed,

disaggregated, and sieved to separate all pebbles larger than 8 mm (U.S. Standard #4 mash sieve)

for identification. All pebbles were identified asto lithology and counted (n 247 to 2691) to

determine their relative abundance in each sample. neo results of this analysis are given in

Figure II

Samples of the Antlers gravel are distinctive in consisting entirely of clasts of multicolored

chert, hydrothermal "vein" quartz, and a few highly indurated dark brown sandstone (possibly

quartzite) clasts (pebble types 1 - 8 in Figure 11). Samples of Ogallala gravel also contain these

clast types, though in lower relative abundance, because the Ogallala gravel is derived in part

from erosion and reworking of the Antlers deposits. Importantly however, sanples of Ogallala

gravel also contain high percentages of limestone clasts, reworked Cretaceous mollusc shells

(e.g., Gryphaea), friable yellow, pink, and black sandstone clasts, and porphyritic igneous rock

clasts (pebble types 9 - 12 on Figure I1). These are entirely absent in samples of gravel from the

Antlers Formation.

Careful inspection of washed cuttings from borings will reveal at least a few of these

distinctive clast types if present, and so it is not necessary to sieve, count, and identify all pebbles

to obtain an accurate stratigraphic determination. Ogallala sand also typically has a high

percentage of lithic grains compared to Antlers sand, which is virtually pure quartzarenite. These

criteria were used to distinguish the two deposits over the WCS - Flying "W" Ranch area.
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