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40  ACTIVE AND INACTIVE GEoLoolc PROCESSES .

. “ThIS section addresses actlve geologic processes in the wcunlty of the facility. In discussing the

“*active” geologlc processes the “inactive” processes 3}3) discussed as well. Active geologic
“ processes include ﬂoodmg and submergence faulting, seismicity, land surface subsidence, and
~ the'potential for surface erosion. Flooding is addressed by locating the facility out of a 100-year
‘ﬂoodplain and submergence applies only to coastal zones. Faults, seismicity, land surface
subsidence, and surface erosion are discussed in the following sections.

4.1 FAULTS

This section provides an analysis of faults in the vicinity of the fecility at the regional and local
scales. Various regulatory requirements for land disposal activities, as well as storage and
processing of wastes, require delineation of all faults within the area of the facility, together with

demonstrations for any such faults that:

(i) fault displacement has not occurred within Holocene time, or if fault displacement
has occurred within Holocene time, that no such faults pass within 200 feet of the
portion of the surface facility where treatment, storage, or disposal of wastes will be

conducted;

(ii) it will not result in structural instability of the surface facility or provide for groundwater
movement to the extent that there is endangerment to human health ‘or the

environment; and

(iii) disposal units will not be located near a capable fault that could cause a maximum
credible earthquake larger than that which the unit could reasonably be expected to

withstand.

The WCS site is situated over the north central portion of a prominent Paleozoic structural
feature known as ttte Central Basin Platform. Significant faults are known in the deep
subsurface as interpreted from petroleum exploration activities. The faults are expressed in
Paleozoic rocks at depths of thousands of feet. The deep faults lose their expression as
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significant stratigraphic offsets after early Permian (Wolfcampian) time. Al of the major faulting
in the vicinity of the Central Basin Platform ‘occurred in response to tectonic forces active before
the global plate tectonic reorganization that created the North American continent. (Bally et al.,
1989). The Paleozoic fauits exhibit low natural mlcroselsmlmty as a result of passive response
to relatrvely low levels of tectonic _stress in'the trailing edge ‘of the westward-dnftlng North
American plate. The closest area of active regional tectonic stress and active faulting offsetting
. Qdatemary or younger geologic deposits is the Rio Grande Rift"th'at forms the eastern bodndary
of the Basrn and Range Province. The Rio Grande Rift is over 200 miles west of the WCS area.
' There is no surface evrdence of faulting within 3000 feet the WCS' permrtted area.

. 4.1.1 Regional Tectonic Setting and Faults .

“The WCS facrlity 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. . -

4.1..1.1 : ""Te'CIorr/;c Setting ’
The WCS site is situated over the north-central portion of a prominent structural feature known -
as the Central Basin Platform (Figure 6.4-1). The Central Basin Platform is a deep-seated
horst-like structure that extends northwest to southeast from ‘southeastern” New Mexico to
eastern Pecos County, :Texas.. The Central Basin Platform is flanked by two: prorhihent
structural depressions known as the Delaware Basin to the southwest and the Midland Basin to
the northeast, and by the Val Verde Basin to the s_oqth. ' '

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 intermitteritly“as a slightly positive feature
during the early Paleozoic (Galley, 1958). ‘During the Mississippian and 'Pennsyl\faniah' the
Central Basin Platform uplifted using ancient lines of weakness (Hrlls 1985) and the Delaware

-Midland, and Val Verde Basins began to form as separate basins. '

-~ Late Mississippian tectonic events uplifted and folded the platform and were followed by more’
|ntense late Pennsylvanian and early Permian deformation that: compressed and faulted the
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area (Hills, 1963). Highlyvdeforme'd local structures formed rangés' of mountains oriented
generally parallel to the main axis of the platform (Wright, 1979).

This period of intense, late Paleozoic deformation was followed by a long period of gradual
subsidence and eros_ién that stripped the Central Basin Platform and other stiuctures to near
base—level (Wright, ,1_979'). The expanding sea gradually encroached over broad eroded
surfaces and truncated edges of previously deposited sedimentary strata. New layers of .
arkose, sand, chert pebble conglomerate and shale deposits accumulated as erosional products
along the edges and on_the flanks of both regional and local structures. Throughout the
remainder of the Permian, the Permian Basin slowly filled with several thousand feet of
evaporites, carbonates, and shales (Figure 6.4-2).

From the end of the Permian until late Cretaceous, there was relatively little tectonic acfivity
except for periods of slight regional uplifting and downwarping. 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 térrigenous
deposits of the Dockum Group accumulated in alluvial flood plains and as deltaic and lacustrine
deposits (McGowen, et al., 1 9'/9). In Jurass_ic.time, the area was again subject to erosion.

During Cretaceous time, a large part of the western interior. of North America was submerged,
and the west Texas/southeastern New Mexico regioﬁ was part of a large continental shelf sea in
* which a thick sequence:of Cretaceous rocks was deposited. The Cretaceous sequence of
sédiments comprised a basal clastic unit (the Trinity, Antlers or Paluxy sands) and overlying

shallow marine carbonates.

‘Up.lift and southward-— and eastward-retreating Cretaceous seas were coincident with the
Laramide Orogeny, which formed the. Cordilleran Range west of the Permian Basin. The
Laramide Orogeny uAplifted the region to essentially 'its present posiﬁon, supplying sedimernits for
the late Tertiary Ogallala Formation. The major episode of Laramide folding and faulting
~occurred in the late Paleocene. There have been no major fectonic events jn North America
since the Laramide Orogeny, except for a period of minor volcanism during the late Tertiary in
northeastern New Mexico and in the Trans-Pecos area. Hills (1985) suggests that slight

Tertiary movement along Precambrian lines of weakness may have opened joint channels
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which allowed Vthe‘circulation of groundwater into Permian evaporite layers. The near-surface
'regional structural - controls may be locally. modified by differential subsidence related to
groundwater dissolution of Permian salt depqsits (Gustavson, 1980).

44142 - Faults

Two types of faultrng were assocrated wrth early Permran deformation. Most of the faults were
Iong, hrgh-angle reverse faults wrth several hundred feet of vertical displacement that often
involved the Precambrran basement rocks (Hrlls 1985) The traces of these faults are shown
on the Precambrran structure map prowded in Frgure 6.4-3. The second type of faulting -is
found along the westem margin of the Central Basin Platform where long strike-slip faults, with
displacements of tens of miles, are found (Hills, 1985; Bebout and Meador, 1985) (Frgure 6.4-4).

The Iarge structural features of the Permian Basin are'reﬂected only indirectly in the Mesozoic
.and Cenozoic rocks, as there has been vrrtually no tectonic movement within the basin since the
Permian (Nrcholson and Clebsch 1961). The.east-west and- north-south regional cross-
Vsectrons provided in Figures 6.4-5 and 6.4-6 rllustrate this relationship. Figure 6.4-5 shows the
draplng of the Permian and Triassic sediments over the Central. Basin Platform structure,
located approxrmately 7000 feet beneath the present land surface. The faults that uplifted the
platforrn do not aﬁpear to',displace the younger Permian sediments. The northernmost fault on

Figure 6.4-6,\ located at the Matador Uplift, terminates. in lower Wolfcampian sediments.

A further comparison of the structure of the .Deypnian_Woodf;qrd Formation to the structure of
the _younger Unpe.r Guadalupe Whitenerse ‘Group (Permian) (Figures 6.4-7 and 6.4-8) indicates
that the faults in the Devonlan section do not contrnue upward into the overlying Permian
Guadalupe Whltehorse Group ‘The regional geologic and tectonic information does not indicate
the presence of srgnrf icant post-Permlan faulting Wlthln the regional study area, although minor
post-Permian faulting in the WCS area is dlscussed below In .addition, the loc_:al.rnformatron
" does not indicate Holocene drsp!acement of faul_ts wnthrn 3000 feet of the proposed WCS landfill
site. The site-specific structural setting is discussed below.

Two regienal_strati.graphic,‘cross sections constructed in the vicinity of the WCS‘eite using oil’
and gae well togs are shown as‘Ptates__6.2-2 and 6.2-3. The locati_ons of the cross sections are
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shown .in Figure 6.2—1. These cross sections depict th.e major stratigraphic units that occur
within about 2000 feet below ground surface in the vicinity of the site. The stratigraphic units
depicted on Plates 6.2-2 and 6.2-3 include the upper OAG unit of a few tens of feet in thickness,
the underlying Triassic red beds of the Dockum Group with a thickness of 1,000 to 1,500 feet,
the underlying Permian Dewey Lake Formation red beds, and the Permian evaporites of the
Rustler and Salado Formations. These cross sections do not indicate the presence of
significant faulting in the upper 2,000 feet of sediments within 3 to 4 miles of the WCS site. ‘The
base of the underground source of drinking water (USDW) is the bottom of the Santa‘Rosa

Formation at about 1,400 feet below ground surface in the vicinity of the WCS facility. The’

Santa Rosa Formation is the lowermiost formation of the Triassic Dockum Grdup.
41.1.3 . Post-Permian/Pre-Cretaceous Fault Investigation

Faulting in a sandstone in the upper portion of the Triassic red beds of the RCRA landfill was
anecdotally identified at a WCS project meeting February 11, 2004. Subsequently, photos
taken in 1996 of an apparent southward-dipping reverse fault were located (Figure 6.4-9).
Since regulatory criteria address the age of faults and the agé of any geologic units affected or
displaced by faulting, a geologic investigation of the fault was undertaken. The southeast wall
of the RCRA Iandfill was extended about 200 feet to the southeast in May and June 2004,
yielding about 60 feet of vertical geofogic exposure along a !engtﬁ of about 400 feet, Two

benches with subvertical walls were exposed.

The upper wall was approximately 25 feet high, extending about 6 feét into the Triassic red beds
of the Dockum Group. The upper wall exposed caprock caliche developed on Cretaceous

Antlers Formation sand and gravel, underlain by non-calichified Antlers sands and gravels, in -

~ turn underlain by the Tred bed clays of the Triassic Dockum Group. The upper 3to 4 feet of the
red beds have been altered from red to gray. Along the relatively sharp contact between the
altered gray clay and unaltered red clay were numerous small faults with offsets ranging from a

few inches to a few feet.

The lower wall was excavated ah additional 30 to 35 feet into the red beds exposing a 10- to 15-
foot thick sandstone layer in the 'upper part of the wall. The sandstone exhibited two opposing

reverse faults with offsets of about 20 feet on the southward-dipping- southern fault and about 3
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feet on the northward-dlppmg northem fault (Flgure 6.4-10). The southem reverse fault in the
: Tnassrc sandstone bed is the southeastem extension of the southward-dipping reverse fault in
the 1996 photographs

Geologic mapping -

‘7,.

. ‘Geologlc mapprng of the upper, and lower walls was completed by two f eld mapping teams,
T supervrsed by a senror coordmatlng geologlst Elevatlon baselines were surveyed onto both the
-l_upper and Iower walls and the walls were subdrvrded into five-foot square townships and
-'ranges Detauled geologlc mappmg was conducted .on parts of the upper and lower walls using
A‘moveable f' ve-foot square gnds subdtvrded .into 25 one-foot square sections. .:The mapping
focused on geologlc contacts and dlstlngurshable geologic features, including faults, joints,
_sllckens1des beddlng planes partlngs channels alteratlon and weathering zones. The
mapped geologlc sectlons are provided in Flgure 6.4-11.

The upper wall was mapped in consnderably more detail than the lower wall in order to
deterrmne the youngest geologlc unlts affected by faulting. The southem end of the upper wall,

where the largest faults and offsets were observed was mapped in the greatest detail. - Parts of
the upper wall were mapped by fi eld sketchlng and photographlc interpretation. The two faults in
the lower wall were mapped in detail using th;e 57foot grids, while the remainder of the lower wall

was documented using photo mosaics.

QObservations - Lower wall

The geologlc matenals exposed on the lower wall are part of the Tnassrc Dockum Group,
specifi cally the Cooper Canyon Formatlon (Lehman 1994b) The red beds are,
charactenstucally red and purple claystones w:th lnterbedded drscontlnuous srltstone and:
sandstone units. As indicated above a f' ne grarned sandstone Iayer about 10 to 15 feet thick
occurred in the. upper thlrd of the lower wall . The claystones were relatlvely plastlc on
excavatnon drying wnthln a week toa strff blocky structure

The red beds exhibited nomlnally orthogonal subvertlcal Jomtlng W|th well-developed jomts at
about 0.5 to 1 foot spacrng Lower hemlsphere ‘stereonet prOJectrons of the poles to the
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subvertical joints show a maxirnurn concentration at about 320° (north 40°'wesf)‘ With a

secondary concentration at about 40° (north 40° east) (Figjure 6.4-12). The subvertical joints’

are an expression of the orthogonal regional jointing system.

The concentration of subvertical joint directions at about 320° is partially due to bias induoed by
the orientation of the northeast-striking wall. If a similar'length northwest-striking wall were
available for measurement of subvertical joints, it is likely that the secondary concentratlon at
about 40° would be more pronounced and the orthogonal pattern of the regional jorntmg system
- would be more obvious on the stereonet plot. There was only about 50 feet of northwest-
stnkrng wall exposed beneath the sandstone at the north end of the excavation, yreldrng a
limited opportunity to eliminate the bias of the longer northeast-stnkrng exposure of about 400
feet. The subvertical joints were often coated or partially coated with dark brown to purplish-
black weathering products, likely manganese oxide. Slickensides on the subveértical joints were

not observed.

Relatively large, continuous and ‘wavy’ lower-angle joints at about 30° to 60° from horizontal

were also present, without an apparent well-developed spacing or repetition, as in the

subvertical joints. The lower angle joints exhibited continuity over 10 to 15 feet of exposure on
the lower wall, and slickensides were numerous and well developed on the wavy joints. The
strike of the irregular, wavy joint planes show a maximum at about 300° (Figure 6.4-13),
however the strikes of the irregular joint planes appear to be quite well distributed about the

stereonet.

The sandstone exposed in the upper third of the lower wall was 10 to 15 feet in thickness. The

sandstone exhibited two opposing reverse faults about 200 feet apérf with apparent dips of the
order of 30° to 40°. The southern reverse fault is the southeastern extension of the southward-
dipping reverse fault in the 1996 photographs. The reverse fault in the southern end of the wall
was south-dipping with a south-hanging-wall-up offset of about 20 feet. The reverse fault in the
northern part of the wall was north-dipping with a north-hanging-wall-up offset of about 3 feet.
The poles of the measured fault planes show a strike of the fault planes of about 277° to 280°
(north 83° west to north 80° west) (Figure 6.4-14). Slickensides were measured on both the

south and north fauit planes, indicating dip slip with a compressional stress azimurh of about 15° -
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(north 15° east) (Figure;B..4-'1 5). The sandstene was lower in the section on the northern ‘third of
the wall. The change in altitude may be related to possible fold development in the‘red beds in
the vicinity of the reverse faults, or it may be depositionally-related in that the poorly developed
| beddmg appeared fo remain subhonzontal for-much of the exposure. '

Ve S . - . c

' -~
l—;lr/ ooy s . -
LA

. Observations - UpperWall . . .~ . ..

} The g'eolo'g'ic materials exposed on the upper wall;in\clude the upper 3 to 10 feet of Triassic red
beds, .overlain by Cretaceous Antlers Formation sands and gravels. The upper 10 to 15 feet of
the Antlers Formatron has been highly calrchlﬁed ;and has developed into -the ‘characteristic -
caprock cahche of the Southern High Plains...The Jornt system in the red beds.in the upper wall
‘prowded fewer’ subvertrcal jornts to measure due to the limited exposure of only the upper few
. "feet of the red beds over most of the “upper wall: Of the _comparatively limited number of
measured subvertrcal Joints, the strike maximum occurred at about 290° to 295° (Figure 6.4-16).
The upper‘wall irregular, Iower-a_ngle, wavy joints with ,well-developed slickensides plotted
similar to the Iovver wall irregular, low-angle, wavy joints, wlth a strike maximum at about 330°
but also with a well distributed pole pattern throughout the stereonet (Figure 6.4-17).

There are numerous fault planes in the red beds on ,the upper wall. The faults in the red beds
on the upper wall are very apparent, since the offsets occurred after the development of a
' grayish—colored Jaltéred layer approximately 3 to 4 feet thick at the top of the red ‘.b'e:ds. The
sh'arp lower contact of the altered layer shovvs the offsets very well. ‘

' The faults | in the red bed on the upper wall are vrrtually all reverse faults _with both south and

north apparent dips on the fault planes The offsets on the reverse faults range from |nches to

as much as several feet The largest fault in the red beds on the upper! wall with an offset of

_ about 4 feet, is in the southern third of the exposed wall This fault is an upward continuation of

the southern hangmg~wall-up reverse fault i in the sandstone on the lower wall, which shows an-
. offset of about 20 feet The fault appears to die out qurckly in the vertical direction. _The stress: .
Wthh caused the brrttle failure and 20 feet of offset of the sandstone on the lower wall appears -
to be accomrnodated throughout the remainder of the red bed claystone/clay in the upper wall

by a number of smaller faults and perhaps plastic deformation in the clays.
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The faults in the red beds on the upper wall show a pattern of anastamozing slip surfacéé, with

many of the south- and north-dipping slip planes appearing to pair up and join into a primary slip
~ plane with smaller dendritic slip surfaces splaying off the primary plane. The fault planes on the
upper wall dip at about 30° to 40° to the northeast and southwest. Strikes of the fault planes on
the upper wall show a maximum at about 284° (north 76° west) (Fugure 6.4-18). Slickensides on
the fault planes show dip-slip movement, with slickenside azimuths between about 340° and 30°
(north 20° west and north 30° east) (Figure 6.4-19), consistent with the 15° apparent
compressmnal stress azimuth of the faults on the lower wall. ’

During late Jurassic or early Cretaceous time, it appears that the upper paﬁ of the red beds was
subjected to geochemically reducing conditions that altered thé red bed clays from red to gray.

The thickness of the altered layer is very uniform along the dpper wéll, which éuggests that the -

alteration occurred while the top of the red beds were at some relatively uﬁifbrm elevation, prior

to faulting or folding. The reducing conditions and vertical downward advance of the‘alte'ration
front'suggest that the area- may have been a submerged bog or shoreline with relatively

stagnant, marshy conditions. -

‘The alteration occurs to a very uniform depth marked by a sharp vertically delimited alteration
front of about % to % inch where the color of the red beds _changes.fr'om gray to red. The sharp
alteration front is most likely a diffusion front within the relatively impermeable clays. The
uniform depth of penetration suggests matrix-dominated trans;port of a diffusion front, since the
.alteration front does not extend significantly further downward adjacent to the joints or fractures.
The joints, though preferred fluid paths and perhaps marginally more transmlsswe than the
unfractured matrix, apparently did not allow any significant addltlonal downward penetratnon of
alteration fluids. The joints were essentially non-transmissive to alteration fluids, likely due to
the presence of swélling montmorillonite clays (Glass et al., 1973) and joint closure.

Liesegang banding between joints is very well developed within the altered layer. The
liesegang banding parallels and mimics the joint surfaces in three dimensions. Alteration clearly
occurred post-jointing, most likely as successive diffusion fronts moved inward from the joints
from' all directions under saturated conditions. The altered layer may have developed under

WCS\03047.02\GEOLOGN 4-9 : ) REVISION 0
R040806_GEOLOGY.DOC 6 AUGUST 2004

—/



successive, perhaps seasonal, wetting. and; drying - conditions, with liesegang banding

developing between joints as the joints swelled closed on passage of the wetting fronts.

At the top of the gray altered layer was a readily apparent parting that was present.over

approxrmately 80 to. . 90% .of the exposed wall. . The parting . appears to be an
'erosmnal/deposrtlonal surface of elther late Jurassic or early Cretaceous age based on the

presence of some Cretaceous-aged gravels mixed into the upper portion of the zone above the

partmg Above the parting are both reworked altered red beds (reworked and redeposnted clays
of the altered Iayer) as well as a second zone of alteratlon in the southern part of the wall where
the reworked clays of the gray altered layer have apparently been further altered to a mixture of
“silt- to sand-srzed crystalline carbonates and sulfates.

Above the reworked-or reworked and altered clay's'ar‘e the Cretaceous-aged Antlers Formation
sands and gravels.. The lower part of the Antlers Formation contains numerous clasts and
angular blocks of altered upper red beds or reworked altered red beds. The Antlers Formation
exhibits .a deposutronal pattern characteristic of bralded streams, ‘with a sequence ‘of younger
channels .cross-cutting older. channels and smaller channels a few tens of feet in width
embedded within larger channel deposits. The Antlers Formation sands and gravels range from
well-sorted ﬁn'e“ to medium grained sands to poorly sorted sands and gravels with .occasional
cobble-sized particles. The lower few feet-of the Antlers Formation.is poorly to -partially
cemented sands and gravels apparently unaffected by the calichification process which is
readlly apparent in the upper parts of the sectlon .Some of the finer sands higher in the section
exposed on the upper wall appear well cemented, although the cementing may be due in part to

the development of the caprock caliche.

The relatlonshlp between faultlng in the Tnassrc red beds and the overlying Cretaceous ‘Antlers
Formatlon was carefully evaluated to determlne if any displacement of the younger Cretaceous
deposrts had occurred . The Tnassnc red beds are separated from the overlying Cretaceous
" Antlers Formatlon sands and gravels by the distinct and ‘mappable parting at the top of the gray
altered layer of red beds. None of the observed fault planes or. slip surfaces in the Triassic red
beds in the extensrvely mapped sectlon cross or offset the parting. In addltlon the beddlng in
the Antlers Formation is contmuous where observable and not calichified,-and in particular,
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there are no Triassic/Cretaceous contact offsets or bedding offsets in the Cretaceous Antlers
Formation above the area in'the Triassié: red beds where the largest displacements occur nor is
there any apparent folding of the Antlers Formation in this area. Therefore, there are no
indications that the _Cretaceous-aged Antlers Formation was affected by the faulting in the
Triassic red beds. There are clearly no geologic Formations present in the excavation younger
_than Triassic that are affected by faulting and there are no regulatory issues related to faulting at
the WCS site. Additionally, there 'are no issues with respect to potentiél migration bathWays
resulting from the faulting at thé WCS site. The uppermost faulting occurred completely. within
the Triassic red beds; which have great capacity for healing and closing fault'planes and joints
 to fluid migration as indicated by the limited penetration of the alteration front in the red beds.

4.1.1.4 Red Bed Ridge Development

Faulting of any significance in the vicinity of the WCS site or the' Central Basin Platform is
generally considered to be Permian or earlier (Nicholson and Clebsch, 1961). Galley (i958,
p.439-441) indicates that although “events associated with Laramide and several Tertiary
. orogenies have broken, destroyed, submerged, or obscured various segments of Paleozoic
structures at the southwest edge of the Permian Basin”, “Elsewhere the Paleozoic stn"at'a“lie at
almost the same attitudes they had attained at the end of Ochoa time, having been affected
subsequently only by regional tilting and local folding or faulting of small vertical displacemént.'
These statements indicate that the Central Basin Platform area has not been significantly
 disturbed by tectonic events since late _Permian (Ochoa) time. '

The post-Permian/pre-Cretaceous tilting, folding and faulting discussed in the previous section
. may have contributed to the development of the red bed ridge by creating a relatively local
topographic high uplifted by the minor compressional faulting/folding of the red beds. The local
geology discussed in Section 5.3 indicates that the first continuous red bed sandstone, which’
occurs at an approximate depth of about 225 feet below ground surface, has a
south/southwestward dip of about 80 feet per mile. The south/southwestward dipping bedding
may represent the southwestemn limb of an anticline or monocline with the red bed ridge as the
fold axis. The red bed ridge area may have been an inter-drainage topographic high since the

compressional event.
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' The Cretaceous seas began to retreat at the start of the Laramide Orogeny which uplifted the
A area From late Paleocene to the end of the Pliocene the area.was subjected to erosion,
: removmg most of the Cretaceous dep031ts Late Tert:ary Ogatlata and Gatuna Formations were
deposnted in stream channels between mter-dramage hlghs Apparently neither the Ogallala nor
the Gatuna Formations were deposited.over-the ridge _|n .the WCS vicinity, suggesting -that
relatively resistant Cretaceous Iimestoneslover‘ the Antlers Formation may have effectively
capped the Ared bed ridge, maintaining the ridge as a mesa or inter-drainage high.- The red bed
ridge remains a local topographic high today, between Monument Draw Texas which drains to
the Colorado River, and Monument Draw New Mexico which drains to the Pecos River. °

4.1.2 Seismicity .

_The WCS facility lies in a region with crustal properties that indicate minimum risk due to faulting
and seismicity. Crustal thickness is the most réliable predictor of seismic activity and faulting in
intracratonic regions (EPRi,' 1993). Crustal thickness in the vicinity of 'the WCS facility is
approximately 30 miles (50 km), one of the three thickest crustal' regions in North America
" (Mooney and Braile, 1989). -In comparison, the crustal thickness of the Rio Grand Rift is as little
. as 7.5 miles (12 km) in places. Further; the seismic velocity of the crust in the Southern Great
Plains implies that the crust is‘unusually intact and continuous in this regien (EPRI, 1989).

The Central Basin Platform is an area of moderate, low intensity seismic activity based on data“
: obtained from the National Geophysical Data Center of the National Oceanic and Atmbsbh'eric
Administration (NOAA, 1992 as reported in Terra Dynamics, 1993) and the U.S. Geological
Survey ((USGS) Earthquake Data Base available from the National Earthquake Information
Center (http://neic.usgs.qov/). Table 6.4-1 provides the historical seismic actnvuty within 250 ~
kilometers of the WCS facility (32.433°N, 103.05°W). Table 6.4-1 ‘includes the:data through
1992 from the NOAA data base; which was submitted in the original RCRA permit application, -
‘updated with"information through 2003 fromthe - national seismic data base operatéd by the
USGS. -The computer search for.all recorded seismic activity within a 250 km (155 mile) radius
of the proposed WCS landfill site provided a list-of 188 seismic events (188 total with 68
suspected duplicates by Terra Dynamics (1993)) during the period from 1931 to 2003. ‘Seismic
activity for New .Mexico.and bordering areas; ‘which ‘includes Andrews County, is-shown on
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" Figure 6.4-20. With respect to seismicfty in the WCS area, Sanford et al. (2002) indicéte that a
large fraction of activity in southeastern New Mexico and adjacent areas of west Texas is
induced by oil and gas production, secondary recovery, or waste injection. '

Figure 6.4-21 illustrates the largest earthquakes (moment magnitudes >3) from the same data
set used to develop Figure 6.4-20. The largest earthquake in the vicinity of the WCS fécility,
referred to as the Rattlesnake Canyon earthquake with a magnitude of 5, occurred in 1992. The
Rattlesnake Canyon earthquake was located by the seismograph stations monitored by the
New Mexico Institute of Mining and Technology at latitude 32°17.80N and longitude
163°10.33W (Sanford et al., 1993), which is approximately 11 miles southwest of the facility.
The USGS located the Rattlesnake Canyon earthquake at latitude 32°20.16N and longitude
103°06.06W, about 7 miles southwest of the WCS facility; however, Sanford et al. (1993)
indicate tl)at due to the uncertainty in the location reported by the USGS, the location reported

by Sanford et al. (1993) is more accurate. The location of the Rattlesnake Canyon earthquake
was approximately three miles east of the Paleozoic west platform fault (Figure 6.4-4). The -

Rattlesnake Canyon earthquake was interpreted by Sanford et al. (1993) as a reverse fault, with
movement consistent with the approximately east-west maximum horizontal stress orientation
reported by Zoback and Zoback (1991) and Zoback et al. (1991). )

The seismic hazard at a particular geographic position is due to ground motion or shaking.
Seismic hazard is based on historical seismic activity and frequently presented as Peak Ground

Acceleration (PGA) maps. The maps present the probability of the PGA due to earthquakes

exceeding a particular value of acceleration (expressed as a fraction or percent of gravitational
acceleration) over a particular time period. A PGA of greater than about 0.2g is considered.the
acceleration level at which considerable damage can begin to occur to weakly built structures
(Sanford et al., 2002). Figure 6.4-22 is a seismic hazard map of the western United States
prepared by the USGS (hitp://gechazards.cr.usgs.gov/eq/, October 2002 revision). The mép
indicates that at the 90% probability level over a 50-year time period, the PGA of the
~ southeastern New Mexico/Andrews County area would not exceed approximately 0.03 to 0.04 g
(siie specific search yields 0.0322 g). Figure 6.4-23 is a similar seismic hazard map of the
western United States, which indicates that-at the 98% probability-level over a 50-year time
' period, the PGA of the southeastern New Mexico/Andrews County area would not exceed
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approximately 0.14 to 0.16 g (site specific search yields.0.1535 g). Golder Associates (1998)
calculated 'tfxe Pé_A at ihe WCS ‘site for the éattlesnake Canyon earthquake in the range of 0.06
to 0.07 g, which is well below the PGA of 0.2 g where cdnsiderable damage can begin to occur
..to weakly built structures (Sanford et al., 2002). - Golder Associates (1998) indicate that these
low.estimated accelerations are “generally considered to be insignificant to well designed and

constructed engineered structures or facilities.” -

4.1.3 Lineaments

l‘Lineamen'ts. are relatively straight bhysiographi_c_ features typically identified by a review of
- surficial geologic rnaps', surfa'ce_ topography maps, LANDSAT images, and aerial photographs,
»incllh..!ding high altitude aerial photographs. ., Baéed on Landsat imagery, Finley and Gustavson
(1 981) identified more than 4600 Iineamentsuthr'oughout the Texas Panhandle, ranging in length
frbm,_jl.Z mil.es up to 25 miles (Figure 6.4-24). Finley and Gustavson (1981) noted that the
Landsat—identiﬁed.lineaments fell into six categories: 1) stream segments, or short stream -
reaches commonly connecting at sharp\angular junctions, 2) ,drainége‘lines, or linear valley
trends independent of the orientafion of stream segments within the tljend,'3) scarps, or
brominent topographic breaks, 4) playa alignments, 5) geologic contacts, or contacts between
surficial materials with different reflectivities, and 6) tonal anomalies, or linear features that are
not clearly a member of any of the previous categories and may be composites of brevious.

categories.

Finley andJGustav.so'r‘\ (1981) bbncl;:dg that the -A(’ﬁ.gveAIOpment of phyjsiographically—expressed'
lineaments is. controlled or at least inﬂuence'd by geologic structure. They further interpret that
since few surface.faults are mapped in the study area (91,500 squ>are miles of the Texas
Panhandle, including the Southern High Plains and most of Andrews County), joints rather than
widespread faults are ‘thve likely geologic sttu;tgra_! control on lineament development. Joints are
fractures or partings in rocks along which movement has been negligible or absent (Dennis,
1872). 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 Southem High Plains. -
The poorly consolidated sediments of the Ogallala Formation do not exhibit well-developed
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jointing patterns. ‘The Caprock caliche often exhibits an irregular, nearly orthogonal jointing
pattern (Finley and Gustavson, 1981).

Finley and Gustavson (1981) suggest that minor or poorly developed jointing in the 'Pleistocene
and Holocene deposits 6verlying the Caprock caliche may have offered preferred infiltration
focus that could foster playa development at the intersection of joint sets, and that an area of
increased joint density may localize playa-lake depressions.

Several mechanisr'ns can account for the relationship between physiographically-expressed
surface lineaments and susbsurface jdinting. Joints form préferential planes that can be
exploited by surficial and subsurface weathering processes. Joints offer paths of weakness and
less resistance to erosional processes, allowing the development'éf surface drainage systems
and linear stream segments in preferred orientations. Consequently, drainage systems in the
Southern High Plains are often classified as lineaments, since their linear orientation is
controlled by the joint systems that they exploit (Finley and Gustayson, 1981). Joints can be
- propagated upward into geologically younger sediments by many processes, including residual
tectonic stresses (Price, 1966), crustal extension due to post-glacial rebound (Grisak and
Cherry, 1975), shrinkage and differential compaction related to wetting and drying of clay-rich
sediments, and differential compaction and dissolution- of underlying materials (Finley and
Gustavson, 1981). In the Southern High Plains, the orientation of joints and their associated
surface lineations is contro}led primarily by historical tectonic a.nd structural trends (Finley and
Gustavson, 1981). As shown in Figure 6.4-24, the dominant orientation for surface lineations in
the Southern High Plains is northwest to southeast, with a secondary orientation of northeast to

southwest.

At the regional scale mapped by Finley and Gu§tavsoh (1981), Figure 6.4-24 shows a
multicomponent northwest-southeast lineament approximately 3 to 4 miles in total length about
10 miles north of the WCS facility in Gaines County. The lineament is located in the
approximate vicinity of Monument Draw, Texas (note: there are two Monument Draws in the
WCS vicinity: one in Texas which starts between Hobbs and Eunice in New Mexico and heads
eastward as a tributary to Mustang Creek in Texas; and one which starts west of Monument,

New Mexico, continuing southeasterly and turning south around Eunice about 5 miles west of
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the Texas/New Mexico border). A second lineament at the 'r'eé;io'hal scale identified b'y.'lfihley
~ and Gustavson (1981) lies.in Andrews County, about 14 miles east of the WCS facrllty Thrs
lineament appears to be the contmuatlon of Monument Draw, Texas. 'The lineament map -of
Finley and Gustavson does not indicate the presence of Landsat-ldentlt" ed lineaments at the
.WCS facility. ‘ ‘ o

Also at the regional scale, Bolden (1984) suggests: that there are several regiohal-scale
"lineaments 200 to 330 miles in length in Trans-Pecos Texas and the Texas Panhandle onented
between 298° and '306°. The nearest of these:to the WCS facility is .a shorter offshoot line
. oriented approximately 345°, extending through Ward and Winkler counties in Texas into Lea
County in.New Mexico. The offshoot line appears to be defined by Monument Draw, New
Mexico and its southern extensron to the Pecos River through Winkler and Ward Countles

Texas.

- At the local scale, lineaments were identified by Terra Dynamics in the vicinity of the WCS site

_' based on an analysis of NASA color-infrared aerial photographs (T erra Dynamics, 1'993). Terra
Dynamics indicated the lineaments were related to linear drainage features and ground surface

_color tone anomalies. The lineaments were shown as straight lines on the color infrared
imagery used by Terra Dynamics (Terra Dynamics, 1993, Figure VI.A.12). Terra Dynamics
identified 5 northwest trehding lineaments. - The southernmost of these lineaments extended
through the WCS facility. Terra Dynamics also identified two north trending lineaments between
the WCS site'and Eunice. The lineament through the WCS site wés described as an anomaly
in the ground surface color tone on the color—infrared |
Figure 6.4-25 is a 1983 color mfrared photograph of the WCS area from the National High
Altitude Program (note: the 1982 photograph included in the Terra Dynamlcs Geology report is
not available from the EROS data center) and Figure 6.4-26 is a 1986 color infrared ‘p'hotogrraph
of the same area at a slightly different scale.~ Four of the five northwest and north 'trending
lineaments near the WCS site identified by Terra Dynamics are shown on Figure 6 A4-26. The
northernmost northwest-trendrng Jineament :identifi ed by Terra Dynamlcs ‘is off the photo
approximately 8 miles to the north of the WCS site.: o o '
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Golder. Associates also conducted an analysis of the lineaments in the vicinity of the WCS
facility and provided a summary of their evaluation in a draft document to WCS dated January 4,
1999. Lineaments identified by Terra Dynamics and Golder Associates are discussed below.

The southernmost northwest-trending lineament through the WCS facility, identified by Teérra
Dynamics, is represented by aligned zones of enhanced vegetation, shallow depressions and
darker ground tones trending about 300° to 310°. The aligned depressions are most evident
where the Caprock caliche is at or very near the surface. The tonal contrast in the center of the
photo is where the Caprock caliche is either at ground surface or covered by only a thin veneer
of windblown sand. The largest of the depressions, which- may be considered a small playa
about 15 acres in size, is located about one-half mile northeast of the existing landfill. The
alignment of the playas at the WCS site likely results from their development at the intersection
of joints, with the primary jointing direction trending 300° to 310°.

Part of the surface expression of the 300° to 310° lineament is 2 bench in the topography
between Windmill Hill and the existing landfill. The bench alignment is coincident with the
regional 300° to 320° alignment of lineaments in the Southem High Plains (Finley and
Gustavéon, 1981) that likely represents one of the primary jointing directions in the Southern
High Plains. The benéh overlies and is aligned with the red bed ridge and is topographically
expressed for about 6000 feet with a relief of about 20 feet. The bench is on the southwest
slope of the drainage divide between the Pecos River and the Colorado River. The bench has
developed as an erosional feature along the preferred jointing direction in the Southem High
Plains. The bench projects to Baker Spring, to a notch in the topography about one-half mile
northwest of Baker Spring, and parallels Mescalero Ridge, part of the Caprock escarpmenf
about 15 miles northwest of the WCS site. - '

Two smaller lineaments oriented about 45° were identified by Golder Associates to the west and
east of the pemitted area. The westernmost 45° lineament, which is about 4000 feet in length,
is a surface draw that empties into a depression at Baker Spring, New Mexico. The 45°
lineament east of the permitted area is less developed. It extends through the ranch house area
~ for é total length of about 4,500 to 5,000 feet, developing into a shallow draw southwest of the
{anch house area. The north-trending lineaments identified by Terré Dynamics about 3 miles
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west of the WCS site in Lea County, New Mexlco may be related to tonal contrasts in the
vicinity of Monument Draw, New Mexuco
i . oy
‘The lineaments in the vicinity of the WCS facility do not have any geologic or geomorphic.
characteristics typical of active faults. There are no topographic shifts a|ong the lineament, or
any apparent offsets in Iocal drainage, or any lnterruptlons in the gradlent of erosmnal terraces
“above Baker Spring (assuming Baker Spring comprises part of the Imeament) The hneament in
the vicinity of the WCS facrhty is considered to be an erosional feature.

e vy .
- y,
s ey

- 42 LAND SURFACE SUBSIDENCE

ThIS sectlon addresses the potentral for land surface subsndence due'to’ ongomg geologic
processes and human acttvutles in the vncumty of the WCS facility. -Subsidence can be defined
as the sudden smklng or gradual downward setthng of the earth’s surface w1th Ilttle or no
honzontal movement Subsndence may be caused by natural geologlc processes such as
solution or compactlon or by human acttvntles such as subsurface mining or pumping of oil or

groundwater.

4.2.1 Land Surface Subsidence due to 'G'eologi‘c fPvrolcesses

No subsidénce features related to Qeologic 'pébéés’ses have been identified within the permitted
area or the |mmed|ate vicinity of the site. The nearest active subsidence features to the WCS
facnhty are the San Slmon Swale the San Slmon Slnk the Wlnk Slnks and a sink northwest of
Jal, New Mexnco (Flgure 6. 4-27) ‘The San Slmon Swale and the San Stmon Sink are located -
: approxnmately 20 miles west-southwest of the WCS facuhty in Lea County, New Mexico. The ‘
San Slmon Swale |s a large (100 mlz) northwest— to southeast-trendmg, elongate depressuon‘
that overhes and iis parallel to the inner- margln of the Perrman Capltan Reef (Flgure 6. 4-27)
The San Simon Sink is located within the southerri end of the San'Simon Swale and covers an
' area of 0 5 m| .The sink is approxnmately 130 feet deep and i is filled with 400 feet of alluvium -
deposuted on top of Triassic red beds (Baumgardner et al 1982) Subsndence_was last -
". recorded at the San Simon Sink approxumately 50 years ago. S
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N TABLE 6.4-1 4 _
HISTORICAL SEISMIC ACTIVITY-WITHIN 25 km (155 MILE) RADIUS
OF PROPOSED LANDFILL SITE (32.433N, 103.05W)

DATE o " . LOCATION... .- DISTANCE DISTANCE - [lNTENSlTY_,_ MOMENT
LATITUDE (N)] LONGITUDE (W) (MILES) - (KM) - ' : MAGNITUDE
08/16/31 30.6 104.1 - 140 225 - Vi
08/16/31 306 104.1 140 225 . .
08/16/31 | - 306 104.1 - 140 225 vl
.108/16/31 30.6 o . 104.1 . 140 225 . :
08/16/31- 306 o 104.1 140 225 ’
08/16/31 30.6 - 0 104.2 . 143 230 - VIl
08/16/31 30.7 . 104.6 - ‘ 150 A1 241 °
§08/16/31 30.7 7 104.6 - : 150 241
08/18/131 | -~ - 30.6 1041 o -140 225
-408/18/31 - -30.7 4 71046 150 241 \'
08/18/31 -30.7 - T 104.6 ' 150 241
08/19/31- 30.6 . 104.1 . 140 225 \'
08/19/31 -~ 30.6 T 1041 140 225 ) Vi
08/19/31 |- - 30.7° © 104.6 . 150 : 241 ’ i
08/26/31 - 30.6 104.1 140 225 i
08/26/31 - 30.7 104.6 150 . 241 . Il
§11/03/31 307 | ~104.6 - 150 - 241 i}
412/20/35 ‘344 103.2 - 136 219 \'
01/08/36 324 - 104.2 - 67 : . 108 Il
01/08/36 - — 32.4 o 104.2 - 67 . 108 « - Il
02/02/49 . 32.4 ) 104.2 : : 67. 108 v
02/02/49 - 324 - 104.2 . 67 - 108
05/22/52 33 7 105 - 120 : 193 ... 1\
01/27/55 30.6 ) 104.5 : 162 - 245 [\
01127155 " 30.6 T 104.5 162 - 245 . . 1\
01/27/55 30.6 7 104.5 152 245 I\
12/10/61 32.24 103.86 - ; 49 79 . .
12/10/61 32.26 103.86 ’ 48 - 77 - i o
12/110/61 | - .32.263 | 4103.865 - 48 - 77 R
03/06/62 - 31.08 ~104.55 128 206 - N
02/11/64 3435 | .103.73 - 138 . 222 . ..
11/08/64 - 319 . 103 . 37~ 60 .
11/08/64 ---31.93 102.98 . 35" 6 - | '
11/121/64 31.9 T 103 - 37 60 - .
11/21/64 |- 31.92 102.98 - 35 - 56
02/03/65 31.9 103 - - 37 60 - ‘ L
02/03/65 1 - 31.92 - 102.96 i 35 .. 56 . ' She
08/30/65 . 3192 . - 102.98 - 35 56 | : .
08/30/65 32 ] 1023 53 85 ! |~ v
08/30/65f - 32.08 © 102.42 . . 44 - 71 . I\
08/30/65 - 321 102.3 ° 49 - 79 + '} I\
08/30/65-§-- 321 - 102.3 49 : . 79 :
08/14/66 - -31.7 ) 103.1 - 50 -. 80 . (|~ VI
08/14/66 | - 31.92 . 7102.98 ’ ¢ 35 .. 56 :
08/14/66 - 32 - 102.6 40 o 64 \'!
08/14/66 |- - 32 - 1026 = 40 . 64 . 1 VI
08/14/66 - 32.12 - 10234 Y . 76 R Vi .
05/02/68 - 33.02 . 105.27 . 135 - © 217 .
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TABLE 6.4-1

HISTORICAL SEISMIC ACTIVITY WITHIN 25 km (155 MILE) RADIUS
OF PROPOSED LANDFILL SITE (32.433N, 103.05W)

'MOMENT

DATE LOCATION DISTANCE | DISTANCE | INTENSITY
LATITUDE (N)| LONGITUDE (W) (MILES) (KM) MAGNITUDE
05/02/68 33.02 105.27 135 217 :
07/30/71 31.64 103.17 55 89 M
07/30/71: 31.7 103 50 80 i1}
07/30/71 31.7 103.1 50 80 1
07/30/71 31.72 102.996 49 79
07/30/71 31.74 103.09 48 77
to7/31/71 31.59. 103.12 58 93
07/31/71 31.65 103.12 54 87 v
07/31/71 31.7 103.1. 50 80 v
07/31/71 31.7 103.1 50 80 v
07/31/71 31.703 103.061 ° 50 80
lloo/24171 31.6 103.2 58 93
foor24171 31.63 103.18 56 90
07/26(72 32.68 103.98 56 90
07/26/72 32.68 103.98 56 90
10/02/74 31.98 100.71 140 225
11/12[74 32.06 100.98 123 198
14/28/74 32.3 104.1 61 98 v
11/28/74 32.31 104.14 63 102 4
11/28/74 32.31 104.14 64 103
11/28/74 32.311 104.143 64 103
11/28/74 ~32.63 104.01 57 92
11/28/74 33.765 104.99 144 232 . -
12/30/74 30.92 103.11 104 167
12/30/74 30.92 103.11 104 167
08/01/75 30.57 104.49 154 248 I
08/01/75 30.65 104,57 152 245
08/01/75 31.42 104.01 89 144 5
08/01/75 31.425 104.012 89 143
01/19/76 30.9 103.1 37 60
01/19/76 31.9 103.077 37 60
01/19/76 31.9 103.08 YE 60 4
01/19/76 31.9 103.09 37 60 Y]
01/22176 31.9 103.07 37 60 n
01/22/76 31.9 103.07 37 60 3
01/22/76 31.9 103.07 37 60
01/22176 31.9 103.071 37 60
01/25176 31.9 103.08 37 59 4
01/25/76 31.9 103.09 37 60 Vv
01/25/76 31.902 103.08 37 60 Vv
01/25/76 31.93 103.09 35 56
04/03776. 31.3 103.17 78 126
04721176 32.21 103.1 16 26
04/21176 32.21 103.1 16 26
05/01/76 32.27 103.14 12 19
05/01/76 32.4 103.1 3 5
08/05/76 31.57 103.02 60 97
08/05/76 31.57 103.02 60 97
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A TABLE 6.4-1 : 7 :
HISTORICAL SEISMIC ACTIVITY WITHIN 25 km (155 MILE) RADIUS
OF PROPOSED LANDFILL SITE (32.433N, 103.05W)

DATE *. ' _LOCATION .. - DISTANCE | DISTANCE | INTENSITY MOMENT
8- i |LATITUDE(N)] LONGITUDE (W) (MILES) (KM) ' feloe " MAGNITUDE
09/17/76 31.4 102.5 . 78 - 126 A . =
09/17/76 3221 - 103.1 16 26 . . i
« |09/17/76 32.21 ~ 103.1 - 16 26
. lo9/19r76 30.69 . 104.43 144 232
"112/19/76 32.259 . 103.08 12 19
12/19/76 32.26 103.08 12 19 -
-foar07r77 3223 . . 103.07 14 : 23 - LY
04/07/77 32.23 103.07 14 23 . . : - <
{o4r26/77 31.9 103.08 37 59 1= 3 .
10412677 31.9 ~ 103.08 37 60 . R
04/26/77 31.902 103.083 37 60
04/26/77 - 32 . 103.1 30 48
-{06/07/77 32.85 100.9 128 - - 206"
-{osl07r77 32.858 - 100.77 135 217
06/07/77 33.058 100.749 . 140 225 - - - N
06/07/77 33.06 “100.75° . 141 , 227 : E
06/07/77 33.13 100.94 - 131 211 .~ . . -
10610877 32.7 . .10072 136 . 219
06/08177 32.8 © 1009 . 127 204 . =
06/08/77 32.858 -100.77 135 217 ~ HE :
‘10610877 32.89 ' ~100.95 126 - 203 " - g ' T
06/17/77 32.346 100.4 . 154 248 ] - R
-fo617177 32.35 100.4 154 248 . ' : v
07122177 31.8 "102.7 - 48 ‘ 77 - -
11127177 - 32.862 100.68 - 140 . 225 .
1127177 33.03 101.08 121 195 .
11/28/77. 32.95 100.84 134 . 216 - ' B E 4
1112877 32,954 100.837 133" 214 .. . A .
11/28/77 32.96 100.88 : 131 211 . -
1172877 | - 33.022 100.84 .. - 134 216
02/18/78 31.35 .104.56 . 115 185
03/02/78 31.52 102.41 - , 73 17 .
03/02/78 31.55 102.5 69 111: . - V.o
03/02/78 31.56 102.51 .. 68 110 4
03/02/78 31.562 102.512 - . 68 109 . il 1 R
los/16r78 32.87 100.99 . 123 198
jos/16r78 32.961 » 100.79 - 136 219 -
lo6/16r78" 32.99 100.88 - 131 . 211,
06/16/78 33.03 - 100.766 138" L 222 i
06/16/78 | - 33.03 100.77 - 138 P 222 Vv - .
06/16/78 33.03 100.77 ¢ 439 224 1 5.
06/16/78 33.067 101.19 "~ 116 187 - : -
06/16/78:| - 33.1 ' 101.2 - ~ . 117 ¢ 188 -
06/29/78 31.05 101.94'- 115 185 . -
07/05/79 32.9 101.31 . 105 . 169"
07/05/79 - 32.949 100.895. © 130 . 209 : 1 =
{07/05/79 32.95 - 100.89 .. - 130 | . 210 . ; 1 3.
07/05179° 33 100.92 - L 130 .. 209 Nk I
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TABLE 6.4-1 ;
HISTORICAL SEISMIC ACTIVITY WITHIN 25 km (155 MILE) RADIUS
OF PROPOSED LANDFILL SITE (32.433N, 103.05W)

~ DATE | LOCATION DISTANCE | DISTANCE ‘| INTENSITY MOMENT
: LATITUDE (N)| LONGITUDE (W) (MILES) (KM) MAGNITUDE
{08/03/79 32.85 . 100.94 125 201 ‘
08/03/79 32.851 100.74 137 220
05/08/81 32.212 -~ 101.51 91 146
11/10/81 32 100.67 142 229 M
01/04/82 31.18 102.49 93 149 4
f01/04/82 31.18 102.49 92 148
01/04/82 31.182 102.492 92 148
04/26/82 33.02 100.84 135 217 - 3
{04/26/82 33.02 100.84 134 216
04/26/82 33.021 100.844 134 216 _
11/09/82 31.99 100.7 142 228 ' . 3
11/28/82 33 100.8 136 .. 219
11/28/82 33 " 100.84 135 217 3
11/28/82 33.003 100.842 134 216 v
09/11/84 31.991 100.697 140 225 -
109/11/84 32 - 100.7 140 225
fog/19/84 32.027 100.688 140 225
"109/19/84 32.027 . 100.688 ° 140 225 -
09/19/84 32.03 100.69 142 228 3
12/04/84 32.26 103.56 31 " 50 3
12/04/84 32.266 -103.556 32 51 ~
12/04/84 32.266 103.556 32 51
01/25/86 32.06 100.73 139 223 3
01/25/86 32.064 100.733 137 . : 220
01/30/86 32.066 100.693 140 225 v
01/30/86 32.07 100.69 140 226 3
01/02/92 32.33 103.1 7/11* 11/18 5
01/02/92 | - 32.336 103.101" 7/11* 11/18 %
08/26/192 | . 32.17 102.71 27 44 . 3
06/23/93 31.35 102.51 82 132 3
04/14/95 30.28 103.35 149 240 6 -
04/14/35 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 - 103.35 148 238 2
04/14/95 30.3 103.35 148 238 3
flo4/14/95 30.3 103.35 148 238 2
{l04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 103.35 148 238 3
04/14/95 30.3 A 103.35 148 238 2
04/15/95 30.27 103.32 150 241 4
04/15/95 30.3 103.35 148 . 238 2
04/16/95 30.3 103.35 148 238 2
04/16/95 30.3 103.35 148 238 3
04/16/95 30.3 103.35 148 238 2
04/17/95 30.3 . 103.35 148 . 238 3
104/21/95 30.3 103.35 148 238 3
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o . TABLE 6. 4-1
HISTORICAL SEISMIC ACTIVITY WITHIN 25 km (155 MILE) RADIUS
~OF PROPOSED LANDFILL SITE (32.433N, 103.05W)

MOMENT

DATE |: LOCATION . DISTANCE DISTANCE INTENSITY
LATITUDE (N)| - LONGITUDE (W) (MILES) - (KM) . MAGNITUDE
06/01/95 | 30.3 i 103.35 § 148 238 4
07/06/95 |: 30.3 i 103.35 148 - 238 3
07/06/95 ----30.3 - - - 103.35 - 1 -~ - 148 - 238 3
11112/95 | - 30.3 . 103.35 - 148 238 -4
04/15/98 | - 30.18 103.3 Unknown ' Unknown 4
03/01/99 .| ¢ 32.57 .- 104.66 ) 93 . 150 3
03/14/99 | 32.59. ; 104.63 H . 92 . 148 .4
03/17/99 | ¢ 32.58 1 104.67 < 94 - 151 4
05/30/99 32.58 : 104.66 : - .94 : 151 4
08/09/99 32.57 q-.-. 104.59 5 -89 . - 144 3
02/02/00 . - 32.58 ‘ 104.63 - -91 147 . "3
02/26/00 | . 30.24. 103.61 : - 155 "~ 249 3
06/02/01 | = 32.33 - 103.14 ’ 9 14 - R 3
11/22/01 31.79 © - 102.63 ) 52 83 3
09/17/02 | - 3258 i 10463 ~ - |- 92 - 148 4
09/17/02 - 3258 - | 104.63 b 920 148 3
06/21/03 | : 32.67 . 104.5 B 85 -~ 137 4.
Sources: Natnonal Oceanographlc and Atmospheric Administration (1992)
Umted States Geological Survey (2004) http.llnelc usgs gov/
Definition of 1 * Tremor not felt, or rarely felt only under espedally favorable condmons !
Il . Tremor felt indoors by few people; may cause slight movement of liquids and suspended or delicate
. objects
1 Trtjamor felt indoors by several people; may cause swmgmg of suspended objects movement may be
appreciable on upper levels of tall butldmgs :
IV, Tremor felt indoors by many people; musing dxshes and wmdows to rattle; notxceablemovement of
.. delicate objects = .. =
\'4 ;. Tremor felt by nearly all people; causes breakage of many dehwte objects (dishes, glassware, elc);
i trees and bushes shaken slightly ,
VI Tremor felt by all people, both Indoors and outdoors; causes conslderable breakage of delicate L
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Moment Magmtude Moment Magnitude is the measure of total energy released by an earthquake and Is based on the
" area of the fault that ruptured in the earthquake : .
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