Enclosure 3

Draft Response to RAI NP-2.6-x with SAR
Markups



RAIls and Responses Enclosure X to E-XXXX

RAI NP-2.6-1:

Clarify the origin of the circular features as identified in the red circles on Figure 2-3
Specifically, provide the dimensions of the features and determine whether they
surface deformation at the site due to subsurface dissolution resulting from p
natural processes or human activities in the site area, as mentioned in WCS

gas exploration and extraction activities in the site area andd
SAR Figure 2-3 that are circularin shape (i.e., similar toSink
are shallow depressions 2 to 7 feet in depth.

This information is needed to determine compliance with*10 #2.103(f)(1) and 10 CFR
72.103(f)(2)(ii).

Revision 2

WCS Consohdated Intenm Storage Facility Safety Analysis Repo

-

roposed CISF 1-mile Radius

Figure 2-3
Proposed WCS CISF 1-mile Radius

Page 2-54
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Response to RAl NP-2.6-1:

Small circular features in SAR Figure 2-3 began as small erosional depressions on the land
surface. These depressions accumulated water, which variably dissolved surficial of

collapse and subsidence that would indicate dissolution of the much deeper gff@périte-bearing
formations. Analysis of cores and geophysical logs reveal no evidence of i epositional

depressions ranges from a few hundred feet to more than 100
localized features appear to reach a depth of 10 ft. Studies
are thousands to tens of thousands of years old and older

Formation” (not to be
ation) as examined by
the features as “linear |

features,” “allgned swales and dollnes d'e son and Clebsch (1961,

belong to the set of “oriented drainage and depressions
confused with the “Ogallala Aquifer,” the saturated portion

Large areas display these features in soutf ) caIIy in Texas near the
boundary with New Mexico, including the S [

ed small depres ons are most prominent

re NP-2.6-2-1), smaller areas of pedogenic

f the Mescalero Ridge, and locally as well at
photo from the NAPP 1996 series (Figure |
es that have been outlined in red in

v Mexico. The smaller depressions are apparently more
s (“Mescalero caliche” or Ogallala “caprock”) are at or close

igations. Havens (1966 [7]) reviewed prior discussion of the features |
the fill of some of the depressions in northern Lea County, New Mexico
te circle). Havens (op. cit.) found that the pedogenic calcrete (Ogallala |
Wwas variably affected. Havens discounted deep dissolution, noting (p. F7)

2 ed depressions along Mescalero Ridge, however, have no features that
would be if irregular bedding or solution and collapse were the cause of the alinement
(sic) of the @@pressions. Bedding appears to be horizontally continuous, and no rubble zone or
recemented rubble is evident beneath the depressions.”
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Bachman (1973a [1], 1973b [2]; 1976 [3]) also reviews earlier work related to these features, |
mainly for New Mexico. Bachman generally favors the hypothesis that the depressions and
aligned swales formed between longitudinal dunes that are no longer present.

Osterkamp and Wood (1987 [18]) and Wood and Osterkamp (1987 [24]) concluded that shallow |
depressions or playas on the southern High Plains developed where water coulg
shallow depressions. They proposed (simplified version) that small depress
by erosion (Wood, 2002 [25]). Water, dissolved/colloidal and fine-grain
and clays accumulated in the depression. Recharging ground water t
clay into the unsaturated zone. Carbon dioxide, from oxidation of org
form carbonic acid that dissolved the pedogenic calcrete. Voids

calcrete that promote further influx. Drainage areas locally wergfi
calcrete was dissolved, the sediment load began to fill the ba:
formed by this process provide approximately 90% of the

Aquifer (Wood, 2002 [25]).

ere initiated
materials,

In another extensive review and investigation of smal sout

Holliday et al. (1996 [8]) examined the fill in several pla ) found that the predominant |
igi i i trine processes unrelated

rite dissolution in the Texas

ite, some playas do

panhandle well north of the WCS CISF
aporites and subsidence

show gently warped fill, effects from dis
of overlying rocks. The Waste Control
show evidence of deep dissolution of evaf
formation of these depressions and swale

Environmental Quali
aligned surface fea

pec LLC site by excavating a trench
| '...o disposal sites (see Flgure NP-2.6-2-3 |

ying evaporites (see Holt and Powers, 2007a
3 and Figure NP-2.6- 2 4) across the upslope

edogenic calcrete exposed in the trench are similar to those |
astern New Mexico and pedogenic calcretes within the
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No v-shaped fractures were observed in the trench (Holt and Powers, 2007a [9]), and this was
agreed to by TCEQ during a trench visit at the conclusion of mapping. There is no evidence

that the depressions and aligned drainage at the site were caused by dissolution of underlying
evaporites. “Calcrete units exposed within the trench show varying degrees of dissglution,
erosion, and redistribution of carbonate. Three generations of sediment-filled sol ipes and

macropores formed during and following the development of the calcic soils ex in the
trench. Relationships between calcic soils, sediment-filled pipes and macro , and surficial
soils indicate that the lineament has been a topographic low since these ils began to
accumulate” (Holt and Powers, 2007a [9], p. 15). These observations with other

work showing retrograde or altered pedogenic calcretes (e.g., Have
[19]; Holliday et al., 1996 [8]; Osterkamp and Wood, 1987 [18]), a
origins and processes described in these studies.

Two other studies, not specific to these depressions and li
Waste Control Specialists site and area for evidence of
These are reviewed in greater detail in the response

in RAI 2.6-1.

Holt and Powers (2007b [10]) evaluated the evidence for across the site and for |
selected areas along Monument Draw (New Mexico) and Me Ridge (New Mexico).
Stratigraphic units of the Rustler and Sa ithout evidence of

s occur as a part of

deposition, but it is not oriented with resp In a peer-reviewed
journal article, Holt and Powers (2010 [11} i tion and conclusions
included in Holt and Powers (2007b [10]).

A specific location near th Vaste Control Specialists property was
chosen to look for evid listler or upper Salado by taking continuous
core from lower Dg ation) across the Rustler and into the upper
Salado (Blainey g xt section for additional details). The

interval thickng i sistent with the regional evaluation (Holt
; g g beds with salt and without salt do not |

stent with the observations that these depressions and aligned features
2d processes such as dissolution of evaporites.

op of Dockum surface that is related to dissolution of evaporites at depth.
the license that “fractures and other structural features” would be mapped in
both excavafions (Holt et al., 2011 [12]). Near-vertical faces at approximately right angles were
mapped at deeper intervals as excavations of these two landfill sites proceeded. TCEQ
observed most activities.
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The mapping in both excavations showed laterally extensive lithologic beds that could also be
grouped vertically as depostional units. Various sedimentary features were observed that
included bedding, bioturbation, and desiccation cracks. Pedogenic features were common.
Arcuate to hummocky slicken-sided surfaces were large and well developed. These
interpreted as gilgai (Holt et al., 2011 [12], p. 5). Analysis of mapping data (e.g., st€l
discontinuity orientations) indicated no preferred orientation. The discontinuitiegt
response to local stress fields and not due to larger or regional structural prog€sses. Similar
features had been observed while mapping the by-product landfill (Kuszmgétifétal., 2010 [13]).
No features indicating collapse, which could be related to dissolution ofdRderying &

were observed.

gle Earth image (Figure
NP-2.6-2-4) show a long dimension of =630 ft, while Olig 1) expressed the

longest dimension as 1,050 ft.

Three additional depressions east of the
vegetative changes (Figure NP-2.6-2-5 2 fepressions are withiithe large red oval in the
lower right part of SAR Figure 2-3. The ¢ showSileng dimensio 72 ft and 312 ft
(between closed 2-ft contours and based Qi ¥ ¢ ely), and the longer
depression is estimated to have long dime

The larger circled areg Of VVaste Control Specialists property (SAR
g @ssions and the southeastern depression in this

lower end of size ranges estimated by
igh Plains examined by Holliday et al. (1996

al (1996 [8]) indica
longer. Olig et al. ( [17]) examined the age of sand in mainly eolian sediments at Waste
( iali rty and found that sand in drainage systems had similar ages to those

period of wind erosion between 30,000 and 50,000 years ago. The

ong periods of time.

The evidentg”is that these depressions and aligned drainages were formed by surficial
processes. There is no evidence consistent with an origin due to dissolution of the underlying
salt, a process that might mask the development of a sinkhole until the near-surface materials
collapse. There is, therefore, no expectation that these depressions will develop at the site
selected for interim storage.
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The small depressions at the Waste Control Specialists site are surficial in origin. Geophysical
log analysis and continuous core in CP-975 through the Dewey Lake Formation and into the
upper Salado Formation show no evidence of thinning of salt beds or fracturing consistent with
post-depositional dissolution of the evaporites at the site. Trench and excavation mapping at
the Waste Control Specialists site reveal no collapse or subsided sections that w

Sink.

Three of four drillholes within a 1-mile radius of the WCS CISF
evaporites have documents showing plug and abandon acti
hole, but public records are not available regarding its sta
boundary of the WCS CISF. A fifth drillhole (an active
Specialists property but outside the 1-mile radius of t
been plugged and abandoned.

Waste Control
sest wells have

Three sinkholes in the region developed around drillholes ine mining. There are no

brine weIIs wuthm the 1-mile radlus of the WCS CISF. Three sinkholes in the region are
- e drillholes are all

and led to collapse.

z gas wells within the 1
mile radius of the WCS CISF have recorded§ Id present no threat to

the WCS CISF.

Regional Structure andfDisst ers (2007b [10]) investigated the Waste

Control Specialists £
i ' gysical logs from oil and gas wells, showed

continuity of t aporites, olution, and a modest anticline on the

Vaste Control Specialists site and WCS CISF. The small B
Eigure 2-3 are unrelated to dissolution of underlying evaporites (see

, meaning that the hydraulic gradient is generally outward
than inward. The plastic nature of salt also tends to absorb strain and
s, dissolution within the bedded halite is difficult under natural
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The Texas Commission on Environmental Quality (TCEQ) required Waste Control Specialists to
“. .. verify that salt dissolution will not impact the land disposal facility by placing one (1) boring
and collecting core samples near the proposed land disposal facility from the lower part of
Dockum formation group and into the salt-bearing section of the Salado Formation”
Powers, 2008 [21]). TCEQ reviewers found that geophysical logs from the Lockh

New Mexico, near southwest corner of section 33, T21S, R38E)
dissolution in the area of the Waste Control Specialists site (Pg

n large features where
west-southwest of WCS
itin somedetail. San |
. A corehole near the
“fill” before ntering red beds of |
the Dockum (Sandia National Laboratorie ) ;, 1981 [23]). Solution
along the front of the Capitan Reef has re 5 snce and collapse. Alluvial |
fill displays annular rings due to continuing i i event in the early 20th

Holt and Powers (2007b [10], 2010 [11]) described some o
dissolution has affected structure. San Simon Sink is about

CISF (Figure NP-2.6-2-6). Nicholson a
Simon Sink is a more localized feature

Nicholson and Cleb an(1973b [2]) also reported thick alluvial fill |
(Figure NP-2.6- [ a narrow zone that is adjacent to the
Capitan Reef, 8 : s the Monument Draw trough; south of the |
southern bord i t Draw swings west and then follows the

trend of the troug S g et al. (2012 [6]) provided a map of l
< .6-2-7) revealing that this is a major buried

into Texas. San Simon Sink and Swale lie near the northern end of

arest approach to the WCS CISF is approximately the same

ation these processes will affect the proposed WCS CISF location.
n features along the front of the Capitan Reef in New Mexico are at |
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Qil and Gas Related Activity (Wells). Six such wells exist within the 1-mile radius of the WCS
CISF (Figure NP-2.6-2-8). A producing oil well (42-003-01811) on the Waste Control
Specialists site is outside this radius. The two wells in New Mexico have been plugged and
abandoned according to on-line records of the Oil Conservation Division (OCD) of the

42-003-01812 was plugged and abandoned by Waste Control Specialists,
under agreement with TCEQ and witnessed by a representative of the RR

Sands Humble-Sims #1) was plugged on January 29, 1960.
Since 1980, there have been six collapses and surface si

JWS, Eddy County, NM; and Loco Hills sinkhole, Ed
mining operations. There are no brine-mining wells a
CISF.

associated with industrial wells overlyinggtF [ i casing and cement in |
3 i lve Permian salt, and

al., 2003 [14]; |
sinks (Wink #2) is

create a cavity that collapsed to the surfag
Baumgardner et al., 1982 [5]). The maxi
=900 ft.

The nearest sinkhole assg i i : sinkhole, =20 miles southwest of the WCS
CISF. The adjacent
behind the casing
damaged, apparg

tion (Powers, 2003 [20]). The casing was
he annulus, dissolving salt and creating a
inkhole is approximately 150 ft.

Potential of Oil & 3 0 ! ssions of Sinkholes at CISF. Existing surficial |
' rally occurring features unrelated to natural
rites or creation of sinkholes around drillholes.

e local collapses not due to brine mining, does not
facilities or WCS CISF site. All oil and gas wells and

973a, Stability of salt in the Permian salt basin of Kansas, Oklahoma,
Mexico: US Geological Survey Open-File Report USGS-4339-4, Denver,

2. Bachman, G.O., 1973b, Surficial features and late Cenozoic history in southeastern New
Mexico: US Geological Survey, Open-File Report USGS-4339-8, Denver, CO.
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3. Bachman, G.O., 1976, Cenozoic deposits of southeastern New Mexico and an outline of the
history of evaporite dissolution: Journal of Research of US Geological Survey, v. 4, pp.
135-149.

J.S., 1966, Recharge studies on the high plains in northern Lea County, New
Geologlcal Survey Water-Supply Paper 1819-F, Washington, DC.

5. Baumgardner, R.W., Jr., Hoadley, A.D., and Goldstein, A.G., 198

6. Ewing, J.E., Kelley, VA, Jones, T.L., Yan, T., Singh,
Sharp, J.M,, 2012, Final Groundwater Availability
report for Texas Water Development Board.

ers, D.W., Holt, R.M., and
Rustler Aquifer:

7. Havens, J.S., 1966, Recharge studies on the High Plai
Mexico: Water-Supply Paper 1819-F, US Geological Su

neament Waste Control Specialists
4-1a, Appendix 2B, to Byproduct Material
WCS, original date 21 June 2004, last

of Halite Dissolution in the Vicinity of
s County, Texas. Attachment 4-2 tc_> W_CS,

the byproduct material landfill excavation at the WCS site: attachment to letter from William
P. Dornsife, WCS, to Susan Jablonski, Texas Commission on Environmental Quality,
November 10, 2010.
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14. Johnson, K.S., Collins, E.W., and Seni, S.J., 2003, Sinkholes and land subsidence owing to
salt dissolution near Wink, west Texas, and other sites in western Texas and New Mexico, in
Johnson, K.S. and Neal, J.T., eds., Evaporite karst and engineering/environmental problems
in the United States: Oklahoma Geological Survey Circular 109, pp. 183-195.

15. Land, L., 2013, Evaporite karst in the Permian Basin region of west Texas
New Mexico: The human impact, in Land, L., Doctor, D.H., and Stephen

pp. 113-121.

16. Nicholson, A., Jr., and Clebsch, A., Jr., 1961, Geology and
southern Lea County, New Mexico: Ground-Water Repo
and Mineral Resources, Socorro, NM.

pplemental erosion
s: Attachment 4-4,
on to TCEQ by WCS,

17. Olig, S., Zachariasen, J., and Forman, S., 2007,
assessment of the WCS waste disposal facility,
Appendix 2B, Byproduct Material Disposal Facility Li
original date 21 June 2004, last revised June 2007.

southern High Plains of
evidence for their

18. Osterkamp, W.R. and Wood, W.W.,
Texas and New Mexico: Part |. Hydrolog
development: Geological Society of /2

19. ' and Point Site, Eddy

20. Powers, D.W., 26 ‘
drillholes, and i pent, in Johnson, K.S. and Neal, J.T., eds.,

21. atory drillhole C-5, Section 33, T218S,

report for Waste Control Specialist ;, Andrews, TX (July).

OWeErs,
Well) at the
31).

aste Isolation Pilot Plant — WIPP): SAND79-0274, Sandia National
erque, NM (https://www.osti.gov/serviets/purl/5255439).

24,
ew Mexico: Part Il. A hydrologic model and mass-balance arguments for their

t: Geological Society of America Bulletin, v. 99, pp. 224-230.

25. Wood, W.W., 2002, Role of ground water in geomorphology, geology, and paleoclimate of
the Southern High Plains, USA: Ground Water, v. 40, pp. 438-447.
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Impact:

SAR Sections 2.6.1 and 2.8 have been revised as described in the response.

Changed SAR pages included after RAI NP-2.6-
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Figure NP-2.6-2-1

Google Earth composite photo of part of southeastern New Mexico and adjoining Texas
displaying linear features trending approximately NW-SE as well as depressions (especially |
northwestern portion of photo). The location of the WCS CISF is indicated (lower right) by a

white arrow. Three narrow red arrows indicate the escarpment called the Mescalero Ridge.

The white circle near Lovington identifies the general area where Havens (1966 [7]) investigated
fill of shallow depressions.

Page 22 of 119



RAIls and Responses Enclosure X to E-XXXX

Specialists site prior to construction,
oximate those shown in the figure

Jtlines a small depression and lineament

). The three smaller white ovals identify

mensions were determined. White outline

Portion of NAPP 19
Rotated 4 degrees
accompanying't
investigated by
three depressio
arrow in lower left |
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Location of trench study (white arrow) b
lineament and edge of depression is not fc
evaporites. See Figure NP-2.6-2-2 for wh

showing that the
ion of underlying
ion of this study.
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/ [ "/
%
N ¢

wrofe /N 7
X 6 ftclosure, part oTImear\

Figurea

ft contours with closure of 6+ ft. Additional closed contours to |
bthat the main depression is within a larger, more linear
een contours is =1470 ft Iong The Iower Google Earth image

oncentrated in the deeper part of the depression. This depression is
.6-2-2 and Figure NP-2.6-2-3, and the trench to investigate origins of
pression (Holt and Powers, 2007a [9]) is clearly displayed in the
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37ih
2 ft closwe

G721t
W:m

ft closure

rger, more linear depression. The long lengths estimated between
istration range from 372 to 1430 ft. The lower Google Earth image from |
2 depressions shows a more intensely vegetated area with long

312, 452, and 610 ft, left to right. Aerial photos mainly reflect vegetation
intense vegetation (commonly mesquite) concentrated in the deeper
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ap of southeastern New Mexico showing sele

aeas urficial all
© o

=

e
IOMILES =7

Figure NP-2.6-2-6
Figure 2 from Bachman (1973b [2]) emphasizes the relationship of major salt dissolution

features nearest the WCS CISF. See Figure NP-2.6-2-7 for structure (elevation) of the top of
Rustler along the front of the Capitan Reef. Outline arrow in lower right indicates north.
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n

Nl

N

Top of Rustler
Elevation (feet)

[ EETE

EREWSTER | l Rustler Aquifer Boundary
Rustler Structure Data Point l B J County
* Interpreted Fault l . i State Boundary

Figure NP-2.6-2-7

ded'map of the elevation of the top of Rustler (Ewing et al., 2012 [6]) showing the
elongate NNW-SSE depression (arrow) of the Rustler along the front of the Capitan Reef. This
feature has also been called the Monument Draw (NM) trough. Solution of halite from the late
Permian evaporite formations is the cause of this modification of the regional structure.
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42-003-37908
30-025- 2307& @

i .
4002522403
W el (e 42/003-11054
@)

42-003-0304

Figure NP-2
1-mile radlus of th

The two wells i gged and abandoned (Powers, 2010
[22]). There afe rds a ad Commission for 42-003-05031. The
PI/Dwights sc@ K 3| liste S s 2004 as “D&A-O” (Attachment 6-1 to
Appendix 2.6.1 ofiSection 2 ' adioactive Waste Application). The records
on-line at Texas Railread Commission show 42-003-37908 and 42-003-11054 as plugged.

11 sated by latitude and longitude by the RRC. Descriptions of this well |

circle.
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RAI NP-2.6-2:

Describe the origin and extent of the red-bed ridge mentioned in Attachment F, incling: the

including a geotechnical stability analysis, if appropriate.

WCS CISF SAR Section 2.6.1 does not discuss the red-bed ridgé

to SAR Chapter 2 also notes that the red-bed ridge is paraliélto regional escarpments, including
the Mescalero Ridge in New Mexico. Attachment F cong that the red-bed ridge is not the

T part of the site area
and is likely the eastern limb of a north-northwest trendj i€ anticline “appears to
coincide with the red-bed ridge.” Previous site investigatl€ April 2000
(ML041910475) and February 2004 (ML041910489) descrik d-bed ridge as a
paleotopographic divide between the Ogallala Aqwfer and the pzoic basin fill aquifer or as a

jointing direction (300-310°). The NRC § Jlegs from the monitoring
wells, the slope gradient of the top of red i e igh as 5 percent,
while the February 2004 report notes that¥ , ween 0.6 and 6.2
percent.

This information is neededstt

Response to RAI

The red bed rig iassic Dockum Group. The ridge is buried
beneath the I3 oped on all pre-Quaternary formations on
the southern HIg iche is the remnant Cretaceous Antlers

Formatlon which I1S{h ' [ at the WCS CISF, and the Quaternary alluvial
S 2 Ogallala, Gaturia, and Blackwater Draw Formations, which are in
of recent windblown sand. Waste Control Specialists site and

the top of red beds at the WCS CISF is approximately 50 to 80 feet,
ngs shown on Figures 2-15, 2-16, and 2-17 of the SAR. The northward

of the red beds across the WCS CISF ranges from approximately
2d elevations between TP-64 (3435 ft msl) and PZ-46 (3414 ft msl)) and

um apparent slope on the late Pliocene erosional surface of the red beds is
P-84 (3432 ft msl) and PZ-36 (3419 ft msl).
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In the immediate vicinity of the Waste Control Specialists facilities, the axis of the red bed ridge
occurs from approximately the northwest corner of the byproduct landfill to the southeast corner
of the Compact Facility, continuing southeastward beyond the Waste Control Specialists
landfills (Fi ' . The axis is not located under the WCS CISF area. The nearestJocation of

beds are estimated from Figures 2-16 and 2—17 in the SAR, with Iocation _estim
Figures 2-15 and 2-35. '

late Paleocene to near the end of the Pliocene, the area
of the Cretaceous deposits. The relatively resistant limg

ridge, maintaining the ridge as a mesa or inter-drainage; . he red bed ridge
remains coincident today with a local topographic high, , ent Draw Texas, which
drains to the Colorado River, and Monument Draw New phich drains to the Pecos I

River. In Andrews County, the buried red bed ridge plunges {0 hesouth-southeast at about 8
) ' e surface water

drainage divide is virtuaIIy coincident wi bed ridge.
The low-relief ridge is structurally stable, r ject to'n Wasting, and buried beneath the

partlally stabilized by Chihuahua desert vegétative cbve innery oak, creosote, mesquite,
he rids ablel and not subject to slope erosion or mass
arranted. The ridge extends for approxmately

wasting, a geotechnl
g Ector counties, demonstrating that it is not

100 miles, from noifi

and on the Hobbs, Big Spring, and Pecos maps of the Geologic |
976 [4]; Big Spring, 1974 [5]; and Pecos, 1975 [6]). The anticlinal

i i i ill, Salado, tler |
> ' 2) are

he surface of the red beds is unrelated to deep dissolution of Permian salts.
Figures 17 to 19 (op. cit.) use Waste Control Specialists site-specific isopachs of the Salado and
Rustler Formations, and the thickness of the interval from the top of the Tansill to the base of
the Salado, to show that the Permian salt beds do not rapidly thin or thicken away from the
facility.
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Although Lehman and Rainwater (2000 [9]) suggest the ridge may be related to large-scale |
Cenozoic structural deformation associated with subsidence further to the west and south, there

is no suggestion of a lowering of the base level of Monument Draw, New Mexico, the closest
surface water drainage feature west of the buried ridge. Monument Draw is an underfit stream
with a very low gradient, overloaded with eolian deposits and aggrading.

In Lea County the buried red bed ridge is approximately coincident with andd

ock escarpment and, €
inspection may seem to be a buried southeasterly extensi e escarpment, the present

SAR Chapter 2, Section 2.6.1 has been updated to inclu
of the red-bed ridge, and SAR Section 2.8 has been updat
the changes to SAR Section 2.6.1.

References:

1. Ash, S.R., 1963, Ground-Water Cond ) ‘ w Mexico: U.S.

2. Cronin, J.G., 1969, Crg ater i ormation in the Southern High Plains of
S 3 C Hydrological Investigations HA-330, 9 p.

aceous Strata under the Southern High

3. Fallin, JAT.
¢ e 10, No. 1, February 1988, pp. 6-9.

Plains of

Region, A Prog Report: New Mexico Geological Society Guidebook, 44th Field
Conference, pp.

ers D.W., 2007. Evaluation of Halite Dissolution in the Vicinity of Waste
& Disposal Site, Andrews County, Texas. Attachment 4-2 to WCS, 2007:

9. Lehman, T.M. and Rainwater, K., 2000. Geology of WCS — Flying “W” Ranch, Andrews |
County, Texas, November 2000, 95p. In WCS, 2007, as Attachment 2-1.
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10. Nicholson, A, Jr. and A. Clebsch, Jr., 1961, Geology and Ground-Water Conditions in |
Southern Lea County, New Mexico: New Mexico Bureau of Mines and Mineral Resources

Ground-Water Report 6, Socorro, New Mexico, 123 p.

11. Waste Control Specialists LLC, Andrews, Texas, 2007. Application for Licens
Near-Surface Land Disposal of Radioactive Waste. License R04100, Rev 1

Impact:

SAR Sections 2.6.1 and 2.8 have been revised as described in the r
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RAIs and Responses

ad_

i

State Line Ro

5
fe
¥
{

- Google Earth

N

ontrol Specialists facility (after
cation to Texas Commission on
ev 12c, Appendix 2.6.1, Geology

Axis of the red
Figure 4-1 License
May 2007
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Figure RAI NP-2.6-
Elevation (ft msl) of the top of late Permian F ns (from Holt and
Powers, 2007 [8]: Submitte Attachment F o
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2.6.1

2.6 Geology And Seismology

Basic Geology

are exposed, topography infrastructure and govern boundaries in the ar

surrounding the Waste Control Specialists permj

Site Specific Geology

ated using boring logs
sections are shown on
CISF are included as

¢ included in Attachment

Two cross sections in the vicinity of the WCS
from former site investigations. The locations o
Figure 2-15. Two cross sectiong in the vicinity of th
Figure 2-16 and Figure 2-17 ¢
G

[SF comprise, from oldest

» : Ogallala Formation, the
ater Draw Formation, and Holocene

¢ pedisol, termed the Caprock caliche,

s before the Blackwater Draw sands were

o formed in portions of the upper

k caliche, the Blackwater Draw caliche is

The geologic formations of condg
to youngest, the Triassic Docku
Pleistocene wind

mn of the WCS CISF area for the above units is provided in Figure
ite-specific stratigraphic column was developed from data collected

ridge is an expression of the top of the Triassic Dockum
dge is buried beneath the late Tertiary caprock caliche, which developed

gested by Hawley (1993) to refer to the late Tertiary to Quaternary formations
south of the red bed ridge as Gatuiia and those north of the ridge as Ogallala (Hawley,

1993[2-51]).
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As a consequence, Gatufa is not present at the CISF site. The depth to the top of red
beds at the CISF is approximately 50 to 80 feet, based on the logs of borings shown in
Figure 2-15, Figure 2-16 and Figure 2-17. The northward slope gradient of the top of
the red beds across the CISF ranges from approximately 0.98% (based o

The axis is not located under the CISF area. T
buried ridge to the CISF is approximately 12
this location, the depth to the crest of the r: i ased on the log of
boring B-1 in Figure 5-4 from WCS (Waste i LLC, 2007 [2-43]).

fluvial systems throughout lat&€eno7¢ : 1]; Fallin, 1988
[2-53]). This area was uplifted afthe i |
Cretaceous seas retreated. From thé ;
area was subject to erosion, remo gous deposits. The relatively

d bed ridge plunges to the south/southeast at
e surface topography, and the crest of the

F is located over the north-central portion of a prominent subsurface

re known as the Central Basin Platform. The Central Basin Platform is
horst-like structure that extends northwest to southeast from

ew Mexico to eastern Pecos County, Texas. The Central Basin
flanked on three sides by regional structural depressions known as the

¢ Basin to the southwest and the Midland Basin to the northeast, and by the
erde Basin to the south.
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From the Cambrian to late Mississippian, west Texas and southeast New Mexico
experienced mild structural deformation that produced broad regional arches and
shallow depressions (Wright, 1979[2-37]). The Central Basin Platform served

intermittently as a slightly positive feature during the early Paleozoic (G

(Wright, 1979[2-37]).

This period of intense late Paleozoic defor
gradual subsidence and erosion that strippe
structures to near base-level (Wright, 1979[2-3
expanding sea gradually encroached over broad er:
of previously deposited sedimeatary strata. New lay
conglomerate and shale depo ‘
and on the flanks of both regid
the Permian, the Permian Basi
carbonates, and shales.

e Permian Basin. The
rfaces and truncated edges
rkose, sand, chert pebble
ucts along the edges
ut the remainder of
nd feet of evaporites,

carbonates
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Uplift from the west 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 uplifted the region to essentially its
present position, supplying sediments for the nearby late Tertiary Ogallal

that slight Tertiary movement along Precambrian lines of
joint channels which allowed the circulation of ground
layers. The near-surface regional structural controls

(Gustavson, 1980[2-10]).

In Figure 2-3, small circular features seen

dissolved surficial or near-surface pedogenic ca rbonate. This process
enlarged the depressions and accumulated sedime calcrete was dissolved (Holt
he igns of collapse and
subsidence that would indicafgid! evaporite-bearing
formations. Analysis of cores &

lapse (Attachment F).

is no indication that these features will
Pin the near geological future.

Typical of the central U.S., there is a marked absence of
and few of the known earthquakes can be associated with a

ng and seismicity. Crustal thickness is the most reliable predictor of seismic
activity and faulting in intracratonic regions. Crustal thickness in the vicinity of the

CS CISF is approximately 30 miles (50 km), one of the three thickest crustal regions
in North America (Mooney and Braile, 1989[2-22]). In comparison, the crustal
thickness of the Rio Grande Rift is as little as 7.5 miles (12 km) in places.
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RAI NP-2.6-3:

Provide justification for why soil boring to depths greater than 45 feet are not needed.

WCS CISF SAR Section 2.6.4 states that the WCS CISF subsurface condition
with eighteen soil borings. Among the eighteen borings, four borings encoun
conditions at depths ranging from 37 to 45 feet below ground surface (bg
borings were terminated at 25 feet bgs. General industrial guidance for
investigations, such as US Army Corps of Engineering, and FHWA,
recommends the boring depth, for example, (1) be at least to a depth
stress due to the estimated footing load is less than 10% of the i
stress, (2) be 1.5 times the minimum dimension of footing be
penetrate a minimum of 3 meters into the bedrock, if bedr
required depths.

e base of the footing,
encountered before other

References:

1. US Army Corps of Engineers “Geotechnical Investigati 110-1-1804, 1 January

2001).

2. FHWA“GEOTECHNICAL ENGINEE ion of Soil and Rock

Properties” (April 2002)

This information is needed to determine co 03(f)(1) and 10 CFR

72.103(f)(2)(iv).
Response to RAl NP-
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RAI NP-2.6-4:

Provide the following information with respect to the laboratory investigations:

a. Justify how the soil strength and deformation properties of the cohesive soi
determined and how the settlement potential of the clay stratum can be
evaluated given the absence of consolidated undrained triaxial tests a

tely
olidated tests.

b. Provide results from the California Bearing Ratio (CBR) testing.

onsolidated undrained
disturbed Shelby tube
ortant for determining the

Geotechnical Exploration Report (Attachment E to SAR) s
triaxial tests and consolidation tests were not conducted bec
samples could not be obtained due to thefealiche. These tests
shear strength parameters and consolidatie
subsection ISP indicated that one CBR
summary enclosed in Attachment E, Appe testing results were
not reported. Additionally, Subsection 2.2, of the Geotechnical
Exploration Report (Attachment E to SAR) > i port was prepared, some of
the laboratory testing wasgstillser-going.”
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RAI NP-2.6-5:

Provide the basis for using 20% of the dynamic modulus for the static elastic modulus as these
values are considerably higher for similar soils.

s the
ft bgs. These
ave values

Appendix D of the Geotechnical Exploration Report (Attachment E to SAR)
calculated static elastic moduli used for the design and analysis for a dept
calculated static elastic moduli are based on derived dynamic moduli fr

moduli exceed the typical range of values for similar soils repo
literatures.

This information is needed to determine compliance wit
72.103(f)(2)(iv).

Response to RAl NP-2.6-5:
Response will be provided with First RAI Part 2 res
Impact:
SAR Section/Table/Figure/Drawing has b
Or

No change as a result
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RAI NP-2.6-6:

Provide the following information regarding the slope stability evaluation:

a. Water resources in the site vicinity along with a description of its location; s
natural or manmade ponds and how the stability of their embankments mi ect the site.

b. When referring to the natural or manmade slopes, define the words
to the WCS CISF facilities and justify why the failure of these slo
affect WCS CIFS facilities for phase 1 or for the total area of the
applies.

WCS CISF SAR Section 2.6.5 provides general informatio
site. Also, SAR Section 2.7 provides additional informati
site. SAR Section 2.7 states: “There are no slopes, n se enough to the
proposed WCS CISF facilities that their failure would

This information is needed to determine compliance with
72.103(f)(2)(iv).

Response to RAl NP-2.6-6:

ag and drainage features do not have
2cluded from impacting the WCS CISF due |

@sources in the site vicinity are limited to

Specialists LLRW and RCRA facilities |

fation control and evaporation. These

AR Figure 1-1. The maximum elevation of

embankment overflow structures is 3,454 ft.

a'at the WCS CISF is 3,488 ft. Therefore, the

lon of any WCS CISF structureis over 30 feet higher than any of

ecialists pond embankment elevations. In addition to the five

preventing water frei
embankments . 4l
to inherent topt
several '

sed for sedi
] nd 6 o

approximately 3,475 ft. SAR Section 2.4.4 is revised to include
$top of pond embankment elevations being lower than the WCS CISF

reference to
elevation.
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b. The WCS CISF site is generally flat with no significant embankments. The final grading ’
of the WCS CISF site will include excavation to smooth out uneven features and
promote overall grading and drainage as indicated in the Flood Plain analysis referenced
in SAR Chapter 2. There are two significant embankments in the general arga of the
WCS CISF. Both embankments are soil material stockpiles created from ruction of
existing Waste Control Specialists landfills. These stockpiles consist of, excavated ‘

sections within each area.

The first stockpile area is to the northeast of the WCS CISF
PA Boundary for Phase 1 and approximately 785 ft from t

which is approximately 50 ft higher than the surroun
identified as ltem 8 on SAR Figure 1-1.

The second stockpile area is to the southwes

highest point of this stockpile is 3,560 ft, which is i 100 ft above the |
surrounding natural grade. This stockpile is identifi 7 on SAR Figure 1-1.

Side slopes for both stockpiles vz i of 1:1 in some locations.
Side slope of the stockpiles wasieste g or the material when it
was dumped on the piles. The st IIes ir creation, and the
distance from the stockpile locatio ude any settlement or
slope failures from adversely impac pport of this conclusion
Table 2-6 of Foundation Analysns ant owles has been reviewed

This table provnd S 2ngle of internal friction for various soil

: d, loose silty sand, a value of 20 to 22 |
in a comfortable slope inclination of

slope height of 50 ft at an inclination of

n stockpile the maximum horizontal
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2.1 Geography and Demography of Site Selected

The WCS CISF is situated in northwest Andrews County on the southwestern edge of
the Southern High Plains. The entire Waste Control Specialists site is ap i

oil field wastes. Surface quarrying of caliche, san
Mexico, approximately one mile west of the W

the WCS CISF. Uranium Enrichment Comp
technology, uranium enrichment facility about
50397 RCRA landfill location.

Environmental Report, Append
2010 Census data and Figure 1.
mile radius of the WCS CISF.

sities and towns within a 30

area approximately 5.5 km (3.3 mi) from the
ico Highways 234 and 18, there are no
deral parks within 8 km (5 mi) of the WCS

S CISF that contains water seasonally.

attle-watering holes where groundwater is pumped by windmill and

ent Draw, a natural shallow drainageway situated several kilometers
ithwest of the WCS CISF. Local residents indicated that Monument Draw only
ontains water for a short period of time following a significant rainstorm (LES,
2005[2-19]).
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“The local PMP [probable maximum precipitation] floodplain analysis yielded the
PMF elevation near the CISF site of 3488.9 ft msl. Elevations of the storage pads vary
from 3490 ft msl to 3504 msl. Elevations of the foundations of the
security/administration building and the Cask Handling Building are 349
3493 ft msl, respectively.”

msl and

The finish floor elevations of the Security and Administration buj and the Cask

Handling Building are 7 feet and 4 feet, respectively, above t

2.4.2.3  Effects of Local Intense Precipitation

The Flood Plain Study in Attachment B inclu

243
There are no streams or riversy ISF. Monument
Draw, an ephemeral stream, is v : nage and is about 3
miles west of the WCS CISF in i s CISF would be unaffected
by flooding on streams of rivers. Whi typically dry, the
maximum histQgig \ 0, 1972 and measured 36.2 cubic meters
24.4

urrently have ﬁve (5) manmade evaporation
mentation control and evaporation. In addition to the WCS ponds,
of manmade ponds to the southwest in New Mexico. As indicated in
aximum elevation of the embankment structure of any of these

' inimum elevation of any structure at the CISF. If a seismic
failure, the inherent topography would preclude any adverse

concern at the WCS CISF. There are currently five evaporation ponds at the
te Control Specialists site and they are designed with spillways on the south side
so any seiche or surge would flow south away from the WCS CISF.
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2.6.5

Slope Stability

The WCS CISF site and surrounding area is nearly flat, so there is little possibility of
landslides. Settling or slumping is unlikely because the geologic strata ar:

As indicated in Sections 2.1 and 2.4, there are several noni
near the CISF. These include ponds, basins, springs, and d

re at the CISF is 3,488 ft.
0 feet lower than the ground
WCS pond embankments

structures is 3,454 ft. The minimum elevation
Because the WCS pond embankment elevations a
elevation of the CISF structure

used for their oil ﬁeld waste dispOge [ t of these ponds is
approx1mately o * V CS CISF OCA Boundary. The

: W points is approximately 3,475 feet. Because
ps are located at a substantial distance from

g constructlon of existing WCS landfills. The closest stockpile
eet from the WCS CISF Phase 1 PA Boundary. This distance is

There is nal seismic and no volcanic activity near the WCS CISF. There is no
evidence cctonic or volcanic activity near the WCS CISF in the recent past.
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PN

Summary of Site Conditions Affecting Construction and Operating Requirements

The WCS CISF site is located on the southwestern edge of the Southern High Plains,
approximately 32 miles northwest of the City of Andrews. This part of
County is a gently southeastward sloping plain with a natural slope of

undeveloped and the existing land surface is fairly flat with a
percent (%). The existing maximum and minimum elevati

of the proposed WCS CISF site boundary.

The entire WCS CISF, including the access r

ground motion at the WCS
return period is 0.26 g.

Subsurface soils at the WCS CIS
foundations under both the static 3
potential for liguefaeti

oading*égnditions. There is no
ssive settlement of these soils. As
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