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2.2 SHALLOW SUBSURFACE INVESTIGATION

Prior to mobilizing to the site, nine proposed boring locations based on a 1,00-foot center grid
pattem were overain on an USGS-based site map (see Figure 3) and the associated
coordinates for each of these boring locations was ascertzined. On 25 August 2003, CJi
personne! conducted a walking survey of the majon‘ty_of the site while the predetermined boring
locations were staked. Boring locations were located using & hand-held GPS unit. With the
exception of B-1, each boring location was staked as close to the predetermined coordinates as
possible. Due to the presence of sand dunes, it was necessary to field-locate B-1 about 75’
northwest of its mapped location.

Nine borings, B-1 through B-9, were installed and geolggiwlly logged to the geological contact
of the 'redbeds". The borings were drifled using solid and holiow stem augers and the borings
were geologically logged from the cuttings. The boring logs are presented in Appendix A. The
borings ranged In __cjépth ffom 35 feet to 60 feet. The depth and elevation of the redbed in each
of the borings is ghown in Table 1. Once the borings were advanced to the contact, the
boreholes were then allowed to remain open for a minimum of 24 hours to determine ¥ shallow
groundwater was present. )

The uppéf unit was typically described as & dry, red and gray, silty sand with some gravel and
gravel {ayers present. The boﬁnés were gauged for a minimum period of 24 hours and
groundwater was not identified in any of the nine borings. Foliowing the gauging period, the
borings were backfilled with cuttings from the drilling operations.

23  DEEP SUBSURFACE INVESTIGATION

Upon completion of the shallow subsurface investigation, an Investigation of the underlying
strata was conducted for the purpose of identifying the uppermost water-bearing zone at the
expected depth of 230 feet bgl. This portion of the investigation consisted of the installation of
three test borings to define the interval of the suspected 230-foot uppemmost grouhdwater-
bearing zone. Once the subsurface geologic data were obtained through geophysical logs,
these data were used to design three monitor wells (MWSs) near B-1, B-7, and B-9. A summary
of the field activities is presented In Appendix B.
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30 DATA ANALYSIS

The data collected from the field investigation activities and from past investigations on the
WCS property to the east have been used to develop & general model of the site characteristics.
The model includes a fop of redbed contour map, a hydraulic gradient map of groundwater in
the 230-foot zone, and a hydraulic conductivity calcutation of the 230-foot zone.

The top of redbed structure map is presented as Figure 4. The top of fed' bed represents the
paleogeographic surface of this unit prior to being covered by the overburden sand and silt
material that extends to the cumrent land surface. Based on the structure map there is a
northwest-southeast irending ridge In the redbed that is located to the northeast of the subjed
site. Along the southwest foe of this ridge appears to be a top of redbed drainage that slopes to
the s_outh. To the east of the subject site in Section 33, ihe redbeds generally slope towards this
drainage feature. Beneath the slte, the drainage feature generally slopes to the southwest
comer of the property in an east to west drainage feature. This drainage feature has relief of
approximately 40 feet. '

A groundwater gradient map from wells completed in the 230-foot zone on the WCS site has
been extended to include the groundwater elevation data from Monitor Well MW-2. The
groundwater gradient map Is presented as Figure 6. The gradient is shown to be In a south-
southwesterly direction on the WCS site and appears to be in a south-southeastery direction in
the area of MW-2 on the LES property. . The gradient in the area of MW-2 is approximately
0.011 feet per foot.

Based on recovery rates of groundwater in Monitor Well MW-2, the hydraulic conductivity of the
230-foot zone has been calculated at 3.7 x 10° cm/sec (3.8 feetfyear). The hydraulic
conductivity was calculated using Hvorslev's rising head slug test method. The hydraulic
conductivity calculations are presented in Appendix E.

Using the calculated groundwater gradient and the hydraulic conductivity value, the
groundwater velocity has beeri calculated to be 0.3 feet per year. The calculation of
groundwater velocity is presented in Appendix F. [ should be noted that the poroslty value
used in the calculation was developed from {aboratory analysis of soil samples collected from
this zone from the WCS site.
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- LOG OF BORING NO. B-1
. Lockwood Grecne Engineering and Construction
TYPE: 6" Flight Augers LOCATION: Eunfce, NM
e

£l 8 YEsg LAYER

E % €| STRATUM DESCRIPTION ELEV./

& < O DEPTH

-5 N 522,969.2 E 925,623.0 El 3396.49

B Fine sand with silt - very loose, very dry,
-1 red, (SM).
s 31
!
rl°§i.
- sk Tk 3381.5
s -1:,-,1:-.- Fine sand with silt and gravel (<1/2" Dja.) 15.0
] - very dry, red and gray, (SW). !
:_m ‘E * ~
- L] N .
25
30 Fine sand with silt and gravel (< 1-1/2* Dia)
L:. X - very dry, gray and sed, (SW)-
-35
]
40 Fine sand with silt and sbundant gravel
F (<1-1/2" Dia.} - very dry, red, (SW)..
t45 .::
N
IR
0
3 o] - 3341.5
X a% Top of red bed, silty clay - very dry, red, 55.0
] (CL).
" i 3336.5
60 TDE0 60.0

COMPLETION DEPTH: 60.0 '

8] DATE: 8-28-03 PROJECT NO.: 03070
c-i COGK-JUYCE iNC. Sheet 1 of 1
ENGINEERING
812 WEST a_svmm
AUSTIN, TEXAS 78701-2000
(szzuneosr FAX (612)474-6463




POT2 0070 11-17-03

LOG OF BORING NO. B-2
Lockwood Greene Engineering and Construction
TYPE: 8" Hollow-Stems _ ' : LOCATION: _Euuice, N.M.
E ILAYER
E STRATUM DESCRIPTION ELEV./
& DEPTH
N 522,906.4 E927,284.7 El 3402.31
] Fine sand with silt and gravel (<1/2" Dia.)
| - very loose, very dry, tan, (SW).
] Fine sand with silt and gravel (<1/2" Dia.)
3 ] - very loose, very dry, red, (SW). )
]
- 103
Lk )
- e
45 B2 Fine sand with silt and gravel (<1/2" Diz.)
- - very dry, gray and red, (SW).
i Gravel layer from 15.5' - 16.5"
r _
...20 -
L25 -E;:
| E
-t
3013
. =
] o2
I 3368.3
35| Top of 1ed bed, silty clay - very dry, red, 340
! some chert present, (CL).
] 362.3
40 TD=40" T 40.0
COMPLETION DEPTH: 40.0*
DATE: 8-27-03 PROJECT NO.: 03070 _
mE COOK-JOYCE é??%a Sheet 1 of 1

ENGINEERING AND CON
, 812 WEST ELEVENTH
AUSTIN, TEXAS 787012000

(612)474-8037 FAX {512)474-8463




LOG OF BORING NO. B-3
Lockwood Greene Enginecring and Construction

TYPE: 6" Flight Augers LOCATION: Eunice, N.M.
®
Elgla E%@’ : LAYER
g S@J STRATUM DESCRIPTION ELEV./
& <805 ’ DEPTH
e N 522,942.0 E 928,870.2 El 3403.38
REX - Fine sand with silt - very loose, very dry,
[ TEEH red, (SM).
?. 5 .: W
| H 3:': : 3396.4
e Fine sand with silt and gravel (<1/4" Dia.) -1.0
i 53:5:5:5: ’ - very dry, gray, (SW).
- 10 -Fi )
R 2 '
[ e
o
R S8
I s Fine sand with silt and gravel (<1/2" Diz.)
sedl|l - - very dry, gray and red, some chert
RS present, (SW).
t * 008
] |
] B380.4
. 7 Topcfredbed,sﬂtyclay very dry, red, 230
] / 1)
95 | /
| / ‘ ‘
0 -
R /
R
d 7
I 7 3368.4
o~ e | TD=35' 35.0
El COMPLETION DEP‘I‘H 35.0'
DATE: 8-28-03 PROJECT NQ.: 03070

O

| COOK—JOYCE INC,

ENGINEERING CONSULTING

812WESTE.EVENTH

AUSTIN, TEXAS 78701-2000

512}4’4—8097 FAX {512]374-8483

Sheet 1 of 1




LOG OF BORING NO. B4
Lockwood Greene Engineering end Construction

TYPE: 6" LOCATION: _Eunice, N.M.

£
5~
;

LAYER
STRATUM DESCRIPTION ELEV./
DEFTH] -

DEPTH, FT
SYMBOL
BLOWS PER
FOOT OR
REC/RQD), %

N 524,233.0 E 925,711.8 El 3400.66 -

ZEES Fine sand with silt - very loose, very dry, -

gray and red, (SM).

.

v et 8 et e e et
L e B M e MY At 4 i
NN " .

-t
h

l‘i'rl]ﬁi‘ll'l'r’l*lll
-
(=]

| IEPSECIOT W I OO T N TN TR N T N TN S A W O WA 1

3379.7

K&

et Fine sand with silt and gravel (<1° Dia.) - 21.0-

DSOS PR R,
T

o very dry, gray and red, (SW). ©

o F ~ very dry, red and gray, (SW).
~25 1=

b

-30 £

T XX

B )

35 3%

I XX

o0 F | -

40 Fine sand with silt and gravel (<1 Dia)) -
"

i

a5 T 3355.7
4 Top of red bed, silty clay - very dry, red, 45.0
] (CL). '
50
[ ]
55

3340.7

1-19.03
r-x"l
3

TDh=60' . 60.0

COMPLETION DEFTH: 60.0' ‘
DATE: 8-28-03 PROJECT NO.: 03070

OPOT2 0070 1

812 WEST ELEVENTH
_ AUSTIN, TEXAS 78701-2000
(612)474-8097 FAX (5121474.8463

fll COOK-JOYCE INC. Sheet 1 of 1

’ ENGINEERING AND CONSULTING



LOG OF BORING NO. B-5
Lockwood Greene Enginecring and Construction

TYPE: 0-40' Hollow-Stems 40-45' Air Rofary LOCATION: Eunice, N.M.

LAYER
STRATUM DESCRIPTION ELEV./
DEPTH

BLOWS PER
FOOT OR
REC/(RQD), %

DEPTH, FT

g qj

111 Fine sand with silt - very loose, very dry,
. red, (SM).

(7.1

o
T

ok
[~}

Fine sand with silt - very dry, red and gray,

caliche present, (SM).

o

—py
I
—

v

1] H i + ‘ LI 1 i l 1 1 ¥ 14 i 1} 14 ¥ 1

7
8

T 1]

Tt

B

PUSEPUN SO N SN TSI UUUE WS SN TR ST YO R Y TN TRNE TN YN SN VOOV DAY B WUN AN RN SN W)
phuemderet oo dogr bt oplyey eyt vondpmalaetareforlopd o
g
o

1] ¥ U Ll

L 1378.9

Fine sand with silt and gravel (<1/2° Dia.) 30.0
= very dry, gray and red, (SW).

6" gravel layer from 32'-32.5°.

3" gravel layer

3365.9
I Top of red bed, silty clay - very dry, red, 43.0
I-4s - (CL). A3363.9
TR =45 45.0,

COMPLETION DEPTH: 45.0'
DATE: 8-27-03 PROJECT NO.: 03070

CEOT2 007 i1.172.03

cil CODK-JOYCE INC, ' TSR e 1

ENGINEERING AND  CONSULTING
. 812 WEST ELEVENTH
AUSTIN, TEXAS 78701-2000

{512474-5097 FAX{B3214748483
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AUSTIN, TEXAS 76701-2000

’ ENGINEERING AND CONSULYING
{612)474-8097 FAX (5921474-8453

‘ 812 WEST ELEVENTH

. LOG OF BORING NO. B-6
Lockwood Greene Engineering and Construction
TYPE: 6" Flight Augers LOCATION: _Funice, N.M.
o

B gid Bea : LAYER

E g %: &l STRATUM DESCRIPTION ELEV./

& < QP DEPTH

=]
2 N 524,346.4 E 928,685.6 El 3414.75
. 4 Fine sand with silt - very loose,very dry,red,
I | (SM).
F 1
-5 7] Fine sand with silt - very dry, red and gray,
I 1 (S1. '
" 10.] - 3404.8
R 2 Fine sand with silt and gravel (< 174" Dia.) 10.0
] - very dry, gray, (SW). '
15
]
B N .
20 Fine sand with silt and gravel (<1£2° Dia.)
A : . -verydry,gray, (SW).
_ 95 ] '
30 F:
I %
35
PR 32 - 3374.8
. +17 Fine sand with silt - very dry, red and gray, 400
I 1 (SM). .
a5 L 3369.8
L Top of red bed, silty clay - very dry, red, 45.0
] (CL).
0l
7
o
95
L 3354.8
- 60 TD=50" 0.0
COMPLETION DEPTH: 60.0*
DATE: 8-28-03 - PROJECT NO.: 03070
B COOK-JOYCE INC. Sheet 1 of 1




LOG OF BORING NO. B-7
Lockwood Greene Engineering and Construction

TYPE: _6" Flight Augers LOCATION: _Eunice, N.M.

 FT

[LAYER
STRATUM DESCRIPTION ELEV./
DEPTH

SAMPLES
BLOWS PER
FOOT OR
REC/RCD), %

- SYMBOL

D!

N 525,545.0 E925,661.4 El 3415.00

2K 1t Hine sand with silt - very loose, very dry,

B
Lrw)
’

1T Fine sand with silt - very dry, red and gray,

(SM).

1T 1392.0

Lecoasess Fine sand with silt and gravel (<1° Dia.) - 23.0

J 20 very dry, gray and red, (SW).
e ' 3389.0

Top of red bed, siliy clay - very dry, red, | 26.0

Al |«

3 - '
L 1375.0
40 TD=40" T 40.0

COMPLETION DEPTH: 40.0

DATE: 8-28-03 PROJECT NO.: 03070 :
B COOK-JOVCE INC. Sheet 1 of 1

ENGINEERING CONSULYING
812 WEST ELEVENTH
. . AUSTIN, TEXAS 78701-2000

GEOT2 o) 11-17.03

(6121474-9097 FAX (5121474-8463




LOG OF BORING NO.B-8 -
" Lockwood Greene Engineering and Construction
TYPE: Hollow-Stem Augers 0-40', 40-45' Alr Rotary LOCATION: Eunice, N.M,
®
E (3 8 g"o‘é LAYER
2E4H STRATUM DESCRIPTION ELEV./
& § 5 DEPTH
= & Nsase0t7 ES22742 i 342329
| _L:}.q‘-'t' Fine sand with silt - very loose, very dry,
._': - ..:‘-: rcd» (SM)'
- HIF
- S T
1
1113
-10411
- I
L - :'. _::]':':
i~ 15.‘_. .'. _':‘[
- '4 B ?
g HLEF . 4033
] Fine sand with silt and gravel (<1° D2y~ | 20.0
. ]} very dry, caliche and chert present, red,
B T gray, and tan, (SW)'
35+
[
. o 30 'j\.
;35 -
] 3385.3
- Top of red bed, silty clay - very dry, red, 380
_40- (CL).
8l e . 3378.3
543 TDL5" 45.0
= .
&| COMPLETION DEPTH: 45.0'
H pate: 82603 PROJECT NO.: 03070
mE COOK-JOYCE INC. Sheet 1 of 1
ENGINEERING AND CONSULTING

‘ 812 WEST ELEVENTH

’ l ALSSTIN, TEXAS 78701-2000
B 5124740007 FAX (1214748462




LOG OF BORING NO. B-9
Lockwood Greene Enginecring and Coustruction

TYPE: ' 6" Flight Augers ' LOCATION: _ Eunice, N.M.,

»®
8 ﬁg‘c’a"é LAYER
g %ggg STRATUM DESCRIPTION ELEV.
28 g DEPTH

DEFTH, FT

N 525,735.9 E 928,595.5 El 3421.33

111 Fine sand with silt - very loose, very dry,

s AN red, (SM).

Tll‘ll
th

3415.3

Fine sand with silt and pravel (172" D) | 6.0

- very loose, slightly moist, (SW).

—t
o

3407.3

[
L]

% T Fine sand with silt - very dry, red and gray, | 14.0 : -

- M.

8

BN Fine sand with silt - very dry, gray, (SM).

e »

R

4
T

3

r
-

Iy

L)
v

|+ Fine sand with silt - very dcy, red and gray,

1.1¢ (SM).

PAIIOn 4

8

'lllllll|I'Lllllllj_llllﬁlllllll
T y
~y

&

3375.3

Top of red bed, silty clay - very dry, red, 46.0

P T I N A AN Wt e vy Ty 0Ty Y bt
LN O INIE CNSCNION TRy e T
PR N LA A S S A VN A AN T
E T e T T T T L h T L A T LT LT

(CL).

W
(=]

Q

ll“l‘[lIlllrf‘lrlliﬁllj’llﬁ‘l‘!—ll'flli]l("‘l’lilrllilll‘l

LR

ssaalaasastaa,

7 ' 5361.3
TH=60" 60.0

COMPLETION DEPTH: 60.0'

DATE: 828-03 PROJECT NO.: 03070
M CODK;JOYCE INC. - Sheet 1 of 1

ENGINEERING AND CONSULTING
812 WEST ELEVENTH
AUSTR, TEXAS 78701-2000

512)474.0097 FAX {512)474-8453
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,.li?__iL..li_lL_.ll_JLJL—llT"l_lL_‘ll_JL—lu—‘!—-l!‘—""L_'.'—'"-—"“
' " Undisturbed Sample
TYPICAL NAMES sgl\}ggp TYPICAL NAMES 1,520 = Rosovered (1) / Pushed ()
TOPSOIL J-I' CONCRETE Split Spoon Sample Auger Cuttings
B Rock Core .
60-100 = RQD / Reeovery . (5 Dilatometer
ASPHALT DOLOMITE No Sample Q Crandall Sampler
Rotary Drill E:; Pressure Meter
GRAVEL : LIMESTONE s 7] Water Table at time of drilling [O| No Recovery
g, Water Table after 24 hours
X ‘\ \\§
1
SUDSOIL . X hlg:mromsmm - Limestone with
s , Correlation of Penctration Resistance
F | ALLuvIOM SANDSTONE ‘with Relative Density and Consistency
sEok SAND & GRAVEL SILT & CLLAY
No. of Blows _|Relative Density] No. of Blows Consistency
Fr==y 2 0-4 " Very Loose 0-2 Very Soft
1.?_—_ COLLUVIUM " SILTSTONE 5.10 Loose 3.4 “Soft
) 1120 Firm 5-8 ‘Firm
_ 21-30 Very Fimm 9-15 Stiff
o R - 31-50 Dense 16 - 30 Very Stiff
Over 50 Very Hard
:% RESIDYSUM - Stiff to very hard l]j UNDISTURRED SAMPLE ATTEMPT .
S S; Soils possessing chavacteristics of two groups are designated by ; :
combgioahons of group symbols, I(EY TO SY].VIBOLS AND I
_' — - DESCRIPTIONS
SILT ORCLAY - Cobbles |Boulders
Fine .| Mefiom |Commsel Fine | Coerss /y
No.200 NoAD  No.l0 No4 34" 3° 12° ]_\/IA‘ l E ‘
_ U.S. STANDARD SIEVE SIZE '
: ) MACTEC E,“,%’g""’““ end DTCmsumng. inc.
References 'l‘he Unified Soil Classification System, Corps of Engincers, U.S, Army Technical Loulsvitle .
Memorandum No. 3-357, Vol. 1, March, 1953 (Revised April, 1960) camnOXe, Tennesten T2l o

* Caw AQF £80 602
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T_ 0 | .

1. 0

o

P SOIL CLASSIFICATION L | E SAMPLES | rgy W00 ey
P AND REMARKS AN N s esen C
T 4 g 5 D ;l{' A FINES (%)
H SEE KEY SYMBOL SHEET FOR EXPLANATIONOF | N R HEEE ® SPT(opt)
® SYMBOLS AND ABBREVIATIONS BELOW. DI @ |5 B S22 | 100 30 40 %0 g0
- REDDISH BROWN, DRY, SILTY FINE SAND WITH 0 M 2 52 %0 100
L | SOME FINE ROOTS - EOLIAN J b ] X ]
] T VERY DENSE, REDDISH EROWN, DRY, SILTY FINETO  }*}*|° T I .
L 4 MEDIUM SAND Sl b . X ]
- 5 = *fole 24— : 5
| dele b 1 sm‘-l@ 152528 | J
b - d * : L T - :
L deicH . I ]
- 10 il oo 10
L Sl b Isfra ] 213026 } ]
o l : o] r- b - -
~ 15 ~1~VERY DENSE, DARK RED, DRY, FINE TO MEDIUM 3084 \ 15
L SILTY FINE TO MEDIUM SAND 'WITH CLASTS OF Jelo b {sPTa g iss0 | 1 ]
CEMENTED SAND ' b Y
L —] . : . -1 F \ o
L Ak ] I \ 1
~ 20 ~I~VERY DENSE, LIGHT REDDISH YELLOW, DRY, SI1Y [+1°1" 1 > *>4*] spr¢ ﬁ st AN
| | FINE TOMEDIUM SAND WITH CLASTS OF CEMENTED {.|«* | - ] )
- . Jel b - | K
- o fo : : o - L. o
L el b {up4 1020 } .
s . et Lasoren
o [l [P ] sers sor® &
L] (o - ]
a— -~ f° : "'3 .4— é
30_ ::._393_51’1‘-6 soi6* rSad
L el b 4 i .
g o M LS - -
§ 3 J <elo L o | . .
Jgefe . .
g 3 | VERY DERGE, LIGHT REDDISH YELLOW. SLIVERE [<7[- [ - |serr [ s o
18 TO COARSE SAND WITH SOME SUBANGULAR TO dJb L ] i [
gl ROUNDED FINE GRAVEL N [ :
a =3 - A * * L - po -
3 ofe12
i ] 05 O | '
S 40 ’_‘WEA_RE‘E'Y ~DARK RED, DRY, BIGH FLASTICITY + _-33‘3-": e fE  sue | 40
S BORING TERMINATED 40.5 ]
1 i -
2
"
g

L 45

33784 010 20 30 40 50 60 70 80 0 100

REMARKS: STANDARD PENETRATION RESISTANCE TESTING
PERFORMED USING A SAFETY HAMMER. NO
GROUND WATER ENCOUNTERED AT TIME OF
EXPLORATION, BACK FILLED ON $//2003.

N
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[PROJECT: NEF - Lea County, New Mexico

DRILLED: September 9, 2003 BORINGNO.: B-

LkPROJ. NO.: 3043031045/0001 PAGE 1 OF

IS A REASONABLE RNTERPRETATION OF SUBSURFACE
SUBSURFACE

RITERFACES BEWEEN STRATA
BETWEEN STRATA MAY REGRADUAL
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P SOIL CLASSIFICATION Lt | g |._SAMPLES PLOO  NM) L)
P " AND REMARKS 6| E [ © o °
T A g 5 D ; A FINES (%)
H SEE KEY SYMBOL SHEET FOR EXPLANATIONOF | N L 1 ® SPT(oph)
@ SYMEOLS AND ABBREVIATIONS BELOW. Pl @ | ¥ (B S22 | 1ao s o0 e0mu
~ ¥ T REDDISH BROWN, DRY, SILTY, FINE SAND WiTH TR LN L
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