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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

pattern were overlain on an USGS-based site map (see Figure 3) and the associated

coordinates for each of these boring locations was ascertained. On 25 August 2003, CJI

personnel conducted a walking survey of the majority of the site while the predetermined boring

locations were staked. Boring locations were located using a 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, K was necessary to field-locate B-S about 75'

northwest of its mapped location.

Nine borings, B-O through B-9, were installed and geologically logged to the geological contact

of the Oredbeds". The borings were drilled using solid and hollow stem augers and the borings

were geologically logged from the cuttings. The boring logs are presented In Appendix A. The

borings ranged In .depth from 35 feet to 60 feet. The depth and elevation of the redbed In each

of the borings is shown 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 If shallow

groundwater was present.

The upper unit was typically described as a dry, red and gray, silty sand with some gravel and

gravel layers present. The borings were gauged for a minimum period of 24 hours and

groundwater was not Identified In any of the nine borings. Following the gauging period, the

borings were backfilled with cuttings from the drilling operations.

2.3 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 uppermost groundwater-

bearing zone. Once the subsurface geologic data were obtained through geophysical logs,

these data were used to design three monitor wells (MWs) near B-1, B-7, and B-9. A summary

of the field activities is presented In Appendix B.
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3.0 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 a general model of the site characteristics.

The model includes a top of redbed contour map, a hydraulic gradient map of groundwater In
the 230-foot zone, and a hydraulic conductivity calculation of the 230-foot zone.

The top of redbed structure map is presented as Figure 4. The top of red bed represents the

paleogeographic surface of this unit prior to being covered by the overburden sand and silt

material that extends to the current land surface. Based on the structure map there is a

northwest-southeast trending ridge in the redbed that Is located to the northeast of the subject

site. Along the southwest toe of this ridge appears to be a top of redbed drainage that slopes to

the south. To the east of the subject site In Section 33, the redbeds generally slope towards this

drainage feature. Beneath the site, 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 '10 site and appears to be In a south-southeasterly 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 10f cm/sec (3.8 feetlyear). 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 been calculated to be 0.3 feet per year. The calculation of

groundwater velocity is presented in Appendix F. it should be noted that the porosity value

used in the calculation was developed from laboratory analysis of soil samples collected from

this zone from the WCS site.
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LOG OF BORING NO. B-1
Lowwood Greene Eneering and.Constructlon

red, (SMI).

- very dry, red and gray, (S .

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

.'

Fine sand wih silt and abundant gravel
(< 1-1/2' Dia.) - very dry, red, (SW)..

CMN_I
ENGINEERING AND CONSULTNG

612 WESTELVONT
AUSTIN TEXAS 78701 2000

(512)474-97 FAX (512474463



Fme sand widi silt and gravel (< I/2' Dia.)
- very loose, very dry, red, (SW).

Fme sand with silt and gravel (< 112' Dia.)
- very dry, gray and red, (SW).

Gravel layer from 15.5' - 16.5'

-N COOK-JOYCE INC.JI i GIJ~EERiNG AND CONSULTING
a12 WEST ELEVENTH

AtlSTU.IEXAS 78701-2000
- 12)4740097 FAX (512474-8463



LOG OF BORING NO. B-3
Lokwood Greene Engeering and Constructon

TYPE 6" tAug LOCATION: Eu:l N.M.

laAYER

STRATUM DESCRIPTION DEPIH

N 522.942.0 E928,870.2 El 3403.38
Fine sand with silt - very loose, very dry,

.red, (SM.

5..

- SFine san
-.-: -very i

10

-ine san

-20

3I 35'

_3396.4
I with silt and gravel (< 1/4" Dia.)
dry, gray, (SW).

I with silt and gravel (< 12"Dia.)
Iry, gray and red, some chert
0 (SW).

-7.0 _

.180A
23.0

A

.0

_

__1_

. . . .

d bed, silty clay - very dy, red,

_.

. _

^

-

.

..
_ . x
_ .

.

.-

=-

= _

Sheet I of I

__±1
�1�

. .. . .

COMPLMlON DEPTH: 3S.0'

t DATE: 8-2843 PRO!13T NO.: 03070
a COOK-JOYCE INC.

=' _ ENGMEEFUNG AND CONSIJLTING
812WESTLEVET

AUSTL TECAS 787012000
_It1Z4744097 FAX t5123474-0463



LOG OF BORING NO.
Lockood Gre( e xineering and C

TYPE: 6" tAuers

t esanwjSTRATUM DESCREPi)ON -

_ _ _ N524,233.0 E 925,711.8 El 3400.66
Fine sand with silt - gray lowe, ver dry, -

v dry, gray and red, (SM).

10- J.,..

20 '. 3 . O 3
X. Vk .,Fesand with silt aWd gravel (< I" Dii.) - .

25 ee .. w wvery dry, red and gray, (SW).

30 l*.

35 C C

.UTN TEXS 770100

40 ::.: 'e sand with silt gravel (< 14 D4a.) -
:*.:. '.very dry. gray and r4d (M

_45- Top of red bed, silit clay - vcry dry. red,

C OLTLMION Dt : 60.01

DATE: 8-M4<3 PROJECT NO.: 03070

*- WCOOKWOYCE INC.
"sENGIEEIG AN CNULIG

_111111VWEST ELEVENT
_AU_'13N. TEKM 78701-2000
_ _ ¢174-903 FA NtS4744463

B-4
Construction

LOCATION: Eu! NM.

AYERJ

I - I

___
_

379.7
21.0 _

45.0-

60.0-

= ,

-- i I_ _
i1~

_-u

. .

4T_ .
.-------

_±_ i

_

I _

Shedt I of 1



LOG OF BORING NO. B-5
Lo&wood Grene Engineering and Construction

TYPE. o0- Honow-Stems 4045' Air RoaR- LOCATION:__Ew N.M.

0 inE LAYER
STRATUM DESCRIPTION EEV.

N 524,274.0 E 927,281.5 El 3408.5 --

I

-5

-10

F

-15

20

25

30

35

40

* 45-

1111
Fine sand wtI silt - very loose, very Mry,

red, (SM.

Fine sand with sit - very dry, red and gray,
calice present, (SM).

.. 4 4

D.0 I

5.9

3
. . . 37

31H _

* a.. I
I

I

Fine sand with silt and gravel (< 12- Dia.)
- very dry, gray and red, (SW).

6 gravel layer from 32'-32.5'.

3" gravel layer

3362
4:,77!, - - t

Top of red bed, silty clay - very dry, red,
I (CL).

TD =45'

2
3.0

129
4. 4

:20
*" 4- 4 - '

45.0

E COMPLETION DEPTH: 45.0'

PROJEC NO.: 03070 .. _ . __ -

_| CO-OK-JOYCE INC.
_ ENlGINEEPNG AMN CONStXLTING

K JE-. 812 WEST ELEVENM
SAUSM T4A7S A8701-2000

_ 512)4N ,'"07 FAX (GIZ47,4"3

lheet I 01 1 -



TYPE: 6" F]i

-10

-20-

25-

30 -~*::

40

45-

50

- 60

LOG OF BORING NO. B-6
Lockwood Greene Engneering and Constructlon

Zt Amera LOCATION: Eunkce, N.M.

STRATUM DESCRIPTION

N 524,346.4 E 928,685.6 El ?
Fine sand with silt - very loosevery dr

(SM).

Fine sand wi silt - very dry, redand j
(SM).

Fine sand with slit and gravel (< 1/4' I
- very dry, gray, (SW).

Fne sand with silt and gravel (< 112" 1
- very dry, gray, (SW).

....

LAYER
ELEV./
DEPM

414.75
W.red_

grayt

.8 _
)ia.) 10.0

)ia.)

3374.8
ray,. 40.0,

3369.8-
d, 45.0 -

354.8

I I

Et

. - , .

-I - -

1EE�

Er=-- 4Fne sand silt - vey dry, red W I
(SM).

Top of red bed, sity clay - very dry, re
(CL). =_I

__
= : I
_I

_i
- - -I

i
-I-----

-4- ,^ ^

I W.cu
W, . _ _COMPLETON DEPTH: 60.0'

DIATE: 8-28.03 PROJECT NO.: 03070C E COOK-JOYCE INC.
| " ENGINERING AiND COUStXllWG,I81 2 aLvem

__AUSIUS, AS 787014000
_5121474-SOS7 FAX (5i2)474-463
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LOG OF BORING NO. B-7
Lodkwood Greeze eering aud Constucdan

red, (SM).

Fiae sand with silt - very dry, red and ray,
(SM).

ME

0IEIIGINE£ING MM COG
012WEST BE

AIJSTM TEXAS 78701-2000
4612)4744-907 FIX (12147"463



LOG OF BORING NO. B-8 .
.Lowood Greene Egirieering ana Construction

TYPE: Hollow-Stem Auges 040', 4045' Air Rotary LOCATION: EuniceN.M

STRATUM DESCRIPTON

N 525,604.7 1 927,274.2 El 3423.29
Fine sand with silt - very loose, very dry,

red, (SM.

10

1..

2 .,0

F ncsand wi silt and gravel (< Dia.)-
very dry, caIche and chert prcsent, red,

. ay, and tan (SW).

30

35 ::::::::

Top of red bed, sity clay - very dry, red,
-40 (CL).

TD-45'

COMPPlETON DE H: 45.0'

3 DATB: 8-2603 PROJECT NO.: 03070
*E COOKJOYCE INC.

GNEN R1NG AND CONSWLTiNG
_812WEST ELEVENTH

AUS-_. TEXAS 78701-2000
_t 6Z474-907 FAX(12147"463

LAYEPR
ELEVJ
DEPH

.I_ I

I

I_

.3
20.01

3 85.3
38.0

378.3 =
45.0 _

=

=

I

=

I_

I
= - _ . _

_e I of_
=

_

. . ..... ..... . _ . _



LOG OF BORING NO. B-9
Lokwood Greene Engineering and Constmctioa

TYPE: 6" Ffigt Augers LOCATION: Enie, N.M.

E 4U

10-

20.-.

-25

-30

35

40

45-

so

55

~60

V~
914

o_

-- - - - - p

STAUM DESCRIPTTON

N 525,735.9 E 928,595.5 El 3421.33
Fine sand with silt - very loose, very dry,

red, (SM).

I
I
1

3

LAYER
ELEJ
DEPT

415.3 -
6.0

407.3

1 .X_ .... _

_ _

_ _
_ = - _

Fne sand with silt and gravel (< 1t2' Dia.)
-very loose, slightly moist, (SW).

Fine sand with silt - very dry, red and gray.
(SM). I

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

Fine sand with silt - very dry, red and gray,
(SM.

Top of redbed, slty clay -very dry, red,
(CL).

3

_

14.0Q

'75.3-
46.0

61. 3
60.0

_ ..

.
-

_

_

=

= _ .=
_ _

.
__

_ .-

_

. _
_

= =
Sheet 1 < 1

= IT-D=60' 1I
COPWLETION DEPTH: 60.0'

DATE: 8-28-03 PROJECI NO.: 03070

ME COOK-JOYCE INC.
GOINEERNG AMD CO?8ULNMG

AmS TXS 78701-2000JI 012)74897 FX(G6 47-8483
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_

Ot^t D
- F

I rnnTnyTP U Undisturbed Sample Imto v t st ̂  s n
'1ur TYPICAL NAMES 3"_. LTYPICAL NAMY 1.5 i.0 - Recoveid () I Push x ):

TOPSOIL i f cCONCRETE Spilt Spoon Sample Auger Cuttings

Rock CoreDitotr
_ _________.__ __ __ __ 60-1002 RQD /Recovery Dilatometer

ASPRALT DOLOMrTE No Sample Crandall Sampler

DrllA_
Rotary ltli A Pressure Meter

GRAVEL LIMESTONE , ' Water Table at time of drilling No Recovery

Water Table after 24 hours

I _ FILL SIMALE

SunsoujL LIP4ESTONEISAE- Limem one with

Correlatlon of Penetration Resistance
____________________ l sANDSTONE _ vwith Relative Densiy and Consistency

SAND & GRAVEL SILT & CLAY
No. of Blows Relative Density No. of Blows Consistency

_ .0-4 0Ver Loose 0-2 VeySoft
COLLUVIUM SILTSrONE 5-10 Loosi 3-4 -Soft

11-20 Firm 5-8 Firm
I ..__ 21-30 VeryFirm 9-15 Stiff

.,M 31-50 Dense 16-30 Stiff
1AESDBUM - Sott to flORING Over 50 Very Dense . 31-50 Hard.

Over 50 Ve=y Hard

flEShIAM - Stiffto very hard UNDMS MED SAME ATnMPT

ND AY CASSErjC=T NS Soils possessing eharacteristics of two grups ame designaed by
combmations of group symbols.

SILTORCLAY SAND I GRAVEL C bbles B I
Iine .T I 4 m FineI ICobblesa"

KEY TO SYMBOLS AND
DESCRIPTIONS

JMACTEC
MACTEC Egr"neetV d CoMisulllng. Inc.

1725 LuIsvle Drive
Knoxve.Tennessee 37921-5004

- fR.R00 *AA * c e0e roo

No.200 N0.40 No.10 No.4 3/4' 3" 12"
U.S. STANDARD SEVE SIMIRcf; The Unified Soil Classification System, Corps of Engineers, U.S. Amy Technical

Memorandum No. 3-357, Vol. 1, Mach, 1953 (Revised April, 1960)
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SOIL CLASSIICATiON
AND REMARKS

SEE KEY SYMBOL SHEET FOR ECPLANATON OF
SYMBOLS AND ABBREVIAIONS BEOW.

,_

L
E

E
N
D

E
L

V

(C)

I AMPILES

I T ji -OUN

N E b. ' E

� _ _ _

LP~) ntm") U(S)
A FMES (V)

S SPTbf)

10 20 30 40 50 60 70 t0 to too

15

20

3-

- 30

- 35

F

_ _ - _ I , _t

REDDISH BROWN. DRY, SILTY FINE SAND WrIl
SOME NE ROOTS - EDLAN

, .: -Ma

i

._ _ _

T1l
4_.s _

. - 0 , .

VERY DENSE. REDDISH BROWN, DRY. SILTY FINE TO
MEDIUM SAND

I -.

1:

: I

3418.4 i

-3413.4-

-340E.4-~

I

SPT-I 15-25-28

SPT.2

_ _ _ _ _ _ _ _ _ - _ _ _ . _ _ _ _ _ _

VERY DENSEA DARK RED, DRY, FINE TO MEDIUM
SILTY FINE TO MEDIUM SAND WITH CLAS OF
CEMENTD SAND

a

0

0

SPT-3

- '-i- i .3an-4-4-i I
VERY DENSE, LKH] KDLu)SH YELW,mDRY, SLTY
FINE TO MEDIUM SAND WrV CLAS OF CEa~lIT
SAND

_ r4

-339S.4-

-3393AI

. . . . _ WV.'.= __

UD.I

SPT-s
I

21-30-26

15430-37

s506'

1.0-2.0

50/6w

sov.

- - -- - - . - - - E

20

- _ _ _ _ _ _ _ - - 30
SPTn-6

I

C

4,

C

0
4

- __ _ __ _ ___ _ _ ___ _-31 . . .

VERY DENSE LIGHT REDDISH YEllOW. SLTY FNE
TO COARSE SAND WITH SOME SUBANGULARTO
ROUNDED FINE GRAVEL

.- _ _§ s_ S _

Cl

40

K5
. EY HARD. DAR RED. DRY. HIGH PLUSMICIY ,-Z-3U.

SORNGEIM4ATED40

- . 33X.~

SIT4 I0

__-- .-. 0 l0 20 30 *40 50 60 70 £0 9Q tO0

REMARKS: STANDARD PENETRATION RESISTANCE T1ETING
PERFORMED USING A SAFETY HAMMER. NO
GROUD WATER ENCOUNTERED AT TM OF
EXPLORATiON. BACK VILLaDON 591j3.

wRn

PROJECT: NPF - Lea Counity, New Mexco

DRILLED: September9,2003 BORING NO.: B-

PROJ. NO.: 3043031049000I PAGE I OF

_ MACTCv
THlHS 3ECOD ;AREASt LEr REATONOFSUSSUACE
CMMOMTS ATIE E AON LOCAION StMSU1JACE
CONDITIOTOTR LOCATIONS ANDATOT{ERTZIS WMAY WFFEF
IWERFAC SEWU4ShMATA ASE AfROXIMAI. ITAStINS

WEEN SMTAA MAY v MtAWAL.
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SOIL CLASSIFICATION
1AND PIEMAR1KS

SEE K:EY SYMBOL SHEETFOR EXPLANAT1ON OF
SYMBOLS AND ABREVIAPOS BELOW.

L
B
a
B
N
P

E
L
E
v

(fR)

-sA

IEIi
tT

T E b X b _

PL) N (7) LL )

A FINES (%)

0 sPrbf)
10 20 30 40 SO 60 70 90 to 1t0_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _

& .... _ 1 871
i REDDISH BROWN, DRY, SILTY, FINE SAND WITH

SOME FINE ROOTS - EOAN
- - -------

. -- - .-- , . . .

1- I J..I
VERY DENSFE LIJHT YELLOW. DRY. FINE SILTY
SAND WITH CUSIS OF CEMENTD SAND -CALUCE
FROM 6.0- 7.5'

.
...

-3417.2

Sft-Il
5

1-29-29

/
- lS

- is

-20

- 25

-30

- 35

- 40

- 45

/
FIRM TO VERY FIRM, UGHT YELLOW, DRY. SILTY . _ _
FINETO MEDIUM SAND

. 4
S.

_ ~*. *3407.2-

. .

: : :1

_ _ . x,_.,,,,., . _. 32
VKTY kEIkM TO VER1Y Vt.Z4lU UU111 TYLOLW, ZiL1 I
FMNE TO MEDIUM SAND WITH CLASTS OF
CEMENTED SAND FROM 25. TO 35.0

3397.2-

SPT4

SPT-5

SPT-6

11-10-10

9.12-12

13M1-12

15-5015

$01lI

14-23-30

I

- /20

-25

--- s

SPT-7

9
Is

II

.16
f
F
A
9

I
_ EYH;RD, DARX RED AD FUPlJR MOIST, HUH i s7

_ PLASTcY CAY

BORING TERMINATED AT 41.4'

_ -1137

SPT4

SPT-9 12-33-SO5I 'N

_ _ _ _ _ _ _ _ _ _ _ _ _.* 0 0 20 30 40 50 60 70 ,0 90 100

REM: STANDARDPENETIRATIONRESISTANCETESTNG
PEORMED USING A SAFETY HAMMEL NO
OROUND WATEP ENCOJNTERM AT3TAE OF
EnoIN. eBSCIC FILLEDON 9SJ03

7115B3ORIAASONABU IIDTATO OF VSUUACE
T AT=E WE ARION LOCAll0N. SUBSWAM

CEOD1I~lOATCT C LWCATIM AND ATOTHER TOMES AYDtFEt
8R7ACSEWEE TAARE APPR UAIE. IRA TIMNS

s IT.A TAM AY3E MADUAL

.: - ---.I-

PROJECT: NWE - Le Caotm, New Mmico

DILLED; September9,2003 BORING NO.: B-2

PRO.NO 3043031049A)M PAGE I OF i

if. MACTEC . I



REMARKS: STANDARD PENETRA04 RESSANCE TESTIO
PEPMED USING A SAFErY HaM NO
GROUND WATER ENCOUNTEIRD AT TIME OF
EXPLORATION. BACK FILED ON 9/10/2003.

I -.

P 'ROrECr.NF - Lea '-^nt, -,e w fvcxico

l DRILLED: September 10t 2003 BouIG NO.: E-3

PROJMO.:A3TE3031C9/0001 PAGE 3 OF 3C

g MAC rnc _JETms Utc=D BAREkWHSL RAnPETATION OFnMSUAFCE
COt ^TM AqSdAE
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StnACES BEWEMM ATM APPWXflATIE 1RANSMONS
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II

]1

:1
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2~1

a:I
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I

is
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'I
i..a

W..

'I I
I

REMARKS: STANDARD FENETRATON RESWSTANCES1
PFEOR USMN A SAFE7Y MAMER. NO
IGROUND WATER EaCOUNTERE AT T&E OF
LEXPBRA1IO BACK FNI ON 9/1j2A009.

PRO MM- NE -L. Count;, I-,Ic,v vw,

DRILLED: September 10,2003 BQ0JJOG NO- B

PROJ. NO.: 30430310490 PAGE 2 OF

L _ MACTEC
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SOIL CLASSIICATION
AND REMARKS

SEE KEY SYMBOL SH{EET FOR EXPLANATION OF
SYMEOLS AND ABBREVIATIONS BELOW.

L
E
a
E
N
D

E
L
E
V

(ft)

AMLE

T E A v q

_ _ _ _ _

FL&-%ft WM(%%)

A FB4ES(%)

* S0T(bp9)
10 20 30 40 so 60 70 t0 9o 100l _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _

I REDDISH BROWN. DRY, SILTY FINE SANDY WITH
NS0M ROMS- EOL1AN

1-1.4 P -141? S

VERY DENSEX REDDISH BROWN DRY, SILTY FM To
MEDIUM SAND WITH C5ASTS OF CEMETE SAND

a

:

[C

aC

A ,J 1a _

-340751

-3402.

SPrT-

4--

SPT-2

- Is

- 20

-25

- 30

- 35

- 40

L 4

SPT-3VERY DENfSE, UGHT YELLOW, DRY SILTY FINE TO *r , i3397.5-
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