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Class A Pan Evaporation at Laguna, New Mexico 1914-2005
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Figure 1.2-7
Daytime Wind Rose
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Figure 1.2-8
Nighttime Wind Rose




DRAWN BY: PWD
-

100
" Mies

0 1
I ] Miles

Legend

D NRC License Boundary
D Survey Parcels (numbered)

EZA ras
Environmental Resource

P _I -mi Management www .erm.cor
1 ! 1-mile Buffer of Survey Parcels ERM

Source: ERM, 2018

\WDWALVS02\Data\Projects\0436775 Barrick Homestake Grants Remediation\DELIVERABLES\MXD\20171208 Site Map.mxd, REVISED: 12/08/2017, SCALE: 1:63,360 when printed at 8.5x11

Source: Basemap: Esri World Street Map

( II().\:-%{‘:\KH Figure 1.2-9

A .
Grants Reclamation Project Study Area for Environmental Survey

Corrective Action Program




DRAWN BY: PWD

SamLa Fe
B Albuquerque

N 605

PR Rt e i ]

- ) *

SWReGAP Land Cover

Inter-Mountain Basins Greasewood Flat

I Madrean Pinyon-Juniper Woodland

- _| 1-mile Buffer of Survey Areas

I Agriculture - Inter-Mountain Basins Mixed Salt Desert North American Warm Desert Bedrock
g Colorado Plateau Pinyon-Juniper Scrub Cliff and Outcrop
Woodland Inter-Mountain Basins Semi-Desert [l Open Water
I Developed (Medium - High Intensity) Grassland . . . jm Rocky Mountain Lower Montane Riparian
I Developed (Open Space - Low Intensity) [ Isntt:;;)l\gountam Basins Semi-Desert Shrub Woodland and Shrubland
5 . . . Rocky Mountain Ponderosa Pine
— Inter-Mountain Basins Big Sagebrush Inter-Mountain Basins Volcanic Rock and "™ Woodland
Shrubland -
Cinder Land
Grants !yhl.ﬂ; ka
Legend
E NRC License Boundary N Source: ERM, 2018
E Survey Areas A
EZALtas 05 1 .
— o — Environmental Resources ﬂ&ﬂ;

Management www.erm.com L

ERM

Source: Basemap: Esri World Street Map: Soils: NRCS 2017

(HOMESTAKE,
Grants Reclamation Project
Corrective Action Program

Figure 1.2-10
Vegetation Communities
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Figure 1.2-11
Crucial Mule Deer Habitat
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Figure 1.2-15
NRCS Soil Map
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Figure 1.2-17
Regional Geologic Cross Section Through the San Juan Basin




§§§§§§§§§§3§(ﬂ>

38

 EEEEEEEEEEREEEREE

gre8ss

OUTH

ZUNI
UPLIFT

1-40

GENERALIZED GEOLOGIC CROSS-SECTION
SAN MATEO CREEK BASIN

Mesa Montaiosa
HOMESTAKE
LOWER SAN MATEO
M'N':gfsol'}"g ANY CREEK FLOODPLAIN G

T°
Alluvium

LARGE
TAILING
IMPOUNDMENT -

AMBROSIA LAKE VALLEY

885683888

Legend

[[] Awuvium/Eolian [l Dakota Sandstone Formation [[] Entrada Sandstone

[] Point Lookout Sandstone [] Morrison Formation - Brushy Basin Member [l wingate Formation

[T crevasse Canyon [ Morrison Formation - Westwater Canyon Member [T chinle Group

[ Mulatto Tongue [l Morrison Formation - Recapture Memb [l Other Chinle Sandstone

NOTES: 1. VERTICAL EXAGGERATION = 10X
Gallup Sandstone . Bluff Sandstone D Upper Chinle Sandstone 2. ELEVATIONS ARE IN FEET ABOVE MEAN SEA LEVEL.
3. SURFACE GEOLOGY IS BASED ON U.S. GEOLOGICAL SURVEY AND

[Z] Mancos Shale [T] summerville Formation ["] Middle Chinle Sandstone D e e DOl b CE T 8 AT AR e

AND MCKINLEY COUNTIES, NEW MEXICO.
. Todilto Limestone . San Andres Li e - Glorieta Sand: 4. THIS CROSS SECTION REPRESENTS AN INTERPRETATION OF

‘GEOLOGIC DATA AND IS SUBJECT TO CHANGE AS NEW DATA BECOME
AVAILABLE.

5. THIS CROSS SECTION IS FOR ILLUSTRATION PURPOSES ONLY. ITIS
DESIGNED TO AID IN THE UNDERSTANDING OF THE GENERAL
‘GEOLOGIC FRAMEWORK OF THE STUDY AREA.
SHOWN

THE OUT ABOVE THE
ALLUVIUM ARE PROJECTED ONTO THE CROSS SECTION FROM THE
WEST TO SHOW MESA MONTAAOSA AND AMBROSIA LAKE VALLEY
TERRAIN.

Cross Section Location shown on Figure 1.2-19

o 150 300 600

T el

VERTICAL EXAGGERATION: 10X
0 1500 3000 6000

HORIZONTAL SCALE W FEET

SEMS ID: NMNO00606847
TDD NO: 0001/17-039

oA

Grants Reclamation Project
Corrective Action Program

Source: Weston, 2018

Note: One of the Chinle water-bearing units beneath the GRP is missing in this figure.

Figure 1.2-18
Generalized Cross Section
Through the San Mateo Basin
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Figure 1.2-19
Surface Geology of the
San Mateo Creek Basin
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Figure 1.2-20
Faults Mapped at GRP
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Source: Arcadis, 2019

Cross Section North of
Large Tailings Pile
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Source: Arcadis, 2016

Figure 1.2-22
Cross Section West of
Large Tailings Pile
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Figure 1.2-23
Three-Dimensional
Hydrogeology
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Saturated Extent of the
Alluvial Aquifer
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Figure 1.2-30
San Jose Groundwater Elevation Contours
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Figure 1.2-36
Approximate Groundwater Flow Directions in
Cretaceous and Jurassic Aquifers
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Figure 1.2-38
Upper Chinle Transmissivity
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Figure 1.2-44
Stiff Diagram Comparison of Near
Upgradient Alluvial Groundwater Quality
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Figure 1.2-46
Chinle Background Wells
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Figure 1.2-47
Stiff Diagram Comparison of Upper Chinle
Groundwater Quality in the North Wells
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Figure 1.2-48
Stiff Diagram Comparison of Upper Chinle

Groundwater Quality in the East Wells
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Major lonic Constituent Concentration Comparisons
of the Upper Chinle Wells
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Stiff Diagram Comparison of Middle Chinle
Groundwater Quality in the South Wells
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Figure 1.2-51
Major lonic Constituent Concentration Comparisons
of the Middle Chinle Wells
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Figure 1.2-52
Stiff Diagram Comparison of Middle Chinle
Groundwater Quality in the North Wells
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Figure 1.2-53
Stiff Diagram Comparison of Lower Chinle
Groundwater Quality in the South Wells
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Figure 1.2-55
Maijor lonic Constituent Concentration
Comparisons of the Lower Chinle Wells
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Figure 1.3-1
Alluvial Groundwater
Uranium Concentrations, 2019
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Figure 1.3-2
Rio San Jose Groundwater
Uranium Concentrations
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Figure 1.3-4
Alluvial Groundwater
Molybdenum Concentrations, 2019
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Alluvial Groundwater
Thorium-230 Concentrations, 2019
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Upper Chinle Groundwater
Selenium Concentrations




o CW2—1

CF3

0.06

" CF2

0.005

CFo6 CFS

0.17 0.16

CF7A 0

0.11

COLLE(Q
POIN

CF1
@_ ~

©
“LARGE—-TAILINGS—PILE
P(RECLAMATION IN PROGRESS)

0.10 .

0.08

{

[y =
® © 5[’. |@2
—l ?°§E18CE14

LINED EVAP. POND #1

A

——LEGEND—-
CW18®  UPPER CHINLE WELL

INJECTION WELL

0.06  DATA
SITE _STANDARD

®  UPPER CHINLE TREATED AND/OR FRESH WATER

CE2 ® UPPER CHINLE COLLECTION WELL

©® UPPER CHINLE OFF-SITE COLLECTION WELL
—0.1 CONTOUR AND LABEL

MIXING ZONE >0.14 mg/i
NON-MIXING ZONE >0.06 mg/!

SUBCROP OF UPPER CHINLE
ALLUVIUM OVERLIES SANDSTONE

UNSATURATED ALLUVIUM SATURATED ALLUVIUM

e 2\
(HOMESTAKE
PAEN
Grants Reclamation Project
Corrective Action Program

Figure 1.3-16A
Upper Chinle Groundwater
Selenium Concentrations - Inset




@
WEST / cw52 EAST /

FAULT FAULT

]
CW50
/ <0.001 /

154550,
2! Ig? COUNTY ROAD 63 /
28jp7 7 37 26
®
929
,90.008
1543500
/ 0.02
PLEASANT/-VALLEY -~
ESTATES
/ o.
1541500-
MURRAY-ACRES
¥
O/ law
933 ©
1539500
B ]
I
[
+10)
BROADVIEW SdEs oore S
ACRES —=tT7ie e 46 945
S © a2 580
7/ CW40 1537500~
4'2 0.002
FELICE—-ACRES
0.05
CW54 (494 Ny LN
¥ Lwrs
3773 sl
ol ) <0.001
2 cWis C:\PROJECTS\ 2020-06\ 1600UP19
2 CH73 1/ ——LEGEND--
- <0.004/;
z // CW18®  UPPER CHINLE WELL
@  UPPER CHINLE TREATED AND/ OR FRESH WATER
4 INJECTION WELL /
CE2 ® UPPER CHINLE COLLECTION WELL
33034 / @ _ UPPER CHINLE OFF-SITE COLLECTION WELL
‘. F <003 DATA
= —— 0.1 CONTOUR AND LABEL
[=]
s SITE _STANDARD
& MIXING ZONE >0.1 mg/L
e NON—MIXING ZONE >0.1 mg/!
<
o SUBCROP OF UPPER CHINLE
z ALLUVIUM OVERLIES SANDSTONE
-
= 485400 487400 489400 UNSATURATED ALLUVIUM  SATURATED ALLUVIUM
2
(HOMESTAKE Figure 1.3-17
1% * )

: . Upper Chinle Groundwater
Grants Reclamation Project )
Corrective Action Program Molybdenum Concentrations




]
WEST / cw52 EAST /

FAULT FAULT

[}
Ccws0
/ 0.02 /

154550
/ 0.02
24 AD_63 22,23 @ CW2-1 CF3 C o Joz 44

287 /27 26 o0 3

e CF2 929
T e
wLANGE—TAILINGS—PILE

S(RECLAMATION IN PROGRESS)
CF6 CF5

. 1543500
1O}
# =
AR
PLEASANT}-VALLEY Trkr] o
ESTATES
<0101 kgs|
©
/ « ery CE1g
e o °
1541500
MURRAY-ACRES ®
| 1 7 .CE18CE14 «CE19
®
@
934
© law |
T 933 ©
BE- 2520
; <0.01 3536 1539500
- - CE15
| )
T CE15A "
| []
010 © w E
o)
BROADVIEW S
© ®
ACRES —=Fi7is e 4 945
©580
77 ©cwa0 1537500~
447 /]
FELICE-ACRES
<j0.01
@ [CW54 )494 W53
2 LWrs
3 48
aQl ® <0.01
H cWis C:\PROJECTS\ 202006\ 1600UP19
Tl =
gl ON73 // ——LEGEND--
.:E Y/ cwise UPPER CHINLE WELL
©  UPPER CHINLE TREATED AND/ OR FRESH WATER
INJECTION WELL
CE2 @ UPPER CHINLE COLLECTION WELL
ssfe / ©®  UPPER CHINLE OFF—SITE COLLECTION WELL
4 SALES <0.01 DATA
Q 372 SITE STANDARD
<
e MIXING ZONE >0.01 mg/lL
n NON-MIXING ZONE 0.01 mg/t
("4
<
e SUBCROP OF UPPER CHINLE
z ALLUVIUM_OVERLIES SANDSTONE
-
= 485400 487400 489400 UNSATURATED ALLUVIUM  SATURATED ALLUVIUM
.
(HOMESTAKE Figure 1.3-18
1% * )

Grants Reclamation Project Upper (.:hmle Groundw_ater
Corrective Action Program Vanadium Concentrations




21

WEST

FAULT /

See Figure 1.3-19A

o 05
Cw50

EAST /

FAULT
70

@
Cw52

/223

oP 0.2 154550,
77 cws
(o} 23 4

2 COUNTY_ROAD 63 @ CW2-1 CF3
28 7 47 26 A — 28
—o=— CF1 = >
- CF2 929
& ® U
LARGE—TAILINGS—PILE
-\R:bLAMATION IN PROGRESS)
= . CF4
=
/s B 1543500
Ay
6
_ A
TR
/ 5L,  CWo—rrteA. |
PLI.ASAIS\IT -VASLLEY -“-F'W 2 .
E TATE | 'Er LINED EVAP POND
Fad
/ ., cE? "{'%
< cs% ) 1541500
MURRAY-ACRES [}
1 7 «cE18CE14  ocE1g
| [ 1A
1 ]
|:| © law
2 T = 933 @
33 27 |26
3435
% o<0-1 1539500+
N CE15
=
M | ()
T CE15A
] ]
0.1 ®
bt! ﬂ
BROADVIEW- T ™ 3 ©945
ACRES —=1 ks o 46
® 580
©cw40 1537500~
447 /]
FELICE-ACRES
<0.
cw54 ,49% o/CW53
] (\3
= . o W78
3 4837/
a 06 © 0.20
g ) Scwis C:\PROJECTS\2020-06\ 1600UP19 _|
Tl =
) "‘”73// ——LEGEND-—
.:E 1A CW18® UPPER CHINLE WELL
/@ ®  UPPER CHINLE TREATED AND/ OR FRESH WATER
INJECTION WELL
CE2 ® UPPER CHINLE COLLECTION WELL
33||S4 / @ UPPER CHINLE OFF-SITE COLLECTION WELL
4 1= o
312 D o
g <0.2 Q.Rtl-ZZB
[-3 NO SITE STANDARD
a FOR THE MIXING AND
5 NON—-MIXING ZONE
. SUBCROP OF UPPER CHINLE
E ALLUVIUM OVERLIES SANDSTONE
-
= 485400 487400 489400 UNSATURATED ALLUVIUM  SATURATED ALLUVIUM
O ]
(HOMESTAKE Figure 1.3-19

Grants Reclamation Project
Corrective Action Program

Upper Chinle Groundwater
Radium 226+228 Concentrations




2 23

@ CW2—-1 CF3

+
7 26

() 7ss

/

O
518@

B1

B20

©

J52

©
@Tsl ~
T49

“@LAJ@Q

P(REELAMATION IN PROGRESS)

CFZ CF1

GE— TAIMNGS PILE

CFo6 CF5

CF4

©

T60

TF7A

T32 @
130
©
127 128
©
125
©
\
Ws—

08, @

{‘5"7
V<01 532

)

*©

CE13

©

(6]0)

CE17

LLEQTION
POMND

CE1

LINED EVAP POND
NO. 2

LINED EVAP. POND #1

A

——LEGEND—-

UPPER CHINLE WELL
UPPER CHINLE TREATED AND/OR FRESH WATER
INJECTION WELL
UPPER CHINLE COLLECTION WELL
UPPER CHINLE OFF-SITE COLLECTION WELL
o
s
o
Ra-226
NO SITE STANDARD

FOR THE MIXING AND
NON-MIXING ZONE

SUBCROP OF UPPER CHINLE
ALLUVIUM OVERLIES SANDSTONE

<0.2

UNSATURATED ALLUVIUM SATURATED ALLUVIUM

*
(HOMESTAKE

Grants Reclamation Project
Corrective Action Program

Figure 1.3-19A
Upper Chinle Groundwater

Radium 226+228 Concentrations - Inset




®
WEST cws2 EAST
FAULT FAULT
COUNTY ROAD 63
® S

B27
PLEASANT-VALLEY
ESTATES
RRAY-ACRES
| | | =
E || e
i T,
.|-Z \ 1/ §
\

LEGEND

011

CE 2 (® UPPER CHINLE COLLECTION WELL

.

A+
RD LANE 4
- ke

(® UPPER CHINLE FRESH WATER INJECTION WELL

1 WESTERN LIMIT
OF UPPER CHINLE

(® UPPER CHINLE OFF-SITE COLLECTION WELL
CW 18 ® UPPER CHINLE WELL
6476 .8 paa

—J»  UPPER CHINLE FLOW

THUN]@EF@J

B

Contour

SUBCROP OF UPPER CHINLE ALLUVIUM OVERLIES SANDSTONE

E Saturated Alluvium

e
L

—

Unsaturated Alluvium

N

0 1,600 Feet
$ S

Site Standard

l:l Mixing Zone > 1750 mg/I
Non-Mixing Zone >914 mg/l

LPH CARD ROAD

'H0M}"~,§"l\‘;\lﬂ} Figure 1.3-20
: ) Upper Chinle Groundwater
Grants Reclamation Project .
Corrective Action Program Sulfate Concentrations




FAULT FAULT

®
WEST / cw52 EAST /

<0.1
©

/ /

1.3 1545501
22 COUNTY_ROAD_63 / 2 23 Cw2-1 W3
== 0] CF3 o} 23.24
) Y] 7 47 26 S . — 26175
HMC
o CF1 = >
& 2 / 929
e
SLARGE— TAILINGS PILE
i\RmLAMATlON IN PROGRESS)
" C . CF.
-
/5 B 1543500-
s CF7A
—
/ o
002 & O 6Ao
= e ®
PLEASANT}-VALLEY ool 2 o
ESTATES T
2 | LINED 'E'VoszPOND
=2 C?f & LINED EVAP. POND #1
% o :r.12 P
D CETY C%g 1541500
MURRAY-ACRES ® cwal
*cE18CE14  ocEig
®
(o]
934
© [aw
/| 933 ©
27|26
34|35 2.1 §§+§§
. 1539500}
- CE15
[
I CE15A
[ N
®
1.9 ® 0 W¢>E
A% 24 2
BROADVIEW S
]
ACRES —={-17ic i e 46 945
© 580
©cw40 1537500~
2
447 /]
FELICE—-ACRES
' CW54 ,429.‘(3 o/CW53
= oJLW78
3 48
[=] ®
g _ otis 7 C:\PROJECTS\ 202006\ 1600UP19
gl /S ——LEGEND--
':E // / cwise UPPER CHINLE WELL
® UPPER CHINLE TREATED AND/ OR FRESH WATER
‘g INJECTION WELL /
CE2 @ UPPER CHINLE COLLECTION WELL
34 @ UPPER CHINLE OFF—SITE COLLECTION WELL
‘It s 1.7 DATA
& 312
< SITE STANDARD
e MIXING ZONE >15 mg/i
a NO SITE STANDARD FOR
5 THE NON-MIXING ZONE
o SUBCROP OF UPPER CHINLE
z ALLUVIUM_OVERLIES SANDSTONE
-
= 485400 487400 489400 UNSATURATED ALLUVIUM  SATURATED ALLUVIUM
.
(HOMESTAKE Figure 1.3-21
1% * )

Grants Reclamation Project Upp.er Chinle Ground.water
Corrective Action Program Nitrate Concentrations




e COUNTY ROAD 63

WEST EAST
FAULT FAULT
17
2
Yo

15455?

csp7

LARGE—-TAILINGS-PILE
(RECLAMATION IN PROGRESS)

1543500
PLEASANT{VALLEY
ESTATES
LINED EVAP. POND #1
1541500 -|
| / MURRAY-ACRES
- | | [ A
2 -
33 enes 26,25
s astae 1539500
ik |_
N\ C N
[ Joze] | [ [ T] V‘$~E
I ol T T 11
BROADVIEW N
ACRES —™
/ 1537500 -
FELICE-ACRES
" 0.58
b4
<
=
2 (403
) 3
= R ——
g / , LEGEND
= O  VWell Location
< 0,003 2020 Dissolved Concentration mg/L
] < 0,003 2019 Dissolved Concentration mg/L
3334
d— =P5 Contour
2 3'e >0.75 mg/L
2 Fault
a
o
<<
° SUBCROP OF UPPER CHINLE
z ALLUVIUM OVERLIES SANDSTONE
)
_E 485400 487400 489400 UNSATURATED ALLUVIUM SATURATED ALLUVIUM
®
(HOMESTAKE Figure 1.3-22

Grants Reclamation Project
Corrective Action Program

Current Extent of Boron in the
Upper Chinle Groundwater
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In the San Andres-Glorieta Aquifer
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Figure 1.3-37
Recent Uranium Concentrations in the
San Andres-Glorieta Aquifer




O
® Alluvial Well

&,

e

® WME-13Y . le wmE-16

O WNE-12

@ WIME-1'5 ‘ SCALE IN FEET

1500

@mﬁ,‘} Figure 1.3-38
2 Location of Alluvial Borings and Wells for Solids

Grants Reclamation Project Collection and Groundwater Quality Evaluation
Corrective Action Program




v Unsaturated Zone

Dissolved Phase

Saturated Zone
Mineral / Sorbed Phases

. Bl-cl) 72% )2 * Quartz, Feldspar, Clays, Pyrite
S * U-Ca-V, Carbonate-U, Organic-U, Fe=UO,
* Se0,;7? / Se0, .
- * FeSe,, Se(a), Organic-Se
* MoO, . MoS
» CI, SO,%, TDS :
Na-S0, type  _ ri CaU0,(CO.) Oxidizing
Y . ; N 2\%-V3)3
% 2 £ Oxic to Suboxic 3 ' - MO, U(VI), Mo(V1), Se(VI) N
) < (|8 F 01 9 2 cl, SO,
Upgradient < n SeQ,
Groundwater - . N Cl, SO,% Downgradient
| Mixing / Dilution| Advection/Dispersion . Precipitation
Ca-50, type Alluvial Aquifer: T T Groundwater v
Oxic - Na-S0, to CaSO, type Se(a) Reducing
. . 2- 2-
- Oxic to locally anoxic 5e0; > S5eQ;
‘ no»ﬁg“'ﬂ\k}: Figure 1.3-39
X -~ Conceptual Geochemical Model

Grants Reclamation Project
Corrective Action Program

for Constituent Sources and Transport




100

Ll Ll T T " L2 T/-)
uo™ Calo,(Co,)! / ‘
$ 80 ,'4 ]
< Ca,u0,(CO,) (aq) * U0,(CO,)!
S UO,0H’ - T <
= '
g 60 U0,C0,(aq) - :
g = r ] 1
D 40 - . -
w ;
QJ 3 %
8 UO,(OH) (aq) .
= 20+  (VO.).(OH) 1
" gt S
L (UO ) (OH) U0,(COy, (a) 4
0 - X P el Y 2
4 5 6 7 8 9 10 n
pH
100 r
PR MoO;
X
~ 80
=
(e)
:
=
2
-
fd
DQ
(]
» 40
(1))
‘O Mo, O..{OH)3
n Mo, 05,
b
) (b)
o 2 ’ 4 ’ £ ’ 8 ’ 10
pH
Source: Lee et al. (2011); Lee and Yun (2013)
.
-uom;‘,?mz,\m: Figure 1.3-40

Grants Reclamation Project

Corrective Action Program

Uranium and Molybdenum Speciation as a Function of pH
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