GRANTS RECLAMATION PROJECT
BACKGROUND WATER QUALITY EVALUATION
OF THE CHINLE AQUIFERS

FOR:

U.S. NUCLEAR REGULATORY COMMISSION
ROCKVILLE, MARYLAND

BY:

HOMESTAKE MINING COMPANY
ALBUQUERQUE, NEW MEXICO

&

HYDRO-ENGINEERING, L.L.C.
CASPER, WYOMING

OCTOBER, 2003

k\\ 2o

i e

THOMAS G. MICHEL, Ph.D. ‘GEORGE L.'HOFI'MAN, P.E.

HYDROLOGIST 5831 N.M. HYDROLOGIST

- IR
SN
-~

- -



/

GRANTS RECLAMATION PROJECT
BACKGROUND WATER QUALITY EVALUATION

-OF THE CHINLE AQUIFERS
"TABLE OF CONT_ENTS
. Page Number

- EXECUTIVE SUMMARY ineiiviaioariomesssspessnssmne s i ES-1
1.0 - - INTRODUCTION ‘ resssamsassesissstnsensassesssssssbisssasssssainsitisanes ‘ 1-1

20 GEOLOGIC SETTING AQUIFIZR COMMUNICATION AND WELL
. COMPLETION INFORMATION..... : 2-1
2.1 - GEOLOGIC SETTING AND AQUIFER COMMUNICATION e irerereresrenens 2-1
-2 1.1 SAN MATEO ALLUVIUM....'......,;..../........_.‘ ......................................... . 2-3
12.1.2 UPPER CHINLE ...} ocvvect eviunnsessseesilemsssasmssasinsssassssssssassssssssasssseesssssaees 2-4
7213 MIDDLE CHINLE .......000iilessseusssssiasssssssmsssssssisssssssssssssssssessssssssssnnees 2-5
.- 7" 214 LOWER CHINLE .............. ervenenereens e reeesreenssse s besssaesaes 2-6
22 WELL COMPLETIONS ........ el E e s sera e sesnes S 2-7
o 2.2.1 ALLUVIUM L2l it e e i enievnsnitbecsessnsesssssens SR 2.7
2.2.2 UPPER CHINLE ....... ;.A.;.,,...-'.;.-: ..... s 2-8
12.2.3 MIDDLE CHINLE ...t s it eeeeeeer e eeee e 2-9
2.2.4 LOWER CHINLE.......c..ooooeeeeeeeeeevesvesessessesssesssessassessessesssssssessssssssesses 2-11
/3.0 AQUIFER PROPERTIES........ , - 3-1
3.1 SATURATED THICKNESS OF THE ALLUVIUM ...................................... 3-1
32 HYDRAULIC CONDUCTIVITY, TRANSMISSIVITY AND STORAGE ... 3-1
3.2.1 ALLUVIAL AQUIFER ..ccoueveeroeeeeeeeereeereeesssesessesseeseesssessssssasenssessenseens 3-1
3.2.2 UPPER CHINLE AQUIFER ... vveereeeereessvesseeseesssesssessessesssessessens 3-2
3.2.3 MIDDLE CHINLE AQUIFER........oreeoeeeesereseveeseesseesseeseseessssssesssares 3-2
3.2.4 LOWER CHINLE AQUIFER .....c.oeoeeeeereeessressesssesesasseseessemsssassassenn 3-3
4.0 GROUND WATER FLOW........ ‘ i aiessssesesesinsensssssstosisatossesessesessions =1
4.1  ALLUVIAL AQUIFER......ooomoteeeeeereiessivesssissisimsstosiiieosessessssinsssaensienssionens =1
42  UPPER CHINLE...... ..ccoosne. eveviessseresesisio s b e raas rerreiensreneions 42
43  MIDDLE CHINLE ..ooooooooeoeeeeeeeveveeeveeeevessssessssesessssessssssssessessssssesssssssasssse, 44
44  LOWER CHINLE... ...ooooooeeeeeeeeeeesesessessessessssesssssesssssessasssesssasssssssassssseens 4.5
50 AQUIFER WATER COMPOSITION AND QUALITY............ 5-1
51 ALLUVIAL WATER COMPOSITION AND QUALITY ....eoveeeeerrrrererrrn, 5-1
52 REGIONAL CHINLE WATER QUALITY ..o veeeoeeeeseeseeesseeeseersesesseeseeenne 5.2
53  UPPER CHINLE WATER COMPOSITION AND QUALITY ....coovurrerneenn. 5.3
54 MIDDLE CHINLE WATER COMPOSITION AND QUALITY ... 5-6
55 LOWER CHINLE WATER COMPOSITION AND QUALITY.....ccoevevrmnenn.. 5-7
56 WATER COMPOSITION AND QUALITY OF THE MIXING ZONES....... 5-8



GRANTS RECLAMATION PROJECT
BACKGROUND WATER QUALITY EVALUATION

OF THE CHINLE AQUIFERS
TABLE OF CONTENTS
(continued)
age Number

6.0 BACKGROUND WATER QUALITY veeeeeres 6-1
6.1  WATER QUALITY MONITORING.......cccccsrentreremrrrrenrrerenrseressserersanssessens 6-1

6.2 ALLUVIAL AQUIFER BACKGROUND WA'I'ER QUALITY...cccoevrvvreeenen. 6-2

6.2.1 "EXISTING SITE STANDARDS..........c.cccoommmeimmirmsrmsenssrsssssssosessessasases 6-3

6.2.2- - ALLUVIAL AQUIFER BACKGROUND WATER QUALITY.......... 6-4

6.3 CHINLE AQUIFER BACKGROUND WATER QUALITY ..covereeenerrecrenne 6-7

6.3.1 INTRODUCTION.......ecemrmrrmrrceivriinnmsnssssssesmsssssssssesssessasssrassssssssesees 6-7

6.3.2 UPPER CHINLE AQUIFER — NON-MIXING ZONE WELLS.......... 6-8

6.3.3 MIDDLE CHINLE AQUIFER — NON-MIXING ZONE WELLS....... 6-8

6.3.4 LOWER CHINLE AQUIFER — NON-MIXING ZONE WELLS........ 6-9
6.3.5 CHINLE — MXING ZONE WELLS. .........ccceoiimrrieninercerenere cevsenenns 6-9

6.4 CHINLE BACKGROUND WATER-QUALITY CONCENTRATIONS..... 6-10

6.4.1 NON-MIXING ZONE CONCENTRATIONS.........ccoevevrerieene e 6-10

6.4.2 MIXING ZONE CONCENTRATIONS.........oceveermeerrreceervens cevenne 6-11

7.0 REFERENCES - w7-1

APPENDIXES

APPENDIX A: WELL LOGS

APPENDIX B:

WELL SCHEMATICS

APPENDIX C: CHINLE WATER-QUALITY TREND ANALYSES



| ES-1
ES-2 :

ES-3
ES-4
ES-5

21

2-2

2-4

2-5
2-6

2.8
2-9
2-10

2-11
2-12
31
32

TABLE OF CONTENTS
- FIGURES
(located at end of each section)

: '~-.Pagg Number

LOCATION OF TYPICAL CROSS SECTION AND VIEWS OF

. GEOLOGIC STRUCTURE SCHEMATICS ...........clbiueieiimmumnmnniineseesesenes cevsrenirneennr BS-4
‘TYPICAL GEOLOGIC CROSS SECTION SHOWING CHINLE - .~
CONNECTION WITH THE ALLUVIUM. .icccomservssmrsursrssessssessssssssssssmenonsssessssennssness B9
SCHEMATIC OF GEOLOGIC STRUCTURE EAST OF EAST FAULT ... ES-6
SCHEMATIC OF GEOLOGIC STRUCTURE BETWEEN FAULTS .....\c.ocvoivserreon ES-7
SCHEMATIC OF GEOLOGIC STRUCTURE WEST OF WEST FAULT..,,, ..... cerieenn BS-8
LOCATIONS OF GEOLOGIC CROSS SECTIONS........ R X

‘GEOLOGIC CROSS- SECTION B-B* WITH POST RESTORATION o
FLOW DIRECTION........oooimmummmmmsmnnissnmmssssssssssssssmsssssssesssssssisssessissssssssssssssssssssssssessscsens 2-13
GEOLOGIC CROSS-SECTION D-D’ WITH POST. RESTORATION . ‘
FLOW DIRECTION........c.ccuummmmmmsivnsessesssosessssesssesesssssssscssessesssosssssstssssessesssssssssssssssssssesees 2-14
AREAL EXTENT OF THEALLUV,IAL‘AQUIFERAND WELL LOCATIONS ,

.......................................................................................................................................... 2-15
ELEVATION OF THE BASE OF THE ALLUVIUM IN FT-MSL....,.., ....................... 2-16
AREAL EXTENT OF THE UPPER CHINLE AQUIFER AND WELL LOCATIONS. 2-17
ELEVATION OF THE TOP OF THE UPPER CHINLE AQUIFER, FT-MSL:........... 2-18

'AREALEXTENTOFTHEMH)DLEC}HNLEAQUIFERAND R .
WELL LOCATIONS. bt st vt 2219

'ELEVATION OF THE TOP OF THE MIDDLE CHINLE AQUIFER, FT-MSL ........... 2-20
AREAL EXTENT OF THE LOWER CHINLE AQUIFER AND WELL LOCATIONS -

.......................................................................................................................................... 2-21
ELEVATION OF THE TOP OF THE LOWER 'ci'm'\ILEdeFER',ijﬁ FT-MSL....... 2:22
LOCATION OF BACKGROUND ALLUVIAL WELLS ..........c.costeseuisumsiamionceresnseneens 223

- SATURATED THICKNESS OF THE ALLUVIAL AQUIFER 2002 FEET...o.ooro. 34
HYDRAULIC CONDUCTIVITY (PERMEABILITY) OF THE ALLUVIAL |
AQUIFER, FT/DAY ....ccovvmmmmmvereemmmmmmmsersiosiusiisesivsesiesssss bienesesiatosthessiaieniiosceinaseessssesesssens 3-5



3.4
4-1
4-2

4-3

4-4

4-8
4-9
5-1
5-2
5-3
54
5-5

5-6

iv

TABLE OF CONTENTS
FIGURES
(continued)
Page Number

... TRANSMISSIVITY OF THE UPPER CHINLE AQUIFER, '

GAL/DAY/FT................... .................................................................................................. . 3-6

TRANSMISSIVITY OF THE MIDDLE CHINLE AQUIFER, GAL/DAY/FT..... .......... 37

WATER-LEVEL ELEVATIONS OF THE ALLUVIAL AQUIFER, 2002, FT-MSL...... 4-7

WATER-LEVEL ELEVATIONS OF THE UPPER CHINLE

AQUIFER, 2002, FT-MSL......oooiiiiiieiitenenreetveeresiasrtessessessessresssesseessesssesssssassaessassas 4-8

WATER-LEVEL ELEVATIONS OF THE UPPER CHINLE

AND ALLUVIAL AQUIFERS, 2002, FT-MSL.....ccoooiiieeteerenticrreccnieeseessresesieeesesns 4-9

POST-RESTORATION UPPER CHINLE AND ALLUVIAL GROUND

WATER FLOW. ... tiieeeeeteeetttteeesesintessisissssessesessssstessssssssossssssssssssssnesssssssssnstasesssssssasnsns 4-10

WATER-LEVEL ELEVATIONS OF THE MIDDLE CHINLE

AQUIFER, 2002, FT-MSL......ccorieirteneenierereevesssesiesanessesstsessesssesssesesssesssesssssssessesssenes 4-11

WATER-LEVEL ELEVATIONS OF THE MIDDLE CHINLE

AND ALLUVIAL AQUIFERS, 2002, FT-MSL.....c.cotiieerrreereiienrecnrieseeissneesnesressenns 4-12

POST-RESTORATION MIDDLE CHINLE AND ALLUVIAL GROUND

WATER FLOW ... ittt seeetteeeessasteeeesessssssssessssssssnsessssssatsssessssssnsmtonesesssessass essssse 4-13

WATER-LEVEL ELEVATIONS OF THE LOWER CHINLE

AQUIFER, 2002, FT-MSL.....oocvtetereertcieerererseestniesssoneesseesssssssssnssesssessssestessssens seseens 4-14

WATER-LEVEL ELEVATIONS OF THE LOWER CHINLE AND

AND ALLUVIAL AQUIFERS, 2002, FT-MSL........ovrerrerecnreereeennericeserssens sevenns 4-15

STIFF DIAGRAM COMPARISON OF NEAR UP-GRADIENT ALLUVIAL

WATER QUALITY .oooeeieeeccrerteecteertrrstesseeeesessssssteseessassssesssssessssessssnssesasssessessss sassssene 5-9

Ca, Na, HCO3 AND Cl CONCENTRATION COMPARISONS OF

THE BACKGROUND ALLUVIAL WELLS ... oottt eeeeeeeeeeeseesesseseaesesssssnsasssnes 5-10

STIFF DIAGRAM COMPARISON OF UPPER CHINLE

WATER QUALITY IN THE NORTH WELLS ...t 5-11

STIFF DIAGRAM COMPARISON OF UPPER CHINLE

WATER QUALITY IN THE EAST WELLS ...ttt eveereenes 5-12

Ca, Na, HCO3 AND Cl CONCENTRATION COMPARISONS OF

THE UPPER CHINLE AQUIFER, inm@/L,........ooooeeeeeceeeereereeeeee e ceenr et 5-13

STIFF DIAGRAM COMPARISON OF MIDDLE CHINLE

WATER QUALITY IN THE SOUTH WELLS.........oeeceeee et e 5-14



5-10

5-11

5-12

6-1
6-2
6-3
6-4

ES-1

2-1

TABLE OF CONIENTS
FIGURES
(contined)
Page Number

Ca, Na, HCO3 AND Cl CONCENTRATION COMPARISONS OFTHE = :
MIDDLE CHINLE AQUIFER, i in mg/] ................................................... reeeteneres st 5-15
STIFF DIAGRAM COMPARISON OF MIDDLE CHINLE WATER : o -
" QUALITY IN THE NORTH WELLS ...... ............ 5-16
" STIFF DIAGRAM COMPARISON OF LOWER CHINLE WATER ' ' ’
QUALITY IN THE SOUTH WELLS ..ot isesesessssasesessssassssscssaens 5-17
STIFF DIAGRAM COMPARISON OF LOWER CHINLE WATER " ‘
QUALITY IN THE NORTH WELLS........ccoiniintiiniinnesenesieeseessesnssssessenens 5-18
Ca, Na, HCO3 AND Cl CONCENTRATION COMPARISONS OF THE '
LOWER CHINLE AQUIFER, in M@/L......cocviiiirniriinniirinneineecisnscssssssessssesssnsaene 5-19
SELENIUM CONCENTRATION COMPARISONS OF
THE UPPER CHINLE AQUIFER, 2003, in Mg/L.....c..ccccoeminnenrrcncensnnenersesnensesessens 5-20
2002 BACKGROUND GROUND WATER QUALITY .....cooveirerrmnininercnetisesenes 6-12
UPPER CHINLE MIXING ZONE AND BACKGROUND WELLS...........ccccoevrnrcrnen 6-13
MIDDLE CHINLE MIXING ZONE AND BACKGROUND WELLS ...........cccooceinene. 6-14
LOWER CHINLE MIXING ZONE AND BACKGROUND WELLS............ccccecurcrnee. 6-15
TABLES
GRANTS PROJECT ALLUVIAL AND CHINLE BACKGROUND
CONCENTRATIONS ........oomiriintiniiiimssisse s ssssssessseessesestsssssesesssresssssssssos ES-3
WELL DATA FOR GRANTS PROJECT NEAR UP-GRADIENT
ALLUVIAL WELLS ...ttt ssestssssssestsesessssesssssstsssssssasssssssens 2-8
WELL DATA FOR GRANTS PROJECT FAR UP-GRADIENT
ALLUVIAL WELLS ...ttt sesessessesetsansasaestsisanssessonsssestsnesassnns 2-8
WELL DATA FOR GRANTS PROJECT BACKGROUND
UPPER CHINLE WELLS ........cocooiitiitntiitissitsisstssosisssesesesenssssesnssssnssessssensesanas 2-9
WELL DATA FOR GRANTS PROJECT BACKGROUND
MIDDLE CHINLE WELLS ...ttt isctsrssessenss et sessssesssenens 2-10



2-5

6-2
6-3
6-4

TABLE OF CONTENTS

TABLES
(continued)

WELL DATA FOR GRANTS PROJECT BACKGROUND

LOWER CHINLE WELLS .........ccceciiiiiinntersscnssesisrsseseesssssens
GRANTS PROJECT WATER QUALITY DETECTION LIMITS.............
GRANTS PROJECT ALLUVIAL WATER-QUALITY STANDARDS....
BACKGROUND MONITORING PERIOD AND FREQUENCY .............

GRANTS PROJECT - CHINLE BACKGROUND CONCENTRATIONS

vi

Page Number
.................... 2-11
...................... 6-2
...................... 6-3
...................... 6-4
................... 6-11



.EXECUTIVE SUMMARY r e - o

.. Homestake Mining Company (HMC) Operated the Grants Pro;ect asa uramum mrllmg operatron
‘\,v‘from 1958 through 1990. The tailings generated from _the:oplerat‘mn were placed on alluvial
- deposits near the mill in tailings piles herein referred fo as the Large and,Small Tailings Piles.
- .Seepage from these tailings piles has been the source of ground water contammatlon in the alluvral
- aquifer and in some localized areas of the Chinle shale bedrock lying under the alluvxum Alluvial
‘aquifer ground water restoration was initiated in. 1977 and the majority of the restorative effort has
been and continues to be within this uppermost aquifer. The Chinle shale has three distinct
.. aquifers, designated the Upper, Middle. and Lower.Chinle aquifers, that are primarily sandstone
strata wit.hi.n the relatively impermeable shale. These sandstodes. generelly dip. to the east or
- northeast, resulting in their direct corxtact with the alluvium (subcropping) on the west and south
.. sides of the project area. It is in these:subcrop areas where alluvial ground water flows mto the
- Chinle aquifers. Outsrde of the subcrop areas, there is no natural hydraulic commumcatron

between the alluvial aqurfer and the three Chinle aquifers.

There are two major faults in the Grants Project area that have resulted in an offset extending
. -throughout the Chinle Formation. ‘These faults are parallel to each other and exist to the east and
to the west (East and West faults, respectively) of the tailings piles (see Figure ES-1 for location),
effectivelyﬂcreating up to three hydrologically distinct zones within a single Chinle aquifer. The
faults originate south of the tailings areé._ and have a southwest to northeast orientation with a
divergence that results in increased vertical displacement north of the tailings piles. The San
- Mateo alluvium is not directly affected by the faulting, but the fault displacement has resulted in a
discontinuous subcrop area for the Chinle aquifers . The combination of the underlying bedrock
‘aquifers (with subcrop areas of contact w1th the alluvium), and the dlsplacement of the Chinle
sandstones by the faulting creates a very complex geologic settmg in the area potentially affected
by seepage from the tailings piles. ..
A location of a typical geologic cross section, 1s shown on the plan view of Figure ES-1.. The
typical geologic cross section showing the q.l_[uyidl aqoife’r_; and }rqderly{ng Chinle Formation with
the three identified Chinle aquifers is presented as Figure ES_-Z_.;iFigure ES-1 also provides the
viewpoint orientation of three expanded three-dimensional schematics of the geologic structure in

the area of concern (Figures ES-3, ES-4 and ES-5). It is important to note that there is a
- ES-1



significant vertical exaggeration to these expanded schematic views. Three sequer')tiél views are
shown with the geologic structure east of the East Fault (Figure ES-3), between the faults (ES-4),
and west of the West Fault (Figufe ES-5), respectively. The surface features that reflect the area
projected to the underlying aquifers are shown with darker shading. These features include the
tailings piles and subdivision layouts. The alluvial, Upper Chinle, Middle Chinle, and Lower
Chinle aquifers are separated from underlying sandstone by the Chinle shale. The shal: strata are

not shown on Figures ES-3, ES-4 and ES-5 to avoid obscuring features of the sandstone aquifers.

The complex geologic setting and the isolated areas of communication between the aquifers results
in a complex hydrologic system. * The presence of subcrop areas that allow flow from the alluvial
aquifer to portions of the Upper, Middle and Lower Chinle aquifers in their subcrops results in
‘ground water quality that represents a mixture of alluvial ground water and the resident, or
background, ground water within the particular aquifer. Areas in and adjacent to Chinle aquifer
subcrops with a common ground water component resulting from the influx of alluvial ground

water are designated as the “mixing zone”.

The mixing zone within each Chinle aquifer can be identified by a combination of proximity to the
subcrop area and distinct changes in water quality as a result of intrusion of alluvial gronnd water.
With increasing distance from the subcrop, the ground water character transitions to the
“background” water quality of that particular aquifer. The alluvial ground water system typically
has an elevated calcium concentration, whereas the Chinle aquifers’ ground water gererally has
low calcium concentration. Therefore, mixing zone ground water within the Chinle aquifers is
characterized by an elevated calcium concentration, and for the purposes of defining background
water quality, the mixing zone is considered a separate hydrologic system. Areas of the Chinle
aquifers where the water quality has not been affected by the intrusion of alluvial ground water are
referred to as the “non-mixing™ zones of the particular Chinle aquifer (Upper, Middle cr deer).
An interpretation of the extent of the mixing zones for the Upper Chinle and Middle Chinle
aquifers based on changes in the water-quality characteristics is presented in Figures ES-3, ES-4
and ES-5. From these figures it is apparent that the mixing zone extends down-gradien: from the
subcrop area. The distance that the mixing zone extends from the subcrop area is not uniform and

reflects heterogeneity in the hydraulic properties of the Chinle sandstones and the alluviun.

ES-2



The existing ground water quality site standards for the alluvial aquifer were established by the
Nuclear Regulatory Commission (NRC) in 1989 based upon a limited data set. Site standards
have not been established for the Chinle aquifers. However, Chinle aquifer(s) site standards are
necessary to establish ground water quality restoration objectives. A large background database
has been collected since 1976 on the Grants Project site and, with subsequent additions to the data
since 1989, a more complete analysis of the range of background ground water quality for the
alluvial aquifer, Chinle mixing zone, and Chinle non-mixing zones is possible. Statistical analyses
of the water-quality data were performed by ERG (1999 and 2003) to determine the range of
background concentrations in the alluvial aquifer and the Chinle aquifers. In 2001, HMC filed an
application to revise the alluvial background concentrations supported by the findings of the 1999
ERG statistical analysis. Based on both the 1999 and 2003 statistical evaluations the
recommended background water-quality concentrations for the alluvial and Chinle équifers are

summarized on Table ES-1.

TABLE ES-1. GRANTS PROJECT ALLUVIAL AND CHINLE BACKGROUND CONCENTRATIONS

ABuvial 0.27 0.15 0.05 3060 1870 *250 23 *0.02 *030 *5

Chink Mixing 0.14 0.18 0.10 3140 1750 96 15 0.08 097 3.5
Upper Chink Non-Mixing 0.06 0.09 0.08 2010 914 412 49 0.02 0.55 3.7
Middle Chinlo Non-Mixing 0.07 0.07 0.05 1560 857 63 4.0 0.02 0.86 22
Lower Chinke Non-Mixng 032 0.02 0.03 4140 | 2000 634 3.0 0.01 0.72 32

NOTE: * = Existing site standard, background not calculated for this parameter,

ES-3
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The subcrop is actually located at the base of the alluvium.
The Lower Chinle aquifer is located beneath the Middle Chinle
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1.0 | INTRODUCTION , L

Uramum ore processing at the Grants mill s1te started in the 1ate-1950’s and continued until 1990,
Tailings generated from the mlllmg operation were placed on two plles a Large Pile and Small
Pile, with the Large Pile accepting tallmgs until 1990, Seepage from the tallmgs piles was noted in
down-gradient alluvial monitoring wells in 1975. Hometake Mmmg Company (HMC) began

alluvial aquifer restoration in 1977 in an attempt to contain the contaminant plume.

In 1989 the U.S. Nuclear Regulatory Commission (NRC) estabhshed standards for the San Mateo
alluvial aquifer in Radioactive Materials License riumber SUA 147 1, Condition’ 35B The NRC
standards were established using averaging methods from a limited data set, with one well bemg
selected as the “background” well. The standards contained in the Ground Water Discharge Plan
(DP-200) 1ssued by the New Mexico Environmental Department (NMED) were establrshed in
1984 using a similar averagmg method At that trme standards were not establlshed for the
‘ underlymg Chinle aqulfers ' ’ -

In 1999, ERG prepared a two-volume report trtled “Statlstlcal Evaluatron of Alluvial Ground
Water Quahty Up Gradlent of the Homestake Srte Near Grants NM’ (ERG 1999) The report
provided a statistical evaluation of alluv1a1 ground water data co]lected from 1976 through 1998 to
determine the range of background water-quality concentratlons within the alluvrum In December
2001 Homestake submltted an application to revrse the a]luv1al aquifer background ‘water-quality
levels in the Materla] chense based upon the statlstlcal evaluatlon in the 1999 ERG report. The
NRC responded in a June 11, 2003 letter that included comments from the NMED and the US
Environmental Protection Agency (EPA). The NRC, NMED and EPA referenced meetings and
conversations between the agencies pursuantto -their “Memorandums. of Understanding”, and
affirmed that the ground water standards established in ‘1989 are not representative of actual
background water-quality, and also the need for an’ updated Corrective Action Plan (CAP) that
“delineates the current ground water restoration program A conference call was held on June 30,
2003 between the NRC, EPA, NMED and HMC where the followmg 1tems were discussed:

e Background water cju’alit& for the San Mateo alluvial aquifer;
¢ the need for a background water-quahty evaluatlon for the Upper, Middle and

Lower Chmle aqurfers and related mrxmg zone;
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e the suitability of Chinle wells to determine background constituent
concenti'étions;
o the value of the far-up-gradient well data; and

¢ restoration program.

In a letter of July 7, 2003 to NRC, HMC agreed to address each of the items above in forthcoming
documents, beginning with report on the background water quality in the alluvial aquifer and it’s
relationship to the underlying aquifers, and an evaluation of background water quality in the

Chinle aquifers.

It has been agreed that the‘procedqres used in ERG’s 1999 statistical evaluation provide an
accurate accounting of the range of background water quality in the alluvial aquifer. As such, this
backgrohnd water-quality report addresses both the alluvial and Chinle aquifers, but to avoid
duplication and redundancies, it summarizes the technical information contained in the 2001
application and related support documents (including the 1999 ERG Report and previcus annual
feports) as they apply to the San Mateo alluvium. A similar statistical evaluation of ground water
data is employed here for establishing background water quality for the Chinle aquifers.

The objective of this document is to provide the range of background constituent concentrations
for the three Chinle aquifers and the associated alluvial mixing zone to facilitate the development

of restoration objectives and standards.

Once background levels are established for the affected ground water systems, an updated
Corrective Action Plan (CAP) will be prepared that provides details on methods/procedures to
achieve aquifer cleanup objectives based on the range of background constituent concentrations.
The CAP will include restoration of the area outside of the present NRC permitted boundary. The
CAP monitoring program will establish monitoring at the Points of Compliance wells near the
tailings and down-gradient of the site at points adequate to demonstrate the success of the
restoration program. In addition, Alternative Concentration Limitations (ACL’s) may be proposed
after the CAP that will establish Points of Exposure (POE’s).

The following sections address the hydrogeology of the Grants Project area and the suirability of

background wells in the mixing zone and non-mixing zones of the Chinle aquifers. Also discussed

1-2



is the relationship between the alluvial and Chinle aquifers and the physical properties of the
various aquifers, including ﬂow directions, aquifer types and water-quality characterization, and
the background water-quality concentrations within the Chinle mixing zone and non-mixing zones.
Appropriate background concentrations for key chemical constituents within each ground water

system are presented based on the hydrologic information and an updated statistical evaluation of

water-quality data.



- 2,0 . GEOLOGIC SETTING, AQUIFER COMMUNICATION AND WELL

' COMPLETION INFORMATION

.. 2.1, GEOLOGIC SETTING AND AQUIFER COMMUNICATION, . o

~ The surface geology and structure, contours; of the .Grants site are presented on Umted States
lGeologlcal Survey (USGS) quadrangle topographlc maps. Geologlc ‘maps:and other geologic

, mformatlon for the Grants area have been compnled and presented in various reports by the New

_ lMexwo Bureau of Mmes and Mineral Resources (NMBM) and the USGS. The following reports

have been used in, deﬁnmg the geologlc setting at this site and support the hydrologic

, mterpretatrons presented in this report: -

.0 Thaden & Ostling (1967) 0 Thaden et al (1967a) O -Thaden et al. (1967b) .

u,_pxumger(wgo) O Huffiman & Condon (1993)

The New Mexico State Engineer (NMSE), NMBM and the USGS reports used to define the

hydrologic conditions in this area are listed below:
O Gordon (eety ... . .0 Brod & Stone (1981) .0 Stoneetal. (1983)

0 Baldwm & Rankm (1995) 0. Baldwin & Anderholm (1992) OO Dam et al. (1990)

O Frenzel (1992)

iy read

.Ground water condrtrons for the lmmedrate HMC Grants site have been def ned in previous
Vdocuments submrtted to the NRC (see Hoffman 1976 Hoffman 1977 and Hydro-Engmeenng 1981

through 2003) and are referenced in the HMC’s annual reports to the NRC on the site. These
hydrologic reports have been used in developmg the summary of hydrologic conditions at the

Grants site that is presented in this report..-Hydrologic reports by the New Mexico Environmental

ImprovementDivi_s{ion (1981) and Hydro-Search (1981) on adjacent areas were also used.

The uranium ore bearing rocks that were previously mined in this region are exposed in the San
Mateo drainage system upstream from the Grants Project site. These geologic .units contain
naturally occurrmg concentratlons of uranium and selenium. Alluvial material recelvmg drainage
from these source areas, therefore can be expected to contain elevated concentrations of uranium

.and selemum The Chinle Formation i is located  immediately beneath the San Mateo Alluvium at

the Grants srte The Chmle rock, umts also .contain naturally elevated uranium and_selenium

concentrations. In summary, the geologic setting, .the topography and the natural presence of

[T R O S
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concentrations of these constituents within source geologic materials have a significan: influence

on the natural water quality at the Grants site.

The Grants Project site is located on the San Mateo alIuvial"sysfe'rh. The alluvial aquirer béy_bnd
the Grants site includes the saturated poftion of the San Mateo down-gradién'i of the sire, and the
Lobo Canyon and Rio Sari Jose alluviums. The alluvial aquifer can be defined as the water table
" to the base of the alluvium. The alluvial aquifer system follows the San Mateo drainage "systém.
San Mateo Creek is a tributary to the Rio San Jose drainage while Lobo Canyon isa ﬁibutzir}; to
the San Mateo. The alluvial 'a'quifef is present from northeast of the Grants Project sit2, thrbdgh
the site and continuing to the south and to the west. Chinle shales are present as outérop to the
northeast and southeast of the alluvial material. Chinle Formation also extends above tlie alluvial
water table at some locations. This results in local areas where either no alluvium is 'pre‘sent or
where there is no saturation of the alluvium. These intrusions of Chinle material above the alluvial

aquifer water table form barriers to alluvial ground water flow.

Beneath the tailings piles, the Chinle Formation lies beneath the alluvium. The Chinle Formation
is a massive shalé, approximately 800 feet thick. The shale is a very effective aquitard a:1d greatly
restricts vertical ground water flow from the overlying alluvial aquifer. Sandstone units are found
within the Chinle shale and these sandstones form aquifers in this area. The sandstone unit closest
to the ground surface has been named the'Uppe’r Chinle aquifer. A typical cross section (see Figure
ES-2) shows the Upper Chinle' sandstone in blue and illustrates the contact between the Upper
Chinle sandstone and the alluvium in the subcrop area.

The second major continuous sandstorie unit in the Chinle Formation is the Middle Chiale. This
sandstone is shown in red in the cross section and subcrops beneath the alluvium further to the

south.

As shown on Figure ES-2, the deepest permeable zone within the Chinle shale is the Lowzr Chinle
aquifer. The Lower Chinle aquifer is located approximately 200 feet above the base of the Chinle
Formation and consists mainly of fractured shale rather than continuous sandstone. Hznce, the
hydraulic properties are largely dependent on secondary permeability within the shale. The ability
of the Lowér Chinle aquifer to (pro:d'uce water is much lower and less consistent than in the
overlying Middle and Upper Chinle sandstone aquifers. Recharge to the Lower Chinle aquifer is
limited to communication in its subcrop area with the alluvium and, to a much lesser ext:nt, from
2-2
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 vertical water flux through the overlying :shale. Due to the greater depth to the Lower Chinle
- aquifer and the naturally poor water quality, this aquifer is not extensively used as a water source.
A few wells in the general site area are_completed in the Lower.Chinle, where the alluvial, Upper
and Middle Chinle aquifers are absent. | |

: 'The San Andres aqulfer underlies the Chmle Formatron ata depth of greater. than 800 feet from
-surface. Thls is the reglonal aqurfer in.the area. - Details for the San Andres aquifer are not

: presented in this report because it has not been affected by tailings seepage related to the site.

Two detailed geologic cross sections, located as shown on Figure 2-1, are presented to further
illustrate the geologic setting. Figure 2-2 (cross section B-B') runs generally from the west to the
east, south of the Large Tailings Pile. Cross section D-D’ is shown on Figure 2-3. ,Cross-sections
B-,Bj and D-D; were selected from numerous cross sections that have been developed because they
‘have an orthogonal orientation through the central area of the study. The geologic cross section
location map, Figure 2-1, also shows the location of the wells used to_develop each of the cross
_sections. The depths and _completion intervals of these wells are shown on the cross sections with
.a crosshatch line pattern indicating the completion interval. . The complex geologic setting defies
complete portrayal with cross sections, andl Figures ES-3 through ES-5 in the Executive Summary
of this report should be reviewed in conjunction with cross sections B-B' and D-D .

2.1.1 .  SANMATEO ALLUVIUM .. .. . . - . e

This subsectlon presents the geologic setting for the San Mateo alluvral aqurfer The location of
the alluvial wells that have been used to define the geology and ground water conditions in the
alluvial aquifer at the Grants Project site are shown on Figure 2-4. )

‘/Colors of well names are used in Frgure 2-4 to mdrcate the current operatlonal status as m_]ectron
' (or collection wells. However the restoratron program is dynamrc so the status of 1nd1v1dual wells
" is subject to change The areal extent of the alluvral aqulfer 1s mdrcated by the green plus

1

pattem

HMC has drilled nearly 500 wells at the Grants site. The geophysical and lithol'o'g.ic'logs”from
these wells, as well as logs and 1nformatron for resrdentlal wells not owned by HMC, have been
used to deﬁne the base of the alluvrum The contours of the base of the alluvrum are shown on
Flgure 2- 5 The deepest portton of the alluvral aqulfer IS present below the westem portlon of the
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- Large Tailings Pile. It turns to the Southwest near the southwest comner of the Large Tailings Pile.
The land surface elevation in this area is at approximately 6580 ft msl, so the alluvium, at its

‘thickest point, extends 120 feet below the ground surface.

The elevation of the base of the alluvium is shallower in an area extending from the eastern
Murray Acres subdivision to the Small Tailings Pile. In this area, the alluvium is app:oximétely
60 feet thick. The reduction in saturated thickness and a generally lower permeability of the
alluvial materfal in this area combine to decrease the rate of alluvial flow. The boundlary’ of the
alluvial aquifer is defined where the elevation of the base of the alluvium is equal to the water-

level elevation (see green line on Figure 2-5).

2.1.2 UPPER CHINLE

The Upper Chinle aquifer is an important ground water system at the Grants site because of the
direct communication between the ground water in the alluvium and this aquifer in tte subcrop
area shown on Figure 2-6. The degree of hydraulic communication in the subcrop area influences
the water quality of the Upper Chinle aquifer because the subcrop extends below the: alluvium
under the Large Tailings Pile. The Upper Chinle aquifer is the uppermost sandstone in ~he Chinle
Formation in this area and is shown in blue on the cross section figures (see Figures E3-2, ES-3,
ES-4, ES-5, 2-2 and 2-3). This sandstone varies from a few feet up to 40 feet in thickness.

The elevation of the top of the Upper Chinle aquifer and the base of the alluvial aquifer define
where these two aquifers are in direct communication. Two faults (West and East) exterd through
the Grants site and are also significant in defining the extent of the Upper Chinle aquifer.

The areal extent of the Upper Chinle aquifer (see blue dot pattern) and locations of wells
completed in the Upper Chmle aqulfer are shown on Figure 2-6. The Upper Chinle also exists in
its subcrop area where 1t is in direct contact with the alluvium, Except in the subcrop: area, the
Chmle shale separates the alluvium and the Upper Chinle sandstone. The Upper Chinle: does not
extend to the west of the West Fault but subcrops against the alluvial aquifer on its western and

southern borders.

Contours of the elevation of the top of the Upper Chinle aquifer are shown in Figure 2-7. This
figure illustrates that the Upper Chinle sandstone between the two faults generally dips to the eaet
East of the East Fault, the general dip is also to the east. On the south side of the project area, the
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top of the Upper Chinle sandstone dips to the northeast with a steeper gradient, and it subcrops
beneath the alluvium in the area of southern Felice Acres. . ‘

213 = MIDDLECHINLE . . . . . ;

.. The Middle Chmle aquifer is srgmf cant because dnrect commumcatxon between thrs aquxfer and
the alluvxum occurs in the subcrop area near the south edge of the Felice Acres subdivision. The
_ areal extent of the subcrop of the Mlddle Chinle aqurfer is srgmf icantly smaller than that for the
Upper Chinle aquifer, and the subcrop is located a greater distance from the seepage source in the
tailings. However, there are detectable seepage influences in the alluvial aquifer in the area of the
Middle Chinle aquifer subcrop, and thus, there has been limited seepage to the Middle Chinle
~ aquifer proximal to the subcrop area..The increased distance from the tailings seepage source
renders; ,,the‘Middle; Chlinle.:aquifer less atfected than the alluvial aquifer or the Up‘per Chinle
aquifer. However, the aquifer is still close enough to the source to require evaluation. -

The Middle Chmle aqulfer is generally the thlckest of the sandstone umts in the Chmle Formatlon
reaching a thickness of up to forty feet in some locatrons Figure ES-2 shows a typical cross
section of the alluvial and Chinle aquifers in this area,_ with the:Mlddle Chinle aquifer shown in
red. This figure shows Chinle shale present between the Upper Chinle and the Middle Chinle
. sandstone units. In addition to the subcrops in the Felice Acres area, the Middle Chinle sandstone
s_ubcrops-against-the-alluvialaquifer—infsorne;areasotlthe-proje_etjsite,—.to-thewest-of—theWest-Fault-— e -
and the Large Tailings Pile. The Middle Chinle aquifer is ‘also shown in red in cross section B-B

and cross section D-D respectively. . = -,

The_areal extent of the_Iv.Ii'ddle;,Chlnle,Laqui:fe,r:is shown on Figure 2-8, along with the Middle
~ Chinle well locations. Patterns in red depict the Middle Chinle sandstone and its associated
“aquifer. The Middle Chinle sandstone extends to the west of the West Fault in a limited area and

is present more extensiyely east of the West ‘Fault.” .

The elevatlon contours of the top of the Mlddle Chm]e sandstone are prov1ded in Flgure 2-9. ThlS
structure map shows the elevation of the top of the Middle Chinle sandstone on each side of the
two faults in the area of the Large Tallmgs Plle The dlsplacement of the sandstone unit due to
faultmg results in three dlscontmuous sandstone umts Multr-well pump, tests in the Mlddle Chmle
aqulfer have shown that two of the three sandstone umts of the Mlddle Chmle aqunfer in this area
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" act as separate fault-bound aquifers. The exception is the Middle Chinle aquifer near thz southern
end of the East Fault where there is little or no displacement of the sandstone.

The Middle Chinle sandstone dips at a steeper incline in southern Felice Acres, and, therefore, the
 Middle Chinle sandstone subcrops against the alluvium on the south side of Felice Acres. In this
 subcrop area, direct communication exists between the Middle Chinle and the alluvial aguifers and
as a result alluvial water has influenced the water quality in the Middle Chinle aquifer in and

immediately adjacent to the subcrop area.

2,14 LOWER CHINLE

Although less of a concern than overlying aquifers, the Lower Chinie‘aquifer is important because
direct communication occurs between this aquifer and the alluvium in the subcrop area to the
southwest of the site. However, the potential for seepage impacts to the Lower Chinle aquifer is
significantly reduced because the subcrop is a large distance from the seepage source. Also, the
- natural water quality in the shaly Lower Chinle aquifer is poor so there is generally less use of this
aquifer as a water source. © Water quality in the Lower Chinle is poor because o7 the low

permeability of the shale and the associated long residence time for ground water.

The Lower Chinle aquifer is the deepest permeable zone in the lower portion of the Chinle

'Formation. The Lower Chinle aquifer is not a sandstone unit, like the Upper and Mid¢le Chinle
aquifers. Instead, higher permeability in portions of the Chinle shale is adequate in some locations
to allow this zone to function as an aquifer. The higher permeability in the shale is secondary
permeability associated with fracturing. A typical cross section of the aquifer system ir. this area
is shown on Figure ES-2. This figure shows the Lower Chinle aquffer as discontinuous because
the permeability is not consistently high enough to function as a viable aquifer. Therefore, areas
exist in the Lower Chinle where the aquifer is effectively absent. The Lower Chinle aquifer
subcrops against the alluvial aquifer in some areas to the southwest of the project site. Cross-
sections B-B” and D-D’ (see Figures 2-2 and 2-3, respectively) show the Lower Chinle aquifer in
relation to the overlying Upper and Middle Chinle units,

The areal extent of the Lower Chinle aquifer is shown on Figure 2-10. The cyan pattern shows

wherc the Lower Chinle é’quifer is bresent. The Lower Chinle aquifer is continuous on toth sides

of the East Fault south of the area where this fault terminates. Therefore, in the main area of

interest in the Lower Chinle, the aquifer functions as a single hydrologic unit on both sices of the
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2.2.1 ALLUVIUM

East Fault. The Lower Chinle also extends to the west of the West Fault. South of the project area,
the Lower Chmle subcrops agalnst the unsaturated alluv1um to the east and the alluv1al aqulfer to
the west. The subcrop area occurs where the top of the Lower Chmle aqurfer intersects the base of

the alluvial aquifer..

The two faults "sig'ni-ﬁcantly alter the Lower Chinle structure in thé Stail.ings area. Like the upoer
aquifers, numerous cross sections have been developed to correlate geophysrcal logs in Lower
Chinle drill holes and wells. These cross sections were subsequently used in developing the

stmcture maps Elevatlons of the top of the Lower Chmle aquer are shown in Flgure 2-11..The
- -Lower Chm]e aquifer between the two faults and near the tarlmgs piles generally dips to the east.

West of the West Fault, the general d1p is also to the east On the south srde of the project area, the

-Lower Chinle drps to the north—northeast ata steeper gradlent such that the umt subcrops at the

base of the aliuvium in areas of Sections 3,4,28,33 and 34 as prevrously described.
2.2 WELL COMPLETIONS

The background well data for the “near;’ alluvial wells (up-gradient but close to the project) and
ar” alluvial wells (farther up- gradrent) at the Grants site are presented in Tables 2-1 and Tables

a 2-2, respectrvely Annual srte reports present the well data for all other wells at the srte Annual
‘reports are not mcluded with this document because they were prevmusly submrtted to. the NRC

and are not required : for this analy51s The locations of the nine near up-gradlent ‘wells north of the
Large Tailings Prle whrch are listed i in Table 2-1, are 'shown on Frgure 2-12. The locatlons of the
six far up-gradient wells, which are lrsted in Table 2-2, are shown on Figure 2-12. The distinction
between near and far up-gradient wells is made because statistical analysis of alluvial ground water
quahty to establish background values was performed only on data from the near up-gradient
wells. The far up-gradient wells are of interest because they represent background conditions and
provide some insight into long-term changes in alluvial ground water quahty They were not,

-however, included in the statistical analysis.-- - -~~~ - ¢ & oo T



TABLE 24, WELL DATA FOR GRANTS PROJECT NEAR UP-GRADIENT ALLUVIAL WELLS

MP = Measuring Point

IN =Inches

MSL =Mean SeaLevel

,,NAIAE ~ 3y 2 a N 5 g e Sae
DD [ 1546989 | 488943 | 785 40 | 051472002 | 5820 | 6534.39 18| 659259 8 6507.7A 40-80 26.7
ND | 1545927 | 494872 | 700 40 | 051472002 | 4763 | 654526 | 1.1 6592.89 - 65 -. | 65268A 50-70 185
P | 1546691 | 491058 | 108.1 40 | 07TM5/2002 | 57.39 | 6528.87 17 6587.26 107 64786A | 82112 $13
P1 ] 1547017 | 491060 | 105.0 50 | 1172872000 | 5575 | 653672 | 08 6592.47 105 6486.7A | 60-105 $0.4

- P2 | 1546555 | 490912 | 105.0 | 50 |0423/2003| 5388 | 653591 | 09 6589.79 | - 105 64839A | 60-105 - 520
P3 ] 1546159 | 490785 | 95.0 30 [047232003 | 5413 | 653582 | 22 6589.95 85 65028 A 5595 334
P4 | 1546504 | 491893 [ 920 50 | 047232003 | 5090 | 653862 | 36 6589.52 84 65019A 5292 36.7
Q | 1548693 | 492153 | 983 | 40 | 05/142002] 50.32 | 654350 (. 23 6593.82" 100 6491.5A- | 72-102 520
R | 1550372 | 494514 | 850 40 | 051472002 4324 | 656079 | 03 6604.03 9 6508.7 A 6090 521

NOTE: A = Alluvial Aquifer LSD = Land Surface Datum FT = Feet

TABLE 2-2. WELL DATA FOR GRANTS PROJECT FAR UP-GRADIENT ALLUVIAL WELLS

NN

LEV,

14

MP = Measuring Point

IN =Inches

0914 | 1555500 | 500850 6601.59 = - =
0976 | 1552350 | 499600 - = 4570 -
0920 [ 1555800 | 496900 [ - ‘ = = - =
0921 | 1555400 | 495800 | 730 | 50 | 050082002 38.43 | 656557 | 19 | 662400 | — = -
0922 [ 1555200 | 492500 | 960 | 60 |05N&2002 | 5228 | 656042 | 17 | 662170 | — - -
0950 | 1560400 | 498300 | 810 | 50 |0i/122000| 2570 | 6631.30 | 05 | 665700 | — - -
NOTE: A =Aluvial Aquifer LSD = Land Surface Dafum FT = Feet

2.2.2

UPPER CHINLE

Locations of the Upper Chinle wells are shown on Figure 2-6. Basic well construction deta for the

Chinle wells are presented in site annual reports. The well construction information for the Upper

Chinle wells that are used in the background definition are presented in Table 2-3. This table

includes the well completion information for two recently completed Upper Chinle wel:s, CW50

and CW52. Geophysical logs are presented in Appendix A for each of the Upper Chinle wells
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used to define background concentrations. Section A.l in Appendix A presents the geophysical
logs for the Upper Chmle wells Neutron logs or. resrstmty logs have been used to identify the

, sandstones that charactenze the Upper Chinle aqulfer Neutron and resrstrv1ty logs are provrded
' for wells CWSO CW52 CW9 CWlO 931 and 934 and CW3 CW13 and CW]8 respectlvely
Appendrx B presents well schematlcs for these Upper Chlnle wells Frgures B. 1 l through B 1-9
deprct well schematlcs for the nine Upper Chmle wells These ﬁgures also show the slotted
interval, sand pack arid seal intervals for each well B
_ TABLE 2-3. WELL DATA FOR GRANTS PROJECT BACKGROUND UPPER CHINLE WELLS
05T | 1542061 | 45207 | 3667 | 60 12122002 | 197.65 | 641271 | 08 | 66105 ] & | = Upper
0934 | 1540641 | 493041 | 2930 | 60 -| 0622003 | 18352-| 640207 | 20 -| 656559 | . 30 654 A - =
— 11 1 - 1 -1 1 | = 6302U — | Upper
CW3 [ 1545200 | 493436 | 2350 | 50 |0G/22003 | 13458 | 645260 | 07 | 6567.48 | 70 - | 6516A — =
| | 209 | e37uU | 210235 | - Upper
. - ; T : M | 62BM |- — | =
\_,./‘ CWD | 1542840 | 491015 | 1800 | 50 |12/12/2002| 6556 | 652627 | 00 | 659183 | — - | —U | 130-180 | Upper
A 1 1 : IR e | &R |- — | —
TCWI0 | 1542823 | 491803 | 1850 | .50 — | = | = 00 | 656788 | - 75 —| 613A | — - =
. - 1 1 , : = 7167 | 641U | 155185 | Upper
CW13 | 1538349 | 491827 | 2677 | 60 |06M22003 | 100 | 657570 | 27 | 657670 | 230 | 6344U | 225265 | Upper
: — | 378 | 61%M | — -
CW1B | 1535924 | 497378 | 2307 | 50 | 06022003 | 8329 | 6489.36 | 15 | 657265 | 80 6481A = =
: SR B 190 | 63810 | 177-232 | Upper
: T , . IR , M| 6BIM | — =
CW50 | 1546700 | 491150 | 1708 | 50, |06/242003 | 61.71 | 652529 | 30 | 658700 | 128 | 6456U | 130-170 | Upper
CW52 | 1548250 | 491900 | 1826 | 50 | OG/24/2003 | ;89.44 | 650856 | 20 | 650800 | 138 | 6458U | 140-80 |  Upper
' ' B (302 | 624M | -
NOTE: A= AlluvlalAqu:ferBase . t=Mbendoned - - - N=lnches .
U= Upper Chinke Aquifer, Top ~ MP=MeasuingPoint -~ FT=Feet o
M= MddlecmeAquferTop : LSD = Land Surface Daturn MSL = Mean Sea Level |
223 MIDDLECHINLE _ ' ' g
The locations’ of the Middle Chmle wells’ are shown in Flgure 2- 8 Well data for the Mlddle Chmle
wells used to define background concentrations are provided in Table 2-4. This table presents the
.\/‘i

. 29



' completlon interval and the total well depths for these wells. The geophysxcal logs for the Middle

Chinle aqulfer wells listed in the associated Section A.2 fi gures are presented in Appendlx A

Each of the wells in Table 2—4 have a geophyswal log except for well ACW, which is a Middle
Chinle well dnlled by HMC in the Murray Acres subd1v1smn HMC also drilled the nearby
Middle Chinle well WCW whxch was geophyswally logged and supports our well ACW
interpretation. Table A2-1 presents the llthologlc log for well ACW. Appendlx 3 includes
Figures B.2-1 through B.2-11, the well schematics for the Middle Chmle wells.

TABLE 2-4. WELL DATA FOR GRANTS PROJECT BACKGROUND MIDDLE CHINLE WELLS

ACW | 1540235 | 488070 | 3250 60 - - - 12 6563.80 40 6523A — -

: 57 6506 U - —
264 6299 M 265-328 Midde

CW1 | 1545235} 490295 | 3250 50 06/0272003 | 159.15 | 6426.07 07 658522 105 6480 A .- -
’ 2712 6313 M 212323 Mddle

“CW2 | 1545212 | 491302 | 355.0 50 06/02/2003 | 157.87 | 6427.61 17 6585.48 85 6499 A .- -

136 6443U .- —_
X 305 6219 M 306353 Middle

CW14 | 1538786 | 488884 | 360.9 6.0 060272003 | 16.26 | 6549.83 29 6566.09 56 6507 A .- -

- 66 6437 U -- =
Ny 310 6253 M 278 358 Middie

CW15 | 1536259 | 485961 | 1346 50 1212002 7598 | 647534 26 6551.32 50 6499 A -- -
91 6458 M 73-133. Mdde

kit 6238L -- -

CWIT | 1545279 | 487771 | 1080 50 060212002 { 60.20 | 6529.12 k| 6589.32 n 6513A - -
. 85 6501 M 83-103 Middie

CW24 | 1545773 | 487760 | 1180 50 1000372000 | 57.79 | 6530.38 30 6588.67 61 6525 A -- -
65 6521 M 78-118 Mdde

CW28 | 1535112 | 491008 | 370.0 50 06/02/2003 | 195.90 | 6375.78 19 6571.68 90 6430 A - -

110 64600 - -
294 6216 M | 280-360 Middle

CW35 | 1547001 | 488794 | 120.0 50 062772002 | 5939 | 6531.78 | 19 6591.17 63 8526 A - -
%0 6493 M 93418 Mddle

WCW | 1541045 | 488520 | 307.0 6.0 1211272002 | 126.31 | 6441.06 08 6567.37 a3 6484 A - -
254 6313M 257-307 Middle

WR25 | 1545267 | 487430 | 1133 5.0 10/0322000 | 61.10 | 6525.36 28 6586.46 50 654 A - -
" 6513 M 7111 Midde

NOTE: A = Allvial Aquifer, Base MP = Measuring Poinl FT = Feet
U = Upper Chinle Aquifer, Top LSD = Land Surface Datum MSL = Mean Sea Level
M = Middle Chinle Aquifer, Top IN = Inches
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224 LOWER CHINLE

The locations of the Lower Chinle wells are shown on Figure 2-10. HMC drilled more than half of
the Lower Chinle wells, including all of the CW wells and wells 653 and 853, to support structural
and water-quality definition of this aquifer. Only 2 or 3 of the 27 existing Lower Chinle wells

shown on Figure 2-10 are currently used as a domestic water supply.

The well completion data for the Lower Chinle wells which were used in the background analyses
are presented in Table 2-5. This table presents the well depth, water level and casing perforation
interval for these Lower Chinle wells. HMC drilled all of these Lower Chinle wells. Appendix A
includes the geophysical logs for the Lower Chinle wells. Resistivity logs were used for each of
these wells to define the lithology. The well schematics for the Lower Chinle wells are provided
on Figure B.3-1 through B.3-10 in Appendix B. ’

TABLE 2-5. WELL DATA FOR GRANTS PROJECT BACKGROUND LOWER CHINLE WELLS

Ny . o €335 04, Tk, [ iy

¥

CW26 | 1534116 | 483593 | 300.0 50 ]01/02/2003 | 9185 . 05 6561.43 50 6511 M - -

50 6511A

231 6330L | 245-285 Lower

CW29 | 1534551 | 487435 | 290.0 50 |06/02/2003 | 85.71 | 6466.51 17 6552.22 52 6499 A - -

52 6439 M

228 6323L | 230-270 Lower

CW31 | 1540689 | 482738 | 3110 60 _}1211272002 | 8382 | 647644 | 20 6560.26 111 6447 A

254 6304L | 231-271 -

254 6304L | 291311 —_

254 6304L | 136-156 | Lower

CW32 | 1543413 | 483523 | 300.0 6.0 121122002 | 12083 | 644645 | 1.7 6567.28 70 6496 A

187 6409L | 218-303 -

157 6409L | 158-188 | Lower

CW33 | 1543814 | 486347 | 3470 6.0 | 1212/2002 | 10604 | 6468.85 18 6574.89 83 64%0 A - -

272 6301L | 267-287 | Lower

12| 6301L | 307347 -

CW36 | 1540053 | 481329 | 180.0 50 12122002 | 7510 | 647599 | 28 6551.09 96 6452 A

152 6396 L 155-117 Lower

CW37 1t 1537240 | 484853 | 1501 50 12122002 | €046 | 6490.71 13 6551.17 $5 6435 A

100 6450L ] 100-150 { Lower

CW39 | 1537260 | 483754 | 1263 50 11212002 ] 63.22 | 648749 | 34 6550.71 40 6507 A

87 6460L | 90-123 Lower

CWa41 | 1533174 | 488584 | 206.0 60 | 1212/2002 | 86.00 | 6469.41 15 6555.41 £9 6495 A

138 6416L | 146-206 | Lower

CW43 ) 1537587 | 432493 | 1041 50 121212002 ) 66.36 | 648243 | 20 6548.79 57 6490L | 81-101 Lower

34 6490 A — —
NOTE: A = Aluvial Aquifer, Base MP = Mesasuring Point FT = Feet
M = Middle Chinle Aquifer, Top LSD = Land Surface Datum MSL = Mean Sea Level
L = Lower Chinle Aquifer, Top IN = Inches
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