
Homestake Mining Company of California 

Grants Project 

ATTN: Mr. Matthew Meyer 
Project Manager 
Materials Decommissioning Branch 

17 August 2017 

Division of Decommissioning, Uranium Recovery and Waste Programs 
Office of Nuclear Materials Safety and Safeguards 
U.S. Nuclear Regulatory Commission 
Mail Stop: T-8F5 
Washington , DC 20555 

ATTN: Mr. Sairam Appaji 
Region VI Superfund Division 
1445 Ross Avenue, Suite 1200 
6SF-LP 
Dallas, TX 75202-2733 

ATTN: Mr. Kurt Vollbrecht 
Ground Water Quality Bureau 
New Mexico Environment Department 
PO Box 5469 
Santa Fe, NM 87502-5469 

ATTN: Mr. Christopher Burrus 
New Mexico Office of the State Engineer 
5550 San Antonio Drive, N.E. 
Albuquerque, NM 87109 

RE: Responses to July 18, 2017 NMED Letter 

Dear Sirs: 

Thomas Wohlford 
Closure Manager 

In a letter dated July 18, 2017, the New Mexico Environment Department (NMED) has 
requested responses to questions related to condition of and plans for Homestake Mining 
Company of California's (HMC) San Andres Aquifer wells. The plans for abandonment of two of 
the wells have been completed and are submitted herein. An evaluation of well 951 R has also 
been completed and is included in this submittal. The New Mexico Office of State Engineer 
(OSE) well abandonment form and a description of the abandonment plan is a portion of each of 
these response when appropriate. HMC is reviewing the planned abandonment and 
replacement of other San Andres wells and is requesting a 30 day extension of the deadline for 
submittal of the evaluation and final plans for abandonment of the San Andres wells as 
described below. The following submittal is organized according to the numbered items in the 
July 18, 2017 NMED letter. Reporting of the completed evaluations and/or abandonment plans 
are included in this submittal as attachment referenced by item number. 

Item 1 - Request for evaluation of cross-contamination potential and well completion details for 
San Andres wells 943, 951 , 928, Old Well #1 and Deep Well #1. 

Response- Figure 1-1 in Attachment 1 shows the locations of the HMC San Andres wells. 
The evaluation of the potential for cross-contamination between the San Andres and overlying 
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aquifers is addressed in the reports for each well. The available well completion details are also 
included in the attachments for each well. 

Item 2: Well 951 - Request for submittal of evaluation of cross-contamination potential and an 
OSE Well Plugging Plan of Operations for well 951 . 

Response - The following discussion addresses the potential for cross-contamination at well 
951 . The abandonment plan for well 951 is under review and HMC requests a 30-day extension 
of the deadline for submittal of the plan . 

The alluvial aquifer exists at well 951 and is a potential aquifer for cross-contamination in this 
well. The Upper, Middle and Lower Chinle aquifers subcrop to the east of well 951 and 
therefore do not represent a potential for cross-contamination in well 951 . 

The completion records for well 951 indicate the casing was installed to a depth of 241 feet 
below land surface (ft-BLS) . The casing was also installed by pumping cement grout into the 
bottom of the hole filling the interval from 212 to 241 ft-BLS with cement before inserting the 
casing to the bottom of the hole. This would create a very effective annular seal in the lower 
interval of the well. The recent well integrity logging extended to a depth of 220 ft-BLS but did 
not extend to the point where the bottom of the casing was detected. 

Based on water quality and water-level data, well 951 does not appear to be affected by cross
contamination from the overlying alluvial aquifer. An alluvial aquifer monitoring well operated by 
DOE for the Bluewater site is very near well 951 and has a water level that is approximately 44 
feet higher than that in the San Andres aquifer. The alluvium at well 951 has only a few feet of 
saturation . Along with the differential in piezometric surfaces, the typical uranium concentration 
in the alluvial well is slightly lower than that in San Andres well 951 . Other water quality data for 
well 951 is consistent with that in the San Andres aquifer and a very slightly elevated uranium 
concentration is consistent with expected impacts from the Bluewater site. Therefore, there is 
no evidence or indication of cross-contamination in well 951 and the well is useful for monitoring 
in the San Andres aquifer. 

The well 951 completion drawing is presented in Figure 2-1 of Attachment 2. The geologic 
information for this well is included on the right side of Figure 2-1 of Attachment 2. 

Item 3: Well 928 - Request for submittal of evaluation of cross-contamination potential and a 
revised OSE Well Plugging Plan of Operations for well 928. 

Response - The alluvial , Upper and Middle Chinle aquifers exist at well 928 and are aquifers 
with potential for cross-contamination in this well. The overlying aquifers in the well 928 area 
are not impacted by the seepage from the HMC tailings. The Lower Chinle aquifer has not been 
defined in this area. 

The OSE Well Plugging Plan of Operations for Well 928 is included in this submittal (see 
Attachment 3). There is presently a blockage in the well at approximately 323 feet below land 
surface (ft-BLS) that will be penetrated during the abandonment. Although this blockage 
prevents evaluation of the well condition at greater depth, there is evidence of ground water 
entering the casing above the water level. The blockage occurs within the interval of the Middle 
Chin le aquifer and the water level is reflective of the Middle Chinle aquifer. This is a direct 
observation of cross-contamination between the Middle Chinle aquifer and the overlying alluvial 
and/or Upper Chinle aquifers. There is no available information to identify the interval of the 
Lower Chinle aquifer, which occurs below the blockage. However, the testing performed 

Page l2 

H OMESTAK E MININ G COMPANY P . O . Ba x 98 , GRANTS , NM 8 7 020 TELE : (505) 287· 4456 F AX: 1505) 2 8 7 · 9289 



L ___ _ 

Letter to Agencies 
RE: Responses to July 18, 2017 NMED letter 

indicates that there is cross-contamination occurring between the Middle Chinle aquifer and the 
overlying alluvial and/or Upper Chinle aquifers. Ironically, the blockage in the well may be 
providing some isolation of the San Andres aquifer from the cross-contamination occurring 
above the blockage. 

Attachment 3 includes the OSE Well Plugging Plan of Operations for well 928 and the 
associated discussion of the well 928 abandonment. Figure 3-1 of Attachment 3 presents the 
completion details for well 928. 

Item 4: Old #1 Well - Request for submittal of evaluation of cross-contamination potential and 
a revised OSE Well Plugging Plan of Operations for Old #1well. 

Response - The OSE Well Plugging Plan of Operations for Old #1 well is presently under 
review and HMC is requesting a 30-day extension for the submittal of this plan . Attachment 4 of 
this submittal includes Figure 4-1 which presents completion details for Old #1 well. The 
following discussion describes the potential for cross-contamination in Old #1 well . 

The alluvial, Upper and Middle Chinle aquifers exist at the Old #1 Well location and present a 
potential for cross-contamination in this well. The alluvial and Upper Chinle aquifers are 
impacted by seepage in this area and therefore could result in transmission of seepage impacts · 
in the event of cross-contamination in this well. However, the blockage of the well at 425 to 430 
ft-BLS has resisted fairly aggressive testing with a drilling rig, and the measured water level is 
more than 100 feet higher than the expected level in the San Andres aquifer. Therefore, there 
is no evidence that cross-contamination is occurring at this time. The Lower Chinle aquifer has 
not been defined in the area of the well. 

Item 5: Well 951R- Request for submittal of evaluation of cross-contamination potential for 
Well 951R. 

Response - The report of the evaluation of the potential for cross-contamination in well 951 R is 
included as Attachment 5 in this submittal. The evaluation utilized the results of the well 
integrity testing and other geologic information for the site to confirm that the well completion 
effectively precludes cross-contamination between aquifers. The only overlying aquifer 
representing a potential for cross-contamination at the well 951 R location is the Lower Chin le 
aquifer. The constituent concentrations in the Lower Chin le aquifer in the well 951 R area do not 
exceed corresponding site standards and therefore there are no seepage impacts indicated for 
the overlying aquifers. The alluvial, Upper and Middle Chinle aquifers do not exist in this area 
and therefore do not present a potential for cross-contamination in this well. Further details of 
this analysis and a well completion drawing (Figure 5-3) are presented in Attachment 5. 

Item 6: Well 943 - The NMED letter of July 17, 2017 indicates all requested information has 
been addressed. A subsequent letter from NMED on August 8, 2017 required modifications of 
the work plan for testing of wells 943 and 943M and those changes are under review by HMC 

Response - The usage of well 943 as a fresh-water supply well was ceased on May 18, 2017 
(for item 1 of the August 8, 2017 NMED request). The alluvial, Middle and Lower Chinle 
aquifers exist at well 943 and present a potential for cross-contamination in this well. The 
alluvial, Middle and Lower Chinle aquifers are impacted by seepage in this area and could 
potentially cause cross-contamination in this well. The Lower Chinle aquifer has not been 
defined in this area. The well 943 pump test plan is being adjusted to include the August 8, 
2017 NMED changes. 
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The well completion details for well 943 to address the Item 1 request are presented in Figure 6-
1 of Attachment 6. No other response is required in this submittal. 

Item 7: Deep Well #2 - Request for submittal of evaluation of cross-contamination potential and 
an OSE Well Plugging Plan of Operations for Deep Well #2. 

Response - The OSE Well Plugging Plan of Operations for Deep Well #2 is included in 
Attachment 7 of this submittal along with a discussion of the abandonment plan. Figure 7-1 of 
Attachment 7 gives the well completion details for the Deep Well #2 . 

The alluvial, Upper and Middle Chinle aquifers exist at the Deep Well #2 location and present a 
potential for cross-contamination in this well. The alluvial and Upper Chinle aquifers are 
impacted by seepage in this area. The Lower Chinle aquifer has not been defined in this area. 
Recent water quality monitoring of Deep Well #2 does not indicate any cross-contamination with 
overlying aquifers and there is no evidence of seepage impacts in the well. Although the 
fiberglass sleeve in the well has been damaged, there is no indication of casing damage that 
has resulted in cross-contamination. 

Item 8: Deep Well #1 - Request for submittal of evaluation of cross-contamination potential and 
an OSE Well Plugging Plan of Operations for Deep Well #1 . 

Response - The OSE Well Plugging Plan of Operations for Deep Well #1 is presently under 
review and HMC is requesting a 30-day extension for the submittal of this plan. Attachment 8 to 
this submittal includes Figure 8-1 which presents well completion details for Deep Well #1. The 
following discussion addresses the potential for cross-contamination in the well. 

The alluvial , Upper Chinle and Middle Chinle aquifers exist at the location of Deep Well #1 and 
therefore present a potential for cross-contamination in this well. The alluvial and Upper Chinle 
aquifers are impacted by tailings seepage in the area of the well. The Lower Chin le aquifer has 
not been defined in this area. Recent water quality monitoring of Deep Well #1 is consistent 
with the historic record for this San Andres well and there is no indication of water quality 
impacts resulting from cross-contamination. Although the well casing is damaged at 225 to 243 
ft-BLS, the damaged interval does not correspond with an overlying aquifer. Therefore, there is 
no evidence that cross-contamination is occurring in Deep Well #1. 

Thank you for your time and attention on this matter. If you or anyone on your staff has any 
questions, please contact me at 505.290.2187 or at twohlford@homestakeminingcoca.com. 

Respectfully, 

Thomas Wohlford 
Closure Manager 
Homestake Mining Company of California 
Office: 505.287.4456 x34 I Cell: 505.290.2187 
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Copy To: 

B. Tsosie, DOE, Grand Junction, Colorado (electronic copy) 
M. McCarthy, Barrick, Salt Lake City, Utah (electronic copy) 
H. Burns, Barrick, Toronto, Ontario (electronic copy) 
C. Burton , Barrick, San Francisco, California (electronic copy) 
G. Hoffman, Hydro-Engineering, Casper, Wyoming (electronic copy) 
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Attachments for Item 1. 

Figure 1-1. Location of San Andres Wells 



FIGURE 1-1. SAN ANDRES WELL LOCATIONS. 



Attachments for Item 2. 

Figure 2-1. Well 951 Completion Detail 
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Attachments for Item 3. 

Well Plugging Plan of Operations 

Well 928 Abandonment Plan Description 

Figure 3-1. Well 928 Completion Detail 
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WELL PLUGGING 
PLAN OF OPERATIONS 

NOTE: A Well Plugging Plan of Operations shall be filed with and accepted by the Office of the State Engineer prior 
to plugging. 

J. FILING FEE; There is no filing fee for this form. 

II. GENERAL I WELL OWNERSHIP; 

Existing Office of the State Engineer POD Number (Well Number) for well to be plugged : B-28-1605 POD407 

Name of well owner: Homestake Mining Company 

Mailing address: _P_O_ B_o_x_9_8 _______________________________ _ 

City: Grants Zip code: 87020 

Phone number: 505-290-2187 E-mail: twohlford@barrick.com 

Ill. WELL DRILLER INFORMATION; 

Well Driller contracted to provide plugging services: To be determined after bidding. 

New Mexico Well Driller License No.: Will send to OSE Expiration Date: 

Ty. WELL INFORMATION; 

Note: A copy of the existing Well Record for the well to be plugged should be attached to this plan. 

l) GPS Well Location: Latitude: ___ 3s ___ deg, __ 1_s __ min, 19.81 sec 
Longitude: 101 deg, 51 min, 42.30 sec, NAD 83 

2) Reason(s) for plugging well: 

ICompromised Casing 

3) Was well used for any type of monitoring program? No If yes, please use section VII of this form to detail 
what hydrogeologic parameters were monitored. If the well was used to monitor contaminated or poor quality 
water, authorization from the New Mexico Environment Department may be required prior to plugging. 

4) 

5) 

6) 

Does the well tap brackish, saline, or otherwise poor quality water? _N_o ____ If yes, provide additional detail, 

including analytical results and/or laboratory report(s) : 

Static water level: ___ 1_3_4 ___ feet below land surface I feet above land surface (circle one) 

Depth of the well: ___ 8_2_4 __ feet 

Well Plugging Plan 
Version: August 11 , 20 15 
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7) Inside diameter of innermost casing: ___ 2_0 ___ inches. 

8) Casing material: _S_t_e_e_I ________________________________ _ 

9) The well was constructed with : 

[iJ an open-hole production interval , state the open interval: _3_1_2_-_8_2_4 _____________ _ 

D a well screen or perforated pipe, state the screened interval(s): ----------------

10) What annular interval surrounding the artesian casing of this well is cement-grouted? _A_s_s_u_m_e_N_o _____ _ 

11) Was the well built with surface casing? No ff yes, is the annulus surrounding the surface casing grouted or 

otherwise sealed? No If yes, please describe: 

12) Has all pumping equipment and associated piping been removed from the well? ___ Y_e_s __ ~If not, describe 
remaining equipment and intentions to remove prior to plugging in Section VII of this form. 

y. DESCRJPTION OF PLANNED WELL PLI JGGING; 

Note: If this plan proposes to plug an artesian well in a way other than with cement grout, placed bottom to top with a tremie 
pipe, a detailed diagram of the well showing proposed final plugged configuration shall be attached, as well as any additional 
technical information, such as geophysical logs, that are necessary to adequately describe the proposal. 

1) Describe the method by which cement grout shall be placed in the well, or describe requested plugging methodology 

proposed for the well : 

See attached Abandonment Plan Description for abandonment details 

2) Will well head be cut-off below land surface after plugging? _Y_e_s _________________ _ 

yr. PLUGGING ANP SEALING MATERIALS; 

Note: The plugging of a well that taps poor quality water may require the use of a specialty cement or specialty sealant 

1) For plugging intervals that employ cement grout, complete and attach Table A. 

2) For plugging intervals that will employ approved non-cement based sealant(s), complete and attach Table B. 

3) Theoretical volume of grout required to plug the well to land surface: _N_l_A ______________ _ 

4) Type of Cement proposed: _P_o_rt_la_n_d_C_e_m_e_n_t_A_P_I _C_la_s_s_B _________________ _ 

5) 

6) 

Proposed cement grout mix: _6 ______ ,.oallons of water per 94 pound sack of Portland cement. 

Will the grout be: __ X __ batch-mixed and delivered to the site 

___ mixed on site 

Well Plugging Plan 
Version: August 11 , 201 5 
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7) Grout additives requested and percent bv drv weight relative to cement: 

N/A 

8) Additional notes and calculations: 

YJJ, ADDJTIONAJ, JNFORMATJON: List additional information below, or on separate sheet(s): 

See attached Abandonment Plan Description for abandonment details 

ym, SIGNATURE; 

I, Thomas Wohlford , say that I have carefully read the foregoing Well Plugging Plan of 
Operations and any attachments, which are a part hereof; that I am familiar with the rules and regulations of the State 
Engineer pertaining to the plugging of wells and will comply with them, and that each and all of the statements in the Well 
Plugging Plan of Operations and attachments are true to the best of my knowledge and belief, 

Signature of Applicant Date 

JX ACTION OF THE STATE ENGINEER; 

This Well Plugging Plan of Operations is: 

___ Approved subject to the attached conditions. 
___ Not approved for the reasons provided on the attached letter. 

Witness my hand and official seal this _____ day of _______________ _ 

Tom Blaine P.E., New Mexico State Engineer 

Well Plugging Plan 
Version: August I I, 2015 
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Top of proposed interval 
of grout placement (ft bgl) 

Bottom of proposed 
interval of grout 

placement (ft bgl) 

Theoretical volume of 
grout required per interval 

(gallons) 

Proposed cement grout 
mix gallons of water per 
94-lb. sack of Portland 

cement 

Mixed on-site or batch-
mixed and delivered? 

Grout additive I 
requested 

Additive I percent by dry 
weight relative to cement 

Grout additive 2 
requested 

Additive 2 percent by dry 
weight relative to cement 

TABLE A - For plugging intervals that employ cement grout. Start with deepest 

interval. 

Interval 1 - deepest 

300 

791 

1007-5197 

6 

API Class B Batch-mixed 

N/A 

N/A 

Interval 2 

2 

300 

4863 

6 

API Class B Batch-mixed 

N/A 

N/A 

Interval 3 - most shallow 
Note: if the well is 

non-artesian and breaches 
only one aquifer, 

use only this column. 

Well Plugging Plan 
Version: August 11 , 2015 
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TABLE B - For plugging interva ls that will employ a pproved non-cement based sealant(s). Start with deepest 

interval. 

Top of proposed interval 
of sealant placement 

(ft bgl) 

Bottom of proposed 
sealant of grout placement 

(ft bgl) 

Theoretical volume of 
sealant required per 

interval (gallons) 

Proposed abandonment 
sealant (manufacturer and 

trade name) 

Interval 1 - deepest 

791 

824 

49-345 

Bentonite Chips with 
limited amount of silica 
sand if needed 

Interva l 2 Interva l 3 - most shallow 

Note: ifthe well is 
non-artesian and breaches 

only one aquifer, 
use only this column. 

Well Pl ugging Plan 
Version: August 11 , 20 15 
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Well 928 Abandonment Plan Description 

The attached B-28 POD407 (HMC 928) abandonment plan proposes drilling through the 
obstruction at 324 feet with a 6" bit down to a depth of 791 feet (10 feet above the top of the San 
Andres limestone). A cement plug placed via tremie pipe or dump bailer to a depth of 731 feet 
below ground surface is proposed. The volume of cement needed should be 588 gallons which 
is included in the volume in the next paragraph. 

Above the initial cement seal , placing neat cement via tremie pipe or dump bailer from 731 to 
300 feet below ground surface. The recommended neat cement would be API Class B and 
mixed with no more than 6 gallons of water per 94 pound bag of cement. The amount of 
cement needed would be between 4890 gallons. These volumes are also presented in Table A 
and Table B of the Well Plugging Plan of Operations. The cement would be allowed to set 48 
hours prior to any to any additional cement being placed above it. 

From 300 to 40 feet below ground level, the 20 inch steel casing would be perforated with a 
Holte perforator in a minimum of six columns distributed around the circumference of the casing. 
The columns of perforations will extend over a length of 15 feet within each 20 foot interval. The 
five foot long interruption in perforations in each 20 feet interval is intended to preserve some 
strength in the casing to prevent collapse prior to cementing. The inside of the well would be 
cemented with a tremie pipe from 300 to 2 feet. The necessary volume of cement is 4863 
gallons and is presented in Table A of the Plugging Plan of Operations. The cement will be API 
Class B and mixed with no more than 6 gallons of water per 94 pound bag of cement. The 
casing would be cut off 2 feet below land surface and backfilled. 
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Attachments for Item 4. 

Figure 4-1. Well Old #1 Completion Detail 
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Attachments for Item 5. 

Well 951R Evaluation 

Figure 5-1. Page 1 of SEO Well Record for 951R 

Figure 5-2. Page 2 of SEO Well Record for 951R 

Figure 5-3. Well 951R Completion Detail 

Figure 5-4. Video Log Photographs 1 Through 4 

Figure 5-5. Video Log Photographs 5 Through 8 

Figure 5-6. Video Log Photographs 9 Through 12 

Figure 5-7. Geophysical Log Page 1 

Figure 5-8. Geophysical Log Page 2 



Well 951R Evaluation 
Potential for Cross-Contamination 

The completion and well integrity of well 951 R is described in the following with a focus on evaluating 

the potential for cross-contamination from overlying aquifers. The well integrity testing results, presence 

and structure of overlying aquifers, the well completion, and the water quality in the well are used in this 

evaluation. The well integrity testing was described in Hydro-Engineering (2016), and aspects of the 
geology and structure are presented in annual reporting (e.g. Hydro-Engineering, 2017) for the site. 

A significant concern expressed by NMED in requesting this evaluation is based on the lithologic log in 
the SEO Well Record (see Figures 5-1 and 5-2) indicating the top of the San Andres aquifer is at a depth 

of 420 feet below land surface (ft-BLS) while the casing extends only to 411 ft-BLS . However, the 
lithologic log also indicates limestone is present in the interval from 390 to 420 ft-BLS. The well is 

completed as an open hole in the limestone from 411 ft-BLS to 525 ft-BLS (see Figure 5-3). The video 
log portion of the well integrity testing described below confirms the San Andres Limestone occurs from 

the bottom of the casing at a depth of 411 ft-BLS to the bottom of the video log at approximately 417 ft
BLS. Additionally, the gamma log indicates a transition in the rock type occurring at a depth of 392 ft

BLS, which corresponds to the lithologic log notation of limestone occurring at a depth of 390 ft-BLS. 
The well integrity testing is described below. 

Well Integrity Testing 

The well integrity testing included a video log and a suite of geophysical logs to evaluate the condition of 
the well and casing. The geophysical logging included a gamma ray, caliper, Cement Bond Log (CBL) 

consisting of Variable Density Log (VDL), Near First Arrival, amplitude and delta time, and 4 Pi density 
logs. 

• Video Log - The video log was very useful in both evaluating the condition of the casing and 
confirming the presence of limestone below a depth of 411 ft-BLS . Figure 5-4 presents four 
photographs (photos) taken as screen grabs from the video log. The screen grab photos were taken 
when the camera was in both a vertical and horizontal orientation, with a horizontal photo being 

particularly useful in viewing voids and fractures in the limestone. Photos 1, 2 and 3 show casing 

in good condition both above and below the water level in the well. Photo 4 in Figure 5-4 shows 
the bottom of the casing. Figure 5-5 presents four photos in horizontal orientation taken at depths 

from 41 l.5 to 413.5 ft-BLS . Photo 5 in Figure 5-5 shows the bottom of the steel casing with 

apparent voids and fractures in the limestone immediately below the casing. Photos 6, 7 and 8 

show a similar limestone material with significant voids and fractures in the well bore. Figure 5-6 

four photos with Photos 9 and 11 in horizontal orientation and Photos I 0 and 12 in a vertical 
orientation. Like the previous photos, these show that the interval from the bottom of the casing 

at 411.5 ft-BLS to the bottom of the video at approximately 417 ft-BLS is San Andres Limestone. 



• Geophysical Logs - The geophysical logs are presented in Figures 5-7 and 5-8. As discussed 
previously, the gamma ray log presented in Hydro-Engineering indicates a significant change in 
the formation materials at a depth of 392 ft-BLS with a reduced gamma to the logging depth. This 
is consistent with the lithologic log indicating limestone occurring between 390 and 420 ft-BLS . 
The increased VDL amplitude in this interval may also be caused by limestone behind the casing. 
The gamma log is also useful as an indicator of overlying aquifer materials. Structural mapping 
for the Lower Chinle aquifer developed from drilling in the area indicates the top of the aquifer 
should be at roughly 145 ft-BLS at the 951R location. The gamma log shows a slightly reduced 
gamma to approximately 192 ft-BLS, and, although the small change in gamma indicates a 
relatively limited increase in permeability, this may be the base of the Lower Chinle aquifer. The 

Lower Chinle aquifer is the only overlying aquifer at the well 951R location. The Alluvial, Upper 
Chinle and Middle Chinle aquifers are not present at the well site. The listed depth of the 
alluvium at the well site is 65 feet below LSD (elevation of approximately 6512 feet above MSL) 
and the alluvium is not saturated at this location (see Hydro-Engineering, 2017). 

• Water Quality - The water quality in well 95 lR is typical for the San Andres aquifer and the 
water-level elevation is consistent with expectations for the San Andres aquifer at the well 
location. There are no indications of cross-contamination impacts from the overlying Lower 
Chinle aquifer. Because portions of the Bluewater site are in contact with the San Andres aquifer 
to the west of well 951R, there is the potential for minor water quality impacts from the reclaimed 
tailings area. 

Summary 

The video log portion of the well integrity testing confirms the San Andres Limestone occurs from the 
bottom of the casing at a depth of 411 ft-BLS to the bottom of the video log at approximately 417 ft-BLS. 

This is further supported by the gamma log indicating a transition in the rock type occurring at a depth of 
392 ft-BLS, which correspond to the occurrence of limestone in the interval from 390 to 420 ft-BLS 

noted in the lithologic log. Because the well casing extends into the San Andres Limestone, the 
completion of the well is appropriate to preclude cross-contamination with overlying aquifers. Figure 
5-3 presents the completion details for well 95 lR. 

References 

Hydro-Engineering, L.L.C., 2016, Grants Reclamation Project, I st Quarter 2016 San Andres Well 

Integrity Testing. Consulting Report for Homestake Mining Company of California. 

Hydro-Engineering, L.L.C., 2017, Grants Reclamation Project, 2016 Annual Monitoring 
Report/Performance Review for Homestake' s Grants Project Pursuant to NRC License SUA-1471 
and Discharge Plan DP-200. Consulting Report for Homestake Mining Company of California. 
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Figure 5-3. Well Completion Schematic for 951R 
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Figure 5-4. Video Log Photographs 1 Through 4 

Photo 1 
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Figure 5-5. Video Log Photographs 5 Through 8 

Photo 5 

Depth - 411.5 Horizontal Orientation 
Features - Bottom of casing 
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Figure 5-6. Video Log Photographs 9 Through 12 
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Figure 5-4. Video Log Photographs 1 Through 4 

Photo 1 

150 Vertical Orientation 
- Casing in good condition 

Photo 2 
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- Water Level tit -154• 

Photo 3 

Depth - 199 Horizontal Orientation 
Features - Clean and sound casing 

Photo 4 

Depth - 410 Vertical Orientation 
Features - Bottom of casing @ -411.5' 



Figure 5-5. Video Log Photographs 5 Through 8 

Photo 5 

Depth - 411.5 Horizontal Orientation 
Features - Bottom of casing 

Photo 6 

Depth - 412.6 Horizontal Orientation 
Features - Limestone with voids 

Photo 7 

Photo 8 

Depth - 413.5 Horizontal Orientation 
Features - Limestone fractures/voids 



Figure 5-6. Video Log Photographs 9 Through 12 

Photo 9 

Depth - 413.8 Horizontal Orientation 
Features - Limestone fractures/voids 

Photo 10 

Depth - 415.3 Vertical Orientation 
Features - Limestone with voids 

Photo 11 
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Attachments for Item 6. 

Figure 6-1. Well 943 Completion Detail 

L _ -- -
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Attachments for Item 7. 

Plugging Plan of Operations 

Well Deep #2 Abandonment Plan 

Figure 7-1. Well Deep #2 Lithology 

Figure 7-2. Well Deep #2 Well Completion Detail 

Figure 7-3. 1998 Resleeving for Deep #2 Well 
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WELL PLUGGING 
PLAN OF OPERATIONS 

NOTE: A Well Plugging Plan of Operations shall be filed with and accepted by the Office of the State Engineer prior 
to plugging. 

I. FILING FEE; There is no filing fee for this form. 

II. GENERAL I WELL OWNERSHIP; 

Existing Office of the State Engineer POD Number (Well Number) for well to be plugged: B-28-S-1 (HMC Deep #2) 

Name of well owner: Homestake Mining Company 

Mailing address: _P_O_B_o_x_98 _______________________________ _ 

City: Grants Zip code: 87020 

Phone number: 505-290-2187 E-mail : twohlford@barrick.com 

III. WELL DRILLER INFORMATION; 

Well Driller contracted to provide plugging services: _U_n_d_e_t_e_rm_in_e_d __________________ _ 

New Mexico Well Driller License No.: --------------Expiration Date: ________ _ 

IV. WELi, INFORMATION; 

Note: A copy of the existing Well Record for the well to be plugged should be attached to this plan. 

1) GPS Well Location: Latitude: ___ 35 ___ deg, __ 14 __ min, __ 2_2._11 __ sec 
Longitude: 101 deg, 51 min, 51 .02 sec, NAD 83 

2) Reason(s) for plugging well: 

!Requested by the NMED 

3) Was well used for any type of monitoring program? Yes If yes, please use section VII of this form to detail 
what hydrogeologic parameters were monitored. If the well was used to monitor contaminated or poor quality 
water, authorization from the New Mexico Environment Department may be required prior to plugging. 

4) 

5) 

6) 

Does the well tap brackish, saline, or otherwise poor quality water? _Y_e_s ____ If yes, provide additional detail , 

including analytical results and/or laboratory report(s): 

The well is located in an area with impacted an impacted alluvial aquifer. 

Static water level : ___ 1_34 __ -<feet below land surface~ feet above land surface (circle one) 

Depth of the well: ___ 8_7_0 __ feet 

Well Plugging Plan 
Version: August 11 , 2015 

Page I of5 



7) Inside diameter of innermost casing: __ 9_._7_5 __ inches. 

8) Casing material : _S_t_e_e_I ______________________________ _ 

9) The well was constructed with : 

[iJ an open-hole production interval, state the open interval : _8_5_3_-_8_7_0 _____________ _ 

D a well screen or perforated pipe, state the screened interval(s): ----------------

JO) What annular interval surrounding the artesian casing of this well is cement-grouted? _A_s_s_u_m_e_N_o _____ _ 

11) Was the well built with surface casing? No If yes, is the annulus surrounding the surface casing grouted or 

otherwise sealed? No If yes, please describe: 

12) Has all pumping equipment and associated piping been removed from the well? ___ Y_e_s ___ Ifnot, describe 
remaining equipment and intentions to remove prior to plugging in Section VII of this form. 

y. PESCRIPTION OF PLANNED WELL PL(JGGJNG; 

Note: If this plan proposes to plug an artesian well in a way other than with cement grout, placed bottom to top with a tremie 
pipe, a detailed diagram of the well showing proposed final plugged configuration shall be attached, as well as any additional 
technical information, such as geophysical logs, that are necessary to adequately describe the proposal. 

I) Describe the method by which cement grout shall be placed in the well, or describe requested plugging methodology 

proposed for the well : 

See attached Abandonment Plan Description for abandonment details 

2) Will well head be cut-off below land surface after plugging? _Y_e_s _________________ _ 

yI. PLUGGING ANp SEALING MATERIALS; 

Note: The plugging of a well that taps poor quality water may require the use of a specialty cement or specialty sealant 

1) For plugging intervals that employ cement grout, complete and attach Table A. 

2) For plugging intervals that will employ approved non-cement based sealant(s), complete and attach Table B. 

3) Theoretical volume of grout required to plug the well to land surface: See Tables A and B 

4) Type of Cement proposed: _P_o_rt_la_n_d_C_e_m_e_n_t_A_P_I _C_la_s_s_B _________________ _ 

5) 

6) 

Proposed cement grout mix: _6 ______ -""allons of water per 94 pound sack of Portland cement. 

Will the grout be: X batch-mixed and delivered to the site 

___ mixed on site 

Well Plugging Plan 
Version: August 11 , 2015 

Page 2 ofS 



7) Grout additives requested and oercent bv dry weight relative to cement: 

N/A 

8) Additional notes and calculations: 

YJJ, ADDITIONAL INFORMATION: List additional information below, or on separate sheet(s): 

See attached Abandonment Plan Description for abandonment details, 
#3 NMED DP-200 
#12 Pump will be pulled prior to plugging, 

ym, SJGNAJJJRE; 

I , Thomas Wohlford , say that I have carefully read the foregoing Well Plugging Plan of 
Operations and any attachments, which are a part hereof; that I am familiar with the rules and regulations of the State 
Engineer pertaining to the plugging of wells and will comply with them, and that each and all of the statements in the Well 
Plugging Plan of Operations and attachments are true to the best of my knowledge and belief. 

Signature of Applicant Date 

IX, ACTION OF THE STATE ENGINEER; 

This Well Plugging Plan of Operations is: 

___ Approved subject to the attached conditions. 
___ Not approved for the reasons provided on the attached letter. 

Witness my hand and official seal this _____ day of _______________ _ 

Tom Blaine P.E., New Mexico State Engineer 

By: ___________ ~ 

Well Plugging Plan 
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Top of proposed interval 
of grout placement (ft bgl) 

Bottom of proposed 
interval of grout 

placement (ft bgl) 

Theoretical volume of 
grout required per interval 

(gallons) 

Proposed cement grout 
mix gallons of water per 
94-lb. sack of Portland 

cement 

Mixed on-site or batch-
mixed and delivered? 

Grout additive I 
requested 

Additive I percent by dry 
weight relative to cement 

Grout additive 2 
requested 

Additive 2 percent by dry 
weight relative to cement 

TABLE A - For plugging intervals that employ cement grout. Start with deepest 

interval. 

Interval 1 - deepest Interval 2 

350 2 

790 350 

4310 3346 

6 6 

API Class B Batch-mixed API Class B Batch-mixed 

N/A N/A 

N/A N/A 

Interval 3 - most shallow 
Note: if the well is 

non-artesian and breaches 
only one aquifer, 

use only this column. 

Well Plugging Plan 
Version: August 11 , 2015 
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TABLE B - For plugging intervals that will employ approved non-cement based seala nt(s). Start with deepest 

interval. 

Top of proposed interval 
of sealant placement 

(ft bgl) 

Bottom of proposed 
sealant of grout placement 

(ft bgl) 

Theoretical volume of 
sealant required per 

interval (gallons) 

Proposed abandonment 
sealant (manufacturer and 

trade name) 

Interval I - deepest Interval 2 

790 

870 

391-784 

Bentonite Chips with 
limited amount of silica 
sand if needed 

Interva l 3 - most shallow 

Note: if the well is 
non-artesian and breaches 

only one aquifer, 
use only thi s co lumn. 

Well Plugging Plan 
Version: August l l , 2015 
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Well Deep #2 Abandonment Plan Description 

The attached B-28-S-1 (HMC Deep #2) abandonment plan proposes the following 
abandonment procedures following the installation of a replacement well. Figure 7-1 gives the 
Deep #2 lithology while Figure 7-2 presents the original casing details with the lithology located 
on the left side of the well completion. Figure 7-3 gives the sleeving details for Deep #2 well. 
The plan proposes removing the fiberglass sleeves and the 16" steel sleeve. The 10 %" steel 
sleeve is not removeable due to the grouting placed between it and the original casing from 220' 
to 400' bgl. In the case that the 4.5" fiberglass casing cannot be removed with the 12.5" 
fiberglass casing , it should be drilled out with a 6" bit. The well is proposed to be drilled to the 
original depth of 870 bgl using a 6" bit. A bentonite plug placed via dump bailer or tremie pipe 
from the bottom of the well to 790' bgl is proposed. The bentonite chips will have a limited 
amount of graded silica sand added to prevent bridging . The 790 feet below ground surface is 
estimated to be 10 feet above the top of the San Andres aquifer. The total bentonite volume 
needed should be between 391 and 784 gallons. 

Due to the 10 %" sleeve being cemented, the casing will need to be perforated with a 
perforating gun above the bentonite seal. Perforating the casing from 790' to 350' bgl and then 
placing neat cement via tremie pipe for the same interval. The perforations should have a 
density of at least 4 perforations per linear foot of casing and have a hole size a minimum of 
0.3" in diameter. The columns of perforations will extend 15 feet along each 20 foot interval, in 
order to preserve some strength in the casing to prevent collapse. The recommended neat 
cement would be API Class B and mixed with no more than 6 gallons of water per 94 pound bag 
of cement. The amount of cement needed would be approximately 4310 gallons. The cement 
would be allowed to set 48 hours prior to any to any additional cement being placed above it. 
During the curing time mentioned for the cement plug, the casing could be perforated from 350' 
to 220' bgl with the perforating gun. The same proposed neat cement would be used to fill this 
interval and would need approximately 504 gallons. 

Assuming the 16" steel sleeve is removed from the well , the following abandonment plan is 
proposed. From 205 to 85 feet below ground level , the 20 inch steel casing would be perforated 
with a Holte perforator in a minimum of six columns distributed around the circumference of the 
casing or with a perforating gun. If the perforating gun is used in lieu of the mechanical 
perforator, the same hole size and hole distribution from the lower section apply. The columns 
of perforations will extend over a length of 15 feet within each 20 foot interval. The five foot long 
interruption in perforations in each 20 feet interval is intended to preserve some strength in the 
casing to prevent collapse prior to cementing . The inside of the well would be cemented with a 
tremie pipe from 220 to 2 feet. The necessary volume of cement is 3346 gallons and is 
presented in Table A of the Plugging Plan of Operations. The cement will be API Class Band 
mixed with no more than 6 gallons of water per 94 pound bag of cement. The casing would be 
cut off 2 feet below land surface and backfilled . If the 16" steel sleeve is not removable from the 
well the same abandonment plan will be followed utilizing a perforating gun for the interval of 
220 to 85 feet rather than the Holte perforator. 



FI GURE 7-1. \'JELL DEEP #2 LITHOLOGY -96-

TABLE 6 (continued) 

Stratigraphic unit and material 
Thickness 

(feet) 

12.10.26.242 Homestake-Sapin Partners (continued) 

TRIASSIC SYSTEM (continued) 
Chinle formation (continued) 

Clay and shale, varicolored, and sandstone ... 11 5 
~hale, gray and brown ............. ........... 5 
Shale, purple and gray ................•... ... 5 
Shale, purple, gray, and red; and red sand-
stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Clay, light-red, and gray sandstone .......... 5 
Sha le, gray, and sands tone . . . . . . . . .. .. . . . . . . . 5 
Shale, red and gray .......................... 20 
Shale, gray, and sandstone ................... 10 
Shale, purple and gray, and sandstone ........ 5 
Sandstone and gray shale ..................... 5 
Shale, purple and red, and sandstone ......... 35 
Shale, gray, and sandstone ................... 25 
Shale, gray and red, and boulders .........•.. 10 
Shale, purple, red, and gray, and sandstone 5 

PERMIAN SYSTEM: 
San Andres limestone: 

Lost circulation •............................ 

12.10.26.322a Homestake-New Mexico Partners 

QUATERNARY SYSTEM: 
Valley fill: 

Sand, grayish-orange, fine to coarse, rounded; 
chiefly frosted, quartz grains; some grayish-

5 

orange clay . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 10 
Sand, grayish-orange, fine to coarse, rounded; 
chiefly frosted quartz ....•...•............. 20 

Sand, light-brown, fine to coarse, rounded; 
light-brown, frosted quartz ................. 10 

Sand, light-brown, fine to very coarse, round-
ed to subrounded; chiefly quartz ............ 10 

Sand, light-brown, fine to very coarse, 90 
percent rounded to angular quartz grains; 
less than 10 percent light-olive-gray lime~ 
stone fragments . . . . . . . . . . . . • • . . . . . . . . . • . . . . . 10 

Sand, grayish-orange, fine to very coarse, 30 
percent subrounded to angular quartz; some 
medium to very coarse rock fragments; obsid-
ian, and fossil fragments ................... 10 

Sand, grayish-orange, fine to coarse with 
granules, quartz 50 percent subrounded to 
angular quartz grains; some fossils ......... lO 

Sand, grayish-orange, fine to coarse with 
granules, 60 percent rounded to angular, 
frosted quartz grains; some subrounded shell 
fragments . . . • . . . . . . . . . . . . • . . . . . . . . . • • . . . • . • . 10 

2 /) 

Depth 
(feet) 

835 
840 
845 

850 
855 
860 
880 
890 
895 
900 
935 
960 
~'!0 
975 

980 

0 
I 

10 

30 

40 

50 

60 

70 

80 

90 



FIGURE 7-1. WELL DEEP #2 LITHOLOGY (CONT .) 
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TABLE 6 (continued) 

Stratigraphic unit and material 
Thickness 

(feet) 

12.10.26 . 322a Homestake-New Mexico Partners (continued) 

QUATERNARY SYSTEM ( continued) 
Valley fil l ( continued) 

Sand, grayish-orange-pink, fine to coarse with 
g~anules; 30 percent rounded to subangular, 
fros~ed quartz grains; some subrounded shell 
fragments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Sand, silty, grayish-red; sand is medium to 
very coarse with granules; 30 percent rounded 
to angular, frosted quartz .................. 10 

TRIASSIC SYSTEM: 

t 

Chinle formation: 
Shale, sand, and gravel; 65 percent grayish

red shale; 20 percent fine to coarse, rounded 
to subangular quartz; 15 percent subrounded 
to angular gravel ........................... 10 

Shale, sand, and gravel; 70 percent grayish
red shale; 15 percent medium to coarse, 
rounded to angular, frosted quartz; 15 per-
cent subrounded to angular gravel ........... 20 

Shale, sand, and gravel; 60 percent grayish
red shale; 20 percent fine to medium, sub
rounded quartz, sand; 20 percent subrounded 
gravel . . . . . . . . • • • . . . . . . • . . . . . . . . . . . . . . . . . . . . 10 

Shale, sandstone, and gravel; 60 percent gray
ish-red shale; light-gray, very fine-grained 
sandstone with subrounded, frosted quartz 
grains; 20 percent subrounded gravel . . ... ... 10 

Sandstone, shale, and gravel; 50 percent 
light-gray, very fine- to fine-grained sand
stone with subrounded grains; 25 percent gra)'
ish-red shale; 25 percent subrounded gravel . 10 

Shale and sandstone; 80 percent grayish-red 
shale; 20 percent very fine to fine and sub-
rounded frosted quartz grains ......... . .. . .. 10 

Shale and sand; 80 percent grayish-red shale; 
20 percent very fine to fine, sub rounded t o 
angular sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Shale and sand ; 90 p e r cent grayish- red s h a l e; 
10 p ercent very f ine, rounded to angular 
quar t z sand g r ai n s . .... . . .. ..... .. . . . . .. . .. . 20 

Sha l e , grayi s h- red .............•.. . ...... . .. . 70 
Sha l e , g ray ish -red ; l ess t han 5 percent fro st 

ed gra ins o f ve r y fi ne; subrounded, quart z 
sand . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 10 

Shale and sandstone; 60 percent grayish-red 
shale; 40 percent l ight-gray, frosted q uartz, 
very fine-grained sandstone with rounded to 
angular, frosted quartz grains ......... .. ... 20 

Depth 
(feet ) 

100 

110 

120 

140 

150 

160 

170 

180 

200 

220 
290 

300 

320 



FI GURE 7-1. WELL DEEP #2 LITHOLOGY (CONT.) 
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TABLE 6 (continued) 

Stratigraphic unit and material 
Thickness 

(feet ) 

12.10 . 26 . 322a Homestake-New Mexico Partners (continued) 

TRIASSIC SYSTEM (continued) 
Ch i nle formation (continued) 

Shale and sandston e ; 80 p ercen t grayish -red 
sha l e; 20 percent li gh t - gray, ve r y f ine
grained sandstoqe wi th round to angular 
quartz grains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Sha le, grayish-red ........................... 20 
Shale and sandstone; 60 p e rcent grayish- r e d 

s h a le ; 40 p e rcent light-gray, very fine 
g rai ne d s a nd s tone wi th r o unde d t o a ngular, 
frosted qua r t z grains ....................... 20 

Sha l e a nd sands t one; 80 percent grayish-re d 
sha l e; 20 percent light-gray, very fine-
grained quartz sandstone . .... ....• .. •.. . .... 40 

Sha le and sandstone; 80 percent grayish-red 
sha le; 20 percent light-gray, very fine
gra ined s a ndstone in lense s 2 mm wide banded 
with shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Shale, grayish-red . . .. . . .. .. . ....•.. .... . . . .. 10 
Shale and limestone; 80 percent grayish-red 

shale; 20 percent light-brownish-gray; medium
grained crystalline limestone ..• .. . . • . ..... . 40 

Shale, grayish-red . . . . . ..... .. .. . .• .. . . . . . . . . 10 
Shale and limestone; 90 percent grayish-red 

shale; 10 percent light-brownish-gray lime-
stone • . . . . . . • . . . • . • . • . . . . . . . • . . . . . . . . . . • • . . . 10 

Shale, pale-red to grayish- red ..•• . .•• .. ..... 20 
Shale and limestone; 90 percent pale-red to 
grayish-red shale; 10 percent very light-gra~ 
medium-grained crystalline limestone . .. ..• . • 10 

Shale, limestone, and sandstone; 70 percent 
pale-red to grayish-red shale; 20 percent 
very light-gray, medium- grained crystalline 
limestone; 10 percent white, fine-grained 
sandstone . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . 20 

Shale and limestone; 90 percent grayish-red 
sha le; 10 percent light-gray, medium-grained, 
crystalline limestone . . .. ... ...• . . .. ••.... .. 10 

Shale, grayish-red .. • .. . ....• ~ .. .... . ... .. .. . 10 
Shale and sandstone ; 90 percent grayish-red 

shale; 10 percent pale - greenish-yellow, very 
fine-grained sandstone . .. ......• . .. . • ... . . . . 10 

Shale, sandstone, and limestone; 80 percent 
grayish-red shale; 10 percent pale-greenish
yellow, very fine- grained sandstone; 10 per-
cent light-gray limestone ..... . .... . ........ 10 

Shale, limestone, and sandstone; 60 percent 
grayish-red shale; 20 percent light-gray 
limestone; 20 percent light-greenish-yellow, 

very fine sandstone .•............ . ....•...•• 10 

Depth 
( feet) 

330 
350 

370 

4 10 

430 
440 

480 
490 

500 
520 

530 

550 

560 
570 

580 

590 

600 
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TABLE 6 (continued ) 

St ratigraph ic unit and material 
Thickness 

( feet ) 

12 . 10 . 26 . 3 22a Homesta ke- New Mexico Part ners ( conti n ued) 

TRI ASSIC SYSTEM ( continued) 
Ch i n le formation ( continued) 

Shale and limestone; 80 porcent grayish-red 
shale; 20 p ercent light - gray limes tone ...... 10 

Shale, g r ayish- r ed . . .. .. . . .... .. .. ••.•.. ... .. 20 
Shale, grayish- red ; micaceous . . . . . . . . • . . . . . . . 30 
Shale and sandstone; 80 perce nt g r ay "s h-red 
shale; 20 p rcent light-greenish-yellow, 
sandstone, very fi ne grained . . . • . . . . . . . . . . . . 10 

Shale, grayish- red ... . . . . . .. . .. . ......... .... 10 
Shale and sandstone; 90 perc:cnt pale-red hale; 

10 percent light - brownish-red very fine-
graincd sa ndtitone with calci um ca r bonate 
cement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Shale, pale - red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Shale and sandstone; 9U percent light-gray 

shale ; 10 p ercent light- gray sandstone with 
calci um carbonate cement .. . . .. . . . .. . . . . . .. . . 10 

Shale, light - g r ay . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Shale and sandstone; 70 percent pale - red 
shale; 30 pe r cen t light- g r ay, very fi ne -
g r ai ned sa ndston e ... ... . .... .. . ....... . ..... 10 

Shale, p a l e-red ; sand stone a nd limestone less 
than 5 p e r cent • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

Shale and silty limestone, 60 p ercent pale-
brown s hale; 40 pe r cent l igh t - gray to medium
gray g r ading to moderate- red, silty limestone 
with mixed texture •........•.•.•.•....•..... 10 

P ERMI AN SYSTEM: 
San Andres limestone: 

Sandstone, shale · and limes t one· 70 percent 
ve r y pale-or:.ingl' to mod<:ratc-red, fine- to 
ve1·y coarse-gra i ncd and granule sandstone 
with subrounded to ang ular grains; 15 per
cent grayish-red shale; 15 percent ligh t - gray 
to med i um-gray and moderate- red limestone ... 10 

Sandstone and lime stone; 80 percent light - gray 
to moderate-red , ver. fi n - to medium- grai ned 
sandst o ne with s ubrou nded to a ngu lar g r ai n s; 
light - gray to medium- gray, med ium- grained 
crystalline limesto ne ..... . . .. ..... .... . .... 10 

Sandstone and limes t o ne; 90 p e r cen t mo derate
r ed very fin - to medium- grained sa ndston e 
wi t h subrounded to s uba ngula r g r ai n s and cal 
cium carbonat cement ; 10 p r cent ligh t - gray 
to medium- gray , medium- g r ai ned crystalli ne 
limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

-

Depth 
( feet ) 

610 
630 
660 

670 
6l:l0 

690 
7 10 

7 20 . 
750 

760 

7 90 

800 

810 

20 

830 
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TABLE 6 (continued) 

Stratigraphic unit and material 
Thickness 

(feet) 

12.10.26.322a Homestake-New Mexico Partners (continued) 

PERMIAN SYSTEM (continued) 
San Andres limestone (continued) 

Sandstone and limestone; 95 percent yellowish
orange to moderate-red, fine-to medium-grained 
sandstone with subrounded to angular grains 
and calcium carbonate cement; 5 percent light
gray to moderate-gray, medium-grained crystal-
line limestone . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . 10 

Sandstone, moderate-red, fine-to medium
grained, subrounded to angular with calcium 
carbonate cement ..........•..........••...... 10 

Sand, pale-yellowish-brown, very fine to coarse 
and granular, rounded to angular; 85 percent 
frosted quartz ................ '. . . . • . . • . . . . . . . 20 

12.10.27.431 W. A. Murray 

QUATERNARY SYSTEM: )r}' ~ '° 
Valley fill: 

Sandstone, grayish-orange, fine- to very coarse
grained, rounded to subrounded, frosted quartz 
70 percent, very friable ........••....•....•. 10 

Sandstone, grayish-orange, fine- to very coarse
grained, rounded to subrounded; frosted quartz 
70 percent; subangular fragment of moderate-
red vesicular lava 1 mm across; very friable . 10 

Same as above, except without lava fragments .• 20 
Sand, grayish-orange, fine to coarse, rounded 

to angular; frosted quartz 60 percent ..•..... 20 
Sand, grayish-orange, very fine to medium, 

rounded to subangular; frosted quartz 60 per-
cent ...•..•••..••... · •..•..•......... . •.•.•••. 30 

TRIASSIC SYSTEM: 
Chinle formation: 

Shale and sand; 80 percent grayish-red shale; 
20 percent grayish-orange fine to coarse, sub
rounded to angular grains of frosted quartz 
sand •..•..•................•....•.•.•.•.. • •.. 10 

Shale, limestone, and sand; 90 percent grayish
red shale; 5 percent light-gray limestone; 5 
percent fine to coarse, subrounded to sub
angular frosted quartz sand··················· 20 

Shale, sandstone, limestone, and sand; SO per
cent grayish-purple shale; 10 percent light-
gray to light-brownish-gray, very fine-grained, 
subrounded sandstone; 5 percent light-medium
gray limestone; 5 percent fine to medium, sub
rounded, frosted quartz sand ......•.•••....•. 30 

Depth 
(feet) 

840 

850 

870 

10 

20 
40 

60 

90 

100 

120 

150 
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Attachments for Item 8. 

Figure 8-1. Well Deep #1 Completion Detail 
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