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Executive Summary

Well integrity testing is being conducted by Homestake Mining Company of California (HMC)
on HMC San Andres wells that are located on the Grants Reclamation Project (GRP). The
schedule for this testing program was approved by the New Mexico Environment Department
(NMED) on 6 July 2015. While other wells will be tested and evaluated at a future date, this
particular report presents the results of the well integrity testing of San Andres wells 951, 928
and Old #1. Subsequent reports will be sent to the regulatory agencies as the testing of
additional San Andres wells is completed.

Geophysical logging and a video camera were used to evaluate the three aforementioned wells.
The report also presents water quality results from monitoring of the four San Andres wells that
are being used to supply fresh water for the ground-water restoration program.

The San Andres well integrity testing for well 951 shows that the integrity of this well is
good and the well is suitable for use as a monitoring well for the San Andres aquifer.

The testing of well 928 indicates that alluvial water is entering into the well through the
well’s casing. However, it should be duly noted that the water level and current depth of
the well indicate that the well is functioning as a Middle Chinle aquifer well and is not
connected to the San Andres aquifer. Therefore, there is little concern for the
compromised casing to adversely affect the San Andres aquifer. HMC proposes to
develop an abandonment plan for well 928, gain concurrence from NMED on this plan,
and within 90 days of obtaining such concurrence, will submit said plan to the New
Mexico Office of the State Engineer (NMOSE) for final approval. After final approval of
the abandonment plan from NMOSE, well 928 will be abandoned within one year.

The testing of well Old #1 shows that the water level in this well is representative of the
alluvial or Upper Chinle aquifer, and this may indicate the existence of a plug that seals
off the San Andres in this well. Additional testing will be required to determine if a plug
exists in well Old #1, after which point, a final abandonment plan can be developed for
this well. This additional testing can be done within 90 days after reaching concurrence
with the NMED.

The water quality in existing San Andres supply wells #1, #2, 943 and 951R is
unchanged in 2015 and this indicates that well integrity in these wells has not changed.
The increase in 2014 and decline in 2015 in uranium concentrations in well 951R is not a
function of pumping from this well, because it has been continuously pumped over this
entire period. Therefore, these four San Andres wells can continue to be used as a fresh
water supply. Well integrity testing for these four wells is planned for 2016.
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1.0 Introduction

This report presents the results from the integrity testing of Homestake Mining Company of
California’s (HMC) San Andres wells 951, 928 and Old #1. These three San Andres wells are
located on the Homestake Grants Reclamation Project. HMC’s DP-200 required testing in the
fourth quarter of 2015 to evaluate the integrity of HMC’s San Andres wells, 951, 928 and Old
#1.

San Andres well 951 was used for a supply for fresh water from 1999 through 2012 for the North
Off-Site area and presently is being used by the Department of Energy (DOE) for monitoring at
the Bluewater tailings site. Well 928 is an old irrigation supply well that exists upgradient from
the HMC site, and was used for irrigation of the area prior to the uranium mill’s operation. Well
Old #1 was used as a supply well for the mill prior to being replaced by the Deep #1 well in
1979.
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Figure 1-1

Location of San Andres Wells and Water Quality Data for San Andres Aquifer
2015, mg/i



S160°

860]0.303 1o
& lauo

WEST EAST
FAULT FAULT
S " 360'0.032
(4]
o 930 COUNT
. o 21,22 Y ROAD 63
e =iy

1545500
2ate - LB 83 23 4
5 582 | 0.032
° 1490
LARGE-TAILINGS—-PILE
(RECLAMATION IN PROGRESS)
1543500 1543500
/39] 0.007
1950
PLEASANT}-VALLEY
ESTATES
1341500 1541500
ll ll
: N [ HE
COUNTY ROAD 25 3 >
29,28 2837
e 3 3233 33 - | ClJEf 13
YTA YIES
1539500 & ]_ 1539500
0 \ s
& V. RD! 2 = | r
\\\“\J =
\J; ¥
%(% 2o
4 == BROADVIEW ACRES—*
I n 1537500
1537500 s 41]0.028 'y N
o) NG s
AN 7, WEST
1535500 X/ FAULT B A 1535500
NOTE: DATA FOR WELLS 532, 999,
# 32 xn | 806 AND 998 IS 2014 DATA.
; —sta N 3 P e --LEGEND--
/ (" §
\ ) O SAN ANDRES WELL
l\f, ’ s gﬁ’;voﬂ INJECTION
1533500 . 7/ /L= ®
375|0012 4 mso'? OFFSET WELL
27 N\ 188 [0.004 140 10.004 SO4] U
|527 '463 TDS
& 8 2 SUBCROP OF SAN ANDRES
LA u'ulm 7700’ 13000’ ALLUVIUM DVERL!ES LIMESTONE
473400 473400 400 EA 479400 é 481400 J, ) 485400 487400 489400 491.400 iz
SCALE: 1" = 1600’ 1 1. %].OCATIOBIA'?{ Fs'glhtl % SAN'ELI%ES
f: Pwmﬂolm\ AQUIFER 201?)
DATE: 3/13/2015

PAGE: 8,0~



2.0 San Andres Well Integrity

The integrity of San Andres wells 951, 928 and Old #1 were evaluated in the fourth quarter of
2015. A video of the wells and geophysical logs were done by Jet West Geophysical Services to
assess the integrity of these three San Andres wells. Jet West Geophysical Services also
provided interpretation of the logs included in the following discussion.

A gamma ray log was used to define the lithology. Gamma curves can be affected by the fill
material in a well’s annulus, and thus may indicate changes in completion materials. A 3-arm
caliper log measures the inside diameter of a well’s casing and indicates where scaling or
corrosion/erosion may be present.

The sonic-cement bond log (CBL) is composed of four curves: near receiver (3-foot) variable
density log (VDL), near first arrival, delta time, and amplitude. The tool consists of a sonic
transmitter which emits a 20 kHz sound pulse twice every second, and two receivers which
record the degraded sound energy at a distance of 3 and 4 feet. The tool requires fluid in the well
to convey the sound energy. The near, or 3-foot, receiver VDL curve is presented in the log, and
the last three curves are derived from the VDL curve. Near first arrival is a measure of the initial
compressional energy (in micro-seconds of time) from the tool’s transmitter to the receiver
spaced 3 feet up the tool. Amplitude represents the signal height of the near first arrival and is
read qualitatively. High amplitude readings indicate “ringing” steel pipe and lower amplitudes
indicate attenuated sound energy or bonded pipe. Delta time is a measurement of “slowness” in
micro-seconds per foot (usec/ft). Slowness is the inverse of velocity (ft/sec). The velocity of
sound travelling through steel is approximately 17,500 ft/sec which equates into a slowness of 57
usec/ft. Slowness is calculated by subtracting the first arrival of the 3-foot receiver from that of
the 4-foot receiver.

The 4 Pi log is read qualitatively in a reverse fashion from higher to lower counts with the higher
counts indicating lower density materials.

2.1 Well 951

Well 951 is presently being used to monitor the San Andres aquifer approximately three miles
west of the HMC tailings impoundment. The well was logged from the top to a depth of 220 feet
with video camera, gamma ray, 3-arm caliper, sonic, and 4 Pi density.

2.1.1 951 Lithology and Well Completion

Well 951 was drilled in 1957 and cased with 10 inch steel casing to a depth of 242 feet. The
annulus of the well was cemented from 212 to 241 feet with the cement plug being drilled out
after 80 hours. This well has an open hole completion from 242 to 272 feet. The water level in
well 951 is representative of the San Andres aquifer and is approximately 40 feet lower than the
expected water level for the alluvial aquifer at this location. Figure 2-1 presents the well
completion details and the lithology for well 951 which indicates the top of the San Andres
aquifer is at a depth of 242 feet below the land surface.

Grants Reclamation Project 2-1
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2.1.2 951 Geophysical Logs

Gamma ray, caliper, amplitude, delta time and, 4 Pi density logs were ran on well 951 on
September 10, 2015 to evaluate the integrity of this well (see Figure 2-2). The gamma log
indicates less permeable material between 97 and 142 feet, which generally corresponds to the
clay and shale interval on the lithologic log. The caliper log was ran on an enhanced scale of 8-
13 inches, and shows that the casing inside diameter (ID) is 10 inches with the 189 to 220 foot
interval showing a large amount of scaling on the inside of the casing.

From fluid level at 154 feet to 190 feet the VDL shows little deformation. The “railroad track”
signature is indicative of free pipe. There is some degradation of the VDL on the leading edge.
This is believed to be due to the presence of scale/rust on the pipe surface. High amplitude and a
delta time of approximately 57 psec/ft are indicative of free pipe.

From 190 feet to total depth (TD) of the log, there is deformation of the VDL and lower
amplitude readings in places, but the delta time reading is still approximately 57 psec/ft. There
may be some bonding but it is possible the sonic wave is being affected by the increased scale
build-up from 189 feet to TD. '

The sonic logs indicate a short interval between 190 and 196 feet that could be bonded cement in
the annulus but this interval is above the top of the completion cemented zone between 212 and
241. The large amount of scaling on the inside of the casing is likely affecting the logs in this
interval.

The density log shows little deflection, which is indicative of homogeneous annular fill materials
absent of any voids. The increase near the bottom of the log could be a result of entering the
cemented interval. :

213 951 Video

A video of the 951 well was conducted on September 10, 2015 and is presented in Appendix A
with the video of the other two wells. The video of well 951 above the water down to 154 feet
shows no sign of water from the alluvial aquifer entering the casing. The base of the alluvial
aquifer is at approximately 110 feet from the surface. The video above the water level shows
some scaling, but like the caliper log, it shows significantly more scaling below 189 feet. At 202
feet the fluid becomes murkier.

2.14 Summary of Well 951 Integrity Testing

The geophysical logs and video for well 951 demonstrate that this well casing integrity is good.
Well 951 is acceptable to continue to be used as a sampling point for the San Andres aquifer at
this location.
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2.2 Well 928

Well 928 is not being used by HMC and was installed and used for irrigation in this area prior to
the start of Homestake’s milling operations on the Grants property.

2.2.1 928 Lithology and Well Completion

Well 928 was drilled in 1945 and cased with 20 inch steel casing. This well is listed in Gordon
(1961) to be completed to a depth of 865 feet into the San Andres limestone. The annulus of this
well was likely not cemented and has an open hole completion. Figure 2-3 presents a hand
written lithologic log for well 928 which indicates the top of the San Andres aquifer is at a depth
of 801 feet below the land surface.

222 928 Geophysical Logs

Gamma ray, caliper, amplitude, delta time, and 4 Pi density logs were ran on well 928 on
September 10, 2015 to evaluate the integrity of this well. A gamma log, as well as a neutron log,
which were performed on this well in 1994 were not very useful in defining the shale/sandstone
sequence in the Chinle formation, and this is attributed to reduced log quality or resolution in the
large diameter well.

The Upper Chinle sandstone is thought to exist just below the alluvium in this area, while the top
of the Middle Chinle sandstone is shown near the bottom of the logs. The caliper log shows that
the casing ID is 20 inches with a large amount of scaling on the inside of the casing at depths
below 67 feet.

The VDL is represented by color bands indicating sound energy in the solid and liquid regime of
the borehole. The blue and red bands represent the solid steel pipe, annular fill material, and the
formation. The yellow and black bands represent the water in the well (noting that sound travels
faster in solids than liquids). From fluid level at 134 feet to the restriction at 312 feet, the VDL
shows some deformation or the absence of parallel bands referred to as “railroad tracks.” This is
indicative of cement bonding to the formation and casing. Low amplitude and a delta time of
100 psec/ft are also indicative of cement bond.

Below 312 feet, in the reduced section of the well, the fast VDL and delta time reading of
approximately 57 psec/ft and high amplitude indicate a change in hole or casing configuration.
This change could be a section of open hole, a smaller string of steel casing, or possibly a broken
and offset casing.

The acoustic logs indicate that cement exists behind the casing, but the large amount of scaling
on the inside of the casing is likely affecting the logs and giving a false indication of bonded
cement in the annulus. The density log does not show much variation in the interval logged
indicating homogeneous annular fill materials absent of any voids.
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2.2.3 928 Video

A video of the 928 well was conducted on September 10, 2015 and is presented in Appendix A
with the video of the other two wells. The video of well 928 above the water level in the wells
shows alluvial water entering the well at several intervals. This alluvial seepage starts near the
alluvial water level where water is seeping through a casing seam at 43 feet. Additional water is
seeping through the casing at seams at 63 and 87 feet. The seepage of water into the casing
increases at 107 and 136 feet with an increase in the amount of scaling in this area as indicated
by the caliper log.

224 928 Water Level and Water Quality Comparison

Since the testing indicates that the casing in well 928 is compromised, a comparison was made
with water quality and water levels in overlying aquifers in the vicinity of well 928. Figures 2-5
and 2-6 present the selenium and uranium concentrations, respectively, in alluvial aquifer wells
P, P1 and Q, and in San Andres well 928. Alluvial well Q is 634 feet northeast of San Andres
well 928, and alluvial wells P1 and P are 1389 and 1686 feet to the southwest of well 928,
respectively. As shown in Figure 2-5, the selenium concentrations in the three alluvial wells are
typically several times greater than those in well 928. With the exception of a couple of
anomalous measurements, there has been no significant change in selenium concentration in well
928 over the period of record. Figure 2-6 presents a comparison of uranium concentration in
three alluvial aquifer wells with uranium concentration in well 928. The uranium concentration
in well 928 is typically greater than that in the alluvial aquifer. In combination, Figures 2-5 and
2-6 indicate that the alluvial aquifer has no measurable impact on water quality in well 928.

A comparison was also made with the water level in well 928 and the overlying aquifers
consisting of the Middle Chinle, Upper Chinle, and alluvial aquifers. The potentiometric
surfaces for these aquifers are presented in the Annual Performance Report (2015). The present
water level in well 928 corresponds with the potentiometric surface for the Middle Chinle
aquifer. The potentiometric surface for the Upper Chinle and alluvial aquifers in the vicinity of
well 928 is several tens of feet higher than the measured level in well 928. Conversely, the
expected potentiometric surface in the San Andres aquifer is several tens of feet lower than that
in well 928. Additionally, the well logging extended to a depth of approximately 324 feet where
the well is obstructed. This TD coincides roughly with the expected Middle Chinle aquifer depth
at this location.

The completion information and the recent test results (i.e., the combination of TD and water
level) correspond to those of a Middle Chinle aquifer well. Thus, it is believed that well 928 is
actually functioning as a Middle Chinle aquifer well, and based on the testing, the historical
water quality measurements, and the well completion information, it is very unlikely that there is
any significant communication with the San Andres aquifer. Further rationale for this position
can be supported by the fact that the San Andres aquifer is much more transmissive than the
Middle Chinle aquifer; that is to say, if there were a hydraulic connection from well 928 to the
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San Andres aquifer, the water levels in well 928 would quickly drop to the potentiometric
surface of the San Andres aquifer in order to reach gravitational and pressure equilibrium.
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225 Summary of Well 928 Integrity Testing

The geophysical logs and video for well 928 demonstrate that the well casing in this well is
damaged. Well 928 has a connection with the alluvial aquifer, which allows water to drain from
the alluvium into the well. The bottom of the logged hole in well 928 extends down to the top of
the Middle Chinle sandstone, with the interval from the Middle Chinle sandstone to the San
Andres likely sealed artificially or by the squeezing of the Chinle Shale. Water quality data
verifies that 928 is not measurably affected by the alluvial drainage in the well, and water level
in well 928 indicates it is responding as a Middle Chinle aquifer well.

2.3 Well Old #1

Well Old #1 has not been used since its replacement in 1979. Deep #1 well replaced the Old #1
which is located approximately 500 feet north of Deep #1 San Andres well.

2.3.1 Old #1 Lithology and Well Completion

Well Old #1 was drilled in 1958 and was cased with 16 inch steel casing with an inside diameter
of 15 inches to a depth of 902 feet. The annulus of the well was cemented from bottom to
surface. This well has 87 feet of shutter screen set below the bottom of the casing. The water
level in well Old #1 is representative of the alluvial aquifer in this area, and is roughly 100 feet
above the San Andres aquifer water level in this area. Figure 2-5 presents the well completion
details and the lithology for well Old #1, which shows the top of the San Andres aquifer is at a
depth of 975 feet below the land surface. This information was presented in Gordon (1961).
The lithologic log indicates a sandstone interval between 275 and 385 feet and the Upper Chinle
sandstone is thought to be within this interval. A second sandstone interval between 500 and 535
feet is thought to be the Middle Chinle sandstone.

23.2 Old #1 Geophysical Logs

Gamma ray, caliper, amplitude, delta time, and 4 Pi density logs were ran on well Old #1 on
September 10, 2015 to evaluate the integrity of this well. The gamma log indicates more
permeable material between 278 and 310 feet, which generally corresponds to the Upper Chinle
interval on the lithologic log. The Middle Chinle is thought to exist below the total log depth.
The caliper log shows that the casing is 15 inches, and the column from 272 feet to the total log
depth, indicates a large amount of scaling on the inside of the casing. The sonic log exhibited
four different signatures which correlated to the gamma ray, caliper, and 4 Pi density curves.

From the fluid level at 34 feet to 191 feet the VDL shows intermittent deformation. The
“railroad track™ signature, which is indicative of free pipe, is seen from 70 to 80 feet and then
again from 100 to 125 feet. Indication of bonding is seen from 50 to 63 feet and then again from
175 to 191 feet. The amplitude and delta time curves confirm this. The 4 Pi density changes
little which indicates absence of voids.
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From 191 to 272 feet the VDL curve is severely degraded. The caliper curve indicates a
diameter increase, which is indicative of casing loss; the 4 Pi density curve increases in counts,
which is indicative of a less dense environment and the presence of some voids (225-230 feet).
Thus, there is believed to be a loss of casing in this area.

From 272 to 405 feet the VDL returns to a constant level with the yellow banding similar to the
area from 34 to 191 feet, but its leading edge only contains a single blue band. Delta time and
amplitude readings are indicative of bonded pipe, but it is likely these are false, because they
appear to be influenced by the heavy scaling associated with the pipe in this zone. The 4 Pi
density increases in counts as well, but the increase is likely due to the 1 to 3-inch build-up of
scale on the pipe, so this zone is interpreted as free pipe.

The acoustic logs (amplitude and delta time) show three intervals (40 to 190 feet, 190 to 272
feet, and 272 feet to the bottom of the log) with significantly different values. The data from the
190 to 272 feet column as well as near the bottom of the log indicate cement bonded casing
and/or changes in the formation may be affecting the log values. The log from 288 feet to near
the bottom of the log indicates lack of cement bond since the amplitude is high. The large
amount of scaling on the inside of the casing below 272 feet could be affecting the logs in this
interval. From 405 feet to TD, the amplitude decreases and the caliper reads closer to the 15-
inch pipe diameter, while the 4 Pi density decreases slightly and the VDL appears deformed.
This may indicate some cement bond in this zone. The density log increase near the bottom of
the log is believed to be a result of the probe entering the cemented interval.

2.3.3 Old #1 Video

A video of the Old #1 well was conducted on September 10, 2015 and is presented in Appendix
A with the video of the other two wells. The video of well Old #1 above the waterline down to
34 feet does not show any signs of water entering the casing. This depth is near the point where
the alluvium would be expected to become saturated in this area. The water was too murky to
obtain any useful information below the water surface.

234 Summary of Well Old #1 Integrity Testing

The water level in well Old #1 is not representative of the San Andres aquifer. The San Andres
aquifer is much more transmissive than the other aquifers in this area and it should control the
water level. The water level in well Old #1 indicates it is not connected to the San Andres
aquifer. This indicates that a plug may have been placed in the well. Geophysical logs for well
Old #1 indicate that some of the casing probably is not bonded to the cement in the well annulus.
Well Old #1 needs additional investigation prior to developing an abandonment plan. The
abandonment of well Old #1 should not be a high priority because the San Andres has apparently
been isolated from the overlying aquifers in this well.
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Figure 2-1

Well 951 Completion Details and Lithology
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Ssndsione, rediish Lrown ———-mmmmmmmmmmm——— e 12 209
Ciny siresks, Sandsicng, dark red ——————-———o 8 217
Shale congloreraie, gray --— —— - 10 227

PET LT TETD:
—a I e iis .

Sar. Andres formstiior:

TIreSione, SrY ———mmm e . 7 =3¢
 Sardstone, Yeilow =———mmm— e 3 237
fiay ard rosk conglorerate, yellow ————-e-—— 5 - 2h2
Liresicre, porous, light brown ——---eeeeee — 30 oo
3srisicre, d.rk gray, hard —--- > 275
Gyt




record, only SeClon 1A ana Decllon ) neea pe cumpieled,

Section 1 CI 5 /
(A) Owner of well _febre - Pinon Corp.
Street and Number.. Bokum Bldg.
City Sante Fa . State New _Mexico

Well was drilled under Permit NoB17=B18=519-B20 and is located in the
3 VB 1 8W 1y 8W_ 1 of Section 20 Twp.12 N __Rge. 10 ¥
1l ~ | .. || (B) Drilling ContractorHowerd Sheeta Co. __ License No. .D. 207
| o' "B | | Street and Number 3540 Fourth St. N.W. riale

; BT A T|City Albuquerque 00000000 State New Mexico
| 7l |\7 | Drilling was commenced_November 1956
| 1 Drilling was completed ___Februsry 1 19.52
. (Plat of 640 acres)
Elevation at top of casing in feet above sealevel __________ Total depth of well 275"
State whether well is shallow or artesian_Shallow Depth to water upon completion _152"'
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Frl:zth in F e;; Thic!!snezs in Description of Water-Bearing Formation
b o 110 | 6 Sand Gravel and Red Clay - wesk flow
2 _[138' | 3w9r | 13¢ Grey Sendy Shale
3 |2u2' | 2722' | 20! Light brown Limestone - pomoue, This strats
o will produce
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth | Perforations
in. ft. in Top | Botlom - e e From To
12"1.0.1/4"Wall Welded surfage 11;6'(_11&6 | - none
10"I.D.5/16Wall Welded |surfece 242! 2L2' | 8teel none
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
o To Hole in in. Clay Cement Methods Used
App, 212'| 24)' | 12° 20 |Cement pumped in through tubing
Caeing lowered in cement
' B 0 hours
! Drilled out plug
Section 5 PLUGGING RECORD
Name of Plugging Contractor. .. License No
Street and Number o X City .. State
Toms of Clay used ... ' Tons of Roughage used ' Type of roughage
Plugging method used S Date Plugged 19
Plugging approved by: - Cement Plugs were placed as follows:
L Depth of Plug
e i ey == No. S To No. of Sacks Used

. VAT TTOT AT OTATE WNOINERER ONT.Y I l




10kt f110d 6! —8and Gravel -end-Red Cley
—112¢_ 11389 28! | Clay (or Shale)

_13B% | 149" 11'  !Grey _8sndy Shale (Conglomerstie)
—149°' [ 159¢ 10! |Light Brown | Sandstone, hard.
-159% L3768 | 7' |Blue Shele
126! 18a¢ 12¢* Dark Red | Shale
--A88!. 197t 9t lBrown Sandy-Shale Conglemeraete
—192! | 209! 1l Reddish Brown —Sandetone
V209219 8! -—Cley ~Strecks Sandstone
¢y 217! | 227¢ 10 p S es
—227¢ | 234! 21 Grey -Ylimestene
234! | 237¢ L |- Ssndstone
—237L 24215t Yellow — | Clay-end-Reck Comerate—
—_ 242" | 292¢ 30! |Light Brown | Limestone, porous, (San Andres 2}
_272'_1275% | 3% IDark Grey |

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well.
_ﬂ.o_ws_ao__\gf_/.gj Zs_Co

Well Driller .

-




Figure 2-2

Well 951 Geophysical Logs



JET WES

GEOPHYSICAL SERVICES, LLC.

COMPANY Homestake Mine
WELL ID Well 951
FIELD Homestake Mine-Grants
COUNTY  Cibola STATE New Mexico
& TYPE OF LOG: Sonic Lo OTHER SERVICES
) g Video Log
Q. 3 Arm Caliper
§‘ éﬂ B LAARION 4 Pi Density
2 £ £
e - S
v Z K
SEC TWP RGE Permit No.
JERMANENT DATUM  GROUND LEVEL ELEVATION K.B.
.OG MEAS. FROM Ground Level ABOVE PERM. DATUM T.OC.
DRILLING MEAS. FROM Ground Level G.L.
YATE 9-10-2015 TYPE FLUID IN HOLE Water
XUN No 3 SALINITY
"YPE LOG MSI-60mm DENSITY
JEPTH-DRILLER 275 ft. LEVEL 154 ft.
YEPTH-LOGGER 220 ft. MAX. REC. TEMP.
3TM LOGGED INTERVAL 215 ft. DIGITIZE INTERVAL 0.2 ft.
‘OP LOGGED INTERVAL Surface
YPERATING RIG TIME
ECORDED BY A Henderson
NITNESSED BY D.Kump
UN BOREHOLE RECORD CASING RECORD
JO. BIT FROM TO SIZE WGT. FROM TO
f 10 in. steel 0 ft. 275 ft.
)
]
REMARKS:

4 Pi Density (wet)

Depth Delta Time

13 1ft:240ft

Caliper

Near Receiver VDL

L
I

5000

CPS
4 Pi Density (Dry)

800 9000

us
Near First Arrival

40 200

in 240 us/ft
Gamma Ray

8

800 30000

Amplitude (Near VDL)

b
L)

20000

CPS

us

30 200

80

API

20

40

60

encoe,
2 -

W N

N

PNV an

o/




80

100
120
140
160
180
200

P
N

n / rortr, o\
N T A TN e L

hqll N T

5000

20000

CPS
4 Pi Density (wet)

4 Pi Density (Dry)
CPS

800 30000
800 9000

us

Near First Arrival
Near Receiver VDL
us

30 200
40 200

Delta Time
us/ft

Amplitude (Near VDL)
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80
13 1ft:240ft"

Gamma Ray
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Figure 2-3

Well 928 Completion Details and Lithology
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 IMPORTANT — QEAD INSYRUCTIONS ON IAC;( I"ORC FILLIT OuUT THIS ”"‘
¢ Easilt w

Declaration of Owner of querground Water Right

L]

Conty or SeTRalille ' -, Stata of Bow Nexlao
.... 2. fowrcs of waler -.*. ahaliow water busin

lecsted M

S The well Is localed (n the Y 4 % S % AE %
of section 23 Toewship ____ /2. 4 , Bange __.228% | NMPMK

diamster (owtside) of oaatng M) (achos; eriginal flow 3000 Bl per min;
presest flow .ﬂ__..__.. g8l per mim; magimum pwnplag bLift 132 Sost;
mekn nnd yye of pump 14" solumm $-14" 1s

200° solum £ 10° smotion :
maks, 1706, harsepower, cle., of power plunt . Buds ~ glessl 379 o, P,

Frecilosel or per geo intarest ilalmed in well 1008
5. Guantity of wstsr sppropeiatall and hensiicially usad_
(f2et depid or acve fest per avre)
o Arrigatios purposes.

§. Acresge sctuslly frrigeted aad with waler right - 539.7 " scret,
mpmmmuumumuu.bmmm ’

Asres .
Subdivision Seo. Twe.  Ranga Irrigated _Dwner

Wi, Losn MR, R0 2732 10 _342,9 <

W * 1"‘ L
Ncbshuindn‘lnl sotually kvigated muit by oh mtumu-'-d.-)

7. Wutsr was firet sppilsd te beneficlol use 1947 and almes that time
bas Bosa used fuily wad wwumummrumnnuammmnc—rum

exvept ne Zollows: . .

§. Additional atatemsais or explonaticas




Figure 2-4

Well 928 Geophysical Logs



JET WES

GEOPHYSICAL SERVICES, LLC.

COMPANY Homestake Mine
WELL ID Well 928
FIELD Homestake Mine-Grants
COUNTY  Cibola STATE New Mexico
5 TYPE OF LOG: Sonic Lo OTHER SERVICES
% u 3 Arm Caliper
o Video Log
§ & LOCATION 4 Pi Densit
& £ B ¥
s € &
3 3 g
v Z MmN
SEC TWP RGE Permit No.
JERMANENT DATUM  GROUND LEVEL ELEVATION K.B.
.OG MEAS. FROM Top of Casing ABOVE PERM. DATUM 18 inches T.0.C.
JDRILLING MEAS. FROM Ground Level G.L.
YATE 9-10-2015 TYPE FLUID IN HOLE Water
WUN No 2 SALINITY
“YPE LOG MSI-60mm DENSITY
YEPTH-DRILLER 865 ft. LEVEL 134 ft.
JEPTH-LOGGER 325 ft. MAX. REC. TEMP.
3TM LOGGED INTERVAL 316 ft. DIGITIZE INTERVAL 0.2 ft.
"OP LOGGED INTERVAL Surface
YPERATING RIG TIME
{ECORDED BY A.Henderson
VITNESSED BY D.Kump
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE WGT. FROM TO
20 in. steel 928 ft.
)
}
REMARKS:

4 Pi Density (wet)

800 9000

Near First Arrival

Amplitude

5000

CPS
4 Pi Density (Dry)

us
Near Receiver VDL - stacked

8 200

Relative
Delta Time

0

Depth
oo 1ft:240t"

3 Arm Caliper

esessesssecsscsscssssces,

in
Gamma Ray

17

CPS 22000

800 27000

us

40 200

240

80

API

us/ft

-/A
~ N \
\"\./
W/ 1




V4 ™
o) pe cl...oo...s.u-. o..clo.-.-q
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.2
} 220




e

_:,.‘ 300 i |
i EE-muem
'::. i f il

I

i Saon ]
- i
- 320 ———= ———
scedacacasssasaals ‘ \ i | ‘ ‘
Gamma Ray Delta Time Near Receiver VDL - stacked 4 Pi Density (Dry)
1 )
0 API 80 240 us/ft 40 200 us 800 27000 CPS 22000
3 Arm Caliper Depth Amplitude Near First Arrival 4 Pi Density (wet)
17 in 5o 1ft:240t g Relative 8 200 us 800 9000 CPS 5000




Figure 2-5

Selenium Concentrations for Near Upgradient Wells P, P1, and Q, and San Andres
Well 928
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FIGURE 2-5. SELENIUM CONCENTRATIONS
FOR NEAR UPGRADIENT WELLS P, P1 AND QAND SAN ANDRES WELL 928.



Figure 2-6

Uranium Concentrations for Near Upgradient Wells P, P1, and Q, and San Andres
Well 928
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FIGURE 2-6. URANIUM CONCENTRATIONS
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Figure 2-7

Well Old #1 Completion Details and Lithology



“95=

TABLE 6
LOGS OF WELLS AND TEST HOLES IN THE GRANTS-BLUEWATER AREA,
VALENCIA COUNTY, N. MEX.

(The following logs of wells and test holes were furnished by drillers, land
owners, industrial companies, and other organizations. 1In general, the
lithologic terminology is that of the persons who furnished the information.
The rocks termed 'malpais’ in many of the logs are the same as the basalt
flow rocks described elsewhere in this report. The stratigraphic correla-
tions were made by E. D. Gordon. Many of the logs have been rearranged
slightly for clarity and uniformity of presentation.)

Thickness Depth
Stratigraphic unit and material (feet) (feet)
12.10.26.242 Homestake-Sapin Partners OLD f;/

Casing record: 902 feet of 16-inch casing, cement in place from bottom to
surface. 87 feet of 12 3/4-inch shutter screen set below bottom of
16~-inch casing.

QUATERNARY SYSTEM:
Top soil (clay, sand, and gravel) ...... Sl s i 30 30

Red c¢lay and gravel ...vecesososeesssesiosssosse 90 120

TRIASSIC SYSTEM:
Chinle formation:

Clay; Ted usieadwinaossmeessonss dew Rl e 20 210
Shale, red; traces of blue shale ........... 5 215
Shale, red; some hard white rock .......... = 5 220
Shale, red and gray .icessscsasveavases saene 5 225
Shale, red and blue .......c000000ss cesnsne 10 235
Shale, red and LAY ceusccccssvonsssaswonsais S 240
Clay or shale; Ted .iisssciscssosssanasneres 35 275 S
Sandstone, gray, hard ......cevviennencnnens 25 300
Sandstone and shale, red icvosvensssvssnmeas 85 385
Clay and sandstone, 8ray ....c.eceeescececcscs 10 395
Shale, clay, and sandstone ......oocveveeess 30 425
Bhale and Clay ciscsasisvadionssnsensdsnedio 15 440
Shale and limestone ........eevvevecenconnas S 445
Clay and SANABTONE .« . v e eesnsiessssessse 35 480
Clay and. Shale icieaesiassnesss s nssessss 15 495
Clay and Sandstole. iienisronssn ey s eesses 5 500
CRAY w5 was @ viaiammias worss o aiial s sis s s mmes e 500
Sandstone, white and blue; some red clay ... 20 520
Sandstone, white; some blue clay ......c00.. 15 535
Clay, gray, and hard shale .......... sedsivae 35 570
Shale and sandstone sceicessvsacacssseans FE 10 580
Clay and shale, 8ray ..cesccecscses ona m/e w0 20 600
Shale and sandstone ...ccccecovces g v 45 645
Shale, sandstone, and limestone ............ 5 650
Shale, purple, and gray sandstone .......... 15 665
Shale and gray CILAY +eiesesesdans nisessaisss S 670
Shale, gray, and sandstone ....cccececosnses 10 680
Shale, gray and red ...cecssccssnsvscsssanas 40 720

|
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TABLE 6 (continued)

Thickness
Stratigraphic unit and material (feet)

12.10.26.242 Homestake-Sapin Partners (continued)

TRIASSIC SYSTEM (continued)
Chinle formation (continued)

Clay and shale, varicolored, and sandstone ... 115
Shale, gray and brown ...... Se s e 4R e e e e e S
Shale, purple and gray ....c..e.. AR I 5
Shale, purple, gray, and red; and red sand-

SLONG' ol in snes sk o s o sm sele Ao ss s s s esss 5
Clay, light-red, and gray sandstone .......... 5
Shale, gray, and sandstone ......cceceeeeceoes 5
Shale, red ‘and gray i:siisesssisssssnsese vessa . 2k
Shale, gray, and sandstone ....seseosssssecsses 10
Shale, purple and gray, and sandstone ........ S
Sandstone and gray shale ........... 55 % e i S
Shale, purple and red, and sandstone ....... .. 35
Shale, gray, and sandstone ...... 860 TR S W e 25
Shale, gray and red, and boulders ......... seve XD
Shale, purple, red, and gray, and sandstone .. 5

PERMIAN SYSTEM:
San Andres limestone:
Lost circulation ssswees svssaen o E S T S R s e S

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-

orange clay ..... Sesssawn e sesels e alep o @ e mie a8 10
Sand, grayish-orange, fine to coarse, rounded;
chiefly frosted QUATLZ ..ushucevssvenss s camsie 20
Sand, light-brown, fine to coarse, rounded;
light-brown, frosted quartz .......¢0000000.. 10
Sand, light-brown, fine to very coarse, round-

ed to subrounded; chiefly quartz .....¢c0c0... 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 .....c.ccce. ooy onemeseseneme A0
Sand, grayish-orange, fine to very coarse, 30
percent subrounded to angular quartz; some
medium to very coarse rock fragments; obsid-

ian, ‘and fossil Eragments i..escsssssviviaseas .. 10
Sand, grayish-orange, fine to coarse with
granules, quartz 50 percent subrounded to
angular quartz grains; some fossils ......... 10
Sand, grayish-orange, fine to coarse with
granules, 60 percent rounded to angular,

frosted quartz grains; some subrounded shell
ETAEMONEE o oo oo 60 vicns 006 e alosivsmbenssenss e 10

Depth

(feet)

835
840
845
850
855
860
880
890
895
900
935
960
970
975

980

10

30

40

50

60

70

80

90



Figure 2-8

Well Old #1 Geophysical Logs



JET WES

GEOPHYSICAL SERVICES, LLC.

5000
24000

CPS
CPS

4 Pi Density (WET)
4 Pi Density (DRY)

800 29000

800 9000

us
us

Near Receiver VDL - stacked
First Arrivals

40 200
100 200

us/ft
Relative

Delta Time
Amplitude

0

Depth
20
40

60

1 r

16

D PO M
ke oo .o
ee® Ccer

API
in

COMPANY Homestake Mine
WELL ID Old No.1
FIELD Homestake Mine-Grants
COUNTY Cibola STATE New Mexico
ks TYPE OF LOG: Sonic L OTHER SERVICES
) onic L.og Video Log
et 3 Arm Caliper
g 8 LOCATION 4 Pi Density
2 § 8
s & g
o7 R o
SEC 23 TWP 10N. RGE 1E. Permit No.
JERMANENT DATUM  GROUND LEVEL ELEVATION K.B.
JRILLING MEAS. FROM Ground Level GL.
YATE 9-10-2015 TYPE FLUID IN HOLE water
XUN No 3 SALINITY
“YPE LOG 60 mm DENSITY
JEPTH-DRILLER 980 ft. LEVEL 54 ft.
YEPTH-LOGGER 432 ft. MAX. REC. TEMP.
3TM LOGGED INTERVAL 425 ft. DIGITIZE INTERVAL 0.2 ft.
"OP LOGGED INTERVAL Surface
YPERATING RIG TIME
XECORDED BY A Henderson
VITNESSED BY D.Kump
UN BOREHOLE RECORD CASING RECORD
V0. BIT FROM TO SIZE WGT. FROM TO
: 16 in. steel 0 ft. 190 ft.
)
j
REMARKS:

/N

Gamma Ray
3 Arm Caliper

Y/

A

®ccccccscscesccssssnsccs,

10
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3.0 San Andres Ground-Water Quality

Monitoring of San Andres ground-water quality in the Grants project area is being used to
determine if any of the San Andres wells currently used to supply fresh water for the ground-
water restoration program have exhibited a change in casing integrity that is reflected in water
quality changes. Additional monitoring of the four San Andres wells that HMC uses to supply
fresh water has been done in 2015. This data will be tabulated in the Annual Performance report,
but for convenience, updated water quality plots are presented in this report for the evaluation of
these wells.

3.1 Sulfate Concentrations

Sulfate is a major constituent that has been used to track water quality changes at the Grants
Reclamation Project. Figure 3-1 presents an updated plot of the sulfate concentrations in San
Andres wells 943, 951, 951R, #1 and #2. This plot has been presented in the Annual
Performance report. Figure 3-1 shows sulfate concentrations for the first three quarters of 2015
for wells 943, 951R, #1 and #2, and reveals that these concentrations are consistent with the
concentrations measured since 2000. There was no measurable change in sulfate concentration
in 2015, and this is indicative of no change in the well integrity for any of these four San Andres
supply wells in 2015.

Figure 3-2 presents the plot of sulfate for irrigation supply wells 806R and 938 and two of the
Milan supply wells (wells 532 and 999). The 2015 sulfate concentrations are not available for
these wells but the annual sample for wells 532 and 999 were collected on September 30, 2015.

32 TDS Concentrations

TDS is also a major parameter that has been used to track water quality changes at the Grants
project. Figure 3-3 presents a plot of the TDS concentrations in San Andres wells 943, 951,
951R, #1 and #2. This plot shows that the 2015 TDS concentrations are very similar to previous
values for wells 943, 951R, #1 and #2. This plot does not indicate any change in the well
integrity for any of these four San Andres supply wells in 2015.

Figure 3-4 presents the plot of sulfate for irrigation supply wells 806R and 938 and Milan supply
wells 532 and 999. The 2015 TDS concentrations are not available yet for these wells.

33 Chloride Concentrations

Chloride is a major constituent that typically moves very conservatively and has been used to
track water quality changes at the Grants Reclamation Project. Figure 3-5 presents a plot of the
chloride concentrations in San Andres wells 943, 951, 951R, #1 and #2. This plot shows that the
2015 chloride concentrations are very similar to previous values for wells 943, 951R, #1 and #2.
This plot does not indicate any change in the well integrity for any of these four San Andres
supply wells in 2015.

Grants Reclamation Project 3-1
2015 San Andres Well Integrity Testing



Figure 3-6 presents the plot of chloride for irrigation supply wells 806R and 938 and Milan
supply wells 532 and 999. The 2015 chloride concentrations are not available yet for these
wells.

34 Uranium Concentrations

Uranium is a minor constituent that is very important relative to ground-water restoration at the
Grants project. Figure 3-7 presents a plot of the uranium concentrations in San Andres wells
943, 951, 951R, #1 and #2. This plot shows that the first three quarters of 2015 uranium
concentrations are very similar to previous values for wells 943, 951R, #1 and #2 except for the
decline in uranium that was observed in well 951R in the first half of 2015. The increase in
uranium concentration in well 951R that was observed in 2014 prior to the 2015 decline is not
thought to be a function of changes in well integrity in 951R, but is attributed to changes in the
San Andres aquifer water quality in this area. Well 951R was drilled in 2012 and cemented from
the inside of the casing back up the annulus to the land surface. This type of completion should
result in a good bond between the casing and cement in the well annulus. Well 951R is
scheduled to be logged and videoed in the first quarter of 2016. This plot does not indicate any
change in the well integrity for any of the other three San Andres supply wells in 2015.

Figure 3-8 presents the plot of uranium for irrigation supply wells 806R and 938 and two of
Milan supply wells 532 and 999. The 2015 uranium concentrations are not available yet for
these wells.

3.5 Selenium Concentrations

Selenium is also a minor constituent that is very important relative to ground-water restoration at
the Grants project. Figure 3-9 presents a plot of the selenium concentrations in San Andres wells
943,951, 951R, #1 and #2. This plot shows that the first three 2015 selenium concentrations are
very similar to previous values for wells 943, 951R, #1 and #2. This plot does not indicate any
change in the well integrity for any of these four San Andres supply wells in 2015.

Figure 3-10 presents the plot of selenium for irrigation supply wells 806R and 938 and two of
Milan supply wells 532 and 999. The 2015 selenium concentrations are not available yet for
these wells.

Grants Reclamation Project 3-2
2015 San Andres Well Integrity Testing



Figure 3-1

Sulfate Concentrations for San Andres Wells 943, 951, 951R, #1 Deep Well, and
#2 Deep Well
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FIGURE 3-1. SULFATE CONCENTRATIONS FOR SAN ANDRES WELLS
943, 951, 951R, #1 & #2.



Figure 3-2

Sulfate Concentrations for San Andres Wells 532, 806R, 938, and 999
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FIGURE 3-2. SULFATE CONCENTRATIONS FOR SAN ANDRES WELLS

532, 806R, 938 & 999.



Figure 3-3

TDS Concentrations for San Andres Wells 943, 951, 951R, #1 Deep Well, and #2
Deep Well
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FIGURE 3-3. TDS CONCENTRATIONS FOR SAN ANDRES WELLS
943, 951, 951R, #1 & #2.

2016



Figure 3-4

TDS Concentrations for San Andres Wells 532, 806R, 928, and 999
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FIGURE 3-4. TDS CONCENTRATIONS FOR SAN ANDRES WELLS
532, 806R, 938 & 999.

2016



Figure 3-5

Chloride Concentrations for San Andres Wells 943, 951, 951R, #1 Deep Well, and
#2 Deep Well
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FIGURE 3-5. CHLORIDE CONCENTRATIONS FOR SAN ANDRES WELLS
943, 951, 951R, #1 & #2.



Figure 3-6

Chloride Concentrations for San Andres Wells 532, 806R, 938, and 999
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FIGURE 3-6. CHLORIDE CONCENTRATIONS FOR SAN ANDRES WELLS
532, 806R, 938 & 999.



Figure 3-7

Uranium Concentrations for San Andres Wells 943, 951, 951R, #1 Deep Well, and
#2 Deep Well



0)

= ~
o Legend

® 943
3 —®m—— 951

0.4 — A 951R

— * #1
. O #2

URANIUM, mg/I

0.2 —

|
2000 2004 2008 2012 2016

FIGURE 3-7. URANIUM CONCENTRATIONS FOR SAN ANDRES WELLS
943, 951, 951R, #1 & #2.



Figure 3-8

Uranium Concentrations for San Andres Wells 532, 806R, 938, and 999
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FIGURE 3-8. URANIUM CONCENTRATIONS FOR SAN ANDRES WELLS
532, 806R, 938 & 999.



Figure 3-9

Selenium Concentrations for San Andres Wells 943, 951, 951R, #1 Deep Well, and
#2 Deep Well
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FIGURE 3-9. SELENIUM CONCENTRATIONS FOR SAN ANDRES WELLS
943, 951, 951R, #1 & #2.
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Figure 3-10

Selenium Concentrations for San Andres 532, 806R, 938, 999
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FIGURE 3-10. SELENIUM CONCENTRATIONS FOR SAN ANDRES WELLS
532, 806R, 938 & 999.



4.0 Conclusion

The San Andres well integrity testing for well 951 shows that the integrity of this well is good
and the well can be used as a monitoring well for the San Andres aquifer. The testing of well
928 shows that the integrity of the casing in well 928 has been damaged, and an abandonment
plan will be prepared for the NMOSE. However, the well completion data and the recent testing
indicates that well 928 appears to be functioning as a Middle Chinle aquifer well, and is not
believed to have a connection to the San Andres aquifer. Therefore, there the data suggests there
is no concern for the condition of this well to adversely affect the San Andres aquifer. The
testing of well Old #1 shows that the level in this well is representative of the alluvium, and that
a plug may exist that seals off the San Andres in this well. Additional testing needs to be done to
determine if a plug exists in Old #1 well to develop a final abandonment plan for this well.

The San Andres monitoring in 2015 does not indicate that the integrity of the existing San
Andres supply wells #1, #2, 943 and 951R well has changed. These four San Andres wells can
continue to be used as a fresh water supply. Well integrity testing for these four wells is planned
for 2016.

Grants Reclamation Project 4-1
2015 San Andres Well Integrity Testing



5.0 References

Gordon, E.D., 1961, Geology and Ground-Water Resources of the Grants-Bluewater Area
Valencia County, New Mexico with a section on aquifer characteristics by H.O. Reeder
and a section on chemical quality of the ground water by J.L. Kunkler, New Mexico State
Engineer Technical Report 20, 109pp.

Hydro-Engineering, L.L.C., 2015, Grants Reclamation Project, 2014 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.

Grants Reclamation Project 5-1
2015 San Andres Well Integrity Testing



APPENDIX A

Video of Wells 951, 928 and Old #1
(see CD)





