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ABSTRACT
This report is a basic data report for field operations associated with the drilling, logging,
. completion, and development of wells MRN-1 and MRN-2. These test/monitoring wells were
installed as part of the Sandia National Laboratories, New Mexico, Environmental Restoration

° Project.
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1.0 EXECUTIVE SUMMARY

This report provides a summary of the field operations associated with the installation of the

- MRN-1 and MRN-2 test/monitoring wells. These wells were installed in December 1994 and
January 1995 as part of the Site-Wide Hydrogeologic Characterization (SWHC) task field
program. The SWHC task is part of the Sandia National Laboratories, New Mexico,

’ Environmental Restoration Project carried out by the Environmental Operations Center, 7500.

MRN-1 and MRN-2 are paired wells located near the western edge of Kirtland Air Force Base
(KAFB), west of Technical Area III (TAIII), and north of Magazine Road. (Note: "MRN" stands
for Magazine Road North). MRN-1 was drilled to a total depth of 610 feet and completed in the
upper unit of the Santa Fe Group. After drilling to total depth, the borehole was logged, and then
completed as a monitor well with a total depth of 606.7 feet. The sand pack interval for MRN-1
is 512 to 606.7 feet and the screen interval is 546.7 to 586.7 feet.

MRN-2 was drilled to a total depth of 455 feet and was also completed in the upper unit of the
Santa Fe Group. After drilling to total depth, the borehole was logged, and then completed as a
monitor well with a total depth of 450 feet. The sand pack interval for MRN-2 is 379 to 455 feet
and the screen interval is 410 to 440 feet.

During the MRN field operations, important subsurface geologic, hydrologic, chemical, and
radiological data were obtained. Subsurface geologic data include descriptions of drill cuttings,
core, and geophysical logs of the upper unit of the Santa Fe Group. The geology identified here
can help determine the eastern limit of the ancestral Rio Grande lithofacies. Subsurface
hydrologic data include borehole geophysical logs, and qualitative information obtained during
well completion and development. In addition, future aquifer testing at the MRN site will
generate data for the interpretation of aquifer parameters such as transmissivity. Samples were
taken from core every 100 feet at MRN-1 for chemical and radiological analysis to provide
background data for the Environmental Restoration Project.




2.0 INTRODUCTION

The Environmental Restoration (ER) Project at Sandia National Laboratories, New Mexico

~ (SNL/NM) is managing the program to assess and, when necessary, to remediate sites on KAFB
and adjacent federal land that were potentially contaminated by SNL/NM operations. Within the
ER Department, the Site-Wide Hydrogeologic Characterization task is responsible for the area-
wide hydrogeologic investigation. The purpose of this task is to reduce the uncertainty about the
rate and direction of groundwater flow beneath KAFB and across its boundaries.

2.1 Background

MRN-1 and MRN-2 are paired wells located near the western edge of Kirtland Air Force Base
(KAFB), west of TATIIL, and north of Magazine Road (Figure 1). Table 1 contains completion
information for wells SWTA-3, NWTA-3, and KAFB-1005 which are approximately 0.8 miles
southeast, 1.4 miles northeast, and 1.3 miles southwest, respectively, of the MRN location (Figure

1.

Table 1. Completion Information for Wells in the Vicinity of MRN

SWTA-3 407.2-427.2 4322 426.04 4894.53
NWTA-3 434.9-454.9 460.4 448.76 4885.05
KAFB-1005 | 363-388 398 378.03 4890.81 _

* feet below ground surface
** feet above mean sea level

The water levels at SWTA-3 and NWTA-3 were measured in December, 1994 and at KAFB-
1005 in October, 1994. Based on the water levels in these 3 wells, it was anticipated that the
depth to water at this site would be between 409 and 419 fbgs (4885 and 4895 famsl).

2.2 Objective

The MRN drill site was selected to provide geologic and hydrologic data in the western region of
KAFB. The Santa Fe Group sediments in this area can be separated into two lithofacies which
are a result of two separate depositional systems (SNL, 1995). Fine to coarse clastics, generally
angular and poorly sorted, are a result of an alluvial fan depositional system with the sediment
sources located in the Manzanita Mountains to the east of the MRN site. Fine to coarse clastics,
generally with a higher degree of rounding and sorting than the alluvial fan material, result from
the ancestral Rio Grande fluvial depositional system. Volcanic clastics may be found in the Rio

2
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Grande facies (RGF), derived from the volcanic sources to the north. The Rio Grande facies

(RGF) within the Santa Fe unit has been found in boreholes to the southwest of MRN (at KAFB-

1005) and in the NWTA-3 borehole approximately 2.3 miles north of MRN. The presence of

~ well-sorted, well-rounded sands and pumice clasts are indicators of the RGF and the presence or
absence of the RGF in the MRN boreholes would help determine the eastern extent of the RGF.

Hydrologically, modeling indicated that obtaining data in this area would help reduce uncertainty
in groundwater flow direction. The MRN site is located west of TAIII which contains numerous
ER sites and obtaining hydrologic information such as flow direction and aquifer characteristics
aids in characterizing these ER sites. MRN-2 was installed as a water table monitor well to
replace the poor producing well SWTA-3, which is scheduled for abandonment. MRN-1 was
installed deeper within the aquifer and will be used for aquifer testing in 1995. MRN-2 will also
function as an observation well during aquifer tests at MRN-1.




3.0 WELL-SITE GEOLOGY
3.1 Surface Geology

The MRN well site is located near the boundary between the Upper Llano de Manzano and
McCormick Ranch geomorphic subprovinces (Figure 2). The Upper Llano de Manzano
subprovince encompasses the broad, west-sloping piedmont along the western margin of the
Manzanita Mountains. This rather smooth piedmont surface is inclined to the west at about 150
ft/mile. Near surface sediments are derived from metamorphic and sedimentary rocks in the
Manzanita Mountains (SNL, 1995).

The McCormick Ranch subprovince has relatively little relief and contains several closed
depressions. Surficial deposits in this subprovince are derived primarily from local fluvial and
eolian erosion of the underlying Santa Fe Group, small arroyos in the Upper Llano de Manzano
subprovince, and eolian deposits derived from the west and southwest (SNL, 1994). These
surfical deposits consist primarily of sand, silt, and clay derived from quartz- and feldspar-rich
sediments. The surface geology at the MRN site more closely resembles the characteristics of the
McCormick Ranch subprovince.

3.2 Subsurface Geology

The subsurface geology at the MRN drill site to at least the total depth of the borehole (610 feet)
consists of a thin surficial deposit underlain by the upper unit of the Santa Fe Group. Hawley and
Haase (1992) estimate that at this location the upper Santa Fe unit is approximately 1100 feet
thick. '

The surficial deposit is generally fine- to medium-grained and was deposited by local fluvial and
eolian erosion of the underlying Santa Fe Group. The upper Santa Fe unit consists of coarse- to
fine-grained fluvial deposits from the ancestral Rio Grande which intertongued with coarse-
grained alluvial fan/piedmont-veneer facies which extend westward from the Sandia and
Manzanita Mountains.

3.3 Structural Geology

KAFB is located near the eastern edge of the Albuquerque Basin on a series of shallow benches.
These are fault blocks that have less downward displacement and sediment accumulation than the
central part of the basin to the west (GRAM, 1995). The MRN site is on a structural bench which
is bounded on the east and west by normal faults (Figure 3). The northeast-trending Tijeras Fault
Zone, which is the eastern bounding fault, is approximately 2.2 miles southeast of the site. The
fault zone consists of several subparallel faults that have near-vertical dips and exhibit evidence of
normal and left-lateral displacement (SNL, 1994). The western-bounding fault is an unnamed,
northeast trending normal fault.
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4.0 BOREHOLE/WELL CONSTRUCTION INFORMATION

All drilling, well completion, and well development operations were performed by United States
Geological Survey (USGS) personnel and equipment, and supervised by SNL/NM personnel.

* Dirilling techniques included augering, air rotary, mud rotary, and mud rotary coring. The
following sections summarize the drilling, well installation, and well development operations
carried out at the MRN site. All field operations were conducted using 10-day on, 4-day off work
cycles.

Drilling for the surficial investigation was performed at the MRN site on September 5, 1994. The
hole was augered with a center bit to 3 feet and augered with continuous sampling using a 4 inch
outside diameter (OD) sampler and 8-1/4 inch diameter augers from 3 to 21 feet.

A copy of the SNL/NM Field Operations Supervisor logbook is included in Appendix A. A copy
of the Driller's logbook is included in Appendix B.

4.1 MRN-1
4.1.1 MRN-1 Drilling Operations

Rotary drilling at MRN-1 began on December 13, 1994 and was completed on January 20, 1995.
The hole was drilled using rotary air with a 12 inch bit to 4 feet and a 12 inch diameter surface
casing was set and cemented. The hole was then drilled to a total depth of 610 feet using mud
rotary and a 9-7/8 inch tricone bit with core points listed in Table 2. The 4-3/4 inch OD core bit
produced 3 inch diameter core with an average of 54% recovery. A summary of the drilling
chronology for MRN-1 is shown in Figure 4.

Table 2. Summary of MRN-1 Coring

100-110 10 10.1
200-210 10 4.4
300-310 10 3.3
400-410 10 - 6.4
500-510 10 6.6
600-607.6 7.6 .5
Total 57.6 31.3
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At each of the core points from 100 to 500 feet, samples were taken for chemical and radiological
analysis to support the ER Project's goal to determine background concentrations of naturally
occurring constituents of concern at SNL/NM. A sample was not taken at 600 feet due to the

~ poor recovery. Samples were analyzed for the following parameters:

° Tritium

. Gross alpha beta

. Isotopic uranium, thorium, and plutonium
. Strontium-90

e Target analyte list (TAL) metals
° Gamma spectrum

The data will be analyzed and published as part of the Mixed Waste Landfill RCRA Facility
Investigation.

4.1.2 MRN-1 Well Completion

After reviewing the borehole geophysical logs, the decision was made to construct a monitor well
with a screen interval from approximately 545 to 585 feet. The monitor well was installed using 5
inch inside diameter (ID) stainless steel casing and well screen. Figure 5 is a Well Completion
Schematic for MRN-1 and MRN-2. -

MRN-1 was installed to a total depth of 606.7 feet with slough filling the hole from 606.7 to 610
feet. The screen was placed from 546.7 to 586.7 feet with a 20-foot sump from 586.7 to 606.7
feet. The top 20-foot screen is 10-slot and the bottom 20-foot screen is 20-slot. A 10-20 silica
sand pack was placed from 517 to 606.7 feet. Above the sand pack from 512-517 feet is sand
and slough which resulted from circulating in the hole prior to and while trying to tremie the
bentonite pellets. A bentonite seal was placed from 468 to 512 feet. Above this seal, the annulus
was filled with a volclay bentonite slurry from 468 feet to the surface.

The surface completion is a steel protective casing'with a locking lid, surrounded by a concrete
apron approximately 4 foot square with 4 removable steel stanchions.

4.1.3 MRN-1 Well Development

Well development is performed to remove foreign material that may have been introduced into the
well during the drilling and well completion process, and to allow the well to provide water
samples that are representative of the formation. Well development was performed according to
ER Project Field Operating Procedure (FOP) 94-41 (Fritts, 1994). This FOP identifies the
methodology and standards for developing a well until representative formation water can be
accessed through the well. Representative formation water is defined as water produced from the
formation that is considered to be free of drilling fluids, cuttings, and other material introduced
into a well during the drilling/well completion process. Standards used to make this determination

11
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include water that is visually clear (low turbidity) and water with relatively stable pH,
temperature, and specific conductivity. In addition, the FOP calls for the removal of a minimum
of 10 well-bore volumes. ‘

* The well was developed with air on January 22 and 23, 1995 with the tremie placed at 210, 415,
and finally at 593 feet. Approximately 28,000 gallons of water was removed during the

. development. The parameters had ending values: electrical conductivity of 530 microsiemens,

temperature of 19.8 degrees Celsius, and turbidity of 5.67 NTU (the pH meter malfunctioned).

On January 24, the water level was 414.5 feet, and on February 3, 414.62 feet.

42 MRN-2
4.2.1 MRN-2 Drilling Operations

Rotary drilling at MRN-2 began on January 23 and was completed on January 26, 1995. The hole
was drilled using rotary air with a 12 inch bit to 4 feet and a 12 inch diameter surface casing was
set and cemented. The hole was then drilled to a total depth of 455 feet using mud rotary and a
7-7/8 inch tricone bit with core points listed in Table 3. The core points were picked from the
MRN-1 geophysical logs. Above 400 feet, the intervals were picked to target changes in
lithology and to allow closer examination for pumice and other indicators of the presence of the
RGF. The 410-420 foot core was taken from the screen interval. The 4-3/4 inch OD core bit
produced 3 inch diameter core with an average of 42% recovery. A summary of the drilling
chronology for MRN-2 is shown in Figure 6.




Table 3. Summary of MRN-2 Coring

525

70-79.4 9.4 6.5
80-90 10 9.8
90-100 10 3
150-160 10 5.9
160-170 10 2
260-270 10 73
270-280 10 5.2 |
355-365 10 1 |
365-375 10 0
410-420 10 1
Total 99.4 41.7

4.2.2 MRN-2 Well Completion

MRN-2 was installed to a total depth of 450 feet using 4 inch OD Sch 80 PVC casing and same
diameter 0.020 slot well screen. Figure 5 is a well completion schematic for MRN-2. The screen
is from 410 to 440 feet with a sump from 440 to 450 feet. A 10-20 silica sand pack was placed
from 379 to 455 feet and a bentonite seal was placed from 332 to 379 feet. Above the bentonite
seal, the annulus is filled with a volclay bentonite slurry from 332 feet to the surface. The surface
completion is a steel protective casing with a locking lid, surrounded by a concrete apron
approximately 4 foot square with 4 removable steel stanchions.

14
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4.2.3 MRN-2 Well Development

MRN-2 was developed first on January 29, 1995 using air with the tremie placed at 446 feet.

Approximately 360 gallons of water were removed over 9 hours. The parameters had ending
~ values: pH of 8.25, electrical conductivity of 542 microsiemens, temperature of 16.8 degrees

Celsius, and turbidity of 960 NTU. The water level the morning following development was

414.20 feet.

MRN-2 was developed further on February 28 using a Bennett Pump placed at 443 feet. The
well was pumped at 0.75 gpm for 4.5 hours and yielded approximately 200 gallons. The
parameters had ending values: pH of 7.35, electrical conductivity of 550 microsiemens,
temperature of 18.1 degrees Celsius, and turbidity of 2.03 NTU. This was substantially cleaner
than following the initial development. The water level was 413.7 feet prior to development and
414.0 feet immediately following development.

5.0 BOREHOLE GEOLOGY

Cuttings were logged at the drill site by the SNL/NM Field Operations Supervisor. At MRN-1,
the samples were collected and logged. At MRN-2, the samples were not logged due to the
proximity (and resulting similar lithology) of the two boreholes. However, a suite of samples was
collected.

Drill cuttings samples were taken at 10 foot intervals at the well head by straining drilling fluid
returns through a kitchen strainer. Samples were collected continuously and logged at 10 foot
intervals in an effort to get a sample that represented the interval. Typical drilling fluid had an
estimated viscosity of about 50 seconds/qt and a weight of about 9.5 Ibs/gal, which is heavy
enough to suspend coarse sand and gravel. Cuttings samples were lightly rinsed with clean water
in standard No. 4 and No. 200 brass sieves to separate grain sizes. The No. 4 sieve collects fine
gravel (0.19-inch); the No. 200 sieve retains very fine sand (0.003-inch). Silt and clay is
suspended and washes through, although light rinsing was used to minimize the loss of fines.
These techniques are used to reduce the subjectivity of descriptions of relative grain sizes. A 10
foot by 3 inch core barrel was used to take core samples. Cuttings samples were saved in cloth
bags and chip boxes. All core was boxed, labeled, and archived in the ER Core Storage
transportainer adjacent to Building 6540 in Technical Area III.

The lithology of MRN-1 is summarized in Table 4. A detailed lithologic log for MRN-1 is

included in Appendix C. The augered soil samples from the MRN site are scheduled to be
described later in 1995.

16




Table 4 - Summary of Dominant Litholegies in the MRN-1 Borehole

0-30 sand/gravelly sand/sandy gravel

30-70 sandy silt

70-80 silty clay

80-120 sandy silt/silty sand
120-150 silty clay
150-160 sandy gravel '
160-170 silty clay
170-280 sandy gravel
280-290 sandy silt
290-430 sandy gravel/gravelly sand
430-440 silty clay
440-470 gravelly sand
470-500 sandy silt/silty sand
500-530 gravelly sand
530-610 silty sand/sandy silt

Both wells are completed in the upper unit of the Santa Fe Group. The general lithology of the
MRN-1 borehole is fine-grained (sandy/silt and silty clay) from 0-150 feet, medium to coarse
grained (sandy gravel/gravelly sand) from 150 to 530 feet, and fine grained (silty sand) from 530
to 610. The unit is largely unconsolidated and light brown with gray limestone clasts. Well
consolidated material (conglomerate) was encountered sporadically from approximately 500-520
feet. MRN-1 was completed in a gravelly sand/silty sand and MRN-2 was completed in a gravelly
sand/silty clay.

The geophysical logs from MRN-1 were examined and correlated with geophysical logs from
neighboring boreholes (Van Hart, 1995). This analysis preliminarily shows that the sediments
from approximately 0-160 feet represent interbedding of sediments deposited during periods of
both eolian and alluvial fan deposition. From 160 to total depth, coarse sediments increase as
indicated by the lithologic logs and substantiated by the geophysical logs. From 160 to total
depth, the lithofacies are interpreted to be ancestral Rio Grande. Further interpretation of the

17




geology will be included in the SWHC 1995 Annual Report.
6.0 BOREHOLE HYDROLOGY -

" Hydrologically, the purpose of MRN-1 was to provide an aquifer test well. MRN-2 was installed
to serve as an observation well while pumping MRN-1 and to replace the poor producing water
table monitor well SWTA-3.

MRN-1 was completed near the bottom of the borehole (screen from 546.7 to 586.7 feet)
approximately 130 feet below the top of saturation. It was developed at 60-120 gpm and had a
final water level of 414.6 feet. MRN-2 was completed across the top of the saturated zone
(screen from 410 to 440). It was developed at approximately 0.7 gpm and had a final water level
of 414.2 feet. Aquifer tests will be performed at the MRN site in 1995.

7.0 BOREHOLE GEOPHYSICS

MRN-1 was logged from the surface to 550 feet (which was the total depth prior to the holiday
break) on December 17, 1994 by the USGS. MRN-1 was logged from 400 to 606.7 feet
(following reaching total depth) on January 19, 1995. The geophysical logging suite for MRN-1
and MRN-2 included density, natural gamma and neutron combination, short and long normal
resistivity, and caliper. MRN-2 was logged on January 26, 1995. Figures-7 shows the composite
geophysical log for MRN-1. Due to similarities, the MRN-2 log is not reproduced here. Further
interpretation of these logs will occur in 1995 and will be included in the SWHC 1995 Annual
Report.
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Figure 7 - Composite Geophysical Log for MRN-1
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8.0 SUMMARY

The MRN site is located near the western edge of KAFB. The MRN drill site was selected to

~ provide geologic and hydrologic data in the western region of KAFB. Specifically, modeling
indicated that obtaining data in this area would help reduce uncertainty in groundwater flow
direction. The hydrologic information obtained would aid in characterizing ER sites which are
located east of the MRN site.

MRN-1 and MRN-2 were completed to a total depth of 606.7 and 450 feet, respectively. MRN-1
is screened from 546.7 to 586.7 feet and MRN-2 is screened from 410 to 440 feet. MRN-1isa
better producing well than MRN-2 likely as a result of the increased head and higher permeable
materials across which it is screened. MRN-2 will function well as a water table monitor well and
as an observation well when aquifer testing is performed on MRN-1 in 1995.

The lithology at MRN is interbedded, unconsolidated fine- to coarse-grained sediments of the
upper unit of the Santa Fe Group. The upper 160 feet is interbedded sediments deposited by
eolian and alluvial fan depositional systems. It is interpreted that the ancestral Rio Grande
deposited the sediments from 160 to 610 feet.
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APPENDIX B

MRN DRILLER'S LOGBOOK
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6.5 cabic T+ Jotal wattvia| 468-512 . Add 91 0 457 £+
gmm Ist batch odlclay & bags, pull 42 F+ 40 HIS £,

ump And brteh volelay 15hags. Pull 105 1o 3I0FE Pun
3rd "batth Lm(;\;voldag. Pull "84 ++ Jo 296 1, Pumo Hth
brtca Udic\ouj J_S_bﬂgj Pall 84 ++ 1o 142 $F, Pmmp Sth loatch
volcdlay |6 Bogs fo sudace. Pull 1924 trommwie, Drrin down
Olow down. Start poon Sunday developing pe- Joe Frite.

[NDJrCJ see buck of payc tur dfacgram. See. Slx-590 f+
9ty vt 1bag sand |4 bndeet pdlefs, slaff 2




Drillers {03 for S(Anclaj [-22-95

10:00 - 1100 eip to Gmus Gl fur Dextvon cane. ol
noo- 1S el 1o SJra@w\g aveat

NS 1130 teal Yo sife

11:30- 12130 Rctj u,o ‘l*np Trewmit @f’C nokes)
12:30- 1735 Decelope 5wl

1745~ \T:30 traul o Staging aveq

7:30- 1T:45 Frovtl Yo motel

(nokes)

Get 12 O)mllons Dextvon 10 st ﬂmmg +traal Yo e f
S*Utgmﬂjomq Trip trewmee o NS F+ blow ‘\LOP off. Deuelo
from N5t fur @ ronwwﬁt 30 minute, Blew ciean. W\ph
Y5H gnd blow '}1) O'(:‘F Blow ocorm ox 30 mivudes Fom JrLfVC
Pecoutviy g SOMQ(J"\Wl' at et leuel, T rtpﬁo 598 £+ and dé’(x’
from [BRS = 1700, well vecovtrs at aprox 100~ IS0
blowwng Luithoir trom S98F, Cl eounive) u,o mctl 5&«4? down

iI700 Der Jue H’chZ Wil blow more +ovnorrv




O700- OGS

0715~ OT45

o145~ OBOO
o800 - 0830
080~ 084S
084S - 1015
10:15 = HS
1S- 12200
i2:00- 1230
12:%0- 310
3o- 1320
i350- (430
14:30- (814
1Y - 2040
8040~ 2050
2050- 2SS
2115- 2130
2130- 2\HS

G ob) |

Drillers log for ionday 1-93-95

Travel 1o S‘iag\'mj avea .
[oad 4" Cajivﬁ and 124 casg on Fruck
tud fo sk
fill Transmission w | G0# gear o1l
Imeasure ttte feoel at 4153 T
develope from 18+
pull Trewmmit ot of hele

mowe. ahead ST To next bole

st 54 124 PUC conductor cosfu«y
dedl 77e hole

rcpaws on Shaker -

dall fo 70 # (cox pont)

cove 10 o 9+

dell. 778 hole t0 150 £+ (cot point)
teip ot 77 bit -
dvar~ down blow down

Havt! 4o st [y\? avec e

Yaeel o mokel

= geay box Ist #\i»/?,o loagd and hanl H* cosivs to 51€ on

N ont, Dwaiopc Hul

(5 pur Joe Frite. ell cleancd 4P

meely. Waking 150 9pm apr, Mo ahead DS+ Ho next e,
st 154 12Y PUC conductor caswg. Drll to 70 # (o Foft

Jo 974"

o 70"701‘qu qo‘f' @‘S' rCCOUf/‘7( Cort. 7ﬁsl_ft/-87-lftl

?@L 98" reovtry. Cove 894 14" got 3.0" reeovtvy. keam
18" 40 994" and. drill fo 150 £t (hext core powit),
Hmclooo opal

lons nwd pade already Fur i hoe Foom lent




Detlevs I% for Tmc’sda:j |-24-9S

0600~ 061S trace) to Staging aree

Co1S - 0630 lead fuel aird 4% casiy on fruck
063~ 0630 vt Yo site

0eS0- OB\S Qifj up Pvime up J(\ﬂp wto Jole wlcoe banl
0gis~ 0827 Cimm‘gqg(

O8%7- 10:10 cort 150- 170 tt (2 ruins

10:10- 12133 ccomo 170 dall o 260

12:35° 40 cort Yo 280 (2 runsy

1S40 - 16°30 Rie) downib‘ow dowm, dvain pumps,
16:30- 145 Fracel o Sta 19 avea

oS- 1700 +antl o Mokl ,

(noks)

Load ‘!['V!C( and 4" Caﬁbﬁ on ‘l’mck /5\L Tha, . TVp jnfo
hole tohile prming up. Cove” 150160 9ot 5.9 1 recovnvy:
Cocc [60- 170 got “2.0+1 recovwy. Rewm o 170+t w/ 778
and dall 4o 2e0+H Nexk (o Poiat, Covt 260 -370Ft 9ot
7.2 weovtry, Cove 370- 280t got S 2t recovty.
Anished covive, ook ouer p&tsf +imes d/2111}7 decile & Zall iF

7 o{w?. PV\M,OJ Tinc delievs 36 ba7j UOlcfag a5 b"jS ELS
swnd and 4 b ks pellets fur 115 faokeat” 900 P,

Dretin down blow down end of




Dnllers log for wednesday 1-25-95

0600 0BIS ol to Stoging arca

0615~ 0630 Hauvl fo sie

0630- OT4S Rig up trp 77%g 1o 260 1
0745~ 0940 Dallto 320 1

0940~ 0956 miy D 100% bags mud

0956- 1115 dvilldp 35S+,

N5 11125 Cironlate hale clean

11956~ [5:00 corc 355 Jo 375 (Q )
1506~ 1515 Put o Ntw 778 Bit .
15:15- 1535 Hrip m to S5 LJ/ 77 bit
1535- 1T7:03 dwvll Yo 410 f+ -
o3~ 1745 Civrenlale clewn |
1745 1815 ‘h’“\() ont of }\OV€, Gvarin down,b(ow d’dc&’)
1815 (630 et o Stag ey avea

IBX0- 184S Yz o mokel

(nokes)

Trip info hole W[ 778 bit cwhile rgqi ruming 4
dall Yo %ao Ff. X 3 begs 100% ei?ﬂfﬁaz. dZiH 10
3558, Coc 355-365 <7o7L [.0" rccovery. Core 365-375 9ot
o rccovtery. T Jimore bags 106% each mad while trpping
skel on Zovt vuns, St makes fash v avd gers |
of Laktr Today, Put New 778 bit on ot 355 1. Dnll do
40+t next cot pant, Uty soft Sand all day lor¥) «f somC
cmcgcﬁov\z/‘cobblc zores. John Mo brngs Sexval obstrotrs
fo s foday. Civen late clean at 410 1, Pigy clown, blow

dowiNn.,




Deillevs log for Ywvsday -26-95

0600 06lS travel o Stagi-g av«a |
0615 - D645 Movt Coging at Sw‘w)t avea bt fuel on uk
0645 - 0700 Heautl to site

6700~ 0807 Rig up Trip wto hole wjcoe e
O867- 0840 cove {10 - 420 f+ got 1.0°

0840~ 0920 Frip out of hole

0920~ 0930 dull cove bavvel wfchavge head
09%0- 0955  rip in 77 it fo 40T

0955~ 1112 ytam Hio-420 drll fo 4SS+

- 1130 Ciranlate clean |

[120- (200 JrrlP ont bit and Till hole Wfmud,

1200- 1235 RL"? 7| n, drovin dpwn | Dlocy deron,
[235-31S SMW«/YJ;J Py wp Logger RE.

BIS- 330 Feavrl ‘1} De (on |

1520~ 1415 moce 4 (ajfw) at Staging vt

(415~ 1530 <7c’+ oil ¢ el at Geaves oil.

[530- {545 Havtl o mett.
(noks)

Trip on cort loavrt] wohile pruming up. Cae 410-420 t+ gor
NOR TCoutrY. iy o 100% bagy e While trpping dall
skel wdo hote,” Dall o 455+ Cratt on boftom 1 ont.
Fill hale of md gind €49 ap T logqths, Staad by dor- loggive
rest of day. Cet some dﬁm}/j dakan cove of at 3%6‘?:}7 Gicq
o fo Gmafg&r supplics, Hole is 55 t mad 1o 40 uisc

for lojﬂi”] o




D(fl\tt’j log for Ffchouﬂ -27-95

0600 0615 Tl 16 Sﬁziwa aneq

OG!S ~0630 tavtl to st

O630- 0645 £ig up prme up

OL4S - 0930 Run YSOFH 4* 8o PUC Cajﬁﬁ (sce diagram )
0930~ {000 Run Fremmit +o 446+

[0:00- 11: 50 Stand bj Fred  Luart on casivy Clampo
11°20- 11230 cutcosivg et casuay C/am)o

[1:30- 1230 Circulaft o 30 vist Fvom Yo+t
12:30- 1506 Shoot 10)20 sand J6 3794+ (Sec nokes)
1500~ 1615 bentortc” pellets (Secnofes)

B1S- 1845 dvan dowin blow doon.

(84S~ 1900 teduel Jo Staging avee

[900- 1915 tuvel o mote]
(notes ) |

Driine vp Ist thing Sink i 4SO coanwg 1041 sump
4490450 30+ JOslst seeen 410 -4H0, Trip Frummie o
9+ and clirculattt Yo 30 i, Trommie at 4361, Pour T2
bags (0p0 sand, Pull 21§+ to 4ISFE Pour 572 bags sadd. Pull
4+ Jo 394 £, Pour 13bags sand. Pull 2T 16 373 £, Poar
| bag sand ot stact, Pall &+ o 352t Circulatt and tag
at 3668 ¢ Pour _Q_k_ggj_jelml. and g of 366 175, Bad 1=
vy other tape wjwart ciight tag at” 379 1, (o Jike 1
%7?? 0 Fremme 4o 362FF Civeinlade Fo 30 disc. Pour | bag sand
and 33 hudkeks gellels, Civenik, Pall 204+ do 341 H pour | oy sendd

- and Is. paildS( toont o). Civealatt 10 39 uisc. Pour | bag sard and
S buckeks pelles. Pull 10 £+ 1o 33 £, Civenlate, Pouv T2 bag sand
and |'12 buckels Pf‘{fﬁ Pull 21 ++ 4o 30 il '&W’j fomovy o

3 bags Sand 37435 & o buckels pellets v/ 3 begs sound.




DYth’v’S 109 Lor Sm‘ﬁwdcuﬂ |-98% *CIS‘

Heavel o S’\‘ag\}nc] aved

06eC0-0615
0615~ 0690 load mise. at 5*0«31147 aved
0620- 0635 tracel Jo site
0635 - 0730 Rigup prime up Jaqat 332
6730 - 1100 (/c)lclag 3B+ Yo Susface 34 bogs
11:00- 1620 Clean “p site clean shaker ¢ mud pun
move Supphies gstd by Uolclay)
1630 - 16:45 Fravel Y0 mo
(nokes) )
Todd fags ot 332 .

Skt ¢ Bran rig op for udlcleuy
Pdd 10 H+ tremme 4o 390 T, P(wap [7 bags vdlclay.

Pul] 115+ To 205+ Pump 13 baas volclay. Pall 105 1+ o
[00fT, Pump 4 bogs vdlclay to Surfact. PMMP' S

valday down  avalus on 5t il 4o surface (See note

on [-21-95 log), Borkdown | Rig down, blow down Moe
Equipment off sike. Delon Cquipmcmf- at Lose opeatons ST

Clotﬂ Colclay shopmld set (8 Y\VS per Jo€ Fritz, Strwe o Brigtn
Clewr op at sAGU4) ot and didll sie estof o?ag. |

(ste diagram "back of 1his prge)




Wallers iogforﬁmndwﬁ 1-299% .

0600 BLS et gosolme Fur van
L 06190630 Traw! to de-con [Stagivg avea
063%-0645  twaltoosie
0645-0815 o C(a_Jr.cayin? Tip teemmic to. 96+
o8s-itco0 0 Dewelope
1700~ (115 Ry down drain dowin
N5 17720 Yol o 3+a3i'mj At
(130 - 1745 | misc. at De-Con
17:45- 1800 At o mekl
(nofes)

Gt gasoling in van furk thir . Tl fo sik and
coat cagivy, Run Yawmit o 146 £+, Blow fop off and dewe lope.
Piv ondF 9- 10 minuks_at o tine, Aicotf for 2710 minakes

o atime, Widdag aprosimetion on yeeovery IS 1-2 gpm.

Clmvx'\wq up neely. Eod of daj .!C‘Ht}\?.f‘f vechavge gproX

5 W)MM‘C} witR-awr _O_-FP,_;;’:B,VV\t_mmﬁS_, HW‘OV\ __ccouft@
Quit dCUilopmfj at Sio0Pm

-~

1S a‘ofgi\wwt%\ 3-5 gpm,

- per O6e Frifz. Well had dened wp picely” lodt aiss. st
ot clear. Lefbtrommic inholke in casc they deccle Yo deoelgoe
morc, Cleom up ot Staging aven erd of doy get load steted

~ for¥ép to Devtr




Dnllers Log for monday 1-30-95
0700-071S  lmal fo Stagig ovca. o
ONS=074S . _load wp bk at Staging Avea

C0745- 0800 Brimn [Tadd et do Stk Skae pakes

_CB00- 0430 pull dremmic R dodn,
9% - 1300 mout e STaging guea | qu«(@y) Far tval
1300~ 1800 vl fo Raton New Wrxico | "

(holesy ,_ . .

Finishup on sife o egapment, Tirip ot fremmit. Stee
wetkes Yosh ruing. R ¢ Todd r‘féj dovsn a\{we load. edbeit ot

conoon g, Mat Py Yo Staging avea Todd gets i veod veady.
Steoe[Briam go get restof suppies and clean up dedl sife.
Back at Stagivg aea tush load out. Trautl Albngmergue 10

Botion New MiXico. .

C Drillers ley for Tuesday 1-3195
6700- 1130 Aravel Radon Non. 4o Denvtr Diill Shop
[130- 1900 . gareguip prt owday ngard e'mJ’OO*F CjC/t -




Dwillers Tumes for 5% ¢ 4 wlls

w5

| /dﬂ.&  _fostage
F1895) _ S50-5L0

sk

-30-95  ©00-610.

Al R
dakc footuge
(-2395)  0-20

- H0-60
cove—> T0-77'4"
M-8

R ksl

rcam—> TJO0-80

- 80-100

dall = 100-120

12040

140- 150

(1-24-95)
cove > |{S0-160
leb- 170
rtam —> 150 [0
D~ 18D

dall ™  [80-200

g

oSt
 1598-136 .

e -4

e
192:30-1305
317~ 139>
134 - 141y
1416- 1920
1508-1545

~1615- 1660

05- 1742

814~ (838
- 1B33-185A
. 1857-193%

2013- 037

O897- 0846
38 - 0934
[020- (03]
1037~ 1053
1056- e

19%- 2008

payt 1.

‘V\-/\:lm/sks o
o

66
. 0B45-0930 .

“4s

Vn[mﬂ-ﬁ}
35

Lo

L I
37
35
Bk

19

31

39

>

19
6
o
l6
I8




(1-24-9 s)

ot —=_ Q60-270
J10-980

o  Dallers Tume for 4" weell

200-920
P00-940 .

240~ 260

'Q 2595)

- hnnq“f? 360 QSOAt  o

300- 320

. 320- 340
340-355

o —>  355-365

L 365-375

Cwn = 355- 360

(-26-93)

ok —> LHO"“[QO .

reom —2
dal —

 30-3%
adll—= Bo-400

HOO-4io

10- 4

Y20-4940
Y40- 455
TD #9 hole 455+

I P |
-2
ety

1399- 3% 2

433-14s¢

éﬁSQJO&S |

- 0830 -08%0
O&BS - 0940
- 56~ 104
oo Uy
(22S - 1245

1905 — 14417

15341543 '
548 - 1608
C16l3 - YT

652 - {703

0807- 0837
0956 1O

1017- [0S]
D56~ AL




page L

- Delles / Formation Legs #1 #00 urlls

£k 5 unl
__foctage

55,0.:..5.5_’8 o

558- 559

569-585 . .
. coarsee Savd softer

B5-e00
2 hole_4* wurl

o-9
a-11
[1- 20
- 50-FL
82-60

61— 95

- 95-96

- 9%-9z -
@%-135
135-196 .
146-1s6
(50-153 .
193-156
j56- 230

F30-232

I32- 274
?74-28~
282-315

_ fommetion
. lf\@ra(.-jhzﬂf\.{' SO«MQ o

| _chmio_mcmk/ limey lager €

_ gt sand o] somE Corglow

sandy Silt
_ graul ] cobbls
Silty sand wj some gatuls

vt graeel cdoble Clook Fluid)

Silty somd wsome qrads
lmeq lager /com)lowfak 7
SiNy o w/ﬁr&t-(,ck

Swvall cobblis

Silty clay Tight

Clayee 5/9/++Z;+ AfSom‘ 7%!@56

Hghtclay ofyubble  ©
Silt sond. o some gral

small gaunls (owded)

| - Siltg sound e limee g {

silt/ ¢ aye i/t )
Sandy guaivt] wsome. cobbles
clag Silf afsome grauls
Sandy geavel some coobles

grave| | sandy giaer




pasﬂf.z
N D\f\l\m / Fowmaﬁc)mLoo)g #* 9 well
Jookoge . Sormation

3i5-324 ) Cobb'CS//fm 017{06’
3H-49 o omo( mud meditnn
: o D wlSOvnﬁ Concud'cové/ham(c/
49-494 | o C(ij silt wi some gmwh
B U B 5@»«% gravel cffSome ccbble
CY26- 434 - , | 5!{3 SQHJ/"[((? ht
431 455 savdy oyavel sotter

T, #2 ke Y well 455




APPENDIX C

} DETAILED LITHOLOGIC LOG OF MRN-1
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werL NaMe: M RA ~ | ) Pace L of 8

IOCATION: W .. T of TATZ TOTAL DEPTEE /. /o "

PROJECT: S UM, CASING DEPTH: /4. 2~ GROUND ELEVATION:
DRILLING METHOD: R_L., s~ & HOLE DIAMETERS: § 27 - TOP OF CASING:
DRILLING CONTRACTOR: ' ;¢ (- § ’ REMARKS:

DATE DRILLED: k), ¢/5% — 4/ /75" LOGGED BY:  Tpe Frifle ,

DATE COMPLETEW: ' ,/,// % REVIEWED BY:  Jpfa Ac Cord

WELL

14
/7 CL—S{({Y C{A\// /e PR 5/7// /:.{[ou/('_vﬁéf‘aw/\l

|

O ool

% |conemmeer | rmoicet LITHOLOGIC DESCRIPTION AND REMARKS
- jWSMA{ Foe o coarse cad, /o¥R 77{ /);M((erMUL
: ’ .," A[awf\i f‘wr[’f )or‘lf(", VV'C‘/[ grok(l?i e fl,(g/\@u/k e
" L S Su "*_\S‘*(‘“A‘
- oS- @raveuy So(\vi, Fae do coarse  coud , o 7R /7,
i \’__ a IPSM f‘{(cwis(/\ L{g,w'\, ﬁc&r} Sar‘,ec\, Wcu J"O\ﬁ’t‘b]
__. 20 C‘?_' a‘__fc'\é / fuj:o(‘f?‘*\tled ‘L) f&)\‘ga\.}v\{o{-f SM(‘I , S&\&m %{a\/
i S0 Zf‘ét@ge | | '
B g .‘.,O' o ~*§ "'\éy QI“*VQ/Q, E""ZW /]ﬁ/\}ﬂﬁy / /l/J[\/‘F )/e/(owh Lt g:«'c)w/\
Ly ﬁ 1Rl rubanulan evel s Med o o “cowse sulb
L rﬁu»\clot\ +‘Q‘ S ul o'j«t(as/\ £ C‘/\Cl . M/’("(( S'arlé('(, faa!‘{y Jf-k(/e'
L Cdval .
i -5 onch . ;H‘ YR ¢ L'Q ~ |
- o SRR I zfi( Srown, Fe sod,
n oy y ‘3 & ; v Sor ('cv\(l, S‘ugf‘_éuv\é?i
i 5 A
. 50 ‘
60 Ll '
: SN ML-‘.T:P\A*V J‘L‘H/ [y‘(‘,/? 5/3, /a{g Lrau,,\ / /”f'//;’ ID‘;E
: S‘v\.& w(‘%"\ \}‘fbl.(‘e (45—%) .vaL(*u«(Lecl C O 3e :“(I
70 4 .
L

A i - b il o 2Rf yellas Loum, Lo
LT e - S - f‘/7(./t lﬁcﬂ(/'ijfc ois ra M, v
" sl B - .. P < R
(N - Fu&-\ .S‘c«é We]l"\ ‘}"‘:‘&CQ (4\.(/9) FU\-L jld R
90 a1 - )
9 &
|l
10 1




WELL NAME: RN —~] PAGE 2 of 8

TOCATION: TOTAL DEPTEH:
PROJECT. CASING DEPTE: GROUND ELEVATION:
DRILLING METHOD: HOLE DIAMETERS: TOP OF CASING:
DRILLING CONTRACTOR: REMARKS:
DATE DRILLED: LOGGED BY:
DATE COMPLETED: REVIEWED BY:

g | v | "

2 | s | tmomocy LITHOLOGIC DESCRIPTION AND REMARKS

.' 1- (Yﬂt’é\\‘H‘y § o A s /6}/& ,;/7/ 24 “'L{C L,"E)J;,’Ur }:':\Q 5‘9"\& P

il peerly graded | well gorded ) suraonde &

11 i I A P ¢
‘q:: 1, rm fa(‘{\( S"‘A, Io }“’ﬂ‘ %/g// UQ\7 ya(( éf@oka‘f\, :/0——/§Z
r r Coarse sa—é_ ond Fl«; 3&»\}2‘}' n;&_a u,(aw, F(:L se.«e\
120 ’% Jts culicoded |
CLositty cloy | Froce (57) engulor B grnvel,
/c(fﬂ é/? 1{74‘-(%‘ grau}-\ I
130 -
140

: ]
150 /

2] - sody gravel | Arwre s B gl s Fike ol

Illl[.nl|l|'lllllllIIIIllIllllI'llllllllllllllllllll

ke ,
cs_f}c Jr*JrJ{ m{( Jdr{‘c’ﬂ(j [Du/\(k-f‘l‘ ‘l(a SV\L(\&O’\IC('
Sl e te comse, well geade d poorlysocded
169 A Founde d Yo ru&(‘c}u"JC ) .
CL- ;{[ cla [0 P& codrve ;‘o»C‘/ /c"fﬁé/fl /1(54’#
}/(Ucv-’c‘stx me/\ J.QLL./‘QG/\()(’KL J‘f/\a—
170 )
6-,@ gméy jmc }/ j(‘a‘heﬁis P::\a, Fca»!)/rc-'flfo‘/
, LUC’(( 7rmr(m(/ (M*{ *"DMA{J Jo 5u<f®w\(JoJ.
o | cf’9 Sond t‘s t/b\ei \!0 covge, Oﬂf/y fdrl/sn{(u’ﬂ//
oo [geeded, well fowded fo rubrouded
190 ¢ 7
-
¢ 6
L

20 bl




WELL NaME: M RAJ ~ | ) PAGE 3 of 8

LOCATION: TOTAL DEPTH:
PROJECT: CASING DEPTH: GROUND ELEVATION:
DRILLING METHOD: HOLE DIAMETERS: TOP OF CASING:
DRILLING CONTRACTOR: REMARKS:
DATE DRILLED: LOGGED BY:
g DATE COMPLETED: REVIEWED BY:
§ mﬁm LITHOLOGY LITHOLOGIC DESCRIPTION AND REMARKS
=0 cL 200 —2o e ?"‘, c/(ay 5‘:""‘& Y (11‘ 105 R 5737 a’c‘ulb h Lrowan
/2% ""f’_ﬁuaﬁv&&&. 1 jraud uua WGU fouA
[ '..)/c 4. 202.2 YSead e 7R C/“f lrJ{/\j‘\c‘(‘wla(’ fen,

ad e ¥ 78y o mediam smd, suliolaied wWid s ek b7

5"‘ 22,2 - 2624, cle /c/ﬂé/k/ lic (‘9(/[—‘((,»\!11 b L rown,

L Qe - 2041 S:(‘Ly J‘v\é / (e 7R 6/4 , (& Uu\l)/F{(owuL
17&\’»"\ Flt \{o wc«l Jm(l/ 5uL(6‘w\ VL zs/\/ u«FFIo»\A ?

2240, \ wiﬂ" cejlk Al 7T gn ML; L, wie [{ tsontde
N LT G CPP—SQ\&)( f ot (/ Fl'\&. 7(\°~\1*€/Q ,M;(( \/*0
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6/)/] -So»\é)g jmd 7/‘»( s ('\L/ fdtfcw\({ecl
o rebamuler Noome s likly dorled dad)
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