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1.0   INTRODUCTION 

This report documents the activities for plug and abandonment (P&A) and installation of 
groundwater monitoring wells at the Mixed Waste Landfill (MWL) at Sandia National 
Laboratories/New Mexico (SNL/NM).  SNL/NM is managed and operated by Sandia Corporation 
(Sandia), a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of 
Energy (DOE).   
 
The activities were performed from April through June 2008 by SNL/NM Environmental 
Restoration (ER) Project personnel and the SNL/NM drilling contractor WDC Exploration and 
Wells (WDC).   
 
 
1.1 Regulatory Action 
 
On July 2, 2007, the DOE/Sandia received a letter from the New Mexico Environment 
Department (NMED)/Hazardous Waste Bureau entitled, “Replacement of Mixed Waste Landfill 
Groundwater Monitoring Wells MWL-MW1 and MWL-MW3” (Bearzi July 2007).  The NMED 
letter required that DOE/Sandia replace these two groundwater monitoring wells.  The letter also 
stated that DOE/Sandia shall submit to the NMED within 60 days a plan for approval describing 
how the wells are to be replaced and a schedule for implementation of this work.  On July 31, 
2007, the DOE/Sandia submitted the work plan to the NMED entitled, “Monitoring Well Plug and 
Abandonment Plan and Replacement Well Construction Plan; Decommissioning of 
Groundwater Monitoring Wells MWL-MW1 and MWL-MW3; Installation of Replacement 
Groundwater Monitoring Wells MWL-MW7 and MWL-MW8” (SNL/NM July 2007). 
 
On October 30, 2007, the NMED issued a Notice of Approval of the work plan with conditions on 
the well locations (Bearzi October 2007).  The well locations were negotiated over the next 
several months, and on February 12, 2008, the NMED issued a letter approving the plan and 
the negotiated locations (Bearzi February 2008).    
 
Also included in the February 2008 NMED letter was a request for a work plan for P&A of 
MWL-MW2 and installation of a third well (MWL-MW9).  The DOE/Sandia submitted the work 
plan to the NMED entitled, “Monitoring Well Plug and Abandonment Plan and Replacement Well 
Construction Plan; Decommissioning of Groundwater Monitoring Well MWL-MW2; Installation of 
Replacement Groundwater Monitoring Well MWL-MW9,” (SNL/NM February 2008).  The NMED 
approved the work plan in March 2008 (Bearzi March 2008).  
 
The two work plans (SNL/NM July 2007 and SNL/NM February 2008) will be referred to 
collectively as the Plan in subsequent sections of this report.  
 
The installation of groundwater monitoring wells MWL-MW7, MWL-MW8, and MWL-MW9 
constitutes the installation of new wells, as defined during a meeting held on August 16, 2007 
(SNL/NM August 2007) between NMED and DOE/Sandia representatives.  A new well is 
defined as a well installed at a distance of greater than 30 feet from an existing well.  As the 
newly installed wells described in this report are considered new wells, they will be sampled 
accordingly (eight consecutive quarters for a defined suite of parameters) as required by the 
NMED Compliance Order on Consent (the Order) (NMED April 2004).   
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1.2 Site Description and History 
 
The MWL is designated as a Solid Waste Management Unit at SNL/NM.  SNL/NM is located 
within the boundaries of Kirtland Air Force Base, immediately south of the city of Albuquerque in 
Bernalillo County, New Mexico (Figure 1-1).  
 
The MWL is located approximately 4 miles south of SNL/NM central facilities and approximately 
5 miles southeast of Albuquerque International Sunport.  The landfill is a fenced, 2.6-acre site in 
the north-central portion of Technical Area (TA)-III.  The MWL was established in 1959 as a 
disposal area for low-level radioactive waste generated by SNL/NM research facilities.  Low-
level radioactive and minor amounts of mixed waste were disposed of at the MWL from March 
1959 through December 1988.  Approximately 100,000 cubic feet of low-level radioactive and 
mixed waste containing approximately 6,300 curies of activity (at the time of disposal) were 
disposed of in the landfill. 
 
Currently, the MWL groundwater monitoring well network consists of seven wells completed 
within interfingering alluvial fan deposits of the Santa Fe Group (Goering et al. 2002).  
The network (Figure 1-2) includes one background well (MWL-BW2), one on-site 
well (MWL-MW4), and five downgradient monitoring wells (MWL-MW5, MWL-MW6, MWL-MW7, 
MWL-MW8, and MWL-MW9).  All seven wells are constructed of nominal 5-inch, Schedule 80 
polyvinyl chloride (PVC) casing and have screens composed of slotted Schedule 80 PVC.  
Because of declining groundwater levels in the regional aquifer, the three monitoring wells that 
were plugged and abandoned (MWL-MW1, MWL-MW2, and MWL-MW3) were no longer useful 
for sampling purposes. 
 
 
1.3 Geologic Setting 
 
The MWL is located within the eastern flank of the Albuquerque basin and the uplifted basin 
margins comprising the Rio Grande rift (SNL/NM September 2002).  The basin is a complex 
trough 90 miles long and 30 miles wide, bordered by the major uplifted fault blocks to the west.  
The eastern boundary is marked by the Sandia, Manzanita, and Manzano mountains.  The 
western boundary is marked by the Lucero uplift, with the Ladron Mountains to the south and 
the Nacimiento Mountains to the northwest. 
 
Erosion and sediment transport from the surrounding uplifts has filled the Albuquerque basin 
with up to 14,000 feet of deposits that comprise the late Pliocene to Pleistocene Santa Fe 
Group.  The Santa Fe Group thins toward the basin edges and is truncated by the bounding 
uplifts.  The Santa Fe Group is a diverse suite of alluvial gravel, sand, and silt, as well as fluvial 
sand, silt, and clay.  The upper Santa Fe Group consists of two first-order sediment types:  
(1) an alluvial fan sequence derived from uplifts on the basin flanks, and (2) a fluvial sequence 
derived from the north and deposited by an axial river, the ancestral Rio Grande (ARG).  The 
alluvial fan deposits are characterized by poorly sorted conglomerates and coarse sand at the 
top of the sequence that are underlain by silty and clayey sand.  The upper ARG lithofacies of 
the Santa Fe Group is characterized by coarse- to fine-grained sand, generally poor in silt and 
clay, and locally rich in clasts (occasionally volcanic pumice).  
 
The MWL is underlain by approximately 50 feet of late Pleistocene post-Santa Fe Group alluvial 
gravel, sand, and silt followed by the Santa Fe Group deposits at depth (SNL/NM September 
2002).  These collective deposits are characterized by great internal variability.  A detailed  
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Figure 1-1 

Location Map of the Mixed Waste Landfill, Technical Area III 
Sandia National Laboratories, New Mexico 
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Figure 1-2 

Location of Recently Plugged and Abandoned Groundwater Monitoring Wells and  
Recently Installed Groundwater Monitoring Wells at the Mixed Waste Landfill 
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correlation of individual lithologic units within and between boreholes is difficult (SNL/NM 
September 2002).  The coarse and fine alluvial fan deposits of the upper Santa Fe Group have 
been identified at the MWL.  Over the past 10 to 15 years, the presence of upper ARG fluvial 
deposits at the MWL has been questioned.  Most recently, the ARG fluvial deposits have been 
interpreted as being present at the MWL based upon a reinterpretation of the geophysical log of 
MWL-MW2 (SNL/NM June 2003). 
 
 
1.4 Objective 
 
The objectives of this project were to perform successful P&A of three groundwater monitoring 
wells (MWL-MW1, MWL-MW2, and MWL-MW3) by grouting the wells in situ and to install three 
new, downgradient, groundwater monitoring wells (MWL-MW7, MWL-MW8, and MWL-MW9).  
This report is organized in chronological order of the activities conducted as follows:  (1) the 
P&A of MWL-MW1, MWL-MW2, and MWL-MW3; (2) drilling and installation of MWL-MW7, 
MWL-MW8, and MWL-MW9; and (3) development of MWL-MW7, MWL-MW8, and MWL-MW9. 
 
This report meets the reporting requirements of both the NMED and New Mexico Office of the 
State Engineer (NMOSE).  The Order specifies the required elements for reporting installation of 
monitoring wells (NMED April 2004).  The NMOSE requirements and guidance are provided in 
“Rules and Regulations Governing Well Driller Licensing; Construction, Repair and Plugging of 
Wells” (NMOSE August 2005).  Appendix A presents the required NMED well data for the newly 
installed MWL groundwater monitoring wells. 



 

AL/9-08/WP/SNL08:R6009.doc  840857.04.34.00.00  09/11/08 2:03 PM 1-8

This page intentionally left blank. 



 

AL/9-08/WP/SNL08:R6009.doc  840857.04.34.00.00  09/11/08 2:03 PM 2-1

2.0   MONITORING WELL PLUGGING AND ABANDONMENT 

Monitoring Wells MWL-MW1, MWL-MW2, and MWL-MW3 were plugged in situ on April 23 and 
April 24, 2008.  All P&A activities were performed by WDC and supervised by SNL/NM ER 
Project personnel.  Groundwater well abandonment diagrams are presented in Appendix B, and 
the field notes for the P&A are provided in Appendix C. 
 
A bentonite grout (Quick-Grout™) was placed in the well with a portable grout plant (i.e., the 
grout was pumped through tubing placed at the bottom of the well and pulled up as the well was 
filled).  Each well was grouted from the bottom of the well to the surface and allowed to set 
overnight.  The concrete pad and steel guard posts were removed from the surface of the 
wellhead.  
 
At MWL-MW2 and MWL-MW3, the protective casing consisted of approximately 3 feet of steel 
casing that was welded to a length of conductor casing that extended below ground.  The 
conductor casing was required for the mud-rotary drilling technique used to advance the 
borehole and was left in place during the installation of the wells to serve as the protective 
casing.  As the annulus between the conductor casing and the PVC well casing was firmly 
cemented during well installation, it was not possible to remove the 20-foot length of conductor 
casing.  Approximately 14 inches of the steel casing protruded aboveground, and the PVC well 
casing extended another foot above it.  The PVC casing was cut flush with the steel casing.  A 
concrete plug was placed from the top of the grout plug (approximately 12 feet below ground 
surface [bgs]) to the top of the two casings (approximately 14 inches aboveground).  The well 
monument was built over the two casings. 
 
At MWL-MW1, the well and open portion of the annulus were filled to near the surface by mixing 
bentonite grout in a tub and pumping it into the well.  The existing 5-foot length of protective 
conductor casing, concrete well pad, and steel guard posts were then removed from the surface 
of the wellhead at that time.  The well and annulus were filled to within approximately 5 feet of 
the surface with coarse bentonite chips.  The final 5 feet of the well and annulus were then filled 
with concrete, and a 3- by 3-foot concrete well monument was constructed over the location of 
the former well. 
 
For all three P&A wells, a brass marker was placed in the monument.  The marker was stamped 
with the abandoned well name, date of P&A, and well depth.   
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3.0   DRILLING AND MONITORING WELL INSTALLATION 

All drilling and monitoring well installation operations were performed by WDC and supervised 
by SNL/NM ER Project personnel.  Geophysical logging services were performed by Jet West 
Geophysical Services (Jet West).  The boreholes for all three wells were drilled using the 
air-rotary casing hammer method with a Speedstar 50K drilling rig and associated equipment.  
 
The following sections describe the borehole drilling, lithologic and geophysical logging, and 
well construction.  Field notes are provided in Appendix C.  Lithologic logs based upon the 
cuttings returned from the boreholes were generated by the ER Project geologists.  Appendix D 
presents the lithologic logs, and Appendix E presents combination diagrams showing lithologic 
and geophysical logs and well construction details.  The well construction diagrams are 
provided in Appendix F.  Complete field documentation, field forms, daily driller reports, and 
lithologic and geophysical logs, as well as the Jet West reports (Jet West April 2008 and May 
2008a and b) are on file at the SNL/NM Customer-Funded Records Center. 
 
 
3.1 Well MWL-MW7 
 
Drilling of the borehole for MWL-MW7, located west of the MWL (Figure 1-2), commenced on 
April 24, 2008. 
 
 
3.1.1 Drilling Operations 
 
The drilling equipment was decontaminated at the ER Project decontamination pad in TA-III 
prior to the start of drilling operations.  The first 200 feet of borehole was advanced with a 
tricone bit and 11 3/4-inch outside diameter (OD) drive casing to accommodate drilling 
through caliche and gravel zones.  At 200 feet bgs, the bit and drive casing were switched to 
9 5/8-inch OD and the smaller drive casing was telescoped into the borehole.  The borehole 
was advanced to a total depth (TD) of 498.8 feet bgs on April 28, 2008.  The drilling was 
suspended at 498.8 feet bgs to allow for geophysical logging of the borehole (Section 3.1.3).   
 
 
3.1.2 Lithologic Logging 
 
The lithology of the borehole consisted of unconsolidated deposits of sand and gravel.  From 
the surface to approximately 250 feet bgs, a heterogeneous mixture of sand and gravel of the 
upper Santa Fe Group alluvium was encountered.  From approximately 250 to 420 feet bgs, the 
sediment decreased in average particle size with depth.  Intermittent layers of sand (sometimes 
with a trace of gravel) and silt (also with some sand and gravel) were present.  At approximately 
420 to 460 feet bgs, a significant change in lithology occurred, characterized by sand and 
coarse gravel of varied lithologies that may represent fluvial deposits of the upper ARG.  At 
approximately 460 to 498.8 feet bgs (borehole TD), a silt and sand unit was encountered.     
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3.1.3 Downhole Geophysical Logging 
 
On April 29, 2008, the cased borehole was logged with downhole wireline geophysical tools 
supplied by Jet West to help determine the lithologic characteristics of sediments penetrated by 
the borehole.  Geophysical logs run in the borehole included combination natural gamma ray, 
thermal neutron, and 1-arm caliper.  Although the caliper instrument is located on the same tool, 
the caliper log is not informative as the logging was completed within the steel drive casing.  
 
The neutron log shows a significant signal increase at 200 feet bgs for the telescoped drill 
casing.  The gamma ray and neutron readings are attenuated approximately 30 percent by the 
steel casing and approximately 50 to 60 percent in dual casing.  A notable shift in the neutron 
signal occurs at 484 feet bgs, indicating the level of groundwater in the borehole at the time of 
the logging.  The neutron logging continued another 12 feet below the water.  (The gamma 
signal is unaffected by the presence of water in the borehole.)   
 
The interpretation of the log indicates that the formation is composed of interbedded clay, silt, 
and sand.  The lithology from 200 feet bgs to TD consisted of “dirty” sand bounded by clay 
layers and silt (Jet West April 2008).  Dirty sand refers to sediment with relatively coarse 
sand grains mixed with silt and clay that have relatively low hydraulic conductivity and low 
transmissivity.  Sand lenses were present at 200 to 345, 429 to 436, and 456 to 496 feet bgs.  
Clay and silt were encountered from 345 to 429 and 436 to 456 feet bgs.  The region of 
concern, from the groundwater level (approximately 484 feet bgs) downward, is predominately 
comprised of saturated sand with interbedded silt and clay. 
 
 
3.1.4 Initial Groundwater Level and Well Construction 
 
On April 29, 2008, the initial groundwater level in the cased borehole was approximately 
487 feet bgs.  During the geophysical logging (occurring later that same day), the groundwater 
level was measured at approximately 484 feet bgs within the steel drive casing.  
 
Well installation began on April 29, 2008, and was completed on May 1, 2008.  The well 
was constructed of nominal 5-inch-diameter (inside diameter [ID] of 4.767 inches and OD of 
5.563 inches); Schedule 80 PVC, flush-threaded, blank casing; and a 30-foot length of 
0.010-inch slot, Schedule-80 PVC screen.  This screen slot size was specified in the Plan to 
accommodate the fine-grained sand, silt, and clay encountered in the borehole.  The sump 
consisted of a 5-foot length of nominal 5-inch-diameter, Schedule 80 PVC, flush-threaded, blank 
casing with a threaded end cap placed at the bottom.  PVC centralizers were placed above and 
below the screen section and subsequently every 100 feet along the blank casing (Figure 3-1).  
 
The bottom of MWL-MW7 was placed at approximately 498.75 feet bgs, and the nominal 
30-foot screen section was placed from 464.65 to 493.99 feet bgs.  Colorado Silica Sand 
(#20-40) was used as the primary sand pack in the annulus around the screen and extended 
approximately 10.85 feet above the top of the screen to 453.8 feet bgs.  A secondary sand pack 
using #60 Colorado Silica Sand was placed from 448.6 to 453.8 feet bgs (the #40-60 sand 
specified in the Plan is no longer commercially available).  A 31.2-foot volclay coarse 
chip (3/8-inch) plug was placed from 417.4 to 448.6 feet bgs.  The chips were hydrated with 
20 gallons of water three times during the chip placement and then with 100 gallons of water 
and allowed to set approximately 30 minutes.  
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Figure 3-1 
Installation of a Groundwater Monitoring Well with a PVC Centralizer 
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A bentonite grout (SmoothGrout20™ One Step Grouting System) mixture was used to fill the 
remainder of the annulus (12 to 417 feet bgs).  The first lift of approximately 110 feet of grout 
was placed and allowed to set for 24 hours.  The subsequent lifts of grout were placed in 
approximate 100-foot lifts and allowed to set for one hour.  The final grout lift was brought to 
approximately 12 feet bgs.  The water level in the well on May 1, 2008 (following installation) 
was approximately 489.5 feet bgs.   
 
 
3.1.5 Discussion with the NMED 
 
Following the installation of MWL-MW7, DOE/Sandia and NMED personnel discussed the 
anomalously low groundwater elevations.  It was anticipated that the static water level in 
MWL-MW7 would have been approximately 467 feet bgs (based upon the water level from 
MWL-MW3 approximately 250 feet away).  The actual water level of approximately 498 feet bgs 
may reflect the strong downward vertical gradient in the Santa Fe Group units in the area.  
Although it was known that a gradient in this area existed, the magnitude of the gradient was not 
anticipated.  The 30-foot screen section in MWL-MW7 was set to the depth proposed in the 
Plan; therefore, only approximately 4 to 5 feet of water-bearing strata is exposed in the screen 
section.   
 
DOE/Sandia discussed this situation with the NMED, and the NMED directed DOE/Sandia to 
set the two remaining wells (MWL-MW8 and MWL-MW9) as proposed in the Plan regardless of 
the water level encountered during drilling and installation. 
 
 
3.2 Well MWL-MW8 
 
Drilling of the borehole for MWL-MW8, located west of the MWL (Figure 1-2), commenced on 
May 2, 2008. 
 
 
3.2.1 Drilling Operations 
 
The drilling equipment was decontaminated at the ER Project decontamination pad in TA-III 
following the installation of MWL-MW7 and prior to the start of drilling operations at MWL-MW8.  
The first 200 feet of borehole was advanced with a tricone bit and 11 3/4-inch OD drive casing.  
At 200 feet bgs, the bit and drive casing were switched to 9 5/8-inch OD and the smaller drive 
casing was telescoped into the borehole.  The borehole was advanced to a TD of 535 feet bgs 
on May 7, 2008.  The drilling was suspended at 535 feet bgs to allow for geophysical logging of 
the borehole (Section 3.2.3).   
 
 
3.2.2 Lithologic Logging 
 
The lithology of the borehole consisted of unconsolidated alluvial deposits of the late 
Pleistocene post-Santa Fe Group alluvium and late Pliocene to Pleistocene upper Santa Fe 
Group.  
 
From the surface to approximately 38 feet bgs, a sand and gravel mixture of the late 
Pleistocene post-Santa Fe Group alluvium was encountered.  From approximately 38 to 
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370 feet bgs, a heterogeneous mixture of silt, sand, and gravel of the upper Santa Fe Group 
was present.  From approximately 370 to 518 bgs, the sediments decreased in average particle 
size with depth.  Intermittent layers of sand (sometimes with a trace of gravel) and clayey sand 
and silt were encountered.  At approximately 518 to 535 feet bgs, a significant change in 
lithology occurred, characterized by sand and coarse gravel of varied lithologies that may 
represent fluvial deposits of the upper ARG.  A silt and clay unit was encountered at 
approximately 535 feet bgs (borehole TD).  
 
 
3.2.3 Downhole Geophysical Logging 
 
On May 8, 2008, the cased borehole was logged with downhole wireline geophysical tools 
supplied by Jet West to help determine the lithologic characteristics of sediments penetrated by 
the borehole.  Geophysical logs run in the borehole included combination natural gamma ray, 
thermal neutron, and 1-arm caliper.  Although the caliper instrument is located on the same tool, 
the caliper log is not informative as the logging was completed within the steel drive casing.  
 
The neutron log reveals a significant signal increase at 200 feet bgs for the telescoped drill 
casing.  A notable shift in the neutron signal occurs at 521.5 feet bgs indicating the level of 
groundwater in the borehole at the time of the logging.  The neutron logging continued another 
11 feet below the water.  (The gamma signal is unaffected by the presence of water in the 
borehole.)   
 
The interpretation of the log indicates that the formation is composed of interbedded clay, silt, 
and sand.  The lithology from 200 feet bgs to TD consisted of dirty sand bounded by clay layers 
and silt (Jet West May 2008a).  Sand lenses were predominant at 200 to 367, 413 to 430, 438 
to 443, 487 to 497, and 508 to 535 feet bgs.  Clay and silt were encountered from 367 to 413, 
430 to 438, 443 to 487, and 497 to 508 feet bgs.  From the groundwater level at the time of 
logging (approximately 521 feet bgs) downward, the formation is predominately comprised of 
saturated sand with interbedded clay. 
 
 
3.2.4 Initial Groundwater Level and Well Construction 
 
On May 8, 2008, the initial groundwater level in the cased borehole was approximately 
530 feet bgs.  During the geophysical logging (occurring later that same day), the groundwater 
level was measured at approximately 521 feet bgs within the steel drive casing.  These 
preliminary water levels do not reflect equilibrium conditions, as the expected static groundwater 
level was approximately 20 to 30 feet higher.  However, the low transmissivity of the local 
aquifer material and steel casing prevented equilibrium conditions from being achieved until 
after the well materials were installed. 
 
Well installation began on May 8, 2008, and was completed on May 12, 2008.  The well 
was constructed of nominal 5-inch-diameter (ID of 4.767 inches and OD of 5.563 inches), 
Schedule 80 PVC, flush-threaded, blank casing and a 30-foot length of 0.010-inch slot, 
Schedule-80 PVC screen.  This screen slot size was specified in the Plan to accommodate the 
fine-grained sand, silt, and clay encountered in the borehole.  The sump consisted of a 5-foot 
length of nominal 5-inch-diameter, Schedule 80 PVC, flush-threaded, blank casing with a 
threaded end cap placed at the bottom.  PVC centralizers were placed above and below the 
screen section and subsequently every 100 feet along the blank casing (Figure 3-1). 
 



 

AL/9-08/WP/SNL08:R6009.doc  840857.04.34.00.00  09/11/08 2:03 PM 3-7

A volclay coarse chip (3/8-inch) plug was used to backfill the borehole from 506.5 to 
535 feet bgs.  Colorado Silica Sand (#20-40) was used to backfill the borehole from 500 to 
506.5 feet bgs. 
 
The bottom of MWL-MW8 was placed at approximately 500 feet bgs, and the nominal 30-foot 
screen section was placed from 465 to 495 feet bgs.  The #20-40 Colorado Silica Sand was 
used as the primary sand pack in the annulus around the screen and extended approximately 
7 feet above the top of the screen to 458 feet bgs.  A secondary sand pack using #60 Colorado 
Silica Sand was placed from 453 to 458 feet bgs (the #40-60 sand specified in the Plan is no 
longer commercially available).  A 28.8-foot volclay coarse chip (3/8-inch) plug was placed from 
424.2 to 453 feet bgs.  The chips were hydrated with water continuously during the chip 
placement and then allowed to set overnight.  
 
A bentonite grout (SmoothGrout20™ One Step Grouting System) mixture was used to fill the 
remainder of the annulus (12 to 424 feet bgs).  The first lift of approximately 100 feet of grout 
was placed and allowed to set for 24 hours.  The subsequent lifts of grout were placed in 
approximate 100-foot lifts and allowed to set for one hour.  The final grout lift was brought to 
approximately 12 feet bgs. 
 
 
3.3 Well MWL-MW9 
 
Drilling of the borehole for MWL-MW9, located west of the MWL (Figure 1-2), commenced on 
May 13, 2008.  
 
 
3.3.1 Drilling Operations 
 
The drilling equipment was decontaminated at the ER Project decontamination pad in TA-III 
following the installation of MWL-MW8 and prior to the start of drilling operations at MWL-MW9.  
The first 200 feet of borehole was advanced with a tricone bit and 11 3/4-inch OD drive casing.  
At 200 feet bgs, the bit and drive casing were switched to 9 5/8-inch OD and the smaller drive 
casing was telescoped into the borehole.  The borehole was advanced to a TD of 535 feet bgs 
on May 14, 2008.  The drilling was suspended at 535 feet bgs to allow for geophysical logging 
of the borehole (Section 3.3.3).   
 
 
3.3.2 Lithologic Logging 
 
The lithology of the borehole consisted of unconsolidated deposits of sand and gravel.  From 
the surface to approximately 240 feet bgs, a heterogeneous mixture of sand and gravel of the 
upper Santa Fe Group alluvium was encountered.  From approximately 240 to 416 feet bgs, 
the sediments decreased in average particle size with depth.  Intermittent layers of sand 
(sometimes with a trace of gravel) and silt (also with some sand and gravel) were present.  At 
approximately 416 to 440 feet bgs, a significant change in lithology occurred, characterized by 
sand and coarse gravel of varied lithologies that may represent fluvial deposits of the upper 
ARG.  At approximately 440 to 515 feet bgs, silt, sand, and clay units were encountered.  From 
approximately 515 to 535 bgs (borehole TD), a sand and gravel unit was again encountered, 
with a thin silt and clay unit at approximately 528 feet bgs.     
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3.3.3 Downhole Geophysical Logging 
 
On May 15, 2008, the cased borehole was logged with downhole wireline geophysical tools 
supplied by Jet West to help determine the lithologic characteristics of sediments penetrated in 
the borehole.  Geophysical logs run in the borehole included combination natural gamma ray, 
thermal neutron, and 1-arm caliper.  Although the caliper instrument is located on the same tool, 
the caliper log is not informative as the logging was completed within the steel drive casing.  
 
The neutron log reveals a significant signal increase at 200 feet bgs for the telescoped drill 
casing.  A notable shift in the neutron signal occurs at 494 feet bgs indicating the level of 
groundwater in the borehole at the time of the logging.  The neutron logging continued another 
41 feet below the water.  (The gamma signal is unaffected by the presence of water in the 
borehole.)   
 
The interpretation of the log indicates that the formation is composed of interbedded clay, silt, 
and sand.  The lithology from 200 feet bgs to TD consisted of dirty sand bounded by clay layers 
and silt (Jet West May 2008b).  Sand lenses with interbedded clay layers were present at 200 to 
362, 410 to 427, 435 to 444, 488 to 495, and 502 to 535 feet bgs.  Clay and silt with interbedded 
sand were present from 362 to 410, 427 to 435, 444 to 488, and 495 to 502 feet bgs.  From the 
groundwater level at the time of logging (approximately 494 feet bgs) downward, the formation 
is predominately comprised of saturated sand with interbedded clay. 
 
 
3.3.4 Initial Groundwater Level and Well Construction 
 
On May 15, 2008, the initial groundwater level in the cased borehole was approximately 
499 feet bgs.  During the geophysical logging (occurring later that same day), the groundwater 
level was measured at approximately 494 feet bgs within the steel drive casing.  
 
Well installation began on May 15, 2008, and was completed on May 19, 2008.  The well 
was constructed of nominal 5-inch-diameter (ID of 4.767 inches and OD of 5.563 inches), 
Schedule 80 PVC, flush-threaded, blank casing and a 30-foot length of 0.010-inch slot, 
Schedule-80 PVC screen.  This screen slot size was specified in the Plan to accommodate the 
low transmissive sand, silt, and clay encountered in the borehole.  The sump consisted of a 
5-foot length of nominal 5-inch-diameter, Schedule 80 PVC, flush-threaded, blank casing with a 
threaded end cap placed at the bottom.  PVC centralizers were placed above and below the 
screen section and subsequently every 100 feet along the blank casing (Figure 3-1). 
 
A volclay coarse chip (3/8-inch) plug was used to backfill the borehole from 500.5 to 
535 feet bgs.  Colorado Silica Sand (#20-40) was used to backfill the borehole from 500 to 
500.5 feet bgs. 
 
The bottom of MWL-MW9 was placed at approximately 500 feet bgs, and the nominal 30-foot 
screen section was placed from 465 to 495 feet bgs.  The #20-40 Colorado Silica Sand was 
used as the primary sand pack in the annulus around the screen and extended approximately 
6.3 feet above the top of the screen to 458.7 feet bgs.  A secondary sand pack using #60 
Colorado Silica Sand was placed from 452.5 to 458.7 feet bgs (the #40-60 sand specified in the 
Plan is no longer commercially available).  A 32.9-foot volclay coarse chip (3/8-inch) plug was 
placed from 419.6 to 452.5 feet bgs.  The chips were hydrated with water continuously during 
the chip placement and then allowed to set overnight.  
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A bentonite grout (SmoothGrout20™ One Step Grouting System) mixture was used to fill the 
remainder of the annulus (12 to 419.6 feet bgs).  The first lift of approximately 100 feet of grout 
was placed and allowed to set for 24 hours.  The subsequent lifts of grout were placed in 
approximate 100-foot lifts and allowed to set for one hour.  The final grout lift was brought to 
approximately 12 feet bgs. 
 
 
3.4 Wellhead Construction 
 
The wellhead construction for all three groundwater monitoring wells (MWL-MW7, MWL-MW8, 
and MWL-MW9) was similar and followed procedures proposed in the Plan.  A 10-foot length of 
nominal 12-inch-diameter steel casing was used as the protective casing at the surface.  The 
casing, equipped with a hinged locking cap, was placed approximately 7 feet bgs and 3 feet 
aboveground.  A fitted locking well cap was also placed on the PVC casing.  Concrete was 
poured into the annulus from the top of the grout (approximately 12 feet bgs in each borehole) 
to the surface.  A 3- by 3-foot pad was built around the casing, and a brass marker cap was 
placed in the pad denoting the well name.  Three steel guard posts were placed around the pad, 
and the posts and protective casing were painted yellow. 
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4.0   WELL DEVELOPMENT 

From May 27 through June 30, 2008, well development of MWL-MW7, MWL-MW8, and 
MWL-MW9 was performed in accordance with the Well Development Field Operating Procedure 
(FOP) 94-41 (SNL/NM November 1994).  Due to the low water yield of the wells, two phases of 
development were required.  Initially, the wells were developed with the WDC development rig.  
ER Project personnel performed the second phase of development by purging the wells with a 
submersible pump. 
 
The following water quality parameters were measured and recorded during well development: 
 

• Temperature (degrees Celsius)  
• Specific Conductivity (micromhos/centimeter)  
• pH 
• Turbidity (measured in nephelometric turbidity units [NTUs]) 

 
The Well Development Forms are provided in Appendix G. 
 
 
4.1 Phase 1 Well Development 
 
The predevelopment water level readings and the calculated saturated wellbore volumes, 
which includes pore spaces in the annular sand pack, are presented in Table 4-1.  Because the 
wellheads had not been surveyed at the time of development, all measurements and volumes 
are estimated and rounded to the nearest tenth of a foot and whole gallon, respectively.  A 
minimum of 5 saturated wellbore volumes (also shown in Table 4-1) represents the target 
volume to be removed from a borehole drilled without mud or water, as defined in the FOP 
(SNL/NM November 1994).  The FOP defines the completion of well development at the point 
where the minimum wellbore volumes have been removed and representative water is obtained 
(representative water is obtained when pH, temperature, turbidity, and specific conductivity 
measurements are within 10 percent for three consecutive wellbore volumes).  
 
Well development at MWL-MW7 began by swabbing the well screen with the surge block.  A 
stainless steel bailer was used to begin evacuating the well.  Although turbid, the water did not 
contain much coarse sediment.  The well was dry after bailing approximately 5 to 10 gallons of 
water.  The well was bailed throughout the day, allowing time for recovery.  Approximately 
10 saturated wellbore volumes (a total of 140 gallons of water) were removed from the well with 
the bailer.  Stable water quality parameters were not achieved for MWL-MW7 during Phase 1 
well development activities. 
 
Well development of MWL-MW8 began by swabbing the well screen followed by evacuating the 
well with a stainless steel bailer.  Although turbid, the water did not contain much coarse 
sediment.  Approximately 5 to 10 gallons of water were bailed before the well was dry.  Another 
15 gallons of water were bailed before the well was dry again.  The following day, the well was 
repeatedly swabbed, bailed dry, and allowed to recover.  Approximately 11 wellbore volumes (a 
total of 138 gallons of water) were removed from the well with the bailer.  Stable water quality 
parameters were not achieved for MWL-MW8 during Phase 1 well development activities. 
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Table 4-1 
Calculated Saturated Wellbore Volumes 

MWL-MW7, MWL-MW8, and MWL-MW9 Well Development 
 

Well Date 
Water Level  
(ft BTOC) 

Saturated  
Wellbore Volume 

(gal.) 
Target Volume 

 
 

Phase 1 5 Saturated Wellbore 
Volumes (gal.) 

MWL-MW7 05-27-08 488.9 13 46 
MWL-MW8 05-28-08 490.4 12 63 
MWL-MW9 05-28-08 490.6 12 62 
 

Phase 2 3 Saturated Wellbore 
Volumes (gal.) 

MWL-MW7 06-24-08 489.9 12 35 
MWL-MW8 06-25-08 490.6 12 36 
MWL-MW9 06-26-08 491.4 11 33 

BTOC = Below top of casing. 
ft = Foot (feet). 
gal. = Gallons. 
 
 
Well development at MWL-MW9 began by swabbing the well followed by evacuating the well 
with a stainless steel bailer.  Although turbid, the water did not contain much coarse sediment.  
Approximately 12 gallons of water were bailed before the well was dry.  The following day, the 
well was repeatedly swabbed, bailed dry, and allowed to recover.  Approximately 7 wellbore 
volumes (a total of 89 gallons of water) were removed from the well with the bailer.  Stable 
water quality parameters were not achieved for MWL-MW9 during Phase 1 well development 
activities. 
 
 
4.2 Phase 2 Well Development 
 
Water quality parameters did not stabilize during Phase 1 well development (bailing and 
swabbing).  ER Project personnel continued well development activities during Phase 2 by 
purging each well with a submersible pump (Bennett™) at approximately 1/3 gallon per minute 
(lowest possible flow rate).  The pump was set at the bottom of the screen section in each well.  
Each well was purged with the pump for an additional three consecutive, saturated wellbore 
volumes, as specified in the FOP (SNL/NM November 1994).  Table 4-2 summarizes the water 
quality parameters measured during Phase 2 of well development.  
 
Well development continued in MWL-MW7 on June 24, 2008.  Approximately 14 gallons of 
water were purged before the water level in the well was too low to continue pumping.  The 
well was allowed to recover, repeatedly pumped throughout the day, and allowed to recover.  
Approximately 4 wellbore volumes (52 gallons of water) were pumped from the well, in addition 
to the 10 wellbore volumes removed during Phase 1.  Specific conductivity and pH were stable 
within 10 percent in the last three wellbore volumes.  Temperature and turbidity fluctuated each 
time the well was pumped to a low level.  Turbidity was generally less than 5 NTUs. 
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Table 4-2 
Summary of Water Quality Parameters for MWL-MW7, MWL-MW8, and MWL-MW9 

During Phase 2 Well Development, June 2008 
 

Time 
Gallons 

Pumpeda 
Water Level 

(BTOC) 
Temperature 

(°C) 

Specific 
Conductivity 
(μmho/cm) pH 

Turbidity 
(NTU) 

MWL-MW7 (June 24, 2008) 
0840 0 489.9 -- -- -- -- 
0901 2 491.4 23.87 586 7.16 2.11 
0906 4 492.0 22.66 592 7.29 2.22 
0911 6 492.7 22.48 586 7.31 1.47 
0917 8 492.8 22.61 595 7.36 2.14 
0924 10 492.8 22.93 594 7.36 1.41 
0931 12 492.8 23.19 593 7.43 1.66 
0936 14 493.4b 22.31 588 7.40 0.89 
1017 -- 490.5 -- -- -- -- 
1027 18 492.5 22.50 586 7.30 0.54 
1032 20 493.2 22.82 586 7.36 7.36 
1034 21 493.5b 22.96 587 7.39 6.40 
1112 -- 490.6 -- -- -- -- 
1121 25 492.3 23.53 592 7.31 1.69 
1126 27 492.9 23.72 589 7.38 1.57 
1131 29 493.3 23.92 589 7.39 6.34 
1134 30 493.4b 23.87 588 7.38 9.16 
1258 -- 489.5 -- -- -- -- 
1310 34 491.3 25.85 592 7.31 0.84 
1319 36 491.7 26.44 590 7.29 3.57 
1326 38 492.0 26.51 590 7.36 4.25 
1334 40 492.3 25.91 589 7.36 2.35 
1341 42 492.6 25.84 589 7.37 1.61 
1349 44 492.8 25.73 589 7.36 1.36 
1356 46 492.9 25.67 589 7.36 1.02 
1404 48 493.1 25.67 589 7.34 0.39 
1411 50 493.3 25.47 590 7.34 0.30 
1415 51 493.4 25.36 589 7.34 0.40 
1419 52 493.4b 25.39 590 7.34 0.33 

MWL-MW8 (June 25 through June 26, 2008) 
0851 0 490.6 -- -- -- -- 
0907 2 494.6 23.57 606 7.13 0.81 
0912 4 495.8 22.94 604 7.30 1.65 
0915 5 496.3 22.78 611 7.34 1.97 
0918 6 496.9 22.68 615 7.36 1.69 
0921 7 497.4b 22.71 621 7.37 1.59 
1133 -- 491.9 -- -- -- -- 
1142 11 494.8 23.90 623 7.30 4.05 
1144 12 495.5 23.53 615 7.32 1.86 
1146 13 496.1 23.48 614 7.24 1.45 
1148 14 496.7 23.41 614 7.24 6.57 
1150 15 497.4b 23.41 613 7.26 15.6 
1348 -- 492.2 -- -- -- -- 

Refer to footnotes at end of table. 
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Table 4-2 (Continued) 
Summary of Water Quality Parameters for MWL-MW7, MWL-MW8, and MWL-MW9 

During Phase 2 Well Development, June 2008 
 

Time 
Gallons 

Pumpeda 
Water Level 

(BTOC) 
Temperature 

(°C) 

Specific 
Conductivity 
(μmho/cm) pH 

Turbidity 
(NTU) 

MWL-MW8 (June 25 through June 26, 2008) (Continued) 
1401 19 494.8 25.69 619 7.28 14.0 
1403 20 495.4 25.24 619 7.22 2.30 
1406 21 496.1 25.06 618 7.24 2.24 
1409 22 496.6 25.11 617 7.25 9.37 
1412 23 497.1 25.18 615 7.28 19.4 
1415 24 497.5b 25.14 615 7.30 22.4 
0810 -- 490.6 -- -- -- -- 
0823 28 493.7 21.32 610 7.42 7.25 
0825 29 494.1 21.42 612 7.37 3.26 
0828 30 494.8 21.74 613 7.35 2.24 
0830 31 495.4 21.90 613 7.36 5.05 
0833 32 496.0 21.95 613 7.37 12.1 
0835 33 496.7 22.02 613 7.38 19.1 
0837 34 497.4b 22.04 613 7.38 21.4 

MWL-MW9 (June 26 through June 30, 2008) 
0928 0 491.4 -- -- -- -- 
0946 1 495.5 26.82 579 6.63 1.11 
0949 2 496.1 26.12 571 6.96 0.93 
0952 3 496.8 25.33 562 7.17 1.44 
0954 4 497.2 24.98 558 7.27 1.26 
0955 4 497.5 24.74 559 7.29 1.33 
0957 5 497.7b 24.56 557 7.32 1.81 
1252 -- 491.7 -- -- -- -- 
1301 9 495.6 25.22 576 7.20 6.78 
1303 10 496.3 24.69 580 7.17 1.87 
1305 11 497.1 24.56 579 7.17 2.09 
1307 12 497.7b 24.39 579 7.18 2.57 
0819 -- 491.4 -- -- -- -- 
0828 16 495.2 19.95 574 7.35 10.9 
0831 17 496.0 20.35 577 7.30 1.28 
0834 18 496.6 20.80 578 7.30 0.90 
0837 19 497.3 20.95 578 7.31 0.87 
0840 20 497.8b 21.07 578 7.32 1.09 
1250 -- 491.5 -- -- -- -- 
1300 24 495.1 22.52 575 7.31 8.07 
1303 25 495.8 22.31 578 7.28 1.74 
1305 26 496.5 22.38 578 7.26 2.58 
1308 27 497.4 22.42 578 7.27 2.26 
1310 28 497.7b 22.47 578 7.28 2.25 
0814 -- 491.6 -- -- -- -- 
0823 32 495.6 19.88 575 7.41 5.75 
0825 33 496.3 20.34 575 7.34 0.91 
0827 34 497.1 20.74 569 7.33 1.02 
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Table 4-2 (Concluded) 
Summary of Water Quality Parameters for MWL-MW7, MWL-MW8, and MWL-MW9 

During Phase 2 Well Development, June 2008 
 

Time 
Gallons 

Pumpeda 
Water Level 

(BTOC) 
Temperature 

(°C) 

Specific 
Conductivity 
(μmho/cm) pH 

Turbidity 
(NTU) 

MWL-MW9 (June 26 through June 30, 2008) (Continued) 
0829 35 497.8b 20.94 559 7.34 1.07 
1245 -- 491.7 -- -- -- -- 
1258 39 495.1 23.84 565 7.35 6.25 
1300 40 495.9 23.20 578 7.25 2.30 
1303 41 496.5 23.13 578 7.25 1.14 
1306 42 497.3 22.98 579 7.26 1.30 
1309 43 497.8 22.86 577 7.29 1.93 

aPhase 2 pumping followed the Phase 1 evacuation by bailing.  Stable water quality parameters were not 
achieved during Phase 1. 
bWell purged dry then allowed to recover to approximately 80% of the initial Phase 2 water level before 
development continued. 
BTOC = Below top of casing. 
°C = Degrees Celsius. 
μmho/cm = Micromho(s)/centimeter. 
NTU = Nephelometric turbidity unit. 
-- = Parameter not measured during well recovery. 
 
 
 
Development of MWL-MW8 continued on June 25, 2008.  The well was repeatedly pumped dry 
and allowed to recover.  Approximately 3 wellbore volumes (34 gallons of water) were pumped 
from the well, in addition to the 11 wellbore volumes removed during Phase 1.  Specific 
conductivity and pH were stable within 10 percent in the last three wellbore volumes.  
Temperature and turbidity fluctuated each time the well was pumped to a low level. 
 
Development of MWL-MW9 continued on June 26, 2008.  The well was repeatedly pumped dry 
and allowed to recover.  Approximately 4 wellbore volumes (43 gallons of water) were pumped 
from the well, in addition to the 7 wellbore volumes removed during Phase 1.  Stable water 
quality parameters were achieved during pumping of the last three saturated wellbore volumes.  
Specific conductivity and pH were stable within 10 percent in the last three wellbore volumes.  
Temperature and turbidity fluctuated each time the well was pumped to a low level.  Turbidity 
was generally below 5 NTUs. 
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5.0   VARIANCES 

All FOPs and administrative operating procedures cited in the Plan were followed.  Several 
variances from the Plan occurred during the 2008 P&A, drilling, installation, and well 
development activities.  
 
Variance 1 occurred during the P&A of groundwater monitoring well MWL-MW3.  The Plan 
specified removing the surface protective casing to approximately 5 feet bgs.  This was not 
possible as MWL-MW3 had been installed with mud-rotary drilling techniques, and a 20-foot 
length of conductor casing had been left in place at the wellhead.  This construction method had 
not been identified in the Plan.  The well was abandoned as described in Chapter 2.0. 
 
Variance 2 occurred during the drilling of the boreholes for MWL-MW8 and MWL-MW9.  The 
Plan specified that the boreholes would be drilled to approximately 500 feet bgs.  The boreholes 
were each advanced to 535 feet bgs in order to observe the lithology (recorded on the lithology 
logs provided in Appendices D and E).  The boreholes were then backfilled with bentonite pellet 
plugs to approximately 500 feet bgs.  
 
Variance 3 occurred in the installation of the well casing.  The Plan specified that the 30-foot 
screen sections be placed such that approximately 5 feet of screen is above the static 
groundwater level and 25 feet of screen is submerged.  This varied for each of the wells and the 
screens were set as described in Chapter 3.0.  Each well was set to the depth specified in the 
Plan, yet the static groundwater elevation was lower than anticipated.  This condition was 
discussed with the NMED following the installation of MWL-MW7, and the NMED specified that 
DOE/Sandia should set the wells to the depth as described in the Plan.   
 
Variance 4 occurred in the installation of the bentonite plug above the secondary sand filter 
pack for each of the three wells.  The Plan specified a 10-foot seal to be placed above the sand 
pack.  WDC, the drilling contractor, preferred to place a 30-foot seal.  Previously, DOE/Sandia 
had consulted with a different contractor who preferred a 10-foot seal.  The placement of the 
seal also varied from what was specified in the Plan.  The seal was to be placed in 5-foot lifts, 
hydrating between the lifts.  The plug in each well was installed as described in Chapter 3.0. 
 
Variance 5 occurred in the installation of the secondary sand filter pack (placed above the 
primary filter pack) in groundwater monitoring wells MWL-MW7 and MWL-MW8.  The Plan 
specified the use of #40-60 sand.  This combination of screen size fractions is no longer 
commercially available.  A sand filter pack of single size fraction 60 was used. 
 
Variance 6 occurred during the development of each of the wells.  The required volumes were 
achieved, yet the primary target of field parameter agreement within 10 percent was not 
achieved for turbidity and temperature.  This may be due to the low water levels and low-
yielding nature of the units within the Santa Fe Group at these depths.  Each of the wells was 
repeatedly bailed/pumped to the lowest level possible and then required a recovery period.  
Water quality parameters fluctuated during these cycles (Table 4-2).  The secondary target for 
turbidity (less than 5 NTUs) was achieved during development for each of the wells.  
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Table A-1 
Well Data for MWL-MW7 

Mixed Waste Landfill, Sandia National Laboratories, New Mexico 
 

Items Required by the Ordera Section VIII.D Comments 
1. Well name/number MWL-MW7 
2. Date of well construction June 24, 2008 (construction and development done) 
3. Drilling method Air-rotary casing hammer 
4. Drilling contractor and name of driller WDC Exploration and Wells, Mark Green 

Borehole: 11 3/4 inches, 0 to 200 ft bgs; 9 5/8 inches, 
200 to 498.8 ft bgs  

5. Borehole diameter and well casing diameter 

Well casing: 5.563 inches OD, 4.767 inches ID 
6. Well depth 498.8 ft bgs  
7. Casing length 501.2 ft total (498.8 ft bgs, 2.40 ft aboveground) 
8. Casing materials Schedule 80 PVC 
9. Casing and screen joint type Flush thread 
10. Screened interval(s) 464.7 to 494 ft bgs 
11. Screen materials Schedule 80 PVC 
12. Screen slot size and design 0.010-inch slotted screen 

Primary: #20-40 Colorado Silica Sand 13. Filter pack material and gradation 
Secondary: #60 Colorado Silica Sand 
Calculated: 17.1 ft3, 34 bags (50-lb) 14. Filter pack volume (calculated and actual)b 
Actual: 18.5 ft3, 37 bags (50-lb) 

15. Filter pack placement method Gravity feed through drive casing 
Primary: 453.8 to 498.8 ft bgs 16. Filter pack interval(s) 
Secondary: 448.6 to 453.8 ft bgs 

17. Annular sealant composition Volclay (bentonite) chip plug, bentonite grout 
18. Annular sealant placement method Gravity feed through drive casing 

Calculated:  
Plug 11.9 ft3, (16 bags [50-lb] bentonite chips) 
Grout 1st 100-ft lift, 38 ft3, 284 gallons 
Grout 2nd through 4th ~100-ft lifts, ~883 gallons total 
(brought to ~12 ft bgs) 

19. Annular sealant volume (calculated and 
actual) 

Actual:  
Plug: 8.7 ft3, (13 buckets [5-gallon] of chips) 
Grout 1st 100-ft lift (not tagged), 38 ft3, 284 gallons 
Grout 2nd through 4th ~100-ft lifts, ~1,186 gallons 
total (brought to ~12 ft bgs) 
Plug: 417.4 to 448.6 ft bgs 20. Annular sealant interval(s) 
Grout: 7 to 417.4 ft bgs 

21. Surface sealant composition Concrete  
22. Surface seal placement method Gravity fed into annulus 

Calculated: 5.25 ft3 23. Surface sealant volume (calculated and 
actual) Actual: not recorded, placed concrete 0 to 12 ft bgs 

24. Surface sealant interval 0 to 12 ft bgs 
25. Surface seal and well apron design and 

construction 
3- by 3-ft by ~4-inch-deep concrete pad  

26. Well development procedure and turbidity 
measurements 

Bennett™ pump (see Table 4-2 for turbidity 
measurements) 

27. Well development purge volume(s) and 
stabilization parameter measurements 

Total of 192 gallons (see Table 4.2 for parameter 
measurements) 

Refer to footnotes at end of table. 
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Table A-1 (Concluded) 
Well Data for MWL-MW7 

Mixed Waste Landfill, Sandia National Laboratories, New Mexico 
 

Items Required by the Ordera Section VIII.D Comments 
28. Type and design and construction of 

protective casing 
10-ft length of 12-inch-diameter steel casing with 
hinged cap (7 ft bgs and 3 ft aboveground) 

29. Well cap and lock Hinged cap on protective casing with padlock and 
locking well cap with padlock on well casing 

30. Ground surface elevation 5378.23 ft amsl 
31. Survey reference point elevation on well 

casing 
5380.63 ft amsl 

32. Top of monitoring well casing elevation 5380.63 ft amsl 
33. Top of protective steel casing elevation 5380.95 ft amsl (locking cover removed) 
34. Name of geologist Mike Skelly 
35. Initial water level 485.9 ft bgs (predevelopment water level, 

May 1, 2008) 
36. Final water level 488.89 ft bgs (postdevelopment water level, 

May 27, 2008) 
37. Date of well development May 27 to June 24, 2008  
aNew Mexico Environment Department, April 2004.  “Compliance Order on Consent Pursuant to the New 
Mexico Hazardous Waste Act,” § 74-4-10, New Mexico Environment Department, Santa Fe, New Mexico.   
bFilter pack volume defined as the total volume of filter pack sand placed in well, both adjacent to the well 
casing, screen, and sump and below the sump (if applicable). 
amsl = Above mean sea level. 
bgs = Below ground surface. 
ft = Foot (feet). 
ft3 = Cubic feet. 
ID = Inside diameter. 
lb = Pound(s). 
MWL = Mixed Waste Landfill 
OD = Outside diameter. 
PVC = Polyvinyl chloride. 
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Table A-2 
Well Data for MWL-MW8 

Mixed Waste Landfill, Sandia National Laboratories, New Mexico 
 

Items Required by the Ordera Section VIII.D Comments 
1. Well name/number MWL-MW8 
2. Date of well construction June 26, 2008 (construction and development done) 
3. Drilling method Air-rotary casing hammer 
4. Drilling contractor and name of driller WDC Exploration and Wells, Mark Green 

Borehole: 11 3/4 inches, 0 to 200 ft bgs; 9 5/8 inches, 
200 to 535 ft bgs  

5. Borehole diameter and well casing diameter 

Well casing: 5.563 inches OD, 4.767 inches ID 
6. Well depth 500 ft bgs  
7. Casing length 502.28 ft total (500 ft bgs, 2.28 ft aboveground) 
8. Casing materials Schedule 80 PVC 
9. Casing and screen joint type Flush thread 
10. Screened interval(s) 465 to 495 ft bgs 
11. Screen materials Schedule 80 PVC 
12. Screen slot size and design 0.010-inch slotted screen 

Primary: #20-40 Colorado Silica Sand 13. Filter pack material and gradation 
Secondary: #60 Colorado Silica Sand 
Calculated: 19.5 ft3, 39 bags (50-lb) 14. Filter pack volume (calculated and actual)b 
Actual: 18 ft3, 36 bags (50-lb) 

15. Filter pack placement method Gravity feed through drive casing 
Primary: 458 to 506.5 ft bgs 16. Filter pack interval(s) 
Secondary: 453 to 458 ft bgs 

17. Annular sealant composition Volclay (bentonite) chip plug, bentonite grout 
18. Annular sealant placement method Gravity feed through drive casing 

Calculated:  
Plug 10.9 ft3, (14.5 bags [50-lb] bentonite chips) 
Grout 1st 100-ft lift, 38 ft3, 284 gallons 
Grout 2nd through 4th ~100-ft lifts, ~1,205 gallons 
total (brought to ~12 ft bgs) 

19. Annular sealant volume (calculated and 
actual) 

Actual:  
Plug: 12.8 ft3, (17 bags [50-lb] of bentonite chips) 
Grout 1st 100-ft lift (not tagged), 38 ft3, 284 gallons 
Grout 2nd through 4th ~100-ft lifts, ~1,205 gallons 
total (brought to ~12 ft bgs) 
Plug: 424.2 to 453 ft bgs 20. Annular sealant interval(s) 
Grout: 12 to 424.2 ft bgs 

21. Surface sealant composition Concrete  
22. Surface seal placement method Gravity fed into annulus 

Calculated: 5.25 ft3 23. Surface sealant volume (calculated and 
actual) Actual: not recorded, placed concrete 0 to 12 ft bgs 

24. Surface sealant interval 0 to 12 ft bgs 
25. Surface seal and well apron design and 

construction 
3- by 3-ft by ~4-inch-deep concrete pad  

26. Well development procedure and turbidity 
measurements 

Bailer, Bennett™ pump (see Table 4-2 for turbidity 
measurements) 

27. Well development purge volume(s) and 
stabilization parameter measurements 

Total of 171.5 gallons (see Table 4.2 for parameter 
measurements) 

Refer to footnotes at end of table. 
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Table A-2 (Concluded) 
Well Data for MWL-MW8 

Mixed Waste Landfill, Sandia National Laboratories, New Mexico 
 

Items Required by the Ordera Section VIII.D Comments 
28. Type and design and construction of 

protective casing 
10-ft length of 12-inch-diameter steel casing with 
hinged cap (7 ft bgs and 3 ft aboveground) 

29. Well cap and lock Hinged cap on protective casing with padlock and 
locking well cap with padlock on well casing 

30. Ground surface elevation 5379.72 ft amsl 
31. Survey reference point elevation on well 

casing 
5382.0 ft amsl 

32. Top of monitoring well casing elevation 5382.0 ft amsl 
33. Top of protective steel casing elevation 5382.76 ft amsl (locking cover removed) 
34. Name of geologist Stacy Griffith 
35. Initial water level 486.7 ft bgs (predevelopment water level, 

May 9, 2008) 
36. Final water level 490.4 ft bgs (postdevelopment water level, 

May 28, 2008) 
37. Date of well development May 28 to June 26, 2008  
aNew Mexico Environment Department, April 2004.  “Compliance Order on Consent Pursuant to the New 
Mexico Hazardous Waste Act,” § 74-4-10, New Mexico Environment Department, Santa Fe, New Mexico.   
bFilter pack volume defined as the total volume of filter pack sand placed in well, both adjacent to the well 
casing, screen, and sump and below the sump (if applicable). 
amsl = Above mean sea level. 
bgs = Below ground surface. 
ft = Foot (feet). 
ft3 = Cubic feet. 
ID = Inside diameter. 
lb = Pound(s). 
MWL = Mixed Waste Landfill. 
OD = Outside diameter.  
PVC = Polyvinyl chloride. 
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Table A-3 
Well Data for MWL-MW9 

Mixed Waste Landfill, Sandia National Laboratories, New Mexico 
 

Items Required by the Ordera Section VIII.D Comments 
1. Well name/number MWL-MW9 
2. Date of well construction June 30, 2008 (completion) 
3. Drilling method Air-rotary casing hammer 
4. Drilling contractor and name of driller WDC Exploration and Wells, Mark Green 

Borehole: 11 3/4 inches, 0 to 200 ft bgs; 
9 5/8 inches, 200 to 535 ft bgs  

5. Borehole diameter and well casing diameter 

Well casing: 5.563 inches OD, 4.767 inches ID 
6. Well depth 500 ft bgs  
7. Casing length 502.60 ft total (500 ft bgs, 2.60 ft aboveground) 
8. Casing materials Schedule 80 PVC 
9. Casing and screen joint type Flush thread 
10. Screened interval(s) 465 to 495 ft bgs 
11. Screen materials Schedule 80 PVC 
12. Screen slot size and design 0.010-inch slotted screen 

Primary: #20-40 Colorado Silica Sand 13. Filter pack material and gradation 
Secondary: #60 Colorado Silica Sand 
Calculated: 16.0 ft3, 32 bags (50-lb) 14. Filter pack volume (calculated and actual)b 
Actual:  22 ft3, 44 bags (50-lb) 

15. Filter pack placement method Gravity feed through drive casing 
Primary: 458.7 to 500.5 ft bgs 16. Filter pack interval(s) 
Secondary: 452.5 to 458.7 ft bgs 

17. Annular sealant composition Volclay (bentonite) chip plug, bentonite grout 
18. Annular sealant placement method Gravity feed through drive casing 

Calculated:  
Plug 12.5 ft3, (16.7 bags [50-lb] bentonite chips) 
Grout 1st 100-ft lift, 38 ft3, 284 gallons 
Grout 2nd through 4th ~100-ft lifts, ~1,192 gallons 
total (brought to ~12 ft bgs) 

19. Annular sealant volume (calculated and actual) 

Actual:  
Plug: 13.5 ft3, (18 bags [50-lb] of bentonite chips) 
Grout 1st 100-ft lift (not tagged), 38 ft3, 
284 gallons 
Grout 2nd through 4th ~100-ft lifts, ~1,192 gallons 
total (brought to ~12 ft bgs) 
Plug: 419.6 to 452.5 ft bgs 20. Annular sealant interval(s) 
Grout: 12 to 419.6 ft bgs 

21. Surface sealant composition Concrete  
22. Surface seal placement method Gravity fed into annulus 

Calculated: 5.25 ft3 23. Surface sealant volume (calculated and actual) 
Actual: not recorded, placed concrete 0 to  
12 ft bgs 

24. Surface sealant interval 0 to 12 ft bgs 
25. Surface seal and well apron design and 

construction 
3- by 3-ft by ~4-inch-deep concrete pad  

26. Well development procedure and turbidity 
measurements 

Bailer, Bennett™ pump (see Table 4-2 for turbidity 
measurements) 

Refer to footnotes at end of table. 
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Table A-3 (Concluded) 
Well Data for MWL-MW9 

Mixed Waste Landfill, Sandia National Laboratories, New Mexico 
 

Items Required by the Ordera Section VIII.D Comments 
27. Well development purge volume(s) and 

stabilization parameter measurements 
Total of 131.5 gallons (see Table 4.2 for 
parameter measurements) 

28. Type and design and construction of protective 
casing 

10-ft length of 12-inch-diameter steel casing with 
hinged cap (7 ft bgs and 3 ft aboveground) 

29. Well cap and lock Hinged cap on protective casing with padlock and 
locking well cap with padlock on well casing 

30. Ground surface elevation 5376.64 ft amsl 
31. Survey reference point elevation on well casing 5379.24 ft amsl 
32. Top of monitoring well casing elevation 5379.24 ft amsl 
33. Top of protective steel casing elevation 5379.83 ft amsl (locking cover removed) 
34. Name of geologist Mike Skelly 
35. Initial water level 489.5 ft bgs (predevelopment water level, 

May 19, 2008) 
36. Final water level 490.4 ft bgs (postdevelopment water level, 

May 28, 2008) 
37. Date of well development May 28 to June 30, 2008 
aNew Mexico Environment Department, April 2004.  “Compliance Order on Consent Pursuant to the New 
Mexico Hazardous Waste Act,” § 74-4-10, New Mexico Environment Department, Santa Fe, New Mexico.   
bFilter pack volume defined as the total volume of filter pack sand placed in well, both adjacent to the well 
casing, screen, and sump and below the sump (if applicable). 
amsl = Above mean sea level. 
bgs = Below ground surface. 
ft = Foot (feet). 
ft3 = Cubic feet. 
ID = Inside diameter. 
lb = Pound(s). 
MWL = Mixed Waste Landfill. 
OD = Outside diameter. 
PVC = Polyvinyl chloride. 
 
 



 

 

APPENDIX B 
Groundwater Well Abandonment Diagrams for  

MWL-MW1, MWL-MW2, and MWL-MW3 



Quick-Grout™



Quick-Grout™
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APPENDIX C 
Field Notes for 2008 Activities at the Mixed Waste Landfill 



 



 

 

Well Plug and Abandonment 



 











 

 

Well Installation and Development 
 



 













































































 



 

 

APPENDIX D 
Lithologic Logs 



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.83/Northing: 1452230.18

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 498.8 FBGS

0-10, sand, pale yellowish brown (10YR 6/2) to grayish orange (10YR 7/4), 
predominantly fine to medium sand, some gravel (mostly limestone), dry

10-30, sand and gravel, sand as above (color and texture).  Gravel mostly 
limestone, some granite, some metamorphics, dry

30-60, sand, grayish orange (10YR 7/4) to dark yellowish orange, some silt, 
trace gravel (as above), dry to slightly damp

60-70, sand (as above at 30 FBGS), except moderate yellowish brown 
(10YR 5/4) and more silt, dry to slightly damp

SW

GP

GP

SW

SW

70-80, sand and gravel (as above at 10 FBGS), dry

SW

80-100, sand (as above at 30 FBGS), dry to slightly damp, trace gravel

100-110, sand and gravel (as above at 70 FBGS), dry
GP

DATE STARTED:  4/25/08

DATE COMPLETED:  4/28/08

WELL INSTALLATION:  6/24/08

PAGE: 1 of 5

PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  498.8 FT (FBGS)

WELL NAME:  MWL-MW7

ELEVATION:  5378.23 FT

CASING DEPTH:  498.8 FT (FBGS)

BOREHOLE DEPTH:  498.8 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4892.33 FT (FAMSL) on 5/01/08   

DTW:  485.9 FT (FBGS) on 5/01/08 

Visual Classification of Soils
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Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

110-120, sand (as above at 80 FBGS), dry to damp

120-130, sand and gravel, pale yellowish brown (10YR 6/2), mostly coarse sand 
and fine pea-size gravel, dry to damp GP

SW

150-160, sand and gravel (as above at 120 FBGS), dry
GP

170-180, sand and gravel (as above at 120 FBGS), considerable pea gravel, dry 
to damp GP

130-140, sand (as above at 80 FBGS), dry to damp, more gravel
SW

140-150, sand (as above at 80 FBGS), dry to damp, occasional coarse gravel 
(> 1-inch) SW

160-170, sand (as above at 80 FBGS)
SW

180-190, sand (as above at 80 FBGS), dry to damp
SW

190-200, sand (as above at 80 FBGS), slightly paler color, dry to damp
SW

200-220, sand and gravel (as above at 120 FBGS), dry to damp

GP

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.83/Northing: 1452230.18

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 498.8 FBGS

Reduction in borehole 
diameter at 200 FBGS

DATE STARTED:  4/25/08

DATE COMPLETED:  4/28/08

WELL INSTALLATION:  6/24/08

PAGE: 2 of 5

PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  498.8 FT (FBGS)

WELL NAME:  MWL-MW7

ELEVATION:  5378.23 FT

CASING DEPTH:  498.8 FT (FBGS)

BOREHOLE DEPTH:  498.8 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

Visual Classification of Soils
D
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(fe
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MWL-MW7
DESCRIPTION REMARKS
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NOTES:

120

130

140

150

160

170

110

180

190

200

210

220

GWL:  4892.33 FT (FAMSL) on 5/01/08   

DTW:  485.9 FT (FBGS) on 5/01/08 



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

250-260, sandy gravely silt, pale yellowish brown (10YR 6/2), silt balling up, 
gravel lithologies as above at 10 FBGS, damp

270-280, sand and gravel (as above at 120 FBGS), very coarse gravel 
(>2-inches), lithologies as above at 10 FBFS, dry to damp GP

SM

260-270, sand (as above at 80 FBGS), dry to damp
SW

280-320, sand (as above at 80 FBGS), dry to damp, occasional gravel at 
310-320 FBGS

320-350, silty sand and gravel, pale yellowish brown (10YR 6/2), dry to damp, 
gravel to approximately 1-inch

SW

SM

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.83/Northing: 1452230.18

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 498.8 FBGS

220-250, sand (as above at 80 FBGS), dry to damp

SW

DATE STARTED:  4/25/08

DATE COMPLETED:  4/28/08

WELL INSTALLATION:  6/24/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  498.8 FT (FBGS)

WELL NAME:  MWL-MW7

ELEVATION:  5378.23 FT

CASING DEPTH:  498.8 FT (FBGS)

BOREHOLE DEPTH:  498.8 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

Visual Classification of Soils
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GWL:  4892.33 FT (FAMSL) on 5/01/08   

DTW:  485.9 FT (FBGS) on 5/01/08 



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.83/Northing: 1452230.18

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 498.8 FBGS

SM

350-410, sand (as above at 80 FBGS), dry to damp

SW

410-420, silty sand and gravel (as above at 320 FBGS), damp
SM

420-430, sand and gravel, dusky yellow (5YR 6/4) to pale yellowish brown (10YR 
6/2), mostly coarse sand and pea gravel.  Lithology of gravel much more varied 
than above, includes volcanics, chert/petrified wood, quartz, dry to damp

SP

430-440, sand and gravel, (as above at 420 FBGS), mostly coarse gravel 
(approximately 1-inch), well rounded, lithologies as above at 420 FBGS, dry to 
damp

SP

DATE STARTED:  4/25/08

DATE COMPLETED:  4/28/08

WELL INSTALLATION:  6/24/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  498.8 FT (FBGS)

WELL NAME:  MWL-MW7

ELEVATION:  5378.23 FT

CASING DEPTH:  498.8 FT (FBGS)

BOREHOLE DEPTH:  498.8 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

Visual Classification of Soils
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GWL:  4892.33 FT (FAMSL) on 5/01/08   

DTW:  485.9 FT (FBGS) on 5/01/08 



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.83/Northing: 1452230.18

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 498.8 FBGS

440-450, sand and gravel, (as above at 420 FBGS), with some silt balls, 
dry to damp SP

450-460, sand and gravel, (as above at 420 FBGS), mostly coarse sand and pea 
gravel, dry to damp SP

460-470, silty sand/sandy silt and gravel (as above at 320 FBGS), damp, 
considerable clay SM

470-480, silty sand/sandy silt, and gravel (as above at 320 FBGS), very damp
SM

480-490, silty sand/sandy silt, and gravel (as above at 320 FBGS), very damp
SM

490-498.8, silty sand/sandy silt, and gravel (as above at 320 FBGS), very damp, 
clay balls SM

DATE STARTED:  4/25/08

DATE COMPLETED:  4/28/08

WELL INSTALLATION:  6/24/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  498.8 FT (FBGS)

WELL NAME:  MWL-MW7

ELEVATION:  5378.23 FT

CASING DEPTH:  498.8 FT (FBGS)

BOREHOLE DEPTH:  498.8 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

Visual Classification of Soils
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GWL:  4892.33 FT (FAMSL) on 5/01/08   

DTW:  485.9 FT (FBGS) on 5/01/08 



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.77/Northing: 1452394.58

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS

0-38, sand, grayish orange (10YR 7/4), dry, medium to fine grained sand with 
trace coarse gravel.  Gravel is subangular, mostly limestone (medium to dark 
grey, some metamorphics)

38-55, sand and gravel, grayish orange (10YR 7/4) to light brown (5YR 6/4), 
coarse to medium grained gravel.  Gravel coarse to medium grained, angular, 
mostly limestone quartzite, some granite, dry

SW

SW

GP

55-120, sand, grayish orange (10YR 7/4), dry, medium to fine grained sand with 
trace medium to coarse grained gravel
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840857.04340000 A8 Date:  9/17/08

DATE STARTED:  5/02/08

DATE COMPLETED:  5/07/08

WELL INSTALLATION:  6/26/08

PAGE: 1 of 5

PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW8

ELEVATION:  5379.72 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Stacy Griffith

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4893.02 FT (FAMSL) on 5/12/08 

DTW:  486.7 FT (FBGS) on 5/12/08  

Visual Classification of Soils



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

120-130, sand with fines.  Sand fine grained, moderate yellowish brown (10 YR 
5/4), some silt, moist  SM

SW

130-235, sand (10YR 6/2), fine grained with trace silt and gravel, moist

SW

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.77/Northing: 1452394.58

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS

Reduction in borehole 
diameter at 200 FBGS
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DATE STARTED:  5/02/08

DATE COMPLETED:  5/07/08

WELL INSTALLATION:  6/26/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW8

ELEVATION:  5379.72 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Stacy Griffith

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4893.02 FT (FAMSL) on 5/12/08 

DTW:  486.7 FT (FBGS) on 5/12/08  

Visual Classification of Soils



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

235-265, silt, moderate yellowish brown (10YR 5/4), trace sand.  Sand fine 
grained, moist

265-370, sand (10YR 5/4), fine grained, trace gravel, dry

SM

SW

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.77/Northing: 1452394.58

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS

SW

DATE STARTED:  5/02/08

DATE COMPLETED:  5/07/08

WELL INSTALLATION:  6/26/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW8

ELEVATION:  5379.72 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Stacy Griffith

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4893.02 FT (FAMSL) on 5/12/08 

DTW:  486.7 FT (FBGS) on 5/12/08  

Visual Classification of Soils
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Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.77/Northing: 1452394.58

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS

SW

SM

SC386-390, clayey sand (10YR 5/4).  Sand fine grained, moist

390-395, sand (10YR 5/4).  Sand fine grained, some silt, moist SM

370-386, sand and silt (10YR 5/4).  Sand fine grained, moist

395-415, sand (10YR 5/4).  Sand medium to fine grained, trace fine to medium 
grained gravel, trace silt, moist, caliche 

SW

415-428, silt as above at 235 feet, some sand, moist

435-440, clayey sand (10YR 5/4) as above at 386 feet, moist

ML

ML

428-435, sand and gravel, dark yellowish brown (10YR 4/2), sand medium to 
coarse grained, trace fines, gravel fine to coarse grained, subangular to 
subrounded, varied lithologies SP
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DATE STARTED:  5/02/08

DATE COMPLETED:  5/07/08

WELL INSTALLATION:  6/26/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW8

ELEVATION:  5379.72 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Stacy Griffith

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4893.02 FT (FAMSL) on 5/12/08 

DTW:  486.7 FT (FBGS) on 5/12/08  

Visual Classification of Soils



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411409.77/Northing: 1452394.58

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS

440-518, sand and silt (10YR 4/2), sand fine grained appreciable fines, moist.  
Trace of clay at times

518-535, sand and gravel (10YR 5/4).  Sand fine to coarse grained.  Gravel fine 
to coarse grained, subangular to subrounded, varied lithologies, caliche.

At 535 FBGS, silt and clay

SM

SP

SM
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DATE STARTED:  5/02/08

DATE COMPLETED:  5/07/08

WELL INSTALLATION:  6/26/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW8

ELEVATION:  5379.72 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Stacy Griffith

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4893.02 FT (FAMSL) on 5/12/08 

DTW:  486.7 FT (FBGS) on 5/12/08  

Visual Classification of Soils



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411405.51/Northing: 1452558.78

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS

0-10, sand, grayish orange (10YR 7/4), moarly fine to medium sand, trace to 
some gravel (to 2-inches).  Gravel, subangular, mostly limestone (medium to 
dark grey, some metamorphic, some granite

10-20, sand, grayish orange (10YR 7/4), to light brown (5YR 6/4), as above, less 
gravel, dry

20-30, sand (as above at 10 FBGS), up to 30% gravel (as above at 0 FBGS), 
dry

SW

SW

30-40, sand, (as above at 20 FBGS), considerably more silt, trace of gravel (as 
above at 0 FBGS), dry SW

GP

40-50, sand and gravel, mostly coarse sand/fine (pea) gravel, subangular, 
gravel lithologies mostly limestone, granite, quartzite, greenstone, dry GP

50-60, sand and gravel, (as above at 40 FBGS), mostly fine gavel, lithologies as 
above at 40 FBGS, dry GP

60-130, sand (as above at 10 FBGS), no gravel to some gravel (as above  at 0 
FBGS), trace to some silt, dry to damp

SW

DATE STARTED:  5/13/08

DATE COMPLETED:   5/14/08

WELL INSTALLATION:  6/30/08
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PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW9

ELEVATION:  5376.64 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4887.14 FT (FAMSL) on 5/19/08 

DTW:  489.5 FT (FBGS) on 5/19/08  

Visual Classification of Soils
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840857.04340000 A13 Date:  9/17/08



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

GP

SW

130-140, sand and gravel (as above at 40 FBGS), mostly coarse sand, dry to 
damp

140-150, sand (as above), some coarse gravel, some silt, dry to damp
SW

170-220, sand (as above), some coarse sand, no gravel to trace of fine gravel, no 
silt to trace silt, dry to damp

SW

150-160, sand and gravel (as above at 40 FBGS), up to 40% gravel to 1-inch, 
damp GP

GP

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

160-170, sand and gravel (as above at 40 FBGS), dry to damp

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411405.51/Northing: 1452558.78

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS

Reduction in borehole 
diameter at 200 FBGS
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DATE STARTED:  5/13/08

DATE COMPLETED:   5/14/08

WELL INSTALLATION:  6/30/08

PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW9

ELEVATION:  5376.64 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4887.14 FT (FAMSL) on 5/19/08 

DTW:  489.5 FT (FBGS) on 5/19/08  

Visual Classification of Soils



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

230-240, sand and gravel (as above at 40 FBGS), some silt, trace of clay, dry to 
damp

220-230, sand and gravel (as above at 40 FBGS), with some silt/fine sand, dry to 
damp

240-250, silt, grayish orange (10YR 7/4) to pale yellowish brown (10YR 6/2), 
some clay, some sand up to coarse sand/fine gravel, silt/clay balls, damp

GM

SM

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

GP

250-260, sand and gravel (as above at 40 FBGS), some fine sand and silt, dry to 
damp GP

260-310, sand (as above), trace of coarse sand/fine gravel, dry to damp

310-330, silt (as above at 240 FBGS), some clay, some sand, damp

SW

SM

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411405.51/Northing: 1452558.78

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS
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230

240

250

260

270

280

220

290

300

310

320

330

DATE STARTED:  5/13/08

DATE COMPLETED:   5/14/08

WELL INSTALLATION:  6/30/08

PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW9

ELEVATION:  5376.64 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4887.14 FT (FAMSL) on 5/19/08 

DTW:  489.5 FT (FBGS) on 5/19/08  

Visual Classification of Soils



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

SW

GP

SM

350-370, silt (as above at 240 FBGS), some clay, some sand, trace of fine gravel, 
dry to damp

370-400, sand (as above), some silt/clay, dry to damp

SW

340-350, sand and gravel (as above at 40 FBGS), some silt, dry to damp

330-340, sand (as above), some gravel to 1-inch, some silt, dry to damp

SM

400-416, silt (as above at 240 FBGS), some sand, damp

430-440, sand and gravel (as above at 416 FBGS), mostly medium sand, some 
silt, dry to damp

420-430, sand and gravel (as above at 416 FBGS), gravels well rounded with 
lithologies more varied than above, well rounded, mostly coarse sand, damp

416-420, sand and gravel, dark yellowish brown (10YR 4/2), mostly medium to 
coarse sand, no fines, damp

SP

SP

SP

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411405.51/Northing: 1452558.78

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS
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340

350

360

370

380

390

330

400

410

420

430

440

DATE STARTED:  5/13/08

DATE COMPLETED:   5/14/08

WELL INSTALLATION:  6/30/08

PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW9

ELEVATION:  5376.64 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4887.14 FT (FAMSL) on 5/19/08 

DTW:  489.5 FT (FBGS) on 5/19/08  

Visual Classification of Soils



Fill/Cover 
Material

Trash

GW

SW (Well sorted
clean sand)

SC (Clayey sand)

CL/SC (Sandy clay/
clayey sand)

ML (Silt)

CL (Silty Clay)

GM (Silty gravel &
sand)

SP/SC (Silty sands)

SM/SC (Silty,
clayey sand)

GP (Sand &
gravel)

CL (homogeneous)

SP (Poorly sorted
clean sand)

ML (Sandy Silt)

SM (Silty sand)

Drilling Contractor:  WDC Exploration and Wells
Drilling Method:  Air Rotary Casing Hammer
Completion Zone:  Alluvial Fan Facies
Completion Formation:  Santa Fe Group

440-460, silt (as above at 400 FBGS), considerable clay, damp

460-470, silt (as above at 400 FBGS), damp to wet

470-515, silt and sand and clay (based upon driller comments), wet to saturated, 
no water produced (loss of drill cuttings)

Clay, sand, and gravel mixture at 528 FBGS

ML

SM

SP

SM/SC

515-535, silt and gravel (as above at 420 FBGS), some clay/silt balls, gravel to 
2-inches, varied lithologies, saturated but little water produced

Elevation: Referenced to Ground, ft amsl
Coordinate System: SPC NM Central, NAD 83
Easting: 411405.51/Northing: 1452558.78

Borehole diameter is 11.75 in. to 200 FBGS and 
9.625 in. from 200 FBGS to 535.0 FBGS
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450

460

470

480

490

500

440

510

520

530

540

550

DATE STARTED:  5/13/08

DATE COMPLETED:   5/14/08

WELL INSTALLATION:  6/30/08

PROJECT NAME:  SNL/NM MIXED WASTE LANDFILL/TA-III

OWNER NAME:  US DOEWELL DEPTH:  500.0 FT (FBGS)

WELL NAME:  MWL-MW9

ELEVATION:  5376.64 FT

CASING DEPTH:  500.0 FT (FBGS)

BOREHOLE DEPTH:  535.0 FT (FBGS)

ENGINEER/GEOLOGIST:  Mike Skelly

DRILLING METHOD:  Air Rotary Casing Hammer

GWL:  4887.14 FT (FAMSL) on 5/19/08 

DTW:  489.5 FT (FBGS) on 5/19/08  

Visual Classification of Soils



 

 

APPENDIX E 
Combination Lithologic and Geophysical Logs with  

Well Construction Details for MWL-MW7, MWL-MW8, and MWL-MW9 











 



 

 

APPENDIX F 
Well Construction Diagrams for MWL-MW7, MWL-MW8, and MWL-MW9 









 

 

APPENDIX G 
Well Development Forms for MWL-MW7, MWL-MW8, and MWL-MW9 
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