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EXECUTIVE SUMMARY 

This report details the methods Los Alamos National Laboratory (LANL or the Laboratory) and its 
subcontractor TerranearPMC used to plug and abandon the Sigma Mesa Well. The well was plugged and 
abandoned in accordance with direction from the New Mexico Environment Department (NMED), the 
Laboratory’s “Work Plans to Plug and Abandon Wells and Boreholes at Los Alamos National Laboratory,” 
and NMED’s notice of approval with modifications for the work plans. 

Plugging and abandonment activities took place between February 21 and March 22, 2013. Before the 
well was abandoned, all above- and belowground appurtenances were removed. The Sigma Mesa Well 
was video-logged in 2011. A final water-level measurement and the total depth of the well were verified 
using a water-level meter. 

A pump hoist rig was used during plugging and abandonment activities at the Sigma Mesa Well in an 
attempt to mechanically perforate the well casing. After an unsuccessful attempt, high explosives were 
used to perforate the well casing. The well was surged after it was perforated to loosen up any debris that 
may have potentially clogged the perforations. The well was video logged on March 15, 2013, after the 
well casing had been surged. The well was plugged with Portland Type I/II cement. 

The well was cement-grouted to approximately 3 ft below ground surface (bgs) using a tremie pipe to 
place the cement. The well casing was cut and removed at 3 ft bgs, and the surface casing was cut and 
removed at 2 ft bgs. A concrete surface pad was installed near ground surface with an aluminum survey 
marker. The surface completion was surveyed in accordance with Section IX.B.2.f of the Compliance 
Order on Consent. 
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1.0 INTRODUCTION 

This report summarizes the methods Los Alamos National Laboratory (LANL or the Laboratory) used to 
plug and abandon the Sigma Mesa Well, located in Technical Area 60 at the Laboratory in Los Alamos, 
New Mexico, as shown in Figure 1.0-1.  

Well abandonment was conducted in accordance with the requirements and guidelines in 
Sections IV.B.1.b.v and X.D, Well Abandonment, of the Compliance Order on Consent (the Consent 
Order). In addition, the plugging and abandonment procedures complied with 19.27.4 New Mexico 
Administrative Code rules and regulations governing “Well Driller Licensing; Construction, Repair and 
Plugging of Wells.” The following documents helped guide the implementation of the scope of work for the 
plugging and abandonment project:  

 “Work Plans to Plug and Abandon Wells and Boreholes at Los Alamos National Laboratory” 
(LANL 2010, 111131); 

 The New Mexico Environment Department’s (NMED’s) notice of approval with modifications for 
the “Work Plans to Plug and Abandon Wells and Boreholes at Los Alamos National Laboratory” 
(NMED 2011, 201231); 

 “Field Implementation Plan to Plug and Abandon Wells and Boreholes SHB 1, SHB 3, SHB 4,  
TH 5, TH 6, Beta Hole, Sigma Mesa Well, H-19, and TA-21 Distillation Hole” (TerranearPMC 
2011, 206495).  

A plugging plan of operations was filed with the New Mexico Office of the State Engineer (NMOSE) for 
the Sigma Mesa Well. Appendix A presents email correspondence from NMED and NMOSE regarding 
approvals of alternate plugging and abandonment approach for the Sigma Mesa Well. 

2.0 BACKGROUND 

This section describes the location, construction, and condition of the Sigma Mesa Well before plugging 
and abandonment activities were undertaken.  

2.1 Sigma Mesa Well 

The Sigma Mesa Well was intended as a test of the geothermal potential of the area and was drilled in 
1979 to 2292 ft below ground surface (bgs) (Purtymun 1995, 045344). The depth to water in 1979 was 
1330 ft bgs. The borehole was 36 in. in diameter from 0 to 85 ft bgs and 26 in. in diameter from 85 to 
2292 ft bgs. The well was constructed as follows: 

 0−85 ft bgs: 28-in.–outside diameter (O.D.)/27.25-in.–inside diameter (I.D.) surface casing 

 0−1627 ft bgs: 20-in. –O.D./19-in.-I.D. well casing 

 1482.8 ft bgs: Total depth (TD); hole previously plugged with cement 

 >1627 ft bgs: Drill stem, drill collars, and bit lost in bottom of hole 

Pre-abandonment Conditions 

The Sigma Mesa Well was video logged on June 20, 2011. A static water level was recorded at 
585.8 ft bgs. The video was terminated at 630 ft bgs because of reduced visibility. A second video log 
was run on March 20, 2013, to verify casing perforations before the well was abandoned. The video logs 
collected are included in Appendix B (on DVD).  
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TD of the well was measured at 1482.8 ft bgs, and a standing water level was recorded at 587.3 ft bgs on 
February 22, 2013. The annulus between the surface casing and well casing was measured to 
21.0 ft bgs, and water between the casing strings was recorded at 8.0 ft bgs on March 21, 2013. TDs and 
water levels were measured with a water-level meter.  

Figure 2.1-1 is an as-built diagram that depicts the construction details and pre-abandonment conditions 
of the Sigma Mesa well. 

3.0 PLUGGING AND ABANDONMENT 

Plugging and abandonment activities included mobilization, casing perforation, pressure-grouting/sealing, 
casing removal, and demobilization. All activities were performed following appropriate standard 
operating procedures and Laboratory-approved health and safety documents. The well was plugged and 
abandoned in accordance with the NMED-approved work plan and NMOSE Plugging Plan with variances 
approved by both agencies (Appendix A).  

3.1 Sigma Mesa Well 

Plugging and abandonment activities at the Sigma Mesa Well took place between February 21 and 
March 22, 2013, using a pump hoist rig and ancillary equipment. On February 23, a mechanical perforator 
was installed in the 19-in.-I.D. well casing to 670 ft bgs, where the perforator hung up in the well. An 
attempt to perforate the casing at 670 ft bgs with the mechanical perforator was unsuccessful. 

On March 12, Jet West Geophysical (JWG) mobilized to the Sigma Mesa Well. JWG installed perforation 
guns and perforated the casing in a series of four sections (175-ft intervals) from top to bottom 
(Table 3.1-1). The perforation gun used a small quantity of high explosives inside the well to perforate the 
casing. To help keep tamp on the perforating guns, additional water (approximately 8350 gal.) was added 
to the well casing to approximately 20 ft bgs. As designed, the shot tool would provide 3 perforations 
120 degrees apart. However, the March 20, 2013, video log of the upper 730 ft of casing exposed above 
the standing water shows that, in general, each perforation set included two penetrations of the casing, 
with or without a third perforation (Appendix B). This is probably a result of the perforation tool not being 
centered in this large-diameter (19-in.) well casing. The results of the perforation job were discussed with 
both NMED and NMOSE. Both regulatory agencies gave their approval to continue with the plugging and 
abandonment of the well (Appendix A).   

Because the water level in the well was draining so slowly to the level of the regional aquifer, the well was 
surged after perforating to remove any debris that may have potentially clogged the perforations.  

On March 14, TD of the Sigma Mesa Well was measured again at approximately 1480.0 ft bgs, indicating 
that approximately 2.8 ft of debris had accumulated in the bottom of the well as the result of the surging. 
A 2.0-in. tremie pipe was installed, and the well was plugged with approximately 2794.9 ft3 of neat cement 
grout from 1480.0 (TD) to 3 ft bgs. The annulus between the two casing strings was then plugged with 
approximately 26.7 ft3 of neat cement grout from 21.0 (TD) to 3 ft bgs via tremie pipe. The neat cement 
emplaced at the Sigma Mesa Well was mixed at the Los Alamos batch plant and delivered by truck to the 
site. The well casing was cut and removed from 3 ft bgs, and the surface casing was cut and removed 
from 2 ft bgs. The final surface completion was installed on March 22, 2013. The final borehole 
configuration is shown in Figure 3.1-1. 

The volume and type of abandonment materials used to abandon the Sigma Mesa Well are presented in 
Table 3.1-2. A review of the table indicates that several intervals apparently took less cement to fill than 
the calculated volume. This is attributed to the cement truck deliveries containing more cement than the 
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batch tickets indicated and, to a lesser extent, the casing containing cement from the previous 
abandonment job in 1979 where cement was poured from the surface, and possibly remaining scale from 
rusting of the casing. The use of a tremie pipe to fill the borehole from the bottom makes the possibility of 
voids inside the casing highly unlikely. 

4.0 COMPLETION 

The well was cement-grouted to approximately 3 ft bgs. A concrete surface plug was installed and 
mounded slightly abovegrade and slightly larger than the borehole diameter. An aluminum survey marker 
was installed in the plug and was surveyed in accordance with Section IX.B.2.f of the Consent Order.  

4.1 Geodetic Survey 

A geodetic survey was conducted on the surface completion (Table 4.1-1) with a Topcon GRS-1 global 
positioning system utilizing an external antenna. The survey data collected conform to Laboratory 
Information Architecture project standards IA-CB02, “GIS Horizontal Spatial Reference System,” and 
IA-D802, “Geospatial Positioning Accuracy Standard for A/E/C and Facility Management.” All coordinates 
are expressed relative to the New Mexico State Plane Coordinate System Central Zone (North American 
Datum [NAD] 83); elevation is expressed relative to feet above mean sea level (amsl) using the National 
Geodetic Vertical Datum of 1929. The survey point was the aluminum pin placed in the concrete pad. 

5.0 POSTABANDONMENT ACTIVITIES 

Post-abandonment activities are described below. 

5.1 Site Restoration 

Plugging and abandonment activities at the well required only minimal restoration efforts to return the site 
to pre-plugging and abandonment conditions.  

5.2  Waste Management 

Waste generated from the plugging and abandonment project included fluids and contact waste.  

All waste streams produced during plugging and abandonment activities were sampled in accordance 
with “Waste Characterization Strategy Form for Plug and Abandonment (P&A) of LANL Wells” and its 
amendments (LANL 2011, 205839; LANL 2012, 209732; LANL 2013, 238457).    

Fluids produced were limited to concrete washout water. Some of this water was evaporated on-site. The 
remainder was shipped to an authorized facility. Characterization of contact waste will be based upon 
acceptable knowledge (AK), pending analysis of the waste samples collected.   

6.0 DEVIATIONS FROM PLANNED ACTIVITIES 

Deviations are described below. 

 High explosives were used to make the casing perforations when the mechanical perforator could 
not be used as planned.  

 Perforations using high explosives were only about two-thirds effective in penetrating the casing. 
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 The lowest perforation interval was moved down from 1250–1425 ft bgs to 1300–1475 ft bgs 
when the well bottom was tagged at 1482.8 ft rather than the reported 1425 ft bgs. 

 The 20-in. well casing and 30-in. surface casing were cut and removed at 3 and 2 ft bgs, 
respectively, when the mechanical casing cutter could not be used to cut the 30-in. casing at 
20 ft bgs as planned. 

6.1 NMOSE-Approved Modifications to Work Plan 

LANL sought and received approval from NMOSE to abandon the Sigma Mesa Well with an explosives 
perforator. NMOSE was informed of the effectiveness of the explosives-based perforations. Approval was 
also received from NMOSE to move the lowest interval of perforations down 50 ft and to cut and remove 
the well casing and surface casing at 3 and 2 ft bgs, respectively (Appendix A).  

7.0 SUMMARY 

The Sigma Mesa Well was plugged and abandoned in accordance with the NMED-approved work plan 
with approved modifications. Before abandonment activities, all above- and belowground appurtenances 
were removed.  

A pump hoist rig was used during plugging and abandonment activities at the Sigma Mesa Well. After the 
well casing at the Sigma Mesa Well was successfully perforated with high explosives, the well casing was 
surged to remove any debris from the perforations.  

The well casing and annulus were plugged with Portland Type I/II cement, placed by tremie. The well 
casing and surface casing were removed at 3 and 2 ft bgs, respectively, before the surface completion 
was installed.  

8.0 REFERENCES AND MAP DATA SOURCES 

8.1 References 

The following list includes all documents cited in this report. Parenthetical information following each 
reference provides the author(s), publication date, and ER ID. This information is also included in text 
citations. ER IDs are assigned by the Environmental Programs Directorate’s Records Processing Facility 
(RPF) and are used to locate the document at the RPF and, where applicable, in the master reference set. 

Copies of the master reference set are maintained at the NMED Hazardous Waste Bureau and the 
Directorate. The set was developed to ensure that the administrative authority has all material needed to 
review this document, and it is updated with every document submitted to the administrative authority. 
Documents previously submitted to the administrative authority are not included. 
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Purtymun, W.D., January 1995. “Geologic and Hydrologic Records of Observation Wells, Test Holes, 
Test Wells, Supply Wells, Springs, and Surface Water Stations in the Los Alamos Area,” 
Los Alamos National Laboratory report LA-12883-MS, Los Alamos, New Mexico. (Purtymun 
1995, 045344) 
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8.2  Map Data Sources for Plugging and Abandonment Report Location Map 

Point Feature Locations of the Environmental Restoration Project Database; Los Alamos National 
Laboratory, Waste and Environmental Services Division, EP2008-0109; 12 April 2010. 

 
Hypsography, 100 and 20 Foot Contour Interval; Los Alamos National Laboratory, ENV Environmental 

Remediation and Surveillance Program; 1991. 
 
Surface Drainages, 1991; Los Alamos National Laboratory, ENV Environmental Remediation and 

Surveillance Program, ER2002-0591; 1:24,000 Scale Data; Unknown publication date. 
 
Paved Road Arcs; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating and 

Mapping Section; 06 January 2004; as published 28 May 2009. 
 
Dirt Road Arcs; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating and 

Mapping Section; 06 January 2004; as published 28 May 2009. 
 
Structures; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating and Mapping 

Section; 06 January 2004; as published 28 May 2009. 
 
Technical Area Boundaries; Los Alamos National Laboratory, Site Planning & Project Initiation Group, 

Infrastructure Planning Division; 4 December 2009. 
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Figure 1.0-1 Location of the Sigma Mesa Well 
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Figure 2.1-1 Sigma Mesa Well as-built diagram 
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Figure 3.1-1 Sigma Mesa Well abandonment diagram 
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Table 3.1-1 
Sigma Mesa Well Perforations 

Shot Interval 
(ft bgs) 

Target Perforation Interval 
(ft bgs) 

Actual Perforation Depth 
(ft bgs) 

Interval 1: 125–300 125–145 130 

Interval 1: 125–300 145–165 150 

Interval 1: 125–300 165–185 170 

Interval 1: 125–300 185–205 190 

Interval 1: 125–300 205–225 210 

Interval 1: 125–300 225–245 230 

Interval 1: 125–300 245–265 250 

Interval 1: 125–300 265–285 270 

Interval 1: 125–300 285– 300 290 

Interval 1: 125–300 285– 300 300 

Interval 2: 500–675 500–520 510 

Interval 2: 500–675 520–540 530 

Interval 2: 500–675 540–560 550 

Interval 2: 500–675 560–580 570 

Interval 2: 500–675 580–600 590 

Interval 2: 500–675 600–620 610 

Interval 2: 500–675 620–640 630 

Interval 2: 500–675 640–660 650 

Interval 2: 500–675 660–675 660 

Interval 2: 500–675 660–675 675 

Interval 3: 875–1050 875–895 880 

Interval 3: 875–1050 895–915 900 

Interval 3: 875–1050 915–925 920 

Interval 3: 875–1050 925–945 930 

Interval 3: 875–1050 945–965 950 

Interval 3: 875–1050 965–985 970 

Interval 3: 875–1050 985–1005 990 

Interval 3: 875–1050 1005–1025 1010 

Interval 3: 875–1050 1025–1045 1030 

Interval 3: 875–1050 1045–1050 1050 

Interval 4: 1300–1475 1300–1320 1300 

Interval 4: 1300–1475 1320–1340 1320 
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Table 3.1-1 (continued) 

Shot Interval 
(ft bgs) 

Target Perforation Interval 
(ft bgs) 

Actual Perforation Depth 
(ft bgs) 

Interval 4: 1300–1475 1340–1360 1340 

Interval 4: 1300–1475 1360–1380 1360 

Interval 4: 1300–1475 1380–1400 1380 

Interval 4: 1300–1475 1400–1420 1400 

Interval 4: 1300–1475 1420–1440 1420 

Interval 4: 1300–1475 1440–1460 1440 

Interval 4: 1300–1475 1460–1475 1460 

Interval 4: 1300–1475 1460–1475 1475 

Interval 4: 1300–1475 1475–1480 1477 

 
 

Table 3.1-2 

Quantity and Materials Used to Plug and Abandon Sigma Mesa Well 

Date 

Depth Interval 
(ft bgs bottom 

to top) 

Quantity 
Portland Type I/II 

used 
(lb) 

Quantity 
Municipal 

Water Used 
(gal.) 

Calculated 
Volume 

(ft3)a 

Actual 
Volume 

(ft3) 

3/18/13 1480.0–1021.6 60,000 5100 902.7 945.0 

3/19/13 1021.6–602.9 48,000 4080 824.5 756.0 

3/20/13 602.9–391.2 24,000 2040 416.9 378.0 

3/21/13 391.2–3.0 45,600 3876 764.5 715.9 

3/21/13 21.0–3.0 1920 163 33.7b 26.7 

Total 179,520 15,259 2942.3 2821.6 
a
 Calculate volume is based on 19-in.-I.D. casing volume 

b
 Calculated volume is for the annulus between the well casing and surface casing.   

 
 

Table 4.1-1 
Survey Coordinates from Aluminum Pin Embedded in Surface Pad 

Identification Northing Easting Elevation 

Sigma Mesa Well 1770618.24 1628828.27 7208 

Note: Coordinates are expressed as New Mexico State Plane Coordinate System Central Zone (NAD 83); 
elevation is expressed in feet amsl using the National Geodetic Vertical Datum of 1929. 

 
 



 

Appendix A 

Approval of Alternate Plugging and  
Abandonment Approach for the Sigma Mesa Well 

 





Sigma Mesa Well P&A Summary Report  

A-1 

 
  



Sigma Mesa Well P&A Summary Report 

A-2 

 

 



Sigma Mesa Well P&A Summary Report  

A-3 

 
 
  



Sigma Mesa Well P&A Summary Report 

A-4 

 

 
 



Sigma Mesa Well P&A Summary Report  

A-5 

 

  



Sigma Mesa Well P&A Summary Report 

A-6 

 

 
 



 

 

Appendix B 

Video Logs of Sigma Mesa Well 
(on DVD included with this document) 
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